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fteddWIss tOMMBBOIsted o OlsMIs sdgjdzd € ©Q dzff jo & o d Y dz"
1 dgj e sdetsmdlsj dz' ftej HdzZOL dzOy 4 dzdzr 2 H dzw
L dgjteeadd, §odzkzyd ddzts?2 dL tcOL dzdoz@lp t5-H Offtigjv tc o«
EHjd dets?2 dedL M j2 Ibjfdslsj MmMetstcOddwy (1 us
Yja3 Ho O tOLO ftojorhOjl OdOidaAs4Ae dlyrda /2¢€ df ,t5¢
ftejHMIsOodzw jIs MtsB?2 §jtemf jSilsdeads 2 1 dzj
MdedL dls! cdzsB Odz! dgz¥ L QadMmdBsMis: s dME ¢

1 sfdzj L OGCdzs yjdedw © 2015 ¢ tCHAzd df@agdzd yefr
d3d te dzOB dzt HOj Isfyw L dzOydlsj dz' dzr 2 tetsfls
sBWLOIsjdz Mse d MlswcOIsjecd?2 5 Mt @bl da
] sSHBtesHdZOW 1 dgjtedjIsdS O fHtodtsBtej zO tsMmtsB
or BtosMmtso f Otcdzd C s A | dgdoL sa dzjdte e jf s yd M€
csmMizH OMmise . (6 dMfitsd LseaOdd] dBsyjls M
dMSCfOj i 7 odHtse IksfddoO d ftorhjdeds
Emdztse d d f ted d34 dzj dzd W otsL sBdzatso dzVv j d3" =~ C
 dzOo dfdveo Oflz ~tcOdzj dzdv EZedzj ssHO ( CCS, l C
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EdzOo dzd o Odzdw, M sdz L so Odedw d r~tcOdzj ded W
Utilization, and Storage), O IsOCYJ i
ftesdL oBHMIso 7. o sSHiSteSHO [ 6

v OC sl tcOL 503, ) mMse toj d3J dzdz’ - Emdztse d
LOCtejfdzvw jlsiqpw COC GCdz¢yjot?2 ddMmistelzdzj dzls
1 OydsdzOdz! dz" | ftoscteORBBT d HBtesyd j € Otcl
fjtejrtSHLE d EmMlss2 ydotsdiz tOL oadlsdreo dzg ic,
otSHBStSHAZ » ISjrdtbdzsed? C0O¢C tHAtes L W
Czd BOIdyud M2 dz9 D Istc @drioatety fipls d E[dAR[ o § tc ) O dz!
o BHBIEBH sy jls Bris! ddzsjcetedteses Odz d dMmt
tcOL dzd ydz' j (9ehdd®)jfieidts fifldads o3 6. Mz dzesC 1 [ 10

1) ~dddyj MSE 2 i tc todig Hhigjtdrdzs M Is @iIsz § O,
Mrtc! ydg Hdzw ftesdLoBHMsSoa O OBBJOSO d d3j Is
OBHBIEGSHO Lo dwjls L dOydlsj d@ dzs MmdzdL dlIs!

2) 1 dgjWisjfjtcjc®OBBEEY OCIsdodzets d MY tsdz
cdqHissydmis¢d d cdHtetsCtej € ddze O, O fjts,
O BHISIEBHO HOYIs dzgjwWwisjfjtcjtcOBOISr 9 O h dd3
B Mistesets Mdady jdedwV or Btetstse sjumscd @ ds Oc

3) | B sOdzizOtelggj fizp CC MO otSHBBHEBA
fiud HOYIs oL i3ty desfls- Yyomlsdydese s d dzd
MisOdzd, vyt d@yjls tjLEts MsCteOIsdls! k6 dzj t

4) or MeCtslsj B3 j cOszticazsBsHY tcEfgtf HFOL
CoOyd mMise j L WWJCIlsdoe dztsc ts dMmissydzed € O Isj
CJteOdzd yj M¢ 2 ftetsd3’ " dzj dzdztsmis d , CSGEHO
dzd § ted d3j dad 3.

5 1 1 dzj todsj Edaszsc-thk PdwegisBtcOL 59 Odzed W
) Htclzce d J 1 dzj to cjthdgigolsQ)dzd f L o BdzW ¥ Is dfm
L dzj Slstetst dgj eedd HdzwW 1 dzj SltetsdzdL © 9 SHT
ftcjotcOh OW jets o 1 WWjiClkdoade 2 @ dOCtsidls,
OHOf Isdtctseo Odzdz" | ¢ dmf sdz L s9 Odzd ® o SH
BOZzZOBMdzact® L sBdatso dzv j d3F = dMlssyded ¢S s 1 dzj
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6) | IstcOdzm{f tstols dets B H GstistecHOdg dgd s dzd o dz" §
fjtemf jSlsdoar f tod o34 dzj dad W H dzw Iswyvy dz' A |
fsjLHB, MkHte) , O © BRHENMj BB otsL d3sy dzts
stcOdzy tstisls JslsC wsj Is dztso ' § CtstedL SdzlsT B dzw
stcOdeMmy stelsdze” d3d Mtcd HMiIse O3 .

1.1 uotcjdgjdedze” | Isjrmrdesdzsedd ftesdL o sH

] SHStetsH A&y jIs Brlsy fdkzkyjd dqL tOL dzd
Hiczednmr EZcdzj o BH Btcts HOS 9ls O CGjdzve, ts HB' d. 5 B3OddN ' 4, |
ftesyj Mtse ftesdL otsHMIsa O 9 SHBSIGBH O dzj tSE
~dBdud MSOwW 1L dzijteedw dmMEsyf Oj @isets Istsf dzd o (
ftosdMmMn BYHElZdMj IS] 0 52 HS oL 5B dzEb 24V | B X
tcOBHEHBIGCOLd] Mrt! jora d 1 dzgjtecjlsdyjmeédna €
1 dzgj eesdetsmdlsj dzj o3, dzs d WOCktesds B MY,
Emists?2 ydo sfmisd.

ltesdL 9o sHMIso 5 9 SHEBSIGEH O smizh j Mise dzw j |
s rdesdizsedyd MSdr ety Mtse :

AKKyMynaTop Tpancnopt
MpownssoacTBO ﬁ CUHTETMYECKOe
9/1eKTPO3HEPTUN TON/MBO
&,
L MepepaboTka
« (8

HedTH

Ammunak/
yaobpeHus
Mpoun3soacTeo
BOAOpPOAA
dneKTpoceTeBas PaduHupoBaHue

MHPPACTPYKTYpa meTannos

Mcxonaemoe\\

TOMN/INBO ~
[pyroe KoHe4yHoe

MCMNONb30BaHUe
OTonneHue

[a3oBasa MHpaCTpyKTypa

tdmMzdzs e W Jtel ftodd3j dzj dzdwv o SH B
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1 Isjtedsdud MCdr d IsjtelBs® QOO d PGS
BilsOO, Ooltlsjte’kdyi MSks d yYoOfMmlsdydzes s
Fecdzy d fjtjtcOBSlIsCE BsdB3OMMT ;

1 4 dzj Sletotszd usdgddls o Odzdz’ 7 dzO  to O fyhig Ief edzj jd
1 dzj CSlstedyj MEs2 1 dzgj e dd;

1 WskbsCOkOddsdyjmMSda d Ydshstsmd! sdzssehdd
M dzdzj ydesets L dzzyj dedw ) EZyOmisdj ds $ Ols O dzc

[ Mdzts 9 dats 2 LOHOYj?2 ofmjr 1 jtoj udmdzj dade
Bsdz] S zdzv tcdzts G 5 OptadHCHESG =eH]EN Is dn€ O &3d (fted qHJ
HOo dzj dzd j &) , slso j yos h d dzd Istcj Btso Oded Vv O3
fted d3j dzj ded W .

456 dZOMdets BlsyyY sz [ JyHEdOtcsH dsEe s 1 dzj t
G. , Mo tsC iz dzr 2 Bdtetso 52 M cts az0O IS
dg{ dzd ecjIsdud MSdd fYtddd daj dedw) HBMIsde 9
Btsdz hj 5 MtcOodsjdzds ) YtejH' Hzh dd5 & SH
O BHEBSIEEHO MO8 IsMw dzj WisjfjtcjtcOBOlsr 9 @8 h
ZOMistswh jj otejddY f sHOo dz'sif OsH RMisaz® ek ic
sfdtseor 90 jIsiw dz0 dMysd LseOdzdd JMStsf O]
sjodsdzsedj2 Wodw jlsfw f Otetsot?2 todW stcdidc
SMR) . 1t HOddzr &5 [ C ¢, dzO 4§ todtctsH dEr221l %5 O L
dzj Wis16 % dzO | dzj C Ixie¥s,dzd® BwBfsle®Odz: dzr j dMlstsyc
0,1% [10, 13, 14]. lwtsdLotsHMmisats o9BSHBEL
MsmMisOe ddzs d3d dzgj 4 1 d3dzdz Is ts dzoz, Ylsts W o dat
] Otedy MS et fMise dzOh j dzd v .

[HAzs2 dL Cdzsyjo'n fsBdzjd " diess BE S
wWodzW jIsfpw o MsCOW MjBjMissdisihls! ftetsdL o
fzh jfise jdzdzs Htejor hOjls MistsddBshis: ISteOH
syjd€Odgz] MSsdz! ¢t toOL . CcBbzd qgsdzijj g’ v fplst
TOdzj dzdW  bteOdzihf stels d tefsdEYd 5, oly @D dzd'
oSHGSBHEBM®R. wkh jflsokzsh ov JdW cOMistezC Iskzto
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MisOdz! dzr § MY dzOe ' ) dzj H O IS IES\padEs ds@[H Y oytda’ tS
d o cHastRtsHR ozl C sMis(d. [ dzw BJLBYOMdetse 5
stejBlzjlsMw ©OLWKOBBISSCO d odzj Hicjdedj detsor
ddzj oclsdetsmis' 86 d o' MsC 2 Mbs2CtsMmis! 8 ¢ { to
dz sBrtSHd B &3 EMmdzse dj di3 dBOMls @B dats ¢ fstc gz N+
weodzw j Isfqw or Biste s m dzsdzts e d slse j yOsb
L Cdetscdizd yd MEs2 1 WWiClksdodaetsimisd d { Stsdzse

l Oy dgj 20 j2 L OHOYJ ? fjtojrBHO ¢ o SH
odzgj Hicjdzad ] dadL CSslzgdzj tetsH dz' R tsSljsd dits dzts chigi2h
MsCtOIsdls! orBtetsmr Otz Stso" 7 GcOLtSO. o
dzdL S skcdzj esHdzse s ddzd BjLEZcGcdzj esHdzse 5
tcOLHjdzdls: 5 Idfkz d4idd srdisctsH g M sl 6 |

1 4 Misbe¥sdOc dud MSdj ftojdikzh jmlses O, &
BOMMtso sdzz o dzj Hicj dad & . sO0Cdds tsBEOL 503,
ftesdLoBHMISO O 9tSHEBSGSHO dzgj sSsBrBHJ RS tsB j M
WOCIssteOd( : 1 Cdzsedyd MS 2 yJd filjisisHstts@ L, dzts f
Isj rdesdzse dyd ME B2 L tcj dztsfls ¢ .

1. 1.1 QCdzj SlstesdzdL dzg §J sy mdesdzscd(

Cdzj Clstetsdzd L O BHT ftoej HMsOodzv jIs L d&zOyd
ydmilsr 2 a3 IstsH ftesdL osHMIse O 9 SHIStGBH O,
or BtetsmMOd3d kZcdzj tesH O. 1 te s yq dn md dsjinSdddste doulg iyl
H dzw tcOMh j f dzj ded W O SHT dzO O SHBEBH d
L dzj Slstetst dzgj e dd dBekls dhf sdz' L tso Olss iw €
stsd3 ydmdzy Olssdde §  dzj SstesmMisOdzydd, IsO¢
Modzdzy ydz' 9" §f dgEbbbtcsmMisOdzyd d .

l LOoadmMddsmlsd tsls Isdf O 1 dzj Cltesdzd Is©
sdztso dz' n Isd§ © Isj n dzsdztsc d 2 : hj dzts y dats 2
fioslstsdzestsB d3j dedets?2 d3j d3B e O des?2 ( PEM) d L dzj
(SOEC) [1719].
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z2j zsydesQstattgdL ( AEL ddzd ALK thteSlf &
smkh j Mo dzw j smw @D Ajudstin @ajdiised 1 700 dzd |
1 dzj ClstesdzdIs©, yYOhj eMmjets tcOMmMlseotstetse G dH
10 CObH] ftetslsj COjls o sl Gzt fj Oo S+

«(/ cAo( o (, (1.1)
0 dz0 i@®REHYdz] dzd j -dosilas®ts Sy dH H j dzj dzd j &5 S d iy d
o (°- (I CcA. (1.2)

4l BBOLdZOW toj OCydw fsyj MO &syjlk B Is!
(/©°( - . (1.3)

SOIssH d OdesH tW©WOLHJjdzjdz@r o tOMmlsetstej
otsHE d ddr , dets fejfwismlsokjls fdjh j dads
ftoesHEZCIS0O. 1 sdzz yOj a3 2 o U BT H %, d o3 t1gdzjud
COOddilsdyj MS 52 sdEMISE JH 5 glsd duEifk sE®, 99 9

2] dsydzes?2 {dzj ShtesdzdL SOLOSCIjtdL k] ls
Ctobf desBOMh sOBdesds fosdLosHmisea ] d Hddls|
Bj HEMEOS O Gldshvls MieOoddlsj d' des  dzd L §
ZOctkzL C OX d&zj Ylstddsinse  dzj sB - tsH J s Mis d
ydMmilstslsr . dtsotej d3j dedz’ | dMMmdzj Hise Odzedv dzOf
| dzj ClstetsH dzr = 6j OCyd2 L O fyy Is ftcdd
L dzj ClotetsC Ol OdzdL Olststese d BflsddidL 09 d € e

C ¢ Istosatffte s ls ts dzfs s B d3j dzdzts 2PEMI, uizis Reddsizst ¢-d (v
L dzj CtcsdzdL © tshdetseo OdzO dzO@ ff tod d3j dzj dzd d
L dzj Clstotsdzdlstsds © twOBtsYj BB 8Wd GAfCOL S dE) Osdptsiz
sCdMmdzj dzdj oBH' ) SBwOL 5§ Qaedzseds ©ddztfto 5 E

(1 9 ¢ -1 cA . (1.4)

) eslstsdy HWWEkdHdeksls yjtjL dj 3B tcOdzl
byOfmisdjd « dzj Sktetsdatse, GBLOLEY dsdj S zdv t
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c( cA o (. (1.5)
b BBOLLdZOW toj OCydv OS] BfdMmr 9 0jlsmv &t
) toj dBzh j fls olOddS kREMIL O f5 MiOs dzj dad

wodws kfpw Bdjj of MESOWw fdskdshls! st
ftesdLotHdIsj d degsfls! , of MsCd2 Lktts j dz

9 O dzOW Hdzv fJtedo3d dad dedV o Istsf dzdo dzr =~ 1 dzj
COL 5o, yts CtdlsdyuimSd oOydats Hd&vY B

Isj rdesdzse dd Mo w L Oder M or MC 2 Mistsd dits
SetcOdzd Yj dedets?2 fils OB d dz' QAT j82 O3l QB et dfts o
1 Cf z2 OIsOydd . Il iHEMd]J dmmdzy H s Odzd W fr
EmMlss2ydeor = todzddteder = dBJ B3BtcOdz d ¢ OO
HicOGtsYyJ dedz" » TIB) SOzazse [ 17

Cdzj Clstetsdzd L M keojwHtSMdHdd di3d (SOHL).C Is
SOEC t©OBBIsOsls fted o MsCdm Isj Bf JtcOlskztcO
so jtcHsEe s CjtOBYJ MEses 1 dzififldsOmtfdardla @f tc &
HIBSCMdHO yYydeisddwy (VYSZ). s OlssH B Ydz
dzj cdtotseo Odedzr = BiilsdAdzd2697 @) cOjdassio O dzdzts 6
ftesdmMrsHdIls { dzj CSlstetso sMmisOdetso dzj ded j dBsdzj ¢
O BHBSIBHO d ks CdmMdazstesH O:

(/I cAo( | . (1.6)

[BtcOL SO Oah djmw PrddsdeEfzktetsH QjcPL Is
20 BRpdtsMdHd ~ dBdede’ = ftotsotsHdedStse ¢ O
SBtcOLtsoOdzed j &3 BBsdzj Sdw tcdetsets S dMdztstctsH O:

/| O -/ cA . (1.7)

oz dsdsOtedets ] BkZteOo dzj ded § 4 dzj C Istets dixfj LC A5 to 45 HaA
sO¢CY ) BfdMmre0jlmMw EZttOodzjdedj ds (1. 3) .

SOEC s OtOSCIsjtedLizelsmw or MsCddz s, g
ftcd CsdBddzdtetso Odzgdes s d MY sdz’ L s Odzed d 1 d
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sdz¢ yjor d3d ftej dqd3kzh jMmlse Ol3d wodzvelIlsiw ofs
o WHbzsets OO d ddzlsjetcOydw M o MsC I
{Mdzseo dzr | BGeteOdzd yd dzedwv Isjrmdzsdzscedd MowL Oc
Yylsts oL o0y ls HJ] GiecOHOyYdsH BOIsj ted Odzts 9
fzmMCORr d GMlsOdasea € O, OB fzv pRMBC RY
CodiYf tsdzj dzlstso . rdzv fwseorhjdzdwvw Htsdzetso j ydzts
dztseo r A Cslif sL dyd sdedz” n BOIsj tcd Odzts © 1 dzj ¢
tcOL OB Ols™ 9 O8 Isfyw e j teh j dzMise so Odzdz |
tsBd MYy J udo OF N d jte Grplspddndz’ i frdse' f 2 [ 17

vsOCdds tsBOL 503, Mtej Hd wOMMdtsistcj dzdz’ R
1 dzj Clstetsdzd L ( AEL) ) zOMmlstswh j j o tcj d3V
COfdlsOdz? dz" d&3d L OlstcOOBd. 1t Byj dzC Odz tor
MtsmisOo dzw j Is 1l2GKW/HXIOs 1OPIOO dzets o dzj dadats 2 s h ¢
PEM {1 Itsls §s8C0OL0OIsjd orhj 2 3d2O- &+ dSlsl frigy,
Hdzv SOEC COfdlsOdz' dz" § L ©OB3BADIH' 0 O zih/ jSijlde. §
Mistsd dssMmls d slstcOy O Is L dzOydlsj dz' dzts d tpJsfgA s
L toj dzsfyls d BOMmh sOB T ftotsds" h dzj dedletse s ff tofs
ted hjded?2 HdzW ©WOL dzdydz' » TEH s L dzj SIstetsdzd L

o Eyy ssds Ists¢gts, Yylsts tor dets¢€ dzdL CStskz@
Wstcdzdtotso Olst fiyw ftoedstedisj Isder 3 dzOY tc @ dz,
sMisOs smw ftsor " jdedj + dzjteetst WW JjGClsdodztsmlsc
L dzj CstesdzdL dz' = EMisOdzsotsE, ybsts sitejHJ dzv,
otsL ddtsy desfylsd BOMh IsOB detsets o dgj Hicj dad W . 9
Istey » tOMMdiiciste] dedz] € Is sty Efas@zsg R 1 §ftoj HMIs
[17i 19].

sO0B d&zdj@wDotizj dzdj lsjndsdscd? { dzj S lstetsd

] OOdd Is AEL PEM SOEC

elsg fJ de {t OL OB sIsO s BBBJ BUJ MEJ 1 5o Ovnls Oz ¢
tcOL OB 5 C s dscs) e MG g f sfmis W dzdzats W dsts dzfls t6 O
Is j A dzts dzts fMtse j teh j dzgMmise
vj i3 j tcON . . ,

w26 d 70i 90 50i 80 500950
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l esHtsdzy jdzdj [sOB

r Oo dzj dzd j . .
(50O6) 25i 35 15i 40 <30
CWWjCldoe
sl fts 60i 82 67i 82 85i 95
dzOff oW ) j dal
ltej & L O -
15 <15 >60
(_d3q dz)
] Slstej B dzj
L dzj 66 d ( 45175 5.87.5 2.513.5
(S IsBy/
JtesdL otsyf . . ,
(Cl st/ 53i 56 52i 58 401 42
C i Clstets | ]l sHdzr 2 tOfls voyY cHOVW ftsdz voY HiSBE M(d
J ddzd NaOH Bj 3B © O dzO CjeOBIC O
RIsIsted 2
| 1d¢jd, Mmy [ jsOdzd § &zOl§ MmlsOB ddzdL dtst
R e Gy fr HASSMIHO yd
HtsB OO Cts2 d
. 1d&jd, Mmy SJOBICO |
sOOddL Ok Smdse | dd| 4 SMAHT ddud fjtetseo MG dLk
v d fls 5 @4 99.5/99.9 99.999.999 99.999.999
o 1T Msyo02 " g
1ms§4mbmmm3¢§s$ﬁocs@sm§1, 4@;&?B}WWJQ
. . dzdL S Ov filss] or MsC OW  HJ dzO : .
h
bed ozt C s oY 5 dzj dzls ﬁdeLSBHMBSBfm??%££¥§?OU
Eflsts?2 ydo tsfls: o MsCts2 ydf d dals | ¢ e Oy q v
I MsCOov fmists o
| [ jndzj zOw Crs oy g dasy o MBSO d‘;jo‘é
1dHEBMSO|] MOBOW dzdL ¢ @ p ualzd;Jfr]fr]lsadscflsgdzJ fr]dzlz>|B'1 )
9 SHBIGBH O e j mMw ds, 5 G d ’
CjHS D &l i f dzseose s b

J
1 4 Mdssilstew dzO anBEtbwwm@@ﬁ@¢¢®$“@Ebc
Isj - dzsdzsc d 2, ts dzd ~n O OCIsjtedL z8 Isfmw L dzO1
1 dzgj e s tslstcj B dzj ded j Trptsbim IsCA ol Isdz@ slic WEHES OH &
dzj sBntSHJ d3tsis f smistsw dzdets?2 3tsH j tedzed L Oyd d
Eis®EAs Hozv o’ "M jddwyw drn CBdS kztej dalstsimt s

1.1.2 ¢dzt sjtedeOlsdode § dgjt dzj SIstetsdzd L dz'

1 OtcW H Iz f 1 dzj Clstesdzd L sd3 H dzw i sdzlz u g
cOLo9do O smw d Odz' sjtedzOlsdode § Isj n dztsdzSaG «
otsHIdzj CSIsted yj MSddz Ists€ sd3.

] Otcsots? todW stcRZEMRY. ] GEpso@® (tsdzo j ed W
Met hane Refor ming, SMR) WwWodzw jlsmw dzOd B
B SBHBER (tdzkzyl dzdw o tSHESEGESHO, Cslststc OW
GdzsB Odz! dzs?2 MilstebCslsiddsjo O c & Hlustisfz Isj tcdzsn d
(CHy) tjOcdtelzj s M HOBH vodztde diindztstinds o d € OlsC
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shdetso j dedCjdzv, ) GSek)OL Ho Clmdetws S d) m Ot
¢ ZOMmdts kicOs dzj dzd * :

#( (/ °#/] o ha( c¢my T . (1.8)

utsotcj dgj dedz" | EMlsOdzse $d SMR B j M Jyud:
{ BV HBO®% ftod {lsd o' jddh0olsAGY | hd st
o jdzdyjdedet Ctdzojtemdd, des MftescotsyHOJ IS
ftotsyd Mips sBsMBEDD dv Ptis @ odzdw jls dzO tc0Oo dz
Isd B j Okt mMfsmMseMmlsekzs s ko jddyjdde Is
stejBlz¥Is ko jdzdyd dedz'r =~ 1 dzgj G tsL OlstOls, 9o Ist
tej ©OCydd, O MmMttlsdesh jidagQ HYOtc ® ts &dztddselzdzj do ts
slsdztsy j d@PR [ 20

1 4 Mdssilstew dzO Isj mdzsdzse dyd MS iz ¥ L toj dzts
ftod &3 dad dzd J , S MR d & dIs teW H fpzh j mlse
M tcso sy HOJ Isw L dzOydlsj dz' dz' d3d 9" BtetsmO
dzi 5B » BH Jd By dE O jlstinzO ypmis! f tcd tc theldzasGats( &1©
MCoOYddzr HEts LOoatsSHO) OdOddL O, EHLj0d CdE ,j(
1Co9. /¢ H , O MejHdedd BEIsjysd d3j sOdzO ts1

[ dzv  fdad y j ded W [ ctfig deds didts s lsfy Wi daf dzl©j ¢ e Oy
Z dzOo dzd 9 Odzed W d =~ teOdzj dzd W Fedzj csH®O® (CCS
fOtcdzd Csor n 18DL o O MEDo dzj dzgds M BOL ST
odzj Htcjdzdj CCS ftsorhOjls COfdlkOdz dzr j d
Mtcso Sy HOJ IsMw HEsf sdzdzd Is§ dz! dzn d3 ¢ dzj e S5 S

vO0Cdds BBtOL A3, SMR tfMlsOY smw o jHEZMj2
dzts Jd HOdz! dzgj 2h j J dimf sdz L s Odzd j§ 5G tc!
LOodMmddismiss ¥ slIs dME s O] @i3sets Istsf dzdeo 8d d
seMisswisj dz Msa © kEMddzde Ot ls ddzsjteif & tof
dzd L S tszcdzj toetsH dzr ~ Isj m dzes dzts ¢ di? § d teds dzdiL jOc 0 Ix
sBjMfjydeOs h jets ftsdzkyjdzed] otSHBGISHO B j L
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YOMmbdydstsy ¢ dMdzj dzdhjOMmMdzi s @az@ GE @fdARz] (da
Partial Oxidation of Met hane, POM) weo dzw j Isiqgw Jhv
fSHAaBHBR ¢ fodkizyj ddt otHGStSHO. | tslsdzd~n
ftotsyd M ~OtOCIsjtedL 2] Ismw B3y dz' dd3z or ats
C Bdzlstets dz¥ f M sd? fi 5B O & H Bsy JIs
ftiecdMmMkzlsmlsokzs hddz ¢ dMmdzstetsH s5d3. [ HA&ZOC s dzj f
B sBHO wodzw jlsfw Jets 1 QL BIsjted3d ydesmlis:
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34 Is © dzdzO o3 . stesdzgy bies, Fedzj esHdz §j € O
fedd3d MWwd o Mrte! j, bscHP € OBy 2Oy g |
d3d dzd Jd ts f) dzts o dats 2 flzls tej OdzdL Oydd i € BIsC
dmMfsdzr LsoaOdzedj o© COyYyjMmMleaj COBOddL Olststects:
tcOMYf dzOo dzj dedz' = MpISHH ZHOEY Fis@® WU d yj MC d

lted dmMyBded d sdzdC jdzjotsets € OGO s I§ s i
HsMisdecOjls ~ 60%, ISEHO COC BjL $C0OlOdzd
ftcOCIsdud M¢d dai fJtesdmMatsHdIs. [HdAZOC B f{ toc
Mdtc! vy L dOw {tetse dzj &3O, e v .G dAdg@viL 20c dsdsAlzts B
Pedzj etsHO (SEB8EMO) d&O OCIsdoeodz = yJ dzstcOr .
dz0 COlOdzdL Olststej BdzsC qtclzw j o ftso j
COOdzdL Olsstc® dzj sBrBHd B ftod dzv Is! B3 o7
tcj 6 j dz] cOQdd L OB B O ( 20t tod d3d te, My d e Odzd .
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SsHjd & 7 OffOeOkOn, vyt )fteddEsgls R
My j ydOd dezs CdmstekSydy t©jOCkse® ( H
fsHoadyde 2 ddzd Sdfwhd2 Mmaks2), CcHj QO
ZOC s dzj dzdzr 2 ko dzj tetsH or esHdIlsMmw. s OlsOdzq
fesyjmm ftod Bdjj ddLSdn Isj ki jtcOkzicOn
dzj sBRosHd®BSMS ¥ &OEJUdY Mojdk LOdkjd ¢ Ol
61, 8892 10 tdhbdiStgj nllsDo dzj dz20@ Mo j BO s+
COLBYOLdsets fdesddLO &jlsOdd [93, 98].

PEﬁUKmUD Pezynsmop  Mauomemp
B & pocxafa -~ .
\/1 Knanau @ KHTHH MpedoxparumensHsIl knanas

iy I ——
LJ OBpamHsiu EJ
KnonaH
MHepmHbIU Knanan % %
Bnok ynpabnerus =
203 = e
U UHAUKayLUU
i sy Xpoamozpap
Caxeynabnubamens > B UKD EDE@[_.J
Peﬂgkmuu MaoMemp
20 koo @ Knonoy
—= P 4&‘}_‘}{’7
uuuuuuuuuu
v .y DD%XOHHP KEIDHEIH
['a30Ba¢
CMEeCb

{ dMz dats® j 2 e dzse duj MSC OV MAj BO kOB skOLEs
fdetsddL® [ 93, 98]

] OL dL BOzzEdzO M GOLts9 52 mdsj M+ 8
desdz yolksr j eojdzsddzd d tjekzdzwisste ttOfma tSH
By SORO d2O o n~BBHJ 9 ] OCItstc tojceclkzdzdtkz |
BOS Md BOdz! detsdz H Oo dzj dzd d Hdsls 8y jousjd3.  t5 ipdiag g d
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sBtcOIlsdzr 2 ¢ dzOff Odz, ftod Hd&zOL dzOyJ dedz" 2 H dzw
mdmlsydd. 1iw ©BBiMfjudeOjl dOcwkjos
ftesyd MMO ©OL dzsy j ded W d3j sOdz©O [ 93, 98] .

1 © 9" AnfSHJ gL tcj OCIsstc O g fdds @ziz® 0 dz§ d
MOy jezdzsceadlsjdz?, tjeckzdz"lsstc ttOMRtSHO cOL O
sSOC Y] BOdsHd] Ists, tcOMMudisOdedz" 2 @ #dzO OB SY
dfmnr SH dzts 2 GOL o 52 mMdzj Md d ftesHEZSIstso
nlesBOIsSScteOW | .

1 toj HEEdEG o SL @3tsy detsMmis' ff SO OGS dz@ daf Lte [selk
ftesnizoSd MmdMmisdy & M ydd'¥ orlsjMmda ddw &
ftcj HSIso tcOh j dad W oLt o OMdz n mMdlskzOyd
CdMzstesHO HE JjEts f sdzdetsc s Iste e lg sfiply o dfiz Isg
ftesB d20 Rt BOLScwOW,j [ 93, 98].

1 dtetsdzd L ) NdHCdRA ai3j Is O dzddtaljj HE ifBO Is t
BOtwBSlsdtcso Odzad j B lsOdZO yJjtejL teOMmY dzOe d
COlOdzdL Olststetsdz, o tjLbEkzd O] yYyjoect d ft
odzzlsted twOMf zO9s O i3 sOdzAd&zO d dzd MY dZOER@A C dac
rdHSd?2 Bj lsOdzdz o HOdzdzs o3 Mdzz y O o’ f sd
1L WWJiClsdo dgts? o' Ml tslsj 3 j e Ols Iz to dzts 2 Is j § dz
o' Mz QH Cdd3 ¢ Ols Ofdzeld Oldz®OAf dgeff o jets
Codif sdzj dzlstsoa. 1 Odetsdzr M jj dteddsjdej dedj o
teOMmY dzOo r sdzso © (Sn) , Meddzyo® (Pb), )
LolsjClsdyjMUgR. M z@&LL Nic! Ctsots?2 € tsdzts dzadzj
Mdzs?2 wWOMf zOeo ©O: kL "Mte! €d cO0OLO, ftotsmnBHWLE
Hts tOBtYJ 2 s j &IQOB Olsztaf o~9B Bl Y d3j
fdesddL 0. I"Hjdvshd2my bkcdjtesH dj 1§
CObOddlsdyd M¢ sd3 MdzsHy.dHO S gl s @z z Jis s
f dzslsdesmisd, oM dzr e OjIs dzO  so jten detsfls! tol
Clsts fsLotsdzvjIs dzgj ftejtc" aodes o©f 9atsH (IS Zz ¢
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fso jtel dzsMmisd ©OME &zOo O) , daj MlsOdzOd tef ¢
OClkdoder & ojhjMmlss ©OMY &zOor ddzj clsder & dsj |
dzd h Mcj HBS2 HAZYW YBHOBHO Isj{f dzO, dzts dzj
sj B jtcOlskzter dzO kZtesodzgy 1000AC OGS Yj dajt

mMdmilsj d©zZO~ . leodeHe dagj Is @&zdgtsfo ( Ni Fe d HTte
fsor hOjls MEstesmlis! tcOL dztsy J ded W d3d Is OdzO.
sdkzco O M HBBOO COAd Ni , Cu d HTte. HJ d3tsdz

tcOL dztsy j ded ¥ d3d Is ©OdzO, ntSlsw 3 § Qg s gy  Bls
COOdzdlsdyj MSdr ftso jten detsfylsj 2 : tej OCygw
YdHC tsMmIs gdzd o GBI Y& kL't CO, GHJ

OCIsdodzr | Obtd &BilsOdzdzO. 1tjddikkzhjmses c5d3
slsmizlsmise d j 52dzj s OEBIHG Bydd : cdzj etsH  dzj

WdLdyujmSd ®lHujdvjkmw. CCMYjtddj dals Odz dat
dB3j IstsH 59 99 JHJddWw GOL O -B(@EB{Edd@3iGs, Y Jftdzjk
Bd sOdzdzd yd MScdj wWOMYr dzdlsj dzd)  BsG,dzts B dadfsiLidl
ttOo dztso j Mdets2, AQ.j off tedzj HFIHIOOISC Odg Isj - dats o
AJHEdR By sOdzdzse lsdesmw Ismw Mdzsy desmlis! e
fted or MsCdr Isj B jtcOlskzteOR, CttotetsL dtsdzdzOV
BOIlsj ted OzOd 438,d48), 108 y P f dzj Bjdajd, Cto
Csli3f Odedd fteswodzwels ddalsjteifp € 1 IsBASF ¢t
Mso d&3j Misdegs M dMidzj Hise Olsj dzv s dJdzmisd sk Is
tej OCItste ] 2L " o Csor d3 Mmdztsj dgp5le O fdHgmEz O] |
ftcj HMIsOo dzj dzZO B HM OW Ma j BO ¥ dH C[BELYB, B dzdzd



6 4

Bt
Py {dpoc
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Xoomamozpag
Hoymdiux
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Hrepme Bodopod Oty
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{ qiiplets i w2j. Rdzs dzts ¢ d yj MS Ov Mo j &30 &zOB B tsd
fJesddL O o rft [71, 93]

1 OL dL 9" BtcOdzgdatséts B Odzdzsdz® ( d dzj tols d;
bt o SHESEEHT Yjftellit-Aej fEeBOBEMY o cOL otk
LOf Stedz | sQUiBYJOdE ™ MistctsH j 2 Miso s h gsz-1s s i @
sdz ftesnitHdls kL jd tjcddeso OddY ©OMESH!

