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UuibtiwtunumraJwti rabtJwti hwuuiwuil{bL t .CWJWUUlwtiti Uqq.wjpti 
"lnltJuibtuuti4w4wu <wtJwluwrwtimtJ: 

q.puiw4wti 
rtb4w4.wr' 
"lw2uintiw4wti 
Qtirvi.titJwtunuubr' 
Unw2wuiwr 
4wqtJw4bf1tijnL(dJntu' 

ui .q..(d. UrwtJ U2ti4ti % .nrq.Jwb 

'.j> .-tJ.q..rJ.. 4.w~wqwu '-lti4uinrti <wrmraJmbJwti 
ui .q..(d. Cwhbti '-Ljw~buLw4.r "lnri.nujwti 
<wJ4w4wti Uuintlwjpu tLb4uirw4wJWU «<Ut:;'-1» 
<PPC 

"lw2uitijwtimraJmtiQ 4wJwtiwlm t 2022ra. oq.nuuinup 24-pti , ctwtJQ 10.00-pti 
<U "l<-mtJ q.nrbnri. Pn<-ti ttibrq.buiti4wJti 043 tJwutiwq.puiw4wu tunrhrri.ti 
upuuimtJ (hwugb' 0009, bruwu, Sb[lJWb l{l, 105, 2-rri. tJwuuw2btip, 2431): 
UuibtiwtunumraJwtiQ 4wrblti t bwunrawtiwl <U "l< q.rwri.wrwtimtJ: 
Ubri.tJwq.tiru wnwpl{wb t 2022ra. hmltJuti 14-pti: 

lJwutiwq.puiw4wu tunrhrri.ti 
q.tiuiw4wti pwruimri.wr, ui.q..(d., ri.ng.' 

T eMa A11ccepra41111 yrnep>t1AeHa s 
YH11sepC11rere ApMeH1111. 
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Ha4110HanbHOM 

u. u. q.unrq.Jwti 

non11TeXHl1'~eCKOM 

HayYHblH 
pyKoBOA11Tenb: 

K.T.H. ApaM AWl1KOBl1Y resoprRH 

Ocp11411anbHbre 
onnoHeHTbr: 

A.cp.-M.H. BaYaraH 811Kropos11Y Apyrt0HRH 
K.T.H . WareH 8RYecnaBOBl1Y norOCflH 

BeAyli.\aR 
opraH 113a411Ft: 

ApMRHCKaR ATOMHaft ::incKrpocraHl..\11fl 3AO "AA3K" 

3ali.\11Ta A11ccepra41111 cocro11rcR 24 ro asrycra 2022r. s 10°0 Yacos Ha 
3aceAaH1111 Cne411an11311posaHHoro cosera BAK 043 - "3HeprernKa", 
AeHcrnyt0li.(ero np11 Ha4110HanbHOM non11rcxH11Y CCKOM yH11sepC11rere ApMeH1111 
(HnYA) (aApec: 0009, EpesaH, yn . TepRtta, 105, Kopnyc 2, 2431). 
C A11ccepra411eH MO>KHO 03HaKOMl1TbCR a 61161111oreKe HnYA. 
Asropecpepar pa3ocnaH 14-ro 11t0nfl 2022r. 

YYeHbrH ceKperapb 
Cne411an11311posaHHoro cosera, K.T.tt 
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A.A. r esoprnH 

UCtuUSUl.J.gt°' Cl.i'1<Ul.int-.r Pl.int-.ra-uq.t-irc 

U2fuwl(IW'clJZ/1 wpqf1wlfw'clm~1m'cl1J: Uuintlwjpti tLb4uirw4WJWb­
tibrti wtil{uiwtiq.mraJwu l{brti'.l>ti4wgpwJti btijwuiw4n4. tirw4wuwgl{mtJ bti 
t!jWflpbrw4wti ri.buibrtJtititiuuiw4wti uuimq.mtJtibr u hwtJw4wrq.brti 
uiwrrbrti l{lnrClwr4mtJtibr: 'lbuibrtJtititiuuiw4wti uuimq.mtJubrti orwq.rtJwti 
l{lmLmtJ uuimq.l{nri. uiwrrbrti 2r2wtiw4Q uwhtJwtib[tJu bLtimtJ bti 
l{lnrC1wq.puiw4wti q.tiwhwuimtJtibrpg u 6wruiwrwq.puiw4wti 
l{brLmbmraJmtitibrpg: UJrJ. uuimq.mtJtibrti tirw4wtiwgtJwti QtirawgpmtJ hw24.ti 
~ti wntil{mtJ 4wJwtiti hwtJw4wrq.brti uiwrrbrti ntiu4-ti2wtiw4wLtimraJmbQ: 
UJrJ. tutiri.pflQ 4wrblti t LntbbL nru4-uibrtb4wgl{wo uuimq.mtJtibrr ubrri.rtJwtJp, 
nrntigmtJ rJ.buibrtJrtiruuiw4wti tJnuibgmtJtibrrti qmq.whbn hw24.r bti 
wntil{mtJ tiwu 4wJwtir wtil{uiwtiq.mraJwti hwl{wtiw4wbwJrti l{brLmomraJwti 
(U.C'-1.) wrri.JmtiptibrQ: f1.tiu4-uibri.b4wgl{wo uuimq.mtJtibrti tirw4wtiwgtJwtiti 
wtigtiblm btijwuiw4ti t tutiwJbL tJwrri.4wJpti, '.j>ptiwtiuw4wti nbumrutibrQ u 
UWLlWtJW4Q UUlntq.mtJtJb[lp pflW4wuwgtJwu Qb(dwgpmtJ' 4WJWbp 
wtil{uiwuq.mraJwti tJw4wrri.w4ti 4.flw ri.rw4wu wtiri.rwri.wntiwlm 4wtJ 
wqri.bgmraJmti ~mtibtiwlm UjWJLlwuti pwl{wrwrtJwtJp: f1.ru4-uibri.b4wgl{wb 
uuimq.mtJtibrr rrw4wtiwgtJwti ctwtJwuw4 htiwrw4.nr t ri.wntimtJ 
pwrClrwgtibL uuimq.mtJtibrr wrri.Jmtiwl{buimraJm'uQ' wnw4.bL 4wrunr 
U1Wflf1bflp 4.flw nt2WrJ.flnL(dJnLLIQ uubnbLnl{: SW[lflbflp 4wrunrmraJntbQ 
nrn2LJ.mt1 t Utilj_uiwtiq.m(dJWLI .Cwlj_wtiw4wtiwjpti 4.bpLntOnt(dJWti (U«-l) 
hwtJwtijwuiwutuwti gmgwtiti2tibrr 4.flw hptJtil{bLnlJ.: 

<Ut'-1-mtJ ntiu4-uibri.b4wgl{wo wtilj_uiwtiq.mraJwti LJ.brti~ti4wgpwJr 

(nru4-uibri.b4wglJ.wo uuimq.mtJtibp u l{lnrClwr4mtJtibp) tibrri.rtJwti 
hwtJw4nri.tJwtir mumtJtiwutirmraJwti tuuri.tirti wr11rw4wb t uuimq.mtJubrti 
q.nroQtirawgr opwq.plJ.nri. LJ.brwtiwJmtlpg wnw2 WJrJ. mri.ri.mraJwtlp q.puiw4wu u 
4rrwnw4wti hbuiwprprmraJmti tibr4wJwgtinri. tutiri.rrtibrr LmMwti u 
wlj_wtiri.w4wti ri.buibrtJrtiruuiw4wti uuimq.mtJtibppg nru4-uibri.b4wgl{wor 
wugtJwtJ tJtijWU1W4WhWf1LlWf1nL(dJWb q.tJwhwuitJwtJ UlbuwtJ4JnttJpg: f1.pu4 
Ulbrtb4wglj_wb wtJLj_uiwtJq.nt(djWtJ Lj_bpp'.pp4wgpwjp wtJgtJbLQ 
htiwrwLJ.npnt(dJntu 4uiw oq.uiwq.nrbbL l{lnrClwp4mtJtibpp u uuimq.mtJubpp 
wtilj_uiwtiq.mraJwti pwpClrwgtJwti tibpmctQ: 

U2fuwl(IW'c1Jl/1 'clutWlflWlff!: U2tuwuiwtipp btijwuiw4Q <Ut:;'-1-mtJ 
npu4-uibrtb4wglj_wb tJnuibgmtJtib[lp bb[lrJ.f1LlWLlp wulj_uiwuq.nt(dJWU 
LJ.brr'.l>r4wgpwjp' uuimq.mtJubrr u l{lnpClwr4mtJubpp , tirw4wtiwgtJwu 
tJp2ngnlj_ 4WJWbp wulj_uiwtJq.nt(djWtJ LlW4Wf1rJ.W4p pWflCl[lwgmtJu t : 

UjU UtijWU1W4ti tirwq.npbbLnt hwtJwr ri.tiuiwr44.bL u LntblJ.bL bti 
hbl.IlUJWL tuti11rrtihp[! . 
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Ut::'-1-ti hwuwywpq.brti pwror l.J. uti2tiu ywrunrmraJWU UlWflflbrti 
hwJUluwpbpmu [!Ulll nru4-u2wuwywltimraJwu' Uul{Ulwuq.mraJwu 
(wl{wuwywuwJru '-lbrtmbmraJwu (U('-l) gmgwur2ubrr: Swrrbrti 
npuy-u2wuwywltimf3JWU l{pw hpuul{wb UUlmq.muubpp' 
WUl{UlWUq.m13JWU 4.brti:Pti4wgpwjp , bp13maj1ubrti ywquuwu ubran'lr 
u2wymu: 
(WJUlUWpbpl{wb fuwfuUlnLUUbflp l.J. WUhWUWUjWUlWU­
fuwum13JnLUUbpp l{bpwguwu hf1WUlWUjnLf3JWU nrn2uwu Unlllbguwu 
u2wymu' npuy-Ulbflbywgl{wb l{bp[mbm13JWU hw2l{wpywjpu 
ubran'lubrti 4tirwnuwup: 
ll-pulj-lllbflbywgl{wb unlllbgmuubpnl{ tfinrowpymuubpp ur2ngnl{ 
wul{lllwuq.m13JWU l{bpp'.ppywgpwjp ppwywuwguwu UjWflpbpw­
ywum13JWU q.uwhwllluwu ub13n'lwpwum13JWU u2wymu l.J. u2wyl{wb 
ub13n'lwpwum13JWU yppwnbtrnLfOJWU gmgW'lflnLU: 
nrn2muubrti YWJWguwu q.npbQurawgmu 'lbUlbpupupuUlwywu l.J. 
npuybrti l{bpwpbf1JW[ Ulbflb4mJrar hwUW'lflUWU UnUlbguwu u2wymu 
l.J. u2wyl{wb Linlllbguwu 4tirwnmu (Ul::'-1-p w2tuwlllwb uti2m4wJpu 
l{wnbtti2r (UlJ'-l) 2nr briwuwynl{ UJwhuwu UJWhbulllwpwur 
wul{lllwuq.m13JWU l{bpp'.ppywgpwjp oppuwynl{: 
<lil(lwqmpmp1w1:J u/:ipn1Jf1/jw1:J: Unw2w'lr4.wb tuu'lrrubrti 

tmbl.lwu UUJWlllwynl{ tirwywuwgl{bt t (Ul::'-1-r hwuwywpq.brti lllwrrbrti 
npuy-u2wuwywttim13JWU npn2mu' yppwnb[nl{ UlflWUwpwuw-
hwl{wuwywuwjpU uw13buwlllpywywu un'lbl l.J. uw13buwlllpywywu 
l{p6wywq.pm13JWU ub13n'lubp: '1-bUlbpupupulllwywu l.J. hwl{wuwywuwjpu 
Unlllbgmuubrti hwuw'lruwup u2wyl{b[ bu Wfl'lr hwuwywrq.2wJpU 
bpwq.rwJpU ur2ngubr 4rrwnnri' npuy-Ulbflbywgl{wb Ulllntq.muubrti 
bp13maj1ubpp ywquuwu unr ubran'l, Ut:: '-1-ubpmu tirwywuwgl{nri 
Ulllntq.muubrti Wfl'lJnLUQnLU wrowuwq.rl{wb tuwtuUlmuubrti 4wrunrmraJWU 
q.uwhwllluwu unr Linlllbgmu, Ut:: '-1-p hwuwywpq.bpp tj1npowpymuubpp 
bpwq.pp Wfl'lJnLUwl{bUlnLf3JWU q.uwhwllluwu unp ub13n'lWPWUnLf3JnLU, npnug 
4tirwnmraJmUQ gmgw'lr4.bt t ( Ul::'-1 ti oppuwynl{: 

