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LEMUONKE3NKL

Lhgpwynpywd dwuuplyubph thnitg unwuwint hwdwp ogunwgnpdnud Gu hwwnndy
uwppwynpnidubip, npnup  Ynsynwd Gu  wpwqugnighsutin:  Uwuuhlubph  Yhubunpy
tubpghwjh dGdwgnip wpwqugnighsnd nbinp £ niubund upwug pw EGYunpwywu
nwowbph wqnbgnpjwt wprynupnwd: Hpw hwdwp wpwgwgybp Ywpnn Gu dhwju
lhgpwynpwd dwuuhlubpp: Upwqugnigswiht  nbluuhywnd, npwbtiu  |hgpwynpywd
dwutpyubpp Eubpghwih swipdwu dhwynp oguwgnpdnud Bu dhowqquyht' kjGYwnpnu
yniin (kY1) dphwynpp: <hduwlwunid, wpwgwgund Gu EGYunpnutbpp, wypnunuubipp,
nGjunpnuutipp, a-dwuuphlubpp W dwup hnuubpp:

Lhgpwynpywd dwutphlubiph  62gphuin thugbiph  unwgnwip  dwdwuwywyhg
wpwpwgwgnighsubpnud, $hghlwih hpduwpwp b Yhpwnwywt hGpwgnnnyeinuutiph
hwdwp hwdwpynd £ Jupnp b wpnpwlwt  ninnnueyniu [1,2]: Lhgpwynpywd
dwutupyubiph  twjuwgdwhu  wwpwdbwpbpht  (Jwutuhyh Eubpghw, thugh  thnywihu
swyuwyi, thugh Yuynwunyejwu W wjju) hwuubiint hwdwnp wpwgwgnighsubpnd ywhwueyntd
Gu unp Ynuuwmpnlywphy L wbluunnghwlwu ndnwubp' twl Upwug  wnwppbp
hwugnygutiph wwwnpwundwu hwdwp (wpwguwgynn Yunnigwdp, uyninwdwihu fughy
thugbph  wbnwithnfudwu hwdwp L wju): Loqwd hwugnygubph  wwwnpwuwndwup
ubpyuwyjwgynd Bu  pwpép wwhwuoubp' defluwupywlwu  wdpnyeniu, Jwlybplnyeh
dwppnip)ntu, Jwyntnidwipt htipdtGwhynieiniu, EiGYwnpwhwnnpnulwunyeniu,
stpdwlwynwunieyniu b wyju:

Lhgpwynpywd dwuuphlubiph wpwqwgnighsubpp ogunwgnpdynid tu twle npwtiu
hgnp Gwnwquwjpdwu wnpniputp [3]: Hpw hwdwp gwulugwd nhwh wpwgwgnigsh
Uwhuwgddwu dwdwuwy wuhpwdbow £ hwodh wnub) dwnwgwjpdwl wuynwugnip)niun,
huswbu wnyjw) vwppwynpndp uwywuwpynn wuduwlywqdh hwdwp, wjuwbu b wn
uwppwynpnidp pungpynn thnpéwpwpwlwu vwppwynpnduph hwdwp, npnug unpdw)
w2fuwwnwupp fuwfunynud £ nEungbujwu dwnwqujpdwt wqnbigniyentuhg: MNtuwngbiujwu
dwnwquwpUbph wgnbignyeyniuutiphg  funwwthbint hwdwp, npwbu  wwounwwuhsubn
ognwgnpdnwd U pbwnnt, Ywwwp, wjwqg b wj hwwnnty nbuwyh dGYynwhs ujnyebin:



Muwonwwuhs 2Gpnbph hwuwnneniup ywfujwd £ wpwguwgynn thuoh Lubpghwihg L
huwnbuuhyniejniuhg, U npwug dGdwgnuwihg dadwunid £ bwl wyn wwownwwuhs 2bpuntph
hwuwnieniup [4]: UGS pwpnniginiu £ hptiuhg ubipywjwgunwd pwpdp Eubipghwjny
wpwquwgnighsubiph dwnwquw)jpenihg ywomwwunysniup: Hw hwdwp d6d Eubpghwynyg
wpwagwgnighsubipp wnbnwnpnd Gu gbnup dJwybpunypehg gusdp' pniubjubph Jb:

Lhgpwynpywd dwuuhlubph wpwqugnighsubipp wmwppbpnud Gu pun  hpbiug
Ynuuwpniyghwubiph, tpwuwynipjwu, |hgpwynpwsd dwuupyubiph wbuwlyubph, upwug
dwpupdw| Eubpghwh W wy  puniewgptph:  Mwjdwuwywunpbu  |hgpwynpywd
dwuthlyubph wpwaqugnighsubipp mwpwpwdwunid Gu pun |hgpwynpywd dwuuhbubiph
htiinwaqdtiph duh W wpwgwgdwu uygpniuph:

Cuwn |hgpwynpywé dwuthlubiph hbinwaqdh duh wpwqugnighsubpp pwdwunid Gu
qdwht b ghyihly wpwqugnighsutinh: Sowjht wpwgwgnighsuiph nbwpnid (hgpwynpdwd
dwuupyutiph  hGwwgdtpp  Jdwpupdw)] dnnbgywd Gu  ninpn qdh:  3hyhy
wpwaquwgnighsubiph  nbwpnd  [hgpwynpywd Jdwuuhlubpp  (wjuwyh Jdwquhuwywu
nwowbph (npnup  dwdwuwyh pupwgpnd Ywpnn Gu [hub] hwunwnnt,  Jud,
thnthnfuwlwu) wqnbignyejwu ubippn 2updynd tu ninGdpny, npp dnuin £ opowilugdh:

Cun wpwqwgdwu uyqpniuph b wpwgwgynn EGYunpwlwu nwownmh punypwagnh
wpwgwgnighsubipp Gupwpwdwuynd GU pwpdpyninwyhu, hunniyghnu, nbgnuwtuwjhu
wnwgwgnighsubiph:

Lhgpwynpywd dwuuhlubipp, wugubind wpwgwgunn Yunnigwdpubipnny, pwpdp
|lwnpqwdniejwu wgnbignygjwt wwydwuubpnd unwunwd Gu d6d Eubipghw: Npwtugh thugh
dwuthyubph W Eubpghwih Ynpnwn nbinh sniubuw, wuhpwdtion k, np wpwqugunn
Ywnnigwépubipnud  wnlw [hup  gbppwpép  Jwynind:  “Ywpudwd  wpwgugnighsh
tubpghwjhg, huswbu twl |hgpwynpywd dwuuhlubiph wmbuwyhg, mwppbp ywhwugubin
Gu ubpywywgynw fughyubpnd  Jwyninwdh  dwwpnwyhu: Nppwtu  wpwgqugnigsh
tubpghwtu pwpép k, wjupwtu pwpép Juyninwd £ wwhwuoynd unwtiw] wpwgugunn
Ywnnigwdpubipnud [5]:



Lbpywynwu uwwnynd £ wpwguwgnigswihu nbGlutuhlwih pnint qupqugnd, nph
wpryntupnud bwjuwgdynud b wywwpwunynd Gu gwdép tubipghwyny  ElGYwnpnuubph
wpwgwgnighsubin:  Jdbpohuubipu jwjunptu  Yppwndnd Gu  gqbpwpwg  wpngbuubipp
hGunwgnunyejwu hwdwp, U upwup hhduwwund wofuwwnnid Gu $ninnfuennh dhongny’
|lwgbpwihu gpgndwt tnwuwyny: Pwudwlwu k ugb win wpwqugnighsubphg dh pwuhup'

1 REAGAE qdwjhu  wpwquwgnighs  wwwpwundwsd DESY  gbhpdwuwlwu
huunhunnunh 2powuwlubpnid [6], npp dwnwjnw £ npwtiu ElGYunpnuubph wnpnp 2-5
Utd tubpghwjnd, gbipwpwag EjGYunpnuwihtu nhdpwyghwih hinmwgnunnieiniuutipnud:
1 VELA(Versatile Electron linear Accelerator), npp npn? dwdwuwy wnw9 hwjwnup k
Gnt| npwbtiu EBTF(Electron Beam Test Facility), L npu | qwynuwd £ Uugihwih STFC
jwpnpwwnnphwynud: LaYwd wpwgwgnigsh biYwnpnuubpp qtutipwgynid Gu Ti-Sapph
jwagtpny, huy upw tubpghwtu hwjwuwp £ 6 Ukd-h, b wu hhdwulwunwd
oguwagnpdynud k£ Gpynt hbinwgnunuwu Yuywuubpnd' ghnwlwu bW wpunwnpuwywu
[7]:

