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Ullltiuwtunum13Jwl:J ratuwl:J hwulllwllll[bL t <wJWUlllwl:Jp wqq.wJtil:J lll"tln11 l1tu 
l:Jti4w4wl:J hWUWLUWpwl:Jmu: 

q.plllw4wl:J fl.b4wl[wp' !p .u.q..fl . c:tnqb!p f1.braU.nup <Pwl:JnuJwl:J 

'l'lw2lllnl:Jw4wl:J 
[!ll'l11tiuwtunul:Jbp' 
Unw2wll1Wfl 
4wquw4bpu.jmra.iml:J' 

lll .q..fl. f1.mpbl:J f1.w!pwJblti 4.wp11wl:Jjwl:J 
lll.q..13. <wJ4 <wJpWu.jblllp <:nl[hwl:Jl:Jpujwl:J 
«tl:Jbpq.bllltJ4wJti q.plllwhblllwqnlllw4wl:J 
pl:Julllplllntlll» <PPC 

'l'lw2lllu.jWl:Jm13Jmb[! 4WJWllWLnL t 202213. oq.nulllnuti 24-pl:J , d"WU[! 14:00-pl:J 
<U'l'l<:-mu q.npon'l. Pn4-p tl:Jbpq.bllltJ4wJti 043 uwul:Jwq.plllw4wl:J tun11h1111ti 
l:Jpulllmu (hwugb' 0009, bpl.twl:J, SbpJwl:J Ljl , 105, 2-p'l uwul:Jw2bl:Jj2 , 2431): 

Ulllbl:Jwtunum13Jwb[! 4wpblti t owl:Jn13wl:Jwl <U'l'l< q.pw11wpwl:Jmu: 

Ub'l_uwq.ppl:J wnwJ2l[wo t 202213. hmLtiuti 13-pl:J: 

U wul:Jwq.plllw4wl:J tun11h1111ti q.plllw4wl:J 
J2W(llllnL'l_W(1, lll .q..13., 'lng.' U. U. %npq.Jwl:J 

T eMa AHccepra41u1 yTBepJKAeHa B Ha4t10HaJJbHOM no11t1rexHH<fecKOM yHHBepCHTere 
ApMeHHH (HnYA) . 

Hay<fHb1i1 pyK0Bo,11,t1re11b: 
Ocpt14Ha11bHb1e 
onnoHeHTb1: 
Be,11,yll\aR opraHH3al\HR: 

,11,.cp.-M.H. JK03ecp PereBOCOBH<f naHOCRH 
,11,.T.H. Py6eH Pacj:Jae110BH<f Bap,11,aHRH 
K.T.H., Ai1K Ai1paneTOBH<f OraHeCRH 
3AO "Hay<fHO-Hcc11e,11,osare11bcKt1i1 HHcrnryr 
3HepreTHKH" 

3all\HTa ,ll,HCcepra4HH COCTOHTCR 24-ro asrycra 2022r. B 14oo l.faCOB Ha 3a.Ce,D,aHHH 
Cne4t1aJJH3HposaHHoro cosera BAK 043 - "3HeprernKa", ,11,ei1cTBy10ll\ero npH 
Ha4t10Ha/lbHOM no11t1TexHH<fecKoM yHt1sepct1rere ApMeHl-!H (a,11,pec: 0009, EpesaH, 
y11 . TepRHa, 105, Kopnyc 2, 2431) . 

C ,11,11ccepra411ei1 MO.H<Ho 03HaKoM11TbCR B 61161111oreKe HnYA. 

Asrnpecj:Jepar pa3oc11aH 13-ro 111011R 2022r. 

Y<feHblH ceKperapb 
Cne411aJJ11311poBaHHoro cosera, K. T.H . ,r 

A.A. f esoprnH 

UCh.JUSUli~t'i CVl<Ulinr.r Plinr.rauq.t-irc 

UzJuwlflw'cipfi Wf1f1f1w1Jwbmp1mb[]: Upl.twjpl:J tl:Jbpq.blllp4wl:J bp4flti 
tl:Jbpq.blllp4 4WJml:Jm13JWl:J U Wu.jWq.WJnLU UW(lfl4nLl3JWl:J tl:Jbpq.blllp4 u.jW­
hwl:J2l:Jbpp WUpnf1.2w4wl:J pwl[WflW(lUWl:J Wnmunl[ ml:Jp Ulll(1Wlllbq.pw4wl:J 
l:J2wuw4m13Jmu: Opbgop wLl.bLwumu bl:J wpl.twJtiu !pnlllnl[nLlllWJtiu 4wJwul:Jbpp 
(Wb4) lllbfl.W'lPLl.wo hqnpm13Jml:Jl:Jbp[! w2tuw11hmu: U&4-l:Jbpp w6p gmgw­
l:Jp2nl[ br411n1111 lllbf1.mu bu 4nugbl:Jlllpwgl[wo 6wnwq.wJ13ubpnl[ 4wJwl:Jubp[! , 
npnug tulllwpwpl:Jbpnl[ Upl.tpl:J hbllll.tbLm wl:Jhpwctb2lllm13JmU[! Ulllb'l_omu t 
hl:Jwpwl[npm13Jml:J' LntObLm wl[blti bp4wr ctwuwuw4nl[' wpl.twowq.pg upl:J~l.t 

wpl.twumlll[! , Upl.tp 6wnwq.wj13l:Jbpp tl:Jbpq.pwl:J wp11muwl[blll oq.lllwq.npobLm 
tuur].pp[!: 4buoppl:J , Wf'lUWJpl:J tl:Jbpq.pwjp ubo W(llllWl'j.f1nLl3JWU u.jWpwq.WJnLU, 
tl:Jbpq.pwJti q.l:Jbp[! tl:Jbpq.blllti4 pnpuwl:Jbpmu wl:Jhwubuwlll wl[bLti gwopwumu 
bl:J , Qwl:J wnwl[nlllJwl:J Lt bpb4nJwl:J ctwubppl:J : UJ'l dwubppl:J 2m4wJmlI tubp­
q.pwJti l[w6wnJ2 q.pwugbLm Lt wpl.twJtiu tubpq.pwJti wplllWfl(lnL13JWl:J 4npbp[! 
opl[w Lmuwl[nr dwubppu wl[bLti hwp13bgl:JbLm hwuwp wl:Jhpwctb2lll t qwr4 
lllWL tulllwpwpl:Jbpnl[ wpl.tpl:J hbllll.tn'l. !pnlllnl[nLlllWJtil:J 4wJwl:Jl:Jbpp lllb'l_w­
'lruwu[!: liuwuwlllpu.j UW(1J2bpp ubo lllW(1WOJ2Ubp qpw'l_bgl:JbLm, Lj1ntuullll[bp­
uwl:J , owl:Jp Lt P,Wf'l'l 4wnwl[wpl[n'l_ LtJublm tul:Jr].ppubp[! r].bn 2wpmuw4mu bl:J 
tun~[!Ur].nlllbL 1111wug qwpq.wguwl:J[!: UJmu 4n'l.utig' tulllwguwl:J hwuwp oq.lllw­
q.npol[n'l. !ppbubLWJpl:J tulllwpwpl:Jbp[! u.jWlll(lWUllll[mu bu up QWl:Jp upLtJUblllp 
hwulllnL13JWUp. opq.wl:Jw4wl:J tctwl:J Wu.jw4pl:Jbppg , npnl:JQ ctwuwl:Jw4ti [!l:J13wg­
J2nLU, bu13wr4Ll.bLnLI. Qputiw4wl:J Lt ubtuwup4w4wu wq11bgm13Jmuubpp, 4npg­
umu bl:J 13wLj1wugp4m13JnLUU m Ou.jlllp4w4wl:J 62lllm13Jml:J[!: rd-wl:J4wpctbQ 4ti­
uwhw'l_nf1'lti~ l:JJm13bppg u.jWlllpwullll[wo !pnlllnl[nLlllWJtil:J tLbubl:Jlllubp[! umJu­
u.jbu 4pmU bl:J 2(12W4W up2wl[WJ(lp Wql'].bgm13Jml:Jl:Jbp[! U u.jWlll6wn l'j.Wnl:Jmu 
w1111Jmuwl[blllm13Jwu wl:J4uwu: rd-buwl:J w11'ltiw4wl:J t , Qwuti np l[bpnll2JWL 
p.nlnll tul:J11ppl:Jbpp LnLOnLU[! hl:Jwpwl[npm13Jml:J 4lllw wl[bLtJ ubo uwu2lllwpubpp 
hwugubL wpl.twjpl:J tl:Jbpq.blllp4wJti l:Jb111111mu[! tl:Jbpq.whwuw4wpq.mu: 

UzJuwlflwbpfi 'ciUJWlflWIJfl: U2tuwlllwuQp bUJwlllw~n' tubpq.blllti4 
hwuw4wpq.p wu.jwq.wJti 4wl:JtuwlllbumUl:Jbpp hpuwu l[pw hwJbLWJtiu Lt !ppb­
ubLwJtiu hwuw4gl[wo tulllwpwpubpnl[ Upl.tpl:J hblllun'l_ !pnlllnl[nLlllWJPU un­
l'J.nLLP u2w4mUl:J t, Upl.tpu hbllll.tn'l. hppppr].WJpl:J hwuw4wpq.p opwq.pwl[npmlI[! , 
uwpQpg 2b11uwhbnwguwu tuu11rti wr'lJml:Jwl[blll Lmomu[!: 

UJU l:Ju.jWlllw4l:J ppwq.npobLnL hwuwr 'lPlllWP4Ll.bL Lt LnLOl[bL bl:J hblllUJWL 
tut.11-tipti bp[!. 
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• Uf1/J.f1t.J htn[IU.nrz fulf1Wf1Wf1bb[1nt{ wruw1/1/1 l11111111t1/1lir1/1 hbl[lwqn-
lflnLfUJntb, Wf1UWJf1t.J /;t.J/J{1qf1wjf1 /jntl[IW/jtfwt.J ht.JW(lWLjO/llllf•l/lli/1/1/i11/1 []bqqomtf 
f1.f1Wbg tubf1nt(U}ntt.Jt.J/Jf1f1 fJ. wnwt{b1mru1mt.Jt.J/Jf1f1 L{/J{lhwt.Jmtf, 

• tt.Jb(1qbl(lf1/j hwtfw/jwf1qf1 tfnqb1wt{n[1tfwt.J Wfl fl.jntt.Jpnuf Wf1UWJf1b 
l;t.J/Jrqf1w1f1 gwt.Jgf1t.J t.J/Jf1fl.f1Uwt.J ht.Jw{lwL{n{lnt(UJntbb/Jf1f1 pwgwhWJlflmtI. Wf1UW-
1f1t.J l;bb[1qf1w1f1 l;1bltlflf1W/jwt.Jf1 /jb[ILJ./Wtfmfutfwt.J fJ. l;1bltlf1f1W/jwt.J l;t.J/J[1qf1w1f1 
LJ./Whwt.J2wf1ltf1 q[1w:/Jf1/jt.Jb(1f1 hWUWLJ./WlflWUfuwt.Jbgtfwt.J bLJ./Wl[IW/jnL{ /u l[IW­
{1W[1fJb[1nL{ b[l/jnt wnwtJg12fJb[1nL{ Wf1/J.f1 2wf1dtiwtJc hbl[IU.nrz hwtfw/jw[1qbf1f1 
l[lbf)Wfl.{IUWt.J hf1titJwL{n[1nttf, 

• Uf1/J.f1t.J b(l/jnt wnwtJg12fJb(lnL{ hbl[IU.nrz hw1b1w1f1t.J fJ. :/J[1bfJ/J1w1f1tJ hw­
tfwljgt{wa fulflW{IW{lfJ/J{lnL{ tfnf].nt/fl tf2w/jnttf, hwj/J/WjfltJ (Up[U/Jf)t.J/J{lnt{ h/Jl{l/J.nrz 
hwtfw/jwf1qf1 OLJ./lflf1tlw1wgnttf fJ. wnwt{b1wqnyt.J 1nwct.JLtw1tfwfJ WLJ./Whnt{nttf, 

• Uf1/J.f1t.J hbl[IU.nrz hw1b1w1f1tJ fJ. :PrbtJ/J1w1f1t.J hwtfwljgt{wa fulflWf1W{1-
fJ/J[1nL{ tfn!J.ntlflg 21If1tiwh/JnwgtfwfJ fuUfJ.f1f1 WflfJ.jnttJwL{bl[I /ntOnttf, Uf1/J.f1tJ hbl[IU.nrz 
fJn{I hf1pf1f1fJ.w1f1tJ hwtfw/jw[1qf1 0[1Wq{1wt{n{1nttf, n{I[] wfJ/jwfu brzwbwltw1f1tJ 
LJ./WJUWfJfJ/J[1f1g /jql[lt.Jf1 h/Jl[ILJ.nrz hwtfw/jw[1qf1 [U/Jj2tfwfJ WjtJ wfJltJntfJ(], n{1f1 
!J.IILJ./J2nLU l/WLJ./Whnt{L{/1 l;1bltlflf1W/jwfJ l;fJ/J[1qf1w1f1 wnwL{b1wqnyfJ Wf1lflWfJ.f1nL(U­
JnLfJ, 

• b[1/j[1n{1f]. Ub(1tJfJ.f1 ruwrzwt.Jruw1f1t.J CdS/ CdTe fJ. pwqtfwltf1 wt.JgmtffJ/J{lnL{ 
ltf1uwhwrznf1fJ.~WJf1tJ Ge/ GaAs/GalnP :/Jnl[lnl;1bltlflf1W/jwfJ l;1/JtfbfJl{1fJb[1f1 hbl[lw­
qnl[lnttf, fJ.{IWfJg L{n1l[l-WtfLJ./bf1w1f1tJ ptJmruwq[1bf1f1 ljwnntgnttf fJ. tf2wltt{wa 
tfnf].nt/nttf ltf1f1wntfwt.J tlLJ./Wlflw/jwhw{ltfW[lnL(UJWfJ n[1n2mtf: 