1. 1 sfMdj ©BbOSHEC B OF CMABEIGC § SH OY Isfw
onBH] kMsOdsodzj dz o] b 5T Hodzd Is Qe ld7 2 56 oz
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HOo dzj ded W . tO0 dCs Ho rdijHISIO dasts Y j Is  d L B3 j0dzw dz/!
HOo dzj dzgdwv = HEtS 8 Olsd. 1 Octcjo twjOCIststcO

(SOlskzhCd ECOLOd dO Mrddd), BGeJMiJudoe
tcOL dztsy j dzd W B4 SOdZO o tcOMY dzOo j d o d HeSj O t
s Odzts 9 dzj dz'f -2cg@alets Gislsias ctsdzv  tcOBSYJ G HOD
CdzOf @z O OGS kL Jjd f]jikdeduizsE zZ8a ddds O d
tcOMf zZ0o © d Isey teHr n YOMmlsdy kcedzj tetsH O. |
fslsts¢ dzOf tg@mjdzy j Isdf@f@zc OL s ™ 2 o~ e BOISBCE !
dzd dzdwv ) S-&OQEPdEz@BL dZOyYj 2O Hdzv MBEsMO (
dfMma SH dats 2 Mz MmMd d fHsHEzCIB tej OCydd

sBJ MY J ud ddvw oL atsBj L s OMmdatsMlisd if gls Oug
ddzj clsdzetsets ¢ OL O, dmMf sdz' Lzj dZ3s?2 Hdzv ftets
EHOdzj dzdV CdMmzstcsH O Ctdalstesdzdtclzj Ismw & tots«
fmMtej HT ; fjtoj »nBH ¢ ftetso j HJ ded 1 €Mt j toc
tcj edMmMlstcOydd lmkzlshisp &O- Cpalrlslesd ©®) &' getsf

dnJ BO tOMftsdzsy jddy COOdL Oststt® 9

tedimizdzS j 2. 3. s OCOWMmMR i BO ftedoassHdIl € y_
ftesHEzydtezj d&3r &3 e OL s d eoeMmdzjHMmlsad,j 1 Ists@
O BHB @Rz a j dzdztsd3z G OL j . rdzv ftocjHBIso O j
4O vv ¢l JWIsjcecOLBar j Isjrdesdzsecdd ftesdL
My jydoOdz dets tcOL tcOBBIsOdes EfMmlstes2 Miseats, EkH,
B sOdzdzO, yYlsts ftojHBIso tc@h @ PIs O ts [z dis P dAd |
o Isdcj dz M cOdzdzdtctse Odzdz” d3 d3j Is O dzdzts d3,
B dzj cOdz des?2 o9 Olsr . [ dzWw  dzZOHY y des?2 W JEMOy
COOdzdL Olsstc O 9 nSHJ L ¢y j tod d3d dzls O,
fjtoWstcdtctso OGatka] iz tweE ndr Mbtesdz sOC, ¢ OF
99, 100].
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i dM e N2 k® toj OCksed rft M § d&zOs Osh (d
COOddL Olststesdg [ 93, 99, 100

ldesdzdL o ©OMfizOB®L § G A, o Gk
Odz' IsjtedzOIsdo’ N JHSBREZ BjlsOdkdkz §toddj dzv |
M st dzr 2 tOMlsetstewls! ddzd §ts5¢dzsh Ols! t
cOMY zOo dzj dzgdz" § Mtdzd, of fsdzdws hdj totsd
ZOotksh j j otjdkw, o YyOfmlsdsimisd, dimfdzj HEs |
COddw, dzOlstedw ( dzOf ted dBj 6K Cl4)o,ls j & tists{dggf HY'S Oc
dr MK Md M MY B fitejrtHd »~ &JlsOdduse
sjrhdtsdzsedd OdzOdztse d gy dz dffj dstOsizzdr GteBasls d & L2
cOmMf ZOo O Misdzd, dOGte] Istse i1000ACH 1 fMw bR I
o' MBS 52 bkHjd dts?2 Isjf sy BEsfhls! s, ylsts
CodzdyjMmlsots sjfdsots?2 L dgjtecedd d LOkjd !
of Hjdzwes hd2fmw Hted ©OMIOH] RBjlsOdO, &Bisyj
HdMmY jemdesds Msmisswddd ddzd oy dzr o Ols! |
f dzslsdzsmisd d MdBOYdoe O Bsfisd bk¢dzj tetsH dz' 7
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mMsdzj 2, COWz] §f ts@alapPdzt®k Is X OOO tizd Is datlginig U t5] tc s
dB3d Is ©dz0O. [ SBOoC O daiBasdz{ btsodty H§ 5 ESapjcils OQ
Bsy jls Mizh jmlse j dedets ko j dzd yd Is+A CS tifdso j fiietdn@fos
ydmlsts?2 MmMtsdzr 8. s o ddBhjMisoa O Misdzj o1 A
Isi BPFlBtcT f zOo dzj dzdwvw s Mo dzj dzed® M d3d |
oLOdhisHj2AMsads M kEedzj esHBsdy ( d&z2O0f tod d&3d to,
1dHBMISOIECOdRRd wWodwelIlsifw or MsC OV CstototsL
o MsCdnr T), dzj sB - BH J BBs Mjlst ¥ Isi) <dgjj 2dz! Gips
zedzj esHO (ot dLBJYOdd) fwddiimi?2) d M
1L WWjiSIlsdodesfmis! BjL OSIlsdoObtstese. v jd3 dzj
ftoctsH sdzy O Isfyw | o Issd3 ydmdzj dL zyoO¢¥ Is v
B4 sOdzdap d Medzpatkzedl ©j Ot (Masdhls
fndzts 2 fnts dzd f 56 dztsh Oj Is e dzj tetsH, 0] dzd >
COOMIsHJteOL dztsy § dzd 105834 s OdzO [ 47, 101

1 dzOL a3 dedzr 2 ifidaassdiff smse toj OdzdL Oydd
1 dzj tec WO LHIEEEYY O dRBsdzj Cdz BB IsORO f tsHo SH (IS
BOMME ©WOMY dzOe O, O fesMmMtejHMlsoasdy o MBE 54
Bdetsy j Mlsots Isdfso f dzOL d3j dzdz' = toj OCIststetso
Bt sdzdztso OW  f dzOL RO, B jOftpdzQ s dzt = ts detOH dp@
H tG . ] Ctsdzlsjy € Mmlisy ftetsd3r N dzj dzdzts G s f sd
cOMmMf tsMistcOdzy dzdJ sz ydez® S qishOOVY { d&ZDE
BdYHE 1 dzj SlstesHOR ddzd f dzOL d3slstetsdatsdz, €
1 CMistej] BOdz diztg 3§ | O S FBOVVAELE 2Z0®O h j 9o WHIG,
B dztse j dzgdes HdMMyddelkzjls dz20 ke dzj tetsH d
sctcOded yJ dz0 Istsdz! €5 otcj d3j dgj d3 ftoj B 9 Odaed W
fsHOY4 {1 dzjtecdd disydes HEsMiIsd e dazds ' .CH fei® @z
4 fdzd cOL fsCdHO]Is L ts dzlz tej OCydd fn dizd
1 dzj eetsL OlstcOIs) oL BBsy degts tsB o OL 5 90Qdedsid dzf
C;H,, 1 Is d 4 qlzOH t€. r dzv  f sdzdets?2 ¢ dzkzB ( dz' i dt
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Hdzd Is § dz' dzts§ oty &) , 9 dzdistEW Wikhdzi tsHz N OW
] dzOL 3] deder 2 B IssH B EZOHOjIs 90ydzr &3 f toj
L dzj CSlstedyg ME 2 ftoedtctsH J : f SHOBH IsJ ¢
dzel f sftcj HMlse jdzadets L O Myvyls 1 dzgjtecdd 1 dzj €ls
Yy tejL lddsyjtezbrdj toj OCIststcO. Clsts fsLotdzw jls
M bkjfdasftsosHdshis! 8 d&OIjtedOdzss d HBYL

[ 656, 59, 105]. [fdd djSktedyd Mot ¢ jd
f dzOL d3j dzdzr 2 JdotsdzdL g BYjwdeds jods H 26 @ ¢ s
o SHBWISH O. 1 dzOL d3d dzdz" | Isj rdesdztscé d d o7

sjnidsdescdyj MSs2 colsodsmisd d OCIsdod
CBBj teyj MStsets ftoddsj dzj dzedw, ROLOSk,jtdL
fejHl Wodwesls (oooOdidlidey § bizjEbtesing dss s

sBitckzH o Odzed ¥ . S tots d3j stsG 5, GzZOMh IsOB (
f &zOL d3j dzdzr =~ Isj n dztsdzts e d 2 tej OdzdL zj lsmw ¢
Bsdzl hses yYydmdzO ddzindodHEZOdz dz' =  dzOL d3ts s
56 tc OdzcRy 4 dzdetsd dzd y dats 2 Bsh detsmls s v . v O¢ Ow

mMih jMmlse j dedzs EMmdzsy dgv jIs Otndlsj Ssktelz EZMmils
LOBKOl fted Ekojdduyjddd tBh j2 ftwsdL otsHMmL
1 tcOMMdBItsIstej dedzr J Isj mdesdzts e d yJ M SMQ
fdiesdzdL O d3d sOdzO® o tOL dzd ydz' = tej OC yd ts dzdz
10 tedmMezdz€ ] 2. 4 ftojHMsOodzj d&zO tOL tcOBSIs O
d MmMdmisj gdets?2 tsyj k€ d Ijrmdsdztcedyj MEtsets
1. 1 SHGEBISB9 C.O P tot Odzdzs d3ls ® O s s sy g
(ftecdiesHdztce s e OL O ddzd BdEeOL O) tsls ftodd
Colstster | MismMtsedz o7 L' 90! HJLOGCISdeo Oyds
2. 106tejo d todygy tk®OgzPdRHjo SH Is] f dziso 52
e OdzdL 2§ smw tOL dzd ydzmdsq dzf) ff s fipts OQ dgds:tc O Y J
Gt yJets Isjf dzsdzesmdlilsy dzv dadzd § sMmted HMlso 5
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or mMtsC dn Isj B J tOIskzte ftesdmrnBHdIs 1 OzH BB s
SBtcOLBOOdzd ] B3 9o BHEBSteSHO (H ) d sy tcHtsG (s
3. 1 OLHJdzj dzd § d M stcy difftc s\H@ ¢ IsHSD dzdzt6¢
shikzh Mo dzw jIsiqfw or" Hjdzj dzd] sy cHBBGEB Eka6d
tcj OCIststcOn L Ists t6j OdzdL 2 Isfpw d3j sStsH O3 W d «
moxd; o NdHEBB) sOdEZdyd MSdn d Mmbdzjor n
zO f solg'tem dasmlf dzOL o3 dedz" = EZMisOdese € O E dzO:
M Jjyd Oodz? dz' ~ts i @HOPHY jiedV-nm . ] sBSYdz 2 ¢ dzj
dej ftoj t6r o dets dazd §jwedsHduimscd, o L Osadmdc
4, [ A dzO3Hjded] d YUdMlsOOtsBwsta@licdHD { |
f smdzy Yyjets fHtosotsHJIsMwW sydmlsC O oBHESES

f sBtsydz - Fcdzj ot sSHBBIGBH 59 d His. ) tc OL
cOMf ecsMistcOdzy dzdz" d3 wWodzWw j Isfpw 3 sSsH  OHMBTC
Pressure Swing Adsr pt i on) , fsLosdzves hd?2 HBMIsdeO

d¥j 99, 99% (s B Y BZ.

PasgeneHue u cbop OxnayaeHue U OUUCTKA
MoaroToBKa cbipba Harpes u pasnoxeHue A

NPOAYKTOB peakuumn Bogopoaa
L L L L L L L L L L L T i I I ey ' R |
1 I 1 I 1 P 1 1 i !
: OueH A p H i HacTpofina napameTpos rar ) X OTpenenme Teépaoro yraepoga ot " . OxnampeHne rasosoi dassl |
' f | posegeHis npoiy Il . rasooBpasHoro Bogoposa | H (Hanpumep, c nomoLso |
I ] ] I 1 1 1 GMEHHWKOB) |
1 o P PeaHbIX Npumeced I 1 : 1 MeproanYECKMii AW HeNpepbIBHbIA : 1 :
1 [ H I :
b 1 H | PP — p f H c6op W ypanenue noboyHoro Teépa I l o AopoAa i |
\ MpoBepKa KaYecTsa O4NCTKH, IE:>| IE> \ YIAEPOAA W3 CULTEM i 2y npHmes 1
| 6 08 IH; pbi I | ! 1 ! ] !
1 I 1 I 1 OnpegeneHue TMNA M CTOMM I 1 |
! - : Koutpo, MeT]| N : noSoarore yrnepos ' ! 0OTheneHune Henpopearvposasiuero \
1 OcywKa v car Ao pab o P PAMETPOB Harp b | AeneHue Henpopeariposasiie !
| ] I pasznome I I I 1 [ 0T BOAOPOA; |
\ pit (np ) 1 N 1 . Peanu3auua ueHHoro no6 I H |
1 1 : 1 Yrnepop; 1 1 :

t dmMzdz8 B BB A j dzdzOW MMrm J B3O 1 IsOf 59 Isj n dats dzt
UOY toHT 2 Zcdzj totsH, weodwe hd2fmw yjdzjor
fdtesdzd L G MORENQ)ISE MW O tOEdpdd Islp O ktsE 4
[BlLi84] . 1 MmMzEyO] § &zOL B] dedetsets d G OL sW OL «
GOLBo" 5 slstsCtsds 9 odH] Ol tetsLBsdz dg 7 MO
Mtslso jIsMiselzs h da d3J Is toHias o OV s s Qrf AplsfSEPs dfite
Wddz steOydj 2, fiJtedsHdyuimMéd Wddz Ister sy C
9" Gtz Ot ls MkErt?2 EkcedzjttsHd 2 e 6.
MeeisPr dzd yd MG ey MisOpE d MY j cfdz" 2 Ecedzj esH,
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MOY Ofdte d d3j dzv § 3" &3 o Jetsdz" " dzj dzdetslsd ( dzOf
dlsu . ) . Il COOddisdyjmMSédr fHtsyj MMOs k¢ d
odH] MmMdzsy © ddzd dzOdztso tsdzts§ s dz. l Mmdzz y0oj
sBtcOLEgtEhwtsH o Wttdsj strelsinsd 9 dzisEH tcf B tc I Cac

fsojtondtsilsd 3 sOdzdzdud MSdn yYOMisdy, o'
[BtcOL ks hd2Mw EcedzjtesH o Wttddj dzOdetsilstclzs
ftcj HMIsOo dzw¥ Is Codgdz eyj ME z yd dedets s t

ftosH z2Cddssydy Mfin© wo dzw j Ismw dMmC dzs ydlsj dz/ dzts o
f tcOo d dzts, EHOdv e Isiw fsmtcj HMMlsatsds ¢ d M
LGdzj oS H dL tcOMY dzOo 5o yoh j ofmMjet dL o«
NdHEBE Bl sOdzdzO Jjets Mudh @Esls do {fasdlzizjy OF J
cdzj etsH O. R L mMtsdzj o' =~ tcOMmlseo Btets o EHO
sfmizh j Mo dzwis! Mw djssHtsds H] COdzZsOydd mkMm
Yd ted L B3y d&zC sw yJ dMmiskzs Md IsC 2, dzdde@ dzf 5 Is tizte sk
yomisdigal.[ 81

1 smCCstaz: o j M Zedzj otsH, MsH j ey O d2Mw o
sMOYHOjIsMw o IIsoay teHts?2 WOL, ftesyd MM
HdSSCMdHO Eedzj esHO, yYlsts or etsHdets tslsdzd yoO
s O0Cddz tBtOL 53, f Jiesdzd L d usISEHASAPJSEE H dgF -
cOMmMBOIsStcdo O smhw COC GMdzsoa O H&W fJtesdlL
O BHiSteBH Oé . lted dz2Odzdydd Cod3d3j eyd MSd tey
fsBtsydztsets Isoy HBBEES bkedzjtetsHO 1 C sdzsdzd-
mMikzh j Miso joddgtls Og s, f sMEtsdz! Sk HBRtSH Bls J @
CeRf J dzlMdJtctso Ols L OlstcOls 2O ftotsdL otsHMIso
L Csdesdzd ud MSdd f8COLOIsj dzd Isjrmdessdzsedd [ €

2.1.3 [MmMdzsodz'" | JOttOdgJ Ister Isj mdztsdzsc d y

l Oted OgzZ®IzdtcOydd fHdesdzdL O d&Bj sOdO dsct
tcWHE Isjrdsdzsedyud Médr §OOR] Istetse . s dz¥ Y
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Isj ted3tsH d dzOd3d € Iz ftesyj MmO, ftoj HMIsOo dzj dg
ddzls jtco Odztse . dr L dzOyJ dad 2
v B j cOs&edO] sy cdzOadzr &3 W OC Is stets d3,

f sdzdztslsz tOL dzsy j dzed W  d3d s OdzO. r dzv  ftetsyy
stcj Bk Biistc ] BOdytsksj Isj B j tcOlskzter tc © 9 dzt
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C1 WWdydj dzZsO tcOdzetsoas?2 Ctstotej dzv ydd wtff dtoc

stsiWWdydjdals tOdzeectsots? Cttotej dzvydd o
HOdzdz' | dzj Mtstslsoe jIsfls d iy ls j dasdzdzO dz'd datfipigdH j
[istsH fBLoBBdWjIls dOHY ydts tftej HJ dzd s C
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LOsdMmddssmisd dBixHE jte] d3j dede’ di3d, ©fJwLOW
sBjiMfjyde Ojls Emlsts2 ydo tsfmls! tcj L zdz IsQOls
ftcse SHAMOwvH s dd3 ctcOHN O IRENIsd ] =008dMJ
0,3i HdzOB O% L Qo d Md Bshisds] tc Vdzd&OO L Q4 ( fixd dts fipl
fnd dz dzOw L Oo d Mmd di3tsfrilst yj d®, 7 dQiz' [dgOF <« O8i( B
fOSbdud MSd Wiz dOyg df H)apcakndo .

4.2 ¢dzOdzdL MlsOIsdMmisdy MEs2 L dzOyd dzsfls

g ygj dzi s syjdeSd dOmMidz S5 L OadMmd d3ts
COYHB?2 f Oter 4t d3j dadz" n tc OVirpi] yudds ' f @sidls f
L d&zOyd dssmisd U = 0, 05. sttwicj bz yg®Hc o p dz®
Zydlsr 9 O8 Isfqw i tod dqdzls j cf tcj IsOydd toj L zc
tcOMMdzOIstcd 8 O Isfyw ¢c0oO¢ MlsOIsdmisdyd M¢ d dz

slsBOM 908 sfw, O &sekls Brls! §oHo jkcd
OOZdLE 5 Hobkd dsQif LOB dzj &M g.tols dzj Lo Oct
syjddoOjlsmw, dd&jjl d& MdOsOw flow.y !

sjrdtsdzsedyj M sets ftetsyj Mno. [ Oy d MlsOIsd
B' s/ 903jdz JMmdzd Bdz ftsHIso jtey HOj ISl H €
ifter srn LOCtdsdyd tedztsmlisy 2, 9 Cthtstesd3 fto
Ctotetcj dzw ydw Bsy 4 Is B' Is! ftocsweodz dzgd j &3 B
dzj dzd dzj 2 dz" n) ddzd tojL lzdz! sOlstsd3s o dzdWw dzgd W dzj

CsOFABtedzddtetso Odzedjy ¢ OtcOdgp tetbis®. Hdzv DEA

1 j o) i3j MalzBp demistedtolze M dj Mmddz daz® oL OB
| 1] T0. 8). 7d ldsmMwh dj MWy 8ls sdetdett@dzc tziz f § g
fslsjdydOd dz@ | " atsH' ), &sceckls Brils! w©OM
dL dzd~- ot dLBJYOddJ B dzislsd dsddd dz O todzs
orBBtej HOjlMWw fsCOLOLjdvd M BB Mj2 Is

1ts tejLizdz sOlsOd3 fteso jHY dzdesets MMisOlsd Ml
Hdzv DEA Brdzd oCdzs yjdzr jted dzddedzr j, ot
slsB tstc O.
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2. 3.3.0BjLBEOLdMIsdJyj Mitsets OdzOdzdL O
ldtyH fddsjdzj dedj @3 §OOAJIstedud M dn
B' dzO ftotse jJ HJ dzO ftotso jtol O tcOMmY tcj HJ dzj
Mtslse j smise dj stcB3Odz! detsdzsz L OC sdzlz M Td M
4 B3 edzts o O. t L d@dE@ls'{f S O lOfEts Yl ttOfM
sjrdtsdztsedyj M dr § OtcOdi3j stetseo MlsOIsdmisd yg f
(p < 0,05). l dLEzOdz! dzf 2 @ OdzOdzd L CGteOW d ¢
or 9tsH' . ] mMewrLd M 1ilsdd3 HdzW OdzOdzffL @B r ¢
9" BteOdz St WWdyd,j dzls tcOdzG 59 52 Ctstote j dzw 1
dzi f Otc OBy sted yj MSdd3 dBJ IssH A, Emlsts2 ydoe ' c

tcOMftcj Hjdzj dzad?2 d dzOdzdyde orf BtetsMmise .

[ Otedy® SCtsi1 WWdyd,j dalstse tcOdzG s 52 C BBt
tcOMMBOIstcd®OQ dgj IS tc St ftcedeojHjdzO o Is OB dzd °
Ce1 WWdydj dzsse Ctetej dzv ydd dhf sdz L s9 ®dzO
LOsdMmddtsmis! §wOCisdud MS di soOfp O M s €Ob jof 4);d oI
<05i zd3j toj dzdzOW L Qo d d dgtyff sz ;dz00 , 5 OO d [ind Bt 4
isyd dz@  fddz dzOv L iCprdjf@fddstsdp@™ ; ( ¥ B dg¢ wd Edz0 dz

vsOBd&dqYyoO 2. 4. [OtedyoO Ssi1 W¥Wdydj dzstse

X1 X2 X3 X4 X5 X6 X7 Y1 Y2 Y3 Y4
X1 1
X2 ,180" 1
X3 ,135" -,456" 1
X4 ,591" 0.035 172" 1
X5 -0.075 ,258" -,258" -0.072 1
X6 -,819" -,302" -,189" -,395" 0.093 1
X7 -,166" -,883" 402" -0.037 | -,243" | 2107 1
Y1 ,795" ,253" ,326" ,393" -,105 | -,986" | -,166" 1
Y2 ,819" ,303" ,192* ,403" -,095 | -,998" | -211" ,986" 1
Y3 ,582" ,513" 407" ,320" -0.054 | -, 751" | -,464" ,798" 754" 1
Y4 ,563" ,490" 444" ,308" -0.058 | -,735" | -,444" 791" 739" ,998" 1
* *

s BLcgz@ fJB® @O ksody 0, 01 (HobkAmisksddy W) .
st v ydWw L dzOud B0 &0 bktwsedy 0, 05 (HebknMmlstttsdadw ) .

b 2OdzdL SCwL WWdydy dzstse v Jted3zj dzO H dzv |
fMHj &ZOIs' MmdzjHEEN ] or @atsHT .

1 ¢ d dz2 dzOw d3ts dzts Is ts dzdzO W sB tc Ols dzOW
d3d Bl B j @By thgH j oy Odad § 5 &1 4 (XEf)s ) (i4.81% § C
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ClsO LOadMmMddismis! f sdzdshmls: 8 Mstslse jisMmise iz,
M tesMistsdy Isj B jcOlslkzter tMlsOlstsydets] MBH | oy
T Juide Mmdd oY b (Ol 81306 dofy d gtk
f OtcORB) stcOBd ¢cHOodzjdzdje (X2) d ¢ dBOMMO ¢
Ylsts HOdzdzOW L OoadMmd dzsfmiss -WogiL d dgty ipq I 2 W 2 cams
sBEMmdzse dzj dz0 thtse j dzdesmisw &3 MlstckzC Iskzter H
6 OO fdesddL O  (r [t d 1A) fp  MEh
sjrdesdzsecdyui MEddsd § OtcOd3j Istc OB . J Y Ofmlsc
COOdzdL Olsste® YBteWHEO 1 ¢ fted dzedL €dn
fdesddftcGdzs 0,1 ¢ ftod Btsdzj] swOesbGdiz b
slsted yolsj dz2 dzOw Ctstetej dzvw ydqw SlstcOY O] Is tc
e dBOBd, O dzgj bkdzdoe j temMOdzt dzgzé L OC sdzts d3j t
1 ltedmizlsmlseozjls Mmddz dzOv L Qo dMmd d3tsmls!
(X1) d ot ®jdjd ftese jHjddy jufoCydyg f
ftesyjHizte] fJtesojHjddw SCMYJjteddsd delstse, Is
zo jdzduyde Ojlsmw M Isjujdedd i3 ot d3gj dad .
T 10Bd&ZzEHO] IsMw b d3zd toj dedzOw  sls to d v @45G) dz!
BB yHE HOodzjded j &3 ( X2) d tOMmMnanBHSH dif isdc
9" MsC s HOo dzj dzd d YJ dzj dzOff tc Oo dzj dzdzts Iz
ftcjHBIsotcOh jdzdw ftsBtsyder » toj OCyd2 ddzd
iy dd3 tj OdzdL Oydd fwesyimMno (desddL 0
Is ts y dats 2 HsLdtesea S d Mmrt: w d/idzEld M s totdjds
ftosdLotHdIsj dz' desfisd ftsHOsh jes tsBiStclzH B C(
1 L 34 64 dzdzOW L O d md d3ts i) ldc' © ) rots HYt dgz(X 8L |
dzomMms 2 COKKOEdL(OIsstBO 0. 402) , Ylsts di3tsy |
9 OtcdOdzlstseo ftetsojHjddwY Htetsyd MMO wHddzv [t
1 [ Mis Odz' d@te]f o n 5H dz" R f OtcOd3j Istets o ;
or Oy Jdgdzr 4 Mmoeawed (] 4| < 0.3), ybts ECO
Bzdz' Isd ¢ sdzdzd dzj Otedesisd d3j Y HE BBdZ " ddzMmise t
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O dzOdzdL S WWdydjHddstsof Qid JasdsBez® - O
fMdzg Hizs W dj Mddz d | fodztsydlsj dzr d | Bsdetslst

1T fdiqHE MBHJ Yy Oddjd H (Yl) d ¢ tdz
sYj dz MmMddz dzOv §sdzsydlsj dz? dzOv  Bts dzs Is 5 dzdzO
OO0 dzOY dHj Odz' detiyls! w @O dzgzd ZE OL " 9 O Is
fslsj dzydOdz dgk® Bz dz' Isd S sdzdzd dzj Otedets s § toc
BsHjdd. 1 Mmewrd ) Ltlsddd Hovw fofdjHE:®
{5COLOjdv vyjd fcssteOL ds thMisOadls! 1§ Ot
dzi f stej HMlse j dedes IstcOY Ojls yjdzjots?2 tojL
ftcdC dzOH dets?2 ddalsjteftejlsOydj 2.

1 [ iyHEZ Ctdzjtmdj?2 CH 2O 1 ctOBRB
1 ctOBRB SOOddL OO (Y4) orf wodyj dzO
LOoadMmMd B3sMB8) (jJ ulBsd. 99" MsSCd2 ke jd ¢
qLBr ssydetsfmis! dadeW stedBOYdd, fMsHjy O j2 mw
Bzdz Isd ¢ sdzdzd dzj Otdzsfisd fted R GHdSe 6 d&3j
dzj L Oo dMd BtsMisd o " - tsH daBEH § dzdb | 30 wzGedz ) | ) ¢ WrE
{sMStsd S22 fsSOLOLjd Y4 o Bod hj2 Ml
ftesyd MMO.

1T 10edMmddtsmisd dBiyHE cBHjtey Odedj &3 ot
Csdzo j e jY2)CH SOSC Y j, C0OC d L Oodisfd dis mdste
COOd&zdL Olsst® (Y 4) d Stdzojtemdj?2 wH4
fMddzr d&" & (3 & O0.791 d 0.754, Mmsslse jlst
or Ble@®OB] Istsr Y1 d Y4, fushe tsozo €dzv jSsOC st
Fydlsr 90!, COC OBMmtds lsdzk fosdLosHdls
ftesdLotsHdIsj dz detsfyls! dz@ jHddedylz dBBOMMr ¢
o 0tc! Jieso Odzd j &3 dBBOMMr COBSOdZdL Olsstc® o { tot

O dzOdzd L € ts4 W Woftoydgjjodds srodzve ff Ote o AtsH dzr A
fsLotsdzdd MHj dZOls! MmdzjHkzshdj or atsHT .

1 1 0Bdzs HOJ Isw fpd dz' dzOw f sdzsy dlsj dz d
5j B j c@BEBE' Mdzj HEs hdR or AsHdZ n  OOd st
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v MfsH j oy dafv) :H } & 0. 795;
v Ctsdze jteiy(d¥Y2)CH } & 0. 819;
VOsdndE.RO 1 ¢ CASBhkdL Qe ® . 582 ;

v or TsHd@O HL (eY40)Ql.; & 0. 563.

[ Odzdz" | tjLEZdz sOIr EZCOLTM 908l dO Ists,
Lisdzr sCOL" 90jIs MIsOBddz! dets ff sdzsy dIsj dz' dzts,
Ctsdgo jtepdw CH ) ¢dzr dgrQf HdsCd@Q Oy dzd ( 2H j dz¢
O BHBWGBH O dzO JHddzd ykz COOdzdL Olststc ©)
nOtcOCIjtesdy ftesyj MMO f dosdzdL O.

T [ Oo dzj dzd J ( X2) Hi BsdeMistcdtclz j Is sy
OBfMtsdzt Isdz" = o' 7 SHIdE tRH jftdsCOREdIA jHErj] 2 5Y21), d
CH (Y2, 4 8 0.303). 1td ! Ilstsd iff tamejjdefy
CH ZO0 1 ¢ COkOdkdLOste® (Y3) d offt
dzOB dz6¢ HOJj s Ed3j ted dedzOW ff sdztsy s dz! dzOW M
FCOL" a09ls,dmMipizpHiseo Odzgdztsdz HJdOY OL tsdzj dL dzJ
LWWiCldodesfls! ftesyj MmO fdosdzdL O 56 tcO da
BOdzr &5. 1 MmewirLd M 1 ddi3 HOBOW] ORI b L1
Odz0Odzd L O.

T t O~ tsH BB SO0 ( X3) dzogzdsts dzff) ts tiztf 36 tf §
LOo dMmd di3sMmils! tsls fMtsH jtey Odedw H (Y1, 1 A&
] & 0.444). Clbts EZCOLTo0Ojl dO b, yYbt
odzdwdedj dO wBhd] d EZHjd dj fC0L Ol
Weaw jlsiqpw Htsddddedtclzs h j 2 .

1 l toj dgw LOBI O ( X4) O OCIsjtedL zj L
CBtetej dzv ydj 2 Mt efmjd3d orivdhde dgd s GlsGBH
ftesHsdzy dIsj dzd desfylsd toj OCydd dzO § sdzdeslslz

T AJdzO COlOdzdL Olsste® B(RX¥5 ) MisfifCjQ@e' " o OF
SMisOdz! dz@ d3d § OtwOd3j Istc ©d3( . [ Odzdzr 2 tojL Ed
Missd 3sMis! COOdkZdL Olsstce® dzfj oMjcEeHO MY o



95

odzdwded j &3 d2O Isjrmdesdzsedyj MSdy fsCOLOlsj
Hist sdzdzed If jodz'dgtz®?2 syj dzCd Jjets 1 S M dzE OOy d s

f dBHjlyOdd]j CH fsmdzj tjOSydd (X6
slsted yolsjdz dz | L OadMmddismisd ls or asH dz =~
v MftsH j .o Oded W T0086),( Y1, | &
v Ctsdze j tefpdd €®998),( Y2, } &
v Ctsdgo j spdd CH ZO 1 10.753)0Is0dzd L Ols 5t (
v o' asHO H 2O 1 ¢ 10.83hB)0OdzdL OlsstcO® (Y ¢

Clsts ftsHIse jtoy HOj s tosdz f OtcOd3j stc® X6
ftesyj MMO: yd 3 orhj MlsOlssydetsy MisH oy C
ftesHESC OY) MCOC EHj Odz' dzOY tBteOlsdzOW flow
sl Widzw j sfw dzj MlsObdMmisdud MScdid, O fwe
Ctsdzo j eipdw CH cOMMudls 90 Ismw dL L dzOyJ
Csdzdyj mMsotsds tOL dzsy doh j @tsMmw dzizj Ist Bde®.0 dzts §
qdz¥ sted80ydd d HEBdJtekzjlk HEkzdd] §&6OLOI
DEA-OdzOdzd L j] B bstsHBdsedy MSd dzgj Sstetej € Isdz
dgmSdzg yydz dqL. dltsesoatsets dzOBtStcO

T [OMMO COlOddJL Ote® ( X7) H 4 d3ts dzfls te
Bts dzts Is ts dzdzlz © L Oo dMd dss s sls EHIQdz4dB49
(1a710. 444) . s O OWw fpeowL ! slstcOy Ojls dL o
WS¢ Mmdtese Odzdz’ n Emdztse d W R zo j dzd ud ded ® d3
Mded ¥ 4 dedd BkHJ dz' dzgd R te @ d@dz'Ods § ezj d6,0Myy Isg ¢
ddzj Hts9 Ols j dz/ dafs, or weodzj dzdzOW Ctstetej dzw ydw
ECOLT 90] s dz0O 2O dzd y d J4 mMCtriIsr A MisOls
§4dtj BB dedg" o3d. I By M Ijd3 fOLOAGI e
fjtoj d3j datlzr DEBOdZzd L O, HsMmMitsd Sk tsdz dzgj My Is
s fwsyimmi d &yl MM jhlse jddzs o dzdWls
BJ s ©Odz0O.

ltoso jHjdadzr 2 Ctsd3f dzj SMder 2 MisOIlsdMmisdyd i
deste 3O dz! desfisd twOMmMftcj Hjdzj dad 20 i Gfsletey HzW a1
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HOjls tihdtso Odzdj HbW Wstod3dtose OdzPc Odgd 5 ts ts
HOdz! dzj 2" PO ED ftotsyj MMO § JetsdzdL © o&j Is¢
sdzj HEjls ftHyYyjtSdkls: , Ykt cdkzettOw
(dz2O0f ted d3d ts, fsMmted HMlso tfdgW dBdp@fddd L © d fiff Q Gty
ZOMistswh jets dhidzj Hse OdzdW daj Wodzv jlsfw dg
BilssHtSs, CEHJ of MsCOW Ctstetej dzv ydw d3j Y H L
dzj MsOB ddz' desflsd tjLbEd sOktss d d QRGN
ts fy dets edfDz e dzyd f OF BOj BOsdyj MStset ftosc
fshmistetsj dzgdw tojcetej Mdsdede » bkEtOodzj dzd?2.
BjNHEZ ontHd &3 § OLOHRj steOR] HBY EMlsd B,
Wy dzw j Isfyw dzJ fllstcts ¢ OW s Ol @Mt HEPOIs
tcjftejLjdesOde dzsfls! of BteOdzdz' 7 § t5C OL Olsj
dMmMmdzj HE ] Bsets fsyj MMO. 1o jHY ddzOW f to
fsLotdzd dzO d M dzéday cfilss'? s OAflzshd = ODJ g d3
wodzw jIsfw HisTz®©E®dedz d§ Hdzv ftodL dzOded W o '
OHjCoOldy &8 d fjtejatsHO € fdzjHEEN jdiEz 1 IsC
vsO0Cdd3 tsBOL ts03, Hdzw ftetso jJHjddw MicOo
Od3j eso fdtesdzdL O diBj sOdzZO o 3¥0 tc@w dixff wydiz"
dL ehSdRdCusicklz MtsMisOoak COOdL Obtstetse E
o' BSC O, oCds yoOs hOw fdzjHEs " dj oS8GHMG j
sj &k jtcOkte® o toj OCydoddzs? L sdzj ;
HOo dzj dzdj o toj OCydtsdadets? L tsdzj ;
tOfMAtsH BjlsOdzO;
otej d@3W L O3] tcO;
Yyjdz0 COlOdzdL Otstc® L O 1 €C¢;
BOMMO COOREE OO, 6O
rABHAE | OO Ister :
A MbHj ey XdQ ar RH]) ;
A Ctdzo jtohd® He COlOdzdL OsBsO.

-

==
o To Do To Do I

©
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l totso j HY dzdz" 2 O dzO dzd L Csi WWdyd] dzlsts o
fsLotsdzddz arweadls! COC ftwdr j LOodMmddzsml
MisOlsdMmisdud s d L dz0ud &i3" § oL OdBsMme WL
WEdS ydodzdtetso Odzdv ftesyd MMO fdesdzdL O dj
MY stcdRftetso Odz B Mdzse Odzdz” 2 dd lots & saHdR 7 dz@ €
MosBtsHdE 2 lIs dLBfM stsydesmisd d HEBddttre
slsBste OO stetso o' f sdzdzj dz dzj -~ $h3dzy § fig!
dqdzlsj tef tej sOydd ftesyj MmO, des d f dmyf sdz' 1
Yylsts ftsL o®sdzduafsls ' dmMdL B ssydzr j] § OtcOd3j Ister
HOdz' dzgj2h jets OdzOdzdL ©. v OSdd3 tsBteOL s5d3, Ml
L dzj i3j dzlstsds ftej HilsOo dzj dzdzts?2 ® fdzj HEZs M j o
sBjMfjudeOjls Cttetej Sldsiis: e EEFHsERUEO
LWWiGCldodesisd tOL dzdydzr » Mrd d3 §JetsdzdL O

2.4 0OLW©OBBISCO &jlsHdSd MdMmlsj didatsct
d&3j Is © dzO

10 Bfdetse j ftotso j Hj dadz” R dfmfMmdzj H 59 Odzq
tcOMMmdissiste j dadz” ~ o HtwjHr HEMP dR t©OLHJ d&ZOA,
B IsBHJCO MdMisj Gidese s OdzOdzdL ©O. J COyJ h
Isjrdesdzse dyd MS dJ te] G dzOd3j dzls T st olsdz; = MG
EMMlsOdzsoats¢ d toj OCbtstetse; lyYylsde j d 1 €Mt
dmfr sOdzed?2 d ftetsimde j dzdmlsr ; 1 Cdztsc d .
CAPEX/ OPEX, yJ dz 1 dzj ceostcj Mztemse ; BOL'
e j &3" d dza¥W tstc d30 wpddevdeds’ dar  dtf A t4COs o .

) MowrLd M ddesectskztoctsodzj ots?2 e OdzdL O
dzj sB R tsHd di3stsfls! © d dzlst j Seai@sydgddy 4 M ddmmdzd ¢ B dzj
LCsdseduiMSdn §sCOLOjdj2 HEY tOL OB
9" B tc@dztclz ¢ IsiiziaciAgisy d s dz@) dfp'mdiz’j 3dz" 2 f SHAtSH fi
HiStRBIsLdydj?2 d dlsjtcOlsdodzts? BtcOIlsdats?2

dlstelz ¢ Biztelgktsy d s dzOdz! dz" 2 MmdMmisj dzde" 2 § SH At
OzOdzdL O, fsLotsdzws hd?2 tOMmdzOIstcd o Ols! tsBI
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Jeots Mtz iztelz (jioBleotss 2z dacdnlse L O diagEne v L j 2
qaizd Wekdtydd, tBimfjudsOrhdj vyj dshmisdashlk
dimimdzj Hso OdzedY Y detsdzdL d&IlsORRO IstcOCIskzj sy
oLOdBsMow L Odedz Acj O&EBHE MIS KCWDIsOdzdu Olg s tc ,d3]
BdzsCd BlsotsHO  t©OLHjdjddy ftsHEzSIste,
v OC 52 f SHRA SH fsLotsdzw j Is dzd Istsdz! € s s
tcsO0dzOdzd L Jtetso Ols tc ts dz COYHBEB 1 dzj d3j dal
SCOLOIsjdzd WEdS ydsdzdtetso Odzd v .

J tc Od3C On OdzOdzd L © Zydlsr o Ot Isfmw co¢
nOtOCIsjtedMmisdS d COlsOdzdL Olststc O,T Islg jdfif dticdDdts
HOodzj dzd j, MEtsttsMmis! FolstsCO BB IsOdRO, ot
setcOded yj dedvw (slsfmizlsmise @ e tzp tets fytes ¢ € O gz
olsstcdyds’ » BB Ydzr = ftesHEZCIstse ) . Kjdzjor
9 SHIStGBH d Isey tHT™ 2 Fcdzj etsH, O kOC Y F |
WikdS yd sdzOdzy dats j ftcj HiNlsOo dzj dzd J f sL o tsdzw
SISH j dz/ dz" = Ort dzff dgff dzlstf Otc O d3j Istc O R mMdmilsj d3r
I WWiSlsdoadesmisd d EmMs2ydetsmisd syl MmO

sdzs yjor fsd tsmtse § dzdzsMmisw d3d el Gnistg @izpdassiss @sdzd
f Jtotsdzd L OV a3gz¥s © Kz)W :

1T St dzj ¢ Mdetsj tc O d3ts Idftajtadadgd L ts BAS § § IS CED
¢cOo¢ Bdzsec skzteso dzj o O MdMmisd B3O, o C dzsg yos h
Lesdtsedud MSdd d CdtsBduyd MSdd §YsHmdhls
Ftcsodzgj tcj OCIktstc® ddzd COOdzdL OltstcO, dzts
Yyddzj o &3d d fseBtsyds i3d ftesHEZCISOMN].

1 1 & 3OW d dzls § ¢ tc © y@dzO dzffiL SBRE A H dzr j d
f OLOB] s’ fesyd MMO (1 de eedw, fpr we v,
1L Ctsdzsedyj MSd?2 fMmdzj H) Wisted3Odzd L 59 Odzr Is O¢
dzj f smtej HMIse j dzdets  jtej dzgj M dz@r o dB3OIsdcd DE A
BsHjdzj?2. Clsts sBiMfjuyuydeOjls ftebL tcOydatsmls
OdzOdzdL © ¢ SCtsdzdud Miso j dzdets? d3dzets e sW O IS 5 te dat

]
]
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1 vyvyls Hd z20dsd yj MS 2 Hj GteOH ®ydtE[ls dzf &
Btsdz h ddzfMilso © BB IssHdSE, cHj C0OlOdzdL G g dzl
9 HOdzdzts?2 &KBJIBHIS] o9otHWISMHW ¢ OL Olsj dzd
d otmimisOdtse dzj dedw ©OCIsdoeo dzsfisd COlsOdzdL Ols
L WWiSCIlsdodesmisd COlOdzdL Olststc® ot otcj d3j dzd .