1 AREAL(Advanced Research Electron Accelerator Laboratory) qdwjht wpwgwgnighsp,
npu wotuwwnnud £ YPL punwuneny b fGYwnpnuutph qubpwghwu nbnh £ niubunw
jwabtipwjht gpgndwu dhongny: Wu wpwaqugnighsh dhongny huwpwynp £ unwuw 2-
5 UkJ Eubpghwyny EjlGYwnpnuwhu thntbe: Wju qdwjht wpwqugnighsp twuwwnbuwd
E YGluwpwunigjwu W Unipwghunnejwt  puwquywnubpnd  Yhpwnbine  hwdwp:
huswtiu bwl hwpy £ ugk), np wju wpwqugnigsh Euipghwt dnin wwywgquynwd wbwnp k
pwpapwgyh dhusk 50 ULY [8,9]:

dwdwlwlwyhg hGwnwgnunenuutpnd  Ywu  pwqdwphy futnhpubp, npnug
htinmwgnunigjwu b NWdwt  hwdwp  gwép Lubipghwubpny  wpwaqugnighsutiph
wwhwuowpyp pwywlwuhu dGd E: Upryniupnd wuhpwdbonngegniu Yw twbe wyn
wpwgwgnighsubiph  nwpwwnbuwy hwugnygubph  Wwwnpwundwtu  dwdwuwlwyhg
nbfuuninghwlwt jnnwiubp’ dwutwynpwwbiu, hnwgnungejniuubph pwdwywupt jwju
opowtwy Yw wnudb wpwgugunn junnigywdpubiph ywwnpwundw ninpunud:



Twuwlwu wynudt wpwgwgunn Yuwnnigwodpubph hbuin dbyunbn ubpluwndu pninu
qupgqwgnd £ wwypnud unp wnhwh wpwqwgunn Yunnigwdpubiph unbindnwip: Lpwug
ownpphu £ nwuynud «CANDLE» ghwnwhbunwgnumwlwu huunpunnunnd twiuwgdywsd
damwnwlwu Gpyotipin Yinp wpwqugunn Yunnigwédpp: Wu wpwgwgunn Yunnigywdpp
hpGuhg ubpywjwgund £ wnudt Yinp wihpwwwp, nph ubppht dwybpunyehtu wbwp &
tunbigywsd |huph  gbpdwupnwdh  pwpwy 2bpn: Upryniupnd,  pwydwlwuhtu  npg
hGwmwgnunigniututph 2powtwy £ pwgynd 4bipp tpdwd wnudt wihpwwnwph ubpphu
dwybipunyphtu gbpdwupnwph dnin 1dyd hwuwnnyejudp hwdwubn 2Gpnp  unwgdwu
wbfuuninghwih  Jowldwt, huswybu Uwb  hwdwwwunwwuuwtu  vwppwynpnwdubipp
twhuwgddwu b wwwnpwuwndwu hwdwp [10,11]:

Jdbpp Updwd uunhpubiph (nwnwp wywhwugnw £ wnudb nbwmwubph dhwgdwu unp
dnwnbignudubip, npnup Yogunwagnpdybtu wpwgqugunn Yunnigwdpubph wwunpwuwnmdwu
wbfuuninghwubiph Jowlydwu hwdwp: huswybu twl hwpy £ urb, np dwdwuwlwyhg
wpwgwgnigswiht - wnbluthywh  qwpqwgdwup  hwdplpwg fuunwunw  Gu  Upw
hwugnygutiph  twfuwgddwtu U  wwwpwundwu  nbluuninghwubph  wwhwugubpp:
Lwhyphunwd dowyywd uynindwihu qnndwu b Gnwygdwu dbennubpp s6u Yupnn
wdpnnonigjwdp  wwwhnybp wjn  wwhwuoubtipp:  Uthpwdbtionnignit £ wnwowgh
nwnwiuwuhpb| gnndwt Gnwuwy, npp Ypwpbjwyh dhwgdwu npwyp hwugnygubipnud:



U2luwwnwiuph tywwnmwlpA

Mnuat W Jdhwdnnwihtu tpyotipn(wynhué-gpdwuhnid) wpwqugunn Ywnnigywdpubinh
wwwpwundwlt hwdwp wuhpwdbion nbGluuninghwubph dowynwip b hwdwwwwnwufuwu
uwppwynpnidubiph bwfuwgdnwit nL Wwwinpwuwnnidp:

Unbuwjunuwlwt wluwwmwuph hhduwlwu fjuunhpubpp

1. Upwgwgunn  Ywnnigwdpubiph  wnudt  nbwwubph  Ggpphin dowydwu
wbfuuninghwjh Ywqunwp, wwywhnybing wyn nbunwpbph wpryniwwybn hndwgnid b
wmwytinutiph hnwgnud dowydwu gnpdpupwgh pupwgpnid:

2. Mnuat  nbunwubph  obipdwyhu nEdnpdwghwubph hGunwqgnunieiniup
hwodwpywihut b thnpdwpwpwlywu  dbennubpnd wju  nbwpnud, Gpp  Upwup
nhppwynpwsd Gu Gppnpn EilGdunng’ wbfuuninghwywu pnyend(wtudr): huswbu
twl 2w Ywplnp £ nbuuninghwlwu pnyeh Unyesh punpnyeiniup, npp wbiwp L
niuGuw  wnudhu huwpwynphuu dnin  9tpdwiht  punwpdwlydwu gnpdwyhg, L
hwlwwwwnwuluwu Ynuunpnyghwjh dawynidp:

3. dwyninwinud  wynudb  nbwwubph  gnndwtu  wnbluuninghwywu  gnpdpupwgh
dowynuip, npph dbe Gu dununwd hbinlywjubpp'

1 ®npéwpwpwlwu  wprynupubph  dhongnd wnudb nGunwubph  dholt  Gnwd
gnnwujnieh pwgwyh owwnhdw] swihh npnandp, npu wuhpwdbion £ gqnnwuniyeh
hnuph hwdwnp:

1 Mnuédb nGunwubph ubppht dwybplnyputiph owywnhdw| htinwynpniejwu npnonwdp
qnnuiunieh pwgwlh tgpwiht Ytwnhg:

4. Unp mbhuuninghwlwu uwppwynpdwt bwfuwgdnud b wywunpwuwnnid, nph dhongny
huwpwynp Yhuh hpwlywuwgub| ynudb nGunwutph Juyninwihu gnnned:

5. Mnuédt thnpdwudnubph ypw gwdp hwnnpnwywunyeinu  niubignn  dbuinwnh
owdynypwuwwwnmdwu wnbhuuninghwih dowynuwp, npp Yogunwgnpdyh dhwdnnwihu
GpYyotipnn  wihpwwnwph Wwupwundwtu hwdwp: Puswbu twl  thnpédwpwpwluwu
uwppwynpdwu(nbgnuwwnnp)  twjuwgdndu  ni wwwpwuwnndp, npph dhongny



huwpwynp Yhuh hwdbdwwnb] dhwdnnwjht Gplyotpn wihpwwnwph nbgnuwuuwjhu
hwéwluwlwunyeinwuutph hwadwpluwihtu W thnpdwpwpwlwu ndjuutnp:

Ghunwlw unpnypepA

1. Lhwnwgnunieiniuubph wpryntupnud wyuhwyn nwpdwy, np wnuédb nbunwubph
dGjuwuphjuywt dowydwu dwdwtwly wuhpwdbonnientt Yw Yhpwnb| [pugnighs
dbpnnutip, npnup Yuwwuwnbu nbunwutph wpryniuwybn vwnbigdwup b tnwgbinutbiph
htinwgdwup dowlydwu gnunnig:

2. Uwhdwuywd L wpwqwugunn Ywnngwopubph nbwwiubph  nhppwynpdwu
swthwuhaubipp:

3. Lwjuwgdwd L wywwpwunmywsd Juyninwwihu gnndwu unp wnbfuuninghwywu
uwppwynpnudp, nph dhongny huwpwynp £ hpwlwuwgub] wnudt wpwgwgunn
Ywnnigwdpubiph Jwynintdwjhtu gnnnwd: Uju uwppwynpdwt dhongny Juwynindwjhu
gnniwu gnpépupwgh dwdwuwl huwpwdnp £ nunund hwodh wnub] 9bpdwhu
nwownh wnbnwinfunup hwdwwwwwufuwu  wnuéh  obpdwhwnnpnulwuniejwup,
huswtiu uwl gnpdpupwgh nn9 pupwgph dwdwuwly huwpwynp £ nwnunwd thnihnfubip
nbwnwubph ypw twfuwwbu Yhpwndwd dugpnudp:

Muwynwywunpjuup ubpyujugynd £

1. Upwqguwgunn Ywnnigwdpubtiph nbunwubph 62gphin dowydwu wnbfuuninghwih
Ywqunwdp unp dbpnnutph Yhpwndwdp, npnug 2unphhy huwpwynp £ hpwlwuwgub
wjn nbwmwubph wprynwwybn hndwgnud b tnwpbinubph htinwgnid dpwldwu gnunnig:
2. Upwqguwgunn Ywnnigwdpubiph EGdGunubph  obipdwihu nEdnpdwghwubph
htwmwgnuniejwu wprynwupubpp wju nbwpnud, Gpp win EdGunubpp nhppwynpywd
Gu dbyp djnwp uywndwdp nbluuninghwlwu Gppnpn flGdtuwnny:

3. Mnudt  wpwqugunn  Ywnnigwdpubph  JwyninWdwiht qnndwtu unp
wbfuuninghwlywu uwppwynpdwt Uwjuwgdnwit ni ywwnpwuwnnwdp, nph dhongny
huwpwynp £ wwhwwub gnndwu gnpdpupwgh dwdwuwly hwwuwpwgnp
wwjdwuubp(@uonid, huswtiu twbl 9Gpdwjht nwonh nbnwihnfudwu hwdwdwjutigndp



wnudph oipdwhwnnpnuywunyejwu  htwn) Yunnigwdph jnipwpwuginp  qnndw
ghwnnud:

4. Upwdnnwihu  GpYyotpmn  wihpwwwph  nbgnuwtuwiht hwnynyeyniutiph
thnpéwpwpwlwu hGwnwgnuniyejniuutipp:

Gnpsuwlw vywuwYynipymup®
UwinbUwlununiginiund  dowyyb Gu unp wnbhuuninghwlwu wpngbuubip, phuswbu uwl
Uwluwgdyt| nt ywwpwuwnybi| Gu mwpwnbuwly uwppwynpnudutip b hwugnygubip, npnup

Ywpnn Gu ogunwgnpdytii wpwqwgnigswiht nbuuhYuynd: Ybpp upqwd wpnyniupubipp
Yhpwnynid Gu bwl «<AREAL» géwjhtu wpwgwgnighsni:

Uwnbuwfununipjwt thnpdwhwyjwunipyni’

UwnbUuwfununiejwu hhduwywu wpnyniupubipp ubpyuwjwgyt Gu «L6LH» ULh ghnwlwu
ubdhuwpubpnid, huswbu twl hbnlyw| Jhowgquihtu ghunwdnnndubpnud’

1. Internetional conference «Advanced materials and technologies», 21-30 October
2015 Thilisi, Georgia:
2. Internetional conference «Current Probles of Chemical Physics», 5-9 October 2015,

Yerevan, Armenia:
Uwnbuwfununipjwi ko ubipwnjwé ghnwyw wyuwwnipyniiutipp

UwbGuwfununigjuu wprynwupubpp nwywagpjwsd Gu 9 ghunwlwu woluwwnnie)niuubipnud,
pun npnwd upwughg 1-p gynunh wpunnuwghp k:

Uwnbuwfununipjwt junnigywspp b swywp'

UwnbUwfununiginiup Yuwqdwd E ubpwonyeiniuhg, snpu gnijutbphg, gpwywunyejuu
gwulyhg' 94 wuqwunw: Unbuwfununieyniup ubpyuwjwgywsd £ 132 Eobipnid, npnug dbg Gu
ubpwndwéd 75 uwputp W 14 wnnwwlyutp:

10



QLNhbu 1. GLPULULNARI3UL ULLLUMY

1.1 AREAL EjElwnpnuutiph qéwjht wpwqugnighs

«AREAL»-p nw 20 UtY juqbtipnd Ywnwywpynn FPL qdwihu wpwgwgnighs £, npp
Ywnnigynwd £ CANDLE uhuppnuinpnuwjhu hGuinwgnunnunnyeyniutiph huunpwunnunnid [12]:
Npwbu Uwjuwgdh wnwohtu thny Ywnnigyt) £ $ninjupnnny FRL pUnwune, npp
wwwhnynw £ 5 U4 thnpp Edhwnnwtuny, 100 w4 |hgpnd W 0.5-hg dhusk 8 wypy
Bpywpnipjwt thnthnfudwtu huwpwynpnygjwdp EiGYunpnuwihtu thntug:  «AREAL» géwihu
wpwqguwgnighsp  jwjunpu Ywpnn £ Yppwndbp  wnwowdnp  thnpdwpwpwlwu
nwunwWuwuppnugyniuubph hwdwp'  wpwgugnigswiht - wbluuhyuwind b gbipwpwg
wpngtiuubiph  puwqwywnubtipnwd:  «AREAL»  qdwjhu  wpwgwgnigsh  gfuwynp
wnwuduwhwwnyniejniuubin Gu thugh ywpwdbunptiph thnthnfunpjwt huwpwynpniejuu
lwju whpnypp U dbpGlwjh uwnwph] woluwwnwupp wn whpnypend:  Ybpghuubipu
gnigwnpybghu 2014pAh Jdwjhupt [13]' wpwqugnigsh nwnwuwuppnigjuup W thugh
wwpwdbnpbph swihnwubpht hwnuwgwsd dwdwitwwhwnywdnud:  Upwaquwgnigsh
lwgbipwjpht  hwdwlwpgp h yphdéwyh £ Ywwwpb] gniquhbn  thnpdbp  $nuinntiwjhu
twnwqwjpdwl ogwwgnpddwu U EGywnpnuubph  gbubpwghw: «AREAL» géwjhu
wpwquwgnighsh hhdwuwywu wwpwdbupbpp ubpyujwgywsd tu Unynwy 1A-nwd:

Unynuwy 1A
Mwpwdbwunpbip Uhwpwudannty Pwqlwpwudnnty
Puoh Lutipghw <5 Uk4 <5 Ukd
(Fwudpniyh GpYwnnieniu 0M - 9wdny 0Mwyny
Pugh wnpwdwghd
(ﬂ:nmg:qw:]anr}h E:m) A A
Puoh |hgp >200w4 <15wy4
Edhuinwtu <0/85 dd-unwn <0/85 dd-unwn

Gpynt wouwwnwupwihu nbtdhdubpp, pwqiw U Jdhwpwudpniywihu, 0-50 <g
undhuw]  pdwynyuwjht  hwéwhiwywuniejwdp, punwpdwynd  Gu  «AREAL»-h
thnpdwpwpwlwu htwpwynpnyejniuubpp: Ywujwsd hnpdwpwpwywu wwhwugubphg'
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hwdwlwpgp hton b wpwg huwpwynp £ Ywpgquynpbip npnawyh inhpnyend wofuwunbnt
hwdwp: «<AREAL»-h ufubidwjh wnweht thniyp ubipyuwjwgyws £ uwnp 1A-nwd:

LY 1A «<AREAL» qdwjhtu wpwguwgnigsh wnwoht thnih ufjubdwu

Upwaqwgnigsh punwnphg dwutiph tipguwlwt ennuplnudihg htivin hpwluwtiwgyt
Gu dbptuwjh thnpdwpyndubpp, npwbugh Yuwnwnpdbu fiGYunpnuwiht thugh b jugbpwhtu
hwdwlwpgh quwynp  wwpwdbunpbph  swihnwubpp,  ptuswybu  twl  nwpptp
hwdwywnpgbph wuwwmwupp nunwduwuhptiine hwdwp: Wu gnpdwnyytbi £ dbYy wdhu 24/7
w2fuwwnwupwihu ntidhdny 1-10<4g Yplyudwu hwbwfuwlwunyejwdp:

Lwgbpwihu hwdwlwpgp, nph  nyunpwdwunpwywgnyu  dwnwgwjep(nAiA
ognwgnpdynud £ wnudb $ninnjupnnhg gbipupéd LiGYunpnuwihu thugh qtubpwghwih
hwdwp, pwnugwd £ 4 dnnpnyubphg: Lwgbpwhtu  hwdwlwpgh  hhduwywu
wwpwdbinpbpp UEpYujwgywd Bu wnniwy 1/2-nwd, huy uywp 1/2-nwd ubplyuywgyws k
lwqbpwjhu thugh jwjtwlwt wpndhip' swihdwd jwgbinwht jwpnpwnnphwynu:

Unynuwy 172
Muwpwdbwunpbip Uhwpwudpnty Pwqlwpwudnnty
(Ne.d.) Uthph GpyA 258 ud 258 ud
hdwntup Eutipghw > 300 Jy <15 dyR
<100 <g <50 g
Upfuwwnwupwihu hwéA
2w puth (1 g puyiny) (1 <g pwyiny)
Puoh npwdwghd <4.5dd <1dd
fudpnud wgnwyubiph pwuwyp 1 16
Eubpghwjh Yuwynwunieyniu < 2% Cupwgph b9
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LY 172 Lwgbipwhu thugh jwjuwlwu wpndhp

«AREAL»-h jwqgbipwphu hwdwlwnpgh dwupwdwul  Uywpwagpniejniup
ubpyuwjwgywsd E [14]: Ubpbuwh gnpdwplydwt dwdwuwly nwnwuwuppdl Gu W
uwpbwwlb U Gplwpwwnb fubpghwih unwphingeiniup: Yepndniejw wipryniupubipp
gnyg wnybtighu, np 4Gl wdujw pupwgpnid tubupghwjh Yujniuniygjwt 2tinnudp thnpp | 3
%-hg: Uwnwgywd dhoht dwdwuwlwipht wmwwnwunwubpp thnpp Gu 4 wy-hg, npp
hwldwwwwnwufuwunw £ FRPL thnyh 3.5° sbndwup: bdwnyuhg hdwnyu FRL thnih
onynup hpwlwuwgynw £ hwuinniy huptwhwpdwnpynn (adaptive feed-forward of LLRF)
ytpwhulydwtu hwdwywnpgny:

«AREAL» qdwjhu  wpwgwgnigsh Uwjuwgddwt hwdwp  hpwlwiwgyl] Gu
pwqiwpehy hwodqupluwiht dnnbjwynpndutip, npwtugh Yuwnwpbjuwagnpdybu punwunph
L wpwquwgunn Ywnngwdpubiph FRL ywpwdbunptpp [15]: 9P< wywpwdbnpbpp
owwmhdhqugytj Gu uwppwynpdwt dhwpwudpnly nbtdhdh hwdwp, GuGing tugh
Edpwnnwuup U Eubpghwih nmwpwdhundwtu thnppwgdwu uywunwnnudubiphg: EGYunpnuw)hu
punwunpenud, 90 U4/d GRL gpwnhbunh hwdwp hwoyh wnubiind nwwpwéwywu |hgpbiph
nidbipp, unwgyty £ Eubpghwih dhupdw| uthnwédp, npp ubpyuyugywsd £ uljwn 1/8-nwd:
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LY 1/8 Puoh dhohtu pwnwynwwihu(dpA Lubipghwih uthnjwdpp ElGYwnpnuwiht punwunph W
wpwagwgunn gpwnhGuwnp:  Upryniupubpp ubpyujwugdwd Gu - wnwpwdwlwu |hgph ndbpp
wnlwyniejwdp(Yupdhp) b bpwg pwgwwinyejwi nbwpnw(fwwnyw):

ElGyunpnuwht punwunenwd  wpwquwgunn  nwown  wwwhndbGint  hwdwp
oginwgnpdyt; £ GPL Yuwywu(bypnwwywtu S-band  hwdwjuwlwuniyejwdp), npp
hwdwpqwd £ 7 UdwnA hgnpnigjwdp Yjhunpnuny: Lowd FRL punwunpp hpbiuhg
ubplyuwjwgunud £ Ywugniu wihpny S-Band ntignuwwnp, npp Jugqddwsd £ wjuwbiu wuwé
1/6 wpwgqwgunn EGdGunubphg, U wju Gwjuwgdyti nt wwwpwungt] £ «DESY»
dhowqgquwihu  YGunpnund quuynn «REGAE»  wpwquwgnigsh  hwdwp  [16]: GPL
hwdwlwpgh [17] L fGYunpnuwiht punwunph ybpouwlwu thnpdwpynwittiphg htwunn 7
diquywwn FPL hgnpnieiniuhg wybih pwt 6.2-p hwonnyb| £ ubipwpyby ElGYunpnuwihu
punwune W unwuw| 3/ Ut LiGYwnpnuwhu thnwug, pun npnud swithnwdubipp Yuwwnwpybg
Gu Eubipgbunpy uwytyunpnswihh dhongny:

«AREAL» qdwjhu wpwquwgnigsh punwunegh SPL hwdwlwpgh hhduwlwu
wwpwdbiwnpbpp  ubpyuwjwgyws Gu wnnwwy 1/8-nud: huswbu twl ulwp 1A-nd
ubipyuywgyws tu Yihunpnuh 4 dyygny hdwnyuh wpndhih swthnudutbinp:
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Ly 1M SRL hdwniup wypndhih swthnidubp
Unyntuwy 178
Mwpwdbunpbip Uhw/Pwgdwpwudpniy
GRL hdwniuh GpyA 4 Jaydpy
GRL dwpuhdw| hgnpnip)ntu 7 Udwn
Uwpuhdw| wpwgwgA gpwnhbuwm ~95 Ud/d
Pnywjht Yuyntunie)niu < 0/%°
Udwhnninwiht Yuniuniegyniu <OA %

Qbpdwihtu uyniungywu bW hnugdwt hwdwlwpgbpp wwwhnynd Gu unwphy
nbtqnuwuuwiht  wwjdwutbp EGYwpnuwphu punwuneh hwdwn, huswybu twl wn
hwdwlwpgbph oqunigjwdp £ phpwywuwgynd  Yihunpnuh W EGYunpwdwquhuttipp
otpdwhbnwgnwip:  Kbpdwjht Yuyniunigywu  hwdwlwpgbph  Uwjuwgdnwit  nt
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wwwpwuwnnwip EGYunpnuwht punwunph hwdwp wdpnnoniejwdp hpwlywuwgyb| &
«CANDLE» ULh-h 2powtwlutpnud:

Lbpdwunhtwuwiht mwwnwunwubpp tywwndb) Bu £0.1°C-h uwhdwuubpnwd, U
hwpy £ ugt), np nw gpbiet hwlwwwwnwufuwunw k punwuneh ntignuwuuwhu 10 y<g
hwéwfuwlwunyjuwu wmwppbpnigjwup: UtipGuwih Yuyniu wpfuwnwuph hwdwp a6y wyg
swithwuh? £ Jwynindwihu hwdwlwnpgbph Yuyntu gnpdwpynwdip, npnup wwwhnynd Gu
10° dPwp Jwynwind: «AREAL» qdwjht wpwqugnigsh uyninwdwiht  hwdwlwpgp
twhiwwbtu hwywpybp b thnpéwpyyt] £ Juyninwdwihu jwpnpuwnnphwinud bwfupw
dbpbuwh yGpouwlwu hwdwpnudp:  Upwgwgnigsh gpbiet pninp uwppwynpnudubpp L
hwugnygutipp Ywnwlwpynu tu dGpwhulydwt hwdwlwpgh dhongny: “Ywnwydwpdwu
pninp  Gupwhwdwywnpgbpp  wpryniupnd  hunbigpdt Gu punhwunyp JGpwhulydwt
hwdwlywpgh Jbe' oquwgnpdting EPICS  dpwgpwihu  hphdpp:  Pugh  hhduwlwu
wwpwdbinpbph swihdwu b nwnWuwuppnyjwt hwdwp oguwgnpdyt] Gu dh 2wpp
nhwqunuinhy hwdwywngbp (bSwpwnbjh fughy(Faraday Cups), owunhjwywt Yujwu(YAG
screens) U |(wuwywl Edhunwtuph swihdwt Yuwjwu(pepper-pot)): Urgnwwly 1/A4-nwd
ubpYuwjwgywsd tu wpwaqugnigsh swihnwubiph npn2 wiprynwupubp, huswybu uwb uup 1/5-
nu pbipwd Gu thugh wpndhih wwwnlbpubipp’ ninpn U Fubipgtinhy uwbynpngwihh
owywnhywywt Yuwjwuh Eypwuubiph ypw:

Unynuwly 14

2uihywd wwpwdtinpbp Uhwpwudannty
Puoh Lubpghw 2-4Ut4d
Lwqbiph wqnwyh GpyA 400 $yny
Lwqgbph wgnwyh tubipghw <270 dyR

Puoh |hgp 30 - 200 w4

Pugh wpndhy (U/p/y 0/8 - 0/6 uu
Eubipghwjh (4/pA uthnjwdp < 30 uktd
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LYA1/S thugh wpndhih swihnwiubpp® ninhn(@wifu) U Eutingtinhy uwblupnswihh(we) owinhywlwi
Ywjwuh Eypwuubpny

«AREAL» qdwjhu wpwquwgnigsh pwgdwehy 62gnphin hwdwlwpgbip W hwugnygubp
wwwpwuwnybp Gu CANDLE uphuppnunpnuwihtu hbwnwgnuniginiuutiph huunpunnunnd b
wjn hwdwlwpgbiph dbg Gu dnunwd pninp wju dwquhutbipp, npnup 2whwgnpdynd G
«AREAL» wpwqgwgnigsh hwdwp [18]: Mwuwpwunydwsd ununhnwihu b nhwnjwjht
dwquhuubiph ywpwdbinpbpp pwjwlwuptu pwpénp donniejwdp hwdwwwwnwufuwund Gu
hwoqwplwjhtu myjwubiphtu: Lpwug hwdbdwwnnyeniup ppdwd £ ulup 1/6-nwd:

By (x,0,0) /max(By)

Bz (0,0.2) / max By

LYAr6 Unjaunhnwiht(ytipl) L nhwnjwjhu(utippl) dwqupuutiph hwadwpywht ndjwiubph
hwdbdwwnieiniup swihnuutiph htin
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«AREAL» qdwjhtu wpwquwgnigsh twiuwghdp hhuwlwunw vwfuwnbujwsd £ gudp
Edhurnwuuny gbpywpéd  GiGYunpnuwhu  hdwnyuubiph  gbubpwghwh b wpwgugdwu
hwdwn: UbpGuwjh wnwehtu thnyh [19] pwpthwenn gnpdwnpyniihg htinn twiuwwnbuynid
E «<ALPHA» U «BETA» wjwuubiph Yunnignwip U thnpdwpynidp: <wply £ wl bk, np wyn
Ywjwuubphu wuhpwdtipn tubipghwih dGdwgnudp hwuubine £ dhusk 20 - 50 ULY[4]:
«ALPHA» Yuwjwup bwfuwgdywsd £ wquwn EGYunpnuutipny jwgbph [20] unwgdwt hwdwn,
huy «BETA» Yuwjwup twhiwgddwsd E npwbu thnpdwpwpwluwt wyjwndbnpd dwuuhlyubph
wpwqwgiwu wnwownbd dpwaptiph W hwunny nbuwlubph Ynhbpbun dwnwgqw)pdwu
unwgdwt hwdwp: Lwp 1A-nwW pipdwd E «KAREAL» qdwjht wpwgwgnigsh unp ufubidwu,
huswbu bwl wnnuwy 1/5-nd UEpYuwjwgywsd tu upw wwpwdbwnpbpp:

BPM Accel. ALPHA
P .Y
= 3 THz FEL
Solenoid Quadrupoles H/c ‘
RF GUN =4 corrector
Spectrometer
LUYAIN «AREAL» qdwjhu wpwgugnigsh ufubdwu
Unynuwy 1/
Eubpghw 20 -50 Utd
(Gwudpniyh |hgp 10 - 250 w4
(Gwudpniyh GpyA 0M -9 wdny
(U/pA Eubipghwjh gpnud <0N5 %
ULy hdwnrunid pwudpniyyutpp 116
pwtwyp
YUpYudwu hwbwlunieiniu 1-50<g
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1.2 Mnuat wpwqugunn junniguépubph ywwpwundwu Enwuwlubp
Lbpywjnwdu  gnjnieynitu niubt wnudt  wpwqugunn  Junnigjwdpubinh
wwwpwundwt  pwqdwehy bnwuwyubp  (Juyninwwpu  gqnnnd,  Juyninwihu
Gnwlygnud, quwuwwwwnw, uwntgubin dhwgnw, huswbu twl JdGluwuhlulywu
wdpwgnud) [21-45], uwywju  wyn Gnwuwlubph JdGéwdwulnienup  gwuynwd |
hGwmwgnundwu thnynd b nbin s6U Ywpnn Yppwndbp gnpdnn dhowgquht wjuwhup
wpwgwgnighsubipnud, nnwhuhp Gu LHC, SOLEIL, DIAMOND, FAIR, EXFEL, ILC, ALBA L wyju:
dwdwlwlwyhg dhowqgqwiht wpwqugnighsubipnd Yhpwnynn wynudbt wpwgwgunn
Ywnnigwdpubiph GpYwpnyeniup wmwwnwund £ dh pwuh dbwnphg punhnwy dhush
hwpjnipwynp dinptiph [30,41], nwunh wwwnpwundwu Gnwuwyubph wypwymhynieginiup
Ywywunw £ upwunwd, np wju bwju b wnwy wbtwp £ pwlwpwph quugywdwihu
wpuwnpniejwt wwhwugubpphu: Cuwn Jbpp updwsd wwhwugubph' ynudb wpwqugunn
Ywnnigwdpubpp  wwuwpwuwnynd G wnwppbp  pwpnniggwu b whwbph wnuab
ntwwiubphg, npnup Jhwgynid Gu dhdjwug Gpynt hpduwlwt tnwuwyubpny’'

1. dwynindwiht gnnnud
2. Jdwyninwdwihtu nhdnighnu tinwygntd

Jdbpp upwd Gpynt Gnwuwlubpu L qjwjunpbu Yphpwnynwd Gu puswbu wnudb
wpwaqwgunn Ywnnigwdpubph, wjuwbu bt wdpnng wpwqugnigswihtu  nbfuuhywih
wmwpwwnbiuwy fuunhputipph |Nnddwu hwdwp:

LoJwd tpynt bnwuwyubpu k) niubu W wnwybinuyeiniuubp W pbpniegyniuubn:
Liwp 1A8-nd pbpJwd £ wnudbt wpwgugunn Junnigywdpubph hwdwp nh$nighnu
Gnwlgdwu Gnwuwyh ufubdwu:

“thdnighnt Gnwlygdwt hhduwywt wnwybiinyeyniuu £ hwdwnpynid wju thwuwnp, np
wdpnne wynuadb Yunnigywdpp wwwnpwuwnynd £ dbYy wnbuwyh dewnwnhg, wjuhupu' qbnpéd
duwind wnwpwwnbuwy dhowtlyw| 2tpnbphg Ywd ubpnhpubpg: <wpy £ upb, np
wmwpwwnbuwly dGunwnutph Yhpwnndp wpwqugnigswiht wnbuuhlwjnd b hwnluwwbu
wnudt wpwgwgunn Yunnigywédpubtipnd pbipnud £ dph 2wpp  $hghywdbuwuhlyulywu
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hwwynieniuubph  ng  gwulwih thnthnfunieniuubph  (EGYunpwhwnnpnwywunye)niu,
stpdwhwnnpnwywunientu b wyju):

lP
R

=
4

L. 1A8 Mnudbk wpwgwgunn Ywnnigwdpubinh nhpnighnu tinwlgdwu tnwuwyh ufubdwu

.