<li1f1wqn1f1mp1wti iff;pnq.fiqwti: (buiwqmnmraJm't.Jo. tirw4w't.Jwg4.bL t 
oq.uiwq.nro-bLnt.I. dwtlw't.Jw4w4tig hwtlw4wrq.wjp't.J 1'].p't.JwtJti4wJti tlnl'J.btwt.l.nr­
tlw't.J orwq.rbfl , hwtlw4wrq.lwJti'tJ l'].pqwJ't.Jti q.nropp't.Jbr Li. tlw,abtlwuiti4w4w't.J 
tlnl'J.bt't.Jbr : LJ2w44.bt t Uruti't.J br4m wnw't.Jgp't.Jbrnt.I. hbuiun11 hwJbLwJti'tJ Li. ~rb't.Jb­
LWJp'tJ hwtlw4g4_wo ~UlW[lW[l't.Jbrnt.I. ~nuinttb4uirw4w't.J 't.Jnr Llnl'j.nL[, nrti w2-
~wuiw't.Jpo. Llpui4_wo t or4_w W[lUWjp'tJ ctwtlb[lp't.J tLb4uirw4w'tJ t't.Jb[lq.pwjp 
WflUlWl'J.flnLtaJW'tJQ: t't.Jbrq.buiti4 hwtlw4wrq.ti Llnl'].bl.[! 4wnmg4.bt t hwtlw4wr­
q.wJp'tJ 1'].p't.JwtJti4wJti tlbtan'lnt.I. Li. 'lti~brb't.JgJWL hw4_wuwrmtl't.Jbrti hwtlw4wr­
q.brti tmMwtlp: Uruti't.J hbuiun'l_ uwrpti orwq.rwt.l.nrmtlo. tirw4w't.Jwg4.bL t 
MATLAB orwq.rwt.l.nrtlw't.J [bq4_n4_, UWflppg 2brtlwhbnwgtlw't.J hw24_wr4D. tirw-
4w't.Jwg4_bt t VDI Thermal Atlas 2uibtlwrw't.Jp 2brtlwqw't.Jq.4_wowttin~w't.Jw-

4m13Jw't.J pw't.Jw6ubrti oq.uiwq.nrMwtlp: Uwrpti bnwlw4i Llnl'].bl.[! 4wnmg4.bL t 
AutoDesk Inventor hwtlw4wrq.lwJp'tJ l'].pqwj't.Jp orwq.rti tlp2ngn4_: 

.. 4 
' 

Q.fllflwlfwtJ wpq.1mtintilip[! u tinpnt]pf!: 
1. (wtlw4wrq.wJti'tJ 1'].p't.Jwllti4wJti tlbian'lnt.I. t12w44.bt t ttJbrq.buiti4 

hwtlw4wrq.ti tlnl'].b[, nrti tltJ2ngn4_ 4wuiwr4.bL b't.J 4w'tJ~wuibumLl't.Jbfl 4.brw-
4w't.Jq.'t.J4_n11 t't.Jb[lq.buip4WJp qw[lq.wgtJw'tJ 4_b[1Wpb[lJW[, n[Jn't.Jp gmjg bu ui4_b[' 
O[l4_W Q'tJ,awgpmLl W[lUWjp'tJ t't.Jb[lq.pwjp tlp2ngn4_ ttb4UlflW4w'tJ t't.Jb[lq.pwjp 
wruiw'lrmraJw'tJ q.rw~ti4tJbrti hwriabgmtlo. h't.Jwrwt.l.nrmraJm'tJ 4uiw' hwtlw-
4wrq.mt1 't.Jbr'l't.Jbtm w4_blti tlbo hqnrmraJm'tJ't.Jbrnt.I. 4.brw4w't.Jq.'t.J4.n11 ttJbrq.tiwJti 
W'l_PJnL[l't.Jb[l : 

2. lf2w44_bL t W[lUpU hbuiun'l_ hWJbLWJp'tJ U ~[lb't.Jb[Wjp't.J ~UlW[lW[l­
't.Jb[ln4_, 2brtlwhbnwgtlw't.J Wfll'J.Jm't.Jw4_bui hwtlw4wrq.n4. ~nuin4_n[UlWJp'tJ 't.Jnr 
Llnl'j.nL[, n[lp hwjb[Wjp't.J ~UlW[lW[l't.Jb[lp hwtJw4Wflq.Q 0[14_W gw't.J4wgwo Ll!Whp 
W[lUp 6wnwq.WJta't.Jb[l'tJ nL'l_'l_nLLl t ~[lb't.Jb[Wjp't.J ~UlW[lW[l't.Jb[lp tJw4bflbUp'tJ' 
oq.uiwq.n[lOb[n4_ WflUp'tJ hbuiun'l_ wnw't.Jg 4nf1nLUUl't.Jb[lp hpp[lpl'j.Wjp't.J hWLlW-

4Wf1q.: 
U2Juw1f1wlinfl wpq.1mtintilipfl qnpc)tiwqwti ti2wtiwqmpJntbf!: br4m 

wnwugpubrnt.I. wruti 2wrcttlw't.Jo. hbuiun'l_ Llnl'j.nL['t.Jb[lQ WL4Whn4_mt1 b't.J Uruti 
6wnwq.wJ13't.Jbrti oq.uiwq.nromtlo. 4.w'l wnw4_nuipg tlp't.Jlu m2 brb4n' wlllwhn-
4.btnt.I. Uruti ttJbrq.tiwJti wnwt.l.btwq.mJ'U oq.uiwq.nromtlo. tmuwJti'tJ ort.l.w o.'t.J ­
,awgpmtl: UJU brtw't.Jw4n4. br4m wnw't.Jgp't.Jbrnt.I. wruti 2wrcttlw't.Jo. hbuiun'l_ 
hwtlw4wf1q.Q W[lUWjp'tJ t't.Jb[lq.pwjp OflW4w'tJ hnupQ_ 30%-n4_ w4_bltJ t oq.uiw­
q.n[lOnLLl Li. qq.wlti tlbowg't.Jmtl WflUlWl'J.flnrtw4w't.JmraJm't.Jo.: (buiuwpwr , uiw't.Jti­
pp't.J Li. pWfl'l tbn't.Jwjp't.J nbltib~ m't.Jbgn'l_ uiwrwop't.Jbrmtl uibrtw4wJ4_n'l_, Ltinp[l 
UlW[lWOJ;2 qpw'l_bg't.Jn'l_, W[lUp 2wrcttlw't.JQ br4m wnw't.Jgp't.Jbrn4_ hbuiun'l_, pw[16[1 
Wfl'lJm't.Jw4_buimraJwtlp, p't.Jp't.Jwt.l.wr 4wt1 gw't.Jgp't.J tlpwg4_wo nbctpt1't.Jbrn4. w2-
~wuinrt uwrpti 't.Jw~wq.omLllJ. Li. hbuiwqnuimLlQ ui4JwL w2~wuiw't.Jpp 'tJL4w­

uiw4't.Jubr'tJ b't.J : 
'l)w21f1UJWbntpjwb tiliplfw1wgtf mz hfldlJwqwti q.pntjpblip[!: 
1. l.Jw~wq.0-4.bt t Ltinpr tlw4brbu't.Jbrti't.J , uiw't.Jpp't.Jbrti't.J Li. pwr'l 

nbltJb~n4. tw'tJ'l2w~ui't.Jbrti'tJ uibrtW'lf14.nrt hwJbLWJp'tJ Li. ~rb't.JbtwJr'tJ ~uiwrwr­
't.Jbrnt.I., pwr6r [nLUWQ'tJ4wtmt1 m't.Jbgn'l_ Li. Uruti't.J hbuiun'l_ UW[lj;2 , nro. 1 44.ui 
hqnrmraJm'tJ'tJ WL4whn4_mt1 t' qpw'l_bg't.Jbtnt.I. Q'tJ'lwtlb'tJQ 2.7 pwn.tl tlw4brbu : 

2. (wJbLWJp'tJ ~uiwrwrti WLil'J.f1Wl'J.W[l6't.Jnrt tlw4brbuo. w'tJQ'tJ'lhwui 
4in4in~4_mtJ t , n[llllbuqp WL4Whn4_4.ti ~[lb't.Jb[Wjp't.J ~UlW[lW[lp [nLUW4_n[l4_WOnL-

taJW'tJ wnwt.l.bLwq.mJ'tJ wrctbpo.: 
3. Oq.uiwq.nrot.l.wo bnw2brui 4wu4w'lWJp'tJ ~nuint.l.ntuiWJp'tJ ttbtlb't.Jui­

't.Jbrti 't.Jn[lLlW[ W2~WU1W't.Jj;2Wjp't.J 2bf1LlWUUlp6w'tJ't.Jb[lQ L4WhL4W'tJ4_mtJ b't.J 0[14_W 
IJ.Uj3WgpmLl W[LlWUUlW'tJLlw'tJ WO~b j3W'l_W't.J,a't.Jb[ln4_ U WUnLLlp't.Jb hn4_wgmgpl­

Ub[lp tltJ2ngn4_: 
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4. LfnrJ.bLwLj_npLj_bL t tubpq.bmti4 hwuw4wpq., ubpumoLj_bL bu b4-flnu.iw-
4wu 2230 p.uw4w4_wJrbrti m4.JwLubp[!, u hpuuw4_nr4.bL t Urutiu br4m 
wnwuggubpnLj_ hbmunri. fumwpwpubpnLj_ ~nmnLj_nLl11WJPU 4wJwuubpp mb­
'l.Wl'J.flUWu wuhpwc:tb2l11nLfdJnLU[!: 

<Pnphwnbt.mtpJmb11 u hpwLf1wpwftl/wb w2JuwLf1wbnblip11: 
UmbuwfunumraJwu hpuuw4wu WflrJ.JmugubrQ mu.iwq.pLj_bL bu 11 

q.pmw4wu hnrJ.Lj_woubpmu, nppg 3-[!' (.wJWULJlWup q.pmm,aJmuubpp wqq.wjpu 
w4wrJ.butiwJti u <wJwumwuti wqq.wJtiu u.inLtimbfuuti4w4wu hwuwluwrwuti 
Sbri.b4wq.rti Sbfuuti4w4wu q.pmmraJmuubrti ubrtiwJmu, 2-Q' <wJwumwuti 
6wrmwrwq.pmw4wu w4wrJ.butiwJti Lrwp.bpmu, 4-Q' <.U'TJ<. Lrwp.bpmu, 1-Q' 
<.U'TJ<. Pwup.bpmu, 1-Q' << c+uu «t°'uunLj_wgpnu huwrw4_nrmraJmuubrQ u 
uwpmwhpwLj_bpubp[! c:twuwuw4w4pg w2tuwrhmu» utJ2wqq.wjpu q.pmwc:tn­
'l.n4-ti UJmrabrmu, umwgLj_bL t q.Jmmti 1 (.(. Upmnuwq.pp: 

U1.11bl:.iwfunumpJwl:.i h~lltiw~wti wprumti9l:.ibp(! qb~mgl[b1 bti . <.w­
jwumwup wqq.wJtiu u.inLtimbfuuti4w4wu hwuwluwrwuti 2016, 2017, 2018, 
2019 rara. mwrb4wu q.pmwc:tnri.n4_ubrmu, << c+uu «t°'uunLj_wgpnu huwrwLj_n­
rmraJmuubrQ u UWf1l11whrw4_bpubp[! c:twuwuw4w4pg w2tuwrhmu» uti2wq­
q.wjpU q.pmwc:tnri.nLj_mu, «4.brw4wuq.u4_nri. u UWQnLfl tubrq.tiwJti» 6-rrJ. uti2wq­
q.wjpu hwuwc:tnri.nLj_mu (2015,a. bpuwu) U b'TJ(. nLc+C-p l11Wflb4wu q.pmw­
c:tnri.nLj_mu (2016,a. bpuwu): 

ULf1libwJunump1wb ftwnmgl/whn11 u bwl/wm: Umbuwfunum,aJnLU[! 
p.wri.4wgwo t ubpwom,aJmupg , 4 q.Lmfuubppg, bqrwhwuq.mupg u 143 w2fuw­
mwugubr u.iwrmuw4nri. q.rw4wUnLfdJWU gwu4pg: CurJ.hwumr owLj_WL[! 120 t2 
t. ubrwnmu t 64 u4wr , 19 p.wuw<'lu, 3 wrumuw4: 

ucruusuu~~<uuunnspnquu~u4n~ra-an~uc 

U1.11btiwtunumraJwl:.i tibpwbmraJml:.inuf hpuuwLj_npLj_wo t wmbuwtun­
umraJwu ,abuwjp Wf1rJ.tiw4wum,aJnLU[! , <'luw4bru.i4_wo t w2tuwmwu2ti uu.iw­
l11W4Q. q.pmw4wu unpnLjfd(! , 4tirwnw4wu u2wuw4nLfdJnLU(! u ll.fW2l11ll.f WUnLfd­
JWU ubr4wJwg4_nri. q.pmw4wu l'J.flnLJfdUbp[!: 

Unw2bti <utumu tirw4wuwgLj_bL t hbmwqnmmraJmu hwJbLWJPU u ~rb­
ublwJtiu tumwrwrubpnLj_ WflUWJPU tLb4mrw4WJWUubrti. WflUWJPU 4WJWUubrti 
gwugpu upwguwu u gwugpg wu4wtu w2tuwmwu2ti huwrw4_nrmraJmuubrti 
Lj_bpwp.bflJWL, (!Ul'].q.OLj_bL bu ubr4wJmuu q.nJnLfdJnLU mubgnri. mbfuunlnq.pwubpp 
wnwLj_bLnLJaJmuubpu m ,abrmraJmuubp[!: 

