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SEM HV: 10.0kV WD: 9.93 mm

- S LS
SEM HV: 10.0 kv WD: 9.02 mm View field: 500 ym Det: BSE 100 ym
View field: 200 pm Det: BSE 50 pm
SEM MAG: 1.26 kx

SEM MAG: 2.53 kx

SEM HV: 10.0 kV
View field: 200 pm
SEM MAG: 3.16 kx
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;e.Nr 1 l(t)+ N/\ ¢ U(t)+ NJ ¢ l.(t)+ N{ Y L(t)o N1 G ((t) = Nl (t)+ Nc g(t)l

,‘:\k"‘ S(t) CN‘-‘ $(t) +Wu u l(t) ° VV1 s G(t) =VV1 (t)’

EN, (- min. 19

t Offud IsT 4 tetze sk OB BWzdz’ = d dzl€jafe OigsColz dpHtalzizdgj, dzdls O
H dzd lsigr o2 .

S3r fdrcel? 1 0srtuddpltdid 1L SrriadfERO

10 thmdzsej ftoj Hdzisy j dzdets?2 BOIsj 3O yj MS 52 BSHJ
2), SCtbtstOY ftojHMsOodw jls Mt § dZsh OHSHE- BEtO
fllsd Hikze s HEERG G  tc By fdBGde@Bls MY ¢ j dzjAcfftclzs h
rquv, 1GCuv, ACuv, wdv, cdBtodHddz 2 dcdCSd=dfr djls j@E ¢ 2 delizj
ststedzr j] BOlOtjd, otHBEBHEZOY MdMmlsj O 0SS kBEddts
sOCY] bjfdsests?2 OFCC L QHdNOEM. dd0kdddsy nzdnfdd L s
fl slCter Ists?2 dzdyg deL d j 2 .

tdfm. 2. ltwddshMStedd ftoddtsy jddw 31 ot

]l dadydzj?2 yomlsd 31 dBsHjdzd toj OdzdL soe OdzO B d B dzC
Bsy des dL dgj dew s+ MsfMmisOe 6 jdzj edtclzs M dH difn laffdRis elstdAt
dzr d cogpdzj eOlsdzd ydesets Isdf O d CtsdmistclzS ydd.

{t OL tcOB s5ls OdzdzO" tstcd e d dzOdz! dzOY 31 BSHjdz j 4 s
Ndd3r o tjOdz dgf 7 kMmdzsedw i 1 ¢ ZEOOYddeodL zOdzr

RMMatsHdzr d3d HOdgdz" i3 H A IsfiRtsH g dz@ Wb © @ dzff ® Is & p Bztlz dac
f sk dzj dzd¥ toj Mkztemse I RC o COYH'™ 2 dBsdjwals otej
JsfmMw 9o M jydoOodz dgr » BECtsh COR, Ctbtster j fsWwodwsls
zO dtsH j dzd .
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6. 1068/ OY[1R]
{ OLGOBISORZO KOl HBOSJyUPRO &L d tisa Pdzezs e s 2+ dzj t6 G |

Bz dzdtetso Odzd j 8 { dzj ecdd, CtbswOY Eydlsr a0jls toj fl
sfMse j dedetsmisd WEdS ydgesdzgdtetso Odgdw tcOL detslsd f dg-m Efls
o Odedz’ » ) Wpldsifipg@ERB X1 jodgd WV .

Vo Hdzsy § dpr  tSttda]jlonj jlatjffdzd[ W3O tz' disstsls dzsh j dzd v k2 fls O
Bsh dzsflsj2 ¢ daj od ek fd Iz i i ls Gkdzticnj 66z gf § € dzd 3O Is
LSy &z OkOydd, ROLOSljtdmisds dmisd Lkj Eses B
Bqlsj dzw .

10 tfdtse | ftojHEZSY | dtElsDRZOSBF cHigsad | zOL 0@ s H d2
tjydise OBk’ ftod ©OLd&Jyd & MemisOej d kfdkse

4l Re[s [JRuUurtoduvLL 3

l.r dzd mistc Olsusjon dztsdzts 6 d Yd M9 § jsdas I jud dgd Y st B J dzdat
Coli3df dzd S Mse dzO Mmdzetseo J 1 4 tzd wizR's d ity &fGAIs Jif tbed @ds'H dz
V [ jYHEdOtesHdS?2 CtdW jtejdydd c¢cl tsL B detsafdzv j GZOW
oreée. uvEBOUWSOHFO 2™MI7 6. uw. 42

21 s jdz [ . 4., vOttOMmj dzf = dij. e 5z misfQegitfofftsfo dg@ 1ts
dzd o dzg" = 1 dzj d3j delsse: Mo igy 3§ dedzts] . MG i REIE dzdz) Hodf,j B ¢
C.523.

3. Tyagunov M. Distributed energy system's is future of the world's power industrg{// Pr
ceeding of the 2nd International Conference on the Applications of Information Tegihtol
Renewable Energy Processand Systems, Amman, Jordaf¥, Becember, 2017 (FDREPS
2017) ée: Uni vPeli3€ll7t y of Petr a,

4zjojwHdjo t.1. JdewegBdas? [ dg e dzj ¢ ¢ Of
1 dzjdipdzOB Y j dzdW¥ M otHtStHA d@F OCCEdBBEzdzdtctseo Oded § d3 L «
BlAN j O Esy.~ndz. CtsdeW. MlskHjdzlstse [u.: IRA.HOIsj dz' Mls

5w ekzdztsgf MtsByl.dzdetsmisd tOB SIS EMlsOdzse ¢ ddzO s ) dz
Cse L dzjtccedd o dJLBsdzdttseo Odzdz' -~ 1 dzj G sMdiz®d Ai3O~ /[
t smipdd: [ OlsjjtydidbR’ daBizdgtelats 2 ¢ =2ddW1j8te], dawpebtfl 8¢, ¢ Cfif. 4 (

6. Jones A.D.A thermal model for photovoltaic systems [Text] / A.D.Jones,

C.P.Underwood // SolarEnergy2001.7 Vol. 70.7T No 4.7 . 349 359.