4f11f1w1Jwb Wf11JJm1i121ilif1[J Lt bnpnLJp[J: 
1. lJ 2wyl{b[ t nrn2muubrti YWJwguwu q.npbQurawgmu 

'lblllbpupupulllwywu l.J. npuybrti l{brwpbf1JWL Ulbflb4mJrati 
hWUW'lflUWU unr UnUlbgmu: 

2. lf2w44.bt t Ut::'-1-ubrmu npuy-lllbflbywgl{wb ulllmq.muubrti 
bp13maj1ubrti ywquuwu unr ubran'l: 

3. lf2w44.bl t Ut::'-1-ubrmu tirwywuwgl{nri ulllmq.muubrti wr'lJmu2mu 
wpowuwq.pl{wb fuwfuUlmuubpp ywpl.J.npntf3JWU q.uwhWUlUWU unp 

- Linlllbgmu: 
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4. lf2w44.bt t npuy-Ulbflb4wgl{wb unlllbgmuubrti 4tirwnuwup Ut::'-1-ti 
hwuwywpq.brti tfinrowr4muubrti UJwrpbpwywumraJwu 
q.uwhwllluwu unp ub13n'lwpwum13Jmu: 

5. SmJg t lllfll{b[ Ut::'-1-ubpmu nru4-lllbflb4wgl{wb ulllmq.muubrti 
bp13maj1ubrti ywquuwu ubran'lti 4rrwnbttimraJmlJQ (Ul::'-1-mu npuy­
Ulbflbywgl{wb ulllmq.muubrti tirw4wuwguwu brramaj"lubrti 
ywquuwup: 

6. 'Hiwhwllll{b[ t <Ut::'-1-ti 9WJUlW2f1UnLflWJpU (uUJrtiu4tbf1WJPU), 
wnw2pu ynuUlmpp 2bpuwypp lflWUUUWU 1.J. l{rawpwjpU lflWUUUWU 
hwuwywpq.brti tfinrowrymuubrti UJWflpbpwywumraJwu 
tj1ntfintuuwu' wylllpl{ q.nlllm l{uwuuwu hw6wtumraJwu 4.rw 
huwrwl{nr wq'lbgmraJmtiQ Ut::'-1-ti hwuwywpq.brti tfinrowrymuubrti 
UjWf1pbpwywum13JWU q.uwhwlllUWU u2wyl{wb ub13n'lwpwum13JWU 
4tirwnuwup: 

7. lf2w4l{b[ t Ut::'-1-mu npuy-Ulbflbywgl{wb ubran'ln4. wul{UlWUq.m13JWU 
l{bpp'.ppywgpwJr tirwywuwguwu unlllbgmu, nrti 4tirwnb[pmraJmbQ 
gmJg t lllf14.bl (Ul::'-1-r UlJ'-l-r 2nr briwuwynl{ UJwhuwu 
UjWhbUUlWflWUp WUl{UlWUq.m13JWU l{bpp'.ppywgpwjp oppuwynl{: 
Uzfuwlflwlio/1 Wf11JJm1io1:Jl:ipf1 qnp61:Jwljw1:J 1izw1iwljmp1m1i1J: 

n-tiu4-Ulbflb4wgl{wb brramaj"lubrti ywquuwu u2w4l{wb ubran'l[! 
huwrwl{nrmraJmU t UlWtrU pwrorwgbb[ YWJWUp wul{Ulwuq.m13JWU 
UWYWfl'lWYQ' wul{Ulwuq.m13JWU l{bpp'.ppywgpwjp ppwywuwguwu ctwuwuwy 
rarrwtuwl{npb[nl{ wnwl{b[ npuy u2wuwywtti UlWflflbpQ: Uul{Ulwuq.m13JWU 
l{bpp'.ppywgpwjp QLif3W9QnLU wpowuwq.pl{wb fuwjulllmuubpp ywpl.J.npm13JWU 
q.uwhwlllUWU u2wyl{wb UnUlbgmUQ huwrwl{nrmraJmU t UlWtrU uwhuwub[ 
bqw4r l.J. pwquwyti juwjulllmuubrti l{bpwguwu wnw2uwhbp13m13JmuubpQ' 
YWJWUp wul{Ulwuq.mraJWU 4.flw juwjulllmuubrti pwgwuwywu wq'lbgmraJWU 
ul{wqbguwu UUJWlllwynl{: UUlnUwjpU ywjwbubpp hwuwywpq.bpp 
tj1npowpymuubpp UjWf1pbpwywum13JWU q.uwhWUlUWU u2wljl{wb 
ub13n'lwpwum13JnLUQ huwpwl{npmtaJnLU t UlWtrU tj1npowpljmuubpp 
UjWf1pbpwywum13JnLUQ tj1ntj1njub[nl{' ul{wqbgub[ nbwylllnpp wylllpl{ q.nlllm 
l{uwuuwu hw6wtumraJmbQ: 

'l)wzlf1UfW1imp1w1i 1:J/:ipljw1wgl[nrz hf1U1:Jwljw1:J IJf1nLJpbl:iptJ: 
1. Ut::'-1-mu npuy-lllbflbljwgl{wb ulllmq.muubrti brramaj"lubrti ywquuwu 

ubran'l: 
2. Ut::'-1-ubrmu tirwljwuwgl{nri ulllmq.muubrti wr'lJmu2mu 

wpowuwq.rl{wb tuwtulllmuubrti 4wrunrmraJwb q.uwhwllluwu 
unlllbgmu: 
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3. n.rulj-lilbrJ.bljwgtJ.wb unlilbgnu.lubrr 
hwuwlJwrq.brr itinrowrlJmuubrr 
q.uwhwliluwu ubranri.wpwumraJmu: 

4rrwnuwup Ul::Y-ti 
L4Wf1pbrwljwuntraJwu 

c/Jnphw2'clt.mip1mb[J U. hf1Wlf1Wf1w4lf.wh w2fuw1f1WbJ!blipf!: 
U2fuwlilm[OJWU wrri.Jmu1:1ubrQ qbljmgtJ.bt u 1:1uuwr44.bt bu . 

<U rri< «Qbruwtubrq.bliltJljw u. 2r2w4w uti2wtJ.wJrr 
UjW2lI1UjWUnt[OJntU» wuptJnur utJulilbflntU u q.tJlilwljwu 
uburuwrubrmu (2019-2022rara .. <U'TJ<, bruwu): 
<U'TJ< lilWflbljwu q.tJlilwctnri.ntJ.ubrmu (2019-2022rara.. <U'TJ<. 
bruwu): 
<Mr2mlJwJru u nwri.tJwgtJnu wulj_lilwuq.nt[OJWU q.tJlilwlilbfuutJljwljwu 
ljbulilrnu» <PP~-r ubutJuwrubrmu (2019-2022rara .• <U'TJ(, bruwu): 
LJti2m4wJru UutJ.lilwuq.mraJwu Ywrq.wtJ.nruwu YnutJlilbfl 
uburuwrubrmu (2019-2022rara .. <U'TJ<, bruwu): 
<muq.wrrwJr LJf12m4wJru LJwrq.wtJ.nruwu ljnufll!lbfl lilbfuurljwljwu 
w2wljgnt[OJWU ljbulilrnufl (NUBIKI)' U«-l 4rrwnmraJm'Uubrfl 
uf12wqq.wjp'U wngwug q.plilwctnri.ntJ.mu, (2020[0. , Pntr].WUjb2lI1 , 
<muq.wrrw): 

UlilbuwtunumraJWU rabLIWJntJ. hf1WlI1Wf1W44.bt t 8 q.tJlilwljwu w2tuwlflwu12: 
Ulfllibwfunump1wb 4wnmgl[whJ!f! U. hwlf.ww: Ul!lbuwtunumraJmUQ 

pwri.ljwgwb t ubrwbmraJmutig . brb1:1 q.[fupg , bqpwljwgmraJmuflg , brljm 
hwtJ.bttJ.wbubrflg, 116 wumu q.rwljwumraJWU gwuljflg : U2tuwl!lnt[OJWU 
Quri.hwumr bwtJ.wLQ 142 t2 t ' hwtJ.bltJ.wbubrr ubrwnmuntJ.: <ruuwljwu 
OWlj_W[[! 119 t2 t ' UbflWnJW[ 16 UljWfl U 15 WflJntUWlj : 

ur:tuUSUl..~f"l <UUUllnS Pn'-lUl..'lUl.tnl'-raSnl'-1..C 

Umhtiwtynum[<t1wti tihpw6m~JmlinuJ hfluuwtJ.nrlJ.bl t tuuri.rr 
wrri.rwljwumraJntU[!, uwhuwulj_b[ t w2tuwlflwu12r UUjWlI1W4Q. wnw2wri.r4.bt 
bu UUjWlilwljtJu hwuub[ntU ntrtrttJ.wb fuuri.flrubfl[!, hwuwnnl!l ubrljwjwglj_b[ 
hblilwqnlilnL[OJWU ubranri.tilJwu , w2tuwlflwu1:1r q.tJlilwljwu WflrJ.JnLUJ2Ubf1[! u 
unrntJ[O[! , w2tuwlflwu1:1ti WflrJ.JnLUQUbflr q.nrbuwljwu u2wuwljnt[0JnLU[!, 
UjW2lI1UjWUnt[OJWU ubrljwjwgtJ.nrt hfluuwljwu q.plilwljwu l").flnLJ[OUbfl[!: 

Unw2bti q!.l:Y.m.!I ljwlilWfllJ.bt t Ul:;Y-ubrmu wulj_lilwuq.nt[OJWU 
l{bflp~pljwgpwjp rrw4wuwguwu up2wqq.WJtiU U lilbrJ.W4WU itinrofl, WJI"). 
mri.ri.mraJwt.lp wrtJ.wb qtJlilwljwu hblilwqnlilnt[OJnt'Uubrfl tJ.brtmbmraJm'U: Unljw 
bu WUlj_lilwuq.nt[OJWU 4.brr~rljwgtiwJr rrwljwuwguwu r].blilbrururulilwljwu 
u nflulj-lilbrJ.bljwgtJ.wb unlil bgmuubr : n.rulj-lilbrJ.bljwgtJ.wb wulj_lilwuq.mraJw'U 
lj_bflp~tJ4wgpwJr rrwljwuwgntu[! bU [O WrJ.flnLU t Ulilntq.ntuUbfl[! Of1Wq.f1btJ1u 
QWUWUjbu u nrwljwUjbu hw24.ti wnubl nrulJbrQ: rl-rulj-lilbrJ.bljwglj_wb 
LlnlilbgmuubrQ hwuwri.rmu bu Uulj_lilwuq.mraJw'U hwtJ.wuwljw'UwJfl'U 
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tJ.brtmbmraJwu (U«-t) lilbrtb4mJral:! rJ.bl!lbrururul!lwlJwur hbl!l : 
'1-bl!lbflutJupUlilWljWU Ulilntq.ntuUb[l[!, UUjWnb[nlj_ UbO nbUnt[lUUb[l , LIP2lI1 2t, nr 
ubrwnmu bu wulj_Ulwuq.m[OJWU 4.flw ubb wqri.bgnt[OJntU mubgnri. ntJulj­
u2wuwljwtJ1 UlWflflbfl : U2fuwrhfl pwquwrartJ. Ul:;Y-ubrmu ntJulj-UlbrJ.bljwgl{wb 
Ulllntq.muubrru wugub[nt Wfll").JntUQntU huwrwtJ.nr t r].WflOb[ 4r6wl!lb[ 
UUlntq.ntuUbflr nbUntflUWUlWflnL[OJnLU[! , Ulilntq.ntuUbfl rrwljwuwgUnrJ. 
wuouwljwqur 6wnwq.WJ[OWJtJU pbnulj_wOQUbfl[!' urwctwuwuwlj ulj_wqbgub[nl{ 
nbwljlflnrr wljlflr4. q.nlllm lj_uwuuwu hw6wtumraJmUQ: (( LJti2m4wJru 
UutJ.Ulwuq.mraJwu Ywrq.wtJ.nruwu ljnurl!lbu (LJUYY) uu <Ul::Y-mu 
rrw4wuwgtJ.nrt Ulllntq.muubrr q.nf10[!U[OW9[! Of1Wq.f1ntU t hwUWlflb[ ntJu4 
lilbrtb4wgtJ.wb unl!lbgmuubrntJ.: UJU hwuwUlbQUUlntU ljwrunr u wrri.rw4wu 
fuuri.rr t (Ul:;Y-ntu nflulj-lllbrJ.bljwgl{wb wul{Ulwuq.mraJwU tJ.brfl~flljwgflwJfl 
flrwljwuwguwu nrJ.2 2r2wuwljr u2wljntt.I[!, nrQ rany[ ljlllw <Ul::Y-mu nfiulj­
UlbrJ.bljwgl{wb unlllbgmuubrr ubflr].flUWUp wulj_lllwuq.nt[OJWU 
lj_bflp~pljwgpwjp' Ulilntq.ntUUbflp U itinflOWflljntUUbfltJ, Pf1Wljwuwguwu 
uf12ngnl{ pwf10f1W9Ub[ ljWJWUp wulj_Ulwuq.nt[OJWU uw4Wflr].Wlj[!: 

ct-rwljwumraJWU 4.bfl[nLOnL[OJWU WflrJ.JnLUQnLU ouwljbrl.44.bl bu 
hblllwqnllll{nri. tuuri.rrubrQ' 