&nmntubpq.bmti4wJti Lj_br2tiu qwpq.wgmuubp[! wu.iwgmgbgpu urw 
urgmuw4mraJnLU[! tiu2u.ibu wLj_WUrJ.W4wu tubpq.bmti4wJti. WJUu.jbu tL WJL[!UlJl­
flWUQWJPU tubpq.bmti4 4wJwuubrti hwubuwm: UJu ubo 4wrunrmraJmu 

6 

4wrnri. t mubuwl gwop b4wumm mubgnri. oq.mwmbpbpp, pu2u.ibu uwu br4rti 
tubpq.bmp4 wu4wfunLfdJWU U wuLj_mwuq.nLJdJWU wuhpwc:tb2m uw4Wf11'J.W4p 
wu.iwhnLj_uwu mbwu4Jmupg: Upl.LwJtiu ~nmntubpq.bmti4wJti qwpq.wguwu 
mbuu.ibrQ WJUQWU wrwq. bu (!UfdWUnLU n11.2 w2tuwrhmu, nr wuhrwc:tb2m bu 
WU(!Ul'].hWLJl rawruwgLj_nri. q.pmwmbfuuti4w4wu LnLOmuubr' wLj_bltJ Wfll'].JnLUW­
Lj_bm rJ.wr<'lubLm Urutig umwgLj_wo tubpq.pwJti mri.tiri. tLb4mrw4wuti ttJntuw-
4bru.imu[!: ruUrJ.flP LntMwu hwuwr oq.mwq.npoLj_mu bu 4tiuwhwri.nrrJ.2WJpu 
4wnmgLj_wogubr mubgnri. WflUWJPU ~nmntLbubumubp, nrnug l11Wf1P-bf1 4tiuw­
hwri.nrrJ.ti2ubrti p-n p.wquw4ti wugmuubrti uti2ngnLj_ 4wrnri.wumu bu wu.iw­
hnLj_bL utiu2u 46% Wfll'].JnLUWLj_bmmraJmU : lipuwhwri.nrrJ.2WJPU WJU UJnLfdbfl(! 
,abu wu.iwhnLj_mu bu P-Wf1Clf1 Wfll'].JnLUWLj_bmmraJmU, p.wjg, upuumJU c:twuwuwy, 
,awu4wgumu bu WflUWJPU YWJWUP puguwrc:tbg(!: ULj_bltJ ttJn2r uw4brbuubpnLj_ 
wruwJtiu tLbubumubrti oq.mwq.nrMwu hwuwr 4tirwnLj_mu bu mwrp.br mb­
uwyti U 2Wl11 wLj_bltJ ttJnQ[l pUQUW[lcfbgnLj_ ful11Wf1Wf1Ubf1 : rul11Wf1Wf1Ubf1p oq.lJlW­
q.n[lOnLU(! ,abu ubowgumu t Wf1UWJPU tubrq.tiwJti ybru.iwttJntuuwu O.c+.c+.-u, 
p.wjg, upuumju c:twuwuwy, hwuq.bgumu t ~nmntLbubump 4-flw (!Uyunri. 2br­
uwjpu hnugp fulJlnLfdJWU wuhwubuwlJl ubowguwu, tiu2[! wuhrwc:tb2m hnLj_wg­
uwu p.wgwywJnLfdJWU u.iwJuwubpmu p.wgwuwp.wr t wqrJ.mu ~nmntLbubumti 
O.c+.c+.-ti 4-flw: UJuu.itiuti 4tirwnmraJwu hwuwr wrmwrJ.pLj_mu bu wruwJtiu 
tLbubumubr' mwrp.br p.um,awq.rbrn4_, p.wr<'lr 2bruwump6wuwJtiu u.iwJuwu­
ubrmu w2fuwmbLm hwuwr : 

lfJnLU ynri.upg' tubpq.bmp4 p.uwq.wLj_wnp qwpq.wgntU(! fdWtP t Wnumu 
p.wLj_w4wu wrwq. mbuu.ibrnLj_: Uup.n11.2 w2fuwrhmu, tiu2u.ibu uwu <wJwumw­
umu ttJnfuLj_mu t tubrq.tiwJti W'l.P-JnLflUbflti hwuwuwuUnLfdJnLUUbfl(! n11.2 tubr­
q.bmpyw4wu hwuwywpq.mu: UJu ttJnttJnfumraJmuubp[! burawrJ.rmu bu mumb­
uwywu u mbfuupywywu uwpmwhpwLj_bpubp, npnug unrJ.bLwLj_npmuQ huwrw­
Lj_nrmraJmu t QU<'lbnmu' mumuuwutJrbLm ubomraJmuubrti ttJnfuwql'].bgmraJmu­
ubp[!: 

(.bmwqnmLj_bL bu ll.fWflWP-nLWq.LWUWJpU, ll.fWflWP-nLntirJ.WJpU , hbltJnumw­
l11WJpU, ~rbubLwJtiu fumwrwrubpnLj_ wruwJtiu tLb4mrw4wJwuubrti wnwU<'l­
uwhwmymraJmuubpQ, (!Ul'].q.bLj_bL l'J.f1WU9 rabrmraJmuubp[!: UJuu.itiuti YWJWUUbfl(! 
qp.wri.bgumu bu ubo l11Wf1WOQUbf1, uwfuwmbuLj_wo bu ybumpnuwgLj_wo yppw­
nm,aJmuubpp hwuwp, 2bruwjpu ttJnfuwybpu.iuwu u.iwm6wnnLj_ mubumu bu 
Wfll'J.JnLUwLj_blJlmfdJWU ynrmumubr, nrnugpg huwrw4_nr t fumuwttJbL ~nlJln­
tubpq.bmpywJti uti2ngnLj_: Upupu bp4m wnwuggnLj_ hbmunri. ~nmntLb4mrwywu 
YWJWUUbfl(! mubu bpyw,ap.bmnub ubo hpugbp, hbmumu bu Urutiu ll.flJll11bLn4-

7 



UWf1!2[! wup.n112mtuJWLlp. , tJb2[! 1..4whwtJ2mu t hqn[l 2wrcttJ2tJb[l U J2WUtJ'cJb[ltJ 
'cJLjWUlUWUp. ubo ljWjnL'cJnLtuJnL'cJ : 

Uuibtiw[unumruJw'cJ wnw2titi qtfumu wtiri.rwri.wrCI t Ljwmwr4.bL tiwu 
mwrp.br LjmuiwljtJ2 hwuwljwrqbrti wnwMtiwhwmljmruJmtitibrtiti : Cw24.ti wn­
tibLn4. W[lUWJtJ'cJ ttibrq.bmtJljwjtJ ubo mbu1..4brn4_ qwrq.wgmLl[! u LjmuiwljtJ2tibrtJ 
p.wrClr qtibrQ' uitiuibuwljwti uibuwtiljjmtitig LWl{wqmJ'cJ mwrp.brwljti t u1..4w­
nbL wrllwJtiti ttibrqtiwti wrmwri.rmruJw'cJ ctwubrtJti , WJutiti!2ti hwuw1..4wmwu­
[uwtibg'cJbL tLb4mrwljwti ttibrqtiwJti u1..4wnnLU[! Wf1UWJtiti ttibrq.tiwJti wr­
UlWl'].flnLtuJW'cJ[! Ljwu hwljwnwlj[!: Cw24.ti wn'cJbLn4., nr 01..4mtJuwl wtiljjwti mwlj 
Ulb'l.Wl'].[ll{WO Wf1UWJtJ'cJ ljWjW'cJ'cJb[ltJ Wf1UlWl'].f1nLtuJW'cJ O[lWljwtJ q.[lW~tJLjtJb[l[! 

mtJbtJmu btJ ublj wnwl{bLwq.mjtJ W[ld"bJ2 LjbuortJtJ' WJU qn[lO[!'cJtuW9[! Wfll'].JnL­
tJwl{bm LjwmwrbLnL hwuwr wtihrwctb2m bti orl{w QtiruwgJ2mU Wf1UWJtiti 
ttJb[lq.tJwJtJ WflUlWl'].flnLIUJW'cJ q[lw~tJLjtJb[l[! hwrrubg'cJbL U ttJb[lq.tJwJtJ UbO 
Wf1UlWl'].f1nLtuJnL'cJ nl'l.'l.bL tiwu Ljbuortig 1'].nlflU ctwubrtiti : UJU wubti[! htiwrw4.nr 
t tirwljwtiwg'cJbL Urutiti hbmun11. ~nmntLb4mrwljwti unri.mL'cJbrtJ utJ2ngn4_, 
nrnti!2 Ljmtibtiwti LjinJ2r 2wljibr, htiwrw4.nrmruJm'cJ lj[!tJClbnbti uwutiwl{nr oq.­
mwqnrouwti , LjUlb'l.Wl'].[ll{bti UlW'cJtJJ2'cJb[1tJ'cJ Ljwu p.Wfll']. nbltJb~n4_ UWljb[lbU'cJb[ltJ'cJ : 

q.rwljwtimruJw'cJ 4.brLmomruJw'cJ wrri.JmbJ2ml1 Cluwljbr1..44.bL bti hbmw­
qnml{n11. tutiri.tirtibrQ' 

• LI nri.bLw4.nrbL u hbmwqnmbL ttibrq.bmtJLj hwuwljwrqti qwrq.wguwti 
hbnwtiljwrtibrQ. hw24.wr4bL 4.brwljwtiq.til{n11. ttibrq.bmtJLjwJti tibrri.ruwti 
htiwrw4.nrmruJmtitibrQ ttibrq.bmtJLj hwuwljwrq.mu u q.m'cJbL m'l.titibr wruw­
Jtiti ttibrq.tiwJti uwutiwp.wcttiti ubowguwti , 

• LI 2w4bL Urutiti brljm wnwtigJ2tibrn4. hbmum11. hwJbLwJtiti u ~rbtib­

LWJtiti hwuwljgl{wo [umwrwrtibrn4. ~nmntLb4mrwljwti unri.mL, nr[! Ljwrn'l. t 
mb11.wri.r4.bL 2bti!2brti mwtiti!2tibrtiti u LbntiwJtiti Lwtiri.2w~rutibrn4. 4.wJrbrmu, 
w1..4whn4.bL p.wrClr wrri.Jm'cJwl{bmmruJm'cJ u mtibtiwL gwor titi!2tiwrd-bJ2: 

• liwmwrbL UWf1!2tJ hbmwqnuimu, nrtJ 2f12W'cJwljtJbrmu tJw[uwq.obL 
UWf1J2tJ9 2bf1UWhbnwguw'cJ Wfll'].JnL'cJwl{bUl hwuwljw[lq, O[lWq[lwl{n[lbl UWflJ2tJ 
Urutiti hbuiun11. tinr htJp.rtiri.wJtiti wrri.Jmtiwl{bm hwuwljwrq., 

• CbuiwqnuibL Uruti ttibrq.tJwJti umwguwti brljrnrri. ubrtiri.ti' ruw11.wti­
ruwJtiti ~nmntLbubtJm'cJb[ltJ Ljwnmg4_wo!2[!, w2fuwmw'cJJ2WJtJ'cJ p.tJmruwq.[lb[l[! , 
htiwrw4.nrmruJmtitibrti m p.timruwq.rbrti Ljinljin[umruJm'cJQ 2bruwumtJ6wtitig u 
Lmuwl{nrl{womruJmtitig Ljw[ul{wo: 

bp~pnpn <utunui tJrwljw'cJwgl{bL t ttibrq.bmtJLj hwuwljwrq.tJ unri.bLW­
l{nrmu' Simantics System Dynamics u Matlab orwqrbrtJ utJ2ngn4_: LI nri.bLmu 
tibrumol{bL bti bl{rn1..4wljwti 2230 p.tiwljwl{wJrbrtJg umwgl{wo mt.IJwL'cJbr : 
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LI nri.bLw4.nruwti wrri.Jm'tiJ2mt1 hbmwqnm4.bL bti wpllwJtiti u J2WLlm ttibrq.b­
mtJLjwJti qwpq.wguwti htiwpwl{npmruJmtitibp[!, LjwJm'cJ ttibrq.whwuwljwpqmu 
ri.rwtig tibrri.ruwti b11.wtiwljtibrti m uwu2mwp.tibp[!: CtJUtiwl{npl{bL t UputJti 
brljm wnw'cJgJ2tibrn4. hbmun11. uwpJ2brti 4tirwnmt1[!: 

brwq.pmu hw24.ti bti wn'cJ4.bL 4_bpwljwtiqtil{n11. ttibpq.tJwJti uwutiwp.w­
cttitiQ ttibpq.tJwJti 1..4whwti2wpljtJ w1..4whnl{uwti ub2: q.nrowljtJg[! ti2wtiwljl{bL t 
hmtiwpbti a mwnnl{ u npn2l{mu t hbmllJWL p.wtJwClunl{' 

_ . ( l:(Ewp~+ EpwU]>) l ). 
a-mm L;d , . 