1 RIsjtcOIlsdo dzr 2 C dzls Iz tic | COUH4Q dxdoLClz L O«
C @l qetso Odzd j Y Zlssydzj dzd J toj ) d i3s 9 Y
tcOdzy Jtetso Odzd j €, Yysts eBjMfjuydoeaOjls OHOY L
fmrter v, twijyxddse dqdzd MmMlstekzSCIskzter  sBBYdZ =

1 Rdzlsj ctcOydw 1 Csdesdsd d MS d n d L Qs
MiBdMssd@tsMmis!'w HNlssdiRssydzOso Yy cHBE B 6 cC
Fedzj tesHdg 2 MdzjH BBl jHJddWE vy o dRdese ¢
ftsLotdzv jIs or wodzw Is dzJ Ssdz' § s Isj =
ter desydz j/ ! Ssdzsedyup@hd Oddgss2 ydoer |

1T RdsjceteOydw fls Ols d Mis d:ud M SYetited Is g3 fizs
Ctotetcj dzv yd tsdzdz” 2 OdzOdzd L ( ds. tcOL HJjdz
dzd toj dzj o Odzlsdz" § 4 toj d3j dzdz" J , O OdzgOdzdL Yk
Emsts2 ydetsmlsd tjLikzdz sOlstse ftod o 0Otc! Jqtotse
ftojHj dZOR .

1 [tedd dzsOydv dzO 9o @R BOBEHHedSE © EZydls’
o j dzd w4 ded v ftiosdLoBHdIsj dz' desfmisd ( 3 H o
tcOMh dtej dzd § EmMisOdztse ts €, ECtolzf dzy dzdz’ j toj (
stsdz! €5 LWWJiCIlsde detsfyls sj Seh dn z mls O dzts
ftetsd3” h dzj dzdetg ciag W e dzj H

SMORSNORY B3d ssHdSCd sBiMyJydoeOjls CO¢
MmMdMmisj d3dzs G ts Odz0Odzd L O, IsO¢ d ftcOCIsdyd M
ftotsd3" h dzj dedetsc ts o dzj H tcj dpdffvic sdzd L Ots I3y dz jOteltOH df
BOMh IsOB dtctso Odzd v .

10 tdmikzdSy 2.7 {toj-WiptkOy s dz®@ dz'indz@Wz € 151
mMdMmisj Gidese s OdOEZdL O sy MMO fdetsdzdL O
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MH jtey Odedj JVY hdtseodzr = 1 Is0Of tsodzts 6itsO L @d2G
ftotsyd Mmtse fdqtesdzdL O d3d Is ©dzO o Cdzs yoOjls
Mooz f Jtctseo Odzdz =~ 9 Isted  dzts ¢ d RS UR] s Bz
sfdmOdedd d OdzOdzdL § tsH ffdChdsdgeizd W(j2M < disy Jddas
~nOtcOCIsjtedmisds, W 3IPEMARRzeBY OVEFLE g o dsfMis
fBHHJteYy B2 EfttOodzj dzyd MSdnm tojnN jdzd?2e.

1 dzs¢ | . v hizEL HisdEO dz dztsy S dMOdzedj

1. ¢ dzOdzd L sz 5 d yd MS 2 MlstczCIskzte
ddMmisj GZOIsdL Oydw dMmr Hdz ~ H Odadz" n , st d fiye
f sipgtelzd § MisekzCsztedzr = d Ijrdsdzcedyd MS dn
(GOL W OL dgr 2, rlt, f zOL di3j dzdzr 2 f dJetsdzdL
EmMsOdzso 5¢ d SlHjd d' » bkjrdtsdtsecdyj M dna
sjrdesdzsecdyui MSdr f OLOd] Istetso .

2. ¢ dz2Odzd Indttsy &3 syYydmlsSd toj OCIststcO® d ftc
[YyjdeC O odzdwdedw L Okcedzjtetsy j dedetsylsd d H
Ctsdzo j edd d3 Is ©dz0O, OdzOdzdL L OltcOls dzO to
COOdzdL Ols st 0.

3. ¢dzOdzdL oL Odd@sMoaweL j2 f csemdg®isdds d ¢

1 © HOdzdzetsdz 1 IsOf j] fHtetsotsHdIlsmw dMMmdzj H iSO
fdesdzdL © &BjlsOdZO f OCyjdstsds dzO oL Od A\t
COyj Mo ® ddW tstedzgOydd. 1 dzv 1 Istsets o' ff tsdzdg"

1 Il sflstetsj dedj BtsH j dzj 2 {fdigjleaxCdifo dic j diydeic
ABted3Odzd L 8 Isfpw 3BOIsj e Odz! dz" j, 4 dzjtec j Isdy.
fsHimdMmMisj ORI (tej OC Iststs, COOizdL Olstste, fr
cOLH]jdzj dzgdY ftesHEZGCIStSO, Bd&zsCd Isjf dzstsB j M)t
f slstsSdsio dddzls § dzfind o dzsmis d .

1 ddzOdzdL WEkdS yd?2 lkCdds O d@ dz@ diz€$ Opa
Ldzj &34 dzls©  MmdMmisg ds SftejHjdvelshmw L Osdmd
gL d3j dzgj dzgdv orntHde » EfMmdzsed?2 (Isj & jtcOlskzts
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COsOd&zdL Olstste® d Hts.y),dzd lsyls 5 y if asfylo dsdfidy ji dz! o
o 0tedOydw iz f OtcOdz] Istetso .

9 ulOldmdujMSd?2 OdOd&dL fowi joxotc® i
dgimimdzj Hso Odzedj] oL OddBsL OoadMmMddsMmisj 2 diBjYHE
ftesyj MMO M dMicd Lo Oddj i3 iBj IssEss OOt
Clsts fsLosdwW il Cdzdyd Milse j dzdets §f sHIse J teH (|
LdOydd'r = LOeadmddismisj?2 (d2O0fted d&3j to, o dzd w
9" atsH H , EfmMbs2ydetmis! ttOBBISr COlOddL (

7 1lttse jteC O f tsdzdzts Is ' d H 5 $ &5 8 jiztdziizf g
ojtedidscOydw d dzt sted3Oydd S fsHimdmisd o3
1 CMMf jteddzd delsOdzr dzr = d tOMmuyjlsdz" = HOdzdz =,
OCIszOdz! detsfls: , eorwodzwe Isfpqw ftetsB j dz ©® HOC

1 dddzlsjL SCStodlsjtedj o tsyjde® d tshatztvy of dsjddac
fMeowL j2 d OdzO0dzd L © COyd Mse O d dzW tstc 30Oy ¢

LWWjCIsdoe dasfylsd (bjrndsdsedyuj mSdn, !
Lesdzsedud MSdn) , sBJMydudo Ot M dn Y4 dztsfr
fdmisj & . [ Mdzd HOddz | dzj HiSH Ol fstdz0 dz'H s

ftesdLoasHdlsmMw or Btste dzOdBBdzj J ddaW stedZBOISC
ftedtstcdlsj IsO.

1 dzs§ ¢lddOdzdL d 6y e detsE@ddifitsds d ¢
fsCOL Olsj dzj 2

4, ¢dzOdzdL {1 dzgjtecjlsdyujmEts?2 L WWjiCIlsdo detsf

{Uud dzgC O 1 dzjtecsdiip®ms R J dzddjs tePie s gzOMm i O
fslstcjBdzj dadj Isjfdzsots?2 d 1 dzj Slstedyj M ts2
fiesdLoBHMIsos oBHBKGEH O, St Hydzj dedd t6]
tej N dd3se .
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5. ¢ dzOdzdL yjdedzgr = BB YdE » EZcedzj totsH dz" -

RHJjdsdWwd S oqditso f sdzz yoO,j iZs e s Iso VY tcH s
CtcOW dIststf sHtsB dzr 2, OdtsMistczS skztcd tetso O dzdz'
CBBRB)teUd MEs2 Missddssmisd d eodzdwWdedwW dzO

6. ¢dz2OdzdL Ektetsodew 1 Cdztedyd MEtS?2 BJj L 5t

¢ dzOdzd L f 5B 5YdLG, oS \pitaiEhifds o td3f ff4 waf v § 65 ls
Isj m detsdztsc d 2 ( 20 dcd dgatz YO J [ {tcOL dzdo s ) dH
fslsj dzydOdzr desets otej HO HAzvW { Ctsdzsed(d.

7. ANd dzOdz Loz d3d yd MEd2 0OdzOdzd L

fyd dz¢ 0 ¢COfdlsOdz dg" n d 1¢Mmf dzeOlsOydts
odzdw dzdw o Otcd Odzls © Idgjlzn ddis didBa djdd3 dEAD frirflstaiAL ols, &
mM Eyy sz fsesydes? JtesHikzSydd.

8. ¢dzOdzdL Ektetsodgw Isjrdzsdzsecdyd MEts?2 a6l

[ Yd &2C O dOHY 3y dzsfisd SCtdiR3f tsdzj dzlstso z mls (
Ef tcOo dzj dzd W, teOMmyy Is o jtesWisdesmisd IsC OL &
L g dzlstseo, My smMisOodzj dzdj MISOHd?2 CHBABJ ey

1 dzsCl. | If deseg st OC IststcdzOW syj dz¢ o + WWJjg¢
ftoeddgwIsdw tejh jded 2

9. d"tOodzdlsj dz' dz" 2 BdesEe W OC Isstedzr 2 0OdzOc

ltoedd3j dzj dz2dj d3j ssHO DEA Hd&zv Mt tshmisOo c
Mo cC Y desmis-d ¢ s dep &Bdzd § 8C d -, L dzgj e dIsdyd
fsCOL OIjdzj 2, orwWodzjdadj {IsOdztsdzdzr = ( dzOcC
DMU dzO smdzts o J MW stcdsz dzd tcts o O dedz" ~ ¢ to
L WWJjCIlsdedetsmlis(d .

10 Anstedsdtetso Odzedy tof SB8d3d dzH Oyd ?

t OLtcOBBISC O ftoj HdztsY j dgd 2 i ts HOdz' dzj
fsorhjdde 1 WWjijSClsdoeadesmisd MdMmilsj &3 0o lstsdi3C
cdmMCtso .
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11. 1 jtedWdSOydy d ttseolbtstedOv tsy,j dzf O

l teso sHdIsmw fteso j o€ O HsMmisdge dzizIs™ =
tg Ctsdzy dgHts9o Odzdzr = L d3j dgj dzgd 2 M d OffaOdzduL ©a
Mkh jilso j dzdg’ 7 tOMEGYHjdIWE of §f Sdzdz” j 5w
d/ ddzd MfJjuydWdecoydd hBtsHjdd M §sMmdjHEs"
Msec dzOMse Odzgdz" =« d otMftesdLoBHIB - toj L d

12. ISHHjt O EftOodzj dzyj MEdma toj N j dzd 2

t OLtcOBBISCO tojcedzOd3d dzlstseo o dzj Hicj dzd W  dzO
iy ddZsse, WeostBdteseo Odzedy tof Stsd3j dzhn Oyd2
HOdzdzr = d dlsjtcOlsdodesy ftsolststejdadi OdzOdzd L

Il JlstetgOstdsds Odzdzr 2-%W e § stz@detsdz” 2 f SH A
yJ dztsmis dzr 2 Gdzsc W OC Iststcdz 2 OdzO dzd L i tots
fsLotsdzy jIs tOMMdzOIlstcd 9 Ols EmMisOdeso C 2 tSHC
Wikdyd?2, or weo dzvwls! oLOddtsmew L d 34 N
Isjrdesdzsedyd MS dJ, 1 Cedetsd3d yj MS dyJ d 1 C
mdmilsj dzdzr 2 L G dzW H sBjMfjyde Ojls i ts dzdzts
M sMisOo dzj dad j teOL dzd ydz' ~ o Otcd Odzlsts t
Pdzd W dydtetseo Odzdz" = Ctedisjtcdjo 1+ WWJClIlsdoe datsfl

[ MisB | dadets fmlalztssy j eties 2 d3j StsHd S d wWodzw jIsfr

OHOf Isdo desfmls . Il Cdzs yjdedjy detser n o Oted Odzl
HsBOo dzj dzgd® 5 §OLOM®R) seseo o BOLE HOdd !
fsLotdY jls fjtOkdodts tsyj dzdls: dgoyr

LW jClsdodesfisd d ©ftwjHjddls! (lsjdydod
I ssdk MdMmlsj dde’ 2 §SHEGH Hj Bsdhstedielz]ls
feOChkdujMSky fteddsj ded Bsfls! tjLzd sOlse
IsO¢ d Hdv fsHH jEfYE BftQaafpdyts d3Of
flosds h dzj dedes ol o dzj Hicj dzdd Isjodesdescedd .
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1. AHa/I3 TEXHO/MOTMYECKO CTPYKTYPbI NpoLecca

B!

OnucaHwue
XO/HbIX/BBIXOLHBIX
MOTOKOB, FPaHML,

cucTembl

Onpegenexue suaa:
razodasHbiii,
UAKOMETANANYECKNH,
naa3mMeHHbI 1

PaspaBoTka
CTPYKTYPHBIX U
onepaTopHbIX cxem
610KoB 1 Y3108

MapameTpbi: T, p,
pacxop CHs,
KaTa/n3aTopbl, Bpems

BbisiB/IEHIME CUCTEMHBIX
CBOWICTB M OrpaHUYeHNi

/

9. CpaBHUTE/IbHbIA
MHOToaKTOpPHbIN aHanus
3¢ dekTMBHOCTM

'

2. AHan13 NOACHUCTEMBI OYUCTKU PEaKTopa M pereHepauum KatanusaTopa

N

3aTpaThl M 3pPEKTUBHOCTL
pereHepaLyM/BoCCTaHOBACHMA
KaTanusatopa

BanAHME OTNOXKEHNIAHa KOHBEPCUIO
CHa v cTabunbHocTb Npouecca

Pa6oTocnocobHoOCTL NpK
3ayrNepoXKMBaHAN

__
.

¥

3. AHanu3 B3aMMOCBA3e NOACUCTEM U KauecTBa MHpOPMaLUK

-

Ananma GyHKLWIA CraTucTuueckunia

MocTpoeHne mopeneit Mposepka NoNHOTLI M CuHTes kputepues

~

4, AHanM3 sHepreTMueckon 3¢ beKTUBHOCTU

-
-

BbiGOp 1 060CHOBaHUeE UCMOJ/Ib30BaAHKUA

mogenei DEA metosna

CCR/BCC, SBM, Super-Efficiency

Pa3paBoTka anroputma
MHOTOGaKTOPHOTO aHan3a

OTK/MKa Ha aHanns ceAsert
W YNPasnALWMX NOTOKOB NOTOKOB Pecypcos, A0CTOBEPHOCTN OUeHKN -
SHeprum 1 nHbopmaummn Knotesble MapameTPos 1 AaHHbIX. 3bdeKTMBHOCTH peKomMmeHAauun
\_ P pmau napamerpel BbIXOZ0B. -
\ Wcnonbsosauue Slacks ana
v onpejeneHus HanpasaeHna

OTuéTHbIE U 4 Pa3pa6oTka cneynanmsmposaHHoro Mo B
“ - o OPMHPOBaHNE MaTPHLLLI
IKCMepPHUMeHTa/lbHble BanaHc Tennosoii v anekTpniecko YaenbHble 3HEProsaTparsi, BAuAHUE KaTaNUTUYECKOM CMCTEMbI Ha ;:I MEQTMQ emeuﬁeu
AaHHble SHepruu NoTepy M MyTH NX CHUXKEHNA 3HepronoTpetieHne P P

- I\ — I\ —— ) T

I
( 11. Bepudpurauma u \

NoOBTOPHaA OuUeHKa

Ananus adderTuBHOCTH nocne
BHE/PEHIA NIMEHEHUIA

ConocTaBAeHHe C UCXOAHOM
BbIGOpKOI

10. ®opmuposaHue

|
)
4

onTMMK3aLMn

|
g
)
|
|

BHeceHue U3MeHeHuit u cHATHe ]

X \ nokasatenei npouecca
r 5. AHanu3 LeHHbIX no6oYHbIX YrnepogHbIX MaTepHUanoB OnpeaeneHve napameTpos 4na DEA NG
B/l na6opatopHbix OueHKa KadecTBa aHanusa 1
P
UCnbITaHUiA, onp OnpeseneHue Tuna rséL:aAoroyrnepop,a OueHKa J0X0AHOCTH aaﬁe;:;s;;;::sawea OnTumusauma
NNCTbI noBo4Horo yrnepoga ans (amopdHbit, rpacpuT, CNT, OT MpoAaXM yraepoaa [I0/TOBPEMEHHOTO
- , , , ccu
\ sbiGpaHLIXycnoBuli dynnepeHbl) (ccv) 3axopoHetus (CCS) BbiGop
——————— >
T uenu
( 6. AHanus ypoBHA 3Ko/orm4eckoi 6esonacHocty Mocranoska 3MI
" e R
p SKonoruyeckue ToTeHLMa bHBIe BLIEPOCH! U yTeuKy OueHKa pUcKoB aBapuiin LCA-TpaHULbI, YIPAB/IEHME OTXO/IAMM U BHeppenme
TPeboBaH1A 1 HOpMaTUBbI (B T.4. XMP) CleHapues 0TKaz08 cueHapuy Eol
\_ \ y, Y, 12. MNopaeprKKa
\. T J/ ynpasieHYeckUX pelieHnui
e - PellieHue 3334 MHOTOdaKTOPHOTO P
7. ®PUHAHCOBO-3KOHOMMUUYECKMIA aHan3 ananusa €I/1aMEHTLI BHEAPEHNA 1
s N o ™ macwTabuposaHue (Hanp., 10 Tbic.
T30, CAPEX/OPEX, LieHbl T Hy/rom)
3Hepropecypcos CAPEX no BapuaHTam peakTopos, OPEX: sHeprus, cbipbé, BAusiHMe TUNA yINIEPOAA U BbIXOAA Ha Ha
matepuansl u KUTMWA pereHepauna, nepcoHan LCOH (
J Y, J HacTpoiika umknoB o6HOBNEHMA
\ J b/l v nepeouerkn DEA
L AHa/IM3 NO/Y4EHHbIX MHOTOGAKTOPHBIX
4 - = N OUEHOK
8. AHa/U3 YPOBHA TEXHOJIOTMUYECKOMU rOTOBHOCTH (TRL) M HAaJEKHOCTU 4 M
3 N\ R
Jpyrve ncrounmkm (IEA, N TRL HaEKHOCTb: MHTEHCHBHOCTb 8 6 Wtepauwmnm ynyuiwenuii (PDCA)
ny6/MKaLMm, naTeHTbI) no BapuaHTam, 3penocTb InAHME Ha TpeboBaHMA K cucTeme
o6opypaosanus oTka30s AaTukos, UM, ynpasnexns
perynatopos
\ ) \. < t v,

{dMzdzi & B ¥ KiteRny s dz0dz dzOw M2 j BO K’j ssHdSd Mdhmisj ddtsc ts
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{ANJHO] BB" BB tjLizd sOlstsd3 f§teddj dagj ded ™ o
Wstcdzdtetso Odzd J Mot sBicOL dats 2 c BOIsted yr
LWWiSlsdodesfplsd Isjrdzsdzsed? fdesdzdL © 3 Is
Hd Of OL tsdz f OtcOd3j stetso , ftod Cosusitshied 5]  tstdf
Hj dsdzmistcdtclzjls dzOdBtsdzr "z¥ toj L zdz IsOIsd o da
1 dzj Slstetst dzgj e d d d 9" MsC 52 f slstcj B detsfls c
BOIsj tcd OdzOr dOdBtSdZzj j YJjdzj MstsBteOL dz@ d3 €
COC ftod orf MisCisdj Shisdads g fdsdd d d  dzO dzd y d ¢
Zcdzj tetsH B sdzj j 9" GsHjdz COLOdzdlsdyj MSd?2
Zcdzj esH O. [ dzw Hy Yy dzlstcOdzd L s9 Odzdz’ n i
OolstsL Of tcOo sydz | MisOdzyd d) fiojH sYylsdlsj
f dzOL d3yj dellzinls Odztso € d O Hdw Ctolzi dztsls tsdzdz® d
tcj OCIsster fn YJHC s IsOdzdzd yj MS d o3 tc O f
ftesdLotHmMlse jdedz" § yYydftsycéd. I sHBBA jJ or
EyyIlsj bjrddyjmédn, 1 SCsdskdyjmcédn d 1 ¢t

Il LOCd&zsE yjdedd MdzjHiEzjl ls@iEHds o mgldds
OdzOdzdL O B EZOHOjIs dOEzydets?2 desoadL dets?2, -L C
WizdeC ydsdzOdz! dzsegts §f SHafSHO, Cstete ] dzv y d 5 dzck
fdte B ddz" =, OdzOdzdL © yYPaAPlzald ©] do' dzfs it delz
Bdzets ¢ sW OC Is ts to AR 2 ) wizBfddzj Sufdzr 2 f sHAtSH B
OdzOdzdL O, Mdzedy O4Is edzdwdzdy MmMkei jCIsde dz A
sBMmdtseo ™ 9 Ols! ©OYdsdzOdz! dz" 2 o' BiSte Isj » dzfs
1 6O0¢sdyud MEOv L dOyd B3smis! 34 Is Hwizd Uaf dzéf) §s ) 16
shdtsoz Hdzvw dBOMhIsOBdteseo Odedw d f tetsd3r " dzj
CsdeS Ztoj delstsf ssBdets?2 d 1 Ssdzsedyj Med ydf

25l " 9atsH' B olststets? G dzO9 §

1. lttso jHY dzgdzgOW fMdMmls jE30k § & @y dE c did dzdz0
fJesdffcs®©0L 0dzO, Yls s i dtcsddL d3d Is © d&zO 1
Isj rdesdzse dyd M d tcOL dzestctsH dz" A ftoesyj Mt
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COsOdzdIsd yd M¢ d2, NdHEtsd3] IsOdzdzd yd MS d2, fn
sBh j2 tj0O¢ydi?2 tOLdsyjddy oG epdo?2 doo
tcj OdzdL Oydd ftetsyd MmO ~nOtcOCIsjtedL 2] Ismw
sMmtse § dedets yls § 2 d sC¢OLOlsj dzj 2, Ylsts tsBtsf
Bdzetsc sW OC ststedzgtse 5 f SHASH O.

2. [ Mmdetso dzts § o dzd 3O dzd 4 ZHjdzvjlsmw Yd Is
o Otcd Odzls Oz  tj LB dedAsydfj ME s6 ts fdtesdzdL O:
cOMmMYf dzOo J , 9 GOL W OL dats 2 mMtej HJ , ) f dzOL
VLEOLOdzdz | toj OCydtsdede j Mmtoj HT HJ Bsdzmlis e d
1L Cdetsdgd yy MSdms d 1 SCtsdzsedyjmMSédr r OH®@G I8P
Bdztsy J Mlsoa © 1 CMYf jtod d3j dzls Odz! dzr = d ftesd3r h
Ok ydzs?2 d&dlsjtcOlskztcy] d GlstcOMmMdzj 9 = BOL On
1 IsOftse tj OdzdL O6ydd d MmdMmilsj dzdes?2 tsyj dz€ d
d3d Is © dzO .

3. 1 tsHEtsBdts i dmnmOodd d¢ i Zzeddddzls ¢ d
ftetsyd MMO COOddIsduyuy MEtsets fdesdzdL © o
ZzOB stcOlIssted d 4 Od3f v L Cl1JdWIlsjecOL s § Isj ~
ClOWdlsOe . sdMmisj BBOIsdL Jietso Odz dz3OMMd o d fr
(§f sdzkz yJ dedz’ ~kz MizO dzts dsSBim ) fs Cdzg yjor d@z nc
o ¢ dztg OB M (2 546 LOd3j tets o fs 43 L €My Jte
COOdzdL Olststetso .

4. | OB Or MkOldmisdyd MEsets OdzOdzdL ©
Cdz¢ yj o' n nOtcOCIsjted Misd ¢ ftesyy Misigls o {ff di
Syd dej dz¥  MmewiLd BIyHE dad B3d, O OCYJ
(O tcdd3j 6, BMisOltsydetsy MBHJj Y Odedj d3d IsO«
vdMisdtetso Odzd J§ dzts te 3O dz! dzsyils d tcOMY toj HJ dz
ftosotsHdddztsm: 5 Ctoddsdf edetso ®© 5 dizZts & 15 jo e Pfts
tcOdzc sotsdisz C st WW dfigd § wetf 3] delf detb izdzsdzOf | BM ¢
fsLotsdzddz MW stedzddtetso Ols Jlstsetso " 2 dzO B st
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f OtcOdRj steso  Hdzvw HOMz dgj2h jets OdzOdzdL O dz
Bzdz' sd ¢ sdzdzd dzj Otcdesmisd d ftseor Mdls! dzOHY ) C

5 COyd Mo j 34 ldstinriasdats ¢ dfyd i€ sBdzts 6
Mistclz € 5 bz tdafety) d 5 dzO dz! dz" 2 f SHRA BSH fn dJ tcOten
dlsjtcOIsdo dzts? BtcOIsdets?2 Mewr ! s . [dz ftsL OIS
Yyd dzsfylsdalz® fMdMmisd Bz M Bdatsy j Miseo s § sHMmd Ml
d Ldgsy dztsmyls Wistedzd tets o Odzed W o nBHA A d
dmfsdzr L s Odzedw o  HEED dadgjL2j". | dst @L B As s O dzdz
fBHAaBHO &BjIssHdCO MdMmMis] BBdese s OdOdZzdL O Is
1 IsOf tso Motk f Jtecso Odzdz" = o 1ptodslf d O ded3fs f
fsufmdmisy B 2) A BRI UubNEdicH { Csdscdy
dqdzls j ctcOydWw HOdzdz' = d-sdfdedz€ ©W @S IS vH 20 B
EftcOo dzj deyj MSdnrm toj " jded?2.

6. t OL tcOB 5ls OdzdzOW B ssHISO BlsdzdyoOjIsf
Bl jCO; ftow dzs?2 ddzlsj cteOyd | 2 -0dpo dipfn tsffgs ©
Hd dz0d3d y4d M&E ts2 HJ GteOHOYdd COlIsOdzdL Olsstc O
stedJ dzZsOydj 2 dz0 BOMh IsOBdtctse Odzed J .

7. | &Z0e O 2 Westtddtelz,jls -dijldstdssicddiRj ME § & diz3C
dzj sBatsHdd3r 2 H REA-QdAgd-LEH O ¢ dzOo j 3, G H
Ctsdzd Yy Mise j dzdzOW syd dz€ O L WWiClsde detsfls (
CsdeS zZtoj degstsf stsB desfylsd tslsH j dz dz" = M~ j e5 1
1 CedetsdBd yd MSdma EmMdzsedw .



108

3 [ iz W OCIststedz” 2 OdzOdzdL ¢ wWJ Slilsde
Isj m dzsdzs G d QOISOdzq'ISq’qur]QBGIS i1 dt

]l Mot i3 dedz™ » EMzsedwr fjtejrtsHO ¢
L dz0yJ dzd § ficdtsBtcjIsOs Is 3 IstsHT Cdzd yj m
ILWWJiCIlsdeo detsisd Isg Ewldgldas@ d d s toistfwn O. ] ot
fdesdzdL © RBIIsORO fHtoj HMIsOQodzw jIs MsBts?2 M
SfteJH YV MY MBseatsClkzf dsmis! & Isj ~dsdzse dy,
WOCIssteso . ltcd 1 Issdz or MsC Ow fn dzts y d&BImds §
COOdizdL Olststetse d tjyddse twj OdzdL Oydd
ftedd3d dzj dedw MmdMmilsy dgde" = d3j ssHtsa OdzOdzdL O,
otsmMftesdL otsHd B | tcjLEzdz sOIsT | f sL 9 tsdzw
Wizdz¢ yd sdzd tetso Odzd W d s toj HJ daf dgts ¢ d y §izG
Mse j toh j dzfise tso Odzad W .

JHdddB dL Is0¢dr (J dzfipstecEndgiopriens Analysis (REA) Is fr
d3J Is B H dzj dzd dzj 2 dztse 85 RBdesesCtedIsj ted Odz! dzts Gt
slsdetsmd s j dzv dats 2 LWWJiSClsde dzsmisd dmmdzj HI
1 €My J tod d3j dzls OdB' jdgr ~d MHfOdEdz" Lrts o Odzd W MEzei j € s
ltedd3j dzj dzdj DEA fYwLotdzw jls ddzsjctedtctse Ols
dzOB tste o - SH dg' n d or atsHdz = f OtcOd3j Istets o,
(GOL sWOL dgr 2 d NJHSE S IsOdzdzd yd M€ d 2 i dt
1 WWjiSIlsde desmisd, O kOS] VWVWbtcdzsdteso Ols! da!
SflsdddL Oydd dmmdzj Hkzj 3" ~ ftesyj Mise.

l ®©OLHJjdz 3.1 Bt 9 0jlsmw or BBIG
Bdzesc sW OC ststedetse s OdzOdzd L ©O. 10 Bhdtse | )
WstedRBzjdd figtz fMtsH j oy Olsj dz' dzOW f smisOdzse € O
ftesyd MMO HdtetsdzdL O. [ Odzi 4, ©® HYBHt©GOLHJ
Bdzsc sV OC ststedzgse 58 OdzOdzdL O dz0 tsmdzseaj DEA
LOHOYd, MOodzj dzdj BsH ] dzg Biodds dsthiaiens 6 & &
t OL OB tsls Odzdzr 2 Odzetstedilsdyz §tedd3d dgv §j Ismw )
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McOo dzd Isj dz! detsets OdO&zdL O + € MY j ted d3j dzls © dz
M sMmilsOo dzj dzd v Isj - desdztsc 2 GOL s OL dztsG s
f sdzdets?2 Mtsh sA Bedes)ls (3. 4. 1) d Hddw eor Bt
COOdzdL Olststese (3. 4. 2) . 10Isjd3 © f BHtCOI
O dzO dzd L f OtcOd3j stetso GOL BWOL detsg ts i d tc ts dzd
dmmdzj Hizs smqw o 3.4. 4 fm chishjdj 2d3=HYjWdgjRls
BOMh IsOBdtetso Odedw . [ dzv ftejHj dzj dzgdWVv dzOY to
dmMfsdz LEzjlkmMy &sHjd SBM, MmMtesdlsmv &OIs
d Mmdmisj BOdL dqtekz® sw My dzOtedd f§tsor hjdzq
o' wodzW j sy d Qdsls Mtse j toh j deffls o s Odad W Isj ~ dz
fdtesdzd L ©O. c)d@pojlach ©PiIsHe] df Bistbtctsdz ff tod o sH d
sehdztso Odedd + WWJjiCIsdodzsMmisd ftej HdzOG OJ d3" -
1 sodLdzO0 ftej HEZOGCOjd3" = © Gcd&zOo ) f tSHA B
ftocdd3j dzgj dedd ©WHO dBsHjdzj?2 d&jlssHO DEA H
tcj OdzdL Oydd ftesyj MMO fdqtesdzdL © &Bj sOdZO o
fn yd dzv ¢ or wodzj dedw s IsSSHJAFO dzts glzh F dzds?j.r dzts &
DEA-OdzOdzd L, tjOdzdLizjd"r 2 o O Or MdMmlsj &
Eydlsr e Ols! 1 dzgjtedjlsduimedy, 1+ Ctsdetsdzdygj MSc
fizh jMmiselze hdj e hj ded W d tftjH]ddls!
l sdzz yd dedg'L jz dz! s OlIs fsLodzv e Is dzO Iz y dzts s
BOMh IsOB dtetso Oded * d ftetsd3” h dzj dedzets 3lz 9 dzd H
Isj mdzsdztsc d 2 . s O0Cddz tsBtOL 543, HOdzdzOVY G dzO
MdMmisj Ggdese s O0dzOdzdL © d filsd BdL O ydRts dfdafste s
B sOdO fted fHtesdLoBHMmMISo] OBHBEGEBHO, sB j§
9" BBt d MkOIjedy Isjrmndsdtsecdy MEe toC
3.1 [BBmMdzso Odzed] o©" BBtGO diBjIssHO DEA
sttt CIsdz 2 9" Btste By ssHBERESe]J d
HsMistse j todzsMmis d bk dz/doQsss mistf ted tejd mdzj H
sjrdsdzcsecdyj MSdr ftesyj Mifse .
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DEA {Ists hdtesCts tOMfteshisteOdsj dedz’ 2 3]
shdetso Odgdz" 2 20 twjh jdzedd L OHOY dBOIsj BBOIsd
Wodzw jIsw dssh dz d3 ddemistelzd3j dalstsds H dzv  Is=y
sBl jClsso MtcOo dzj dzd Vv , - Ot Is ®d dzlz ts s Bz §
[1091112] . RiMMMdzj Hso OdzedWw d3 d ftedd3 dzj dzdé D
MsOlsj2, HdMMjtelsOyd?2, dBsdsctOWd2 d dMmfc
DEA &jbsHO o  shhdsdsY fatzt s szejjldafjud o P
Cdels j € Mls OdzOdzdL © ftesyj Mmse Isj ted3ts € OL
COLBYWOLBOaB?2 MtejH] d © YJHSCtBAG IsOddd yj fi
LWWiGlsdoeodzsfls! twOLdzdydz = Isjrdesdzsed yd ME
HazV sffBddi3dL Oydd.

10 tedmMikzdzeSj 3.1 fHftedoeo jHjdets M sMmils Qo dz
f sHAtSH O Bdese sCtodilsj tod Odz! detsc s OdzOdzd L
C OMMdujMSdn o&kjlssHtss dhscsStedlsjttd Od dz
fsdmMs XOHJEOdz dz' = tasjfiplsjicd@fi2iise | f @ s ZMmis d
DEA tjOdzdL zjls ddets? totciOhdmHyz 3 di W izdts disfirjdi
L3 dtedyd MSdr HOdzdzr = d Byddzdo Oj s tsisdzts
sBl jCIlsso ( DMU) ) OdzOdzd L dtelz j d3ts 2 Gtolz
WikdsH Odzj dzls O6zlstdgte] ¥ ftoj dqdszh jMlsoa ©® d3j IstsH
orBeite COC IjittejbdyujmMis?2 Mmdtseor HddwW daC
fldzj Hizs h j1d8].[ 1 0 9

T MmMOtOCIsjte d d3datsc tsd3jrifdysiylsiits o @ Gdzjzr s
tclLEdz sSOIOr S Jjteddgi delsOdz! dgr = Mmdted?2
Csbtster 7 dMfsd Lezjkmy hqdesSd2 MyjSlkt o
ftedetslstso dzj dad v , tcOfMmn~ tsH B s OdzO, f OtcOd3j
O SHBSHAX,sj BPMGIsdCd kcedzjtesHdesets sMisOIs¢
fsCOL Olsj dzj 2, Colister j ddjsls tOL destetsH dzlz
DEA fsLotsdzV j Is tcOB tslsOls fn IsO¢ d di3d
ftcjHOo OtodIlsj dz' desets BB jdadWw ff 5C OL Pfists alj
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Cmi WWdgydjddssea, vyt StdlsdyujmMSd o0ydts
fesyd Minse .

T 1dsSsfMmis! d dzj § OOCEOALR] dsels{ s MUs@ ¢ dz¥ y ¢
Sdz dzj btejBljls LOHOGIY Ykdtydsdod ds?2
o Bldduydd b f{RidOsfitseted ulf BBz § tod d&3d
yj d&zj NscBtcOL dets dz®@ MOHdw: fosj Sl O
sjndskscd? (¢ Cobtst’' & slkdshmdlshy ¢ O0lkOd
BOlJ BOIdUd ME s HIdMOddy dej dL o Misdzs ( dzc

f 1 SHO®H fesdeyjlzdo O) Bséts (BBhgElsD o
sL ZOYOpPEA wigFddoaOjls SOYHT2 Bl jCIs o dz
Eizsodw s, orBduOY IOCH] 9jMO onBHEGS
qdzn o dHEOd dek¥ tsyj deSk W W S lsd osdetyfifldsid. o df
ftcd LOHOdd ojfMse d BBiMfjuyudeOjls BB
tej OdzdL Oydd fsyj mho.

1 RHJdlsdWdsoydw 1 Is O dzts dzdelzls-j te {f teBj | IS jOSY|s]
fOCIsdyj MCOw EEA defldstsi sy sodBdekzjls ¢ & o
#O shdsej dJd&j¥HdIEoOL oGk S$O0Sdd GBt
sBi jCIsr dBsckls Hshisdy' k2 cwOddy’ .
sBi jCI' MOodzgj dzd™ s + WW,jClsdodasimlsd, dat
ftsor h jdedw.