7./ Bkzatse w. )., IrdByls@dYtisazdzOw ¢ B H {F @8 s kifizip @ o3ls s dz
Wislstst dzj SIstedyd MEts?2 MisOdzydd M [ ydRsisedy fitely daxoz! wss d3fn €
¢t dsgdded yj M¢S 56 5. R Halpd| alzf o] dids gl ®OL7ji fglz e 387 6 .

51

BuWwgelkdtse [ .., dMeppuazsdlsy. k) JBse s GHdglcdrH d
Mse 20 tsMdeseo ] o LB dBI MY J B ~ JMistsydaf¥ sis tcts alzj tc
Ldzjteedd // Jlimsddds qjly®Isd2020. -~ 4.
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. ¢. AjHBlstsesPdzjhtse
liMszHJidele S sosHIBjtizzCbasHdlsjdzr s SlsO

VtdrsovrtJI RO TOVRRI S RUGARIVIHEBrrJ R

dpluofrvdfvd9drtatroryrasfiIfogwm )l frdtdr1 3f
bssvfuf Rt JIOLVRL

dp1L1JvdARC

ltoj Haztsy jdzdzr 2 1 dzjtecjlsdujmMed2 Stdifdzj S Lot
Ldzj Cltedyui MSs2 {dajteedd o IstelzH detsH s ls kol jdig oS- lsdgljui I
et SR dzj CMO &y jls tBjMmMfjudls! HBMisEY dts2 1 dzj §
9 0dzdz’ | B MO, dets d, d&Ofteddjte, 1§ kzdzSIsr -dipifsCenj dad
LdzjteejlsdyujmMeov ddat cOMstczS bzt § tosfls tisyuzd B BIs il
Ldzj Slstedyuj MSts?2 +tdzjteadd ftojHdzs®j @S S M dgls dzd s & G dzad
cdd ftesdmMAtsHdl ® odH] ofBHBSHO. |lstted Uty & df
stsfdzdoedz" 2 {1 dzj 3j dzls. uwtsLHOd ydqWttsets?2 HotHR-dzdS Is
spdzdzts j tejh jdzdj By jls tBjMjudls! § cdbizky @Ot
fMtetsC HEts BSHdSEt GtsHO.

sdzé yjor ji @At Hj dzj dedzOW @ j dgj tOydv, Wislstse tsd
LdzjteejIsdC O, Issfddeodsy 2 1 dzj dgjdals, 1 dzjSltetsdzdL ot

L.l lorreruRre

]l Btsdz " Jdefiflisalgsotc udB dtod, [ Odzt dzgjets I smMssC O, s
dqdeW tcOMstczC IskEtc® Mddz detsi i L flets tzgetizIs etz Blsfizis B o @
O BIMORBd d HtesMmists dzj o L sy dets. 1 ted 4 EHdgtcS dzd d
B3O dz! dzr BBO dziitsezgziMfils did yJ delstcOdzd L 59 Odede” d3 + dzj S Istets
skfmMizlsMlsokzjls MawL', o tWHj LBd dajls otsL di3gsy detsfls
ssc s, Mddglsly &3 dBsdedlssteddc O, o Istsd uydmdz§ 2z btcOdzigy
ftcdotsHdIls € dzj o 5L d3hyEddrplsjdls fiidsej Ay h | jue) zditcHstatdz” B | L
GOn, Motsjotcj dij dedetsets toj O dtetso OdedWw dzO yYtefj-L o yC
N OSlsdzC o] dzlststf sifsB detsMis! ftetsdL otsHMIse (HsBT 8 O
sjtstesdscdY) d dzj § Lo tsdvj sk s o Ousdz HysAsdsd datz
dzv s COHte' o tjcddOn.

2Cfrsvt{MRIRY[HsSRE Jfr1(t o]
vist dzd o dzr 27 M dizjj g tddis~ d di3d ud ME 2 dhmistsydzed ¢ Ists§ O,
~nddBdyud Mk 1 dzjtcedr bfdkzdeoO (otHEBKSH) d-1 dzj €I
HZC s tc@BBldy ~Istifiz) d3j dzglstse wWo dzv jIspw o9 BHO, Htd
BOdzj otcjdzgdz" HOY ] © EZLECdF HJOT OL sdzOr diBsh datsmis j 2
[ dzv ftedd3j dgj dedv Istsf dzdodz" = 1+ dzj j dzlstse  od -MlsOyd
o0 hda WACIsstLO
T1iBrsHdBs diYf sdz L 5o Ols!  fiyssh) Efiplsy] gl 17 2ts vedth
9999 %. 1 tod dimf sdz' L s9 Odzd d tcdW sz 6O o]t
dmMf sdz! L s Ols! 9 COyJ mlse j dmMrSHdSEB IS dz
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[HdZOCts o MdMmisj &i53j wWOMYtcj HJ dzj dedets? @ J deitcOyd d
sB dgtslyg &Y jdMistsydzed S s { dzjtcedd oBHEBSKGSH Wodzw jlsmw

J dzts

dzd H 5Mis @lg W4y de Ols thic flziz: EZMisOdzsa 8¢ d OS¢ CEdikzdz
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T OOS s tod s iOdd dsdpEc 5 1 dzj 5j dzls O, CmlsswOw d dzj
OolstsdzsdBdzsets 1 dzjtedjlsdujMSitets CodkfdjSmMo. 16 Is
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Aslstst dzj Cls A UdR 2 T § dzicdkifdedz 2 (o 5BLOL 5o Ols,