PwtiwClumu Ewrti-1:! wruwJtiti ttibpqtJwJti wpmwri.rmruJm'cJ'cJ t ctwuw­
tiwljtJ mt.IJWL 1..4wJtiti , Epwtfji _tJ ' J2WUnL ttibrqtiwJti WflUlWl'].flnLIUJnL'ti[!, tJulj d-ti' 

ttibpqtJwJti 1..4whwti2wr41:!: Litititiumu ~mtiljgtJwti mpl{wo t . nr1..4buqtJ a q.nr­

owljtJg[! 1-tJg ubo 2Ltititi : 
4.bpwljwtiqtil{n11. ttibrqtiwJti wrmwri.rmruJmtimu wrllwJtiti u J2WLlm 

ttibpqtJwtibptJ hwpwp.bpmruJm'cJQ gmJg ml{n11. qnrowljtJg[! ti2wtiwlj4.bL t ~-nl{: 
UJ'cJ gmJg t mwLtiu J2WLlm ttibpq.tJwJti hwpwp.brmruJm'cJQ 4_bpwljwtiqtil{n11. 

ttibrqtiwJti Qtiri.hwtimp wpmwri.rmtuJW'cJ[!' 

f3 = L EpwUJ> 
l:(Epwur+Ewp~) 

Linri.bLmu tibrumol{wo t uu ublj Ljinljin[uwljwti , npti wtil{wtil{mu t 
Utiwgn[lr].WJtiti hqnpmruJm'cJ : UJU Ljinljin[uwljwti[! gmjg t uiwltJu , rub ctwuw­
tiwljti gwtiljwgwo 1..4whtiti npJ2wti hqnpmruJm'cJ t wtihrwctb2m w1..4whn4.bL WJL 
tLbljmpwljwjw'cJtibpnl{ (p.wgti wpllwJtiti u J2WLlm tLbljmpwljwJwtitibrtJg) : Lftiw­
gnpri.wJtiti hqnpmruJm'cJQ ti2wtiwljl{mu t R uiwnnl{ u nrn24_mu' 

R = d (t ) - (EwrtiCt) + EpwtfJi( t)) : 

UrllwJtiti ttibpqbmtJLjwJti Ljuipmlj qwpqwguwti 1..4wJt1wtitibrmu urutin­
Lnrm wruiwtibuil{wo wo[uwrurum qwqti owl{wL'cJbptJ LjinJ2[1Wgmt1[! htiwpwl{n­
flnLtuJm'cJ t mwLtiu bqpwljwg'cJbL, np wpllwJtiti ttibrq.bmtJLjwJti qwrq.wgmu[! 
wti[umuwljibltJ LjLtJtiti unmwljw 30 mwptJtibptJ hwuwr : Matlab opwq.rtJ 
uti2ngn4_ Ljwmwrl{wo unri.bLw4.nruwti Wfll'].JnLbJ2nLU hbmwqnm4.bL bti WflUWJtiti 
u J2WLlm ttibpq.bmtJLjwJti qwrq.wguwti htiwpwl{nrmruJmtitibrQ u tLb4mrw­
ttibpq.bmtJLjwljwti hwuwljwpq.mu qp.w11.bgpwo hwl{wtiwljwti owl{wL'cJbp[!: 
'tpw hwuwr tibpumol{bL bti ri.tJmwpljl{n'l. p.tiwljwl{wjpbpmu wputJ u J2WUm 
mwpbljwti ctwubptJg Ljw[ul{wo wrmwri.rmruJw'cJ J2Wtiwljtibpti m tLbljmpw-
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ttibrq.tiwJti Ujwhwu2wrlJ1J.: Uwhuwulj_wa a u ~ l{lmrntuwljwuubrti lJwtuLJ.w­
omraJml.i[! LipUJWugpg u l').[lWUg ljwUWJWljwu wrd-bpp l').bUjpntu 1.I1bri_w11rlJ.wa 
hqnrmtaJmuubrp hwrwp.brmtaJntU[! wnwlJ.btwq.mJU UjWhwu2wrljpu ubrljw­
JWgLj_wa bu tilj .1-mu: 

'0 

09 

~ 08 

"" 3 01 
Cl. 
3 00 

,:> 
::; 0 5 
3 

"'::;. 04 

_g 0) 

5. 02 

= 01 

0 
0 a~o201a•DSG60706D91~ 

a '-1.t tlwulmipwdpu 

l..l1i0.·'\l\.t~l\1jlJ .... ~~ 
800 

0 

1.4 1. U(IUWJ/lU Ii J2_WUnt l;/JlI[1qflw1fl qw1wuulI[1fl l(IOl]_Wf/-{lt./W<i hqn[lnLfJJWU 
qwfut.f w<int{Ojnt/J[! a Ii f3 1./mtf1nfuwqwu/JlI[1flg 

liljwrmu 2q.muwlJ.nrLJ.wa hw1.I1Lj_waubr1J. 1.I1btutitiljwUjbu huwrwlJ.nr 2t 
tirwljwuwgl.ibt: UJu brllmJraQ ljwUjlj_wa t wrllwJtiu tubrq.tiwJti wr1.I1w11rm­
raJwu orwljwu bqwljp wnwlj_b[wq.ntJU wrd-bpp u q.p2brwJpU d-wubrpu wrup 
p.wgwljWJnLfdJWU hbl.Il : ~wum tubrq.pWjp orlJ.w [!UfdWgpmu wlj_b[p hw6wtu U 
l.IlW[lp.b[l d-wubrpu tpUl.Il[lbUmuubr mubuW[nt hwlilljntfdJnLU[! huwrwlJ.nrmra-­
jntU t l.IlW[pu' wlj_b[p uba l.Ilnljnuwjpu hwrwp.b[lntfdJWUp. pwum ttblJl.Ilrwljw­
JWUubr lilbri_Wl').[lUWU: t°'U2UjbU l.Ilbuumu bup' '-Lt uwuuwp.wd-up' a l{lnl{lntuw­
ljwup, 0.8 wrd-bpp l').bUjpnttI pwum uwuuwp.wd-pu[!' ~-u , UnLJUUjbu 0.8 u 
wlJ.btti Ujbl.Ilp t ttititi 1.I1btutitiljwUjbu huwrwLJ.nr hwuwljwrq.ti hwuwr: UJu 
wrd-bpubr[! gmjg bu l.IlW[pU, nr W[lUWJPU tubrq.tiwJti orwljwu wlJ.btti brlJwr 
u hwrrabglj_wa q.rw~ti4n4. wr1.I1w11rmraJmLIQ huwrwlJ.nrmraJmu lj1.I1w' WJLI 
wlj_b[p [Wjunrbu Ub[ll').Ub[ tubrq.b1.I1pljwljwu hwuwljwrq.brmu: 

UUwgnr11wJtiti hqnrmraJmuu WUjwhnLj_mtI t 2bruwttblJ1.I1rwlJwJwu­
ubrti. wl.IlntlwJtiti ttblJl.IlrwlJwJwuubrti u hti11rnttblJ1.I1rwlJwJwuubrti uti2ngn4_ 
(brab wrd-bp[! 11rwljwu t) u ljml.IlwljLj_mtI t ljm1.I1wlJti2ubrmu (brab wrd-bp[! 
p.wgwuwljwu t, WJUpupu q.nJnLfdJnLU mup Lj_brwljwuq.ulj_nri_ tubrq.pwjp wlj_b[­
gmlj) : lilj .2-mtI ljwnmglJ.bt bu wrllwJtiu u pwum tubrq.tiwJti l.Ilwrp.br hwrw­
p.brwljgmraJmuubrti l').bUjpmtI uuwgn[ll').WJpu hqnrmtaJWU wrd-bpubr[!' ljwtu­
Lj_wa l.IlwrLJ.w d-wubrtig: 
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Lq. 2. L!Uwgn(lfJ.WJ/1/J hqn(lnLfJJnt/J/JfI(l/1 w[1dlI12-ulI[1[!' qwfut.fwa lflW(lt./W dwtffI(l/112-w­
uwqflg Ii <{!; W(llflWIJ.(lnLfJJntumtf w(l'1w1flu m 12-wtfm t;ulirqflw1fl tfwuuwpwdfluulirflg 

UUwgnr11wJpu hqnrmraJntLI[! [!Lil').ntumtI tu 11rwljwu, u' p.wgwuwljwu 
p.wr<".ir wrd-bpubr 4.brwljwuq.ulj_nri_ tubrq.tiwJti W[ll.IlWl').[lnLfdJnLUnLU W[lUWJPU 
tubrq.tiwJti uba uwuuwp.wd-up l').bUjpmtI: Pwgwuwljwu tiuwgnr11wJtiti hqnrm­
fdJWU wrd-bpubr[!. WJUPUJlU W[lUWJPU tubrq.tiwJti wlj_b[gntlj[!, hwuumu t wnw­
Lj_b[Wq.ntJU UjWhwu2wpljpg upu2u 1.5 wuq.wu uba wpd-bpubpp: 

tubpq.bl.Ilplj hwuwljwpq.p un11btw4.nrmupg bpumtI t , nr WflUWJPU 
ttibrq.tiwJti 1.I1bri_w11r4.wa uba hqnrmraJmtitibrti l').bUjpmtI ljbuortiti' wrllwJtiti 
tubpq.pwjp wnwlj_b[wq.ntJU W[ll.IlWl').[lnLfdJWU d-wubppu, wuhpwd-b21.I1ntfaJnLU t 
wnw2wumtI uba pwuwljmraJwtip. tubrq.tiw ljm1.I1wljb[, pulj ttblJl.Ilpwljwu 
tubpq.pwJti Ujwhwu2wr4ti wnwlJ.btwq.mJti wpd-bpubp[! wnw2wumu bu 9:00-tiu 
u 18:00-pg hbl.Iln: Unw2wr4ti u UjWhwu2wr4ti q.pw~pljubrti uti2u WJU 2bri_mu­
ubp[! Lj_bpwgubtm u ljm1.I1wljp2 hwuwljwpq.bp m UjWhntUl.IlWJPLI t[bljl.Ilpwljw­
JWUUb[l oq.1.I1wq.npbbtm wuhpwd-b21.I1ntfaJnLLI[! p2wgub[nt LIUjWl.Ilwljnlj_ wuhpw­
d-b21.I1 t l.Ilbri_Wl').[lb[ W[lUWJpU WJUUjpUp ljwjwuubp, npnug Wfll.IlWl').[lnLfdJWU 
q.pw~ti4D. ljhwtiwUjwl.Ilwutuwtiti ttblJ1.I1pwljwu tubpq.pwJti Ujwhwu2wr4ti 
q.pw~ti4tiu: Ujl').UjpUp ljWJWUUb[l ljwrnri. bu hwu11tiuwUW[ wrutiu bpljm 
wnwugpubpnlj_ hbl.Ilunri_ ljWJWUUb[l[!, npnup mubumu bu ttblJl.IlflWljwu tubp­
q.pwjp W[ll.IlWl').[lnLfdJWU uba wpd-bpubp UWU wpuwawq.pu u WflUWUntl.Ilpu: 

bppnpn <utunuf Urutiu hb1.I1unri_ UjW1.I1bu1.I1wlJ.nrLJ.wa uwrpti hb1.I1wqn-
1.I1mraJwu u tmu[!ulJwttiwu LJ.brtmamraJwti wr11JmupmtI u2w44.bt t Urutiti bpljm 
wnwugpubpnlj_ hblilunri_, hwJbtwJpu u ~pbubtwJpu hwuwljglj_wa lulilwrwr­
ubpnlj_ unp UW[lJl, np[! oplj_w [!UfdW9JlnLU WUjWhnlj_mu t ~n1.I1nt[blj1.I1[1Wljwu 

ttbt1bu1.I1ubrti wnwlJ.btwq.mJu tmuwlJ.nrlJ.womraJml.i[!: UJu q.ttumtI Ujwpqwp.wu­
Lj_wa t hwJbtwJtiti u ~rbubtwJtiti hwuwljglj_wa tu1.I1wpwpubrn4. Urutiu hb1.I1unri_, 
l.IlWuppp 4.rw 11r4.nri. u l{lnpr uwljbpbu q.pwlj_nri_ WflUWJPU ~nl.Ilnlj_n[l.IlWJpU 

unr UWfl!lP ljwnmglj_wbp[!, ubpljwjwglj_wa bu UWfl!lP wnwlj_b[nLfdJnLUUb[l[! , 
w2tuw1.I1wupp uljqp.mupu m oq.1.I1wq.npalj_nri_ uwppwlJ.nrmuubr[!: 
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Upl.J.pti hblilllnrt tiwtuwqol{wo tinri UW[1QQ (ti4 . 3) , nriti 30 un11blI! 4w­
n.mg4.bL t Autodesk Inventor opwqpnl{, 4wlilwpmu t bp4m wn.wtigptibpnl{ 
L4lilnLJlil'c.ib[1 1.J. hwjbLWJp'c.i w'c.i'lf1W'lW[1Cl'c.inrt hwuw4wpqp up2ngn4_ nLrtrtnLU 
Upl.J.p 6wn.wqwj13'c.ibpQ tibppl.J.mu m1111whwjwg lilbrtw11ri4.wo ~pbtibLWJp'c.i 