Ul:;Y-p hwuwljwrq.brr pwror u uf12flu ljwrunrmtoJWU UlWflflbflr 
hWJUlUWpbrmu [!UUl nrulJ-u2wuwljwtJ1mraJwU' Uul{lllwuq.nt[OJWU 
<wl{wuwljwuwJru 4.brlmbmraJwu (U<'-l) gmgwur2ubrr: swrrorti 
npulj-u2wuwljwtJ1nt[OJWU lJ.flW hpuulj_wb Ulllntq.muubrfl' 
wulj_Ulwuq.nt[OJWU tJ.brfl~flljwgflwJtJ , b[l[Ontri.f1Ub[lp 4wquuwu ubranri.r 
u2w4mt.I: 
(WJlilUWpbfll{WO fuwfulllntUUbflp U wuhwLIWUjWlilWU­
fuw'Unt[OJnLUUbflr l{b[lwguwu h[lWUlWUjnL[OJWU nrn2uwu unlllbguwu 
u2wljmu' ntJulj-lilbrJ.bljwgtJ.wb tJ.brtmbnt[OJWU hw2tJ.wrlJwJru 
ubranri.ubrr 4rrwnuwup: 
n.ru4-lilbrJ.bljwgl{wb unlllbgmuubrn4. itinrowrljmuubrr uti2ngnlj_ 
wul{Ulwuq.nt[OJWU l{brfl~pljwgpwjp rrwljwuwguwu UjWflpbrwljw­
Unt[OJWU q.uwhwllluwu ubranri.wpwumtoJWU u2wljmu u u2wljlj_wb 
ubranri.wpw'Unt[OJWU 4flrwnb[pnt[OJWU gmgwri.rmu: 
nrn2muubrr ljwjwguwu q.n[lO[!U[OWgmu r].bUlbfluruflulilwljwu u 
nflu4bflp l{bf1wpbf1JW[ UlbrJ.blJntJ[Or hWUWl").flUWU UnUlbguwu u2wljmu 
u u2wljlj_wb unlllbguwu 4rrwnmu <Ul::Y-ti w2fuwlllwb ur2mlJwJr'U 
Lj_wnbtJ11:1r (ULJ'-l) 2nr bri.wuwljnl{ Ujwhuwu UjWhbulllwrwur 
WUl{lilwUq.nt[OJWU 4.brr~rljwgrwJr ortiuw4nl{: 
hp~pnpn cul1Jnuf u2wljtJ.bt t <Ul::Y-mu nflulj-lilbrJ.bljwgl{wb 

wul{Ulwuq.nt[OJWU tJ.brr~tJljwgtJwJr (ulllmq.muubrfl) brwq.ruwu ipnqmu 
bpramri.f1ubpfl ljwquuwu ubranri., Ulflntq.muubpfl W[lrJ.JnLUQnLU wrowuwq.ptJ.wb 
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tuwtulllmuubrti 4wrunrmraJWU q.uwhWUlUWU Unlllbgmu, nru4-Ulbri.b4wgt{wo 
unlllbgmuubrti 4tirwnuwup Ut'-1-ti hwuw4wrq.brti ttinrawr4muubrti 
opwq.rti Wflll-JnLUwt{bUlnt(OJWU t{bpwq.uwhwlllUWU Lt rarrwtuwJtiU ntiu4-
Ulbri.b4wgl{wo Ulllntq.mUUbflti tiflW4WUWgUWUp LtinflOWf14ntUUbflti O[lWq.flr 
Wfl'lJm'tlwl{blllmfOJW'tl pwrorwguwu ubran'lwpwumraJm'tl: 

(wt{wuw4w'tlwJtJ'tl t{bp[mOmfOJWU ubran'lQ oq.lllwq.npol{mu t npllt 
4nu4pblll UJWlllwhwrr 4.rawrwJr'tl 2ri.rawJti hwl{wuw4wumraJmU[! Lt urw 
hbllll.lwugubpQ npn2btm UUjWlllW4nt{: Uju !OnLJl t lllwltJu ti hWJlll pbpb[ 
uwtuwq.omu WUt{lllwuq.mraJWU lllbuwu4Jmutig ionLJl 4nri.ubrQ Lt L{bpwgub[ 
'lflWUQ: Cul'j.hwumr ntiu4ti q.uwhWUlUWU UUjWlllW4Q nl 13b ubo 
WUnfln2nLIOJnLUUbfl UjWflnLUW4nri.' W4Ulti4_ q.nlllm t{UWUUWU , 
6wnwq.WJIOWW4llltil{ WfllllWUblllmUubptJ U Uwhwgm b1I2bfltJ npn2muu t , WJL 
WJ'l hwl{wuw4wum13JWU wnwuatiu PWl'J.W'lflrlubrti Lt 'lrwugrg 
JnLflWQWU~mptJ 42ntJ uwutJu wnwt{b[ WUpn'l.2w4wu Ulbl'J.b4mJ13tJ 
hwt{wgwq.pmlI[!: UU1buwtunuw4wu w2tuwlllwugmu 4rrwnt{wo bu U('-l FC 
u RIF gmgwur2ubp[!: 

FC (Fractional Contribution) gmgwuti212 gmJg t lllwltJu , 13b npgwu 
t 'ltilllWfl44.nri. PWl'J.W'lflrll:! 4wu uti2ngQ UUjWUUlnLU hwuw4wrq.r 
tuwttiwuuwu12: 

( ) _ Li cutset1 (E) (1) 
FC E - p , 

top 
nplllbri.' Li cutse t1(E)-[! E-r'l UJWlllwhwrr wnw2wguwu hwuwr pwt{wrwr' 
tuwttiwumuubrti ttingpwq.mJ'tl hwuw'lrmioJmuubrti hwt{wuw4wum13Jmuubrti 
q.muwpu t , npQ nrn2L{mu t Pmuwu hwupwhw24.ti 4rrwnuwup' U('-l 
hwuw4wpq.lwJru q.npotJgubrti uti2ngnt{, P1op - 'lrlllwf144.n'l. bpllmJioti 
[!Lil'j.hwumr hwt{wuw4wum13Jm'tlu t : 

RAW (Risk Achievement Worth) gmgwur21:! gnyg t lllwltJu , 13b 
gwuti wuq.wu t w6mu 'lrlllwf144.n'l. bpllmJioti [!Ul'j.hwump 
hwt{wuw4wum13JnLU[!

1 

'ltilllWfl44.nri. PW'l.W'lfl ti2ti wuw2tuwlllm'tlw4mraJWU 
UJWlll6wnnt{: 

RAW(E) = Ptop(l)' (2) 
Ptop 

nplllbl'J.
1 

E -u' 'ltJlllwp4L{nri. htJ uuw4wu tiflWl'j.WflOnL(OJnLUU t , P(E) -u' E 
tiflWl'j.WflOnLIOJWU Ul b'l.ti nLUUU W[nL hwl{wuw4wumraJnLU[!, Ptop -[!1 'ltilllwf144.n'l. 
bpllmJior [!Lil'j.hwumr hwl{wuw4wum13JmU[!, P1op (x)-[!1 'lrlllwf144.n'l. bpllmJioti 
[!Lil'j.hwumr hwl{wuw4wum13JmU[!, bf1p P(E)=x: 

fl.~u4-mh11.b4wgqw6 hrram~tibri~ 4wq1.1'1Jwti ubran11~ uzw4nuin: 
<w2t{r wn'tlbtnt{ q.pw4wum13J WU t{bp[mbm13Jmumu u4wpwq.pl{wo' nru4 
lllb'l.b4wgl{wo unlllbgmuubpmu wnlj w pwgion'l.muubpQ, u2w4t{b[ t nru4 
Ulbl'J.b4wgt{WO Ulllmq.muubptJ bpf<lm'l.tiubptJ 4wqUUWU l.mp Ub13nl'j.: 
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'1-blllbrutiutiulllw4wu ulllmq.muubrirg nru4-lllbf1.b4wgt{wo ulllmq.muubrti 
wuguwu ctwuwuwlj wut{mwuq.m(OJWU t{bptJ~tJ4wgtJw tJpw4wuwgun11. 
ubpljWJWUWJtJU wuauw4wqutJ Ulllmq.wjgbpp bpram'l.tiubpp Ljwquuwu 
u2w4L{wb unp ub13nl'j.[! bU(OWl'j.flnLU t hbUlUJW[ QWJLbfltJ 4WlllWf1mu' 

1. <wuw4wriq.bp~ mwppbp~ 11wuw4wpq.mu num 4wriunpmraJwti. 
(wuw4wpq.b11'1 lllWflflbflQ 'lwuw4wpq.L{b[ bu QUlll 4wrllnrmioJwu FC Lt RAW 
gmgwur2ubrr : (wuw4wpq.b11ti mwrrbru QUlll 4wrunrmioJwu 
l'j.WUW4wrq.b[m UjWJUWUUbflQ pbpt{wb bu W'l..1-mu: 

Urynwwl{ 1 
Sw(l(IO(ll.J [!UL[l l{W(IUn(lnL[dJWl.J qwuwl{w(lqO[m /.J./WJVwl.Jl.JtI{I[! 

"lw1uwti 
RAW(E)>2 Lt FC(E)>0.005 
RAW(E)>100 
FCIE\>0.1 
2<RAW(E)<100 Lt FC(X)<O. 005 
RAW(E)<2, FC(E)>0.005; 
RAWIEk2 Lt FCIEk 0.005 . 

'l-wuwl.twnamu 

Pwror 4wrunrmioJm'U 

lf'12rta 4wrllnrmioJmU 

2 . <wuw4wpq.bp~ mwppbp~ 11wuw4wpq.mu num upwhtibp~. 