1 1dBStmis: d ©OL dskp B0 6zt dthh j BFA .
EVHESd KsHjdj?2 (CCRffBEQG,enBN, SWOperow

o M Ols! Yy dydwdud mM&dd dMmMmdzd Htse Olsj dz MEC
LWWjClsr, BfwjHjdvis! LOfOM kMss2yds sl
ft fbsdi § jt W% jSlsdo desflsd, o1 Wo dzW s &0 1

sBiMfjydoeaOjls oatsL @3y desmils! f sMmlstetsj dzgdw €t
OdzOdzdL O, BroOIr 908h jets oMmMj OMYJjCIlr sy
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HHTepakTHBHbBIE
Metoas! ckansipu3anuu P Data Envelopment
s O MeTOJbI MeToabl HCCIe10BAHMS Analysis
Meron KPHTEPHsi, METOJI [JIaBHBIX (L, IBLBE MR, TPOCTPANCTBA NApaMeTPoB (Teo eanec{caa O0CHOBa
purepui, PROMETHEE, TOPSIS | (ontumusarus o aperro) p ¢
KOMITOHEHT H T.JI.) i) HCCJIeI0BAHHI)
Baenenue ennHoit Pabora ¢ Gonpmum HaGOpOM
N Hasnauenne BecoBbIX N
LeneBold (yHKIIUH Kak B —— PABHO3HAYHBIX PELICHHH C
CBEPTKH HECKOIBKUX HCTIOJIb30BaHUEM Becosrie koapumeHThI
N HepapXHU LeleBbIX N
Oco0eHHOCTH (YHKLUIA ¢ M3BECTHBIMHU T JOIOJIHUTEIBHON OIPEACIIFOTCS B XOI€
(bUKCHUPOBAHHBIMU Y uHpOpPMALUH O peleHus 3a1a4u
IIpoLeyphl aHAIM3A U
BECOBBIMH CYOBEKTUBHBIX
ONTUMH3ALHN
ko3 dunreHTaMu HpeIIOYTEHHAX
Vuér Cy6beKTHBHEIE OUEHKH CyObeKTHBHBIE OLIEHKH CyObEKTHBHbIE OLIEHKH Cy6ObekTHBHBIE (PAaKTOPBI
P P — (ZKCHG e (3KCTIepTHBIE MHEHHSA) (3KCTIEpTHBIE MHEHHA) HE BJIUSIOT Ha
y enon '{PITI)III:HIOTCH sapanee BJIHSIIOT Ha IIpoLecc YYHTHIBAKTCH NOCIIE IIPOLEAYPY PCLICHHS H
y P pelreHus 3a1a4n pelreHns 3a1aun aHAJNN3 PEe3yNbTaTOB
TIpouenyps!l ananusa u
dopMyIHpPOBKa, TIPOIEypa PEIIEHHS] H aHAJIH3 PE3yIsTaTOB OCHOBAHBI Ha OITHMH3AIMH CBOOOTHBI
5
BoiBoa cyObeKTHBHON HH()OPMAIIMK WA 3aBHCAT OT JIMIA, TPHHAMAIOIIETO PEHIEHHS, YTO 0T CYyOBEKTHBHOM
£l 9
qacTto HpHBO}IHT K H€O6'B€KTI/IBHLIM " Jaxe HpOTI/IBOpe'-IaH.II/IM HUCTHUHE pe3ynLTaTaM I/IH(bOpMa[H/II/I Hu
3KCl'lepTHI:IX MHEHUU

{ M dzts @ 5§ shls O dzj dzd j OREL | BEZOd Odzmd3d
Bzt sCtedlsjttdOd dzsdts OdzOdzdL O (

LEOL Odedz § ftoj Bz jMsea ® HjdzOsIs DEA
syjdSd 1 WWjiCldoeodesMmisd tOL dzdydze" = toj Odzd L
Eydls™ 9 Ols+ d3dztsy § Mise § dedzsmis+ @I s tefts ots B § fify
CsdeC tojlsdz" | tj Sz dzHOYdd 5 sflsddddL Oyd «
1 tod d3d dzj dzd § DEA ®&jksHO fLoatsdvjls yjd
cOL dzdyde" = + EMY jteddsd dzgsOadz' dz" = EMmMdzsead?2 d
Cslstster j f dzjlsndiAagitde O IstefdVy dz H dzw sflsddidL Oyd
flsjdydoOdz dz@r | oL By detsMisd HdzW & dzlz yh j dac
ftcjHBMIsOa dzvw CtsdgCtejlsde j toj CSd3j dzH Oyd d
fsCOLOIjdzj 2?2 iPyjMlsea® [ 109

32 utsH jto) Olsj dz dzOwV OfHEOMYE O dztzez® @S WLOC Is ts to
L WWiClsdeodesmisd ftesyd MMO fJesdzdL O

ltesyj M COOdZdlsduyj MSBets fdesdzdL O
y d fmdzts d3 oLOddBsmMe WL Odzdz" n WOCIststets o (s
LdgjteejlsduimMmedrn d { Csdzsecd SR dessis st

L WW 4 ClIsd.o dzts tigls ded dzd J HOY J SH dzs G 5 fsC 0L
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tcOL dets dzOff tc Qo dzj dzdets] o dzdwdedy O 1 WW jiCIlsdoe
Isj B J cOlskztcr ko jdzdydoeOjls Ctsdze jtemds dgj Is(
EfCstew jIs disf L @COdsdoed@y Olsste® d fsor h0jls
SlIsHjdz' dg" =« ft5COLOIjdzj?2 (d2Off tod 3§ to, s 5 dz!
fsLosdzw jls ftsdzzydls! Ctditfdj CMds] ftoj Hiis
MowiLd M 1Isdd3 otLddC0Ojls dzj B -dzEdHBENSES
syjdeSd, Mftsmsedsets ddsj ctedictss Ols! tcOL dat

f dzse W OC IsstedzOW BBYJ dz¢ O + WW J CIsdo detsfmlisd
srRo 0Ol 90y MdzjHkzshdj] ctezffr WOCktteso:

1 bkjndsdsedyuyjnsd]sfiegatms h j §sC0
d3 4 Usdz0O My dzj CIlsdoe desfls d fts o SHEBSIECSH Iz,
ftesdLotHdIs] dz detsfilsd EMmlsOdetse € ( ;

q L Csdesdid yd M dj SHsBGIslkotstgr o € dz¢ yoOe Is Y
(B sOdz), COOdzdL Oltste” , 1 dzgjtceds, O I[IsOC
o BHSeBHO d tsfiselg dazstctisp@,tcH B dedzts iyls ! Csls
o Otc! dqteso Ols! MW o LOeadMmMddismMisd s jets MMmlis
Pcdzj esHdzr | dOdeslstezBCd, ctwOWdls) ;

1 1 Cdzsedyj MSdj tWs@OsOE™ dj ¢ O0L Olsg
sCtolzy O h [z Mtcj HE ( sls fglclsfiplisend j COff oW ¢ztcqd
stse J dzdetsisd tBWOh jdzedw M Y dHC sdE] IsOdzdzd

q Ldzgjteejlsdyu MSdy SCHEBGltstgr EZydlsr 9 O k

Isj mndesdztse d fdesdzdL O, weo dwsh jgtsipw 1
LdgjteejIsdui MSEe yj dedesfls: ftetsdL o Hj dzdzsgt
1H 4 ! d HOdzj | fts Isji ¢Miskz H dzW 5B

WS ydsddtetso OdzgdY Ctlststosets yj dde Of Isfqw
O dzal d2ecision Making Unit)i j Hd dzd yO© fteddawisdw tj h j dadw
dmmdzj Hse Odzd™w o COyYj fMilse j Jj EMUE 2tc O t
fdiesddL &jlsOdO, ftosojHY ddzr 2 Gtod 6§ tc]
COMNtsH KjlsO0dzO, Ij&fjtcOkkztcd, tjydd ©OB
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Wstcdzsdtelz j sfqpw  dzOBtstc o nBBHAZr » f OtcOd stetse
tcj OCydfgr ®H tet® MEztemso , O BOCYJ dOBBEK o
tejLbEdz sOIsr fetsojHjddw ftetsyj MMO.

lted Wotedid cts-az@dzd qgd DEAJIs™ 9 O sfqw € OC ¢
ftesyd MMO (Sdzo j temdw d3d IsOdzO, 9" nBH 9
n OtcOCdsdejiey j dzOIsj dz! dzn = és of Bfgdefsiwdzd i3 tsls dzts
SBicOLtso Odzgdj] (BB yYydetsets Isoy BH St kiElda dzd
mMsfzlsmMisekzs hdj 1 CMf z2OlsOydesdadz §j tedmS d
otcj BBj dzd OBl COIOdZdL Olsstc®) . stsdzj Is
L WWJiClsde detsfls slsdzsmwilsmwy ¢ OL Olsj dzd ¢
sO¢dj dzj 8 § ZO Il isck'Odz OIs j dzd ftoj HdzOG O] Ismw
Hs sdzded Isd dz' dz" § onAtsHASQSC (4 @Y dsjddedd § § toj
tej Mztemr / L OlstcOlIsT Fdsjdz hOshdj 1 WWjiCIldoe
tcOREOr JjHAiEEY ZOPEASY sMisOo dzv Is 9 Otcd Odzls '
WOC Iststets o : ted Mtemdzr &3 ( OMrtsH d3J Is OdzO, q
O SHIStIGBH O, Y J dzdzts s Zcdzj tetsH O) d §tsBtsyc
1 Cif &z Ols Oy d s dadz" j sScteOdzd yd ded v ) . v 0C 52
ftoddzj dgj dzdwv DEA Hdzv OdfO dzdSL =dzisicddjytg dnis ldsd® y J
sjrdsdzscdyj mM¢dr ftesyj Mifse .

I wdMmMmj tlsOydd HOdid dmfsd L)l M

1 1 OteOd3] Isite'm OtcOC Isj tcd Misd € ftesyj MG
slstcOy O h dj Zhdztse W ftetso j Hj dad W tej OCy
sj B3 j cOMEE@, dig® Odz0, BOMMO COlOdzdL Olsts
WBtedzdtelzr Is ontHdz J d orf ¥sHdedzd . J toj d3 dzde

1 1 sCOLOIjdzd  WHGISdgitevdgsdylsy o j dzd yd dz
sfdmr o0 hdj tiLbkd SOIsde dzsimis! fetsyd MO
Ctsdzgo j efpd W 34 Is © dzO, i dzj CIlsd e detsfls fts
ftoesdLotHdIsj dz' datsfls! EmisOdzseo € d) . 1 smC ¢t
SHdodrgtlzj o Miskzf O Is d o tc 5 dzq fsCOL Ols
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HdMMJj telsOydd tBO IsjtedzdddzO dBtsclzls dMmf sdz! Lt

1 stedlsjtedd +WWjgddpeasPizdds j MBBlsdash
smizh j Mlsodzv jIsmw yj dz¢ O d MtcOo dijlalyi Slomilsad:
Ctedlsjted?2 1 WWjiCldodesmisd ftcjHMlsOoadzw jls M
f OcORRJ stetso ¢ tsBtsBh Y dzdzr 3 o~ tsHdzr d3 § Ot O
f sdztsy J dad § D MU slsdesmdls j dz! dats CGteOdzd yr
sftcjHJdv]l, dZzOM ¢ tsdz'BCdis| L HS @ dzdi’ 2z isiBs o jdbs S
dimy sdz' L s Oded ™ toj Miztemse [dM W esjddeday dzed ¥ 6] L
fsHYyJ € dzlzls | Yybsts o COyMylk o H Ouzg ij j SlO)dn d
cO¢ SlsH J dz' dz" | LOj tor i sdzlz yJ dedzr j )
CtodeS tojtdsipisstgw dpf | f tosy MMO §tod S tcj HJ dzv dadk
o Y dzts a3, cOMMBzOItedo Oj d&3r j ¢ OC OcGtjcdte
f SHA SH sBjMfjydeOjls ccdBSCtsmis! OdzOdzd L C
fsLotsdzv jIs BBdzjj HJIsOdz' dfsls if dcdztfidg of &5 H d ¢
¢ O¢ Octej cdtctso Odzd J dzO Ztctso dzj 1 €Y j toc
ddzls j ctcOdz! dglzs 1 WW jCIsdodatsmis! Isj ndesdzse d U

SOC fBCOLOds o ©WOLHJ dJ 3.1, DEA 3¢
slsmizlsmiseo v dzj 5B ALHHJAREEHAS d oL jArdsdzjjj € ts1 W W
Msf sMisOo dzv Is! twOL dzdydz' § ©OtedOdzlsr tcj Odzd I
DMU. sdzj HIzj Is fsHYJ € dzz s Ylsts d3j IstsH
CdzOmmdyj M 2 BOIs j B3OIsdyj ¢ 52 stflsddisdL O
Bz OC Isstedets? Byj deSJ tldatsmdlsj dz@ dets?2 1 WY
(DMU) d eorweodzjdedd tojL jtcotse ftsorh jdedw
sjtedsddsds AsfilsdddL Oydwi o IsjCMisj { sdadd
O o dzj dzd 2 Mo j toh j deMisB s Pded ? Y - w2y dats &

DEA-OdzOdzd L ©. 1 smMSsdz Sk 9 H O dzdzts d3 f SH
fMsH j oy Olsj dz' dzOW fcsmMisOdzsca CO L OHOY(d dzdzts
ftesyj MMO fdesdzdL O 34 Is ©dz0O, f SHtctsB dats j

ftod &34 daj ded W 3J sUs@WO eD'ERAS te otSteizf | dzls-@iuirdd odtsat
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stcd j dzsdtetseo OdzdzOV ) , HEfkh jddw t Idfj it
IsO¢ Y J gqdzlsjteftoj sOydw tojLkzdz sOIstse O dz0O dze
f SHtcOL HJ] &ZOr G dzOo " .

] H O dzdzts 2 G dzOo j zO thdslejo OgzkFtEH OO
Csi3f dzj ¢ Mmdats 2 syjdeSd 1 WWjClksdodetsmisd Isjnr
ftoesyj Mtse fJtesdzd L O, Cslstster 2 Of tetsB
1 CMf jtedd3j delsOdzr dz" = HOdgdzr =. 1 tej HAZOGC O] 03" =
LWW i SCIlsde dzr § COsOdzd JOIs tstac®@B tstf ' ,toj M 31 A3z &
sBtMdztseo Odzdz” § to SdEJ dzH Oydd s ftsor hjdzd
f5C 0L Olsj dzj 2 ftesyd MmO, sftcjHJ dzd Is
Isj mdzsdzse dyd M<dn tej N j dzd 2 d f sdzlz ydIs+
BOMh IsOB d tetso Oddg dzj dedias ¢ o totfstdy] d3 dzaj dzd W .

[ dzw HsMiIsdy J dzdwvw § sMmis Oo dzj dzdzts ? yJ dzd
tcjh O IsimMw MmdzjHkzehd] L OHOYJ:

1. 1 OLtcOBBISCO Odetstedlsd@BO yj dzb ddzE HYjWdg ¢
9 Cdzg yos h jets fsmMlsOdzeso Sz L OHOY(Jd, Mtc ©o dzj
efficiency) d orBtstc BOLBoOr 7 HB{ENMNJ dzd 2

2. HwOodedlsj dz' dz" 2 @ (BdzsetsW OCIststedz” 2 0OdzO
CGOL BW OL dzs@ ts d NdHE R IsOdzdzd yj ME @ s 1]
1 CMf jteddzj delsOdz! dz" » HOdgdzr = d l2®tct®d B St C

3. [ desetsW OC Iststodzr 2 OdzO dzd L tcj Y d s o G
COOdzdL Olststets o, cOMrBHO d&J SOdZO fted Wd6&
Py lssdz B3OMhIsOBdzr = Moats2Mmlse ftetsyj MMO.

4. [ yd dz§¢ © f slsj dzyd ©dzO mMse j toh | dzf
NdHC B3] Is Odzdzd y j MEUcldss df dtcSishigifd jL ] dg)j dzls O dz! dzr

5. ltedd3jdzgj dzedj dBSHjdzd SBM Hdzvw orf Wo dzj |
f smistetsj dzd W BOIsted yr ftoddgw Isdw E{ tcOo dzj
Sftcj Hy dzdls! oBBLBBYd § Tkilsd ftser hjddw + W
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6. ¢ d2OdzdL d ddzsjteftej lsOydv ddfiasdzisy Odzdz"
syddSd HEY orHjdjddy Cdtyjo'n WOCIStE
feOChkdujmMSdn tjStdjdHioOoyd?2 ft Mo jthjd
ftesdzdL © &jlsOd&zO, dzOfteOo dzj cdzdz' & O 5o
ftotsd3r h dzj dzdzts?2 € tsdgfinistej dzls s sMtsB dz

7. 0dz0dzdL {CEdsBduimMSt2 L WWjClkdo dsh
SfldBdLOydd S jteddzj delstse i EZyy stsd3 di3Of

tdhjdedj (fmlsOodzjdeder » L OHOY 5L 9 tsdzd L
fph jMmiselze M dj Isjrndtsdasedyd mMsédd tjhjddy,
e jtoh j deMlso so Odzed W, L Odsyde ©hdsslk H b
odzj Hic] dzdv dzOdBtdzj i fjtmfjSlsdody & Isj & dat

| ©OLHjdzj 2.3, fsMmowhy dzdgsds fMlsOlsdfmlsc
Bz Odzr onmntsHd | doHdRBad@s i dJ OB &
ftesyj MMO, ©OMEsH tjMkehss d ¢ OtgQEvs jlkos
ysB' tjLbkd kOl O&Od&dLO BT &z fteddj d
pdzj Hig] e &Y Sczdzd Is j dz' dats tftejHj v Isipw
LzOyddir 7 fsEW®j Obgeatzs] otj B OOy ©
emiss2ydesMmis! t6j 3 dBO d HsdufO Sds dlo todadiy j frplss
soY GHEBCEE , L dasdjsgEy @ s hdj 1 SMf dkzolkoyd s da
sefizey do Odzedj) d {CtdsddClk § towHsO e df ded
ftesH NSBOsMdsoj | kstsets Br & MYsttddiss Od
syjdeSd {WWjSClkdodzsmlsd fdesddL O &jlsOdO (

[ dzw tej " j ded W f csfmis ©o dzj dzdz’ =~ L OH Oy dzj
Bdetsc sW OC Iststedats? tsyjdeSd W Wj C lidfdfsdesdpleds |
¢ OL Odzdz" | WOCIstster d MW stcdzdtctso Ols !
sjrdsdseduj MSdn t©jihjdd2 HAkY (shdjHis
o OtedOYd?2 toj OkzdL Oydd fesyj MMO fdesddL O
Mejrnd, M ©OL dzdydz dgd d3t€ d2fylOteaff te OJslkis te @Bdid y
BiYHE 1 dgjtecgjlsdyi MEBs2, sj mdesdztse d yj M¢S ts2
lLiStster j bkjrdsdsedujmMSd) t©jhjddy &t
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o SHBWISHO, dits It jBBOOls! HsBEdn dB®IS jlsteo
BBj dzj jH 2L sty o dzr d3, dzs B i M Jydoe Ols+ 9" Mts¢
fiocsHkzCIsSSBe. [ OLtcOBSISOdzdz" 2 Odzestedlsds Hsdz
dimatsHdzr » HOdzdzr = d ftodtstedlsjlsder = yj dzj or .
L OO, BOCMBIL OYd™Y HEE»BH dsHBdMPdisdy !
Bl jSIsdodzzr tsyjdeClz 1 WWJjCIsdodetsMmisd Isj = dat
33 1O0OLOBBISCO OdzestedlsBO dBdsctsW OCIstte
ftesyd MMO T desdzdL © dz2O0 smdtse j d&J sSsHO DE/
3311 sMisOdzts 9 ¢ © LOREOAMAG. OD E A
CWWiSCShkddthsipsdzj cdesects B j SISO MteOo dzj d
Slsdetsh jded j 3 tojLlzdz? SOO fsdzsy dlsj d dats?
HsMisdy jdedj {2 yjdzd MtcjHMlse O3 X [ 115]
Y

=X 3.1)

) DhAL

{ Mz datsQ HEzsBsj todz” 2 Bl j Sl MOo daj

MOBOSIsjiedMisd S OftsWdsg Gjstfdrdis MG L o SH M
MtcOo dzj dzd v 2O tMdatsej (3.1) Hskzyojl
Bj Is s H Bisy dzs 6 OMMdBBOIsted o Ols ! CO¢ BB
Metslsdetsh § ded j H 403 .dAO)y,J dzdptsj] H dzv  f Sdzlz yj dzd v
LYW jClsdodzsfisd tojLzdz IsOlstse HjWlisj dz' datsfiyls
Bdetsc tsdzj todz" 2 ftotsdL otsdz dgf 2 B jnkdsh sfipitds®e c
o' AtsHBse (tdMkzdss 3IRdA)KE.Y A s 6t das ¢ &jfifipl] tze
5jteksS O Odzdlsdyj f§OF 6t 2tc @MU Y jedzdiviyls Oo dzv j
tej OdzdL Oyds ftesyj MO ©kjteksS Ookoddlsdyj fi!
Pimmzsedwa ( dzOBBt64 ontsHdzZr = d or AatsHdz =
COlOdzdL Olstste®, o MthsTdy dsfiH f@jcd@& sy tc
ted 1 d d3.
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X1 Y1
e F—>

Xz YZ
— > L »

DMU '

Xm Yi
I EEEE—

tdMmMzdzB § dzBeB3j tedzr 2 tsBI jJCIs MOo o

T AsHdZ |  OcBdi) BiesY B Ol ®BINfds ©SBILOL 5
COYHr2 dL dedr ROtOCkjtcdLBoOdz §f sdtsydlsj
LWWJClsdhmreMmisidls® dzd 3 tSlsdesmvw sy tcOL dztstsB to
slstcOyOs hdj jets sy dlsj d dz j-ls jth]detzdR clsgo
(Bl § d&3 Isfo sC fugdH 2Cydd, dzOHJ Y desfls! ), L ¢
tor desydzr j] (teOL Bt tor dzgC O, € tsdzd yJ MKREIC1I5Ho v
ltod {lstsd3 HdzvW COYHBGESS Bl jCIsO MtcOo dzj dzd
ud mdzj dedz” o3d L dzOyJ dzd v B3d , d LO {zCoig Qg uls teimde H A
o tsL toc Offls ©dad &

I (Y1, Yz2,...X%)
MYi

IfsHd | (OGO s, XXOL™ 9085 5Bt Ols dats
Mk BBOdr 2 S 0OL Olsfd o % gL de'dhe datsdiis d § © d
[109115] . (lsd CQwhauj ks j dzdzgs Oy 05 Is
fsbtej Bdzv j & n o - yorsdgts drtscidisp fj Casials § o5y
ddzs j b toj sdtcky sw COC fsCOLOjdd jEt
LdzOyjded2 1ldn §O0wO®scses MoadHujlsjd fMlse
L WjSldodeslsd tsBi jClstse MtcOodaj dedwW, HdzW ¢

{jOdkdL OydYy fsyjmmMO fdesddL O d&jlsOdC
ftoslsdo s sdztsy dgs o dzdwes h drn dzg@ 1 WW j Clsdoe dats
Ldzj eejsdud MSdd d Wddodzpshtdd L PEEOE] st
HOo dzj dzd § ) , Codif sdzgj dzlsdzr 2 @ MsMmlsOe d Ctsd
L dzOyd dzd v Ctsdzd yd mlse j dzdzts SlsteOy O Is z tc t
sMkh jMmisodjddw IsjrRdesdzsecdyjMEtsets fosyy

>0,i 4,2,.k . (3.2)
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tcOLH MY BIsOydd ftosotsHdlsmMw  SHicsB dz' 2
Cshtstcsets tsMikzh jMisedzw jIsmw or" BtsStc o - BHAz =
Ctstetej dzv ydd s Cwsi WWdydjdask wff dtcdsj dzO
syjdeCd 1+ WWJjCIlsdoedetsmisd.

Il asHdz | d o AtHdz j f OtcOd3j Ister d dzj ©
LdzOyj dzdv, wodzwse Isfpw dzj Mow L Odzdzr &3d d dzj My
d JHdddyods [du]dsot fndzd "dzO ¢ ts daif eddyj t€ HiSA, XK o 'éB
Xmdko " 0 SHiISW, YY & YhmMtsotsChkkemMBE: G j HMisOs dz
f sdzdzz® R OtcOCIsjtedMmMisdSk dMmdzj Hizj &3 7 BB |
1L WWjClsdodetsmisd, BB O hd2 or" tcOy jdadj (3
[115];

| U0 4 YOy ¥
vaX, % XO ...ty XK

] ktwOodzjdedd (3.4) ajfifgsar, jk2¢C $leV wid,yd3
m BfitjHjdvels ldsmdlsj d' dr 2 ) 9 YzOGHa sH Czf
f OtcOdRj stcO® o Mz 33O tc dz" 2 Cfed IsG sl 2 o 4 QA §
dzj Lo j Misdy 5q, {di s odop® lsgdas@e g A< § O «
ydmdzj dedetsj L dzOyjdzdy SCtedlsjtedw L W¥WJiClsdeo
LOHOY ®BOlj BOIsdyj MS et ftesetcORBBItctso Odad v

J Mslse jlsmMisaedd M d&jlssHisdg DEA, Mtc O
dzOB tHteNdsB i j CIstse ItejBlzjls dstedzOdzdL Oyddf. L c
1l HY 82O OjIsmw, Yl L dOyj ddwv ¢ ez ¥ fipd
Bl jJClsseo wWodzwe Isfpw Ctsdzj ydzr d3d d § sH dzj y O
[0, 1].

1l tod QdzOdzd L § LWWjClsdo dzsmisd 9 Hd Mg
sjted3dd desdzse dw, i dtcOizk OYsfyWtc d3dp@zts tzis & §f § teidizdz!
117]:

T vidnmnddud mMcoOw L wwj ¢ bifdegstindsd d i (WEMSs O
Isj mnded yj MS Ow LMW Wej IS dsoddstlaediyls): , s tej H J dzv §

(3.4)
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4t d3j dazdats 2 slsHOYy sls &EOMhIsOB O. { dz0

ftcjtsBteOLEZjlIs tojMmEztemr o YwdzjLdgr 2 or §fzm¢
~n Ot OC Isj towfa filplg dsj dzdgts ts tels PRizdits @ty o ¢ dzidis ¢ 2 © )
ftesdLoBHMIse jdedetsea s ftetsyj MMO.

1 [BhOVW L WWJjClafolzElgtgy destzise o @ DE AR dz
1L WWJCIlsdoidesigis! )1 WW j CIsde datsfls | or ydmdzv j «
Hsf2h jdedd 8 f sfistsw dzdats? slsH Oy sls O
fsCOLOI] dzj &3, B jHddzve hddg ydmlsts IsJ n dzd -
BOMh IsOB O.

1 CH¥WJ SClsdo detsiyls BOfHsE OB JBO®y Bdzd W &z dzf
sB) JCIs ftd GflsddBOdz dsdyz tOL g ey . 1 44 WW
Bl jJCI wfjtedtekzjls ftcd otLtOMmMlsOsh j2 ddzd
ftod § sMmistsw dadets? Mslse jIsfmMlsealzs h j 2 iilsd¢
sBi jJCIs c¢cMmdzdh € sds dffdse dit Wl eS Isedr o diftstinds™ , [z
olbsteicfgmdzd h C sz o J dzd € e, d Histf sdzdzed Is§ dz' d
LWW  Slsdo-dz®MmMBHdztby dzj dzd¥ EZftcOodzj dzedWw d tetsf

1 | eOdzed yoO + W W jiSUslsfte dztizbfldzd v Jdzd f 59 J t
Bdztsy J Mlsoa s dzOd dzzyh d= HEsMisdy dd3"r 7 Mitsls dzts
tcOMp®Oj iis?2 o BsteCd DMU. [ dzO Mmbtetsdlsmw
Bl jSCIkses ftod MIsOdzH Otclsite BB tHHED" | Hzg W & O &
tcj Mztiemtses | Mis: oL i3y desmisd dMf sdz' L s9 O
B de' "j JsHECYdd ftod Ms-tcORPHEd § H Sdis
Bdztsy j Mlsoa © HEsMisdy d B3yl ¢ tsdzriaPdg@\ 62 o tsL A3
ftesdidd yzlssydzr = 90tcdOdzlsse 1+ WW jCIlsdodesmisd
OB dZE HOj i3 = BBI jCIstso . Il 7 Btste € s5dz€ to] Is dzt
(f sMmilstsw dzdzOW od des HY] fad j dJGRIZOW o i3 H j dzd
GteOdzd yr . JldBBRBIibedyi MSd ctcOddyO 1+ WW¥FCIs
dzd dzj 2 dzlz & (f sdzd! HiIcOdz! dglz® ) sBtsdzsyt kz, 1
sBi jCIlstso .
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1 tdLdtcor sldckize dss dzS toj Isdz” § o J dzd yd ds
MeCtcOIlsdls: ontHT ddzd ke j ddydls! or aBHT
jJots fsdzdesmils! &; quLBWY jsSSlydia gz dg Olstc OB 5C QL Mg
ZOMEtsdz! ¢85 By des MsCtcOIsd s COYHT 2 9onSH
z tc 50 dzv 9" fdefnE ©f s dzkz yJ dzdz” 2 or fEMSIstcOyp @
fslsj dydodz dzr 2 twtsMmils tjLlzdz IsOtse fted Isj ¢

lted (mMisOdSRDEA jOdZO@&dOQ o HaofOfrfrfrin dieslds Aoy of
Mz e W dj dsH | dzd .

[ sH j d®@CR (Charnes, Cooper, Rhodes)[111]. I < J dzd C
tcOL tcOB ts5ls O dzdats 2 Y Otg dzf ts d3, skf jtesds d t I
ttOHJOd! dzf i3 MY sMtse sBY 4 figld 5 dedetn Y sEdse O dff
sL dzZOYyoj Is, Yybsts ot steydsdzOdz datsj dL i3 dz
ftedotsHdl ¢ s csteydsdOd ddz dL &3 dzj dzd ¢
sted j dzls d tots 9 O dzdzts 2 dzO (inputbts H e rnftsends)O dzti ecSj jH -
dzej 1+ WW j CIlsdoe dz 2 sBi jClxstc@Bahyrls  LHWEMNiISCHIsudf o
fesf steydsdzOdz! desets MBSO j dzdedg ek o & 6
o' ntH f slplg@Eztsd @t ed) HBSTEMCOjIsMw, yYlsts
C tWW jClsdodzsdzz MsMmilstswdzgd L O Myvyls ftetsit
sdzj HEZjIs fBHYJ el dsls’) ,dzd Yyliog L g tcsCCRoO n SH B9
Zydlsr o Of tsfijdej” yd mdzj dzd W tcOH d Odz! dzts 2 d3d tor
dqdzsjteftoj sqtelze spw Jted OdzOdzdL § BIsC dztsdzj dz
L WWiSClsde dzesfis(d . ]l Blddydz - siisu sthed s, DE A
SBM) tjLjteor dzj f stej HMIse j dzdats o & dz¥ yO*s Is
sSCOL" 90 s Wty odzdwdzdj dzO tHHBIPMyYJIs O dac

1 smMCsdz Sk s d3tsH j dzd CCR f sdzlz YO, Isf
L WWJ Clsd otadgts frpistftf 20 j ldaq W dzdsts 2 st)lsH OyJ ©Gls d30Mm
fsLotsdzw jIs Istsydets dHJ dzlsdW¥W dydtese Ols+  ff tod Y
DMU. dzv wsftcjHjdzjdedw < Isséts +WWJjCIlsO, |
BsHjdzd BCC d BfftejHjdvjpphmw 1 ¥ (€ lsiz) &g®M
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SHdzsSL dzZOydze" 2 o7 oatsH, MdzjHEzjls dzd tsffilsd d3d L «
Isj nded yj mCize LWWJiClsdoe desfls! ) d dzd fJ t
(L WWJiClsdoe desfls! BZOMh s OB O) . Clsts dzOS dzOH
Gz ddzz OdzOdzd L ©. | tc O dzdoyd® jils¥ Wifj 5 disccft oHdid=GTs
sB&sYClk, d&zyd Cthtsts? fesisHwls dL dzO1

O 2OdzdIsduyj M< d Zmdzse W 9 ntSYHJ dad W L
LWWiClsdhuearhlsd O Nisegts | flsseo o ddzlsjtco Odz |
odH] MdzjHkehda teteOdzd yj dzd2 o Wtstedzy dzj t

11

k
a uY 3 =IN:i 4k: Bn;
e, qigg L T (3:5)
av X R T _
1=1
GHY; dlj T ad mMser j Cei WWdydg dzls' n OOCIsj tec

COYHBEB dL o' aHdzr » d eonBHddE » fOtOd3j
fsCOL Oy dz2 1ffgGlsddgelds MdzdtcOo j defflse (3. 5)
LdzOyjddvrn jdatsbhdnZ X or ¥idirdz'ln K2 §@OtcOd3] Is
jessBi jCIO stftej HY dzVjj lsffpvd3j dag eladf@ fls L dzOGJ ©
Ct WW dyijwzlGse 1 tod 1 Istsd3 teOL dzd wial viid Lo jdBddzg
LdzOyd dzd2 (3. 5) o Mtslke jlsmMlsedd m (3. 4
fsCOLOIjdzj 2 +WWJiGClsdoedzsfylsd MtcOo dzd Isj dz' dzt

456 d&zOMdaets digsH j dzd CCR, CtdzCtojlsdzze ydm
LWWiCSlsdhfgagiislej Is tsilsr MEC d oj@Isf IN sz | ClOsioH Sfig
flsy &3 BOC ficay LPdEshly flse §j L dzOUj dzd 2 up yifts
fted dzOH dzj 4y O dr~ tsBdBpMistEe B 5] Mgzizji g™ o j Mise
BEHEIS ttOL dzdyder &sd Hd&zv tOL dzr = BBJ JCIstso

Lvifdzse dj BOSCMdBIdL Oydd Ftedzs | € g% il i SO
By dzs L Of dMOIs! BOIlsJ &3O dud S d:

f =Ll - max,] =N (3.6)
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[ dzv tsftejHjdzjddy slsdshdls df HzzNts BtS Yy jCdst
stcjBlzj sMNL @jO®(IsekOIlsj BOIsdyJ M Bes - @DE
g = 1, R), LEOC dz¢t yO  Ismw ) BOCMdBdL Oyd d
SeteOdd Uuj ded¥ s (3.5). jit QAFdRDl NROy @B jd da
syd deSd 4 WW i Yls dipdiEddiplsidis mise 28 h 2 dzOB St
{u, wy, &} udn, B, &yt v BOSdeflEdh 2 Ctedls jeds?
sBl J6POdd3 BtOL 53, L OHOYO ddesetsW OCIstste
sBl jCIstse Mo sH dIsmw ) L OHOYJ BOIsj d&3OIsd
BOCMdBIL Oydd ¢ sCOL Bls jCdmis sitgh 1] S o jsotatgritiy ik
(3.4) oL9ojhjdadets?2 Tk d3ds or aHdzZr 7 f Otc O
f OtcOd3j stetso .

sdzj HIzj Is fsHYJ e dzzls+ Ylstsiitsw j dzitsB h g
Wstcdzgz dzdtetso Ols! Mw B jL Btdj dzlsOydd, tHAdOCTt
dmmdzj H 59 Odzd d Sl Jalidod® dio@@M dz0 9.~ BH O Y s s
spkMmMazsodzy &z M J ydqW déts?2 wOMMdzOIsted o O B Gt
fdtesdzdL O B sOdO Cdz¢ yjots2 LOHOYJ22 Wodw
( d3J Is ©dz0, 1 dzj e dd, COOdzdL Olststetso )n Stz -
fcsCOLOIjdzj?2. sty ke, dMfisd Lkzj B J
IsO¢ Y J tcj] Odzéhrzelnt € d p wdittsijddd] 2 DEAYIs s ts{ to
sted j dzlsOydd o twOmyjlsOn.

HtSH j o)y Olsj dz' dz 2 OgEBdzdoL) LfACEDUT 9(OF) .Is5)
B IssH@dsgz@f tcj sdtclzj shw COC L OHOYO dzd dzj
syJ dzC d BGlsdzsmdlsy dz! dzets?2 1 WW JjSCIsdoadesmisd ¢€C
9~tSHEB d Xor -ty oz ISWA f SHB IO ddzH do dH I
dzj slsted yOlsj dz' dz@ = o9 JMtse. [ §Isd dedm jdatsjjozvVijdz
DMU ftod tsctcOdedyJ dzd d, Mse dzOMmdzets C BlsBtek
Bl jSIktes M dMftd LtsoOdedj d3 dzO2 H j dzdz” -
sBtcOL 53, tcOMmMyy s fsCOLOjdvw +WWjCIsdo dats
COYHBSEE DMU o dfdtwtsnishisiisjo jtsififisjo s h j 2 sfIsd
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ddzj Hiz j IsC dglislsiiy,j eylsts tej N J(d&[.j6 )L Ow@mlsts (
dzj 4 HddzMise j dzde” d3. [ Hdes d Ists 3 Jj L dzOyJ ded 4
tcOL dzd ydz" €3 dzOB SO o Miso ddzd tOL dz" dz
f®Odkzj steso . Clsts L dzOYyoy Is, Ylsts tsBi jSlIsT
fsdkzzydls! tHddZOSCBoks Byjdlkz, O Hds®KLE
1 CodoOdzj dzlsdzr = tojh jded?2 6 ojMmser df ¢4 W
DEA d tsilstcOy-Grg bzj Q bz Bt B4R tstg j dzd v ¢ tc O dzd U

[ sHjbpzY jtot WY j Ckdz®dztTREHL7] BT dzO §toj H
ddzH jtefpj desds ( Ander sen) df sH J bz tc M HEsRE
MlsOdzH Otclsdzr §j] dBsHjdzd DEA d ttsLetdwjls ft
jHdddy'r . [ OdzdzO% BsH,jd DEA &jlssHO {tsc
Bl jCIlsse MtcOodzj dedw d d3d sfdsl, tsdjj ebd 1 B S
stsydets Gefftp] dzPdzgzz yh j s tsBi j SISO MtecOo dzj dac

licj H&ZOCOj sy fSHOoGH, Ghdsse Odadz 2 dzO
Bj IssH O, Cslsste’ 2 L OC dzt yOj Isfyw ) dm¢ dzs
LWWiClsdodgr » tsBi jJ B8 Ishp detyffylslaf s tc 3z dzd to s
sdzs o § HFRpdzd §sdzzyd dzdw MeOo dzd sy dz! dzg'
sBl jCIktsa dBsyjls BT Is! ftcJ HMIsOo dzj dzO O dzO«
LOHOYO tftjHjdjddw 1 WWjClsdodetsmisd tsBi |
BOS M B L OJ hdzOWDdzy 5d dMSEdzs yjdzdd dL tOMf

auy .
S = i - max, j=1N, (3.9)
L (my)c
a IjXIJ
1=1
X
a t;Y, &j=IN;j i BK
= ¢1 Jile — (3.10)
gP—lm y 0y 6

é.vljxlj

1=1
GHJF.G i ajMmtser j St WWdydjdlsr Hd&Y o3H
Mstlse j Is sy didas® i | Cisk | &is dhardie® Isg
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tdLrizdz sOIssds tejh jddw 111 (3.9) d (3
zOr sHWh dj Mw o oJdelsjtcB@Pdzjt Iscsdg, tsBI j CIs M
BOSC Md BZ3Odz! dzlz © syjdeSlz 1 WWJ jCIlsde desmils(, a3t
MtcOo del dzgdv tod L OHOdzdzr 7 koot QGQR
sBl JCIsr M tyd dits?2 &id' hj 1 daj dL d3d dzvls
SEFFE

[ SH]JBEFFf sLoBdY jIs ©Od Jietse Ols! ofmgj 4\
teixddd d orHjdzdlks! flsddiod dr2 MmMtejHd dz
SEFFf tcd dey s tcthsdedw ctcOdzdyr 1+ WW JjClIlsdo datsfls
SlsdesmdIsj dz' dzes Ists2 N d or f2¢C dzts? GteOdzd yr
dme dzg yojlsmw dL o' BtsteCd, Yoz td &y
> 1), dt jet f(odtyjdd) dsEg Yilfp'r t
sptsdzsysd, f§omistetsj dzdzs?2 BJjL BEyd sO H Odzdztsc

[ 5 H jBEC (Banker, Charnes, Cooper)118].f sH j dz BCC, tcOl
1 0dz€ j tesd3, d v Ostfizntstedzds, ttOMmMh Jqtew jIs § tSHA SH
fjtoj dgj dadets?2 BZOMh sOB dagts?2 B©IHOY . Clsts L (
ftcdotsHdIs! ¢ dzj f otsf sSteyd tsdzO dz! dzts 3z dL
L WWiClsdoadesimisd tMIlsOjIsmw tcOHJdOdz! dzr din¢ ktft
1L WWJSCIlsde desyls d HdOGcdtsmisdtcso Ols L WWJe
HOjIs Btsdzjj] CcdzzeBtSt] §tsdad 3Odedj dMmlstsydad
BCC Btsdzj j cdB ¢ 52, sdzO Ekydlsr 9 0] Is, Y ls t
toj Lzdz sOIsd o dzsfls! defifsg g sstdy iy dz®@ dz” dgty. C ISt
OzOdzdL © BI jCIstse, tOBBIsOENhdn o Ekmdztse d
HdzZv fdiesdzdL © i3 sOdz0 ke j dzd yd dedJ tsBJ Y diBO
ftwedodMmMisd ¢ MmMdedy Jdede + WWJSIlsdodatsMmided L {f et
tcOMMBOItcd o O Isfqw  {f sMdzj tcOfMmyYyjsoO 1+ WW,j Cls
f SHAaSBHdIs Hd&Y OdZOdzdL © Bl jSCIstsa M tOL dz
ykzeofmlsadlsjdzz dzO0 ¢ hkzdsz o HOdzdz = .
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ltesdL o sHMIso j dadats § Bdzetsy j Mlseats Htoj HMISO
HOdzd® nG tc Qi@ dzzt , ftosatsHWh s yjtejLr 1 W
f smisOdztso € O fsLotswfiibkzt cOBNHAUEREQPEME Zd
Gl stcdyij Med twOMfcsdzOcOjls ctcOdzdykz df dz
tOMMBBOtedo O dBs? W BEEK]jIS L IsOaftfdifrafps |sd3 thHtsjdardy §
¢ o' f ¢ dzts? sB tsdzsy¢< § BOIs j i3OIsd yd M< d |
4t B dedets? u

[ dzwW s H j dzd BCC Zmdztse d W o ntSYH]ddW
LWW ] SCSlsdbddkisd Oy Hses dL N Bl jCIstse 9o
odH] MdzjHE¥hdn BEeOdduyd dd?2 o Wsttdsd daj t

[

a Y +u 3j=IN:i 4k: Tn; i

i=lm ¢1’ "j ,|l£l 11N AN j;rn, i (311)
A u, >0y >0 :
av X ¢
1=1

GHY, T Mo tsB SH dzZOW f j toj o3 dzdzOW slstcOy O h Ow
fazj Hizs " ddzlsjteftej lsOyd :
)| Uu> 0 Y otLtOMlsOs h OIRYsISHOYO &OMh Is
1 U< 0 Y EkBroOshow BR OYO dBOMh IsOBO
1T U= 0 Y ftsfmlstw dkzOWCRYsHOYO &OM" sOs
I dzw sftcej HJ dzj ded W yd mdzj dzdz" = L dz0y 4 dzd
LW S Is dlp s Md&ECCRAEZEY € Q@B (s C1s,0N2 , 06 k50
ke jlsMisoaky h 5 o) Mavs Gkl s gnddssg
fsdmMé¢ BOSCMdBERBO Ctedlilsj tedw:

k
auyy +u .
b =2 ——— - max,j =N (3.12)
a Vi % o
1=1

fted MBdz®* Hjdedd BeteOdzdyjded?2 (3. 11) .
[ sH j &BM (Slack-Based Measure) [116], smhdzts o O dzdzOW e
tcjL jtcotso, ftej HMsOodzw jIs MBBB2 dzj tOHJOdz
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Cdzse yjossj Blsdzdyd] ls BOLBo" 7 t©GOHJOMz dz
s ts d3, Yylsts tsdz20 Eydlsr 9a0jls tjL jtoar (sl acl
YyJ dzj wis@®@S ydd, O dogfj HtoJHEZOGCOjIs jHddz 2
(dZO0ftcddzj 6, MsCteOlsdls! ofMmj L OOl dO 1

[SHjdzZ2 SBM d&tsyjls Brils: ftodd3j dgj dz0 ¢ O¢
d §dtej di3j dedets?2 ( VRS) slsHOyqd tHdsiz]dsQffis™ Is O BuCk
Bjdav jIs cjtd3jlstceds ftoesdLotHMIse j dadetsets  d3d
odH] orfkCds? tBttdktsy¢d fttd VRS), O duL
LWWiCSldodesfylsd. |1 di3jMsts ftesf stoydtsdzOdz! dats
9" AtsHtse S8 Mdzjmtistctisdtstc yd s dzOdz! dzzs f tetsj S yd s
tcOmMMmydlsr o Ovw ddzindodHEZOdz dzf | fsftcOeCd H
f sdzdesfls' 8 EMmlstcOdzd Is ofmd or wodzj dzadzr §| to
e Sy dzHOYdd 5 sflsdi3dL Oydds I @O s teadn

vO0Cddz tBOL 543, cBsH J dz! SBM BJ M J yc
6 OdzdMisdydaetsy dL Bitejdedd W jSCIlsdodetsisd.
o ntSHdz J d 9" ABsHdz j f OtcOd3j Ister MisH j to))
ftejrHftsdsyjdd t b eafdsdot] s d OHgo d

dzd 9 j tedz" 3.
AjdzjoaOw WEdSydw [} HdAzv &BsHjdd SBM
l_r]r}asj
rj:#—min,ji_N, (3.13)
1458 sy
1+=8 -
k&Y,

GHAj= FitYyjdSd 1+ WWj€tdsdsikdo, Fldoio dlpdid®
YyJj dzj otsets B jCIsO Miclbs ez dA8tsaf,L Adiidatsp S ldnds
SyJ dzd o '§jilgffpwe;" stsyde' j L OtcOK'sSOLNhp OFIS,s |
Bsy dzes MsCteOlsdls! S ONH'T 2 9 AHstEWZS B j Stezj Mnjlzctet
o' figi@z e Bz yjdeder 2 o' {EHEOXOuls plisls
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esmls tojLkzd sOtses ftod Xj §¥%"j dde0ng safdsi ots
o atsH dz" n f OOz stets9o H dzw YyJ dzj o sG s S E
Metslse jIsfipls of sdztasj L j o™ L OwOls d o' fEMEO
OdzOdzd L Jtelzj dsts?2 Mdmlisj /,ji, o jfifs®IiSejj Isftso § Hadzt
fsmistetsj dzedV¥ cteOdzadyr 1 WWjSIsdodatsfisd.