lulI1Wf1W[1tibriti (1) uw4bributibrititi : Uwrinti wn.w4.bLnLfOJnL'c.iti WJ'c.i t . nri ~ribtib­
LWJtiti lulilwpwptibpQ, 11riwtig OL4lilli4w4wti 4rqw4blilb[1mt1 qlil'c.il{nrt wpl.J.w­
Jli'c.i tLbubtilil'c.ibf1Q 4wqumu bti hbpublilli4 Lj1w4 lilmlj'l (2) , nriQ tun2Qti11nlilmu t 
tLbubtililtibriti wrtlilnlilmuQ LI. hb2lilwgtimu uwrinti uL4wuwri4mt1Q: bri4m 
L4W[1q tLb4lilf1WUbtuwtJp4w4wtJ QWJLWJp'c.i 2Wf1cTp2'cJbpQ' wqWlilnLfOJW'c.i ub4 
WUlilp6wtin4_, 4wlI1Wf1nLU bti L4lilnLJlil'c.ibp z (3) (Upl.J.p PWf1Clf1nLfOJW'c.i wti4Jwti 
Lj1nlj1ntumraJwt1p L4WJuwtiw4_np4_wo) l.J. y (4) (wqtiumlilWJli'c.i w'c.i4Jwti Lj1nlj1n­
tumraJwt1p L4WJuwtiw4_nri4_wo) wn.wtigptibrili 2mri2Q Upl.J.pti hblilllbLm hwuwri : 
Upl.J.pti hblilllnrt hwjbLWJp'c.i hwuw4wpqQ 4wqu4_wo t upujw'c.ig 4.f"lw lilb­
rtW'lf14.wo bp4m wupn112w4wti hwJbltitibppg: Z wn.wtigpp 2nLf12Q L4lilnLJlilP 
Wf1'1Jm'c.ipmu wti4Jwti ubowguw'c.iQ qmqQ'c.i13wg tibppl.J.mu lilbrtw11ri4.wo hwjbLnL 
(6) uw4bpbupti WUlilp6w'cJwpwf1 qmuwp4_mu t l{bpl.J.mu lilbrtW'lf14.wo hwjbLnL 
(5) uw4bribuQ 1.J. Lf11i4. wti11riw11wriC1timu Upl.J.p 6wn.wqwj13'c.ibpQ opl{w Q'c.i13wg­
pmu ~pb'cJbLWJp'c.i lulilW[1W[1'c.ibpp n112 uw4bpbup'cJ' wn.w'cJg Lj'lnluulill{bpuw'cJ 
Wf1'1JnL'c.ipmu wn.w2wgn11 OL4lilli4w4wti 4nrimul!l'c.ibpp: UJUL4bu , (3) wn.wtigpp' 
cTwuwgmjgp ULWQp'cJ hw4wn.w4 L4lillilUW'cJ Wf1'1JnL'cJQnLU ubow'cJmu t hnppqn'cJp 
ti4wliluwup (6) hwJbLm 4wquwo wti4Jm'c.iQ, tiu4 WJ'l hwJbLm ti4wliluwup (8) 
un11tiw41i 2wrictuwti Wf1'1JnLDQnLU (5) hwJbLtiti hwuwriw4 uwhpp uti2ngn4. 
pwpClpwgtimu t (9) hbtiw4Q 1.J. 'lf1W'c.in4_ ubowgtimu hwjbLWJp'c.i uw4bpl.J.mj13p 
uw4bf1bUQ nL 0[14_W gw'cJ4wgwo L4Whp'cJ WL4Whn4_mu ~pb'cJbLWJp'cJ lulilW[1W[1-
'cJbpp wupn112w4wti LnLUWl{npmuQ: 

Y wn.wtigpp 2mri2Q L4lilnLJlil'c.ibpti WL4whn4.bLm hwuwri uwrinli hpupQ 
(4) l.J. ~ribtibLWJp'c.i lulI1Wf1Wf1'c.ibpti liri 4.riw 4rinrt lilmlj'lti mt.iii tiwl.J. qlwtiwCll.J. 
wn.w'c.igp, npQ 4wlilwpmu t ub4 wn.w'c.igpnl{ L4lilnLJlil Lj'lnpp hqnpm13jwup tLb4lil­
pwubtuwtip4w4wti 2wrictti2ti oqtimraJwup: Uwppmu 4wrinrt bti oqlilwqnrio4.bL 
49 ~ribtibLWJtiti lulilW[1W[1'c.ibp \ hwUWL4WlilWUtuwtiwpwri 49 ~nlilnl{nLlilWJp'c.i 
tLbubtililtibpnl{: Uwrinti WJ'l lI1Wf1pbriw4Q 4wL4whn4.ti 1 44.lil hqnrimraJm'c.i LI. 
4qpw11bgtiti unlilwl{nriwL4bU 2.7 u2 lI1Wf1WOQ : Ptiw4wti 4nti4_b4gtiwJti tiL4w­
lilW4n4. hbpublilli4 lilmlj'lpg 2briuwhbn.wguwti tuti11tiriQ wri11Jm'c.iwl{blil LmobLm 
hwuwp hbpublilp4 lilntlj'lp W[1lilWQp'cJ L4Wlilbpp'cJ wupwgl{bL b'cJ 2bpuwgpnrt 
wumuptib pwriw4 hn4_wgmgti2tibri (10): 
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Llj. 3. U[1/J.f1u htJl{1/J.nrz :j>n1[1ntJ.n11f1WJ/1U Un[1 UWf1Rf1 30 un11tJlf!. 1- !/>[1UUU/WJ/1U fulf1W(1W(1, 
2- hfI[1iltJlf1f14 lfiwlj 1f1ntlfi, 3- qtJuf1fCJw1f1u wuljjwu U/lf11f1Uwu wnwugf2-, 4- wqf1um1f1w1f1u 
wu/jjwu 2nlf12l! U/lf11f1UWU utJfuwuflqtf, 5,6-hw1tJ1w1f1u fCJfifCJtirz, 8- unrzuwlj, 9-htJuwlj, 

10-wymufiutJ hmJ.wgmgfl~ 

Upl.J.pti hblilllnrt hwJbLWJp'c.i l.J. ~ribtibLWJp'c.i lulI1Wf1Wf1'c.ibpn4_ UW[1QQ 
WU[1Wg4_mu t lilW'cJppp'cJ 2nf1U hb'cJWUJnL'cJbpn4_, npn'cJp pw4_w4w'cJ lilW[1WOnL­
fOJnL'cJ bti ranrt'c.imu uwrinti' ptiw4wti 4nti4_b4gtiwJti uti2ngn4_ hnl{wguwti hw­
uwri: <nppqntiw4wti hW[1fOnLfOJW'c.i ub2 L4lilnLJlil'c.ibp 4WlilW[1nrt, UWf1QP 
tibppl.J.mu qlil'c.il{nrt qlwtiwCll.J. wn.wtigppti upwg4_nrt tLb4lilpwubtuwtip4w4wti 
2wrictr2Q. npQ 4wrinrt t lilbrtw11ri4.bL uwrinli tibppl.J.mu, L4lillilmu t wn.wtigpQ' 
11riwtin4_ tiu4 L4lillilbLn4. ~ribtibLwJp'c.i lulilwpwptibpml., wpllwjp'c.i tLbubtilil'c.ibpnl{ 
Lj1w4 lilnLLj'lQ, titi2L4bu tiwl.J. hwJbLWJp'c.i lulilwg'c.inrt hwuw4wpqQ: 

li4.4 -mu L4WlI14bri4_wo t hwJbLWJli'c.i hwuw4wriqti '1Pf1QQ hwJbLlitibriti 
hnppqntip ti4wliluwup 60° 13bp4_wom13Jw'c.i 11bL4pmu: ~btitirawJtiti w'c.i4Jw'c.i 
Lj1nlj1ntumraJwt1p Upl.J.pti hblilllbLm wri11Jm'c.ipmu, (8) un11tiw4ti' (6) hwJbLm 
'cJ4wliluwup ubtuwtip4w4wti 2wpctuwti l.J. (9) hbtiw4tibpp pwpClpwguwti 
hblill.J.w'cJpn4_, hwjbLWJp'c.i hwuw4wpqp oqlilwqnpo4_nrt uw4bf1bUQ ubow'cJmu t 
l.J. opl{w gwti4wgwo ctwupti Lmuwl{npmu ~ribtibLWJli'c.i tulilwpwptibrili n112 

uw4brillmJraQ: 
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Llj. 4. ~w1/J1w1f11J hwlfw4wf1qf1 f'Jflf'J/Jf/.IJ/Jf1f1 1.fmfu1J.wuwtf nf1tf wani[cJJnLUf! hn[1f1qn/Jf1 
IJ4w1f1uwup 6D° w/Jlijw/J f}./Ju112niu. 5,6- hw1/J1w1f11J f'Jflf'J/Jf/.IJ/J(l, 8- un'l.1Jw4, 9-h/J!Jw4 

brrmrri. q[tunu.! u2wlj4_wa uwrpti hwuwr wuhrwc:tb2ui t 'Uwtuwqbb[ 
Urutiu hblllunri. wrri.Jmuw4_blll hwuwljwrq, nrC! or4.w gw'Uljwgwa 1.4whpu 
ljquiuti hwjb[WJPU tuuiwrwrubrti rabpuw'U WJU wu4Jmu[! , nr[! ljw1.4whn4.ti 
ttb4uirwljw'U tubrqtiwJti wnw4.btwqmJu wruiwri.rmraJmu: Pwror tuuiwguw'U 
wuuip6wu'Ubrti 11-b1.4pmu w'Uhrwc:tb2ui t w1.4whn4_bt wruwJpu ttbt.!buui'Ubrpg 
wrri.Jm'Uw4_bui 2bruwhbnwgmu, tiurn 4br4wrwgup ttbt.!buuiubrti qnrowr4-
uwu c:twuljbui'UbrQ u huwrwlJ.nrmraJmu ljuiw tumuwLtibt wruwjpu ttbt.!buuip 
ljwnmg4_wapp pwmwJmt.lpg: 

Qnppnpn <utunuI uwtuwqa4_bt u hw24.wr44.bt t Urutiu brljm wnwugp­
'Ubrn4. hbuiunri. hwjb[WJp'U u ~rb'Ub[WJPU hwuwljg4_wa tuuiwrwr'UbrnlJ. unr 
uwrppg 2bruwhbnwguw'U hwuwljwrqQ, uwrpti' Urutiu brljm wnwugp'Ubrn4. 
hbuiunri. w4_uinuwuiwg4_wa hpp.rtiri.wJp'U hwuwljwrqQ: t>rwljwuwglJ.bt bu 
iwLtimuubr (UfTl( «(b[pnuibtuutiljw» [Wp.nrwuinrtiwJmt.! 1.4wuirwuui4_wa 
rawri.wurawJp'U CdS-CdTe u wubrti4Jwu EM-Core [!UljbrmraJwu ljpuwhwri.nrri.­
iWJp'U Ge-GaAs-GalnP ~nuin4_ntuiwJtiu ttbt.!b'Uuiubrti hpuwu 4.rw : Ltwnmg4.bt 
bu ttbt.!buuiubrti 4.ntuiwu1.4brwJtiu p.umrawqrbrQ. hw24.wr44.bt ri.rwug LtinLtin­
tumraJm'U'tlbrC!' ljwlu4_wa 2bruwuuip6w'Upg: C'Uuir4.bt t uwrptJ'U hwruwrbg-
4_wa ~nuin4_n[UlWJp'U ttbt.!b'Uui : 
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Ltwtu4.wa Urutiu hbuiunri. hwuwljwrqmu 4tirwn4.nri. ljwnwlJ.wruwu 
ubranri.tig' wnwM'Uwumu b'U Ltiw4 (close loop) u p.wg 2ri.rowubrn4. (open loop) 
hbuiunri. hwuwljwrqbr: Pwg 2f'ltuWJn4. hwuwljwrqbrmu uwtuw1.4bu uirlJ.mu 
t Uruti 11-tir11ti uwupu uibri.blJmraJmu[!' orwgmgwjpu ui4Jwt'Ubrpg bt'Ubtn4., pulj 
Ltiwlj 2f'l!UWJn4_ hwuwljwrqbrmu' ub'tJunrwJpU uwrpbrp up2ngn4_ 4i'tJuir4_mu 
t Uruti wubuwuba p'Uuibuuti4.mraJWUp. 6wnwqwJra'Ubrti'U mri.ri.whWJW9 hwr­
ramtuJnLU[!: <Pwlj 2f'l!UWJn4_ hwuwljwrqbr[! w4_b[p w2tuwuiwuiwr u raw'Ulj b'U, 

uwljWJU, upuumj'U c:twuwuwlj, w1.4whn4_mu b'U 
(- s:nrt ) w4.btti uba 62uimraJm'U' qui'Ubtn4. wnw4.btwqmJ'U 

........ ~....... _,,..,, ' 
- - - hqnrmtuJWU jObpuwu wu4Jmu[! wuljwlu bri.wuw-

/caoca_end••Dot• / ljwjpu LtinLtinlumraJmuubrpg: 
L_ Loa.1 T1ml!l / 

t
---- ___ L _____ ~ Uruti'U hbuiunri. htJp.rtiri.wJtiu hwuwljwrqQ 
"'"'"".'°"9·•·"·"··"'""".'''·"··)I brl·m ubr..nnubrh hwuwnrmu I- 1.wh .. 1w0 bnwuw-zenit~rano!" = C<1Ui.Zem;Miir.e) '1 I'"' ' t 11 

' t I., '1 I u '1. ' L 

- -- T __ j 4wJti'U 1.4wJt.!w'UubrtJg: Pwrbu1.4wuui bri.wuw4ti 
/ ......... io;aiii;,;,i;;i;\(;i;; -\ 1.4wrwqWJnLU uwtu 62ui4.mt.! t Uruti 11-tir11C!' [!UUl 

zc • zeni;hthan9=e ~ 
.... ,.'""'""'9'•· t : orwgmgwjpU ui4Jwtubrti. tiu4 WJ'Umhbuiu wruwjp'U 
;i2 "" nzm~,11_n.J:og:e - 1 ~ 

, ~~:;~;~\'~~;~.: :: ) unri.nq'tJbrQ p.br4_mu b'tJ Ol.ljUlpUW[ 'l-Prpp' [!UUl 
.. -_] ____ . ubuunr'tlbrtig uuiwg4_wa uibri.b4mraJmuubrti : Uu-r ~esu!tO:: ser.scrr~:s~;i!{;;G,1.(1) ''-

~:~::; :~:~:~;~:~:;i:~::;; ] 1.4wuwa orbrp'U hpp.rtJ'l-WJPU qnronri. hwuwljwr-
j :::~::!:~:~:~~:~·;::'::':( I qbr[! Uruti'U hbuiunri. uwrp'U mri.ri.mu bu orwgmjgn4. 
i resu!IS = senwrrca:..;:t(a~,z2; i 

! "''"""'"'"""''"'"''~"c1 j uwtuwuibu4_wa wu4Jwup. u ibU ljwuiwrmu iWLtimu-
l, ~=~::~: =~:~;-~~~~;;:~:;~~ ) . · -·- T-·· - 'tlbr ub'Uunr'tlbrti uti2ngn4_. 
r.~;;;:::,~;;;;.;~-;;";;;;,~~(~;~;:;;;;,;,;,jl Uuib'tJwh ·numr..•m'Umu 'Ubr1 'WJwg.iwa t Uru hu 
; z-e~'H'<ing!E! = ze1,ith1ma:o:(1 ~su!!)1 : I u I'"' J '1 '1. 11 

' . . hbuiunri. orwqrw4.nr4.wa hpp.rtiri.wJti'U hwuwljwrqti /--.,_ 
,......,.....,...../;~ 1)e",'lt. un!i!'"""· .. ....._,> 

'------<.: ....O"l.'lXirasuin > res;..1~t_?. .... 
...................... ,,......... .......... 