Pwror 4wrunrmraJw'U hwuwljwpq.brti IIlWflflbrti U<'-l FC Lt RIF 
gmgwur2ub11Q UJWpmuw4n'l. W'l.Jmuw4ub11Q hwuw'lr4.mu bu hwuwljwpq.brti 
'!J4Wf1Wq.flnLIOJnLUUbflnLU pbf1L{W0

1 

UlWflflbflp Ulb'l.W'ltiflQtJU t{bpwpbfln'l. 
1Ill{JW[Ubf1'1 hblll , nrti Wfll'j.JnLUQnLU Ulllwgl{mu t PWflOfl 4wrllnrmf<lJWU 
hWUWLjWpq.bpp UlWflflbflQ QUIIl UflWhUbflp fuupwt{n[1n'l. W'l.JnLUW4 : 

3. Up11bti ~u4 uzw4tJ.wb bpram~tibp~ qbpLmbmraJwb Li. upwhtibp~ 
11wuwqnpm(CtJWb h~uwti qpw bpram~bb(l~ uzw4mu. Upl'j.bu pu4 u2w4t{wb 
bpram'l.titabrQ lflWgt{mu bu nrulJ-u2wuw4wLti lllWflflbfl UJWpmtiw4n'l.' 
uwfu4pumu 2Ulllmq.t{n'l. upwhubpnt{: UpwhubpQ bpiom'l.mu ubpwnt{mu bu 
'lrwug Ulb'l.W'lPflQQ hw24.r wnubtnl{, npUJbuqti 'lrwug ulllmq.mUQ 
huwrwl{nrruu ut{wqwq.mJU 2wttinl{ br4wrwgur wnljw brram'l.tiu: 

Ut:lt-tibpmu ~pw4wtiwgtJ.n11. ummq.mUtibp~ wprumtiDmu 
wpl!iwtiwq.pqwb tuwtummUtibp~ 4wpunpmraJwb q.tiwhwmuwti unmbguwti 
uzw4mun: (Ut'-1-mu rrw4wuwg4.n'l. Ulllmq.muubrr QUfOW9QnLU 
wrowuwq.pt{wo tuwtulllmutibrr 4wrunrmraJwti q.tiwhwllluwti unlllbgmLIQ 
u2w44.bt t' hw24.ti wntibtnt{ uti2wqq.wjp'll ttinroQ, uti2wqq.wJtiti 4wrq.wl{nrn'l. 
ttiwulllwrari.rabrr UJWhwti2ubf1Q Lt tunrhr'lwllll{mraJmtitibrQ: ctnpbQtiiowgQ 
utubuwJr Ulbugnl{ UJWIIl4brt{wo t ti4 .1-mu: 
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1~ I w----~~:~..:.~uf\i1J'l"1J::i:rf,' ~U'1~1< rl11~.rtH.wlt'k.J ; 

~ .I ~ ··""" ~[ ·~. .. ...... . . ~ &twl .. J'il¢! ~d"'"''''°'"' I >t<1~~.-M•P~"· '•.ll •"r•~.1>w:,u;u jl , 

!i" ~ . _f!::t.".!::'.!~.L- I 1 

_,; ~ [_ ~~411 ~-j . l"WqY,u(jjl 1 !H <l 1 : 