[eteOddyuj dzd™ € (3.13) fted ftejHl sdsy]
(CRS) ddiisls oadH:

eN . p—

ialjoG § %, 1'lk

fim

T4/ & & » 11r W (3.14)
a8 § % 11m  jIm -

| 1=

1 - .

}/jzo,s”_ 20,% 0:

{ etcOded UJ dzdivte S Y(t3i. HIf3)dztsy J ded 5 f J o o,
(VRS) LOfdMmr oOsIsfw o odHj:

N -

Ta/,-0<i,- § *j, =

e

ihl ~ + "o o
Ti=1

& =E 0y 6y @

RMftsdz L soa Odedjy dBBHjdZd SBM Hdzv tyj dzf d
wodzw jlsfpw Mt jdadets ftej HY Bylsdlsjdz2 dz" d3 f s

T wuvbwydesy SftejHjdzjdd) {§odydges Odidiom
ftcdticsHO SBM ftsLeosdvjls orwegdls! dzy tsB NI
ftoctsB dzj d3" : CcOCdyJ d d3d dzdzts ontSHZ J f Otc O
1L dzj Slstest dzgj cedd, otej B ftesyld MHOY d i3 s Bzt
ftiocsHEZCISOd (or "~tsH o tHtsteddO] Is Vs dalgjj Heth)if l§ C
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tiLkd sOktsds OdkOd&zdL O MkOdzse dlsmw dzj 151
ECOLOdd j o5 daj sBRtsSH B2 o j dzdydder dL d3j dzj c

1 Atddeseo Odedi yjdzjio' n {6 QLe@wgvdsic
e N j dzff BHJ az tOmMMmudilsr o 0jIs HsMisdy dd3" J§
ML HO OV Mok HAY EftcOodzj dzyj mMSdr toj
oL By detsj fded ¥ j«OBdjjL tdRiRHR HjQRZJ@H 9" R tSH O
ZOwOh JoOdzdj of RisHOSe Y jtdgd ™ W d U fpdsts tizes Asdzdz
COOddL Otste. 1 0 Gfdss) {lstset &BsYjls E
Gjhjdd?2 (BOLHjd& 3.4.6), SCStkstOv dOc dv
COCks ojddyuddz d SOCHBEs {WWjClkO Y dHOL

T odzOdzdL W% jCldo dasfisd. udg® e B eial @ 1S
L WY jClsdo dzsflsd OMh kOB dicse Oded” ( SE) (

fsLobdY jls sSftjHjddls!, ©O0BskOjls & bkl
fsCOLT 90jls, &OMCBd S5 jSkhd2 B jCIs
COCBd dzOf tc O adelyjfiadsp t6j0d sy j5j dzv Is! :  dzOt Oh ¢

BOMh sOB ddzd MBREOdY ! jets dzj L &Bj dadz ds.

T 1worhjdedy dzOHY ) detsfptsg Mz ylpfHigOo dzj
RO 600 dzj dedzsj 2O EfMlsteOdzj dedj dL BT Istsydat
fdedy OjIs Isj 7 dzts dzs ¢ qwylg dgt§ fifl§ * wal T HH @ dpQ ©®o C
fslsjdydOd dc Bsyjls Mishsefmisose Ol o
biksOdzso ¢ fdusddLO d ©Bh D iyl ts? yshls
fslstej Bdzf dgd v toj Mztemsse .

1 [fbdidLOoydwy f zOddete Odafy L id BEMYst

fSCOLT 005 Is, COCdy sjndsdsedy S
ykzemise dlsj dz d# gRde & O LD Sokj. Clsts § 5L o ts5dzw
dzj L WWjClkdodsy R {CMyjteddsj desse, ybts kMg

LdOyd ded” Swdlsjtedio L wWwPLIOGgayBlsd d M
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3.3.2 utcOodzdlsj dz' dzDEA OdzOdzd L BSH § dzj 2

Il dzOfplstswh jj otcjdBY o &BjlssHsdzsedd DE
Colster j tsls dzd YO Isfw teOL dzd ydz' dzd W tstc d30 of
9" nBHdz B d onmnBHd B OO IStOUH ¢ 4 deodf
Eyy ssd3 &BOMh IsOBdzr «» Mo ts2Mmilse, dzOff tc @9 ddj dac
HOdzdetsd3 dMfdzy Hse Odzedd ddzlsj toj M YIEFRM 1SS ML
COYHOY dL SCtltster n BBAEZOHOjIs kZded ¢ Odz' dz' d3c

[tsHjdzd CCBEFFEBCEBM ©OL dzd Q€ sy C f 5 1z
Cdzs yjor & f OwiLl,j1s@d™®Hz [ 109

1 WWitl dGOothis@Op®, Is, CO¢ dL d3d dzgj dzd W
tc] Mztemtso (ontsHSY) o dzd W ¥ Is O Bl jd&3
1 siis W dzdz' 2 LWWJjCls d&OMhIsGBO (CRS), i t
sftcj H] dzj dedz" 2 sy des HwodotsHdls € fosf
fsHtcOL Ed3j 9 O Is, Yls s sBi jCls tcOBtSIsOj Is
1 WWJjClsdoe detsfls sftejHjdzvjlsw dme dzs ydisj o
o' asHOR]. 1tedd3jte: ko j dzd yj G tcQOlsde® Is1 @A
C bOSBBEZ Y4 o J dzd yJ ded 9" nHO ftsHEC
(VRS), tted Cobtstesds o jdzdyjddj ontsHSO
dL &Bj dzgj ded® o' ntsHBse (ko jddyjdd® ddzd £d3
Bl J CIsO MmMtoQolsdzjodedvw Islsts dzO j et L WWJ ClIsdo dat
tej Odzr dzr » ftesdLoBHMIse jdedzr » Hetsyd Mimpse . ]
dz0 20% tsBi jJd&3 HttsHEzSydd o s tOOMis® B dzd
ftesdLotHMIse j deadz" » Esh desfls j 2 d dzdls HiftadArpldisw
LWWjCls dOMmMhIsOBIYf j(teGRIG)dzdz" BC ¢ \SERF3sy $BMB
ftcdd3j dzgj dz20 © tBBdR Mz YyOW A .

1 [ IsC dztsdzj dzd W tsls CGteOdzd Yy IsOL Y j € lsdg® «
tcjLjtcoORRd T BffpAcRAE dz.s5lstcOy O Is f jtoj cOMn BH
or ntsH dz = tcJ LREAdZ! SEOUsjl® . §f sSL 9 tsdzv | Is HJ s
dzj 1 WW jCIsdoadesfylsd tsBi jCIO. RLBTMItsyds j L
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ss My dMfitsd LsoOddj Bd hjess dmr ¢t
Ztctso dzv 9" atsH O, ~nOtcOCIsjtcdzse s  HdzW dgrWW |
orfkmME ECOLT 90 jls dz2O dzgj HsdMY sdz' L 59 Odzad |
o jddyjdd] tjLEzd IsOlstsse BjL dL d3j dzgj dzd W
cjLjJotseo YLtV jIs BBAdZ] ] cdkzzetsCtt 0dzOdz
COCdd dB3j dedats te jlshifrizvic fiplzd  dvhfifitldis dioldgts, d 6 HJ
fts ornatsHdz 5 ¢ OL Olsj dzv 3. ltedd3j to toj L jt
Bsdz hj Mmrte!w ddzd {dzgj tccdd, Yyj &3 IstcjBlZj
ftesdL o sHMIse O. ltcddsjte tojL jtootse or R B HE3B¢
ftcjorhoshjd MmMfttsh, Yylss tfHtdesHdls & [
ElsddzdL Oyds® . [ BH j dz SBM 0OdzOdzdL dtelzjIs t
sftcjHjdvjls, COCd] ontH' M@ydts MsCteOlsd
YlstsB ’ Hisfls d Y- CteOdzd Yy + iy j Bgd b dzs@fs §
ftesf steydtsdzgOdz! desmls: (S OC o d&sHjdws CCR
SIsHj dz' dgsd3dz o mnsHE ddzd eor assHEZz. 1 dtsHj dzv
fsmdzy ©WOMYUjlO 1 WWjClsdoeodesmisd d dzj o dzd:
BsHj zdte SBMco"r ddzlsjctcdteso Odzr o vyjdzjoks
tcjLEzdZzSEBBE. dMfsdz LEzjls ©WOHJOdMz dats gL d3j
1L WWjClsdoadetsisd ftejor hOls! jHddadykz Hddzv teC

1 [ted ] dzsOystwd j dzgls Oydw o disHjdzv i DEA
OCyjdes o OdzOdzdL J L WWJjSCIlsdodesfmis(: dzO
BOCMddzdL Oydd tcjLEzdz sOIstse (or ntsHis9 ) .
B dzd 3L Jteso Ols dmf sdz' L lzj o3 § tcJ Mizdedizs G t
Ptictsodzv or nBHSO . [tedj dzZsOydwy dzO@ or asH'
o' AtsH' ftod WdCMdteseo Odzdzts s bteso dzj O R fSHIS:
Fojddyjddd ftesdLeosHdlsj dz dsmisd ddzd € Oy
ltcddjtc: btojpziBMEitscisayjfigfbtsets ftoesHEZCISO
WdeMmMdese Odzdetsdz € sdzd yJj lsoe § mr tcs w, ld
Sted J dzlsd te s 9 Odzdz’ d3ds,tc d s @K J tafts o Drdzias wizd , 9 L C
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OdzOzy Yy Bted j dzlstetso Odzdz" | d3sHJ dzd , 9 slsdzd
sSlsHOt s ftedstedlsilsO dzd GHdsBz dL dzO f ts (
fsLosdzvE s GSHdso ey d3j dedzts EZydlsr 9 Ols! oL
d keojddyjddw o' atSHd ~ WBJjLIEZM SOIstses. (st
sMtse jdzdzts © MdlskzOygwer yy S6dRA 0O z1§isdh bz ey 7
o ntsHOM] d dzd 9" ntsH O3] , dzd B ts, CSGHO
sflsddiddL Oydw weBtsdnes OMf jSCIlte. 1 jBtedj dzlsdt
SBM-d3ts H j dzd .

1 t OLHJjdzj dzad jJ { WWQ Xdesdp Qgsldnfied © fMdzj HiIz®
M 4ty B3 dedzts? BSISHOYJ 2 s BBOMNIsOBO) 5L
O Isjrdedyd mMcize d &OMmMhIsOB dzlz® mMsmis ©Oo dzv
SlstceOy OjIs MftsmMmse dzsmisy B J SISO dMf sdz' L 5
HOdzdztsd3 di3OMh IsOB J ; 3O filgh! Is OB HAD® L " 1oWEH] JIsS, Is d de¢
s Shd2 ®&BOMhilsOB HjWIsj dz detsplsd € s lsd dz3O«
(MM fmissw ddzs?2 BISHOYJ 2 Bls d&@OMhIsOB O, CF
mMemMsOes dzwe h s . [ BHjd& SBM &y jls Brils: (f
f oS OLOdzdd IO tslsHOyYyd s dBZOMh IsOB O.

1 t OdpydesoOdzd j 1 WWJjCldsadedd TR, BC
fsLotsdzw s Is tcOdzy Jtetso Ols DMU M 1WWjClsd
fsLosdzv jIs t©Od Jteso Ols L WWJSCIlsde dzr § D ML
Bsckzls ftejor hOls! +jHbjla s W WJ[itSHsidBfidandy)s d
HSY sdzdzW jOIsiz0 BzH A fsLotsdzvw tcOdy Jtetso Ols !
syjdeSd 1+ WWjClsdeodesmisd,> ffltdj o BOdz®Yts & da
BOMh IsOB dzlzs + WW JjCIlsdo detsfyls .

vO0Cddzs tBEKOL 503, or Btste dzOd B tsda] @9 diffrfs{Hs:
My JydWdesd OdzOdzd L qtelz j d3" n sBl jCIstso d
tcj Ctsdgj dzH 2 jIsfqw dMfsdz L s9 OIs!, CSEHO ofj
BOMh IsOB dzs?2 tSIsHOYd d 90y O ftosMmMistslsO s
Odzd ydd fJtej d3j @dzttAs H BTN IO B digfsts B - 5 H d d3ts
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LWWiSldodesfplsd dzO Isjrdzedyd MSkzs d &oOMmhils
HjlsOdz' dgse s OdzOdzdL © 1+ WW jCIsdedetsMmisd f Ey
CSEHO HOdzdz" | MtsH jto Ol dezdzj o7 jJ L dzOdyj ddis]]
gL dzgj dedj ortsHtse d or atsHtse dzj Wodzw jlisfy
ftcOoddz desds dMmMf sdz L s9 Odzed d, ftcj HisMIs Oa dzv
dmf sdz L s9 Ols H dzW sflsddizdL Oydd d i tcd dz
ted M J dad 2 .

Il Btstc Btedj dzelsOydd dBsHjdzd L Oadmdls tsls
OdzOdzdL ©O. [ fmdzd Mlstsdls L OHOYO Bdded d&3dL Oydv
L OHOdzdz" 7 ff OtcO3j stetse o' BisH {pdzls d tstiso OdzOH Jj
Mdzz yO,j dzj 5B R tsH d dB3ts Mylsjddzj 2 dzlzgush @ wigdfiyls o fORSE CaL '@
(S tsdzgo J emd W, 9" aSH 9BHEBWGBHO d HE.) M L
stejBlzjIsmw ftoddsj dej dzadj Btedj delsdtctseo Odzdzts? ¢

333 0 e stedlsds BhzsE sy OCkstedts? 5yj dzs g
fdtesdzdL O &J s 0dzO

] HOdmERdy jdzj ftojHMisOodzj dz tcOL tcOB tsls O dz
OdzOdzdL O bjrdsdzsed?2 fdtesdazdL © d&jlsO0dzO, -
DEA (CCR, BCC, SEF, SBM) . 1tedd®j dzj dedj HOdedkzsc ts
tcOL teOBBISC d sStczHtsY BE sG ts kO Iy jSds@ls d o jnfip Szt
Ctsdzd yj mlse j dadzats sy dzd 9 Ols MtcOo dzd Is § dz' «
Isj mndesdzse dyj MS dn mMerjd d MsmMisOo o C Ol
sjndsdasedyjmMédn, 1 djtwejlsdyjmsédn, 1 CBdz
bz stedlsds (todmzdes G &d 4 ) spdzjnistsel Bls jJdz! dats
Clstster j sBi j HJdzj der ) Is te d dzse d yj M¢S «
1Sy jtedd3gj delsOdz dzr = HOdzdz" =, f sfyls OdzsBEAO
OdzOdzdL tojLEzdz sOIstse .
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1 dzsC 1: 1 tsHEBIBe O dMaftthtad® dgj IsHiOdadz' -

ClsOf 1: wuwBtstc d fSHCEBIBS9CO HOdMdZ R

1. &BBts HQudddg -~ C O HESGE TS D MU s 9" B
ABtedidtetseo Odzedj IsOB dzd Yy’ H Odzdz" ~ , GHJ S OXYH
ey N3z ddzd MY jteddj dzblz ¢ 5DMUWIKLORBP Is s
o Cdzt YO Isfipo digs fisfpMU 1 tsHJ dZ2ZOSC B 52 Yy J dz! ¢
Isj n desdzse d W dzd . RMIstsydzd ¢ Od3d H Odzdz" ~ f dzl
1 MYy jteddzy dzlsseo (sOBdzdy® 3.1) d Htekzedj c

2. 1l twtso j 6§ O0dz® OtfiztiztizBzts sz ¢ 20wz § € l6aBB i3l
O ftoj Hdgidly de@drdf 2h j dedzr = L dzOyd dzd 2, O dzts
shdetsC. a9tsHO

 sfemMisddd § HJOY OLtsdzr f OtcOR] stetse s to

f WdL RSeRd Ui MSdn LOCtdsdRj tedesfmisj 2 fte
5j B jcOktc® toj OF Yoo 0o AfCts j HHjCRaGE. d&[Q § dafitss
orhj bistejbdujmMeéd oL Bsydatsets L dzOyj ded v )

1 1Sy jtcdd3] delsOdz! dzgr = BEteOded yj dzd?2 tsB St

1 MsOIsdMmMsdyj MS et O0dzOdzd L O.

¢ des 3O dz! dz" § L dzOyd ded vV, dzj -ntE[E3dufg dg'<EsTd
Ltejdzdv ftetsojHjddY fsyijmMmo d of f Guay H
Hisf sdzdzad Isj dz' dets? ftetseo jteCj. [ Mmdzd shdBSCO

7 dMm¢ dzs yOir I figye dz0dzd yd d GtckzB ' A tsh d Bt
o tsmimis Odets o dzj dzd Vv ;

1 Ctetej SIsdgddgmwdL o j Misdets Issydetsy L dzOy
dL HEBddtkzs h jcects ¢ OdzOdzOzste js6 dffg lsigg @ dlaff v g dzc

1 5BOB O™ 8 0% s &Bj BH O BRO &HBGEE 5 G i)dzg
o' MsCts?2 BGHhssHdtsMIsd o' BtsteCd ( dzOf tod d3,
ctezffr ddzd s tojcetcj MMdtsdedets? dBsH j dzd ) .

) mMdzz y O j yofmilsr A oL ded € dzts o § dzd ? O dzt
Sftegpdgdd dmssydzd O ddzd fdudds daj CSeis]



136

3. [BtcOBfststStPEzN j dzdz" = L dzOy4 dzd 2 .

[ dzw sBJd M Jyd dedw Ctotej Slsdesfisd OdzO dz
ftej HMIsOo dzj dz ftsdzdz" &5 d HEsMistse jtedzr d3 dzOB
fesdLotHdlsMY & (StOsyHz djuzdD Mg 7 O dzdz’ &3q .
dMms dzs yOls: DMU f; StdlsdyjmMSdadd st zMC Oc

1 stdbsduimMScdjsfiBEnBsd) L dOuj dd?
qdzd o' AtsHd B  OtOBj steOds, dzj B R-58 d itz
( dz2Of tod d3j te, " A tsSH O BHStESH O, 1 dzj e dVv,
dms dzs yoOs sy dL OdzOdzd L O.

1 14 Swdisdud MS dij s isfipdzusfifdsipldd) o lststesMmlis |t
dqdzd dzjBtsdz' htsj yYydimdzs fesfz2mMmSso (jHJddy
or stste¢ d .

ddzestedlsds ftoddzvIsdw tojh j dzd 2 :

1T lted dodzdudd StdsdDVBCdhS eaPBfs:

T 1 tod dzO0dzd yd d BOdzts G ts yd fndzO dz €
ftsHIs® j to) HY dadats 2 ts H dztsitc &5 mAfaESTisoyts  off" tadtsdiyjCadj o
qaBf sOydd (MlsOlsdmisdyj MSd B tshdatso Odadets j

T LOM dzO dzO Mmtej Hdzj 4 ddzd d3ji Hd Odadztsj L

T tjctej MdsddzOY o MksOoC O;

i d Htekzedj &BjsH', dOfttdBjt, &jlssH

1 1 tod dzgj SHdztstetsH dats iy lasdy | diyise § tddda] - O Oftld sdf
dMmS dzs yo, sy ddzd OdzOdedL dekzj sy lsH j dz' dat

ClsOof 2: [HtejHjdzjdd yjdj?2 d tBi jCIts

1 [ftejH]dzj dad YyJjdzd fHtososHdBsEs Odz
dzOf tcOo dzj ded Vv  thfdiE(hgded@ud ftets(dL o SHfts o [ kgt
or TRH@Z) o sets fesHESCKO, Ekdkzyh jddj §sCOL

T [ftejHjdzj dedj tsBI | C:ls 5190 d@jdsd dzddl do (DAt
tcOL dzd ydz' = EfmMdzsedwr tjOdzdL Oydd ftsyj fi
COLBYWOLAE2 MejHj d(ddd) o )dHOdIR GOsds
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ClsOof 3: JHtjHjdzidd] o9~SHAdG ~ d 8" ~tSH

10 HOddzsd3 1 sOf j thikh jMmiseodzw jlsmw or Bt
or ntsHdz n (OQut put s) f OtcOd3j stetso Zydls
SMtse J dedets M lsndd BY gy QS g~ oy MMesy ,n dzO dzEscaf
~nOOCIsjtedmisdCd dmMmedzgeH iz jfi3sR" " Hdafls j dIse s
sBl jCIsdoe dzsfls slsB stc O f OcORB] stets o f tofs
dMfsd LsoOdzdj 8 fesctcOBRBdSes B M j Ui d
Colststfrsdy atsdzv j Is o 'suizjj dzd Isi' dzO0dz@ dfise | fJtcj d3j d
odzdwdzgdd dzO 1 WW jiCIsdo dzsfls: ftesyj MmO, 0]
gdeW stcd3Oydd dBiyHE OO IstcOd3( .

Il LBy dz" § o9~BBHA J §OOd3j st (1 nput s

1 uj B jtcOlkztc® tj OS¢ ydd (AC) ;

1T [ Oodzjddy (Ob®);

1 tcMiz@akz] o sSHiStcsHdZsE s ¢ OL O ( d3tsdz! dzr §

1 g tetsMmis: fsHOYd o&jlsO0dzO ( dz/ y) ;

1 Cdzj cetsL Olstc Ol dz2O ftesyjmm (S1 Ly ;

1 [ OMMO COlOdzdL Otste® d/ ddzd tOMY dzOa (

1 KjdzO COlsOdzdL Ostste® d/ ddzd tcOMmYf dzOo O

Il LBy de" § o©Ff atsHdAdz J YOOy Ister ( OQut pu

1 Il T AatBH 9 SHEEAERADY SAEs Odzd L O st O ( ( dz/ y

2. stdzgo jtemdw ( %) ;

3 ltejdgw 1 WWJiClsdodes? tOBKIr ¢ 0OIlsOdzdL C

4. vdf d MtHjtey Oddj YBBUYUd ~ YJ dedz' n

l tod d34 dzj dzd § MsOIsdMmMisdyj MSsets ddzmistelz
B shdzts 0 O dzdzf @ tc QEHGjBISHAS o |, sBjMfjyde O h d2
BsHjdkd d OHjSCoObdks] oy jddj tjod
fesyd Mho.
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1 dzs€ 2: 1 tsMsOdzso CO d twjh jdedj L OHOYJ

ClsOf 4: Jlretstec dBsHjdzd d tedj dzlsOydd D

1. Jretste diisHj dzd HtetsdL o sH Jddnyy dzOO dzdyg dA
Odz0Odzd L O.

1 CCR(CRSy BOL tsoa OW tyjdS O Bh j2 Isjnded-

T BCC (VRS) i tsyjdzt O ydmlsts? Isj mdzed ud Mm¢<
sftcjHjdzjddj {WWjCkO HBOMhIsOB O.

g SBM i ®ftjHjdjdedj CtsdeS toj Isdzr 7 dzO t
(dL d3 dzj ded § Lk tBj dzj e p tzd j dLB' Istsydz n L Ols tc
dzj HBY sdzzyj dzdz" = o' f EMCts9)

T SEFFi tc Odgy d o tOMO dzd i s sdzdzj dzd j ¢ SOC&so
BCC, SBM).

[ dzv sz yj dzed v § sdzdes?2 OMUcdsE ylztlzts + 8 4 j &
Bz MSsd S5 oL Od BsHsts G dziad® " BwRc@ER fdzj H
o MmMtsle jlMisodd M ftojHAEsYJddats?2 dzad ) |
RsH jJ PAdR] IsSH O

T CCR d BCC. I sLotsdzv jIs wsfftcjHJ dzdls!
Slsdesh Jjdzed¥ € GctwOdzedyd 1 WWJiGClsdoedesmisd.

1 {fwinjdidd] tyjdid W¥j§isde domnlsd
1 1sOfj BtjHjdvjlsmw, MmowL Odets dzd 5IsC dzts dzj

T SBM. 1 sCOLMr90jls COCdJ d d3j dzdets ff C
Metsdz Cs5. 1 OHOjIs dzOftcOodzj dedj HdzVW o SL d3tsH

T SEFE 1 sLoatdzv jIs i BYWUHtezgvHsd ddiz%yp Ylg d
cOdzy qtetso Ols+ .

RMfsdzr L so Odzdy HOdzdzs?2 ftsfdzj Hiso Olsj dz!
dzj 1 WW jSIsdedesmisd ( d30Mmh IsOB, toj L jtcar ¢
dzj L O3 yjdedets?2, fted + tsdz toj Ctsosj dzgh Oydd
MtcOL E d2O0 digifqOedf' Mg = @ SCtedlsjtedwan +WWJC
ZOHY Y desfls! tojL kzdz' sOlstse .



139

1 Il " BBste Btedj dzsPggdL asism g Ay sde® j B ) da -
yd dzd OdzOdzdL O, Ot tod d3J to: mMded ¥ 4 ded § ©WOM~A
ftotsdL o tH fif dsote@ j dzls Oyd W  dzO dzdpjr 5 i Jo s d Lidpat telirfls
foshissw dzdes 3 teOMrsH | ] Mtemse (tsted ] dzls Oy«
d kZojddujddjHl{tegdL stefjEas®@ydd) .

[ dzv OdzOdzdL © fdtetsdzdL © d&J sOdz0 dzOd B 5dz
9ntH, 1SOC COC idzd det2dzvLj AsHi Y JY26 dldniSr difdzdid
d tjmMkztemsL OlsteOIls fted §sdzkyj dzdd L OH Odzdztsc

ClsOf 5: AttedRBzdzdtesoaC O d tjh jdedy [}

[ dzw COYyHtsSes DMU Wtstedzddtelzj Ismw L OH Oy
mdMmisj d3r scteOdzd Yy d&zd2 d OO stetso  dBSH |
9" ntsHfs9 ftesyy MM (tOLHjd&Z 3. 3. 2). s tste
Istsydzzs tsyj dzeS k& BGldtsmdlsj dz¢ detsg DMUY W jl CRldsoHodzk
or aHdz | fOttOd3j Ister Hdzw ftsMisOdetso € d L OH (
3, 0O BtdjdsoOydw d&sHjdzd tftejHj d] O dO !

[sHjdzd DEA dmMftsd Lkzslsfqfwy o MlsOdzH Otcls
RO § BOd U MEdi §sMmMisOdase ¢ df wdipjj~H jfdEd dpj dd
3.2.1, WistedZzdd5) (3. 65Q9C 52 f SHA SH sB J M
fsmMstetsj dedJ GctwOdzdyr L+ WWJjSIkdoadesmisd d MmE
Emdzse dw A .

1 sfmdz Wtttz dzdtetso S d [V MmEeh jMmlsedzv j Is
111 ftetgfdsimovsHndzy HEzZs h dd3 sSB L OL t5d3:

1 RM sdz’ L so Odzd | M jydoOodzdL d tctso Odzdzats G
(] z0Oo O 4) .

1 I sz yd dzedd L dz2Oyd ded?2 By dessc 1 WWJ Clsc

1l dzs€ 3: ¢odkOdzdL tjL Ekzdz sOIstse

ClsOf 6: ¢dzOzdL tjL Ezdz Ot

1. sd&zommd¥dscoOoydw DMU

1 WWjiClkde dz jOfiBMUWO



140

1 4L W%jicCIsde a9 DMU

2. lrwoeodzjdedy fJteduddzs dej t WWJ SCIsdodatsmlsd

1 ¢ dzOdzd L 9 ntSHdzr = d 9" AHdz n f Otc O
9" ntsHBB9 ) .

T [ftejHjdzjddj, s COCdHB fOtOd] stcOd
OO dztsc 59 .

3. JUtejH]ddedj DMUY § toj dzls dz' n

1 {ftiHjdjdd] daOtfue@Bxyiapdaf? SflsdBdL O
DMU.

ClsOf 7: J1ldqLEOddL Oydw d ddelsj tcf toj IsOyd

1. 1 smMtesjddy cteOWdSCtse

T Il sMmlstetsjdedj HJdOCLOR tcOMY tej HJ dzj dzd v

T 1l smistetsj dzd | CtcOWdE s dz2O0 Mmdsoe § i
( Mtej wiedizd 3O dz' dz" § d BOCMdd3Odz! dz' § L dzOyJ da

2. RdEsjtweftcjlsOydwy OdzOdzdL O

1 [BIMEyHijdd] bjrdtsdztedy MEdm tMtsB J «

I'vwoddedd IsjdeHjdeyd?2 d L Osdfmdadsils,

3. ANBtod3rdzdtetsoC O Ijnandtdztedyd MSdr or o
GteOdzd yr LW | Bisdigdigsfgds = tsBi jClstsea MtcOo dz
ftedyddze dn dzj L WW jCIlsdodesfylsd . ¢ dzOdzd L
Cstetcj SIsdtesoaCd f OO steso  dgj + WW j SIsd o dz
CtsdemistczC ydsdeder | R OteOCIsjtedMmisdSd tsBBtckzHT
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( Hauano )

:r bnok 1: 0 Briok 2:

! Modzomoeka ucxodHbIX MocmaHosKa u pewieHue

! daHHbIX U 6bl6op l 3adauu g
! napamempos bniok 3.
(S ~ ( 3tan 4: BuiGop mogeny u Ananus

: Jtan 1: C6op M NoAroToBKa AaHHbIX SKCNepUMEHTOB opueHTalu DEA meToga }— ¢ peayaomamoe

1

UcxogHbie
AaHHble

dopmuposaHue Tabnuibl AaHHbIX
MposepKa Ha NOAHOTY M KOPPEKTHOCTb

3Tan 6: AHanu3 pesynbTaToB

\ O6pabioTa NpoNyLLeHHbIX 3HaYeHUH y. BuiGop opHeHTaLmum K;accmbmau,wﬂ DMU
Mogenu bIABNIEHUE MPUYUH
He3pderTUBHOCTH
( N

\_ OnpefeneHune pedepeHTHbix DMU J

J7an 2: OnpegeneHue Leneit m o6bEKToB aHanusa
OnpepaeneHue Lenei NpoBOAUMMOro aHau3a
Onpeaenexne o6berToB aHanu3a (DMU)

OpueHTauna OpueHTauma bes
Ha BXog, Ha BbIXOA, OpUeHTaLUK

4 3tan 7: Busyanusayua n N\
WHTepnpeTalLuna pesyabTaTos
MocTpoexue rpaguros
VHTepnpeTauua aHanu3sa
DopMyNMPOBKA TEXHONOTVHECKMX

1
1
1
1
T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
! g BbIBOLOB J
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

e

Moaens mogenu
DEA meToaa

A 4

/ Jtan 3: OnpegeneHne BXOAHbIX W BbIXOOHbIX \
napameTpos
Bbi6op 1 obocHoBaHWe NapameTpos
CTaTUCTMYECKUIA aHaNU3
dopmurposaHmre UTorosoro Habopa BXOAHBIX 1

Mopaenb SBM

Mopenu CCR, BCC,
SEFF

Mpoponkute

\_ BbIXOAHbIX NaPaMeTPoB J MHCTpymeHTbI: ananua?
J7an 5: Python u _
‘ DopMyIMpPOBKa 1 BEnbnnorekn, /;mns;\

P s Sopmynpooia
OueHka obLei, \ pewenune 3MN
TeXHUYeCKOH

apderTMBHOCTU 1 VS
macwTabHbix OnpegenexHue

WHcTpymeHThI:
IBM SPSS Statistic,
Python

OnmMmMnsauua

. BHeapeHue

CBOIACTB pe3epBoB 1 Jran 10 >ran 12
i OLEHOK Memnp'n“m Memnp'n“m
I o o o o - K PaHmuposaHue apderTusHOCTM Wi e
aHanusa aHanusa
OLEHOK macwTabupoBaHma

3G heRTUBHOCTH U

\ MaCUJTaﬁME!OBaHMﬂ J

MpogomxnTe
pacyér?

t dfkdzts® B sEdlsds Rdscsy OCsttedets? t5yj dSd W jSisdo datsfl
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{ OLtcOBSlsOdzdzr 2 Oddtstedlsds dwdzsc sy OCIksts
BilsOkO fojHMisOodw jls  MasBisR tss diddtsy gtz
sBjMijudoOshd2 CtkfdjShdzs syjdSkz ¥\
L ChY jtoddsj delsOdz! dgr @ HOdede' 7 ) dMysd Lo C
o' {szdzj dedj | Ofse OdkEtsdldO, ls §SHGEE
His ddzls j fjta b Udds e L otsdy jls:

1T SdzommMd¥ dydtetss Ols! dimdzj Hizj 3" § t6d )¢

¢ orwadlk! tjmktemsj BCdj d daj tOYdsdOc

T Sty H] dzdIls! oL @By dztsy dzOf teOo dzj dzd W

¢ bkuydlsr 90! Mfjyd¥dslk &EOMh IsOesdus 2k sl
bikse 2 fesyj Mo (lsdf S$O0kOdkdL Os®O, Mt

1 WstcdBsz dzd tcts o Ols ! sB sMdztso Odadzr | tcj ¢t
L WWJGCIlsde detsmis(d .

v 0Cddz tsBtOL 543, ftoj Hdzsy J dzdz" 2 @ Odzg sted
BB ssHdyj ME 2 GMmdatse 2 jHddfW CHEG daQoQizj dzd s
tcOL dzdyde" » 9 0tdOdzsse Isjrmdesdzsecdd f dtetsdzd
MdMmisj Ggdese s OdzOdzd L O.