, / 

// se! angles aO.lO 
1

/ 

I.... ··················i············./ 

1 ......... --···.J_ .. . 

"----~ -~·-- _) 
L4. 5. Up/J.fl/J h/Jlfl/J.n'I. 

W[qnrptuU[! (ulj .5) , nr[! ub'tJunr'tJbrp Ltintuwrb'tJ oq­
lllWqnromu t wruwjpu ttbt.!b'Uui'Ubrpg uuiwglj_wa 
hqnrmtuJWU wrc:tbp'Ubr[!, w'Uljwlu bri.wuwljwjp'U 
ui4Jwt'Ubrtig uwrp'U mri.ri.mu t orwgmgwJp'U ui4.JwL­
ubrn4. uwtuwuibu4_wa w'tJ4Jwup. U ljwuiwrmu iW­
Ltimu: 

hf1pf1f1fJ.Wjf1/J '..2wLtiuwu UllLJWL Ulbf'lWJUQp [nLUWJPU mri.tiri. 
hwlfw4wMf1 wiqnf1f1fCJUf! 6wnwqwJrat.lwu hwubuwuimraJwt.!p. 80%-pg 4in11r 
wrc:tbp'Ubrti 11-b1.4pmu ljwnwlJ.wrnri. uwrpw4.nrmt.l[!' uti4rnljnuuirntbr[!. 
Ltintumu t Urutiu hbuiunri. hwuwljwrqti robpuwu w'U4JmuQ 1° - n4_ hwuw1.4w­
lllwutuwuwp.wr wqpumuiwJti'U U. qb'UtJrawJti'U w'U4Jm'U'Ubrn4. U. 4r4'Umu iw­
Ltimt.!Q: linr wrc:tbpp w4_bttJ uba [pubtm 1.4wrwqwJmt.l nr1.4bu hwubuwuim-
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JaJWU wu4JmU t [!UU1[1Lj_mu unr wu4JmuQ_: Uju gtJ4ll:! 4r4u4_mu t wnwLj_bLW­
q.mJU[! 8 wuq.wu: (wuw4wrq.u oq.uiwq.nro4_mu t UWfl!lti w2tuwuiWUj;lnLU' 
4tJrwnbLn4. wu4JWU ub4 wuuitJtiwunLj_ t./lnt./lntumraJwU j;lWJLbfl , tJu2tJ 2unrhti4. 
wlq.nrtirauti w2tuwuiwUJ1[!, 4wtu4.wo bri_wuw4wJtiu u.iwJuwuubrtJg, uiLLmu t 
utJu2LL 5 Lj_WJf14Jwu : UrLLtJu hbuiLLnri_ htJpfltJllwJtJU hwuw4wrq.tJ orwq.tJfl[! 
Matlab orwq.rw4.nruwu LbqLj_nLj_ pbr4_wo t wuibuwtunumraJmumu: 

UrLLtiu hbuiLLnri. uwr!ll:! pwri.4wgwo t hwJbLwJtiu tuuiwrwrubrn4. hbuiLLnri. 
hwuw4wrq.tJg, ~rbubLwJtiu tuuiwrwrubrtJg, LmuwtLb4uirw4wu tLbubuuiub­
rtig , UWf1!1tJ hnLj_wguwu hwuw4wrq.tJg, 4wnw4_wrnri_ utJ4rn4nuuirnLb[1tJg, 
br4m tLb4uirwubtuwuti4w4wu JlWJLWJtiu 2wrctti2ubrtig (u4 . 6) : 

~U .. ;t.!l"lJtr."! 
"1nr;f~:::;:r=tiwiru.:tJ 

u.mui.:oo 

~t<.>;~11.it.rr. 
r~1;-p.ur:tiJ,'IJ.iiJ 

l..i.ir.:1.i.;l:~" 

~nrw.;>w 

~t\,Cf"ilOW 
uq. 6. Uf11.lf1/J htn{lllnrz hwtfwqw[lq.fl tiflwgtfw/J uqqpm/J12w1f1/J p1nq-ufu/Jtiw/J 

Utubuwu pwcJ-wuLj_wo t brb!l u.iwJuwuw4wu PLn4ubrti : tubrq.wuumg­
uwu PLn41:! UrLLtiu br4m wnwugJ1ubrn4. hbuiLLnri. hwuw4wrq.ti hwuwr ownw­
JnLU t , nrUJbU tubrq.tiwJti LL uibri_b4mJrati Wfl.PJnLf1 : UrLLwJtiU tLbubuuiubrtJg 
tubrq.tiw t uwuiw4wrwr4_mu 4wnw4.wruwu Pln4tiu LL j;lWJLWJtiU 2wrctti2-
ubrtJu, nrnu!l ubtuwuti4w4wu 2wrctuwu uti2ngn4_ tirw4wuwgumu bu hwJbLti­
ubrti u.jUlnLJUl[! br4m wnwugJlubrti 2mr21:!: UrLLwJtiu tLbubuuiubrtJg 4.nLui­
ubuirti LL wuu.ibrubuirti 2wt.j1muubrti Wfll"}JnLUj;lnLU tirw4wu cJ-wuwuw4mu 
hnuwu!lti LL LWflUWU wrctbj;1Ubf1[! t./lntuwugLj_mu bu uti4rn4nuuirnLbrtJu, nru tL 
tir hbrratiu uibri_b4wui4_mraJmUQ. u2w4mu LL 4.brwomu t hwuwu.iwuiwutuwu 
hrwuwutJ m t./lntuwugmu j;lWJLWJtJU 2Wf1d"tJ2ubrtJu : 
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Puw4wu 4nu4_b4gtiwJti uti2ngn4. UWf1!1ti hnLj_wgmuQ_ wu.iwhn4.bLnL hw­
UWfl hbrubuiti4 Lj1w4 uimt./lti u.iri.MJW WflUlWJltiU uw4brLLmJratiu bu wurwg­
Lj_mu WUnLUtJUb hnLj_wgmgtJ2ubf1, n[lnUj;l Ubowgumu bu UWflJlti' Oflti hbUl 2t./1UWU 
uw4brLLmJra[!: (nLj_wgmmti u.iwhwu24.nri. uw4brbuti hw24.wr4u tirw4wuwg­
Lj_mu t 2bruwt.j1ntuwuguwu Of1bUj;1Ubf1ti hwuw6wju' hbuiLLJWL uwtuuw4wu 
u.iwJuwuubrn4_. 011ti 2bruwuuitJ6wuQ_ 35°C t , uwr!lti wnw4.bLwq.mJu ramJLwui­
rbLti 2bruwuuitJ6wuQ_' 70°C, b[lbj;l 4tJuwhwri_nr11ti2ubrn4. pwquwugmuwjtJu 
tLbubuuiubrti tLb4uirw4wu wr11Jmuw4_buimraJmuQ.' 32.3%, UrLLtig br4rti 
uw4brLLmJrati 1 u2 UlWflWOJltJU Q.U4wo hqn[lnLJaJnLU[!' 1000 4-ui, tLbubuuitJ 4.rw 
tuuiwgunri_ ub4 ~rbubLWJtJU tuuiwrwrti uw4brbu[! 4wqumu t 0.23x0.23 u, 
011ti uti2tiu wrwq.nL[aJnLU[!' 1.86 uf4.: 1 LIU hWUUlnLJaJWUp u.iri.MJW 2bruwgrnri. 
ratJrabri.Ji 4.flw ~nuinLj_nLUlWJtJU tLbubuuitJ uibri_Wl"}f1UWU uw4brbu[! u.iwuiLj_wo t 
DLC' WLUWUUlWUUWU wotuti rawri.wuratig u.jWU1f1WUU1Lj_wo hn4_wgmgti2n4_, nrti 
pwf16f1 2bruwhwri_nr11w4wumraJmuu wu.iwhnLj_mu t 2bruwgruwu ubo wr11-
JmuwLj_buimraJmu: (w24.ti wnubln4. ~nuintLbubuuiti Wfll"}JnLUwLj_buimraJWU wr­
d-bj;1Ubf1[!' UrLLtig tiwnwq.wJra4.wo LL tLb4uirw4wuti 2t./1ntuw4bru.i4.wo tubr­
q.tJwu 4.brwoLj_mu t 2brumraJwu : ~brumraJwu hbnwguwu tuu11tirl:! Lmoblm 
hwuwr 4wqu4.bL t tLbubuuitJ, DLC-ti LL u.iri.Mb ratirabri.Ji u.iwrqwq.mJu utubuwu: 

DLC-u' sp2-sp3 hwuim4 hwrwpbrw4gnL(aJWU utJ2ngn4_, mubuwln4. ubo 
2bruwhwri.nr11w4wumraJwu q.nrow4tJg, hwLj_wuwrwu.ibu t pw2tumu wrLLw­
Jtiu tLbubuuitig t./lntuwugLj_wo 2brumraJmuQ_: 

t'°'rw4wuwg4_wo hw24.wr4ubrmu oq.uiwq.nro4.bL bu VOi Warmeatlas­
mu ubr4wJwgLj_wo 2bruwt.j1ntuwuguwu hbuiLLJWL hwjuiutJ pwuw6LLbf1[! LL 
4nrbuwgtJwubrQ.: 

ftbJUnL11uti ratit.I.' 

Re = Ua ird . 
Vair· 

~bruwuuititiwuwhwri_nr11uwu q.nrow4tig' 

'l)rwu11uiLti rati4.' 

a . -~. 
air - · 

PairCair 

Pr= Vair 

aair
0 

limubLuiti 4nrbuwgtJw' hwuwu.iwuiwutuwuwpwr ftbJUnL11uti LL 
'l)rwu11uiLti rat.I.brr hwuwr' 
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1 
Nu = 0.0296 Re 0·8 Pr3: 

Linb4.b4grwJr ur2ngn4. 2hruwt.jintuwbguwb q.nrow4rg' 4wtu4.wo 
limubtinr rat.l.tig' 

a= Nu Aair 
d ' 

nrinbri_ Uaid::!, Vaid], Aair-O, Cair-O l.J. Pair-D hWUWlljWUlWUluwbwpwr 011-r 
wrwq.nLfUJnLb[!, 4rbbuwinr4 uwomgr4mraJmb[!, 2bruwhwri_nr11-w4wbmraJwb 
q.nrow4pg[!, 2hruwjpb mbw4mraJmbb m tuinmraJmbb bb, d-[!1 lljr[bOb rarrahri.r 
tib4 tLhubbtn[! rr 4.rw 4rnri_ nwnw4mup tiw4brbup 4nri.ur hr4wrmraJntb[!: 

Uinwbwtn4. l4rtb0b rarrabri_tig urabntnrin 4nb4.b4grwJr ur2ngn4. 2hruw­
Ljintuwbguwb q.nrow4pg[!

1 

hwzqqmu t ~ntnnqn[UlWjp'cJ t[bub'cJtnpg up'cJ21.J.. 
urabntnrin 2bruwt.jinluwbguwb q.nrow4pg[!