JiL~~£~~}i 
~~~.:Jl..~~bpn iJ:\W,1~J#"'l{1>rr.ul' 

ul( .. 1 .. Ul{lntqnttftJl:irfl flrwl(wtJwgtfwtJ W(lflJnLUf2nLU wriJwtJwqrlf.w& 

fuwful{lnttftJl:irfl Ltwrunrm~1wtJ qtJwhwl{ltfwtJ t5zwl(lf.w& qnr&utJ~wgu 

Utli-r hwow4wpqbpp 1fmpliwp4motJbpp 11.jwppbpw4wtimraJwb 
qtJwhwmtiwti nru4 mb11.b4wgiJ.wb iibran11wpwtimraJmb: <Pnr6wr4nulubf1Q 
Ul:::Y-p hwtlw4wrq.b[lp u lilW[lflbflp w2tuwmmuw4nt!OJWU hwl{wumuwu 
hpuuw4wu uti2ngu bu : lJ 2w4l{wo ubian11wpwumiaJwtlp itinr6wr4mtlubrti 
rrw4wuwguwu ctwuwuw4 lilWflflP WUUjWlilflWUlilnL!OJWUp UjWl116wnl{wo 
npu4bf1p W6Q hwubuwml{mu t wul{mwuq.m!OJWU mbuwu4Jmupg 4Wf1Unf1 WJr). 
mwrrbro. huwrwl{nr wulljwmrwum l{ti6w4mtl wl{biJi br4wr Ujwhbtm 
n[lu4brti hbm: 

bppnpn mtumiI w2tuwmwuQmLi u2w4l{wo' <Ul:::Y-mu n[iu4-
l1lb'l.b4wgl{wo ummq.muubrti orwq.ruwu ipnqmu briam'ltiubrti 4wquuwu 
ubianr).Q, ummq.muubrti Wfll').JnLUQnLU wr6wuwq.rl{wo tuwtummuubrti 
4wrunf1nL!OJWU q.uwhwmuwu unmbgmUQ, nflu4-l1lb'l.b4wgl{wo 
unmbgmuubrti 4tirwnuwup Ul:::Y-p hwtlw4wrq.brfl itinr6wr4mtlubf1p 
O[lWq.[lp Wflr).JnLuwl{blilnL!OJWU l{brwq.uwhwmuwu u !OPflWtuWJPU nflu4-
l1lb'l.b4wgl{wo ummq.muubrti tirw4wuwguwup itinr6wr4mtlubrti orwq.rti 
Wflr).JnLUwl{blilnL!OJWU pwf16[lwguwu ubianr).wpwumiaJnLUQ, 4flrwnl{b[ bu 
<Ul:::Y-mu n[iu4-mb'l.b4wgl{wo ummq.muubrfl tirw4wuwguwu orwq.rti 
u2w4Liwu UlljWl1lw4nl{: LJ2w4l{b[ bu <Ul:::Y-mu n[lu4-l1lb'l.b4wgl{wo 
ummq.muubrti tirw4wuwguwu briam'ltiubr : <Ul:::Y-mu ummq.muubrti 
Wflr).JnLUQnLU wr6wuwq.rl{wo UjWJUWuw4wu tuwtummuubrti ortiuw4n4. gmjg 
t lll[ll{b[ tuwtummuubrfl 4wrunf1nL!OJWU q.uwhwmuwu unmbguwu 
4tirwnbiJimiaJmuo.: <Ul:::Y ti 'llU<<-ti ortiuw4n4. q.uwhwml{bt t ntiu4-
mb'lb4wgl{wo ummq.muubrr tirw4wuwguwu uti2ngnl{ hwtlw4wrq.ti 
tuwipwuuwu hwl{wuw4wunL!OJWU ul{wqbguwu ubrmcto.: ¢n[16Wf14mtlubf1p 
orwq.rti ntiu4-l1lb'l.b4wglj_wo 4.brwq.uwhwmuwu u2wljl{wo 
ubianf1.wpwumia1wu 4rrwnuwup quwhwuilJ.bt t <Ul:::Y-p 4.iawrwJflu 
lflWUUUWU, wnw2tiu 4nummrti 2bruw4rti lflWUUUWU u 9WJl1lW2f1LlnL'l.WJPU 
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(uL4rtiu4tbflWJpu) hwtlw4wrq.brti itinr6wr4mtlubrti L4Wf1pbrw4wumiaJwu 
itinitintuuwu wq11bgmiaJmuo. nbw4mnrr w4mr4. q.nmm tj_uwuuwu 
hw6wtumiaJwu 4.rw: 

UmbuwtunumiaJmumu hw24.wrLJubrti tirw4wuwguwu hwuwr 
oq.mwq.nrotJ.bL t RiskSpectrum u[12wtJ.wJrmu u2wljl{wo <Ui:::Y-p U«-l Linr).b[Q, 
pu~Ujbu uwu u2w44.bt bu wnwti6pu hwuw4wrq.brti un11btubf1 SAPHIRE 
ur2w4.WJflnLU: Unljw Unr).blQ JnLflWQWU~nLfl 4tirwnmiaJWU UUjWlilw4n4. 
buiawr44.bt t pwquwiati4. itinitintumiaJmuubrti' hw24.ti wnubtn4. Ut::LJq. 
TECDOC 1804 ipwumwia'l.iamu ia4.wr4tJ.wo hwmljwuti2ubro.: U«-l un11btmtl 
JnLflWQWU~nLfl btw4bl11WJPU UjWlilwhwrflg uljpqp t wnumu tJ.iawflWJPU 
hw2nf1f1.W4WUnL!OJnLU (UjWlilWhW[lUbflp own): 'llwmwhW[lUbflp OWnQ 
u2w44_mu t QUlil btw4bmwJru UjWlilwhwf1r9 u4rqp wnwo tJ.iawflWJPU 2'1.!0WJP 
hw4wq11uwu: <wljwqr).n'l. hwuw4wrq.b[lQ Unl').b[wtJ.nrtJ.wo bu l').f1Wug 
q.Ltuw4_n[l tuWtPWUnLUUbflp lilbUQntj_ (top gate), nrnugpg JnLflWQWU~nLflQ 
Unl').b[Wtj_n[ltj_WO t hWUWljW[lq.p LjWU hWUW4Wf1q.p nl'l.nl (KaHail Cl'1CTeMbl} 
tuwitiwumuubrti ownti mbuQnl{: <Ul:::Y-p U<Ll hw24.wr4wJtiu unf1.b1Ji 
4wnmgtj_w0Qp uljqpmuQQ Lib4 tJ.iawrwJflu 2'1.!0WJP or[luwljnl{ ubrljwjwgl{wo t 
u4 .. 2 -mu: 

r'f'huuiwhwpbbrP bum 
t;\W4btnWJ~lJ UjWt.nWhlJJf'I 

210 ... 280 <hl UjlUJ~lUl"UI""'' °"~.:. ...... -... ::--.:.. u .... ··•····- •-:-•_

0

_._l_ .. ·~_ .... _-~"{. :::::.•·=r~.·::::"::::--·::::·~:::::=::::·:~:=.~=·····=' r 1··. ."-" l~ 1- >l \.It'"' "".If,.,.,;..: 

t.npmt.kuq6nt{ 
0 

! -• ___ ---J ~ :.;: : :: ...., 
UjWllln4._wbv.ftgpbpt.flll4fl t1 - - --·-------·-·- "". "-"'-t· 'I) ~~~ 

••rmwhnuamt <ll'<'•r tvwl/lw~mJli1'r~ bum · '''" " ''" '' 

?"--·~ •. 

ul( .. 2 .. <Ut4-f1 U«-l hw2lf.wrltw1fltJ t5nf1.l:ilf1 l(wnmgtjw&12f1 ul{qpntUf2[! tf/Jl( 
lffeW(IWjfltJ 2'7.fUWJ{I O(l{ltJwl(ntj 

4..bfl[nLOnL!OJnLUUbflti Wfll').JnLUQUbflQ hw24.ti wnubtn4.' u2w44.bt t 
<UtY-mu ummq.muubflr rrwljwuwguwu pwf1b[wl{l{wo q.nroo.uiawg: U<Ll 
Wflfl.JnLUQUbflQ ummq.muubrti 4wqtlw4brl4uwu q.nroo.uiawgmu 4tirwn4.bt bu 
nrulJ-u2wuwljwlJi lilW[lflbflr pwgwhwjlilUWU, U l').f1WU9 r).WUWtj_n[lnL!OJnLUpg 
b[Ub[nl{' nru4-l1lb'l.b4wgl{wo briam'ltiubflp u2w4Liwu UlljWlilwljnl{: <UtY-p 
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pWf10[1 U up2pu ljwpunpnLfOJWU UW[1QW4.npmuubpp pw2tumu[! [!Ulll 
npulj-u2wuwljwl]imraJwu mtirmJraubrti ubpljwJwg4.wo t ulj .3-mu: 

.C::WJlllUWpbp4.wo ll1Wf1[1bflp ubpwnmu[! ummq.muubflp bp[3majiubpmu 
lju1..4wump Ut:;'-t-p wu4.mwuq.nt[3JWU uwljwrri.wljp pwrbtw4.uwu[!: 

O.tiu4-lllh'lh4wgqwb ummqnultthpp ppw4wtiwguwti ilp2ngnq 
hwilw4wpqp tuwlfiwtiilwti hwqwtiw4wtimra1wti tiqwqhgmiin <Utli-ti 
"lU<<-ti opptiw4nq: Ut:;'-t-mu tirwljwuwg4.n'l. ummq.muubrti 
2r2wuwljubrmu ummq.4.mu bu pwquwraM hwuwljwpq.brti mwrrbr: 
libpljWJWUWJpu ummq.muubpp bpramajiubppg ublj[! ubrwnmu t 
"lwmwutuwuwmm u1..4wnti~ubrti hn4.wguwu hwuwljwrq.ti ("lU<<-11) (ulj.4) 
1..4nu1..4wljwJwuubrti u mwrrbrti ummq.muQ: .,. 

0 '° J~ 90 

0 i '"""" H !<>~<>I 3 
• 0 

<> 
• .w • Gg . '<Pot>«> 
~ ~ · ~~ 80 

~ s <) <I 

I o °' <> ., 
<>~<><>"• 0-o o<>oe» 
~.,.& <> '""0~ 

3 '\ 

2 
,. 

" 

;L,· J ~, J~· · " ~l:r; l~., :I:· 
A"r h'j 

r cLc. I 
.. : --~) ! _~.·,~ ~ ... 
... l : , i 

··-> .... t ·+ 

r-··c.s:-·1 
-~ # ..... 
l i ' t ,. ... ' . ' 

q ·t ~-~~f :~ 

Ll{.3.<Ut4-fl pwriJr u. tif12fltJ l{wrunrniru1wtJ LI/ 4 fTJU<<-fl 
UW[1f2WtJ.nrnttftJf;;rf1 pw2funttI[! [!Ul[I nflulj- t . a M tJ 

l ·--

tJ2wt.iwljwlfintfUJWU lflflf1ntJ[UUOf1fl, n[1l[I0'1 nflulj- u;wrq gtJ.w ufu w 
tJ2wt.iwljwlfiniru1wtJ lflflrnLJrutlorfl portJ.wa 

rutJ.w1fltJ tJ2wtJwljnttftJortJ f;;tJ' 1-gwar, 2-tif12fltJ, 
3-pwriJr 

"lU<<-ti m11.m tuwlfiwumuubrti ownp (ulj.5) hw24.wrljmuQ gmJg t 
m4.bt aunwu nbctpumu 4tirwn4.n'l. 6p-2, 6p-6 wurwuubrti ~lfiw44.btm hbm 
ljw1..44.wo ll1Wf1[1Wljwu UjWlllWhwpubrti (CS1VFBR2GA u CS1VFBR6GA)' 
hwuwljwrq.ti nl'l.nL tuwlfiwuuwu mbuwu4Jmupg mubgwo ubo 42tinQ (38 .1%): 
'-twmwr4.wo hw24.wrljubrti wrri.JmuQmu gmJg t mr4.bt. nr w4.wuri.wljwu 
ri.bmbrutiutiumwljwu ummq.muubrti lfintuwrtiumuQ npulj-mb11.bljwg4.wo 
ummq.muubrn4. huwrw4.nrmra1mu ljmw ummq.muubrti QurawgQmu 6ti2m 
ratirwtuw4.nrbt ummq.4.n'l. mwrrbf1Q

1 

WJrJ.Ujpun4. u1..4wumbtn4. ummq.uwu 
wrri.Jmuw4.bmmroJwu twljwu pwrorwguwuQ u hwuwljwrq.ti tuwlfiwuuwu 
hw4.wuwljwumroJwu up QWup (ITJU<<-ti rJ.bUjQntU upu~u 4,25) wuq.wu 
u4.wqbguwu[!: CS1VFBR2GA u CS1VFBR6GA ll1Wf1[1Wljwu UjWlllwhwpubrti r 
hw6wtumroJwu mwrpbr wpctbgubrti ri.b1..4Qmu ITJwmwutuwuwmm 
u1..4wnp~ubrti hn4.wguwu hwuwljwrq.ti wnw2tiu ljwuwl]i tuwlfiwuuwu P 
hw4.wuwljwumraJmuQ 4.brwhw24.wr4btn4. u WJ'l ljwtuuwu 
mumuuwutirmtoJWU WflrJ.JnLUQnLU u2w44.bt bu hw2nrri. bpljm q.pw'.ppljubp[! 
(ulJ .6, 7): 

12 

c~-~--·-·1 

"'' 

i 
ri3ijitt 

~-I 

i·; ... ~ .. -::~-;~~~··-- i r:~-:: .. - 1~:;;~ ... -
~ J D. rl /~ 

...... '""""I I ' ~a .. w::- I :-:,~~··· J rm;r ---- --] ·~. ·~~ l:a; ... :e ... . t;'.\., rr_<Wijf__..unn,. •• ~-•• .. 

! -··-. . -· ... ,. 
.~~ f=...:~'.'.'.' .. j 

£j, 

ulj.5. '1'/wl{lwufuwtlwl[lnt uu;wnfl~tJorfl hntJ.wgtfwtJ hwtfwl{wrqfl wnw2fltJ 
ljwtJwlfi fuwlflwtJnitftJorfl awn[! SAPHIRE tif12wtJ.w1rnitf 

t.. 45 

3 !i 

25 

rJr, 

O.OOE<OO l.C0£Hl'2 2.()0£+02 

ulj. 6. fTJWl[IWUfuWUWl[lnt 
uu;wnNtJorfl hntJ.wgtfwtJ 

hwtfwl{wrqfl ntflnt fuwlflwtJtiwtJ 
hwtJ.wtlwljwtJniru1wtJ tltJ.wqtfwtJ 
~Wl/I[!' ljwfutJ.wa est VFBR2GA /.J. 

CS1VFBR6GA lflWf1f1WljwtJ 
UJWl[IWhW[1Ubf1fl fuwlflwtJtiwtJ 
hw6wfunt{UjnttltJorfl tltJ.wqtfwtJ 

zwlflflg 

r, 
l.OOC-03 

8.0lf:-i).1 

r~.ooc-0.1 

4.0C.t-:.i)!l 

:V'.:ll'.'E~H 

O,COC•OO 

2().>f.(U 
15 35 i!.S f, 

ulj.7. CS1VFBR2GA /.J. CS1VFBR6GA 
l[IW[1[1WljwtJ UJWl[IWhW[1UOf1fl 

fuwlflwtJtiwtJ hw6wfunt{UjnttltJf;;rfl 
tltJ.wqogtJ.wa wf1dOf2[!' ljwfutJ.wa 

UJWl[IWUfuWUWl[lnt uu;wnfl~tJorfl 
hntJ.wgtfwtJ hwtfwl{wrqfl nirzm 

fuwlflwtJtiwtJ hwtJ.wtlwljwtlnt[UJWU 
tJt.f wqtfwtJ zWlflflg 

Ut4-tihpmil ~pw4wtiwgqn11 ummqnufl.thp~ wprumti9mil 
wp~wtiwqpqwb tuwfulllmiltihpp 4wpl.J.npmra1wti qtiwhwmilwti ilnlllhgilwti 
4rpwnmil(! <Utli-p hwuwp uwhilwtiqwb ~w1ilwtiw4wti tuwfummiltihpp 
opptiw4nq: "lwJuwuwljwu tuwtummuubpQ uwhuwu4.bt bu mwppbr 
hwuwljwpq.brti hwuwr' hw24.ti wnubtn4. ljwJwuubrmu tirwljwumu 
wrowuwq.r4.wo tuwtummuubrti mp1..4bp[!: Swppbr mp1..4brti "lWJUWuwljwu 