Gpypnpn Yuwpunpwagnyu wnwybiinyeniuu wju £, np wdpnnonipjudp pwgwnynid |
dhowuljwy 2tipinh ubippwthwugnwip Yunnigwédph ubippht dwybpunyp: Lwuph np wju
dbpennp hpwlywuwgynw L wnwlug wnwpwwnmbuwy gnnwujnyebph, nwwh  wnudb
nbwwiutph Jdhwgnieniup ppwlwuwgynd £ dGunwnh wwnndubipp deyp djnwp dbe
nhdnighwih dhongny npnawlp obpdwumpdwuwht wwydwuubpnd' gquudbin pwpan
6updwu wwly, p hwdbdwun gnndwu  Gnwuwyhu [22,37]: “Hhdnighnu  Gnwlygdwu
Gnwuwyny wnuét nGunwubph npwyjw) (Juwynindwhbpdbinhynyeyniu, wdpniginiu L
wju) dhwgnieintt unwuwnt hwdwp wuhpwdbon | upwug wnwpwgub; 700 -1050°C
(Yuwiujwéd dwdwuwyh wnlbnnneyniuhg, W phwpyt, dJdhwgynn dwybtipnyputiph
dwppniejniutbphg) [22,27,28,37] W Yphpwnb| 200Yyq/ud? nud [27,28,34,37]: <wywinup Lk, np
wnuéh hwdwu gbpdwunhdwup 1083°C [46] k, L wluhwyn § nwnund, np dbpp uawd
otpdwuwnhtwuh UL 6Gupdwt wnwjnijwu nbwpnd gpbiet wuhuwpht E nwnund
funtuwitht| unnigwdph nEdnpdwghwubiphg: huswbtiu uwl gnjnieiniu ntup Yybipguwywu
Ywnnigywdph YdYynwi(ycagka) hwulwgnnnieiniu, npp nhbnighntu Gnwygdwu tnwuwlyh
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Yphpwndwu ntwpnid dnuin 3 wuqwd wybiihu E, pwu gnndwt Gnuuwyh nbwpnw [34]: Un
wwwbwnny b Yunngwdph wwunpwuwmdwup hwonpnnud k jnipwpwugnip EiGdGumnp
ntiqnuwtuwjht Yupguwynpnudp [26,27,33]: Uwlwju Jwynindwjht gnndwu Gnwuwyh
nbwpnwd huwpwynpnieinu Yw qtipnd duw| yepouwlwu nbgnuwuuwiht uwpgwynpniwihg
[24,30]:

Upwqwgunn Junnigwépubiph wwunpwuwndwu hwdwp 2w wybih jwju nmwpwdnd
gunwd gnndwu  Gnwuwyp, h wwppbpneniu nhdnighnt Gnwygdwtu  Gnwuwyh,
hpwlwuwgynud £ dhowuljw| dhwgunn 2tipntiph dhongny: <hduwlwu wnwybiniejniu
hwdwpynwd wju thwuwnp, np npwljw| dhwgnyentt unwuwint hwdwp wuhpwdbon k
dhwju  hwitgul  gnnwunep(T-650+950°C), nph  hwjdwu  obpdwuwnphbwup U
wwhwywudwu dwdwlwyp Ywpnn £ |pub] gwn wyb) thnpp, pwu wnuéb nbGunwubpp
nhbnighnu  Gnwygdwt hwdwp  wuhpwdbon  obipdwuwnpbwup: Lwuh np wnudb
nGwnwubpp dJhwgynd Gu hwywsd dhowuljw| 26pnny, www wluhwjin £ nwnunwd, np
Yhpwnynn ndp wbiwp £ |hup sushu [38]: Wuwnbinhg hGwlnd £, np gnndwu Gnwuwyh
owwnhdw| nkdhdubph punpdwu nbwpnud huwpwynp £ nwnunwd funtwiht] yunnigywéph
ntdnpdwghnt  wpngbuubiphg, npu L hp hbGpehu qtipé L wwhnd Ybpouwlwu
ntigqnuwtuwjht  Ywpgwynpnuubphg: Gnwuwyh hpduwlywu pGpnyenwu wju £, np
Ywhuqws wnusdt  LGdGunubph  Jdhwgdwu  gnnint Ynuuwnpniywhy  nhqujupg,
huwpwynpnieiniu Yw gnnwujnyeh utippwthwugnd Yuwnnigwodph ubpphtu dwybpunyp,
npu - wupnywwpbih £ Mnudt  fGdGunubph  dhwgdwt  gnunt dwdwuwwyhg
hudbubpwywu nhquwjuubpp [38] huwpwynpnyeinu Gu wtwjhu wdpnnonyht Ytpwgub
dhowtyjw| gnnwunyeh  ubppwthwugnup  wpwguwgunn  Yunnigwoéph  Ubkpphu
dwybpunyp, uwluwju ny 6Ghonn ubindnn ndh punpnyejuu  nbwpnd  gnnwniep
wjuniwdbuwjuhy Yubpwihwugh utipphu dwytiplnype:

Uyuhwjin £ nwnund np wpwqugunn  Junnigwodpubiph  nbwnwjubph
wwwpwundwt  hwdwp twywunwwhwpdwp nwuwy £ hwdwpynd  Juynindwihu
gnnnudp:

Qnjnieyntl  nwip dEy  wy Ywplunpwgnyu hwugwdwup' Yhpwnynn nidh
Yuwpqwynpnd U nhdnighntu bnwygdwu U gnndwu  Gnwuwlubph nbwpnwd, npu
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wuwbuynud £ U sh upynwd gpbet pninp wpwqugunn Yunnigwdpubiph ywwnpwuwndwu
Ytpwpbpjw| wofuwwnwupubpnud, Ywd, pugwlwinud Gu wnwewpyynn [nwdnidubipp: Lwuh
np wnudb wpwqwgunn Yunnigwdpubtipp qnnynud Gu, Ywd, nh$nighnt tnwlygynwd Gu
ninnwhwjwg nhppny b upwug ypw wnlw E bwfuopnp Yhpwnjwsé Guond, www nw
Upwuwynu £, np wdbkuwubppup b wdbkuwybpuh nGunwubph dhol Yw Yhpwndwsd ndh
wmwppbipnyyntt wdpnne  Ywnnigwdph  Yonh  swihny [37]:  Upryniupnid  wnudéb
wpwqwgunn Jwnnigwdph EGdGunubpp, npnup wbunp £ dhwgybu deyp djnwhu
Ywuwwpjwiht dnn hwwuwnp wwjdwuubpnd, wywunpwunynd Gu ng hwjwuwpwgnp
wwjwuubipnuw: dbpp upwd fuunpp (niddwtu hwdwp wuhpwdtion £ ynudb wpwaqugunn
Ywnnigwédph ElGdGunubipp gnnb| nbinwjht nmwpwgdwu tinwuwyny, nph wpryntupnid ki
huwpwynp £ nwnuntd jnipwpwtsgnip hwonpn dhwgdwtu gnuinniu wugubijhu thnppwgub
Yhpwnywd Guonwip(nmwpwgdwu wpngbup hpwlwuwgynwd E ybpuhg nbwh ubippl):
Lhnbwpwp, npnawyh owwhdw| wbluuninghwh Jdowydwu dhongny huwpwynp L
nwnuntd pninp dhwgynn EiltdGunutph hwdwp ywhwwub] hwjwuwpwagnp wwjdwuubp,
uwlwju winwhuh wbfuuinghwih pwgwwjniejwtu wwwnbwnny wuhpwdbonnyeinu Yw
dowytiy wyn wbfuuninghwu, hugwbu hwaduplwiht, wuwbu £ wpwlwhly thnpdbiph
wnryntupubipny:
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1.3 Upwqugunn Junnigwépubph wywwpwunmdwu swihwuhubpp L
dEennubpp