CslttescEts dzj ) Plsi & gzjsgef jsH O. | t6Odzd y " ttOL H j dz€
ftebf tetso SHdzdC OB M tOL ddyd &3 Sdftsd ffess SHJ GBS
st HJ dzj dzdzs? dB dzdf @z H fndEsif)sBL OtewHT , Wstedzdtokzw 1 d

odgf Mdej 43 ud 4 d

[ sd3d dzd ez h ddg M" tc! jd3 HdzW fJtesdL oasHMIso O -W slstst
dzvfpds Ctoj d3sdzad 2. stoj Bded?2 h st twOMf tesMmistcOdzj dz,
M fsmMdzijHkzeh j2 tjLEB2 d&O f§ zOfmisddzr d dzj cdtetse Oc
1 OHts Bbdijlsdls:, Ykt BOSHdBOd dzf 2 Isj tstej lsgj-yj M< d
mMedr fto] sRGEAUIY.Pleidatz) dJL e j ddesMisj 2 CtodMmlsOd
wislstst dzj SIsteduyu M dms o] SBoOL S 0OIsjdzj 2 WwWodt-jIsmw
tcr . Clts BLABOYOjIs, yYybt ttO2d M dedL Cts2 Mtcj Hdzj
1 S dz2 OlsOYydd bPQdEF dzinAs.dzdaj QWA B B COL s5d3, fj L tsdadz
dz2' 7 fOdgj dzj 2 dd&3j jls dzj ff dzts Ardty dztfE@mAg KBOdsls deots dz! o df it
toj ¢ d tdxtmdd d

]l ©ORCOR ftesj SO O fdtshoOonHe] [RIUu {¢1 B' dZO
MlsOdzydw dBtsh dztofifdds I, 7w t6B t€QdAGS + dzj € stetsls Odzlgd v  dzO
fls tsto ts dadzd = MSWEL8WOAArj 2MisMiss42 OV H fldedy Wislstst dzj Slsted Y
1 dCtso OW i3sh dztsfijlsl'8 0t filsls © oddry ddsdzO dzil 2iz4s | | dzOf to &2 ik & dz
dmf sdz' bigj BHOL dz" 2 M jieSqfanSelar8.8Kdika j tols ts

10 dBsd3j dzls dz0f d MOdedw kB dzd $ Oydd MmlsOdzygwy, ©0O
zo88 [JlIls*y 1dzjSbtedyjmMes?2 1dzjtecdd, O Csi WWdnh
Bsh dets s d fpBIls Ogldz 6o dzv jIsqw Sstosh dd3 ff 8§ PzGIs j dz
dzd y4 dzdv Msdzdzj ydese s Hdzv tsdz BRZHJjIs tOfMmlsd. 1 tshmdzj
BsHjd , B 90shks o' wOBlSSE 1+ dj Chted uf-Ms 2
Odzlstse dz2OdBBdzj j Iktsydes? ¢ Oy @diZAQY digsH jj diz' d - s dsfh
n A dzdzj ydets?2 wWOHJOYdd d Isj s jtcOsktelz tsCtkzy O h j
dzj BEUZj jo 4sts otj &Y COC ©ilsBDdd d s dzjf §5) & sEH d&s S |
95l dzj edzO o BGhdeso z MBdzdzj ydzsets B dzZsSSC O o yYdWtetse s
MsOdzydd OMdzj SO o' ©OBBIS I  dzj Cltedyj MC 2 - dgj 8¢
Lislsw Mmdazjukzehdl)i sPDef g g : OBy 2 (2sid B J ¢
9" tcOBBISCO WasH zdzw .

Aj
Tmod = T + 800 * (T[}[‘t - 20) (1)1

GHThilsj &3 j Ozt @ 2t MEFHNRE blsOdzso do h d j Mws-Is j &3t §
stst dzj € Isted yj f) SSEQ(StenAaddjestpnditics)d &

_ " Aj " {1+Krp*[rmod_25]}
P = By * (1000) ' 100 (2),

CGHR, T OMf stclsdzOv f JCtso OV Bsh detsmidr 5 A sfstsd @dA5 1€ Is to
ftsdzdzj Wdzats2 twWOH Oyl deiP]oKsds by slstzed Ol DGR 2 ¢ us-¥ W d yd
mMisd, §OMY sl zOP/AC.0OSCIsjtedmisd S O

Cdzj Clstedud MC s + dzgjtecde, §odzzyj dzdzze M #H sSd3tsh !
~SHd®BsS LOfOMOI: o OCtsd3 adHj, Clstster 2 dse BT
5Bl JSCIsOdp dsPHudtHz ¢ 5HO. viMstes2 Misets, M §tsdishi s
Ldzj eedd sy dzets L Of OMOIsy o odHJ n didzdsis] iy Wfy-X Isitedsid
L J te.
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4Cfrsuvt{JRrRYIVOC veavor Llsd

I 1 dzj CtesdzdL j ey fwsdmatHdls  dzjdistgisonte@idiudzdnic
Ldzj Stedyuj MEs?2 tdzjteedd o AndiduyjmMSkze, Coistklzs
H Wz st Ot OB steOdR OB tsd|j B fslf B jePlstztsdzd s O:

Thjdzsyds? (djShsddL (OB YOW Isj &f jtcOlkzcO

To jtoHBY sdzd BBj tedz" 2 1+ dzj Slstosdzdu) ( OB BSYOW Isj &3,

To jteHBBCMdHdr 2 {dzj SbtesdzdL (t6OBBYOW Isj o3t j to

] ©OBCOR tjOddLOoydd ftsjSlksO B &z McBtOdz f 6L
ftotsd hdzj dede” 2 { dzj SlstetsdzdL jto ) Iso i tOH sstistdzdsdrjlste dfr v d
Cset {1 dzj Sltetsdzd s O s@] dzff) ls®F € Bd OC djDlstd 1§ tisfls O
Hstf Sdzd d3j tedets g 4 dzj Sstesdzd L j  t5dz99 @) [lsHndzO S tds @ jj o3 Buta]
dzONafione, ¢ slststcOW o' sk Oj s o, d BPIE MIE & fndzk ¥zj Mist B dzg
L dzj SstetsHdzr 2 RO jted Odz wdsalzy j Yozt dsts L Qls tef) 19 Zdp® SR t
HO 9o 1ltd3 Mdzzyo®j Bd hj, yjd §td,8h5ldsCyldds d ¢
HodzZw o' cOBBISSd tSHMSEs CEBdUujMitsets RBjlstcOz-9 BH St
B stcO otSHBSSH O dz20 0§35t IsSsHsRtEtEE i tindstO® dflskdtes o5 Is d
Sz + dzj StosdzdL detsets BdzsS O dRRdlOYd sdzdzs2 B H j oz
L dzj Cdpisjstd® ftoj HinlsOo dzj dz dz@ tedmizdeS j 2.
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s coll
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ﬂwmmf]

tdMm. 2. dwBBttsyds 2 yYjtelsjy Htoesdr hdzj dedetsclts 1 dzj €
stetsdzd Is s ds.

1 sMSCtsd CHyY) S 68 j By dzj S M) oGHBKEHI & O0CCL
JIsmw Mty d &3 Isjrddud MEddz Miststelzy j ddj &3, yYkzo Mise
dzj sBrSHd B dBsHj dzdtctso Ols! jes tOBBIE ftodlscOL dgr
fpw Hdv syjdtd yjwjilpdes coa desfbdug @f st £-5diY dzj
odwa. UvOCB2 odH WdBsHjdJtttss Odzdw BTN Yydets §f sHtcOL Iz
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l otsG tc ORBBdgythonfits al®@dzmfL H O Ols! ctOW dud MSd2 ddz
fOC kist@u bkyjlstsd o'h jsfdmOdd = LOsdMmddshlsj2 BT
O fobwEdOWNE ] MSSes ddisjteW j2MO ¢ dzj 2.

l esdtcOBBO dqd&3j jIs MmdzjHEs hdj BdsSCd: ddffls k2§t
1 dzj MstOszydw, 1 dzj teetsBORZzOdzl d tjLkzdz sdelkze M d2 dz
wWodzwe Isfpw: Bsh desfls! JHJdedydese s fBEsH zdzv  Wisslstst dzj
LWWdydjdes Wislstst dzj Slstedyj MSs2 ff Odzj dzd Isj a3t j 6 O
Mtsdzdzj ydz' » f Odzj dzj 2 .

[ dzv ttsindegd v BsHJjdzd IsOCYj dzgjtsBrtsHdBS B' dzts L O
Mtsdzdzj ydets?2 ©WOHJdOYdd L O COYHT2 yOfp. 1" atHd &g
Mtsdzdzj ydets?2 tOHdOYydd 5 yomodz, Cdzdyd mMse®w or 0O
fsCtor sdwvw deyfeiL §d o fgstietctsHisdz, O IsOCyj St WWdyd
fijtcoduyudesets dimssyddeO 1 dzj Clstedyd MEs2 1 dzgjtccdd.

10 dzdfmlsy {1 dzgjtecjlsduyuimMEBsets BOZOZMNO dosywsts dzOB
cdd tsls COyHBEts diMstsydzdt© L O COYHT2 yYoOfm.

RdzisjteW j 2 ftosctcOdiddy Mifded @disPodizj 4z dzO

t? Pacuer aBTOHOMHON 3HERrETMYECKMIA YCTaHDEKN - O x

fnet ynpasnenna Tpaduk narpyzkn ConHeuHan 3NexTpocTaHunA IHepreTnueckuii Bananc PezynsTupyrowmii auct
WMcxoHEIE A3HHEIE NEPEMYHOID MCTOUHWKE 3MEKTPUYECTEE

Mapamerpel coNHEYHON NaHEN:

MowHocTe, BT 325 BrntoueHWe Harpysku ‘ OyKMCTUTE NUCT 3HeproBananca ‘
TemnepatypHbiid kozdd, Br/C 0.004 BrntoueHne conHua
Temnepatypa okpy#arLwed cpedbl 25 BrntodeHne scgoposa ‘ OYNCTUTE PESYABTUEYHILLMEA AMCT ‘
LWwnpwHa, m 1
AnuHa, m 1.5
MacnopTHeli KN, % 21
I Konwuectee nanenen 3

tdfm. 3. [dfmls E§teOodzjddy Jq&dlsOydtdadzs? diisH

t? Pacyer aBTOHOMHON 3HEPTETMHECKMI YCTAHOBKMN - O >

Iuer ynpaenenna Tpaduk Harpyskn ConHeuHan 3NEKTPOCTaHUMA  IHepreTnueckuii Banane PesyneTnpyrowmid ancr

Bcero HakonneHo m3 HZ |4.7388 Jona nokpeiTvA Bogopoaom, T 45,83333333333333
Beero cpaBotano m3 H2 |1.6851449999999902 Jona NoKpeITMA conHUuem, % S4ATTITTTTTT77777
KWYM C3C, % 17.73

BuipaboTano sogopoaa Jona NoKpLITMA BOZOpCA0M

MoTpadeHo ecgopoaa | Jona NokpeITUA CONHLEM ‘

KIA¥M

tdfm. 4. tdLrkd sdtekzshd2 ddimls d&kdlsoOoyd sdzdzts?2

6.1 05/ dSY[1RY
Iz MYtesjSlkdese Ody d dMYr lsOdy Cdzs ygjer § St
M2 MdhbjiGrsmd & OCChdBrddetss Odedj 5. 1 O hdese
Br &z §sfmlstesjdr LOodMmddsmisd Hdv fMazyow Jdnfsd
d {dzjShktesdzdL dzs?2 EMlsOdsaSd, O kOSCy] § sisse O da
Hjd' fMdd ydks2kodg)§éeduPnehdzss] § sdzyj dder 5 L
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yd¥tesots? Hot?2dzdS Ooltdasddats? 1+ dzj Slted yj MS 2 Ml
pCdzs yOw Isj s j eOktcl SCtkyOsh j2 fMtejH' .

gl Re[S JRU[TOUULL 3
1. Larminie J., DicksA.Ai Fuel Cel | Sy E€Hichestar: gHhXVpey & $onse d 0O .