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tuwtuumu.It.1bp[! uwhuwt.1LlbL bu L11wppbr hwuwywpqbrti uinuuibrti t.!11.uwu 
hwL114_wO-ti obngnlj_ pwubgtJ.n11. wurwuubrti hwuwr: 

t-uwtul11muubrti wnw2tiu L11pUj[! ubpwnmu t wuouwywqup A l11PUJP 
utuw[ubp[! (IT)wJt.!wuwywu tuwtuL11mu N21,2): 

IT)wiuwuwywu tuwtuL11mu N21. 4.rawrwitiu Lf1Wuuuwu uinuuiti 
t.!11.uwu uwumu obngnlj_ pwubgtJ.n11. WUflWU[! t.flw4 t ran11.tJ4.bt wuouwywquti 
utuwtJi wprJ.Jmugmu: IT)wiuwuwywu tuwtuL11mu NQ . 'Gnpnqmupg ywu 
t.finrowpymupg hbL11n Lrwuuuwu uinuuiti t.111.uwu uwumu obngnlj_ pwubgtJ.n11. 
WUflWU[! t.fiw4 t ran11.u4.bt: 

t-uwtuL11muubpp hw2nr11 l11pum ubpwnmu t utuwL 
uwyuti2wtJ.nruwu/ll2wqpuwu Wfll').JnLUQ hwu11tiuwgn11. tuwtuL11muub(1[! 
(IT)wJt.lwuwywu tuwtuL11mu N23): IT)wiuwuwywu tuwtuL11mu N23 . :;!bngnlj_ 
pwubgtJ.n11. wurwur t.flwyuwu nL'l.'1.nL(GJWU utuwL u24_wb- tJiubtm Wfll').JnLUQnLU 
4.rawrwiru utJn11. uinuuir t.111.uwu uwumu L11b11.w11rtJ.wb- WUflWU[! 
t.finrowpymupg ywu unpnqmupg hblJln t.fiw4 t ran11.utJ.bt: 

t-uwtul11muubpp uby WJ[ L11pUj [!Ul').qpymu t t.flwul11Wf3'1.f3b(1p up21.J. 
b11.wb- wuhwuwuiwL11wutuwtJm13Jmuubp[! ywu t.fiwuL11Wf3'1.f3b[lmt.! wnyw 
utuwtubp[! (IT)wiuwuwywtJ tuwtuL11mu N24): IT)wJt.lwuwywu tuwtuL11mu N24. 
IT)wL11wutuwuwL11m uuiwnti2tJbrti hnlj_wguwu hwuwywpqpu lj_bpwpbrn11. 
2whwq.npon11. wuotJwywqup w2tuwL11wugwjpu gmgmuubpmu u2tJ.wb- 2P b11.bL 
11.bywtJ.wruwu lj_whwuwyti 4.rw uinuuir upwguwu t.fintuwu2wL11p2[! 
t.finpowpwyuwu wlj_wpL11pg hbl11n 6tJ2L11 'lPflR 4.brw11wroubLm uwupu: 

1'24.wb- UJWJt.lwuwywu tuwtuL11mutJbrti L11wppbr hwuw11rmraJmuubrn4. 
11buigbpp hwuwr tirwywuwgtJ.bL bu lj_bpwhw2tJ.wpyubp 4wiwup 
hwuwywpqblti U(4. un11bLubpmu, tiu2uibu uwl.J. Wfll').JnLUQUbflti u2wyuwu 
l11W[lpbrw4r 4tirwnuwup: (w24.wryubrti Wfll').JnLUQUb[lU wut.fint.filj_wb- bu 
w11..2- mu: 

Urynwwlj 2 

4w1wl.Jf1 wl.Jtf.l.f'lwl.Jqni,a1wl.J t/.Jiw fT/w1uwl.Jwljwl.J fuwfulf'1ntUl.ib[1f1 
wqqbgnt,ajntl.i[! (CDF-fl w6u) wu1/mtfinri hw2tf.wrljw1f1l.J W(1f].jntl.ial.ib(1[! 

'1-bUjg 
IT)wJt.lwuwywu 

wtuL11mu N2 

2 

IT)wiuwuwywu 
wtuL11mu N2 

3 

14 

IT)wiuwuwywu 
wtuL11mu N2 

4 

bCDF 

5 

,) 

) 
I 

.) 

Urynwwlj 2-fl 2wrnit.iwljni,a1nit.i 

1 2 3 4 5 
1w 1 - - 2.93E-07 

1p 4 - - 8.31E-07 

1q 1 4 - 1.1E-06 

2w 2 3 - 1.7E-06 

2p 2 3 4 2.51E-06 

CUtlt-~ hwifw4wrqhfl~ 1fm11aw114nuilihr~ oriwqr~ 
lqW(lJ!hflw4wlim(aJWli qliwhwUlnLU[! u2w4qwo n~u4-Ulh'lh4wgqwo 

unUlhguwup: (wuwywpqbrti [!UL11f1mraimu[! ywL11wptJ.bL t QUL11 
wulj_L11wuqm13JWU 4.f1w l').(1WU9 mubgwb- wq11bgm13jwu: (wuwywpq.bpp 
4wrunrmraJwu quwhwL11uwu hwuwr (hpuutJ.bLn4. ywpunrmraiwu FC u. RIF 
gmgti2ubrti 4.rw) 4tirwntJ.bt t U(4. t.lnl'J.b[!: 

~u'lhwump wnuwup hw2n11. t.finpowpymupg hbl11n l11Wflf1P uti2tiu 
wuhwuwubtJimraJmu[!' Q=O u w6mu t ctwuwuwypg ywtutJ.wo ~muygpwJntJ.: 
(Ut:;'-1-p U(4. un11btmt.! [!UL11f1lj_wb- hwuwywpqbpp t.flnpowpymuubpp 
0-pwqpmu ubpwnlj_wb- l11W(1[1b[lp tuwt.flwuuwtJ hw6wtumf3JnLD[! L114.JWL 
yppwnm13Jwu UUjWL11wynlj_ t.flnt.flntutJ.bL l.J. ubpywjwgtJ.bL t t.flnpowpymuubpp 
uiwrpbpwywumraJmupg ywtutJ.wb- ~muygtiwintJ.: bpp U(4. t.lnl'J.bLmt.! 
t.flnpowpytJ.n'l l11W(1[1p up2pu wuhwuwubltJntfCJnLU[! (Q) Wf1L11WhWJL114_mu t 
tuwt.fiwuuwu hw6wtumraJmupg ().) LI. t.finrowryuwu uiwrpbpwywtJmraJmupg 
(T) ywtutJ.wo (3) pwuwal.J.nlj_' 

T 
Q = >-·2· (3) 

wuiw t.lnl'J.bLQ 4rrwnbLti t t.finrowpymuubrti uiwrpbpwywumraiwu 
q.uwhwL11uwu tuu1111r tmMwu uuiwL11wyn4_: UJul11b'1. tuwt.flwuuwu ). 
hw6wtumraJm'cl[! hw24.wr44.mt.! t hbl111.J.JWL pwuwol.J.nlj_' 

A=~ , (4) 
Ttot 

npl11h'1. Np-[! [!Ul').hwumr 2whwqnpMwu Ttot ctwuwuwywhwL114_wb-mu 
tuwt.flw'clmuubpp 13plj_u t : '-iwjwup hwuwywpqbpp JnL[lWQWD~nL[l l11Wflf1P A 
tuwt.fiwuuwu hw6wtumraiwu hw24.wr4uwu hpugmu [!uywb- t 4wJwur 
2whwqnpb-uwu [!u13wggmu ymL11wylj_wb-' l11Wflflbrti hmuwtJimraJWU[! 
lj_bpwpb11n11. L114.Jwtuhrti t{hrtmb-mraimu[!: (Ut:;'-1-ti [!UL11f1lj_wb- hwuwywpqbrti 
t.finrow114mt.!uh11ti 0-pwq.rti wrrJ.JmuwtJ.bL11mraiwu q.uwhwL11uwu uuiwL11wyu tr 
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quwhwll1b[ tfinrowrljnu.Itibrti UJWf1pbrwljwumraJwu tfintfintuuwti htiwrw4.nr 
wq11bgm13JntLI[! ljwjwup wu4_ll1wuqm(3JWU (nbwljll1n[1p wljll1p4_ qnlJlm 
4_uwuuwu hw6wtumraJw'u) 4.f1w (wri.. 3): 

UrynwwlJ 3 
lf./1l[1W[1/jl/.wa f].OUJJ20(1/1 l/.fI[1/nLOnLFJJWfJ W(lfJ.JnLOJ200(1[! 

'1-pll1W[1lj4_wb Uljll1p4_ qnlJlm 4_uwuuwu l.i4_wqmu I 
1'].0UJ{L[! hwtiwtumraJwll tfintfintumraJmli[!, Uti 

w ll1Whw 1.11 wb %-n 
4.@WQWIQLI lQWUUUW~ hwuw~WQ9: 

U~W9,nU.! 
Uti 

l.J~w9.nu.! 
U6 

l.J~W9,nLU 
Uti 
-
hwuwljwrq, 

l.J ~ W9, nu.! 
Uti 

'1-b -
'1-b 

fl.rulj-mb11.hljwgl{wb U!i[ctnqnl{ w'CJl{mw'CJqm[ctJW'CJ l{h(l~~~-

ljwgrwJti ~pwljwtiwgmu i::'.Utlt-r UlJ4.-~ 1"11 h11.w'owljnl{ iqwhUw'o 
iqwhhumwpwtiti oprtiwljnl{: <Ut'-1-r ULJ4.-p 2nr bri.wllwljn4_ UJWhuwll 
UJWhbu1.11wrwup wu4_1.11wuqm13JWU 4_brpl>pljwgpwjp Of1p'uwljn4_ gmjg t 
1.11r4.wb 11b1.11brurupull1wljwu Lt npuljbrtiu 4.brwpbrnri. U1brJ.b4mJrati 
hwuw11rmt.IQ nrn2muubrti ljwiwguwu qnrbQurawgmu: UJL ljbf1Uj wuwb, 
u2wlj4_wb t npulj-U1brJ.bljwg4_wb UlJlmqmuubrti uti2ngn4. <Ut'-1-ti Ulf4.-r 2nr 
OrJ.WUWljn4_ UjWhuwu UJWhOUU1W[1WUp wu4_U1wuqm(3JWU 4_brpl>pljwgpwjp 
tirwljwuwguwu 1.11wrpbrwlj: l.J1..4w1.11wljpu hwullbtm hwuwr u2wlj4_bt t 
<Ut'-1-ti Ulf4.-r 2nr b'1wllwljn4. 1..4whuwu 1..4whbu1.11wrwur 
2bruwhti11rw4.LtilJwljwu hw24.wr4ti tirwljwuwguwu 1..4wrqbg4_wb t.Inl'].b[, nrQ 
4.brtil>r4wg4.bt ll 4.wLti11wg4_bt t <Ut'-1-ti ULJ4.-r 2nr bri.wuwljn4_ 1..4whuwu 
UJWhbul.11Wf1WUp wu4_1.11wuqnt(3JWU 4_b[1[nL0nL(3JW'r.l hw24_b1.114_m13Jmumu 
ubrljwjwg4_wo hw24.wrljubrti W[11'].JnLU{2Ub[1p hb1.11 : nwmullwutir4.bL bu 
Ulf4.-r 2nr ori.wuwljn4. 1..4whuwti UJWhbu1.11wrwtiti 4.brf1l>r4wg4_wo Lt 
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4.wLti11wg4_wo 2bruwhf111rw4.Ltiljwljwu hw24.wr4ti un11blti W[11'].JnLU{2Ub[1[! 
1.11wrpbr h'1wuwljwJf1u LljWJt.Iwuuhrti hwuwr ll WJl'J. hri.wuwljwJru 
1..4wJt.Iwuuhrti ti hwJ1.11 qwtm hwtiwtumraimutihrQ' wr11JmupubrQ 
wu4_1.11wuqnt(3JWU 4_hrf1l>f1ljwgpwjp u1..4w1.11wljn4_ ljf1rwnb[m uihuwu4Jmupg: 
<Ut'-1-p Ulf4.-f1 2nr hri.wuwljn4_ 1..4whuwu 1..4whhumwrwuf1 wu4_mwuqm(3JWU 
4.hrtil>f1ljwgf1wJf1 ctwuwuwlj f1rwljwuwg4_mu bu un11mlti hlQmt.I 011ti 
2hruwu1.11f16wuf1 2wtfimuuhr: LI n11mlti blQmt.I 011ti 2bruwu1.11p6wur wti 
UWhUWUWJpu !OnLJ[Wl.11f10lP wpctbppg huwpw4_np t Unl'J.nLlP 01'].Wugpubpp 
tugwuuwu 1..4wpwqwJmu: lf n11mlti 011wugpuhpp tugwuuwu nhctpuuhpp 
mumuuwuppnt(dJWU hwuwp ljppwn4_b[ t u2wlj4_wb 1..4wrqhg4_wb Unl'].h[[!: '.2nr 
b'1wuwljn4_ Ujwhuwu 1..4whhu1.11wrwumu Ulf4.-f1g 2hrumraJmliQ hbnwg4_mu t 
011ti puwljwu ljnu4_hljgf1wJn4. ll 2hpt.IwJf1u tiwnwqwJrat.lwup: '.2np hri.wuwljn4_ 
1..4wh1..4wuuwu 1..4whbu1.11wpwuf1 t.Inf"].nqmu ljwuf1u1.11ppg hbnwg4_nri. 
2hpum13JWU pwuwlj[! quwhwuib[m hwuwp wuhpwctb21.11 t quwhwmh[ 
puwljwu 2r2wuwnm13JWU Ofj.p qwuq4_wbwjpu bw!lJu[!: 011ti ow!lJu[! Unl'j.nL[nLU 
quwhwmhtm hwuwr wuhrwcth21.11 t q1.11liht t.InfJ.mtmt.I wnw2wgwb 2wrctti2 
hti11rw4.LtilJwljwu t2f2Q: lf n11mtmt.I OfJ.p 1.11wpwguwu hh1.11llwupn4_ wnw2wgwb 
2wrctti2 t2PQ hw4_wuwr t t.lnfJ.mltig 11mru ll t.lnfJ.mtmt.I OfJ.p UJmubrti 
6ll2muubrti 1.11wrphpmraJwliQ' 

lip w a. =(~+ tt 2 ) • g · (-P ___ P_), (5) 
2 r 2 R · To R ·Th 

nruihri. D-u ljwuf1uuirf1 wruiwppu 1.11pwuwqpou t, u, HiJ, H1 , H
2 

bpljrw2wtfiwljwu 2wtfiuhrQ gmJg bu 1.11r4_wb ulj .8-mu, Ph-u Ol'J.P tummraJmuu t 
t.lnfJ.mtr hlQmt.I, Th-u 011ti pwgwrowlj 2hruwuuip6wuu t un11mlti blQmU, p0-u 
ll To-u OfJ.p '1Juim13JmLIQ ll pwgwrowlj 2hruwuuif16wli[! t.InfJ.mtr umuipmu, R-Q 
2nr OfJ.P qwqwJtiu hwu1.11wmmuu t (R = 287,058 Q/(qq ·ti)), g-u' wqwui 
wuljuwu wrwqwgmt.I[!: 

-·-3 11, 

······· ·· ·······~ ···· ..•..... 

D H,1 

H, ///l - wlJnunpJ1 
b I/ ~oqu1ugp 

'lb~tMiump 

Llj. 8. IJnrJ.nitft [!OlJ.O(l/jWJbwlJwfJ 4lflf1lf.wa12u 
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LJnr1mlti umuipr Lt h1J211 6uzmuuhrr uiwpp.hrmraJmll[! hwqwuwr t 
Llnflnqmu hrl'lrw4.lti4 flPUWflf1nLf3Jmlluhrr hwruawhwpuwu hhuiltwupnq 
6uzuwu wu4uwu[!, npu tL rr hhrraru 2nr u.iwhhuuiwpwup LlnflntLmu 
6wuwu.iwrhwJru Lt uih11.w4wu flpUWflflnLfOJnLUuhpnq u.iwJLlwuwqnpl{wb" 
6uzuwu wu4muuhrr qmuwrru' 

P1 - P2 = tiPh.q., (6) 

P1 - P2 = I tiPA +I tiPtn: (7) 