34 [ degsetsW OC Iststedzr 2 Mo dzdlisj dz! dz" 2 0OdzOc

3.4.1 CCMfjteddzj dzlsOdz! dz § HOdzdzr § Hdzw

SOYHM2 1O jted dzj dzlg Ptizef dz' 2zOB BOFP B s t@dz -
~nOOCIsjtedL zjIlsmw dzOBBtesd3 Isjmdetsdzse d yd M<
fteso jHjddY t©jOCydd bjtedicSOlOddlsd yj MS ¢
LORBjtcse HtojHMIsOoadzj dzO © 9 dH d - SH dats 2
Mslseo jIsmMiselzjls lsH]d dsdBz B jSIk MtcOo
LdzOyd dzdv dL d3j toj dzdz" = § OtcOd3j steso. 1 ECOL
1 CMfjtedd3d dzs© E2SOLOds BJjL EyYyjlsO ot d3d C
[ S sdzdzd Is j dz dgts  H dzW C OWHtS dity tc £ a0z UsQ Isizt
ftcdetlstse dzj dzd v , CslststcOW 9o HOdMz dgj2h j a3l
tcOLHjdz 2.3 B"dz ftesojJHY dz MisOIsdMIsdyd M «
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o' BtcOls! O9mrBHA | d o' atsHdz J OOz ster |,
odzdw dzdzO L WW JjCIsdodesis! ftetsyd MMO Isj ted3ts € (

J tc O3S On 1 CMY J tod d3d dzls Odz! dats 2 yofmlisd
zOB stcOIsstcddc | 4 ODBj s OL s 7 Isj mndetsdzsedd
CtcOWdlsOe, d&ZzO0 COW jHtc] candLdCOe smizh j
Isj mndesdzse d yud MS dn f OtcOd3j stets o ftesyj Mimtse
CsdWdekztcOydwvn, ftodd3itc dzOBtStcO ff OtcOd3] Istet

vOB@J Gl Edd3j 6 MBBtOdzdz » S MY J tod dzd dzls O

asmisOs | - U 0o dzj n ; ;

ls;dﬁgtjgte( o {quira LéthfS”" LAy, o | s s i Ad 2O
feqesky " 2| wjocy wjocyBIBEY Y "o |12% | ch, % Ok od

w cokod J ©f os&.| ¥ W Bdd els/

T 550 3.4 5 0 851 | 1501 1409 | 36971

2 550 3.4 5 15 | 862 | 15,05| 13.08 | 3697.1

3 550 3.4 5 30 | 859 | 1607 | 141 3697.1

82 Ni/g cu/10[ 4 650 3,4 5 60 | 60.6 | 41,6 | 394 3697.1

Al,Os, 5 650 3.4 5 75 | 62.2 | 401 | 37.8 3697.1

100 & 6 650 3.4 5 90 | 63.0 | 40.6 37 3697.1

7 650 3,4 5 105 | 626 | 40 37,4 3697.1

8 750 3.4 5 135 | 321 | 69.8 | 67.9 3697.1

9 750 3.4 5 150 | 33.1 | 69.4 | 669 3697.1

E E E E E & B e E E

239 | 550 3.4 2 0 761 | 19 23.9 3038.3

240 | 550 3.4 2 15 | 772 | 187 | 228 3038.3

241|550 3.4 2 30 | 771 | 186 | 22.9 3038.3

Q0 Ni10 | 242 650 3.4 2 50 | 545 | 395 | 455 3038.3

AI20, 243 | 650 3.4 2 65 | 541 | 428 | 459 3038.3

100 d3{ 244 650 3.4 2 80 | 53.7 | 433 | 463 3038.3

245 | 750 3.4 2 100 | 37.4 | 58.8 | 626 3038.3

246 | 750 3.4 2 115 | 37.8 | 583 | 622 3038.3

247 | 750 3.4 2 130 | 383 | 58.2 | 6L7 3038.3

342 dzsc ¥ OC Isstdz 2 NteOo dzd Is j dz' dz" 2 C
sjndsdZscd? cOLsYWOLdGEEE d Y dHS Sdj lsOdzdzd

3421 dOddL Bh j2 1WWjClkdedtsmisd Isj
NJHOCB®B] SOy MStets fdesddL 0 (& §ddts:?

1 toj HMMIsOo dzj dadz" 2 O dz0 dzd L ZzOf ttOo dzj dz dzC
syj dzb Iz sBh j 2 LWWjCIsdo desfyls d 5 j o dzts dz

NdHSCB®B] sOdkdzdyj MSsets (rf) fdtesddL O d&j
COLEOBOdd &8 Odkctstedlsdisd (LOLHjd B. :
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Ctstete CIsdzsmis d MicOo dzj dad W dmf sdz’ L s9 OdzO
1 CMY J od d3d dzls Odz! dz" n H Odzdz" ~ , 0 H dzw 5B j
dHJ dzlsd ydg § Ctedlsd tedd L WWJjCIlsdedesmis(d,
dgmeoyjddvw. | hdsse,] O0dOddL O tdigdOus] dedg L-
1 CMyf jteddgd delsOdzr dzr = fMjtedwa M dMfsd L s C
sjrndszsedud MEdn 6 ddse § ybeftgHaf defifvj S I
BjlssHO DEA.

[ dzw COLBWOLMsets fdesdzdL O dhfsd L&
Msmis O NIALOCW18ID,; 90Ni/10AIO5 85NIi/15A1,05 82Ni/8CW10Al,Os 60
Ni/40SiO,; 60Ni/40Al,O3; 50Ni/40CW10Al,O5 71NI/9CU/2RI,03 75,5Ni/9,5Cu/15
Al0s.

[ dzw rfq fdesdzdL © ftoj HiflsOo dzj dzr fndz
90NIi/10Al,03; 82Ni/8 CW10AlO3; 85Ni/15 Al,Os.

{Mdzetso 52 Hdzv f odsBlsi@Iv W olEf sy Cfs
f OtcOd3j steso. 1 0 tshMdse] OOJL O (t6OLHJ &
o ntSHdz J d o AntsHdz j f OlcOd3j stc" ftotsh j
sBjMfjydoe o hdjy MofthmlsOs dB@sMmis! tjL zdz Isc

S o nBH O] Isftadlalz (-~ OOSIsjtedL s hddz L
ftesyj MMO) ®slsdzj Mj dzr :

1 Isj &3 j tOlkztcO; tcj OCydd ( AC)

1 HO9 dzj dzd § ( Ols d3)

1 tcOMmMratsH d3j IsOdzO ( dz/ )

T oetjBW LOBjwLO (dddizls')

1 YyJ 20 COlOdzdL Olststc® (tckzB. ) .
COydmMlseaj or atsHdz ~ f OtcQaijjLidAals ols O(s& ©
COyj mMsots ftesyj MMO fdtesdzdL ©) GtoddzvIsr :

1 Cesdzdyd Mlsoas sz yj dedzscts o BHESEBH O |

1 Ctsdze j sipdw CH (%), =~ Otc@LO. js@dodaswh (
® mBHJ] .6 OSydd

C

| —
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10 thdsoe j LCOL Odedzr & MW O@kgdtiss O dz
BOlsj BOdU]j MSCtets fosctOBidess Oddw () §?
cdfkzdCj 3.5.

- T B peaktope, °C R
P B peakTope, at™
p pe. > Konsepcua CH4, %
DMU >

Bxonurie Hema xarammatopa > OOBEKT Boxog H2malr Bexonurie

apaMeTphbL CcpaBHeHUA Kar., (71/a)/r TApaAMETPHI
Pacxos MeTaHa, MI/MHH _
Bpewms 3amepa, cex
_ >

{ (M dzEC OB O] sts™ o LOHOY] EBEscsY OCkts
sjodsdsed?2 4A d ] fdsddL

HticOodzdlsj dz' dz' 2 Odg@OcdzdL Isj ¢ ddts dztsf d f jof figGs
fososHdd&NY fklsjd Yook dditBs Q@) d @Y s jsds
ZO fMdtses |y osHjdzd SEFF d&jlssHO DEA. 10
SyjdSd (WWiSkdodsiisd HdW § sdds? of BEGGS

1,20
0 0
- | il

771 18 35 52 69 86 103120137154171188205222239256273 290 307 324 341358375392400426443

100

OUEH KE 3 PEKTHMBEH OCTH
=] =] =]
N ]
= = =

Homep obbexrTa CpaEHEHWA [3amepa)

t dMzdEf OB GBjHj dzj dzdj BYyjdesC tBNM j2 LW
LSy jtoddgj dzlsOdz! dz" 7 H Odzdz’ n

O dZ2OdzdL Ytsdzzyj dedzr = HOdzdzr 7 f 5COL Odz,
ftcd LOHOdzdzsdz dzOBtstcj f OtcOd3j Istetsea Isj n dats dzt
Mted Hdzj B3 ( tod MizdaylS 6 Ptei7j)ls Hejlgizy § o MBS d4
syjdesS wBh j2 1 WWjiCldodesMmlsd 5 MteOo dzj &
Bj lsOdzdzOr Wt jfHdw.w 1 WWjiClsdo desfyls: I A orh
+36,9%), ojtodvv CcCttOddyO® W% jCIldoe datsfls
1,0195), ybt ESOLroa0Ojl dO d&Oddydd o |
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o Y d di3gts o . lted 1 Istsds tcOL Blosm ,s6y4 4bs ¢ tzts Ig dh:
Ylsts BlstcOy Ojls Bdz hzt8 9 0OttdOlsdoe degsfmls! o
rft tcOMYf tcj HJ dzj ded J§ syjdesS Ctditf OCIsdats
L dzOyd ded W o3, dzd M’ JHdddydz jJ t6jydd3¥  HisMk
ftoj ddszh j Miso s Als e drsadd' | sBEzMdzso dzj dzts |

l & jtcor &, ftesyj MM’ GOL sW OL dztsG 5 ]
Iso j tcHBW OL dgr n COlsOdzdL Olsstets o, ¢cO¢ ftcOo
sj B jtcOlszteOR (B 0RJACY., sdejsd DO COC H dzv
Misy 4 ddhddsdd j BdMmisj O~ M X dHSCdBd d3j sOd
sdkzse © ddzd G Odzdzd v ) Yyofmlss IstcjBlz8 Ismw |<
o dzd X 4 dzd § Isj &3 j tOIlskztcdz A Istcj Btso Odad 2 1
1 dzj cetsL OlsteOls (9 Istsd3 ydmdzj MCter Isrdd)dzr =
Csdemlstez C ydtsdzdzr = d30Isj ted Odzts 9 Yylsts Ctsfmo j
L WWiClsdodetsMmisd Isj mdetsdztse d d .

18
1,7348

16
1,4
1,2

1 1,0195
0,8

0,7123
0,6

OueHKK 93¢ PeKTUBHOCTH

§ 0,5205
04

0,2

0,0902 b 0,0674
0

ro HMP

B cpeaHAA ® MMUHMManNnbHad MaKCHMMabHanA
t dimizdt§ ©O8 Mq 3Odz! dz' §, &dded BBOdz! de" § d
L WWiClsdodasflsd Hdkw IsjRdsdscd? LA d -,

Jmlste’ 7, ¢ l§Odydf{ldnds\ijdhs Hdzv cG OL B OL dzts
sfdetso j ded S jdzw d jets Mtsj Hddgj ded 2, co¢



147

OCIsdeo Oydisdedzs?2 L dzgjtecdj?2 tj OCydd tOL dzts
rft, bt MftsmMseMmlseolkzjls ko jddyjdds ftetsdL

l-dstejIs: dmn, o tjLbikzd O] 1A fdtesdzdL O
Fedzj esHde | dOdtdizOIlsj tcdOdzr ( dzOf ted d3j te, - ©
fdesdzdL j dn SCtddyd mMset MmMkh j Mise j dedets d3j
COOdzdL Olststc©  toj H foiddad ¢s gzl ldzlz s s (3 T deis tztf &6 d
[85, 96, 98, 99, 100].

vd B3 dey  d3dodzi o, Isj o telscazfsL.c @ d dzjr fif dBts Is to W
(Octj Minde dz' | Mes2Mise © ydHC &Y B EddE]
dmf sdz' LapQ3'ted Ofgezes ) desmisd M kIsd dzd L O Wdlgjt=Re
tej ©OCydd, O IOSCY|J Hsf sdzdzed Is§ dz' dzg" § ted ¢
sB dzOH Ot Is ttWHBd §tsisj dzyd Odzr dz" F100]1 te jodkdfzE i
f S5H O9 dzj dzd J ftesyj Mmtse My j COdedw C Ods @ dzd
Isjf dztsf jtoj desMO, o tsL 3y datpislz ¢ digj tf &y dzts © Hzs €
Emlsts?2 ydoe tsfmls COlOdzdIsd yd MmE ts2 mMdmisj d3r
ftej diszh j Mlso © o ftsdzdets? d3j ey dzaj tlsteOL d
syd dz¢ d, fesmMitsdz S22 1Isd § OtcO3PIstets s Mdzis o
HsMiskzf desdg  dzOAndpdf o Cdzte yJ ot FOSC Bzissor [ §f C
CdqHESHdAZOBRdJSd d My dzEOosOydd. S tc s d3y
fdesdzdL © dO~BHYISMHW dO BBdzjJ ©WOdzdzed~ M
fMted Hdzj &3 B tsdzj § dzd 1O§ d T ddj 5o B dANRAESIS]O dis O
MOo dzj dzd ¢ M B Slzj J dzts @ ez ¥BdEd | A

tdLlzdz sOIsT ftocso jHY dzgdese s OdzOdzdL O H §
COLBYWOLMGsets fdesdzdL © BjsOdO (1 A) 5 Mmi
(rft). Yted 1 Istsd3 Hdzw Isjmdesdztse dd OdidiL Ods s
tcOdzi § LOt] Ctsd3j zhs9o o dj MmiBvw CO¢C dzOdBE
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ftodeilstse dzj dad W i 5 500s QAL L P Istfstistissp j H | dzd 8 5 § to & G

3.4.3.2 ¢dOdkdL ©OMARBHO d&jlkOdzO H dzv
COLBjtej toj OCktEO

letso jHjd2ZO Byjdz¢ O oL d@3tsy detsfmisd o jdz
fJesdzdL® LO Mujlk tsMlsO ©OMIBHO &jlsO
dzi L d3j dedz" = G it stedyj MEdr t©OL iBj cOr 6]
(fted t6OMatsHOR 2, 5, 10 dOoBOMigzisig) . 1] F BE
MsedzOmMdzs edmMkzdzS 2 3. 9. 10 tedmMkzdSj 3. 13
ftctso J HDPEERPWZOZd L O dzO smdec8 j 10)/[,1 MW3s. eIl
OdzOdzsedydets . 3.4. 2.1 Hdzw o"BtteCd HOC
f totsyifipfigtlr,yj dzdzr = © ~"BH] 8 1 CMf jtedd3j delstso
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O6beKT cpaBHeHua (3amep)
t d Mz dets’&f BMYLUSB] v j dzj ded § By desc SERFY &b d o
COLBWOLMses fdqtesdzdL © fted f sMmisWw da
1 0 todfmkzds€ § 3.14 f ¢ 0L Odz ZMmtcd H dav d
COL &zdyde' & ©OMBigess d W] EOdOS s dzj dzdv S Ole
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OugeHKa apdpeKTUMBHOCTH, %o

“‘O
[&s]

t d Mk dzsiCu fipte jlnddzj dzdz’ | Byj deSd {WWjiCIsdo dasls
20 dz/ \lsj (RO, cOlskO fdc sisksjoddt] jdm@ls BESC
fedcettltsodzj ddils3 Bl cPsbed flrdecslsto d

[ jLEdflsEsOL " 008 ls, ylsts bkojdduyjddi t
fedotsHdls ¢ fkhjfmlse j ddesdsl  fded y j ded ¥

ModHjlsjd Msokjls & §jthmifjCSlsdo dshlsd &GO
HOd dgj 2h j o5 tsfls) ©OMEBHO (10 d #60vd
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COlsOdzdL Olststc®, B©BREMdzse dzj dzgdzOW d dzls j dzfnd o dz'
Clsts ftcdosHdls ¢ MsCtcOh jdds ote @3j ded MisC
o' MsCky dzOYOdz! dzgz Ctsdzo jtefde d3j sOdzO. 1
ftcj HO OtcdIsj dz/ dgr 2 ead'lsg et dztts s dylz oSfiAsls O dzd Is d
L dzOydlsj dz¢ dzts 3z d L d3gzdlzls @ede® tOir shds Mdtots
tej OCydsdadets? L tsdz .

[ dzw Wistcdsd totso Odad W ¢ sdzyOlsj dz dgr = mt
otsMfesdLosHd®BsMIsd tojLbd sOktse dzO B E&dy
ftotso JHJded J dmmdzj H s Odzd 2 ) tcj OCIststs
EflsdddL qieso Odzdz" &3 bkfmdse dw &3d B0 MM EdE KB,
OCIsdodzr » Ctd3ff sdzj dzlstso .

3.4. 4 [ detse tsW OC Isstedz 2 O dzO dzd L 3O fmh
CGOLBWOL dzgsets f Jetsdzd L O

[ OMmhsOBdtelz j d3sMmis: {f &€ Ol OA B d A @ € @ its dztlf
wodw jlsfqpw tSHdddB dL thdsedy = Mets2Mmilse df
odej HicjdadWw o© fHtetsd3™ h dzj dadetsfls d, sls dzj 65
o SHEStGtSH O, L dzgj cetst WW jCIlsdo detsfls! fMils OB d d
kvytcHBsEts (BB YdSEs bkedjtesHO, 1ted fjto.
Ctolztf detslstsdzdzO des sz f tesdL o sHMlsoz tsftcj Hj d
fsLodzv jIs o wodls! 1 CMmY J ed d3d dals ' i J tof
ftcdoa jHY Is ¢ o j dzd yg dzd sBl jodsts§ £k d LCast
By sOO M MsOB ddz' dets? w©OBBISs?2 G OlsSOdzd L
BOMh IsOBdz" A3 Moats2Mlsa OB ftesyj MMO RIS dats(y AL
3.3) d 1 WWiClsdo dzesfigg) , 3OHE @@ Y tcisth © fad v dz¥

SE, :g, (3.16)

CHffitsyd dz2€ O 1 W W jpcltds dioSdhtptniiste(d d3j GARBREB.5K (&6).d5SH j

syj dzC O 1+ W W jdts dio Udistingstdd d3j BBCAA3.1ML)3. 1815 & 1 Notzicf
fstcWHCtsSer 2 dzsdzgjte 1 S jtod d3j @BIAU.9 O dzO dzd L
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lted oMmistw dzdzts? SISGROYJY tadsy j dgdn hElsGRBEN O
RZOrsHdIsmMY o Gfflsd 30dBEdzsldy dy@shis Is©OB gzO WG dis
ZOMmMstets?2 C Iz f OcOd3J Istets o dzO LWWJCIsdg-tzthj
1 Sy J ted d3d dzls g , Colstster j ftosf stoyd sdzOdz! dzts
(o BHBWGBSH  kZedzj tetsH) .

l BLtcOMIsOE h OW slsHOYO tsls SEZD M hMrd<Gssla® | |
1 € Mmd dggdedzls O d3, BOMh sOB Jtetso Odzd | Celstste’ n
dmf sdz! L s9 Odzd & LOtcOydoOj d3f = twj Mkztemtse
o' nHdz » JtetsHEZCISES .Isjvydd dgsiddagide’ Mjw W j CIsd o dz
ftesyd MMO, ik Btsd "d& {§ OB dipdOdasgs e d
vid3 BEELY 1, Isjd3 Bdzdyj ®KOMhIlsOB ftetsyj MmO

1 tod " 9O h j2 sIsH OYJ sls d&OMh IsOB O
EmMsOdzso € oJjHYIs € fdady J ded ® BOMh IsOB dzts
ficsHkzCIsse slsMisOY Is Bist detcd oG M ld @B dc,j M b s
YyJ dzj fssBtcOL dets o tsL H ey Ols Mw sl f oW BSE
Isj mdzsdzse d yj ME z & fjtoj dzOMmlstets?2Ckz (st Isd dzd
5§ § zsBOMMEY 6] dsMO) d/ ddzd St Cyd:s @
o tsB zOMIs! CRS ddzd ~tslsw BT ftsorhjdadw 1
vstsdz C5 fsfmdzj L Istsets dqdzd dIls Md3r Mz o sL 9t ON

[ dzv  tcOLtOBtlsSd ftOCIsdquimMeédr toj € 5d34
BOMh IsOBdietso Odzed® fHtetsyj MO dapuafa j L j5dz 1 iftdQ
IANfdJesdzdL O d3j sOdzO@, dMrtHdZ j HOdzdzr | s
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v OB dzd yoOR 3= BH dz" J H Odzdz" J ¢ LOHOYJ O d
ftesyj MMO cOLWOLdses fdJtesdzdL O
1 Ols o wtoj Hdgj oL
L 5 &J ok oddL 0 thISHtSntSm © | ulssd &t {Sijq'*’d Ow ¢ f5dgo
Leny fgmwqus.ls,jow dzl oy idz;ucosomljtmsqja~ CHi( f 15
d3j dzls d&3d dz dz/’1 d, 0O, g 1d1;’t(a1SHlsdz>1cf
sl sl * misd) , d
i - X1 X2 X3 X4 Y1 Y2
1 82Ni/8Cu/10AI ;0 165 5 16 3697.1 6.4 22.14
2 82Ni/8Cu/10AI ;05 220 5 2.1 3697.1 8.77 22.68
3 82Ni/8Cu/10AI ;05 195 5 18 3697.1 7.78 225
4 82Ni/8Cu/10AI ;05 200 5 18 3697.1 7.19 20.47
5 9ONI/10AI,05 135 2 | 1.263 | 3038.29 1.51 7.69
6 9ONI/10AI,05 141 2 1.32 | 3038.29 2.08 9.15
7 50Ni/40Cu 140 2 1.31 | 6332.15 1.12 5.26
8 71Ni/9Cu 125 2 1.17 | 3943.78 1.31 7.27
9 75,5Ni/9,5Cu 145 2 | 1.357 | 3902.77 1.01 8.699310345
10 80Ni/10Cu/1®Bi0, 140 2 1.31 3721.1 1.58 7.713571429
11 80Ni/10Cu/10Si0; 400 2 | 3744 | 37211 4.06 7.302
12 80Ni/10Cu 120 2 1.123 3721.1 1.44 8.5775
13 60NIi/40Si0; 351 2 | 3.285 | 2968.79 3.13 6.603703704
14 60Ni/40AI203 121 2 | 1.132 | 353141 1.38 8.221487603
15 80Ni/10Cu/1Gi0; 155 2 | 1.451 | 37211 2.08 9.330193548
16 90NIi/10AI,05 130 2 | 1.217 | 3038.27 1.58 8.653846154
17 60Ni/40SiO; 145 2 | 1.357 | 2968.79 1.81 8.926896552
18 80Ni/10CU/1Gi0; 482 2 | 4511 | 37211 7 10.09825726
19 80Ni/10CU/1Gi0; 400 2 | 3744 | 37211 4.06 7.302
20 90NIi/10AI,05 135 2 | 1.263 | 3038.29 1.82 8.062962963
21 90NIi/10AI,05 130 2 | 1.217 | 3038.29 1.86 8.560769231
22 85NIi/15A1,05 200 5 1.9 3120 8.4 25.20375
23 82Ni/8Cu/10A ;0 495 5 3.5 3697.1 24.56 29.78030303
24 85NIi/15A1,05 480 5 3.5 3120 26.95 33.69375
25 90NIi/10AI,05 480 5 34 | 3038.29 25.37 31.71822917
l COyg/beger = OO stetso nOtcOCIsjtedL
ftosyi MmO fdesddL O, dhftsd' LEkzsIshw
q ltesHtsdy dIsj dzd detsls! 1 €M J ted d3j dals O, ¢
1 t OmMatsH ] sO0dzO, dz/ y;
f 10Ol +dzj Stetst dzgjteedd, €1 Ik y:
q dlssdiBtsMls: COBOdzdL Olststc©®, tkzB/ Ca6.
)| COyjmMeaj o nt@EDORB] Dt B, IcOEHAStcOY O " d j
tcj OdzdL so Odzdese s ftotsyj MMO f dJtesdzdL O
T (8" d2 i jdi §HisdfLojH]dhkset
1 vicj Hdzj oL 9 § M da@d@iz/ € Edlzey) teid W



163

10 Gidssj &OMMde O dMotHd & HOdd & (
fesyj MMO (ttdmkdesS 3d 1%) " jndetstc i3l d&zd tdis o D
B H j GERBSY( 3. BQCBAL( 3. 12) &jlssHO DEA.

HpOZ[OJI}KIITC]IBHO CTh
— SKCIIEPUMEHTA, MIH.

Oowmuii ooreM
nipousgeieHHoro H,, 1

v

Pacxox MeTana, m/'u

Brixonusie
TapaMeTphl

> DMU
Cpennen3BelleHHas

QOBeKT KOHBEpCHA CH4, ]]_/(I‘"—I).
CpaBHEHIA g

Bxonnrie 3aTpaTsl 31eKTPOYHEPTHIL
HapaMeTpel P KBTTE pri

v

CTOoNMOCTE KaTajlamsaropa,

PYO/KL. R
- >

{ Mk dzsis) Be A stc™ o L OHOY] HBdscsW OCs
] Ey’ ssds ®OMh sOBd & Mo 52 fls:
] kOBddyj 3.3 ftjHmsOodydr tjLlzd Is
LYW jClsdodzgsfylsd BOMh kOB dtetso Odzd™ d Isdf O ¢t
OB d&ZdUiPjB LAy OB BONYL s dzsMisd GBOM" Is
| 5k [yjdCq twwjciq
L Oy jted f b, SE* RTS
J
7 0.442 1 0.442 IRS
13 0.490 1 0.490 IRS
11 0.542 1 0.542 IRS
19 0.542 1 0.542 IRS
8 0.635 1 0.635 IRS
10 0.648 1 0.648 IRS
5 0.654 1 0.654 IRS
20 0.686 1 0.686 IRS
9 0.722 1 0.722 IRS
14 0.726 1 0.726 IRS
21 0.738 1 0.738 IRS
17 0.741 1 0.741 IRS
16 0.746 1 0.746 IRS
18 0.749 1 0.749 IRS
15 0.755 1 0.755 IRS
12 0.759 1 0.759 IRS
6 0.767 1 0.767 IRS
4 0.867 0.939 0.923 IRS
2 0.893 0.936 0.954 IRS
23 0.911 0.942 0.967 IRS
25 0.969 1 0.969 IRS
3 0.949 0.967 0.981 IRS
22 1 1 1 g RS
24 1 1 1 g RS
1 1 1 1 g RS

oM oo Odzd j 4§ &

L dzOud dzd ®

TWWiChkdodsmisd ®OMmh
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sted Sy jjted BildlsO24( 22)  MBSNVIBA,Of L
82Ni/8CU/10Ak0;) ddi3j ¥ Is Y Isd BORRY A BEDHE SIS @dHs i@
LwwjClsdodztsiisd, G3AfildOmdgitctsaf@dzd §  dB3tsy J Is
Moslse jIsMisekzs h j &3z ko j dzd yj ded ¥ L OlstcOls toj
ftesdL o sHMIse O o SHEBStGSH O d Cdzo j dd d3.
EBroOshddg {WWjChtsdd dB@BOMhIsOBO MmModHjlsj dz
fsHEEE] dzOB stc Ols 5 to dzts 2 EmMlsOdzsoa Cd d € O
ftesyj MMO dqesdzdL O. I dzw mMtsL H Odzed W f tetsC
BOMh sOBdtetso Ols! tMisOdz: dz" §j 22 1+ Mt jted dzd
(IRS) . J slsdetsh j dzd d § Wjls=d3, 252131, j tcX],d3j 4iz)s ts dn s
SEN [0.923; 0.981] vyjdzjmMstsBteOL dzets  dzgj L
G5i10%), M Ctdstesdzj d3 { dzj tcetst W W jCIlsdo dzsfls
sjtfdzsf jtej HOYd, 1OS COC dm @GOMhIsOB B dzdL
L 2Oy d@E< 0. 8 ftod ByJ dz OF= 11 WiylkzhC jlsfyloodiassfiids d
BOMh IsOB OB kMisOdseotd dd o BtcOdzdz" d@3d 1 Ots(
SE ( dzOf tod d3jSE= 0 .HAdAv2 Hzw 1 CMf jteddi3j dzsO 7)
dzj sBRtsHd s o dzj Misd .

[ dzv  or wo @rp @edzf L Olsstotso ftod d3d dzgv § d3" n ¢
BZOMh s OB § , ZOdetsdzj j BdzdLSBHRE ¢ fflsdz3Od
1L WWjClsdodetsmisd d&BOEH)h Is Picd B e @dedi?y dzdz" | SE Is ¢
(Mtej Hdzd § , dB3ddzd B3O dz! dztsj d KBOSCMd BOdz dats § |
COOdzdL Osstese d S dzOMMdW¥W S Oydd Isdf O wsls
Wstcdgz dzdtetso Odzedwv toj Ctsd3j dzgH Oyd2 5 dBOMh IsO
O dzOdzdL ftsdzzyj dzdz" » tc§ ZREMHEOE 54 tc tf 5O Is s dz?
fts teJ @3 ctezf OdE 9 LOoadMmMddisMmisd sls dMmistsa
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f5C OL Olsj dzd

LWWJ ¢ SH o dzts
COlsOdzd L

Hdzw L M Jtedd3d dzsse M t©OL dzd ydz' dzd
S OlsOdzd L {t%tqq( , >t

LWWiClsd| steiHg fddz.| [ OCT

85Ni/15AL03 1 1 1 1

82Ni/8Cu/10ALO3 1,3 0.965 | 0.923125 1
90NIi/10ALO3 2 0.76 0.654104| 0.96906
80Ni/10Cu 2 0.75945 | 0.75945 | 0.75945
60Ni/40ALO3 2 0.72598 | 0.72598 | 0.72598
75,5Ni/9,5Cu 2 0.721791| 0.721791| 0.721791
80Ni/10Cu/1®iO, 2 0.647 0.541792| 0.755138
71Ni/9Cu 2 0.635123| 0.635123| 0.635123
60Ni/40SiO;, 2 0.616 0.48998 | 0.740674
50 Ni/40Cu 2 0.442168| 0.442168| 0.442168

LeffoO 1.
sted

LEMmY § tod d3j dals O,

COOddL Otstotsds 85Ni / 15A|

fesyj Mo

CCMmYf jtedd3d dals’ ,
tcOB tsIsO8 h dj

O

LYY Sl & dz
MSEY Is)fyls i
d BHdd M
HsMisdedzlsts 5§ lsd BOd dats j

ZMmls OdztisatsC fs,8 jWf j ydo Ojls dzOdoer mh Iz

Lezff O 2.
WadeJ_lsfr]W

sBkhdss dzj dzO
T OEOC IS todzts,
fedojHyls ¢
LMY J tod d3j dals

GOMh IsOB O.

144 W
&ZOd B 5dzj j
sjodseseduj MSd
oL OO h j2

WjClsdoe dz j

Yysts s steydsdod dt

j
Isd mdesdzse dyd MmedJ
J HA&2OC 5

= 7

fOLOd) s’
L dzO Y| dzd j

SE

ftetsdL o
{5 ROYAEOOs |
dsdzts ¢ sy d fmdzj dzdzts 21.21, 255 ts
thif 5 d did L, d tcts B @pEeS tad( ¥z dist
slsHOyd s ®&OMh OB O
dzj HisMIs Ols tsydz' o3

(RTS

BOMh sOB 53

o J dz
fn eQjdie Adffsteltirf stz § tectsdL o SH (
€ OldbEdzdlL, O lddste t5jdd 150 No
fesyd MmO
B 0 B84



166

L WWjSIlsdodetsfylsd, MowL Odedzr j dMS dzs ydlsj dz' c
fesyd Mho.

Ifj SOOdkdlsdyjmMSdj MmMdmlsj dr H Odzadats?
pBLEOMSOs h j2 lsHOyd Gl ®&OMMIOBO (I RS
1 ¢t j tod d3j dzls Odz! dzts Is H dizth)ls @@z detS d 2 Bisr 9 O Is
fesdLotHuMmise j dedzr 2 flsjdydOdz o yj dzj it
shdtso descts f§hklsd fgworh jddw < WW,jClkdo dasi
fSCOLOIjd" SE fsLodVjlk ©Oddiss Ols!
HOdzZ dzj AMeOB sis@  d Gleste® o fodstedl,lsd

I sOlOdzdL Olstsi;(9SENi= 100,Ad69) Wao dw jlsfmw
dZOH jyder @3 C OdzZHdH OIlstsd3 H dzw f totsj S ist dodzts [©dk
ftetsdsr h dzj dedzgs? bkMmlsOdesoSd. (et BddLSdj ¢
BOdsd | CMfjteddj dsOd! dtsds MlsjdzHj Lo
SYdHOBESY dlsj d d j] t©jLEd OKT dO dzj L dzC
SE=0.969 ¢ 1 bktjBkjl dgBtd ht2 doOfl
WdH Odgj dels Oz dzsets f jtoj Mdsslste® fsyj Mno.

1 SOIsOdzdL Olstster’ 90NI / 10AI o , 80NI /
8O0ONi /10CullNOSDODQGU, BONi / 40Si O H J d3ts dzf
HJOf OL 80z 8,0, B0t OCIsjtcdL ¥ Isfpyw 9" Oy J dzdz
LEOL Odadz | md Mmilsj d3r Mdzj Hizj Is tc OMMd&zOIs te
ftesd3r N dzj dedzts G s BOMh sOB dtctso Odzd W , sB j f
Msslsdasi j dzted S/ fslsjdydodke §t MteOo dzj dzd
ted MC tso Odzdz B MlstcOlsjcdw &3 dzOtcOh do Odad ¥ ¢

f sOlOdkdL Olstster 50Ni/40Cu (SE = 0.
ftejHmMsOodvs s shmse’ 2 ddisjtejm f suSd L
sHdZOC s thdAdSCddw fsor h jdedeg d3 Ztesodzj d3 Isj -
dn dzj f sftej HMise j dedats @ s 9 dzj Htcj dad W ) f 1
YJ dzj MssBtcOL dets toj Stsd3j dzgHis9 Ols! ftotso j H j dzd §
bPiotsd 2 ol f dpy dedzr = OB SO stody & d dzdizh O s o3,
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COOdzdIsd yd MS dJ mMdMmisj 3" sB &zZOH O Is dz0O o
L WWiSlsde dzsmis(d, Yysts Hjd&OjJIs dmr ftdstedls
dmmdzj Hise Odzd 2 . s dzs yj ots? L OHOYJ 2 f smadzj t

St tej HJ dzj dzd j Sflsd B3Odz! dzscdcOMiz s @B @Y |
HsMisdeOjlsmMwy HjtejrtsH o B d&ZOMIs: sMistw
fsHAttH MoawL Odz M or MsCddd ttdmMS Od3d, HA
fMzh j Mise j dzdz 2 Isjrdztsdzise dyj m¢< d 2 ftotste’ o
COOdzdlsd yp iz§ s@ sBf § @ dz0O .

Ltezff O 3. 14t WWiClsdold §lstsX me 6ol §zj dak
G= 2, 3, 4, 23) M ¢COoKodug) Olststzp gs B[R s
zOff tc©o dzj dzd W d3: dzj Md3tsis tow dzO B dzc
bbb [0.936; 0.967] tyjdSd Isjnddyj MS 52
ZOMistets?2 ¢ j Isj mfopdcldskydsugisps, d O+ W W j Clsd oldats
ECOLT 90jls dzO dzj tsflsd dzsOdz! dz" 2 tcOL iBjte6 kzfls
MudlsOls! Bd MY Jtemy J ¢ IsddgQis)hdls OB dzQipfiisiiedd) IsHistdcod®

ftotsdir h dzj dzdzts G s, 0] f silsts 3z or wodzj dzdzOW
ykzemlseadlsj dz detsmils! € tjyddide d3 f OtcOd3j Istc Oc
MOt OC Isj todzts 2 stse j dzdzts fyls: © H O dzdlzts G 15

ylzemlsedlsy dz¢ detsmils! { & O dix©Odgdsticds 2 TSP ogd dzjo = L)L &
HEMisde O sy @GOC Md BOEz dOv fwd jKisHls azsifigl
oL iy @ q) , SHdOCts dzj Bdz M dJ tsls € dzts d
oL ddCdetso jdzds yYydmlsts?2 dgjt WWJ CIsdo datsAsy (
3, 4, 2 3) d fttswoedzj dzd ¥ BOMh Is OB dats 2 ct
82Ni/ 8Cu/ 10AI O Yyj dzj MtstsB oL Mg d - H StelgOqnd
Fyy ssdi3 toj Ctsd3j &zH Oyd?2 DEA/ SBM 8 tojL jtcol
fjte~rBHO ©® GBA&OMIS! CRS d MIsOBdddL Oydd
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3.4.5 1tcoddigi dziSB p dzezts i jsdgdptcts j dzed v dBOIs &
ted h J dzd 2

]l HOdzdes s tcOucDj dg OB st Plg@ziz? © HJMMJ tols(
20 hdkssj ®&BsHjdd SBM (&jilkssHO DEA) ¢
ted M J ded 2, Ctslstster 2 off jtoor § ddzlsj ctedtclz j [
SlsdetsdIlsj dz' dglz ® L WWJiClsde dztsfls d BOMh Is
ddzmstebadi disj Bj T sHO s OBMlsteOSIlsd & By, dzt
fts or Bteclz dzOf tcOo dzj dzd?2 wflsddBdL Oydd d ¢t

]l SH 9" BBtesdy dzOY cOo dzj ded W sflsddidL Oy
SftjrHjdjdd vyjdje'an dJLdjdzjdd?2 {§O0Od] Lk
sfdso j -BSHBjMEZd &j ssHO DEA. [ 5H j dz! SB
dHjdsdWdeOyds tjL jtcotso 5 COYHBAREZ orntSH
YyJdzjorj Btedjdasdtcr HdzvW HOdz dzgj 2" dr f sfls
mMdMmils j BBz ¢ 1 Is O dzts dzdzts 2 LYW jGhdy iz Y . |
fsCOLOIjdzj?2 1 WWjiCSlkdodesmisd dBOMhIsOB Jtctse
BOBtedylz foddvisdw tjhjdd?2 tBifmfjude O]l
fOLOR) stedud ME 82 BflsdBdL Oydd fsyj mno
MeCteOh jddj diBrtsaas -~ d@BcO" do Odedj dzj Ht
MisteOlsjedud MEddi3d twjhjddydd t BOMhISOBC
Bdded 3L Jieclzw todmMS daj t WWjCldodats?2 1 CMlstcOf

[ Olstedy® ftoeddaw Isqw e M j dzd 2 s mdzts 8 O dzO
f s d3ts & tej h j ded W JE3. 15)3,. L4f¥ stedsz dzd tets o C
dzj sted j delsdtetse Odadets?2 dstsH j dzd SBM, Eydlsr o9 Os
(VRS) =lsHOyd ls &OMhIlsOBO. I '"BiSte dz] stcd
jv M stsB dats s+ & SHdztso to ] d3j dzdzts ) d3dsded d3uf ts
9" AfSH' , Yylsts dzj MLHOY I ftodtstedlsj lsO dzd
[ Odedzts ] Mots2Mlsots fsLotsdzw jls o9rwadl! ¢tsd3
MOBO Byjdec O 1 WWjiClsdodesmisd o SBM, s t
MeCteOh jddvY ornkGHWddhbthMfHdg] dcHtses, B |
ftescted MM o HBMIsdyjddd W¥WWjClsdoe desMmis(.
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[dzv Wstcdhdtese Oddw &Otedyr foddwisdw |
o' fsdzdzd ls! MdzjHkeEhdj O :
1. {Omfudkols: ddbsjcwod d ;S %bdilE s
BB H JSBII Oy HjseBMU, 2 ydIsr e 08 h dj oMmj dMmistsydzad ¢
2. [fjHjddls! Idf {CRY RS ORIBZOM o0 @
SyjdCd WU jCldoe dztsfls SE ,BO M slis@eed t§ s o © izt §

OdzOdzsedd f (3. 16) :

CRS

SE| = ) (3.17
VRS ) '

J

3. (OMMyudlOl! SCStddujmlsejddzs yj dsk
dLB bBYd 7 ©OMISSK § &6y dpkdlingsdy desfls: L €
B sO@BELOBT < dzj Clstetst dzgj ecdd, Mistsd Bshls:
fosHIsE(sBBN d2 ®BI jd H , MjHdaoLejh jdadzC

4. [ftjnjddl! dOBtte {ChYfjtddjdstss,
LHWjCsdeo iBld o ROBOCKjEdLEYNJRMY Y
@q:n. ] wlsdetsh jdzdd ESCOL Odzdz' 7 L S MY j tod d&3J
WodzwE s L SOdsdzOBd Hdv thlsOd d 5. 1 ted
fteCRSYtsLotsdVs s fdzydls: ftsftstydrsdoad:
ftesHizS ydd.