Ltd., 2003. p. 406.
2.sstesoddg mddBBdyd MSdd dMmlssydzedcd tsCOe MftcOo 51
ststesoaddzO 1 . 1. ,-[eMEdOd dz@ L ¢1 .Ofls.j dz MSid724 OH s d.C R,
.vdzalsddzO@ | . | .stcjjdd) O . Wislstst dzgjtec jIsdC O: Ml
dzOf ttOo dzj dzd v twOwpds I Ou jHW¥s1. ~11.u. 46
4. Shockley W, Quiesser H.J.Detailed balance of efficiency ofrmpjunction solar
cells//Journal of Applied Physics 32(3), 5809, 1961;
5. JohnA. Duffie, WilliamA. Beckman. SolarEngineeringof Thermal Processes
(4thEdition), May 2013, 936 p.
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r. 1. dtwaddzz 23€.0dzsoud ¢ 2 dzts o
Lifls b jider,C s SHAls jzk CbpBHB] d o) ClsO
Trovt{o1tr41ov FL4d YRS 8 4 JtRYIJVUO]
21 RC

P11 JvdARC

#lsOls! v MtsHjtey di8 sOfidzts stcddBtsIsts j LdOE ftetsj CIstsdz ¢ |
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Cy - BepxHero npodguis

1,4

1,2

20

0,4

YTromataku o

tdff.¢1 tetsH d dzOd3d Wd MS d 4 M HaOEsjOdedsty detsf s & ¥ .deizy s ts

B BB

W% yddydasH i jCdgdzts 2 o ffedag o 4 YW d v ¢} ) .

O ZOdzs e  ydzOW teOfMyj lsdzOY 5B &ZOMls: , MjlkSC Odd cteO

et 3sH j dzd tetso Oded W O1 totsH d dEHdg[ddzQ) tfpitgafits d Qjta O dE' | Ita@fld
yd mdzj dedetsets dBtsH j dzdtetso Odaf v tslstsBtcOy jdz o IsOBdzd y

v OB dzdyPL Rdz' sOIsdwer ydmdzj da

[HddzOtedzr 2 f to [ ots2dets? ff tots ]
LGEtsdz (
Cy Py Cx Px Cy Py Cy Py

-10 -0,273 | -3540 | 0,036 | 467,19 | -0,265 | -3434 -0,1 -1294
-8 -0,106 | -1376 | 0,0246 | 319,24 | -0,103 | -1334 | -0,006 | -75,53
-6 0,0537 | 696,89 | 0,0132 | 171,3 | 0,0521 | 675,98 | 0,1164 | 1510,6
-4 0,154 | 1998,5| 0,018 | 233,59 | 0,1494 | 1938,6 | 0,2413 | 3197,4
-2 0,286 | 3711,5| 0,0228 | 295,88 | 0,2774 | 3600,2 | 0,3744 | 4859
0 0,5259 | 6825,1| 0,03 389,32 | 0,3466 | 4592,5| 0,5447 | 7068,8
2 0,6948 | 9017 0,039 | 506,12 | 0,5454| 7077,7| 0,5996 | 7781
4 0,8237 | 10690 | 0,0492 | 638,49 | 0,7949 | 10533 | 0,6769 | 8784,2
6 0,8875| 11517 | 0,0594 | 770,86 | 0,8984 | 11659 | 0,7877 | 10223
8 1,0743 | 13942 0,08 10,2 | 1,0301| 13368 | 0,8687 | 11273
10 1,1721 | 15211 | 0,1006 | 1305,5| 1,1438 | 14843 | 0,976 | 12797
12 1,3355| 17332 | 0,1182 | 1533,9| 1,0595| 13750 | 0,9555| 12400
14 1,2086 | 15684 | 0,1358 | 1762,3 | 0,9005| 11687 | 0,9249 | 12003
15 1,1855| 15385 | 0,169 | 2193,2| 0,9332| 12110 | 0,8815| 11805
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4. 1 osfOY[L1RY

102 Hjdzr L dzgOyJj ded Vv PyHtsleyi jHiRAERQ2dzSigdsdz'  tsH d da®4c dets 6 ts
IsT 9O BBts?2 o jlstoskzMlsOdesa C . 1B tjLbkzd OO o' yd
BOdz! dzf i3 ke dzOdzd Ol OSCd dM§GUer.L s Odedw ¢1 1 WwWeo dzw!

Il L axpfiplsd tsls EZecdzO OLOSd dL g dgv jIsfqw oL Hj 2
ftso jtondasmlswdgdd. [ dzv or Mislsdes?2 o jIstetslskzteB oz’ L dzC
dzj 2 B Ayt d OfplisKdedzizy jrls telH 1 toff tc mWOflzvdz 2 h j &3 ko |
ddzls j teo OdzO ff tsfmilz Njjdhulisvj digtsiz@dzj d3j dzv j Isfpw .

[ OdzdzOW CtsdemistezSC ydwyw fsLotsdzw jls twOL 3 Misdls: o j |
ftoWw 3sets oatsLHj2Mlsady tsMOHSCte d Mtsdzdzy® oisj 3 tetsW

gl Ruf[s [RuL[OUULL 3

1l dStstespdutetsth d dzOdzd yd M Ow Isjstedv tojh jlstsC. |
1969 368 f.