lIJmu 4n11.urg, LlnflmLr umuipr Lt h1J2116uzmuuhrr uiwpp.hrmraJmllQ. hwqwuwr 
t unl'lnL[mLl wnw2wgwb" 2wrctr2 twru' 

P1 - P2 = (~ + H2) · (Po - Ph) · g: 

4.hr2ru hr4m Wf1U1WhWJU1nlf3JnLUUOf1P w2 uwuhrr 
wrl'lJmupmu uuiwumu hup' 

L tiP6 + L tiPtn = (~ + H2) ·(Po - Ph) · g , 

(
0,25911 0,00722 ) 1 G

2 

Go.2s + G + lO ,l7?4 . 2 · 1,00 352 . 2,3 0912 = 

= (~+H2)· g ·(-p __ P ) : 
2 R · To R ·Th 

(8) 

hwqwuwphguwu 

(9) 

(10) 

UJUU1h'l. wuhWJU1UOf1[! hp4muu hu' G Oflp b"wtuu[! LlnflnLLnLU Lt Th 
2hruwuuip6wu[! unl'lmlti h1J2mll: UuhwJuillhp[! quiuhLm hwuwr u.ihuip t 
muhuwup hwqwuwpmuuhpp hwuw4wpq, npuih'l. wuhWJU1Uhf1p 13pq[! 
hwqwuwr 4Ltiur hwqwuwpmuuhrr rai.tru: 'l-pw hwuwr wuhpwcthzui t 
w4.hLwguhL Ltu Llh4 hwl{wuwrmu: lJnflmLmLl oflr puuihqrwLwJru O-wtuur 
hwuwr uuiwg4.hL t hhU1UJWL Wf1U1WhWJU1nl[OJnLU[!' 

G = 2 · P6 · g · (tui - tu)· S3 
· L = (2 · P6 · g · (tui - tu) · L). 

J:i 40 · µ · (tu + 273) 40 · µ · (tu+ 273) 

(11) 

( 
1)3 th+ 591 4 

. 0,009387 . ( ) : 
th - 45 

npuih11. L-[! 4wupuuirr hf14Wf1nL(3JnLUU t. u, tUJ-u 4wupuuirr Wf1U1WQPU 
Llw4hpltmJtaP up2pu 2hpuwuuip6wuQ_, °C, tu-LI hn4_wgun11. Oflp up2pu 
2tiruwuuip6wuu t, 0 c: 

Liwuruuirr Llw4hrltmJrarg 2hruwuil{mraJwLlp. hhnwgl{n11. 
2hrumraJmll[! Q.ll4wL4.mu t ol'lr hnupr 4n11.urg' 

GJ:i • Cp · (th - t0 ) = 1,3 6 · (tui - tu)
1

'
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· F4: (12) 
npuih11. F4 -u 4wupuuirr 4n11.uuwjpU Llw4hrltmJrar Llw4hrhuu t , i.r2 Cp-U 2nr 
OflP uihuw4wrwr qwuql{wb"wjpU 2hrumuw4mtoJnLUU t , Q/ (qq. °C) : 
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Upf1Jmupmu 4wquhup (10) , (11) , (12) hphp hwl{wuwrmuuhppg Lt hphp 
wuhwjuiuhppg 4wqul{wb" hwuw4wpq: Swpp.hp 2hpuwuuip6wuuhpp hwuwp 
rrw4wuwgl{wo hwz4.wr4uhrr WflflJnLUQnLU uuiwgl{wb" Oflp owtuu[! UnflnLLnL{, 
Oflp 2hruwuuip6wuQ_ UnflnLlP O[J2nLU, 4wupuuirr Llw4hrltmJrar ur2ru 
2hruwuuip6wu[! Lt ol'lr 2hruwuuip6wuti w6[!' 4wtul{wb" umuipr Oflwugpp 
tugwuuwu uin4nupg Uhf14WJWgl{wb" hu u4. 9 ... 12-mu: 

""""' ·~ 

,, r:::r-1-"*·~-*'· 

~~" 
. ' ,. -----~-·------d 
....... ....... ·-----~~~E::.:..~~:, 

--." :'I._ __ .... . ... _ ,...,~" 
·'·~-==~-.::.~ .~-;:~ .. ' •'> 

tl..MtWric.ll "'-~J 

ulj. 9. <Ut4-f1 Ulft.l-f1 2nr ulj. 10. <Ut4-f1 Ulft.l-f1 2nr 
UfWhl:wlf1wrw/Jf1 tfnlJ.ntfnt/. OIJ.f1 UfWh/Julf1wrw/Jf1 tfn1J.ntlf1 /Jmmtf 

OW{uU[! wrlf1Wf2f1/J OIJ.fl lf1Wrp/Jr OIJ.fl 21JrtfWUlf1f16w/J[! wrlf1Wf2f1/J 
21Jrtfwulf1f16w/J/J/Jrf1IJ.UUJJ2nttf' 01J.f1 °1J.f1 lf1wrp/Jr 21Jrtfwulf1f16w/J/J/Jrf1 

UnLlf1J2f1 OfJ.W/Jgf2f1 fugw/Jtfw/J IJ.UUfJ2nttf' OIJ.f1 Untlf1f2f1 OfJ.w/Jg12f1 
l[1nljnuf1g ljwfutjwa fugw/Jtfw/J l[1nljnuf1g ljwfutjwa 

UJuu.irunl{ tugwuuwu hhuiltwupnl{ unri.mLnLU OflP 2hruwuuip6wur 
w6[! wuramnwuirhlti 40°C wpcthpp 4wpn11. t hwuuhL wpuiwppu ori.r 
gwu4wgwb" 2hruwuuip6wuti ri.hu.ipmu, muuir 2nr u.iwhhuuiwpwur 
hwrraw4r uuimquwu u.iwrp.hpw4wumraimu[! 211 4wrhll1 4wu.ihL wruiwpru 
up2wl{Wjf1p Oflp 20f1UWUU1p6wup hhui' u4_wqhguhLn4_ UU1mqmUUOf1[! U1Wf1l{W 
gmpui h11.wuw4pu : 

t ..... ~. 
l 'i' 

.. 
"' 

........ ,., 

.... _.~ 
rn.~ 

~.f\IQ".Ul.:"'lul 

ulj. 11. <Ut4-f1 Ulft.l-f1 2nr 
UfWhUUlf1Wrw/Jnttf lf1UIJ.WIJ.r!J.wa 
ljw/Jf1ulf1rf1 tfwl{/Jrunyruf1 t5f12flt.J 
21JrtfWUlf1f16w/J[! wrlf1Wf2f1/J OIJ.fl 

lf1wrpur 21Jrtfwulf1f16w/J1J/Jrf1 
IJ.UUjf2nLU' OIJ.f1 UnLlf1f2f1 OfJ.W/Jg12f1 
fugw/Jtfw/J l[1nljnuf1g ljwfutjwa 
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.0.1,.. 
;il 

~ ~ 

-+- '3-\,;,;,. "''l'':'.f ;.:..·':;~,,I 

. .>;"-tugi;Amul 

ulj. 12. <Ut4-f1 Ulft.l-f1 2nr 
UfWhUUlf1Wrw/Jf1 tfnlJ.nL[nLU OIJ.fl 

21Jrtfwulf1f16w/Jfl w6[! wrlf1w12f1/J 
01J.f1 lf1wrpur 21Jrtfwulf1f16w/J1J/Jrf1 
IJ.UUjf2ntU' OIJ.f1 UnLlf1J2f1 OfJ.W/Jg12f1 
fugw/Jtfw/J l[1nljnuf1g ljwfutjwa 



<MfLU'-tUl,, t:;:lPUltUSnt<@3nf\.1., 1.,t:;P 

1. lJ 2w44.bL t <Ut4-mu npulj-mbri.bljwgl{wb ummqmuubrr 
brramri.tiubrr ljwquuwu ubranl'].: LJbranl'J.r 4tirwnuwup u2wljl{b[ bu 
<Ut4-mu nru4-mbri.b4wgl{wb ummqmuubrti rrwljwuwguwu 
brramri.tiubr: <wJmuwpbrlJ.bt u. brramri.tiubrmu ubrwnlJ.bt bu <Ut4-ti 
hwuwljwpqbrti npulj-u2wuwljwt)1 mwrrbr, npnuJ2 q.nronri. 
ummqmuubrti brwqrmu itru [!Ul'J.<tr44.wb: 

2. l'flU<<-p orruw4nl{ gmJg t mrl{b[, nr wl{WUl'J.W4wu 
wul{mwuqnt(OJWU l{brp'.j>pljwgpwjp' ummqmuubpp, Lj'lntuwrptrmu[! 
nru4-mbri.bljwgl{wb ummqmutrbpnl{ Ljwrnri. t hwuqbgub[ 
hwuwljwrqp nLfl.nL (KaHall C"1CTeMb1) tuwljlWUUWU 
hwl{wuwljwum13JWU 4,25 wuq.wu trl{wqbguwu, nr[! Lju1.4wump 
<Ut4-p wul{mwuqm13JWU uwljwrl'j.wljp pwp6pwguwu[!: 

3. lJ 2wlJ4.bt t Ut4-trbrmu rrwljwuwgl{nri. wtrl{mwuqmioJwu 
l{brti'.i>r4wgpwJr wrl'J.JnLUJ2mt.I wr6wuwqpl{wb tuwtummuubrti 
Ljwpl.J.npm13JWU quwhwmuwu unmbgmu: Unw2wrljlJ.nri. unmbguwu 
4rrwnbtJimioJmUQ hwumwml{b[ t pwquwljr upwctwuwtrw4Jw 
1.4wJuwuwljwu tuwtummuubrr LjwrunrmioJwu hw24.wr4uwup: 
4wmwr4.wb 4.brwhw24.wrljmuubrr wrl'J.JnL'c.rJ2'c.rbrQ gmJg btr mwtJiu, 
nr u2w44.wb unmbguwu 4tirwnuwup huwrw4.nr t pwquwljr 
upwctWUWUWLjJW tuwtummt.ltrbrn4_ 1'].bUjJ2bf1[! l'j.WUW4Wpqb[ [!Ulll 
wu4_mwtrqm13JWU 4.rw mubgwb wql'j.bgm13JWU: 

4. LJ2w44.bt t Ut4-trbrmu lj1nr6wrLJmutrbrr orwc+rr 
wrl'J.JnLUW4_bmm13JWU ummquwu ub13nl'j.wpwum13jnt'c.r 1.J. l'j.f1W hpuwtr 
4.rw tirwLJwuwg4.bt t <Ut4-r rrumr4.wb hwuw4wrqtrr 
lj1np6wr4mUtrbrr 1.4wppbpwljwtrm13Jwu quwhwmmu: 5mJg t 
mr4_b[, nr 4_13wrwJpU LrWUUUWU, wnw2ru Ljntrmmpp LrWUUUWU, 
gwJmw2rumri.wJru (u1.4rrulJtbrwJtiu) hwuwljwpqbrr 
lj1np6wrljmuubrti rrwljwuwguwu hw6wtuwljwumraiwu 
upwctwuwtrwljjw ljpljuwljp ubbwguwu UjWf1W<tWJnLU wljmp4_ q.nmm 
4_uwuuwtr hw6wtumioJntUQ u4_wqmu t 4,88%-n4_: 

5. f1.pu4-mbri.b4wg4_wb ub13nl'].n4_ wu4_mwuqm13JWU 4.brp'.j>pljwgpWJP 
ppw4wuwguwup, hw24_ti wnub[n4_ Unl'].nt[)l Ol'j.WU9!2P tugwuuwu 
nbctpuubrti 2bruwhtil'J.rw4.tJiljw4wtr hw24.wr4ti Wf11'].JnLUJ2Ub[1[! l.J. 
LjwJwtrr hwrrawljmu ol'J.r 2bruwumti6wuubrr hw6wtumioJmuubrQ. 
bqrwljwg4.bt t. nr inr 1.4whbumwpwur hwrraw4ti ummquwu 
1.4wppbpw4wtrmraJnLU[! iP LjwrbtJi ljw1.4b[ Wf1lllWJ2pU uti2w4.wJrti 01'].p 
2bruwump6wur hbm: 
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XaYarpRH ApaM reBoproBH4 

Pa3pa6oTKa MeTOAa cocTaeneHH.A Mapwp}'TOB pHcK-HH<l>opMHpoeaHHblX 

HHCneKl..\HH Ha ApM.AHCKOH A3C 

PE3IOME 

,D,nR aep1-1cj:J1-1Kal\HH 6e3onacHocrn ApMRHCKOiii A3C (AA3C) , 
npOBO.O,RTCR nep1-10.a,1-14ecK1-1e .o.erepMHHHCTCKHe HHCneKL\1-11-1 H onpo6osaHHR 
CHCTeM craHL\HH. Ha 3Tane n11aH1-1posaHHR .a,erepMHHHCTCKHX HHCneKL\HH HCXO.O,RT 
1-13 3KcneprHblX OL\eHoK 1-1 HH>KeHepHoro aHa111-13a. Bo BpeMR npoae.a,eHHR .a,aHHblX 
HHCneKL\HH He YYHTblBaeTCR pHCK-3Ha4HMOCTb KOMnOHeHTOB CHCTeM. npo611eMy 
MO>KHO pew1nb c noMOW,blO BHe.a,peHHR pHCK-HHcj:JopMHpoBaHHblX HHCneKL\HH, B 
KOTOpb1x napan11e11bHO c .a,erepMHHHCTCKHMH no.a,xo.a,aMH YYHTblBalOTCR raK>Ke 
pe3y11braTbl BepORTHOCTHOro AHa111-13a 6e3onacHocrn (BA6). LlenblO nepexo.a,a K 
npoBe.O,eHHIO p1-1CK-HHcj:JOpMHpOBaHHblX HHCneKL\HH RBllReTCR c6epe>KeHHe 
YellOBeYeCKHX, cj:J1-1HaHCOBblX pecypcoB H speMeHH c o6R3aTellbHblM 
y.a,0B11ernopeHHeM ycnoBHR nOllO>KHTellbHO HllH HeiiirpallbHO nOBllHRTb Ha 
ypoBeHb 6e3onacHocrn A3C. Bo BpeMR npoBe.a,eHHR p1-1cK-HHcj:JopM1-1poBaHHb1x 
HHCneKL\HH craHOBHTCR B03MO>KHblM nOBblCHTb 3cpcpeKTHBHOCTb HHCneKL\HH, 
cj:JoKyc1-1pyR BHHMaHHe Ha Ha1-16011ee Ba>KHble KOMnoHeHTbl. Ba>KHOCTb 
KOMnOHeHTOB onpe.a,enReTCR OCHOBblBaRCb Ha COOTBeTCTBYIOW,He noKa3aTellH 
BepoRTHOCTHOro AHalll-13a 6e3onaCHOCTH (BA6). npo611eMa BCecropOHHero 
HCCJle.O,OBaHHR BHe.a,peHHR pHCK-HHcj:JopMHpOBaHHOH sepHcj:JHKal..\HH 
6e3onacHocrn (p1-1cK-HHcj:JopM1-1poBaHHb1e HHcneKL\HH H onpo6osaHHR) AA3C 
aKryanbHa c TOYKH 3peHHR onpe.a,eneHHR l..\e11ecoo6pa3Hocrn nepexo.a,a c 
rpa.O,HL\HOHHblX .o.erepMHHHCTCKHX HHCneKL\HH Ha pHCK-HHcj:JOpMHpoBaHHble H 
peweHHR 3a.O,a4 B 3TOM HanpaBneHHH, npe,o,craBJlRIOW,HX HayYHblH H 
npaKTHYeCKHiii HHrepec nepe,o, n11aH1-1pyeMblM nepecMorpoM npol\ecca 
npose.a,eHHR HHcneKL.\HH, a raK>Ke ,D,llR OL\eHKH L\e11ecoo6pa3HOCTH nepexo,o,a c 
rpa.O,HL\HOHHblX ,o,erepMHHHCTCKHX HHCneKL\HH Ha pHCK-HHcj:JOpM1-1posaHHble. 
nepeXO.O, K pHCK-HHcpOpMHpoBaHHOH sepHcpHKal\HH 6e30naCHOCTH npe,O,OCTaBHT 
B03MO>KHOCTb HGn0Jlb30BaTb noreHL\Hall onpo6oBaHHH H HHCneKL\HH, nOBblCHTb 
6e3onaCHOCTb. LlellblO .a,1-1ccepral\HOHHOH pa60Tbl RBllReTCR nOBblWeHHe 
6e3onacHocr1-1 AA3C nocpe,o,crnoM npose,o,eHHR sep1-1cp1-1Kal\HH 6e3onacHocrn 