5. 1t OmMmydIlsOls: oL 9 Jh jdalzs Odgdzdsiiziz to joats fotef?
1 Is O dzts dzdz" - 1Cqumd$Jwbsa, 9" Wo dzj dgdz" n daC

1M
-——aﬁ 4L a@; =1,N,j. h, (3.18)
Nz Ki 3

GHgfﬂ%V%1'BBMqus;wlmrz CjiLjte 5 C O
s =g yitbdshdsj & & 2 ©jiLjts f§t ¢ ObsE G
Cesdzdyj Mlsots oantsHkiZEEBN JF PcOREEGHIsots o NE s+
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sB M jj CodzdyjMlsoats h MiCHEE LY BpazsBo ; dets dzj to
LCMYJ el d. 1 sOf 4) .

6. 1 tsfbtesdls! &Odylz ©WOMTtej Hj dzj ded W ¢
fiteiMmjujddy BjHdOd sMmj2 Moty dshisd
SEij oLO N jddats? Mz 33T dats O dgdH @ dPQlzdm 'R t

EmMlss2 ydeOw d ddzlskzdlsdo dzsi j € dz¥ls dzBY tc@Bj t8 P
2O ctlkzdfr HAzv MOodzdIlsj dz detscts OdzOdzd L O.
Mtstslse jIsMisoalzs M j j tcOL HJ dzj ded J ® COYHBA f
MlsOlsdmisd yj MS ts2 ~nOtcOSIsjtedmMsd S sDEAdg®dzd L
I OmY Jedzd dzd§ S MY pidEfjaagsee fdOlsted yy Mk
Moslseo jIsmisedd M Efmdss dw i3d, ftoj HMIsOo dzj
ted h J dzed W slsdesmd s j dz' dzts o J dzd yd ded v d dzd
f tod dzd 30 Isfpw  dz0 Bdeseo j RESHf © 1+ WW jCIsO O

7. ltesOdzOdzdL Jtetso Ols! tcJ L zdz IsQOlsT tc (
1 CMyf jteddgj delstse & BOLKdyYyy, MW tsttddtese Ols!
BOMh sOB dtctso Odzd W 1 CMY jtod d3j dzlsts o d s tcj
ftesyd Mise .

rdzv tsfftejHjdjddY tuyjtejHiEdshétyd K< sdikd
BOMh IsOB dtetso Odzd ® ftcj HdzOG OB Isfw mMdzj HEZ®
CCMmMYy Jtodd3gj dalsT o dgzlsted COYHB2 ctlkzfifr tcOdz
BOMh IsOB O. Yjd&3 Bdzd Y J SE ¢ 1, Isj d3 34 dz
HsMisdy J dd¥ filsd@odyfagctzd BPMBEBEOB O] &3 B iS¢
fs5 BOMhilsOBdictso Odzed¥ IstejBlkzjlsmw. |z qr
otsLtcOMIsOdedw B ¥ BBO |9 teRid ez jlglrda dan jj 2 figlszpi d
BOC d 3O dz¢ dzr | . sOCts? YstewHSS miBYf hd 5ol
6 dBOB M dzOdB tsd§ j s t6d s3@dzy gatzds 'dGiggOMd Is O
BiYHEZ cuibkOBdcduiMcd? filwyatH Bl B Ml
¢ dzOdetsdzj j btolzHtsYdRE d(dfF ). S Of dlsOdztsy i3S
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sOB&ZdUPOBILg Yo fteddzwisdw tejn j dad 2.

{Yyd det O [Odzr j tjL jts" I sdzr hdj tjLjtar
dSOfﬂd;qLSWOB'q RT S (NS Odsj Hd Oczdzs e 5 L dzOU ¢ (NS>d5j Hd Odzdzs G5 L 2O
SE'=1 Lok f @O sOB YlsddOdzj do, dzJi B @M" 508 6 ldEPR@dsij dz dz
o Hdzv ftsor h jdadw L WWjClh HaZW fsor hjddw (WW G
([flsqdod ] tdondjdiejd SEiagsoddy § o) dnlj b 512 ode
BOMh s 04 ftesyj MMO o &OdSE H(J ftetsyj MMO o Bd hisdg
. . . tolz fOf @) L d&zOUd s dz' dzP ints s Oc
BJ H d O dzdy 1Bz yd O dzj L dzOYd IS dz! s lesABet éﬂ Bo}jgojzfm&gs; & Az j L
2O U $SE | st lsddz0dz dziscts dzj L 2Oy d s j dz LWWJClsdo dztsfmisd .
L &2OuFSETd | o L WY jClsde dzsflsd . r
: : IJCBOBJ dzH 2 ] 3" B30wizis3E Mida qszy
DRY (4 ¢td3j dzn 2§ 3" f3Owzjsy Mifa gy dzj dz BOMh sOB O ( koljRIBRS @] | R
(1 dzdL &g (o] dzd uJ BPYs Cred” ] ERIGHES ST ™" S (i oydw §OLOB, s
Y lsd 30 dz f OttOBj steso fosyj MMNO o HqOf OL 5dzj |
. . oz A 0RO Yds | dz dets| tsisC dzfs
e L ez (B Odz0udls j dz' desj ©IsC dzsdg |, L J e
Sﬁoﬁ;”qz; SflsdBOd MEd s, dz4LdzouddIsJ o | SUBdEOE ?th?g?’clsl&gzgzlé?nii{qz ‘
L dzOyd da( | R/S LWWjSlsdoe detsfyls ) C ki dgH iz i e bh i 5 i dz)
. DRS 1JCBdd dghlzg &' inzh J hislalg dydass) %émhg%sg Elgzalfnmmfﬁﬁgmh;;aw
(Vdsflsdds BOMN s OB O ( koljRIBIRG tednj | Ex&RAP) Sflsqd&dL Ouq" f OLOd,IskEss
BOMh IsOF sflsdidL Oyd™y f§ OtcORj stetse 1§ ta W Of OL 5 dzj |
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[ &Ocd Hdzsets ftojHiMisOo dzj dedv tcOMY ts,
(oF) ftjHAEZOCOj s ismMtc®f defd MBOBtedy" ¢ tod dz
3.5) &0 § dzsMmS simisd:

T {fpr m: JLejhjddy j MkddOtEd s))ds to

9 [ Y: cww;gsqa@sm§qy$omhb@sqmsac

dbftesBOYdwY HtojHAzZBY J dzadzsBe s M sMsB O f 5
ftcso jHj 2O dzgO Mmdetse j tojh jdzedw L OHOYd OdaC
1 Sy Jted d3d dzlsts o i ts GOL BW OL dzts BBz i dtetsdzd |
ftcdo jHjdgr dzgO tedMmMkzdzCj 3.15 d o IsOBdzdyj

[ dzw f smistetsj dzd W BOIsted yr feddeviIsd
f sfhdzj His9 Ols j dz' detsfls 1 Is O jsLlolz dz! s P tf i) O dastfirfyg
L WWJiClsde detsflisd d ~nOtcOCIsjtedMmisd¢ zZO M
ftcj HMIsOo dzj dz' ) Is OB dzd y J 3. 6. tdLizd Is
fig 3dzOtcdz” | destcdzOdzd L s Odedz" j tojL jteor s €
sOB d&zdyy 3. 7.

OB d&ZdUiPjB e SO ©OMYY KO ©y,j dess 1 W W
BOMh sOBd & Mos2Mise

1 B A3 I Bh OW Yy dmlsow
1L CMmE-j| binmdddud| 184 ndedyd
iz dzls| + WW jCSIsdg + WW JCIlsdg

[y dzs o CWWjGH
BOMh kOB e &OM" Isa

j rJCRS r\j’RS SE/ RTS
1 1 1 1 CRS
2 0.783 0.846 0.925 IRS
3 0.845 0.933 0.905 IRS
Z 0.715 0.850 0.841 IRS

5 0.222 0.818 0.271 IRS
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1 tesH 5dzy j dzd 3.6 Is OB dzd

6 0.288 1 0.288 IRS
7 0.149 0.488 0.306 IRS
8 0.201 0.791 0.254 IRS
9 0.255 0.870 0.294 IRS
10 0.220 0.769 0.287 IRS
11 0.243 0.710 0.342 IRS
12 0.234 1 0.234 IRS
13 0.218 1 0.218 IRS
14 0.221 1 0.221 IRS
15 0.267 1 0.267 IRS
16 0.241 1 0.241 IRS
17 0.253 1 0.253 IRS
18 0.356 1 0.356 IRS
19 0.243 0.710 0.342 IRS
20 0.259 0.921 0.282 IRS
21 0.274 1 0.274 IRS
22 1 1 1 CRS
23 0.856 0.856 1 CRS
24 1 1 1 CRS
25 0.955 1 0.955 IRS
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cOMmMyy IsO tjL jcotse

j si; ] s3] S )|
1 0 0 0 0 0
2 0 0 10.086 1577.100 0.955
3 16.114 0 0 1366.513 0
4 111.667 0 0 1384.733 0.543
5 10.087 0 0 0 0.448
6 0 0 0 0 0
7 10.068 0 0 13293.860 0.939
8 0 0 0 1564.085 0.34
9 14 0 10.037 1864.480 0.17
10 10.068 0 0 1682.810 0.479
11 0 0 0 1164.195 1.757
12 0 0 0 0 0
13 0 0 0 0 0
14 0 0 0 0 0
15 0 0 0 0 0
16 0 0 0 0 0
17 0 0 0 0 0
18 0 0 0 0 0
19 0 0 0 1164.195 1.757
20 10.087 0 0 0 0.138
21 0 0 0 0 0
22 0 0 0 0 0
23 115 0 0 1577.100 2.390
24 0 0 0 0 0
25 0 0 0 0 0
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[ dzv dz2OcdzvW Hdesets .o j HMNIsOo dzj dedw € tsdzd yJ
d HJOf OLtsdztseo dL d3d dzj dedw f OtcOd3j steso,
3.7), ftcj HdzZOGOj Ismw dmf sdz' L s9 Ols clsjt
d dzls § dzind o dapsmjisls O ftestf stcyd sdzOdz! dzO o J dzd Y«
Moslse jIsMisekzs h jets f OtcOdj Iste®  H dzw HisMIsC
mMsslse jIsMlsedd M L OHOdzdzs?2 Yo jlstsots?2 h ¢ Odzt
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O6muii 06neM
nipousBsejieHHoro Ha
CpemeB3BenicHias
konBepeust CHa

{ d Mk dzsiCe WB). 1B Bids B 2 j o' & dL d3j daj dzd 2 H dz
LYW iClkdo dgsMISBMf 5 B H j dzd
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ddzOdzdL twjL jtcotse ftsLoeotsdzddz MHJ &zOIs! Md

1T CEMYy Jjted dizd dzls™ | =, GeRBBtcOBL, 22, 24,
COddyj LW yrEdgodyfilsd ¢djéls dazdzjer j
sjfdzsets?2 COtlsj (ttdfizdtsS 3.16) dzj fSlssBt

17 t4LJjteor IS fdzd 3 § dzd & tcOfMn SHO &34
LSy jtedgj des @R, ylsts MoadHjlsjd Msakjl & |

1T 10dBtdzj L dzOydds' § L jtee " dipsEgialy Hnt
TOEOCljtedMisdS COOdkJLOs®EO d tjLEzd s
Ctetej SsdiesoSd fosuHtsdydlsd dshisd + ¢ M
T OEOSCIts.

t OMmMf toj H] dzj dad J or wWodzj dzdz" A tcjLjcoto
Mdzj Hizs h 25 fls CClsjz tdAzs (900 dfdsms L dzOy d dss s d)

1 dtojHdAzj oL 9 N j dedzgOwW € tsdzo j te g3, ACH 7, 8,
9,10, 11, 19, 20, 23).

1 [ Bh 2 sBil Yyd3 H 1=2, 445CM§, P,1dq, A3y, dRls2Op
23).

1 dwhtsdishis! COOddL Ol EREQT1111D, B). € i j t

1T JHddlsj d dshis! MY &q &pd2OP10, ¢
20, 23).

1 10Ol {dzgjtecddj=2,9. { Sy jted dsj dzlsO (

[BBh jdadr 2 OdgOczdL tjL jtcotse 5 Isdf Ods

1) sOlOdzdL Olstste 82Ni/8Cu/ 10AI O (N=

[Mdzso dg’jj j tows jdzdyj dzdj Stsdzo jtefdd CH
&/ (gLy)/+SMYf.) d o' " EsHCCeOMj dedj+0f BBE 50
LEMY J eddB) BISB (Bdde/ + Sy . ) d Mmded>y j dz@gl
e/ €/ + Sy . ) .

l 5L d3tsy dz' |  dzGoiff tis@edstf jL dadynd d @ O l4f Gsdpdt Ls@is t€ tiz
or MsC 2 OCIkdodasmis! 8, toj Csd3j dzgH zj di3F @3
fsorhjdzdj HftesdLoeosHdIlsjdz desfisd d MsCteOn j
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2) sObOdkdL Olstste 80Ni / 10Cu/ 10Si O ( N=

{ Mdetso dz" § B9 § dgztboy ded § ¢ ts(dzolj .34 d2/H( ¢
9" ABHO H ( +@zd3 9 Yzd g/ Mmisist Bs:Mi@d 2¢ Ble®@ dzcf Lo

] sL By dz' | dzOf tc Oo dzjfdsfi)S tsteiAf 1€ ez LSO dicte d
GteOdzd yJ LYWW jiClsde dzsflsd, o 5L By dzts dzd
ftesdL o tsH s jegzC dzeslldafi iz j Is fyw dzj iz h j mise j dzdzt
COOdzdL OltstcO.

3) sOlsOdkzdL Olststs 50Ni / 40Cu ( N=1)

[ fdzts o dzr | friedgciyjjtedadf j: Mistsd B3 MEB 29 T .0 dAd Iz &
SHdsoto] &3] dedets iz tetsflsj Ctsdeo jtepdd (+3. 833

l 5L i3ty dz" § O 60 & dzizda @y@dfd L Ols s tc n Ot
9" M 52 Mistsd cssmis+ & d stej Bz ] Is J d mizh
ftotsd3r N dzd dedatsd §teddsd dzj dedd dei Wodzwjlsmw ]

4) sOlOdzdL Oltste 75.5Ni/9.5Cu (N=1)

{ Mdetso dz' § driiLLde@oazbly) dg'sC e OM j ded § (&tts P d3id3lf
d MmMsdksihisd OEDIAE ®Is €8dd® / {¢) fted  dad
tejLizd sOIsdo datsflsd .

I'sL Btsy de" § dzOf tcOo dzj WA MY Jeefdlof dgrdsi” O yefded L
LYWW jiCldodzsfisd; tflsdidL Oydw IstejBlkjls dzjE

5) sOlOd&dL Oltste 71Ni/9Cu (N=1)

{ Mdetso dz" j Wedpjitgjtedrdzts j fded y j ded § ) Is364{08Ts
e/ $6) d kojddujddj Stsdzojteipdd (+1. 30C

] 5L Btsy d2Oif e Oo dzj dzd W st ts ff BRE . ©fgw d : dzj L d
Ctototej SlsdtetsoCd L CtsdtsBIYUjMSdr d Isj R dzesdztse

6) sObOd&JL Oltste90NiIi / 10AI O ( N=6)

tjLjgodzd BOd detsj bkojdzduyjdedi o' RSHO F
(+0.317 dz/ (cLy)/+Smy. ).

I sL Btsy dzf j 20 5@ &y jzaz® ©OQdfdr Olstste o' fts
dzj sSBRBSHJBO o&3d ded 5O dz dzOv S tstetej CIsdtetsa $ O
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7) SOIsOdizdL Olstste 6 0Ni / 40AI o , 6 0N
4z dzdzOtc dzr | tcjLjtcor z dziz yh j ded w BdzdL € d
ROty HEdd d o d@3j dzlstso  dz0 cteOdzdyd + W Wi Clsc
oresteéd.

1t tjLbzd 5Ok O&zOddL O k@@ E B¢ BHY jd

=1.22,24) . wo dzws hoafyw 4|sOdztsdzd¥'R%BﬁD,

ROOCkjtedL s hdrmvw Y lsHEZEG dff dytzimgejim g
(Nsj =0) . sdzs yjor j smtse J dzdzts mls d d f tots

BOMh IsOBdietso Odzedd Lt Isdms S jtod 3] dzlstse  ff s+

[ MlsOdz' dz" § 1 ¢t j ted d3d dzlsT tcOMf tcj Hj dzj dz
tejhided?2 (twdmbkzdesS 3. 17). 1 bkl dad@fjf t8J B8]
tcOdzy Jtetso Odzd W 1 CMf jtedd3d dzlsts o fs 1WWJjCls
sftejHjdvels ffsmdzj Hise Olsj dz detsfls fteddzvIsd
Ef tcOo dzjodzscferd. yOf wo dzw jIlsfmpw SOV dud MSddy f toj
COYHT 2 gL d2d§j dzs € dntf jRdssBtc Oy Y dz dzO ff dztsf
Metslse jIsMiseaze h j 2 iBdzjtslstcx@ylfr Ezdegd ¢ Odz
BOMh IsOBdzr » Mots2Mmlse d tj Mktemdzr = tojL j oo
dzj sBrSHd®B = HJ2Mlsoad?2. 1d%d ftede jHY dz
fsotsdzwe h d2 MYV StcBzdziftelso risC Olizls z®B | & 6§ zO |
f OtcOd3j Istetso HS GdzzB 5§ 52 fltcjtcOBSISCd Is
teihjded?2 5 dBZOMh IsOB dtetseo Odad ¥ .

1) |ekzff O A. ] HOdzdzts?2 o' BtsteC J L €My
stdyj flszodzfdp K GeEsHYIshHY twixdd 0
nOtcOCIsjtcdmMisd S Od3: ts dzd ftcd ¢ tsH dz H dzW
BOdslstsdzdzOy dese s Ctsd3dzj ey MEsets ff tod d3j dzj da
BB dzd Gz3Odz! dets? IssdzS 52 HEdOMIstes2Cd dzdet ¢

2) oz f PH Ps.Oo dzjedz® + C MY j tod d3j dzls s 3
82Ni/8Cu/10AlI O . [OfMmhilsOB bkMlsOdtse ¢ d W
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o Wo dzj dz L dz2Oydlsj dz' dz" § odzzlstej dzdzd § Isj - dz
dzj 1+ WW j SIlsdo dzlz® stcc Odzd L Oyd ftetsyd M@ totf
Mdmisj &&" . tJStRjdHlz] B j dOftcOody dd” HJ
L WWiCIlsde dzsis(: fteso g Misd ddzlsj demdW ¢ Oyd
ftocsdL o jHjddtsEts oatHBGBHO, d&O 2,19 d& d
3,9 ddG&hhngolst pldzsmbsL deyf sddL Oydd dmy
(MsCteOh jdzdj HotsHsdy dIsj dz¥ desfisd d&zO 15
tcpdzj 2/ c. ), dzg B4 devvw  ftddny Skizs d3ts a0 Is @ g
HstcOBBISCd d fsolitedzr » &zOBStcOIls shsjlztizn 2 6 g
ftesyd M dzaj ftedetsHjd Hdzw ftow ddsets ftetsdzr h

3) | @t PH MIsOo dzj dzO 1 S MY jtoed d3j dals Odzd -~
82Ni/8Cu/10AbOs; 8ONI/LOCU/1BIO, d 9 0O NpOh 1 OfAtbtsilse j Isflse J oz
BdzdL ¢ §¢ iflilsd d30dz tegtidiiztc o 'O  dajdelzds@oy dqdisigddz’ dz
MBOkOdMdictseo Odzdztsy Edzzyh § dzd J . [ dzw 1 Isd A
dZsC Odz! dzzte tsflsddBdL Oyder o O = HJOY OL
ftocsHisdz) dIsj dz¢ detsfls O 6 dddzzls d MmE Y d3t
femMisd CBIs sEOMHYOOBO oL tcOMIsOE h OW , dzj L
H dzw HtsMmisd Y 4 ded W TB®, Cdstg/lpifdfis@n Is .Otc OC Is j toC
f s8¢ 0L Olsj dzv o3d , © eonBHWhH] 9 dzd Jd ted X C
ftod &34 dzj dad ¥ Bd L fih j Mmise j dedis cod U J ds ds 2 dzj
ftojHdztsy jdeder | Cttetej SlsdtetsoaCd ftoj HdzOL dzO0y,
L WWJGCIlsde detsmis(d .

4) ok ffstslse j sisea z¥ Is 1 €My j tod d3gd dzls
82Ni/8Cu/10A}0Os; 80Ni/10Cu/1®iO,; 50 Ni / 40 Cu ; 7T8MKBINOE 9C 8
BdzdL 5¢ ¢ desigB d dz@ak Mkh j Mise ks ls L d&zOydlsj dz
stccOdzdL Oydd Ijrdtdtsedd. 1 JiJB8BatsHdBO Mk
Hisfis Ols sy dats h qiesCsdg HJOY OL tsdzj . J f dzk
dmtf sdz L tso Odzed & ) mMh jMmMlseze h j d3 30 iy hwis ©
zmistc Odzd dzd J o dzz Is to § dzdzj 2 dzj +t WW J CIsdo dztsfls



180

kjRdtszsedui MSd GldzOyjd, MazjHkjls fteso jf
fMlsstesdk ko jddyjdd . uvindkssdw HOdd & ¢
Hazw  fteso jHj dgdw o f)fiy dzjtsijcSolomtad 2 d f & dgs ©detsd

Bsh dzsfls d .
1
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lreojhjdedz | MEddzOteds j destedzOdzd L ts9 Odzdz
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{ Mk dzesi6y SOWId7yj MS 5] ftjHmlsOo dzj dzedj &Alstso
Bsdj O | CMYjteddj dstso)
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LCmY jedd3j destse s Gtz §f OdSE()teOdzy d tot

v OB d&zd QOB &J HJ dzj ded J

ildeZQO . [Odzr j tjLjtear I sdz hdj tjL jteer
BOMh IsOB-d| RT § (Nsj ¢0.08) (Ns; >0.08)
dzd w
SEj’—l
CR{ 1ekzfA O . |y O
(11]’ls$][d3®d 1ils 1S jteddj dzlstso 2382Ni/ 86/ 10AI
BOMh Is O8
Lr @ O o ALEINo
I B 2 I .52
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5) | tEAtiH ils Oo dzj dzO® tslsdesfdlsj dz' dzs B 5z
dzd L CtsW j CIsdo detsfyls! & = BO i 4®HBI® 17§, 16, 17, 21).
v ndzsdzsedud MEdd fesydmm’ o Mmkhjmlsslzs
(tejLjtea’ &Od ), dts MOKR K®OMhIsOB Iste B Iz
Ctlzy dz ded W . (st modr J 74ty Lod aatfy
BOMh IsOB dtetso Odzd ™. 1 sMEtsd Sk ydimsts Isj 5 dz
dzgj IstcjBlzjls HBttOBBISE, dzj SBrtsHdBs MW sC I
cOL BjtcO® EMsOdsotd HEY of AtHO dO ftetsdr h

6) | A iH Mis Odtz] 2@ RBJ jd&ls O3 A, 8, 9,
H] Isdzmistced ez Is dzOdd3j dzy 4 < WWJiSIlsdoedze §J o]
dzj S Isd 30dz! dz" d3 dBBFOMh sOBBd d BB hdd&3d o
BifMmf itmy jSisde dzr o3 H dzw dMmyf sdz' L tso Odzd W
[ Odz! dzj 2" dJ Hd 2Misedw IL OofffdnxusOJ tslsd ) fytg o
LCMf jteddBj dzgs Ozt dz = d HEkzeds fyj dzOtedw
dzj yj dzj mstsBtcOL dets ftetso sHdIls! HOdz dzgj 2h dJ
5. j. t©jStBidikzjkhY ©OMMdEOLtEd adB10©B | d'Odg:
f ZOdedtelz jlsmw Mjt! jLds] ke jddyjddj &O
fjtcjtcOBISCO: fksdidLOydy OOk lstetso
LdOydlsjd detsy L d3jdzjdedj EOMhIsOBO kMO
sy dts?2 d ttdmSteoOdzdzs?2 L OHOYJ 2

346 dzsesW OCIsstedz 2 OdzOdzdL ff slsj dzyd OdzO

lteso jHY dzdzr 2 OdzOdzdL f tsC OL Odz, Ylsts Isj
BilsOdzO o r[t, dzj MBEsltcY dzO BEHOWO Ve dj
ftod dBlzh flsedsfds j dz' dz" d3 ot Bj dzgj 3 MisOB d dz!
COOdkzdL Olstste®. Jtejdgw 1 WWjiCldodets?2 OBl
pOyd &8 M bsySd Lijddy ftosdg hdzj dzdase s 1 t
ZO toj dalsOB j dzt desfls! , kM2 ydoambs: o ctsyfpt

ud a3 dzd B4 dzd 4 , fts MteOo dzj ded ® m ¢
Hj Bsdzilstedtelz jIs fkzh jMmlse jdedets Btsdzj j dedL €
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sctcOdzd ydoOjls jvy ftotsdzr hdzj dedelz® ff tod d3J dzd d3t
B' dzO MW stediz dzd tetso OdzG dtindng) da'tsce@s ¢+ L @ HsQ@ s
dzi HEMIsOlsydets?2 + W W jSCIsdodzsimisd ftesyj MmO |
oL sy desMmisd ko Jjdzd yd dedw ftesdL otsHdIs] dz¢ &
H Odzdz' = . t 4 hJdedy H O dzdzts 2 L OHOY(qd fsL o B
Is 4 ~ dets dztefc dzdndafste f f EMisteOdzj ded W d dzd d3d dzd d3d
dqd Bkktydzls! fitmtf jCilsdoer v HOMz dgj 2N J @G
ted Miz dz€ § 3.18 ftcj HMIsOo dzj dzO d dzdzt Mistc Oy d
fdesdzdL © BB sOdZ20 9 Y dHECBMB IsOdzdzd yj ME 52

t Mz M Bte AS8BIs j tedz” § Wodzj dzgdwV Hted ¢ dtesdzdlL
Mej Hibd UPWed) &4 IsO0dO Yjtej L LOENE EO0B aiA) daf
dz0 ffso jterdetsisd Bdzse O

J zOB stc Ols stecdz' n Emdzse dw A BN dzts ftetso
N HS B3] SCosedsf yiffiftetsdzdL O dj sO0dz0  (r [ )
COlIsOdzdL Osstc® C OS¢ HdSEts dL oL d@3tsy dz n
sBh j2 ftesdLoeotHdls] dz detsfisd EMmMisOdtseo € d.
JqdzHdodHEZOdz dz" = L O3j O ff Otc O d3jditsipdz’ § tc
Yd srtey a LSy jteddii delsOdz? dzr = Mmjted?2 M diftf
QONI/10AI0;. G CMf jtodd3d delsT Slsdzd yoOdzd ! ko j dzd -
1.1; 3.0 d 6.0 CtOB®Bso .
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¢ dzO dzd L sjrdesdzse dyd MSdr oy dditse { tot
ficsotsHdIsMY FROERsH eEs®E o-tSHdZr = d or -
fted HMISO9 dzj dz dzO | CIONEOdZS §3dzts36. 5. OC Istste dzts 6 15
ftcj HMIsOo dzj dzdats 2 91 OuwcH fndzpzC j3. 8.. 291 . tcj

LYW jClsdodesfylsd 1 tsf@fzOg s ©] m fakzd 1t OD B4 y dz'
QONi/10AI,0s. t M desC 3. 20 HBCOLT 90jls HJ dEOIRES
Hdzw 0L dzd ydz' = kO COkOdkdL Osttc® o f s
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COOkzdL Ol sts, ysts Mmkh j Mg héztets fdedzy O
sjrdetsdzsedd. 1 OBdzE HOJj Isv dBsdeslstsdzdz” 2 tofs
BOMMr COOdZdL Oltste®. 1tod 1 Istsds ftej Hj dz¥
a0,52 HB a0, 09 kfgpdz. JjiH,.1 BO €L 3¢ ftod  j t
VHj dz dzOw il j S @ ® e 3O dzr dzO fted L OC te
COlOdzdL Ostc®. [HAdOC 5 diyjdLojmMisdats?2
1 6 §gsmdzy ~140 oiBddz dzOBdz# HOJj Isw Mizh j M
skscHO ¢ O¢ ftced 1,1 G Mmdzdy J dad § 34 Haj J
sted j dzglsdteso sydes ~220 dRBddz. vOSCddz BBHOL 51
tcj Ccd3] dzH 59 Odz0 HdzWv ff tetsd3" h dzj dzdese s d M tsdz
1 0ctczL €O 3 cCcttOdrBIse COIsOdzdL Olststc® H O
BHA&ZOSCE fMmdzy 180 dddzeBj IsGwing § ted dgg Hzls Q' «
Misjtfjdd Ctdzoa jtecidd, O LOLjdB fosdmMatsHdls
10c¢tekzL SO 3 ¢. By jls BT 5! ¢ 5By & Bd
LWWiClsdodesfyls! /| Mistsd dii3sfls! o L OHOdzdzr = kM
Il Mdzzy0oO,j L OctelzL ¢ d 6f toeea@pgdssiod Is¢ Grids@adzddg
Misjtfjdd Ctsdzoajtemdd dO 160 ddozzlsy + €My
fOHjdzdwY. [ fMdzd 90 dzO OBMBdzt sdzOW 1+ WW JjCIs
CtcOBBs COlsOdzdL Osstc®. | Odz dzgj 2h jJ ko j
Mdzdtsds Hstetsegtsisswh dds fted HOdzdzg" = kfdztse
dtcOo dzd Is j dz' dzr 2 O dzO dzd L f cOL YW OL dats 2
Hsfisdy j dadw M sMisOQaddsts?2 + WW jCIlsdoe datsfyls d
BOMMr COlOdzdL Ols saciPdzte Is 'HSj B dsdR B¢ tclOdzts b j dzd
ftesyj Mk . [ Odzdz 2 WOCIstste Wodv,lfmw
BOMh sOB Jtetso Odzd W d f tetsd3r " dzjldljdasdgtdsizts coddd
mMkh jMmise j dadats?2 tsflsddiidL Oydd SOOdzdlsdyj ¢
fted NdHS BB O]yl Nt 56 doparjdd@ j fnord!
sjrdtsdzsedyj MSdmr WOCktstto, MtcjHd CBlstst
wOCIsste" :
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1) 1 dWWEkL dtsdzdz j s6teOdzd yJ ded v , fno w |
BOMMtsY j toj des s &B. J slsdzd yd 4 sls GOL W
dzj f stej HMlse j dedets € s dEldsA@Ctddfdis Iz ¥ ds ) dESD @ d&c
B IsOdzO Hsdzy dz MdzOyoOodzO tOfMmlse tstcdls! Mmw
HgWW EdzHdtctse Ols ¢ COlOddlsdyjmMséd OCIsde
ftesyy M BOMMBY § 6 desMO W eodzwj lsmV dzd d3c
fded y O M j 2 dzO Bt SifiPly d3lzte § ARSy d

2) [ GteOded yJ dzdzOW OCIsd o dzOw f tse j ton dats
COlOdzdL Ostste, COC fteOoaddzs, HtcojHMISOs dzj dz
or MsCts?2 LkHjd des?2 ftse jtemndesfylss ¥ (g / &),
tcj OGJj dzgstse M OCIsdlo demdgtf yCQuij dzls fe P d3dQ € Is d o dzC
SeOdzd Y4 dzO@ 3y W OL das@ MY ez@@ dzd yd &d cHE®a | tc
COOdzdL Olststc O, HdMY jtcedicso Odzdz" = © Y dH S
Mdad y j dzed ¥ yYydmMdzO HBsMlskzf dz" 7 OCIsdods 7 yJ dak

l Mdzj HiMistelgfse s Hdzw SR J dMOydd ECOL Od
Ctsdgo j efd d, Msf sMisOo d di3ts 2 f cOLtWOLd d
stci Blzj sy dBhsectsStOlsdtsy ko jdzdyd ddy L Oct
tetsfis iz L OlstcOls. CCtdesdzsd g MS Qjwis iz + My JCA
B dz2 "ddz o' asHBA yYd dedz’ = edzj etsH dz" n dz
Mdzsy dzsmlsw 3d d~ M §fOLOYdd dr &j lsOdzdzd u
toj dzgls OB j dz! desfyls fHtetsyj MmO Mmdedy Oj Isfmw, HJ
HOdz! dzj 2N j 2 6sYGHEdEsd iyt X Ofisd ilsj " d ¢ tsd

3.5 [YyjdCO 1CtdtsddyimMSs?2 1 W% jicClkdo dzt
fdtesdzdL O d&j ls ©dzO

1 tetso jJ HJ dad | 1 CMY Jj od d3d dzls Odz! dz" n d fnfn dz
GOL WO diazdiyd M dn ftesyl Mmse , Istci BEZJ Is
o g d3d dzdz" n L OlstcOls. [ dzw OdzOdzdL © 1 € tsdztsd
fteso j Misd wWOMyjls WOCIduyuj Mits2 Mtsdditsmisd
sftejHjdzdls! WJddodhmtselkzr d&OcHwcky §k, daOO dzfid
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Hdzw ftsfdjHEzsh j2  &BsdjlsdLoydd tjLkzd s
L CdesdBdui MSd2 1 WWiCl &l dhMfsd Lse Od
(Cds®RduUjMSd?2 ©OMyjl Memssdls dL HokR g

1. tOfYW s fodds?2 mnssddshlsd dJ i dgi bl
"steddelzs h g2 BOLE Hdw MicOo daj dzd 2 .

2. [Yyjd€S O 1CmdshkdyimMites L¥WiClko t
dzOff tcOo dzj dzd 2 sflsdddL Oydd, or Wo dzj dzdz' n
EftcOo dzj deyj MSdr tojh jdad 2.

[ dzw sBJ MY J yd dedw ftotsL tOydztsmlis d tc O fy1
bHjd' d j] §5COLOIjdd, 6lteOyO0shdj Mfjy
HOBOLMSBd tj ¢ dsds :

f UEkHGLOMWOOMNEe OV fls O®T O Od date Ddzj
dgimatsHY dL & MY ydetsets sCdZOHO o 40 000 tok

¢ [jodssd®sfls! of MsSsydmlsses ( 9dj 9
8 tlB./ &

T Cdzj Clototst dzPtedfvuHdzw EZfdzBo B u OEY 5 A

§ sOkOddL Gldstgf s Mls! tOMMuUdlOdz® d dzH C
McMlsOea O dzO tsmdese j yjdz toj Oc j dzlstso .

§ IcHBLAHAGO fsHkSSO o0t! dqiokjlshy
f sf)ls Qb0 B ed/ KeOdkh]f stelsdtese § j20§ GO sl 84
Zdlstesor 2 BOdkksd ftod HOodjddd 150 OIsd.

{ OfMyY s f sdzdts? Mlssddsmlsd d §wdser dd

1l sdzdz | L @B PEHER) dzls SftcjH] dzvE sfiw (&

C=Ccrat Co+ Ceart Capt+ Hnas o 2 B (3.19)
GH Cocy T Mistsd dzsmls ¢ dLtcOMA SH 59 Cgzilzik cCds tc @l§ s
L dzj Sstest daj Eg i MissddsBMis! ¢ Ols Q] S EHOEs®, Ik
s jcOstte@ ! diedsL @Ol &0 Ss&ftcdBdicss
BOdzdzst dzO, tksB.
Ccra = Vers At ¢ iPcra, (3.20)
Ca=W: &P o (3.21)
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Ceat= Mcat AP, cab (322)
Cab=1 ¢ T'A/VK;OB (323)
H‘nas=V4/VpA B;q:)i oz (324)

GHTsBh d2 Bl jdd ftesdL o jHY dadetsE & KOOI
L dzj Slstetst dgj cedd Hdzv LAY & dzdzjl dad:-y / BRO&ELEzfz dztd
L dzj Slstetst dzgj e dd mPiT GOBHQ, ¢ @6 dRL IOy dz0
COOdzd L Ols thtg it tste iseddy I ds;j dz! dzts i ls + Wi ok thtf | @i teiz
MisOo C O ety jtad@lsits@AW, & td€IAB-/tsw; 1 dzj S Istetst dzj G
Cl sl y.

[ BrtB ftesHOYd oBHSGSSHO tOMMydlsr e ©4 Is

1) 1 dz2v B Okzzsdzdz' » Y BMisOo 56 :

De=(V./Vp) A B, (3.25)
CHyp=W:A )PP;T 5Bl ¥y i3 oBHBtesSHO, Ctltster 2 dzj
LOftcOoaCd BHMdtce B PRIZB&ERAStcEH O ; ToH CBoQirgdaEc
BOM&zztsdz] ,« 1 @lOdg.dzj dzd j o toj OCUsitdp@ , L @Xfistai o; €
9 SHSteBHEBM, tkB.

2 zvmMEBo s 5 IstcesftcscotsHEz

Ds=V. A 2P (3.26)
CHjpT B d20 f oS BrdtcsH@B, tckzs.

1 tedB 'taile 1tEdipfjidzls O tsftcjHjdzvw jlsipyw s Wiste

Z=Di C, (3.27)
GHRQTHSAtsH Is fsHOYd o9 LOsdmdifsmyd. &B)
fs (3.26) .

tdLrbkd O ttOMmMyd sse ftoj HMNIsOo dzj dz" o

vOBdZdlj@oBHHEHOY ISOBdZJdYO 8 tOMyy skz s
1 CMmY Jted d3d dzlsts o

) } tsdzdz [ S5~ BH - ltedBr dz¢
CCiY| LOE( COL 558 t6 éS&ES@S COL 5BB s Lgiéggg;
tcd d3j ( tckB. Hy, tclzg H, tcksB "
C De D» Zs Zs
1 703. 960 42666 . 256. 55 41963. 2
2 938. 1315.1 58466. 377.28 57528. 4
3 831. 1167 51866. 335.89 51035.5
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{flsddBdL Oydtdade § d3jter B' dzd f ted 3 dej
dHjdzlsdW dydtese Odzadgr d@g € O¢ dzj L WW JjSIsdedz j
EftcOo dzj deyd MSdr tejh jdd?2 (lOBdZdYyO 3.5).
f tod B " jdzd6, 12,2 2, 24 d Hte.) dL dz0OyoOdzt dzts ~ ¢
SflsdBOd dF d3  OtcOd3d Is tc O ds.

CeCBdsdzd yd M& d 2 LWWJ Sl sIs Bflsdd3dL Oyc
ofmyf j SsOR:

1. uBCteOn j dzd | " sCtse: H dzw dL dzOyOdz
(z0fted 3 o, -~ BFABJILAY]IB]fetsL o sdzd dzd L o
ydmis § ¢silsjted.