2.] BYHOj{oOMYyjls Ol esHddZOBBd ud MSdr ~ OtOC ISg-tcd Misd
CtcOdzRBdzes e s S s dzj S MO ANSYS CFX [/ / dwélt d ctOW.
http:// www. sapr.ru/article. aspx2200=22024&i i d

Rz helzd2 f Olsg BOIsdud MSdj Htetsedzy d3r  tedslij RIs d tets ¢
LMdzsy dgf dzdz" § Mned B Ijyuddd?,; {§sMmistes] daffizj 2d /s Isd
Rz ddzmCd2, 1. 1 -5 O0Lp@dzOdzdaisoD@ZB ¥ [atig.

4 g OdzdizOdzs® Mindzj Hiso Odzig3d Ml j ARalzs? dzse s Cuer dzO B,
BORO M § tesWAjaz dtNAICRo d Md d3ssMmisd s AtsteHr d o j tol
Ansys CFX /| wutotj o3j dedzg’ § dzOlzydse' § dMmMmozj His9 Odzd
toj Mztem] . URL: http: [/ / wwedbb.2s n aHuOKsaD. rtsuB/tei O g wdadsv/: 2 (0
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I .An. sHLdjypse 2ktB.Qbtofddss Odtse
liflsb v jidelirC 52 SHls jizk ChssH B & f65j SO

torvt o [SFgsovt Lt writodr Lt RSSO 3
foprruvLv3Juf PRI Rsbu(rtfddd rvtdo1trdded L1
Pt RIJT O
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{

b11vJduvdARC

l tOBtlsjy ftojHMIsOodzj dz@¥ tejL zdz' sOIs™ dBOIFeROIsd y,
s Mdentetsdzdetsets G j dzj OO f) otsLBEZYHjddj & tsls
HdzZv teOBtsls’ © MdMmlsjdikj ftowdksets ftedotsH O] dElzlstetsOc
Misd BOcdzdIsdets?2 MmdMmilsj d3r ftoj HZOECO] BSEB ¢ jHAz] tcOls ts
des?2 Bsh desisd d f deslsdesmisd dBsdzj dzgs©, O OS]
MdMmlsjdr . 1 jHMsOodzj dz tjLEd KOT ©OMYjkO ¢ jd
f zslsdesfigls d3j dzls © @ j dzj tc Ols sdg/OzIn s MlslOe  frOL LR diff -Rig SIS
fsdz L so OdegdW BBy mn Odzgd yj MSEBEts tojHEZSISSKGO BJjL dzj 5B
o jEE tcj ¢ OlsO.

sdzs yjor jiofjlRices®@ctcj ¢ Ols, HBOcdzdlsdzr 2 twjHEZEbLBGts,
s 2dzjctg Olsstc, o jlstow dzOW IskzteB d dzO, BOG dzdlsdetstp-  ts5dzj
Misdets?2 tetslstste, ¢toC sfLlD,. § sMistsw dede’ j BO

1. JllrrruiRre

RMfsdz' L s9Odedj oL B dzso dzvv j 30 A Iscfs I4 t§ vedpdf @€ ds dLo di
fteOodzj dedj w®wWOLoOdIsdW { dzjfCeldydsaslWaddgdis o3 IldzopS ddzd ulj dbglejwdg
Bsh dtsmisd, kojddyjddj dd kteseo dzv L Oc toW LAy Ta§' O € to
B~ o9dHBe HwdttsHdyr » tjMmMktemMtse MmMEkh jMlsokzjls dzOME
LORj dz" bteOHdydBsdedzr 7 dMistsydzad € tso ot djdE=ls e - ddgtstals d
hisOBj. [Hdddk dL d&OfttOodzj dzd?2 dMftsdz’ L s Gedzgdw™w I R
dzv jIsimw fJtedd3d dzgj dzdj o JjIstetsc j dzj tcOIststeso . [ Qidgdzts § d
ddj o &, O o foMmMdjHdd] HIiMWisddz bdfist] o (&
Yygodztsds o jIstesots?2 L dgjtecdd.

Il bttOHdydesdzdzr = 9 jlstetskfMmisOdzgso C OF Hd&zW § jtej HOVY
B rO0dzdyj Med?2 tojHEZSItste. Clkts kEMistets?2 Mise Nl jcd B 16
9 or Mtk MEttesMmis! otOh jdzdvVv o O0d® g edzgf@OTBEHs Odz
Cts?2 dgOHY ) desfyls! 8. [ dzad MesMmMistswils dL otcOh Osyh-d - Mw
HEZ Ctltster i3d f jtej HOY IsMqw yjtjL COMOdzdj L kB! jo
Clsd d3jnOdedL a3 dzj sBrtsHd s f jtedsHdyj MSd shdsOL ™
MCOLMr 90 jIsmw dO 1 CMf zZEOOYydBsdedz" = L OlstcOISOR. 1 o
BirOdzdyui MSdr MEjHES SBL@] sOtlzdz L B yOlsr 7 Ctsdzj iy
Yylsts Mddzt des SectcOdzdydo Ojls ftod d3j dzgj dzd | =®jJ IsSldctsdOs, G |
dLessdkjsdzedj L EkByOlsra Ctdyf O Btsd "dj d&oH-dsiisd
Mlso © o EmMzsedwnrn BIsj yd Mlso j dedzets?  tetsdir " dzj dzdetsfls d

l MmMewird M {1Isdds otsLdzd S OjIs dzi sBRHddBsMIs: o M
sdyj MSdrn EMkOdatse ¢ d d3plmn] jofddga Oy di~ € ds ddf)tiste@ € ) ff
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d &OftOodzj dzO HOdzdzO" ©OBGLEO, o (bt jtOfMmdc
dzj cOsicO ) ddsjctedteso Odzedzer 3 BOG dzd Is dz o5 dsedz Isq o
Ldzj ClstetsfmisOdzyd 2 .