1 

oq.inwq.nrobtnt.I. bwu lllrtMr Lt 
DLC-r 2hruwhwri_nr11-w4wbmraJwb q.nrow4pgbhr[!: Sbri_w11-rhtn4. 2hruwt.jin­
tuwbguwb q.nrow4r9Q Ururg ttbtibbinr 4.rw Qb4wo 2hruwnwbw4r pwbw­
aumu' hbwrwt.l.nr t hwzt.l.bt wumupbb hnqwgmgti2r wbhrwctbzin tiw4brbu[!, 
nrr 11-hlllnmu ttbtibbtnp 2hruwuinp6wb[! 2r q.brwqwbgp ranytwinrblti wrcthnQ: 
(wz4.wr4bhrQ rrw4wbwg4.bt bb MATLAB orwq.rwt.l.nruwb [bqt.l.ti ur2ngnq: 
li4 .7-mu bbr4wJwgqwo t wrlt.wjpb tLhubbinpg wupnrf2w4wb 2hruwhbn­
wguwb hwuwr wbhrwctbzin hnqwgmgr2r tiw4brbur 4wtu4.womraJmbQ 011-r 
ur2rb wrwq.mraJmbpg: 

o~ 

0 t~ I 

{ll & 

0.14 i 
Eo nf 
,_, I 

·" .5 01 • 

"· ~OOSt 
~(!04}' 
,1l' OQ4 I 

o.oil 

0 
0 5 \0 

011fi wrwqnlJ•Jntll 
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Llj. 7. U(lilWjflu l;1btf/Ju1[1flg lftm/ftu 2U(ltfwh/Jnwgtfwu hwtfw(I wuh(lwd/J21f1 
hn4wgunri. tfw/j/J(l/Jufl ljwfu4w<'m1ra1muu DfJ./1 tf/12/lu W(lwqmra1muf1g 

Ururb hr4m wnwbgnbbrnt.I. hbinunri_ ~ninntLh4inrw4wb un11-mltib 
hWUWlljWUlWUluw'cJ ~ntnn-t[bub'cJtn [!btnrb[nL hwuwr 2wt.jimtI'cJbr b'cJ prw4w­
'cJwgqb[ <U'fl( «(hLrninblubr4w» twpnrwinnrrwJmtI lljwinrwuinqwo CdS-

18 

CdTe Lt wubrr4Jwb Em-Core [!b4brmraJwb Ge/GaAs/GalnP ~ninntLhubbinbb­
rnt.I.: 

lc1-wt.jiwbgp4 Lt tLh4inrwhwri_nr'l-P2 ln203:Sn (ITO) rawri_wbra[! lljWtn­
rwuint.l.bL t uwq.bbinrnbwjpb llj[Wq-uwnpupw4wb bri_wbw4nq, nrp 4.rw j;lp­
upw4wb 6wbwlljwrhn4. buinbgt.l.hL t CdS' 0,2 u4u hWUUlnLfUJWUp Lt tth4inrw­
nrurw4wb bri_wbw4n4. CdTe' 3 tI4tI hWUUlnLfUJWUp, nrnbs;i bbrawr44.ht bb J2[n­
rr11-wJrb 2bruwuzw4uwb: Uinwgqwo btimzr 4.nLtnWUlljbrwJpb pbmrawq.rhrr 
2wt.jiuwb hwuwr brw 4.rw inbri_w11-r4.ht bb In-ti ubinwruw hl4w4bbr' CdTe Lt 
ITO zbrinhrr 4.rw: '.2wt.jiuwb oq.inwq.nrouwup' inbri_w11-rt.1.wo 4nbtnw4inbbrr 
up2ngnq 4winwr4.bt bb btimzp qn[tnWUlljbrwJpb pbmrawq.rbrp 2wt.jimtibbr 
urabwjpb Lt [nLUWjpb nbctpubbrmu: Po= 0,1 4.in/uu2 [nLJUp pbtnbburt.1.mraJwb 
f).blljj;lnLU 2wt.jiqb[ bb uinwgqwo fUWr[WbfUWjp'cJ wrl.J..wjpb 4brlljwt.jinlur2P [nLUW­
jp'cJ qn[tnWUlljbrwJpb pbmrawq.pr[! Lt Qq.c+-'cJ, nr[! 4wqubl t 5%: lc1-wri_wbrawJpb 
CdS-CdTe 4ruwhwri_nr11-2wJrb ttbtibbtnp 2wt.jiuwb WJU wr11-Jmbnbhrr hwub­
UWUlnLfUJWb Lt wt.l.btr pwror oq.q._nt.I. ~ninnttbtibbinrr -oq.inwq.nrouwb blljW­
inw4n4. hbtnwqntnnLfUJnLbbbr bb rrw4wbwg4.bt' oq.inwq.nrobtnt.I. 4ruwhwri_nr11--
2wJrb Ge/GaAs/GalnP ~ninnttbtibbtn[! : Urlt.wjpb [nLJur upumuwinnrr ur2ngnq 
rrw4wbwg4.bt bb hnuwbnr mctr Lt twruwb 2wt.jimtibbr inwrpbr pbnr upwg­
uwb f).blljj;lnttI : Uju 2wt.jimtibbrr wr11-Jmbnmu 4wnmg4.hL bb wrlt.wjpb tLh­
ubbtnbbrr qn[tn-WUlljbrwJpb pbmrawq.rbr[! (b4 .8), nrnbg up2ngnq hwzqwr4-
qb[ t ttbtibbtnp oq.c+-tJ bnruw[ lljWJUWbbbrmu, Wjb 4wqtib[ t 32.3%: Swrpbr 
2hruwuinr6wbbbrmu ttbtibbinbhrr 4.ntin-wulllhrwJrb pbmrawq.rhrl! 4wnm­
ghLm Lt oq.q._tJbr[! hwz-4.hLm ur2ngn4. lllwrq t 11-wrohL, nr Ge/GaAs/GalnP 
~ninnttbtibbtnbbr[! mbbbmu bb 0.07%/li oq.c+-r 4nrmuin Jmrwnwb21mr 1 Li 
inwnwguwb 11-hlllnmu: 

l~ 

1!) 

~ . 
~· 

" ~ 6 

5 ' c ,,.. 

Ge/GaAs/GalnP '-I.UP 

·-····- ... ___ __ -· ·-·--. ., 
' l 

05 1) <S 

Lturin1tJ NI 

Llj. 8 GaAs-Si w(lllw1f1u l;1btf/Jutf1u/J(lf1 4nttf1WUUJU(lw1f1u pumrawqfl(lf! 
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(w24Ji wnubLml. 2bruwump6wuwjpu pwrar 4wJntUnLfaJnLU(l, Oc+c+-p 
uba wrctbQubf1(l, Unf'lnqmu 4rrwnuwu hwuwr (lUIIlf14.bL bu GelGaAslGalnP 
~nm n tL bubumubr !l: 

<:titrl..U4Ul.. b~ru4usnt-ruant-l.. l..br 

1. (bmwqnmt.l.bL bu wruwjpu ~nmnt.l.nLIIlWJPU 4wJwuubpmu oqmw­
qnpa4_nri hwJblwJpu U. ~rbubLWJpu qnJmraJmu mubgnri hwuw4wrqbf1(l, wnwu­
auwgt.l.bL f'lf1Wug hpuuw4wu rabrmraJmuubru m wnw4_bLnttaJmuubf1(l, QUUWf14-
4.bL bu tLb4mrw4wu tubrqrwJr 4mmw4r2 hwuw4wrqbrr mwrwmbuw4ubr!l. 
QUf'lqb-4.bL f'lrwug rabrmraJmuubr!l: 

2. LJ nf'lbLw4.nr4.bL t ctwuwuw4w4pg tubrqbmr4w4wu hwuw4wrq' 
oqmwqnrcrbLnt.I. b4.f1n1..4w4wu 2230 puw4w4.wJrbrrg umwg4_wa m4JwLubr: 
Simantics System Dynamics U. Matlab crrwqpwjpu uti2ngubrn4. 4wmwr4_wa 
Unf'lbLwt.l.nruwu Wflf'lJnLUQnLU hpuuw4_nr4.bL t. nr Wf'lUWJPU tubrqbmr4wJr 
wpwq qwrqwguwu!l qmqQurawg wuhrwctb2m t Urur'U hbmunri hwuw-
4wrqbrr up2ngn4_ hwrrabg't.JbL Wf1UWJp'U tubf1qpwjp Of1W4w't.J Wf11IlWf'lf1nL­
faJW'U qpw~p4ubf1(l

1 

w4_bLP Uba aw4_wL'Ubf1n4_ Wf1UWJp'U 4WJW'U'Ubp gwugmu 
ubrf'lubLm 'U1..4wmw4n4_: 

3. LJ 2w44.bL t Urur'U hbmunri hwJbLwJr'U u. ~rb'LibLwJti'U hwuw4g4_wa 
tumwrwrubrnt.I. ~nmnt.l.nLIIlWJpu unr unf'lnLL, nr!l m'Up Ururu hbmunri 01..4mp­
uwlwg4_wa hwuw4wrq. nr!l pwri4wgwa t br4m UpUJW'Ug 4.f1w 1.Ilbf1Wf'lf14.nri 
hwJbLWJPU rarrabrt'Ubppg: 0r4_w (lUfaW9QnLU hwJbLWJp'U rarrabrt'Ubrr hwuw-
4wrqr hnrpqn'Up 'U4wmuwup 4wquwa wu4Jw'U Ljint.jintumraJwUp UjWJUW'Uw-
4_nr4_wa ubaw'Umu t hwjbLWJp'U tumwrwr'Ubrn4_ hwuw4wrqp l1w4bf1bU(l U 
wupnf12n4.r'U LnLUwt.l.nrmu ~rb'LibLWJp'U tumwrwp'Ubrr uw4brbu(l: 

4. LJ2w44.bL t Ururu hbmunri hppf1pf'lWJpu hwuw4wrq. nr!l w'U4wtu 
briw'Uw4wJr'U .m4JwL'Librrg, mririmu t Urur'U hbmunri hwuw4wrq!l orwgmJ­
gnt.I. mrt.1.wcr w'U4Jwup u. 4wmwrmu 2wt.jimu: '.2wt.jiuwu Wf1f'lJnLUQP9 4wtu4.wb' 
crrwqpf1(l mbriw2wrctmu t Ururu hbmunri hwuw4wf1q[l wqliummwjp'U u 
qb'UprawJp'U w'U4Jm'U'Ubrn4. U. qm'Umu LnLJur p'Umb'Uutit.l.mraJw'U w4_blti uba 
wpctbQ'Ubrnt.I. wu4Jmu'Ubr(l: 

5. LJ2w44.bL t uwpQpg 2bruwhbnwguw'U Wf1f'lJm'Uw4_bm hwuw4wpq, 
Matlab apwqrr ur2ngn4_ 4wmwr4.bL t 2bruwhbnwguw'U hw24.wr41l U. nrn2-
4.bL b'U ~nmntLbubum'Ubrr hn4_wguw'U wumup'Ub rarrabrt'Ubrr w'Uhrwctb2m 
uw4brbu'Ubf1(l, npnug f'lb1..4QmU 4w1..4whn4.4.r ~nmntLbub'Umpg wupnf12w4w'U 
2bpuwhbnwgmu, 
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6. (bmwqnmt.l.bL t CdS-CdTe Wf'lUWJPU ~nmn4.nLLI1WJPU rawriwurawJpU 
tLbubumr 4.nLmwu1..4brwJru pumrawqrrll: '.2wt.jiuwu uwrRr PLn4-utubuwJr 
oqmwqnrbiJwup' 1.IlbflWf'lf14.Wb 4numw4mubf1p up2ngn4_ 4wmwr4_bL bu uum2p 
4.nLLI1WUUjbf1WJpu pumrawqrbrr 2wt.jimuubr urauwjpu u LnLUWJPU nbctpuubrmu: 
Po= 0,1 4rnlutF Lnyup pumbuup4_mraJwu f'lbUjQnLU 2wt.ji4.bL t umwg4_wa rawriwu­
faWJPU wrU.wJru 4b111..4wt.jintur2r LmuwJru 4.nLmwu1..4brwJru pumrawqrr!l u. 
Oc+c+-u, nr!l 4wqubL t 5%: 

7. (bmwqnmt.l.bL t Ge-GaAs-GalnP wruwJru 4wu4wf'lWJpu tLbubumr 
4.nLIIlWUUjbf'lWJPU pumrawqpf1(l: lJjmutubup mbtuup4w4wu hwuwluwrwumu 
qmu4_nri Wf'lUWJPU upumuwmnrr ur2ngn4. 4wmwr4_wa 2wt.jimuubrr Wf'lf'lJnLU­
QnLU tLbubump O.c+.c+.-u 4wqubL t 32.3%, ru4 2bruwump6wupg 4wtu4_wa 
O.c+.c+.-p wu4mu(l 4wqubL t 0.07%11..t: 

UmbliwjunumraJwli [abUWJnq hpwmwpw4qwb wzjuwmwli9libpp gwli4 

1. naHOCffH }K.P., BapAaHRH r.n., ApHORH A.A. Pa3pa6oTKa HOBOro cporn-
3fleKTPH'·leCKOro MOAYflR c cppeHenescK11M11 KOHU,eHrparnpaM11, cneARLJ.\ero 
3a ABl1H<eH11eM ConHu,a II lrbsecrnR HAH PA 11 HnYA. Cep11R rexHw·iecK11x 
HayK.- 2016.-T.69, N31Zl- C. 255-264. 

2. 'lnlinjwli u. Uf1UWJPU tubrqrwJr 6u2uwu mw4 OJ'lnt.I. 4mmw4r2 UWf1QP 
mumuuwurrnqaJmu II (zSU lrwpbr .-2021.- (. 18, N 1.- t2 66-71 : 

3. 'lnlinJwli u. (wuw4wpqwJru f'lruwur4wJr ubranJ'lnt.I. (( tubrqbmr4 
mumbumraJwu Unf'lbLwt.l.npmu[l b4_ 2050 ra4.w4wup 4wutuwmbumuubf1[l 
II (( c+uu u. (U'fl( Sbrib4wqrr- Sbtuur4w4wu qpmmraJmuubrr 
ubppw.- 2021.- (. 74, N 4.- t2 425-433: 

4. Upmnuwqrr AM20150152 . uru.r tubrqrwJr 4b111..4wt.jintuuwu Lmuw­
tLb4mrw4wu uwrQ/ ctlZJ <l>wtinUJWli, q.IZ] 4.wpl}Wlijwli, UIZJ 'lnlinjwli.-
011ZJ031Zi2016: 

5. <l>wtinUJWli ct.fl., 'lnlinjwli u.u. <PnQr uw4brbun4_ WUWJPU ~nmntLb­
ubumubrrg uba Wf1f'lJnLUw4_b1.IlnLfaJWUp tLb4mrw4wu tubpqpwJr wr-
1.IlWf'lf'lnLfaJnLU II (( c+UU «l°'uun4_wgpnu huwrw4.nrmraJmuubf1[l U. uwr­
mwhrw4.brubf1[l ctwuwuw4w4pg w2tuwrhmu» ur2wqqwJru qpmwctn­
rint.l.r uJmrabr .- 2018.- t2 508-518: 

6. <l>wtinuJwli ct.fl., 'lnlinJwli U.U., 4.wpl}wliJwli q.. lfl. Urur 2wrctuwu!l 
hbmunri ~rbubLwJru tumwrwrubrnt.I. pwrarwrf'lJnLuw4_bm ~nmntLb4m­
rw4wu UWf1QP u2w4nt.U(l II (U 'fl( Lrwpbr .- 2018.- N3.- t2 699-705: 

7. 'lnlinJwli U.U., <l>wlinuJwli ct.fl., btiq~pwpJwli b.4.. Upur 2wrctuwu!l 
hbmunri hwJbLWJPU hwuw4wrqn4_ U. rawt.jiwugp4 ~rbubLWJPU tumwrwr­
ubrnt.I. uwrRr LnLu!lu4wLuwu 4.brLmamraJmu II (U 'fl( Lrwpbr .-2019.­
N2 .- t2 402-410: 
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8 . Drnoyan A.A. Study of Fresnel lens concentration system of a solar motion 

tracking PY module II Proceedings of NPUA: Electrical engineering, 

energetics.- 2021.-N2.- P. 62-72. 