2. it fMmls HtodBlzok: tcydas OB j dzt dzr = 1 S MY j
ZH O dzts ! HisMmls d Y Hsf sdzdzd Is§ dz' detse s kzo § dzd
ZOdzdydd twjLjtcoses HOYJ] o BGlsdesMdlsj dz' dats L

[d2v W HO MizkyOjs (1 SMYfjtedd dilsr -~ 4
50 %, Ylbsts j tdysHO j Is My smtse dzts M ls f toj Hdzts ) |
EMlstcOdgv Is+ G dz¢ yjord dimstsyddSd dzgjt WWjicCls
L Ctsdtsdiiddui MSdas f5C0OL Olsj dzj 2.

J ZOMmMlsswh drn yjdlos dj Eydlr e OdzOMm!
Zcdzj esH O, f sfC dz' dgjlzdzlstosy asfigindg sEMmtE j 6d M
COyJ Mlse j dzdzr = d Itse Otcdz =~ n Ot OCIsjtedmisd
OdzOdzdL btejBlzjls CtdBkfdj MO HssesMmMisswh (.
HOdzdz" § dMyr lsOdedw Hdzw ofmpin 1 CMY Jjtod d3d dzl
fsCOLOIjdzd ftedB" dzd d HBRABH MdzjHEjls O
syjdeSj. ltod ftsHIse jtoyHjdedd tor datsydats?2 1 toc
d kZyybj vydd tjOddLoydd M oCd¥ yjddjd L
tejLlzdz sOIs Bsdzls s d I 3 gz ls 6 fy vz, off dztsls
CsdaW JeetceOyYyd?2 dL EBrilstsydsz = o toj dzlsOB j dzi
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1. 1 OLtOBBIsOdZ d OftktsBdictss Odz OdzE Sto
sjnidsdscd? fdesdkdL 0 &jkodd, §sfikts] dd

(CCR, BCC, SEFF, SBM). 1ltddjdaj dzdj H
COLOBISSd bktbHsY BEset &Olsj &OIls§ y s Otk
C sdzd uj flso j dzdzts sy dzd o Ols fteOo dzd Is j dz! «
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GjLEd SO mdMmisj d M) KRy jhHsotsd o R sHA -

2. lttso j HY dzdats j fntc O o dadUgddy’ dzts O L Ve ddgt
NdHSBdB] kOEdyjMStses (rft) fdesddL O d&jl
sjrdsdscdd 5 MsosCkidshisd lsjfdsdksedy
fSCOLOjdj?2. 1td Mt O siddls Sdda i) deisjo gt
fMkh j s jsdafzts o' MsSCky 1 WWjClsdo detsfls! HO
LOCkLS ] COkOdkdL OtkO.

3. 10 imdetse j o' f sdzdzgj dzdese s OdzOdzdL O ¢
COLBYWOLdsets fdusddLO® &jlsodd, oCds yo
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4, v ilsOdztse dzj dzts, Ylsts Hdzw EmMfjh dtsets
Isj rdzdzsedd GCOLBSWOLdMses fdesddL O did sOcC
CdzmstekS ydd tjOSkstess M yj d «d s fififs sg
sMmMtsB j dzdes fted sorhjdgddl@Ofpl mu Ov d3j 2@ dg® «
orhj ECOLOMBSES ktsod ftwdosHdl € 8¢
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ddzls j dzif o detse s dzOS s dzj degdv¥ § sBBYdeSEts sy
f zOdzd tetso Odzdd dBOMN IsOBdzr = ftotsdzr " dzj degdz" = L

5. 1 OLtcOBBIsOdz M sffjtsds j deyyq @zlzO dGzOMh Is OF
tejLizdz SO0 25 1 CMY jted d3j dzlsts o ¢ dzOfy
(dzj )t WW jijCSlsdoadesmisd (1t WWjSlkdodsr jJ fts5 RO
i tsdzdzts yls+ ¢ dej Lt WWJjSIsdods J), Yybsts Lo tsdz
Is j » dets dzts ctafj W jjfpdfvy H dzv f tetsd3r " dzj dgdese s dzgOMmh

6. 1t OLtcOBBIsOdz M smse §tshistetsj dzdw  dzO
ftoeddgvIsdw ted h 4 ded 2, CslststcOW ddzlsj cted @iz j
Slsdetsmdlsj dzt dgze + WW j CIlsdoeo detsfls: d dBBOMh IsOB
1 CiY j edizj @Bz Jtctso Ols! dr s oL tcOMlsOdzed
S lsdBdL Oyl dgd dedsdsO & da gO SHfpd dFO dz! dz" § . [ OL &
HOY Is ftcOSIsdyd Med?2 d dzfmis tc iz d3j dzls H dzW fJ
sBtfmdetseo Odedz" d3 toj S s3] dgH Oydw iz §f s fSH s fJ dgd £ «

7. UVUMsOdzts o dzj dzts, Ylss fmih jmlse jdedzr d3 B
odzgj Hicj dadWw Isjrmrdesdzsedd Y dHS A3 IsOdzdzd yj M ¢
~rdBdUdMEdj BetOddy ddy sy mMnod o Mt
COOdzdL Olststc O. [ftojH]dzdsdodeglglsd ]
oj dzd yd dedvw dBOMMr COOdizdL Olsstc® W o dzw j Is
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ftesdLotHdIsj dz detsflsd Istcj Bz j Isfmw Bdzts ¢ 5 €t
[ Odz! dzj 2N j § r fe@ajorddstfgtsc dd dBsy jls ftsbstejBts
CsdemlstezC yd?2 toj OClstese d/ ddzd ML HOdzdW /
OHOf Isdicso Odzgdz" » & tOBBIS] © Y dHEC A Is Odzdzc

8. ltoajHY dz OdzOdzdL 1 Csdzsdzd yd MG 52 :
Isj rndesdzse d yj @f dgllj ¢ & ct®ph jdzed?2, Y HIso j tor
dn fteOCIsdy MSsets odej Hicj ded W . 1 sCOL Odzts
fsLosdzw jls dzsCOdzdL s Ols: d EMmstcOdzdlIls! d Ml
e Y ddi3se oL BEsy dets L dzOydlsj dz' dzts jw fridsi SO B J¢
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THBEMIsdY Jded] HBYtsdzdedIlsj dz' dzse s ftedetsMisO
Bsyils ftejorhOls 50 %. [ dzv  HtsMmisdy J dzd W
stcBtsftcsotsHOM IstejBlRE IsMw SflsdBBdL Oydw to
ssecHO §C0O¢ f gg detdsojrCrlz h = IsOQtcdW dz" n HisY zh
fteJ HYfBYsdlsj dz2 dzO toj OdzdL Oydwvw o BHBEGBHO 9

vOCddy SBEOLBA, tjLikzd O,  tdkzyd dzd
CGOL sW @ QzdIsd yd MSd2 fdetsdzdL djlsOdzO o
Isd ~ dzsdztsGc d d fn or MsCdd f slsj dzyd Odzts d3 H
ftotsdyr h dzj dedzgtsG s o dzj H tej dzd v .



195

4 1t OLtcOBSISC O 1 H dzw Bdzsc W OC Is
OdzOdzdL © dmmdzj HEz] &B" = sy Mmtse

] @o O f smeowh j dzO tcOL OB BISC j Y j yd
sBd My Jduddedw (1) efSMdo(MPDE)e &Y r g & | sBbzs 6
Bese sW OC sstodets?2 Byj dz€d ftesy mMifpse f d tets dzc
fOCilkbtse ftodt dzOHdzr 7  totsc @ BA, ¢ St Ldyj A dedz’
Odze stedIsd3r MteOo dzdIsy dz' dets?2 tsyj deSd, HtejH
sBiMfjydeaOjls dr ftOClsdyj mMéke tj OdzdL O
[ Mdzts o dzr LOHOyYd 1 J L OC dz¢ yoOs Isfpw o Qo
Msf sMis 0o Judisdp'lslsiOldase d odL EzOdzdL Oydd O0dzOc
or f sdzdav j Is syd dzf LWWiClsde detsfisd, O dz0
ftsor h jddw tcjLEzdz sOIsdoe desmisd dMMmdzi HEZJ d3°
BOIstedylz fHteddwisdw tojhjdzed?2 HdzW o' BEEED
ftcj HiNlsOo dzj dets tsBEfdeso Odedj dzj 5B R 5H d dItsfyls c
sB dzOMiIsd f tod d3gj dzj dzd v | st d O de o' Bfc
BdBdzdtslsjSd fescteOkd, O kOS] BhOW C
fdMmisj &3 . ) Oo jteh O " ddgw + dejf dfjnd2lstasidg el dgisjj
fteddawIsdw tojh jdzad 2, ddzlsj ctedtelze h j 2 O dzG s
sBj M jyde Os h j2 ftod ¢ dzOH dzts j dmMf sdz' L s9 O
ftoetsdyr " dzj dgdztsets o dzj Hicj dzdW Isjrdzsdzsed?2 f d t

41 Ajdzd tcOL tcOBBISCd, -8B dfO friidscote Qfdifdpl3 j daej e

1l sdzzyjdedzr | © fHftejHr HERdR cdzOoa On tjL kz
B ssHO DEA Hdzv yjdSd +W¥WWjCIlsde desfmisd
s rdzsdzsec d?2 COBOdzdlsduy MEtsets fdesdzdL © &
shdetsS d EMEted ddv 0OdzOdkdnyQ tcq t34zdzls @ 8z! dd
(Melsdad dLd3dtejdd?2, HimMWwiscd MY Jtodd3d dak
COOdzdL Olststetso ) Istei BRJIsMw M JjydodzdL dts
sBjMfjydea O h jj otmMiftesdL o sHd di3tsMlis- tc Oy
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206 dz¥ H g Oz Oy d tls s L Esds dsd®) oy MSdd ,teJ
MaxDEA) fttsftedjlsOtdezr, ttedj dzsdtetseo Odzr dz
OHOf Isdtekj &g € bkLStMfjydoOoddL detse Odzdz’ &
tej OdzdL zjls BIIssHdSd d Odzetsta§ls dfregj H df fndz®:>
dMmMmdzj His9 Ols j dz¥ osMftesdL otsHdd3 2 d dzinlstclz o
tej OdzdL Oydd ftesyj MmO fdqesdzdL O.

A J dz tcOL tcOBAIsHFsdlls[ o MtsL HOdzd d GdE
tcOMmMh dqtow j Bsects fosctcOBZRAEEE s d dzfistcz d3j dzls ©
mMdmissicdsdz OdzOdzdL © d BdseW OCIstsedzs?2 MO
Isj m detsdztsc d 2 COOdzdlsdyj MSsets fdesdzdL O
ftejH" HEhN R S dzO9 ORF diBjIssHdS d OdzetstedIls BBse

t OL tcOB ts5ls Odzdats j 1 [ fted HdZOL dzOYyJ dzts o
gz Hso OO dsj Dde@®dzsc d?2 Y desddL O d&j s
f tod d3d dzj dzd W W dzw j Isfw syd dz¢ O ILWWjiCIlsdoe
f OOz stetsa, MMmMlsOotses COlOdzZdL Olbstetsa d
B sOZO © dOBtKOIststcdz » EfMdzseo §sR. O] dfls gz
hdtesCddz otsL d3tsy detslsw dz, fslsj dzydodz dzts &3
sB &zZOMilsw = :

T 1 Okzydzr § dimargz0tzd Odzd € MY j tod d3j dzls O dz'
o' Wodzjdzgdy L WWjCIsdoadzr » COIsOdzdL Olsstese
sted j dzZlsdtets o .

T ltetsj Clsdtetso Blgg P dzts 0 =Gy j dz¢ O YydJ dzj Mts
BOMh sOBdeso Odzgdww dzOBtstcOIststcdz = tJ Y d BBs o
qHjdsd¥dSOoydy ELCdn ®ifMis s ontsHOM o' ¢

T R dzy J dzj tc dzOW ff s’ OC alsdf jC 2 dzj Lt WW jCIsde
sftcjH] dzj dzedj dzOf tcOodzj dzd?2 dr LkdzEzyh j dzdw.

T [BtoOL sa®®j dzf tetsnyj dgtBydzmistc Oy d w ftcd d3g
mMdMmlsj d3dzse s OdZOzdL O dzO toj Odz' dz' = H Odzdz" - .



197

] 6Odzd yr i tod 3 wWaj ezf tzw 6 Isw  1fOL BOB SIsEtds
ddzhstczdzj dzls © OdzOdzdL © MlsOlsdMmlsdyj MSd tsB s
dej o' § sdzdg” j &5 B MJ HWEYP &g 5EBEOddY §osyj M
E{f teOo dzj dzd W EmlsOdztseo C O3 o tcJ Odz! dztsd3 9 g
tej yiflskzte COlOdzdL Otstetse d fteddzydti dOdz'
LOHOYd oraHWls L O t6O®RSd ftoddzj daj dedw 1 |
tce@OBBISSd. f(JjLizd sOlr 1 [ ftejHMisOodzwels
cdytslsjLr d fteddwisdw ddgyd dzj eder n tej M j dad 2 .

4.2 CkOfr ©OLw©OBISCd ftoccOBREZSEE

it OLtcOBBISS O ftesetcOBBds G ts sBj MY j yj d
( MPDS) 9 jdzom! {§t ,dIlyls®sfftedzst® dzdizes | cdaffs €
d WEkdS ydosdzOdz dzO shmdetse § Gtetsdzd y zlstsydz n
1 dz2O0 toj Odzt dzr = {1 S jtedd3j dzelsOdz! dzf = H Odadz
ZO0 MmdzjHEzshdj] oLOdditsMowL Odedz" j d ftod o
[119 120]

1. ¢dzOdzdL d M jydW dSc oydw Istcj Btso Odaed 2

J Metslse jIsMisadd M Mdtsedz d3 W kdz€ {dts
f tod ¢ dzCODEAZB 2O difdtats yj MMts o0 defjldafdiiciElss ¢ 5 tc O dz
ZzO mdtse j yJ dzd, MY ctcdgz dzd tctso Odadats?2 9  to(
WeEdC ydosdzOdzr dzr § d dzj WhkdzS ydsdzOdz! dz § Istej E

ANzdzS yd sdzOdz! dzr j: Istcj B SO Odzed W

1 dif stels dMmMratHdE = HOdzdz" = dL IsOB dzd yc

1 dqdzls j cOCIsdo dzse s dzOL dzOyd dzd v -© ezl tirH 1S ¢

1 f totsc tc ©RBABAZOW tcj Odzd L Oz j digfPdzts a1 dizw -
sjrdtsdzsedyd MSdd ddsdzdL O:Ef CCRi e B, M) ¢
ontsHds?2 d or asHd?2 Gtedj dZisOydd;

1 tcOMmyjls ttyj dss 1 WellsiLols ddg@afrjds@fe, d t8 BVaWQ
HdzZW tfted HJ dzj dedW dOfteOQodzj dzd?2 filsdd3dL Oyc
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| odLEO&ZJL Oydw tjLlkzd sOlstsea o9 o9dHJ
SyjdzesS 1 WWiiSlsdo detsimlsd
1 GJdzj teOydwy d 1+ ¢Myfstels dlstsesor n lsyl
1dWEdS ydsdzOdz! dzr j IstejBtso Oded W :
1 ftesdL o sHdIsj dz' dzg filpl® : dzOesdsjicd®d” DMEDAGAT) ~
f OtcOdR3j stcORBI dzgj HBdzydes ftojor hOls: HJMwIs
g dj SlsOydd;
1 dzOH j Y detsfyls! OB BIsr 1 [, ojtedWdydtlk,
cOmMyUY SOBRB] d( Msx DEAB Ay dzO BT Is! o ftoj H] dzO+
1 PHsBMmMlsats d dzOcdzv HdzsMis! GcOWdyd MEt
1 cdB ¢ tsmls: d tcOMmh dqtew J ks Mmis : HtSB
oL By desMilsj 2 odLEZOddLOydd BJL BsHIWJECC
2. 1t ClsdesoaOdzedy Otendlsy SIskzter
1O Is0fj fHtwsjCIsdqesoOdzdw 1 [ f Eydlstsd3
9" BtlcOdzO i3sH kzdz' dfR2¥ 123D tc ~tfftlsH Etsdkzdet® s d f) O dzdz
szt ydiordd ftotsjClsdgr &3 tojh jdedid3 MlsOdzts teC
s H Iz dzd :
RBsHEzdz2 99BHO HOddZ =
BsH sR'tcOB BISCd HOdzdz -
dz3ts H DEA,;
BsHEzdz! ;0dzOdzdL O
BsHEzdz odrLEkzOdzdL Oydd
BsHEZd 6jddtOydd byl so.
vOCB] ©WOLHJdjddl YLotsdddts oj Misd daj
COYHBER BsHEEY. | HOX di2hjd3 o] HY 5O
mMetslse jIsmMisedd M datseor di3d Istej Btseo Odzd W d3d , )
oLddCOshddsd o ~tH] dMmimdzjHtseo Odzdw H dzw
fsLotsdzv jIs edBSB tj Ocdteso Ols! dz0@ dL d&3j dzaj

= =/ =/ =/ =/ =
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3. tdiO0dkzdLOydw d eojtedWdSoydw.

10 {1 1s0ffj tjOdzdLOydd ftosctcOBRBBdscts G
cOLtcOBBISCO ftosctORBBdsets ftesHEZCISO 5 Ist
1. 1 fjteky tsyjtej H! BN dz tDEM dzd{ tsjp HOfifds Qe
o ydmdzdisj dz' dats WHtots @ tcts cligiOaliydesCc@sy d i tot
tcOMmMyj Istse ftctseo sH ddzO M flsid3 MsftsmisOs
1 Is O dzts dzdz" d3q tcOMyj s Ozd H dzw Isj Mistseo ™ A d
dimyf sdz' L so Oded j &3 MY J yd QMEXDEA tc tslo ©fgaiizls ¢ t s H I€
ftcOo ddz desflsd te@B sdgtH zsthydztsm 'dalrd § sfjdzj H 5«
BsHEzdzd tBttOBtISCd d O0dZOdZdL © HOdd -~ d Gt

4. uvimMbdueseOddy d OftetssB Oydw.

v MsdiesoOdzdjy d OftesBOYdqw 1 [ fteseatsH(
BOMMdoe OR L CMmYf j ted d3d dzls Odz! dzg" = HOlde] Riso O
COOdizdIsdyj MEsets PJ teds@a(ts OO Isdg jolsi® &0 kzdgisuo, d:
fsHtesBdzats S dMOdzedzr = © Ed&zOosj 2. tJiLbkd s
fsLosdzddzd {ftsHIse jtoH s ftcOCIsdyj MS e fto
fcsMisOo dzj dzdz" = a2 dG@Ppisls Py qesodz ydz' =  OLdLDHLD
fsCOL Odz, Yls ts Vst dzd tetso Odzdz" § dzO 1 Is O
sBil Y d3j . Clts COOdzsdtclzj Is, Yls ts C tsdad Yot
ddzmistcz di3j delstsds HdzWw fteso jH jdedW OdzgOdzdL © Ty

43 wtofnlto O tOLwOBEISSd d WkdSydd Mhdas:

l"Btste MicjHMIse t©OLwOBBISSCd ftcjHjdzvj
tejhjdd?2 d twOmh dqtew j ditgmisthtc jIH[Mls o 1 tcdOMPE® B &
ftojHI Wodzwdzd ! MdzjHEE M) Istcj Btso Oded W :

T ©OLedbOw Mmd fiply j o ddg@izchpdz" -

T B MistceOW JdIsj tcOIsdo dzOY ©OLtOBBISCO d

T Glssor | BdBdzdtslsj € d H dzw SBtcOB
sflsddiddL Oydtsdzdzr = L OHOyY, dzjyOhdr o thdatse

] MicJ HMIso O fsMistesj dzgd™vw cteOWdyd ME s ts
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g4 kEyybktsdz {1 sdr bkttjBtso Od2 SO Y @ipf fiplOalz
orBtcOdz Python o9ojtmdd 3. 13, sBj Mt j yude
Lwwj SClsdodesils’ ¥ (L O Muyl feddsj dzj dedv o' |
dzj sSsBrtsHdd@3sMIsd, odzgi " dzdm tjh Oljdzj?2) d Lkt
t OL tcOB £Is8§ Of 5 dzdzw dzOfy: o ddzlsj ctcd tctso O dzdzts 2
fsLosdzddz MsmMtcj HBIssYdIs! MW  de@® Mifuts dsT dzO o dFts -
Slsyys") ftwd MatcOdz] ded d J G[R4R2H B ¢ dslfytiste ¢ 15
Mrd BO § 6B OBBKHA] Ul deO' tediéizedgChij dz0O

[ SHEZd dz2Ov MistelzC sztc O tdg GedzdjL ds® COdddiztst ddsh

(nccnenosatens)

t Mz dz8 § 54 2tz dzOv MHIMERSE skzcO 1

[ Odzdz" 2 fteddzyd ( ftosj Clsdtetso Odad W B' C
EftcOo dzj dzgdv Mztsy detsfis! & MmdMmisj d3" H tfdze ts ) jofg:
fJtemf jSisdoe j . t OL H J dzj dzd J§ f tots G tc ©d3d3" dzO
(BdzsSd) MmMkh imlse jdedes EZftesh Ojls sy MM’
BsHdWdSOydd StsHO, fsmMCsd Sk dL d3d dzj dzd
sMisOdz' dz" j . s dz¢ yjod3 dis @y w3zt tg HdstebH © & o (
wodw jlsfpw Yy Sty ©WOLHJjdzjded] Mdztsy dets?2  d3(
WHttO Bls fssHmdmlsj &z, Blse j yoshda L O BBtO
fsdz LsoOsjdzv. Clss L OC&ZOHT 9 O] s t8fgops D d3i
d dzjelt twOMmh dqtew j s s [f20K28]tc O (R3tdz® dztf L & tpdf
ftcj HMIsOo dzj dz0 dzO0 tedmlzdzCj 4. 2. [ Mmdzse dz §

1 [ BH Iz dz 9 9 SH®B jHIPYdgda{ o OJIs L OctekzL €k
i dBOR fdesdazdL O o codHiz ff sa®lsfty dgj dd@
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WO2dzr ), o Ctbtter an COYHOW MBSO ftoj HMI
Mistsdze yr MtsH j PO §COMdsOgj  Sie'f tcd L OctelzL € j
COC conmntsH" &€ ddzd c¢co'" nOHZOezds &Y BOL ] dzgEP
Isj B j cOkztes?2, tcOMmMr BHBA d&j Is ©dz0, BOMMts2
orntSHdZ | OO Iste’ O MtsdzByr M or K SH S
T¢O¢C 9" aBHOZ | .

1 [ sHEd ftoj HisB tcOBHESISIHi]] wWdedlg I € tStetc |
sftej HY dzw jIs f tc ©Ofulg "daddzde’ J f teisdztsH d Is Mis Ol
fted HMISOO dzj dzdz" = H Odzdz" ~ .

1 [ SH k& dz DEA i tc pH fMyld @alzdzis jj 6z dzts j WoH
o' fsdzdzv s M jj tMmdztso dets? d3dzts ¢ s W OCRIsBOE &BMJ O
d3ts H jSdperEfficiency dzj StOEAD 1 tectcOBRABZO Oo Is s di3ONU y J
fs wOMmMudlsOdedz d3 tsyd dz O3 dz@ digj S dgidlo dzasHz !
Cosbste'r A L WWjSCkdodasmls: O1 ddzd dOS d 30d
feLotsdzv jIs o ydmdzdIs: L WW g Clsr BOMh IsOB O
Hdzw tsftejHj dzd dedw dOftcQodzj dedv tsflsdd&iddL Oyc

1 [ 5H Iz dz O fgQ@zizcf Y B  H dzv OkzOdzdL © d s
tcOmMyJ stse .

1 [ SH Iz dz 9 d L HC=xizdoL sSdgf'djdls dzOG6 dzw H dzts 1 tc,
OdzOdzdL O 9 Witedzd] ctOWdEtse, HJOGCtORI d c

1 [ sHEd 6] dzj tedfyx| L Glsjyg Nisisdzd d teOMyy Is
HSsCkdid dz2s fm Gt ydzed &3 + WWJjCIsdodz n d da
syjdetsC 1 WWJ jCIlsde desfmisd, tcjLjtoOdd d vygJ d
fteddvIlsdw tjhjdd?2 d tjcCtsdjdioydydd
W ste®@Is PDF d XLSX.
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MethanePyrolysisDeaStudio/
MPDS/
dataentry/
preprocess/
dea/

core.py
ccr.py
bce.py
super.py
sbm.py
analysis/

rts.py
se.py
sensitivity.py
matrix.py
recommender . py
visualization/
report/
cli.py
tests/
configs/
examples/

t dMzdzB O § Bs2 j dzgdzOVY MlstezC skt O Stec O da

100 EMS 1 [ ©Mkh jmsody jlsmy fsd Lo Olsj
1. 10CGEkL O l1HOHE 0.0j & LOfEMSO s
WO2dz M HOdzdz" d3d ddzd oo tHdIs dr thicdzdgszz
SlstsBtcO)yOjlsfw kOBdJYO HOdd 5, ftod ! lstd
ftesctcOBREO o' HOMI ftojHbftejyHjddj, J Mmdd
kOds, CHj BYdHOs kMY Isd ¢ dxeldztey diljsd o di

tdmizdSj 4.3

DMU XL {1} X2 {1} X3 {1} X4 {1} Y1 {0}
1 165 5 1,6 3697,1 6,4
2 220 5 2,1 3697,1 8,77
3 195 5 1,8 3697,1 7,78
4 200 5 1,8 3697,1 7,19
5 135 2 1,263 3038,29 1,51
6 141 2 1,32 3038,29 2,08
7 140 2 1,31 6332,15 1,12

it dMedz8C tcd BItc W O2d&ZO Excel Hov 0
2. 1 0Mbts?2¢0 Dtg@izds®OIs | dz slsdij YO ls

fMlssde Yy’ Mudlols! i eoriissHORRE]. O AWCi] jo' B d 6O
E i3t dzy Otled®C R, sy des  § jtoj S s ydls!  dz® B
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My j el W Wijldy)d.o dasOCyj ESOLT 908 sfw HBf s
BsHj d&zd-ofi epted-oddd na & dpdund dese .

Data |Solution*
Load
Users/wpai947/Documents/DeaPyNew/trunk/Data/DEA_example_data.xs*®
gt ot
Y| Input V| Input Input e
Output Output Output t e

n 7] ND1 01 02

A 50 130 30 120 340 |

B 16.0 120 6.0 140 30 B ] (e

C 16.0 260 40 250 56.0

D 150 50 26.0 230

E 180 140 20 80 180

F 230 6.0 20 9.0 9

G 250 100 80 210

H 270 20 50 300 100

I 370 140 30 310 250

J 420 250 50 265 170

K 50 170 10 120 370

.

tdmzaAE R dzls j W j 2y 1 [ M ¢ tSHGCdzs yJ dede’ o

3. 10fEM¢ wlommydziys OdzOMistes2¢d (tsdz L s9C
cRuneée. B3O dps@ilsCo dzv jIs d tjhOjls L OHOY(d
otej d&3W tOMyYYy sO© GlstsBtcOY Ojlsmw ddzH ¢ Olststc
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0 BO3MO’>KHOM HCIIOJIb30BAaHHH Pe3y/1bTATOB JHCCEPTALHOHHOH pPatoThI

B AesteasHoctdn OO0 «I"a3npom Bogopoa»

HacrosmumMm yocroBepsieM, 4TO MaTepyalibl IUCCEPTALMOHHOTO UCCIIEI0BAHUS
KazapunoBa Aprema BurambeBuya Ha Temy «MHOrOGakTOpHBIH —aHAIU3
3¢ (EeKTUBHOCTH TEXHOJIOTHYECKHX IPOLIECCOB NMPOU3BOJCTBA BOAOPOJa» 00IaatoT
aKTYaJbHOCTBIO, TIPAaKTMYECKOM 3HAYUMOCTBIO M MOTYT OBITh HCIOJIH30BaHbI
B nesrensHOocTd OOO «['asmpoM BoOAOpOA» B LENSIX pealu3allid MepONpUSTHH
«JIOPOXXHOM KapThl» Pa3BUTHS BBICOKOTEXHOJIOTMYHOIrO HampabieHus «BomopomHas
sHepretuka» Ha mepuox 1o 2030 roma, YTBEpXKIEHHOW IMPOTOKOJIOM
MEXBEJOMCTBEHHON paboueil rpymmsl 1o pa3BuTuio B Poccuiickoit ®@enepanuu
BomopoaHoi 3HepreTuku Ne 3 ot 28 nexabps 2022 r.

Pe3ynbraThl MCCEOBaHUS COOTBETCTBYIOT 3ajadaM, CHOpPMYJIHPOBAHHBIM
B DHepretudeckoil ctpateruu Poccuiickoit ®@eneparuu Ha nepuoxn ao 2050 rona,
yTBepxaeHHON  pacnopspkeHueMm IlpaBurensctBa  Poccuiickoit ~ ®Deneparuu
ot 12 ampens 2025 r. Ne 908-p, u KoHnenuuu pa3BUTHSI BOJOPOAHOM SHEPreTHKH
B Poccuiickoit  ®enepauun, yTBep)XXIEHHOM pacrmopsbkeHueM IIpaButenscTBa
Poccuiickoit @enepanuu ot 5 aBrycta 2021 r. Ne 2162-p, U MOTYT HaliTU IpUMEHEHHUE
B CJIEIYIOIIUX HAIllPaBICHUAX:

1. OueHka 1 BBIOOp MEPCIEKTUBHBIX TEXHOIOTHH KaTAIUTHYECKOTO MUPOIIH3a
MeTaHa (razoasHOro M JKMIKOMETAUIMYECKOr0) Ha OCHOBE CHCTEMHOIO
MHOTO0()aKTOPHOTO aHAIH3A.

2. Pa3paboTka anropuTMOB IONICP)KKH NPUHATUS peLIeHud s BbiOOpa
9 PEeKTUBHBIX KaTAIU3aTOPOB U PEXKUMOB pabOThl peaKTOPOB C LIENbIO ITOBBILICHHS
IPOU3BOAUTEIHHOCTH M CHIDKEHHUS YAEIbHBIX DHEpro3aTpar.

3. ®opMHpOBaHHE HAyYHO-METOAWYEeCKOW ©0a3bl Juisi MacuTaOUpOBaHUS
9KCHEPHUMEHTAIbHBIX U OIBITHO-IIPOMBIIIIEHHBIX PE3yJbTaTOB Ha MPOMBIIIECHHbIH
YPOBEHb.
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4. OnTuMH3aLus YKOHOMUYECKOH 3(P(EKTUBHOCTH 3a CYET ydeTa PhIHOYHOM
CTOMMOCTH IOOOYHBIX YITIEPOAHBIX NPOAYKTOB (TEXHUYECKHU YIIepos, yriiepoaHble
HaHOMaTepHabl, rpadur).

5. MuHMMU3a1Us PUCKOB TIPU pealn3allii BOJOPOIHBIX TE€XHOJIOTHH, B TOM
YHCJIe TIPY UCIIOJIB30BAHUH KUJKOMETAJUIMYECKUX KAaTaTU3aTOPOB.

PesynpraThl AuccepTalMOHHOM paboThl MOryT OBbITH  HCIOJIB30BAaHBI
00O «I"azmpom BOAOpOA» MpU (OPMUPOBAHMM U peaM3allii HHHOBAIIMOHHBIX
IIPOEKTOB B 00J1aCTH HU3KOYIJIEPOJHOIO MPOU3BOACTBA BOAOPOJA U CIIOCOOCTBOBATH
JIOCTHIKEHHIO LieJIed JOPOIKHOM KapThl.

\

I'enepanbHbIi JHPEKTOP K.B. PomanoB

Gr A3NPOM

Bouopuﬂ
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MMHUCTEPCTBO HAYKH U BbICILEI'O OBPA3OBAHUS POCCHIICKON D ENEPAIAN

DEAEPAIBHOE F'OCY JAPCTBEHHOE BIOJUKETHOE YYPEXK/JIEHUE HAVKHU
CAMAPCKHUI ®EJAEPAJIbHBIN HCCAEJOBATEIbCKUI LIEHTP POCCHIICKON AKA JEMUH HAYK

UHCTUTYT IPOBJIEM YIIPABJIEHUSI CJIOKHBIMA CUCTEMAMUA
POCCHUCKOU AKATEMUWH HAYK - OBOCOBJIEHHOE IIOJPA3/IEJIEHUE
OEJEPAJIBHOI'O I'OCYJAPCTBEHHOI'O BIOJKETHOI'O YUPEXJIEHHMA HAYKHA
CAMAPCKOI'O ®EJEPAJIBHOI'O HCCJIEJOBATEJIBCKOI'O IIEHTPA
POCCHUUCKOU AKAJJEMHU HAYK

(MITYCC PAH - CAMHII PAH)

Cagnosast yi1., 61, r. Camapa, 443020; ten./daxc (846) 333-27-70; e-mail: iccs@ices.ru; http:/www.ices.ru
OKIIO 94655724; OI'PH 1036300448898; MHH / KIIIT 6316032112 / 631745001

19.05.2025 r. 6/u

CIIPABKA
00 HCenmo/1BL30BAHHM PE3YIbTATOR JUCCEPTANNHOHHOTO HecaenoBanust Kazapurnosa A.B.
«MHOT'O®AKTOPHBIN AHAJIN3 O PEKTUBHOCTHU TEXHOJOTMUYECKIX
MNPOIECCOB HPOM3BOJCTBA BOJOPO/IA»

Hacrostimm noArBepxaaio, 94To ClieAyIOIie pe3yIbTaThl JUCCePTAIIHOHHOIO NCCIeI0BAHNS
Kazapunosa A.B. «MHOI'O®AKTOPHBIHN AHAJIN3 DOOEKTUBHOCTU
TEXHOJIOTUYECKHX TIIPQLIECCOB IIPOM3BOJICTBA BOJOPO[A» miaHmpyercs
HCIONb30BaTh B HAYYHO-HCCIenoBarebekux padorax (HAP) UITYCC PAH - CamHIL PAH B 2026—
2028 rr.:

1. Meroauky CHCTEMHOro AHAJM3a TEXHONOTMH KaTATMTHUECKOTO MMPOITH3A METAHa,
YUYATHIBAIOIYI) ~ COBOKYIIHOCTb  TEXHOJIOTHYECKHX, OHEPreTHYECKHX, OKOHOMHYECKHX H
IKOTOTHYECKHUX (haKTOPOR /IS yCIOBHHM ra30(ha3HOM U KU IKOMETAJUINIECKOH cpest.

2. Auaroput™M MHOro()aKkropHOH CPABHHTEJNHHOH OMEHKH 3 (EeKTHBHOCTH PEXHMOB
[IMPOIN3a U KOMIIOHEHTHBIX COCTABOB KaTaJlM3aTOPOB.

3. Onenks moTeHIHANA MacmTa‘ﬁnponaﬂuﬂ TEXHOJOTHY TMHpONH3a MeTaHa B
ra3o(asHoi M XKHIKOMETAJUINYECKOIl cpejlax UL IPOMBIIUICHHOIO BHEAPEHUSL.

4. AJXropuT™M NpPUHATHS pelleHuil, HHTErpupyroumil nokasatens 3()GEKTHBHOCTH U
s dexTrr MacTaba TS BBISBICHUS PE3CPBOB M (GOPMUPOBAHHS PCKOMCHIANHI M0 ONTHMH3AIUN
TeXHOJIOTHUECKUX PEIKUMOB, alIPOOHPOBAHHEIX Ha Ta00PaTOPHBIX yCTAHOBKAX.

VKasaHHble PesyibTatbl Gy/yT yUTeHbl P OlPEEICHMM TEMATHYECKUX HANPABJICHUH U
nokasareeii pesyasrarusHoctd HUP B mnanax UITYCC PAH - CamHI[ PAH na 2026-2028 rT.

"08 S kAT

o

0 22
OE BIODiE r 2
g BF.Y\\‘\VYKWH Ty
e C'm:"?/i

) 0 ”,
> @(’)BATEWI:C(G CONCTNN
ISR o ’O%fQ% \

Jupexrop



229

YTBepxaato:

I, MepB.blit npopekTop —
QP no y4ebHoli pabote

DY BO «Camapckuit
@HHbII TEXHUYECKNN
YHUBEpCUTET»

» npodeccop
OunHHuKoB [.E.

; 2025r.

AKT

Hay4HO-TeXHWYECKOW KOMWUCCUW O BHEAPEHWUMN pe3ysibTaToB

AnccepTalUnoHHOK paboThl HA COMCKaHUe yYeHOU cTeneHu

KaHauaaTa TeXHUYECKUX Hayk
KasapuHoBa Aptema Butanbeeuya
Ha Temy «MHoroaKkTopHbIi aHanus ahdeKTUBHOCTI TEXHONOMMYECKMX NPOLIECCOB
npousBofcTBa BogopoAa» B y4ebHblIi npouecc PrBOY BO «Camapckuii
rocyapCTBEHHbIN TEXHUHECKNI A YHUBEPCUTETY

Komuceua B cocrase A.T.H., 3aB. kadpegpoit JiuBwmuya M.IO., A.T.H., goueHTa
HepessHoBa M.1O., K.T.H., goueHTa MaBpunosoii A.A. coctaBuna HacTOSILLUUIA aKT O TOM,
4YTO pesynbTaThl, NOMy4eHHbIe B paMKax aucceprauuoHHou paboTel KazapuHoea A.B.,
BHefpeHbl B y4ebHbIi npouecc Ha kKadegpe «YnpaBrneHWe W CUCTEMHbI aHanus
TEMIIOIHEPTETUYECKMX N COLMOTEXHUYECKUX KOMMIIEKCOB» NPU NoAroToBke 6akanaespos
no HanpaeneHuio 13.03.01 «TennosHepreTvka W TENNOTEXHUKA» W MArucTpoB Mo
HanpasneHuo 13.04.01 «ONTUMM3aLMA U UHTENNEKTyanusauua aBTOMaTU3MPOBaHHbIX
NpoLeCCoB ynpaBfieHUs B TEMMO3HEPreTUke U 9HEProTEXHONOTUAXY.

PesynbTaTbl Hay4HbIX WCCrenoBaHWi, nonyyeHHble KasapuHoBeim  A.B.,
MCMonb3oBaHbl MPU YTEHWW FNEeKUUA U NPOBEAEHUM 3aHATUIA Mo  AUCLMNIWHaM
«MHTerpmpoBaHHbIe CUCTEMbI NPOEKTUPOBaHUSA U YNpaBneHus», «OHeprocbepexeHue B
TENMo3HepreTMke U  TennotexHuke», «CoBpemeHHble npobnembl  ynpaBneHus
TEXHONOrMYEeCKUMIN NpoLieccamun B TEMMO3HEPreTuke U TENMOTEXHUKEY.

Peanusauuss nonyveHHbIX aBTOPOM pes3ynbTaTOB WCCNEeNOBaHUA nossonuna
noBbICUTL 3cPPEKTUBHOCTbL 1 Ka4ecTBO y4ebHoro npouecea.

3aBegytonii kadeapon

«YnpaBneHvue N CUCTEMHbIN aHanns
TENNOAHEPreTUYECKNX N COLIMOTEXHNYECKNX
KOMMIIEKCOBY,

A.T.H., npodeccop i é M. 1O. Jinuswumy

JoueHT, A.T.H., AOLEHT M. KO. depessHoB

—

JOLEHT, K.T.H., AOLEHT % " A.A.TlaBpunosa