[Ocdedlsdz | dskzdz Isd§ dzd S O I tists ') teoOm g jdzdis W W) & lecpoudd ls
wOdd. Jdd dzj MHjty O dhMsdOs h dify HjkOdj?2
Bsdj dels O EQEE3 2P0], ulsts fsLosdWjls dd& S&dS kted
ksteOkd 5 EOMMEc OB OEdlsdy &3 { i OLL tDeisq darf jd5. ¢ judRjS tef@
qazs j ctedtetseo Odzdzr 5 BOGdzdlsder 5 Bz s dzd S Ols st d
iz e, bkdjde hdls' L OwOlST dzO tsBMmdzky do O@a]j, O
LOjdd ojltcs0ctcj cOlstss 5 McOods dzd* HHBLOW DY
Mujls sSlhklsfsod® LkByOksSEs t©jHES SECO, § jzsBwsdy
Ldzj CtesMisOdzydd M dMfsd LsoOdedj i3 deso secssisdf O
kO!' o fktso' & bkfdssadws ¢Slkdsd.

2fdrefRrRtdI o R L0t ovftd

2.1. [ OCdd lsdp'f wd Ok

[ O dzd Isdzr 2 BBlz di! 4 ldofie] oaff§ Ioustisxei s o 5, B j MS sdzbs ©C Is dz" ¢
hjd yYyombslskz ot jddY orntHdsets o00dkzO,  j®jHOsO
ssyde 5 Sl ded pagdzmistczC ydw o ¢ diev GslE tse € fip jioasy) IsH
fisH j oy Oh d2 § siistsd deded | ¢ SHOCEHA s ls dzs?2, Mslatsw h d 2
BUcCtsets BOLjtedOdzO, HBsHEzddJtekzsr da BOcddlsdts] §f
{ sfistswddzr » BOcdedlstse, Htedyy 3 ydmos § sdsrftss dzO
MsC sMCtsdg sl)tslsastcy (tedf. 1) .

tdm. 1. [tHjd MtezClikzter d&OGddIlsdatsacts

stsdzdyjfmMlsots Mjced3j delstso BsHEZYIsstcO® (dedL C s5ME Stct

Mo =Py + Ps (1)

GHRPjl Ssdzd yj Misots § Otc f tsdzs Mtseo @I fiffEISNEAs tcts M ls dzts 6

1 jtoj HQls soygietatsh j dzd j dBlzdz! Isdf dzd € Olststce O s tafj-H j dzw §
J &3

kp =2 /Py (2)
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[sHEZd" st ftojsBteOLEjls BOcdadlsdetsj §tsdzj j dBj yHE
zOw oL@y d &3 oL OddIsH j2Mlsoadj t©OL destf sdzé fipdz” 7=
~sHdIls P jseOded ] MEBtesMisd oteOh jddw [ 3] .

Clsts kMmMbtes2Mmlsots ddizijls twH ftoj Jdizkh jib@Ofidj tcoj H
HjBfgfj ®RBINHE o2160ON0OE N JRdMW L dzj di3j delsORd (e H O
f dztsh OH (, SBGHO CO¢ hjiMmlsjteded o3 = OdadfydteyFHdCe Ots j |
Bz Mddzk o tHds?2 byS] mMoftedS shmdtse jddwd &3 yHE
fdzd ¢ O tstc O, LO dfmSdr yjdedj s sHh dfdedStso, wlshmizk
sdz dzj ItejBlzjls f§tsmistwddscts tBhdzkz)y do Oddw, MNdBOI
ftoj " jddd KBOCMHd BOdz desets dBsdzj dels © € sdzy MO dedz0yd dac
sdls: @i rOdedL 3 s fjteictekzL Cd. 1 tlddydd- tsls
CJ ftosfists o" asHdl dL Mmiswsiistgw isjod B i Jsd3ta dzlsz® s ¢ s
By dzts Ppls'H jeds desdIsj dz' dets o' MisC k2 disfidets d dzgsmils+  f sk

2.2. 1JddzitcOlste M ddzlsi ctcdtotse Odedz" d3 BOG dzd Is dz" 3

t OMMdzOlstedo OV H Elsd tlsCOLO s d&jrO0ddyjdn<dn to
dzr 7. 1 jtear 2 fhkls! LOCd yojlsmw o dafff§ fOtsds'tclOs e O RO
LOBjd &jnOddyj MSskkz, ks jMis! ML HOdfNHsejHES
HOdzdy G4 dzgj cOlstste® M ddzlsj ctedtotso Odzdzr d3 BOE dzd Is dz' ©
sdf dzd S Olsste ftcd tOBBI] MBLHOY IS otcOh O sig-igw  d3C
90Is! HdzwW dzgOo jHjdedW Cr v o GBEBEGIE] ¢ jdzj c®DIststcO.
dzgj dzd® f tojHEZSCIststedy &3 ftcdotsHisd, ftsilssddz o teO®BS
L ls s Vi,

Osavoobdesdospaaa

Osj 6308996 (Yhsadasdae

tdf. 2. (OL9Y BCO BHjdd MNifcsPEEEOEHO diizf ¢ 1

10 BJfjsCOL 000 MiekSlkzied MftsjClsdtss Odsdzs ¢ &
Bdlsde &3 Bzd sdf &zdS Obsiesd. vOS xyj, $0O¢ d &BOC d
Ho O tckig®s dzs? dzdL CEMCtsfisds? d oM sk Ols] d
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CjjdBOsie0 Mmhissdile dals tor aitf cuwO s> ¢ shlstw dzdz R
sBBRsSISSCd. J1tsdzj] fsHtetB d2BOLIP- J BO ftcdo jH] 2O HOA