9 . 'lnt:mJwti U.U., 4.wp11wt.Jwti Q.."l., UtJ.nJwb ll.<. UrLLti 2wrctuwuQ 

bp4m wriwugpn4_ hblllLLnri_ hpp.ppri.wJpu hwuw4wrqti u2w4ml1Q II (_< 

c+UU LL (U'l)( Sbri_b4wqpp. Sbtuup4w4wu qplllnLfaJnL'tlubpp ubppw.-

2022 .-(. LXXV, N1 .- t2 51-58: 
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ApHORH AneKcaH,o,p AprawecoBH4 

Pa3pa6oTKa H HCCfleAOBaHHe cpoTo3neKTpH'1ecKoro ycTpoMCTBa cne1KeHHff 

3a ConHU,eM c KOM6HHHpoeaHHblMH 3epKanbHblMH H cppeHeneBblMH 

KOH u,eHTpaTopaMH 

PE31-0ME 

LJ,enb pa6oTbl - pa3pa6oTKa cporn3neKTp1-14ecKoro Mo,o,ynR Cne>KeHHR 3a 

ConHu,eM c 3epKanbHblMH 1-1 cppeHeneBblMH KOM61-1H1-1poBaHHblMH KOHU,eHTparn­

paMH Ha OCHOBe nporH030B 3HeproCHCTeMbl, nporpaMMHpOBaHHe rn6p1-1,o,HOH 

c1-1cTeMb1 cne>KeHHR 3a ConHu,eM 1-1 3cpcpeKrnBHOe peweH1-1e npo6neMbl OTBop,a 

Tenna OT ycTpoHcrna. 

AnR ,o,ocrn>KeHHR nocTaBneHHOH u,en1-1 6b1n1-1 paccMOTpeHbl 1-1 peweHbl 

cne,o,y10w,1-1e BonpOCbl : HCCfle,D,OBaHHe COflHe4HblX ycraHOBOK c KOHU,eHTparnpaMH 

cne>KeHHR 3a ConHu,eM, no,o,YepKHYTbl B03MO>KHocrn aKKyMyn1-1poBaH1-1R 

COflHe4HOH 3HeprnH, Bblp,eneHbl HX He,D,OCTaTKH 1-1 npe1-1Myw,ecrna; B pe3yflbTaTe 

MO,D,en1-1poBaHHR 3HeproCHCTeMbl onpe,o,eneHbl B03MOIKHOCrn BBO,D,a COflHe4HOH 

3Heprn1-1 B ceTb, o6ocHoBaHbl ycTaHOBKH ,o,ByxocHb1x c1-1cTeM cne>KeHHR 3a 

ConHu,eM c KOHU,eHTparnpaMH c u,enblO npeo6pa3oBaHHR conHeYHOH 3Heprn1-1 B 

3fleKTp1-1YecKy10 1-1 cornacoBaHHR rpacpHKOB cnpoca Ha 3fleKTp03Heprn10; 

pa3pa6oTKa Mo,o,ynR c ,o,ByxocHblM cne>KeHHeM 3a ConHu,eM 1-1 KOM61-1H1-1poBaHHblMH 

3epKanbHblMH 1-1 cppeHeneBblMH KOHU,eHTparnpaMH, onrnMH3aU,HR CHCTeMbl 

cne>KeHHR c 3epKaI1bHblMH KOHU,eHTparnpaMH 1-1 06ecneYeH1-1e MaKCHMaflbHOro 

OCBew,eHHR; 3cpcpeKrnBHOe peweHHe npo6neMbl OTBO,D,a Tenna OT MO,D,YflR, 

nporpaMMHpoBaHHe HOBOH rn6p1-1,o,Hoi:l c1-1cTeMbl cne>KeHHR 3a ConHu,eM, KornpaR 

no3BOflHT HaHrn onrnMaflbHblH yron HaKflOHa CHCTeMbl Cfle>KeHHR He3aBHCHMO OT 

norop,HblX ycnoBHH; 1-1ccne,o,0BaH1-1e nneH04HblX CdSICdTe 1-1 nonynpoBO,D,HH­

KOBblX GelGaAslGalnP cpoT03fleMeHTOB BTOporo noKOfleHHR, nocTpOeHHe HX 

BOflbT-aMnepHblX xapaKTep1-1crnK (BAX) 1-1 onpe,o,eneH1-1e np1-1ro,o,Hocrn p,nR 
HCnOflb30BaHHR B pa3pa6aTblBaeMOM MO,o,yne. 

OCHOBHblE BblBOAbl 

1. V1ccne,o,oBaHbl cyw,ecrny10w,1-1e c1-1cTeMbl c 3epKaflbHblMH 1-1 cppeHene­

BblMH KOHU,eHTpaTopaMH, npHMeHReMble B COflHe4HblX cpoT03fleKTpH4eCKHX ycTa­

HOBKax, Bblp,eneHbl HX OCHOBHble He,D,OCTaTKH 1-1 npe1-1Myw,ecrna, paCCMOTpeHbl 

rnnbl CHCTeM aKKYMYI1HpOBaHHR 3fleKTpH4eCKOH 3HeprnH. 
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2. CospeMeHHaR 3HepreT11YeCKaR c11cTeMa 6b1na CMOAen11poBaHa c 

11cnonb30BaH11eM AaHHblX 2230 esponei1cK11x HaceneHHblX nyHKTOB. B 

pe3ynbTaTe MOAen11posaH11R, nposeAeHHoro c 11cnonb30BaH11eM nporpaMM 

Simantics System Dynamics 11 Matlab, AOKa3aHo, YTO HapRAY c 6ypHblM 

pa3Bl1Tl1eM conHeYHOH 3HeprernKl1 He06XOA11MO crna>K11BaTb cyTOYHble rpacp11Kl1 

TpaHccpopMau,1111 conHeYHOH 3Hepr1111 c nOMOW,bfO Cl1CTeM cne>KeHl1R 3a 

ConHu,eM, YT06b1 l1HTerp11posaTb 6onbw11e o6beMbl conHeYHblX 3neKTpocraHu,11i1 

B ceTb. 

3. Pa3pa6oraH HOBblH cpoTo3neKTp11YecK11i1 MOAynb cne>KeH11eM 3a conH­

u,eM c KOM611H11poBaHHblMl1 3epKanbHblMl1 11 cppeHeneBblMl1 KOHU,eHTparnpaMl1 , 

KOTOpblH 11MeeT OnTl1Ml1311pOBaHHYfO Cl1CTeMy cne>KeHl1R 3a ConHU,eM, COCTORW,YfO 113 

ABYX nepeKpb1BafOw,11xcR 3epKanbHblX nn11TOK. 

4. Pa3pa6oTaHa r116p11AHaR c11cTeMa cne>KeH11R 3a ConHu,eM, KOTopaR 

He3as11c11Mo OT AaHHblX o noroAe HanpasnReT c11cTeMy cne>KeH11R 3a ConHu,eM Ha 

3aAaHHb1i1 KaneHAapeM yron 11 npo113BOA11T 113MepeH11e. B 3as11c11Mocrn OT 

pe3ynbTaTa 113MepeH11R, nporpaMMa nepeMew,aeT c11creMy cne>KeH11R 3a ConHu,eM 

no a311MyTanbHOMY 11 3eHl1THOMY yrnaM 11 HaXOA11T yrnbl c 6onee BblCOKl1Ml1 

3HaYeHl1RMl1 Cl1nbl CBeTa. 

5. Pa3pa6oraHa 3cpcpeKrnBHaR c11cTeMa OTBOAa Tenna OT ycTpoi1crna, 

BbmonHeH pacYeT OTBOAa Tenna c noMOW,bfO nporpaMMbl Matlab 11 onpeAeneHbl 

Heo6XOAl1Mb1e nosepxHocrn anfOM11H11esb1x nnacrnH MR oxna>KAeH11R cporn-

3neMeHTOB. 

6. lllccneAOBaHa sonbT-aMnepHaR xapaKTep11crnKa conHeYHoro cporn-

3neKTp11YecKoro TOHKonneHOYHoro 3neMeHTa CdS-CdTe. C noMOW,bfO 6noK­

cxeMbl 113Mep11TenbHOro ycTpoi1crna npo113BeAeHbl 113MepeH11R BAX o6pa3u,a B 

TeMHOBOM 11 CBeTnOBOM pe>Kl1MaX nyTeM yCTaHOBneHHblX KOHTaKTOB. np11 11HTeH­

Cl1BHOCTl1 csera Po=0,1 BT/cM2 113MepeHa BAX nonyYeHHOro TOHKonneHOYHoro 

conHeYHOro npeo6pa3oBaTenR, Kn)J, cocras11n 5%. 

7. lllccneAOBaHa BAX conHeYHOro 3neMeHTa Ge-GaAs-GalnP. Pe3ynbTaTbl 

113MepeH11i1, npoBeAeHHblX c noMOW,bfO c11MynRTOpa conHeYHOH 3Hepr1111 

MfOHXeHcKoro TexH11YecKoro yH11sepc11TeTa noKa3an11, YTO Kn)J, 3neMeHTa 

COCTaB11n 32,3%, a naAeH11e Kn)J, B 3aBl1Cl1MOCTl1 OT TeMnepaTypbi - 0,07%/K. 
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Aleksandr Artashes Drnoyan 

Development and research of a solar module with combined mirror and 

fresnel concentrators following the sun 

SUMMARY 

The purpose of the work is the development of a photovoltaic solar 

tracking module with mirror and fresnel combined concentrators, programming 

of a hybrid solar tracking system and an effective solution to the problem of heat 

removal from the device based on forecasts of the future energy system. 

To achieve the set goal, the following questions were considered and 

resolved. 

• Study of solar installations with solar tracking concentrators, 

emphasizing the possibilities of solar energy storage, highlighting their 

disadvantages and advantages. 

• As a result of modeling the power system, determining the possibilities 

of introducing solar energy into the grid, justifying the installation of 

biaxial solar tracking systems with concentrators to convert solar 

energy into electrical energy and coordinating electricity demand 

schedules. 

• Development of a module with biaxial tracking of the sun and combined 

mirror and Fresnel concentrators, optimization of the tracking system 

with mirror concentrators and ensuring maximum illumination . 

• Effective solution to the problem of heat removal from the module, 

programming a new hybrid solar tracking system that will find the 

optimal angle of the tracking system regardless of weather conditions. 

• Investigation of film CdS/CdTe and semiconductor Ge/GaAs/GalnP 

photocells of the second generation, construction of their current­

voltage characteristics and determination of suitability for use in the 

developed module. 
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BASIC CONCLUSIONS 

1. Existing systems with mirror and fresnel concentrators used in solar 
photovoltaic installations have been studied , their main disadvantages and 

advantages have been identified, types of electrical energy storage systems have 
been considered , and their disadvantages have been highlighted . 

2. The modern energy system was modeled using data from 2230 
European settlements. As a result of simulations carried out in the Simantics 
System Dynamics and Matlab programs, it was proved that along with the rapid 
development of solar energy, it is necessary to smooth out the daily schedules of 
solar energy transformation using solar tracking systems to integrate large 
volumes of solar power plants into the network. 

3 . A new solar tracking photovoltaic module with combined mirror and 
Fresnel concentrators has been developed , which has an optimized sun tracking 
system consisting of two overlapping mirror tiles. 

4. A hybrid sun tracking system has been developed , which , regardless 

of weather data, directs the sun tracking system to the angle set by the calendar 
and makes a measurement. Depending on the measurement result, the program 
moves the solar tracking system along the azimuth and zenith angles and finds 
angles with higher luminous intensity values . 

5 . An efficient system of heat removal from the device was developed , 

heat removal was calculated using the Matlab program, and the necessary 
surfaces of aluminum plates for cooling photocells were determined . 

6. The current-voltage characteristic of the CdS-CdTe solar photovoltaic 
thin-film cell has been studied . Using the block diagram of the measuring device, 
the current-voltage characteristics of the sample were measured in dark and light 
modes using the installed contacts. At light intensity P0=0 .1 W/cm2, the 1-V 
characteristic of the obtained thin-film solar converter was measured , K.P.D. 
amounted to 5%. 

7. The current-voltage characteristic of the Ge-GaAs-GalnP solar cell was 

studied . As a result of measurements carried out using a solar energy simulator 
of the Technical University of Munich, the efficiency of the element was 32.3%, 

and the drop in efficiency was. depending on the temperature was 0 .07%/K. 
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