(HHCneKL\HH H onpo6osaHHH) BHe,O,pRR pHCK-HHcj:JOpMHpoBaHHble no,o,xo,o,bl. ,D,nR 
,o,ocrn>KeHHR 3TOiii L\ellH 6btllH nocraBneHbl c11e,o,y10w,1-1e 3a,o,aY1-1: 06Hapy>KeH1-1e 
KOMnOHeHTOB CHCTeM A3C BblCOKOH H cpe,o,Heiii Ba>KHOCTH HCXO,D,R H3 pHCK-
3Ha4HMOCTH, r .e. noKa3areneiii BepoRrHocrHoro AHan1-13a 6e3onacHocrn (BA6). 
Pa3pa6oTKa Mero.a.a cocrasneHHR Mapwpyros HHcneKL\HH, r.e. sep1-1cj:J1-1Kal\HH 
6e3onacHOCTH, ocHoBaHHbtX Ha p1-1cK-3HaYHMOCTH KOMnoHeHroB; Pa3pa6orKa 
no,o,xo.a,a onpe,o,eneHHR cpoYHocrn ycrpaHeHHR o6Hapy>KeHHbtX HapyweHHiii H 
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HecoornercTBHH npHMeHRR pacYeTHbte MeTO,O,bl pHCK-HHcpOpMHposaHHOro 
aHanH3a; Pa3pa6orKa Mero,o,011orn1-1 OL\eHKH nep1-10,o,HYHocrn sep1-1cj:J1-1Kal\HH 
6e3onacHOCTH c nOMOW,blO onpo6oBaHHH, nocpe,o,CTBOM pHCK­
HHcpopMHpOBaHHblX no,o,xo,o,os H noKa3aHHe npHMeHHTellbHOCTH pa3pa6oraHHOH 
Mero,o,011orn1-1 ; Pa3pa6orKa no.a,xo,o,a coYeraHHR HHcpopMal\HH o p1-1cKax 1-1 
,o,erepMHHHCTCKOH HHcj:JopMal\HH B npOL\ecce npHHRTHR peweHHH H npHMeHeHHe 
pa3pa6oraHHoro no,o,xo,o,a Ha npHMepe Bep1-1cj:J1-1Kal\HH 6e3onacHocr1-1 cyxoro 
xpaH1-1111-1w,a orpa6oraHHoro R,o,epHoro ron111-1Ba AA3C. 

OCHOBHblE BblBO.[J,bl 

1. Pa3pa6oraH Mero,o, cocraBneHHR MapwpyroB p1-1cK-HHcj:JopM1-1poBaHHbtX 
HHCneKL\HH Ha AA3C. npHMeHRR Mero,o,, pa3pa6oraHbl Mapwpyrbt npose,o,eHHR 
p1-1cK-HHcj:JopM1-1poBaHHbtX HHcneKL\HH Ha AA3C. 06Hapy>KeHbt H BKnlOYeHbt B 
Mapwpyrbt, pHCK-3Ha4HMbte KOMnOHeHTbl CHCTeM AA3C, KOTOpbte He 6blllH 
BKlllOYeHbl B nporpaMMY ,o,eiiicrny10W.HX HHcneKL\HH. 

2. Ha npHMepe C1-1creMbl Oxna>K,D,eHHR OrnercrBeHHblX norpe61-1re11eiii (COOn) 
noKa3aHo, 4TO 3aMeHa rpa.O,HL\HOHHblX ,o,erepMHHHCTCKHX HHCneKL\HH 
pHCK-HHcj:JopMHpOBaHHblMH MO>Ker npHBecrn K yMeHbWeHHIO BepORTHOCTH 
orKa3a KaHana c1-1creMbt B 4,25 pa3a, YTO nocnoco6crnyer noBblWeHHIO 
ypoBHR 6e3onacHocrn . 

3. Pa3pa6oraH no,o,xo,o, OL\eHKH Ba>KHocrn HapyweHHiii, o6Hapy>KeHHblX B 
pe3ynbrare npose,o,eHHR BepHcj:JHKal\HH 6e3onacHOCTH A3C. npHMeHHMOCTb 
npe,D,llo>KeHHOro no,o,xo,o,a yrnep>K,D,eHa Ha np1-1Mepax pacYera Ba>KHocrn 
O,O,HOBpeMeHHbtX ycnoBHbtX HapyweH1-1iii . Pe3y11brarbt npose.a,eHHbtX 
nepepacYeTOB noKa3btBalOr, YTO np1-1MeHRR pa3pa6oraHHbtiii no,o,xo.a, 
B03MO>KHO ynopR,0,041-1Tb no Ba>KHOCTH c11y4a1-1 c 0,0,HOBpeMeHHblMl-1 ycnOBHblMH 
HapyweHHRMH. 

4. Pa3pa6oraHa Mero,o,onornR nposepK1-1 3cpcpeKrnsHocrn nporpaMMbt 
onpo6osaH1-1iii Ha AA3C H Ha ocHose ,o,aHHoi:1 Mero,o,011orn1-1 npose,o,eHa 
nposepKa 3cpcpeKTHBHOCTH nporpaMMbl onpo6osaHHH Bbt6paHHblX CHCTeM 
A3C. noKa3aHo, 4TO np1-1 0,0,HOBpeMeHHOM nOBbtWeHHH YaCTOTbl onpo6osaH1-1i:1 
CHCTeMbl asap1-1i:1Hoi:1 no,o,nHTKl-1 , CHCTeMbl HOpMallbHOi:1 no.a,nHTKH nepsoro 
KOHrypa "' cnpHHK11epHoi:1 CHCTeMbl, Yacrora nospe>K,D,eHHR aKTHBHOi:1 30Hbl 
yMeHbwaercR Ha 4,88%. 

5. npose,o,eHHeM Bep1-1cp1-1Kal\HH 6e30naCHOCTH pHCK-1-1Hcp0pMHpOBaHHblM 
Mero,o,oM, YYHTblBaR pe3y11brarb1 ren11orn,o,pas111-1YecKoro pacYera pe>KHMOB 
3acopeHHR BeHTHllRL\HOHHOro orsepcrnR MO.O.YllR H YaCTOTbl TeMneparyp 
s03,o,yxa Ha nnow,a,o,Ke A3C, 3aK1110YeHo, YTO nep1-10,o,HYHOCTb nposepKH 
nnow,a,o,KH cyxoro xpaH1-1111-1w,a Hellb3R CBR3blBaTb c reMneparypoi:1 Hapy>KHero 
so3,o,yxa. 
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Aram Gevorg Khachatryan 

Developing a method to draw up risk-informed inspection routes for the 

ANPP inspections 

SUMMARY 

To verify the safety of the Armenian Nuclear Power Plant (ANPP), 
periodic deterministic inspections and testing of the plant systems are 
performed. The planning phase of deterministic inspections is based on expert 
judgment and engineering analysis. During these inspections, the risk 
significance of system components is not taken into account. The problem can 
be solved by introducing risk-informed inspections, which, in parallel with 
deterministic approaches, also take into account the results of the Probabilistic 
Safety Analysis (PSA). The purpose of the transition to risk-informed inspections 
is to save human, financial resources and time with the obligatory satisfaction of 
the conditions to positively or neutrally affect the level of NPP safety. During 
risk-informed inspections, it becomes possible to increase the effectiveness of 
inspections by focusing on the most significant components. The significance of 
the components is determined based on the relevant indicators of the 
Probabilistic Safety Analysis (PSA). The problem of a comprehensive study of the 
implementation of risk-informed safety verification (risk-informed inspections 
and testing) of the ANPP is relevant in terms of determining the feasibility of 
switching from traditional deterministic inspections to risk-informed ones and 
solving problems in this direction that are of scientific and practical interest prior 
to the planned revision of the process of conducting inspections, as well as to 
assess the feasibility of moving from traditional deterministic inspections to risk­
informed ones. The transition to risk-informed safety verification will provide an 
opportunity to harness the potential of testing and inspections to improve safety. 
The purpose of the dissertation is to improve the safety of the ANPP through 
safety verification (inspections and testing) by introducing risk-informed 
approaches. To achieve this goal, the following tasks were set: Detection of 
components of NPP systems of high and medium importance based on risk 
significance, i.e. Probabilistic Safety Analysis (PSA) indicators. Development of 
a method for compiling inspection routes, i.e. safety verification based on the 
risk-significance of the components; Development of an approach for 
determining the urgency of eliminating detected violations and inconsistencies 
using the calculation methods of risk-informed analysis; Development of a 
methodology for assessing the frequency of safety verification via testing, using 
risk-informed approaches and showing the applicability of the developed 
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methodology; Development of an approach to combine risk and deterministic 
information in the decision-making process and application of the developed 
approach on the example of verification of the safety of the dry storage of spent 
nuclear fuel at the ANPP. 

BASIC CONCLUSIONS 

1. A method has been developed for compiling routes for risk-informed 
inspections at the ANPP. Using the method, routes for conducting risk­
informed inspections at the ANPP have been developed. Risk-significant 
components of the ANPP systems, which were not included in the program of 
current inspections, were discovered and included in the routes. 

2. Using the Essential Service Water System (ESWS) as an example, it is shown 
that replacing traditional deterministic risk-informed inspections can lead to a 
4.25-fold reduction in the probability of system channel failure, which will 
contribute to an increase in safety. 

3. An approach has been developed for assessing the importance of violations 
detected as a result of NPP safety verification. The applicability of the 
proposed approach is confirmed by examples of calculating the importance of 
simultaneous conditional violations. The results of the recalculations show that, 
using the developed approach, it is possible to order cases with simultaneous 
conditional violations in order of importance. 

4. A methodology for checking the effectiveness of the testing program at the 
ANPP has been developed, and on the basis of this methodology, the 
effectiveness of the testing program for selected NPP systems has been 
checked . It is shown that with a simultaneous increase in the frequency of 
testing the emergency make-up system , the normal make-up system of the 
primary circuit and the spray system, the core damage frequency decreases 
by 4.88%. 

5. Carrying out safety verification by a risk-informed method, taking into account 
the results of thermal-hydraulic calculation of module vent clogging modes 
and the frequency of air temperatures at the NPP site, it was concluded that 
the frequency of checking the dry storage site cannot be decided based on the 
outdoor air temperature. 
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