2.3. [BHjddtsoOdd) G dzj eOlststcO® M L OH Odzdz" d3d |

RLEYjded¥ §oHBBO & 1 dzj CIstedoQisfslsd = [BQN ddlz f5sifpe
OdzOdzdL © HOdzdzr = fzBdzdSOyd?2, Brdzd o' Wodzj@r M
kstcO, Ykt foLotdkdds MLHO! jet §O0LO®R stedyj |
Mul ti physicsE. 1EkbkYy & d3atfats Adjsisins t5th g h§deds | Ofisfsinz
fise dz0 MOtk ( toksttj, HJOHR] st toksiss (
HjdO sflkdddLOoydy dsHjdd §c Stdlsjtdy o GfdO datis?
BOd dz 7 HOMNscOBOtedlsdy 7 §SCOL O dzv e, Iap®OD Hj dzd
fdsif 37 §tcj HeSO@ e iz L Edz' sOIsT ©OMYj SO BEasdzdls dats 2
s 5O &z’ OUsEB®ADO ftoj HilsOo dzj dz7 dz® tdf. 3.

alpha(1)=0 deg  Surface: Magnetic flux density norm (T} @ alphal1}=0 deg Surface: Magnetization norm (A/m)
T T T T T m T T T T
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tdfm. 3. st CHVSGIDItphyditsul)id3Oc dzd Is dzOv d dzH ¢ y
L dzj a3 dels On  dBOC dzd ls)izthe® 3@ d Gzt J ftzdz iyt @ ¢ / &)

sOBEIYO 1. )} OOdjlter &GOk BOdUjMSE2 Sdtf ! v |

ldzj " ded2 HGOM) ste MEOLGSEO & j daj § 10000303

[ zd 2O G iz cOSB®O, 150003 03
LG Zso OW MS SMmis! otON j dag™ dadt 2358/ i3 dz
[ OC ] BOd dzf 2, ehbskieds, ¢ J dz 224,4C 1 L G

VH] 0z a7 2 Bsdsj dals dz® J AMfded yz2  osq 1572 1 L o3/

VHJj Oz dgf 2 dstscsj dals dzO@ j H d dagdsf V* ts B 190, 5 3¢

[OC M BOd df 2 Hwsd3) deModszdz’ sqq§ dzd 241, 7 6§

[OCMd BOd dzO" |Rsh dgsmls! 6 j dzj €OK 540,16 ¢

[ J2Msoakzs h jj L dOyy dedj 1 dztsB datsml 3 of B3

3w f1ro1rRr SesrYIO Lrrctoultoe rfc JrovtdoddLtordd
RMAaBHY dL f Sz jlziBde frOtOdig tetse  dzj Clstedoyj NS 52
Mlsj?2 o jbtesOcGt] ¢ OlsO, D-dg3ts HigOdz! ) f dajtstk &b Q) fstists @ @apis 18 O dz’
MlstelzS ydtsdeds' j { dzj B dels' G j dzj 6ObstcO, OSHj- ¢ OC
hjdedj, o©" oatsH SCtdapytses BBBsISCd, dMytsd: L soOdedj o

103



LdHtEes! dzgj ecjlsdso® d 1REC

d . 1DR&OAN] 5 (i HMsOo dzj dz¥ f s DismEg ji IsiPB L d
2 BALBEBOR]  dzj Sktedyuj MS 2 &ON ¢ dzr .
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tdm. 5. ¢MedL fjtej ydsets twOLWjL O

rdzv tyJdSd c0OBOtdlsdzr » tOL di3jtese tcOL tcOB tsls Odzdz
ftosd3r h dzjfiflzdziz Ols ftc Iz j =) Qtc JeBQOdsB W d tc d3' Tur bowi nds
500¢ 1 Is, 9 CtdHtsdz] Clttetsets twjHEZSIsste d ¢ j dgj 6O
L CsMe stesMisdy d3 ¢ j dzj cOlsstetsdys M Jdzlsj Gtedtotso Odadz
6).
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tdm. 6 .D-gHLjtafgd 93] StesOGctej 6 OlsO

47 0BF5YT 1L RY

) tej HilsOo dzj dzcdzO" © HOdzdets? ©OBGI] Stdfstlzs ydw
Bsdj dzs© dzO@ jHddzdykz BB j BO RBOcdedIlsdets?2 Mmagfls j d3r
dzr 4 d&3Oh ddz . Chts foLotdzddts offstetsdls! jets o (G
9 j btesOeits) etBFB' ¢ 500 Clls BjLiMEBEdz)] sZOdELOd]

stsdemlstczC ydw dzgj btejBlkzjls Md3OLSd d ®BMdzEy do Od
Modde{ L Cdr Isj i jtwOlskzte, yYlbt HjdEOjls jy tffilsddk0d
Eidzse dwa. 1 dzOG tsH Gstelv dos dfj =ifstO?,  fodptsiy detsfte 2z & htOw M d fr
6t IsdfO GJjdzj cOlstste® fp ddzlsj ctedtetso Odzdz” 5 dzO G dzd Is «
Isjdzt dets dgjdz' hj BIMSO o ctsdzHBdz o jlstetst dzgj fo€ jIsdy
MEdid MdMmisj BOR] W Bsets fode 5HO.
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Ctsls tslstste doijjls Hsotd dts dedL C k¥ O tpEa@s drldy
pjlstej, HB 3 & / T, ujets daj Bsckls Hj ZOLE- o jlst
ktster ®wsckls ©OBskOl! o hdqusSsd H]Of OL SdR- M &t
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3.3. ¢ltesHddOBdYUiMSd] ROLOCIsjtedmisdSd EMmtse jt
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01.03.17| 07:35:54| 29.68 | 0.6 107.3 |-12.1 |-11.43 | 16.38 |9.94 |49.47
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