Eltywnpnuwht qdwht - wpwaquwgnighsubiph wpwqwgunn  Yunnigjwdpubinh
dowynwit ni hGunwgnungeniup, npnup ogwnwgnpdynd Gu ghnwywu Yhpwnwywu
fuunhpubph [Nddwu hwdwp, huswbu twb bwhiwgdnuiu Nt Wwunpwuwmnwp dhus wjuop
dunud GU wywnnwy [47-49]: dbpp upwsdh Jun ophuwlu £ dwnwjnwd 1967pA Gpliwunwd
wwuwnpwunywd upuppnuinpnup 69t4 Eubpghwyny, npp Yugqdwsd £ SO0UEY Eubpghwjny
qéwihu  wpwqwgnighshg: Wuwnbinhg £ plunid £ wpwgwgunn  Yunnigwdpubiph
Uwhiwgédwu U wwwpwundwl  wlhpwdbonneniup,  htuswbu  twlb  Upwug
hnwuwhnipjwu b npuwyh wwywhnynp: Upwgugunn Yunnigwdpubiph npwyp punpnond
GU Jh 2wpp Ywplnp hwnynieinuutp (pwpép EGYupw b gpdwhwnnpnwywunye)niu,
dGjuwuphyuywu townnip)nil, gbippwpép Juyninwwhbpdtunhyniegyniu, ng
dwquhuwwunyeniu, nbuuninghwwbtu htwpwynphtu wwng, huswbu twl dhuhdw|
wndtipny), npnup wbiwp £ hwdwwwwwufuwubt twhiwwbu npnpwé hwoqwpywihu
wwpwdbtiinpbphu: Unnpl ptipqwé Gu wpwgqwgunn unnigwodpubph twjuwgddwt L
wwwnpwundwt dwdwuwy wju Yuwpunpwgnyt hwuqudwupubpp, npnughg Ywjujws &
Upwug hnwwihnyentup b npwyp:

Mwunpwuwnh hwugnygh hnwwihniginiup Ywhujwsd £ nbinmwutph ywwnpwuwndwu
npwyhg, uwppwynpnuubiphg, upwug hwywpdwu wnbhuuninghwjhg, upwug dhwgdwu
Gnwuwyhg, YGpwhulydwu L thnpéwpydwu dGennubphg, huswybu Utwlb  Upwug
wwwnnpwudwu wbfuuninghwih  jnipupwnip Ytitnh wwhuwwuntdhg(uyuwd
Uwluwwwuwnpwunywéphg  dhusk  2whwgnpdnudp):  Ubkp  nbwpnd  wpwgwgunn
Ywnnigwdph npwyh quwhwwnnup YYwunwpyh twfutwywi punniadwé indjuubph htin
hwdtdwwnwiny, npnup hptughg UbpYwjwgund  tu  phghlwywu  hwrdwunyutp:
Upwqwgunn junnigwdph ywwpwudwu pninp thnybpnud gwun Yuplnp nbp £ fuwnnd
wbfuuninghwlwu htippwlwuniejwu wwhwwunwdp [50]:

Upwquwgunn Ywnnigwépubiph Yntuwnpniyghwih twhuwgddwtu dwdwuwy owwun
Ywplnp £ hwoyh wnub) upwtg ywwunpwundwu nbGluuninghwwunieniup: Henwutbiph
wwwnpwundw hwdwp npnaynwd GU unp wnbfuuninghwubip, wywunndwun dpwgpwynpdw
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hwuwnngubiph Yhpwndwdp, npnug dhongny k| huwpwynp £ nwnunw ujuqgbgub) dawydwu
dwdwuwyp b wofuwwnwuph pwuwyp: Lawsd Gpynt hwuqwdwupbuphg k| hpduwlwunwd
huwpwynp £ nwnunw ujwquagnyu hupuwpdtipny unwtw] 62gphin wpunwnpuup:
Stjuuninghwywunigjwt pwpépwgdwu hwdwp Yuplunp £ bwb nbGuwiubph wybinpn
wdpnyejwu  wywhwugutiph  hGnwgnwp:  “Hhawnwiubph  ywwpwundwt  pwpnnyju
Ujwqgbigdwt U dowyynn Unyebph  wnlnbudwtu  twywunwynd 2w Ywupbnp |
Uwuwwwunpwuwnywdph owyunhdw| unwgdw puwnpnieiniup: Cun npnd hwplwynp £, np
Uwhiwwwunpwunywdpp nwbtw ujwqugnyt dGfuwuhlwlwtu pnnujwdpubn: Glubiny
ytpp U2dwd hwuqwdwupubphg, wnudt wpwqwugunn Ywnnigwdph nbunwubph
twhiwwywuunpwunywédp unwlwint hwdwp punpynd £ bwhuiwwywwnmpwunywsdpubiph
duodwdp unwuwnt dGennp, nph 2unphhy | hutwpwynp £ nwnunwd unwuw| wuhpwdtiown
unpniyunnipw:

Luwfuwgddwu tuphquyht thnynd npnpynud Bu hbnlyw) Yeinbpp' nbunwjubph
punwuntp Ynuunpnyghwih npnanwdp b nne Yunnigwéph hwywpdwu inbfuuninghwutbiph
punpnienup, nbnwubph defuwuhyulwu dowlydwu nbuuninghwih Yuqgqdnudp, huswbu
wl  pninp gnpdpupwgubiph  hwonpnwlwuniejniuuph  npnonudp: awnwubph
wwuwpwuwnnwhg hbnn upwup hwdbdwnnd Bu nbfuuninghwlwu gdwgnpbiph hbun'
hwlwwwwwufjuwund  Gu  wprynp  wpryniupubipp twpiwwbu  uwhdwuywd
pnynydwdpubph hbw, L' ng: Uprynitupnid pninp hbunnwgnunieiniuubiphg hbunn unwgywé
wnyjwiubipp ninnuypnpbt wug Gu Yugynuwd inbuuhjuwywu nnyndbunmwghwih  dby:
Snpoénnnieiniutph hwenpn thnynwd, hhduygbiny unwgywd uygpuwlwu wpryntupubiph
Jpw, ppwlwuwgynud b nbjuuhluwlywu géwgpbph L wywuwpwunmdwu wnbluuninghwih
ytpouwlwu dogpunnudutin: Pninp nbiwwubph npwlyjw) hubiint hwuqudwupp 62gpunnpbu
uinnigynwd k, uwnwpynud £ dGfuwuhywywu swihtiph uinnignid, huswbu bwb punpygnid
dty nbww), npu wugb] £ pnnp wuhpwdbipn  nbfuuninghwlwu wpngtuubpny L
Ywwwpynw G dGrnwnwgpwlwt  hGwnwgnungynwuutp: <wpy £ uwb Uobk, np
dbfuwuhluywt dowynidhg htiinn nbwnwjubph dogpunniejwu ypw pwwn ks nbip Ywpnn Gu
niubuw| duwgnpnwjhu jwpnwubpp: Wn ywwéwnny wynuédb nbunwutipp Gupwpyynid Gu
otipdwdowldwu: Wu hpwlywuwgynid E hbnlyw Yepw' nbnwubpp tnwpwgynud Gu dhugl
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Uwuwwbu  npnpwé  obipdwuwmhéwup,  wjunthbinle  nbnp £ nmubund  npnpwyh
dwdwuwyny wwhnd wyn obipdwunphtwunwd, U nphg hbGwnn L obipdwuwnpbwup
wuwmhbwuwpwp hotigynid £:

Upwqugunn Yuwnnigwdpubiph wnuab nGwwubph Ywplinpwgnyu
wwpwdbitnpbphg £ ubipphtu dwybpunypubph funpnnipnpnnyeiniup, W wyn wywpwdbupp
hhduwywunwd Ywhudwsd £ dGjuwuphyuwlwt dowlydwu nbfuuninghwubiph puwnpnieiniuhg:
Chduwlwunw, wynwhuph dwybpunyputiph uwmwgnp wnudt nbwwubph  hwdwp
Ywwwpynw £ dowldwu pwpdp wpwagnyeniutbph nbwpnd, b wn ywwbwnny k|
wuhpwdbtonnigntt Yw  ppwlwtwgub] nGunwubph  dwpupdw; U wpryntiwybin
hnJwgnud: Pwgh wyn, dwybpunypwiht pwpdp wwhwugubphtu pwydwpwpbint hwdwp
wuhpwdtion £ bwl pwdwlwuhtu (nypg npwnpnyentt nwpdub] twotinubph htinwgdwu
fuunppu, npnup dwpuhdw| YGpwny wbiwp £ hbnwgub] dywlydwu gnunnig: Pwqdwehy
htunwagnunieginiubph gunphhy pninphtu hwynuh £, np wpwqugnigswihtu nbuthlywynwd
Udwuwwnhw nbGunwutph  dGjuwuhjwywu  dowydwu  jwwgnyt  wmwppbpwyu |
dwmwnubph Jowynup Yupnuwing: <pduwlwunwd, duwgwd pnninp inhwh dawynwiubpp,
hwwnwwbu, hnynwt nu thwybgnudp, hGunwgwind Ywpnn G pwdwlwuhu |npg
fuunhpubiph Wwuwnbwn nwnuwy;:

Lwuh np wpwqgwgunn Ywnnigwoépubph gpbtpt pninp hwugnygubph L
nbwnwutph wnbjuuhywlywu wwhwugubpp bGpYuwinWu hwuund Gu pwdwywuhu |npg
pUGph, nwwh win nguwiubph b wwhwugubph swihdwu gnpdpupwgp unyuwbiu
wwhwuon £ qupgqugnu: <pduwlwunw, Ywfujwsd nbGunwpubph Ywd hwugnygubph
wbfuuhlwlwu wwhwugubphg Yppwnynd Gu Ynuwmwlunwiht W ng YnuunwYywwihu
swithdwu dbpnnubpp:

Upwquwgunn Ywnnigwdpubiph nbunwubph  dhwgdwtu hwdwp  ubpyuynidu
gnjniiniu nwibt pwgqdwehy tnwuwyubip, npnug 2wpphu G nuuynd Juyninwdwipht
gnnnudp, yuyninwwihu nhdnighnu inwygnidp, uwnp bunbgdwu Gnwuwyp, b pninp wyu
tnwuwyubpp nwbu W wnwybnyeniiubp W pbpneginiuubn:
2nnnuip' nw, wju Gnwuwlu k, nph dwdwuwly nbwnwjubpp dJhwgynd Gu Jhowinndwjhu
Ywwbpny wwpwgdwu dhongny, npp hpwlwuwgynd £ gnnwunysh ogquniejwdp:
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dbipghtu, ppobiiny nbwnwiutiph dhwgynn dwytipinyputinp, (gynu £ pwgwlh dbg, npintin
£l wbinp £ nwbund upw pjnipbinugnudp: thypnighnt inwygdwt dwdwuwl dhwgniejniup
wnbnh £ nbund Jdhwgynn dwybpunyputiph dhol Gnwdé wwndubph  thnfuwnwpé
nhdnighwih dhongny, wjn pupwgpnd nbtwwutph ypw Yw twjuwwbu Yhpwnjwsd nd,
nph wprynipund £ wnbinh £ nwbund  npnpwyh wyjwunpy  nEdnpdwghw  upgwd
dwlybpunyputiph dhol: Utuhpwdbown E urb bwl, np nhdnighntu Gnwygdwtu Gnwuwyh
dwdwuwy dhwgynn nbwnwubpp wwpwgynwd tu hwdbdwnwpwp 2wwn wybih pwpén
oipdwuwnhbwuh, pwt' gnndwu Enwuwyh dwdwuwl:
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1.4 <Ewnwgnunipjut juunph dhwybpynid

dwldwuwlwyhg  wnudt  wpwqugunn  Ywnnigywoépubiph  Ybpwpbipju)
htunwagnunieiniuubiph nunwWuwuphpnientuhg wywpg nwpdwy, np ubpluwynwu w upwug
pwywywuhtu |nipg  wwhwowny wpwguwgnigswhtu - wbfuuhund, huswbu  twl
dbpGuwohuniypjwu L pd2lyniejwu ninpwnubpnud: LGwnwgnunnyenutiiph
nwnwuwuhpnyejwu  wpryniupnid - wwnq nwpdwy twl, np wnudbt wpwgugunn
Ywnnigywdpubiph dJhwgdwt ophtwswihnyeniuutpp unyuwbu pwywywuht 2wwn bu:
Loywé  Ywnnigwdpubipp wbwp £ odnjwd |pubt  hbGnlyw| Ywplnpwagnyu
wwpwdbwpbpny'

Ubluwuplyulwtu dowlydwt pwpép Gonniyeiniu
Fwpdp wdpniejniu

Mwuwnhynipeyntu

Jwyninwwhbpdtunhyniejniu

Lwfutwywt swihtph wwhwywund dhwgnuwihg htivn

= =/ =/ =4 -

Upwquwgnigswiht  dhghywynud b nbjuupyuynid  Jdtd  hbGwwppppnieniu &
ubpyuwjwgunud wpunwphtu Jd6d hwnnpnwlwunyejudp hwuwn 2tipnng L ubppht thnpp
hwnnpnwywunyeywdp pwpwly 2tpnnd wwundwsd Gpyotipin wihpwwnwnpbpp, pwuph np
wnbuwlwunptu hhduwynpyb £ wyn wihpwwwptpnd ubn-hwwhuwlwuwhu nignuwuup
wnwowgnip pwndn hwbwfuwlwuwihu nhpnyenud: Lhgpwynpwd dwuuhyp tiplyotpun
wlhpwwwph Ytuwnpnuny wugubijhu dwnwquyend E EGYunpndwquhuwlwu wihp, npp
duwynpynwd £ dhwy nwunwn vwpwdynn TMor dnnwijhg (thnywjhtu wpwgnyeniup thnpn
E Jwyninwinud |nyuh wpwgniejniuhg):

uwjwd wju hwuqwdwuph, np wpwqugunn Yunnigwédpubiph ptwgwywnnud Yuu
pwywywuht nipg wprynwtupubip, wyn ninpunp quipgugdwt htin dblunbin wnwye Gu quihu
dh 2wpp tuunhpubip, npnug |nddwt hwdwp wuhpwdbyn £ ppwlwuwgub) hbnbyw|
hwpgbph wyblh funpp hGnwgnnnieniuubp' wnudb nbunwubph hwjwpdwu dwdwuwy
Upwug dGyp djnh ujundwdp pwquynpdwt fuunhpp, nGnwjubph twpwgdwu dbennh
puwnpnipjwu ghunwlwu hhduwynpnwip b upw otipdwjhu nwowh puniewagph npnndp,
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huswbu bwl ynuab nbiunwutph dhwgdwtu inwuwyh(nh$nighntu Gnwlygnid Ywd gnnnid)
puwpniejnLup:

LEnwagnunnieyniuuph - nwinwWdibwuppngjwtu wpryniupnd hhduwynpdwé |
wpwqwgunn  Jwnnigwdpubph  wwwpwudwt  hwdwp  wbfuuninghwubph L
uwppwynpndubiph wupunhwun qupgqwgdwu hGnwulwpwjunie)niup:
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ALNKhu 2AL3NREBEN L KESURNSNRF3NRLLEMP

uetinauer
2N L<bnwgnuinieyniuutph hwdwp  oqguwgnpéynn  dhwmwnubph

punipwqpbpp

Upwquwgnigswiht hwdwlwpgbph  Ynbunpniyghwubph hwwnynyeyniutbpp
ddwdwuwdp npnaynid GU pun oguwignpdynn  ujnebiph  hwwnynyeniuubipp [51]:
Lhnbwpwp, wpwqugnigswiht hwdwywnpgbph wpryniuwybin - wofuwnwuph  hwdwnp
wuhpwdton £ L wwpunwnhp t unebpp punptp 2wn dwupwdwutu b hhduwynpywd
wnjw|  wwpdwuubpnuWd - wpryniwwybn - woluwnbine hwdwp: Upwgugnigswihu
hwdwlwpgbpnud  Yppwndynn  unebipp ubpyujwgund G wnwppbip  wywhwugubp,
Ywhuwé upwuhg, L wyn Unyetipp Ynuyptn Jwyninwwihu hwdwlwpgh np dwund W
huswhuh  woluwwmwupwiht  wwjdwuubpnd  Gu  oquwgnpdynd  [52]:  Wnwhup
hwdwlwpgbphg Jdayu £ htug hwdwpynd wynudt wpwqwgunn Junnigwdpp, npu
w2fuwwnnud £ pwpép Juyninwh wwjdwuubpnd:  Upwqugnigswht hwdwwnpgbpnud
ogwnwagnndynn ujnebipp, puwn hptiug ubipywjwgynn wwhwugubph, Ywptih b pwdwub| 3
fudph:

1. Unwohu fudpnd pungpywsd Gu wyu unyebpp, npnug  ubpywjwgynd  Gu
wdblwfuhuwn 2whwgnpddwt wwhwueubipp: “pwup hhduwlwund wyu unyebipu Gu,
npnup wudhowwbiu wofuwwnnu tu Juyninwwihu dhowdwiph wywydwuubpnud: Ujn
wwjdwuubpnud wofuwwnnn Ujnebipht UEpYwjwgynn wwhwugubpp bwwbu fuunwunwd
Gu, Gpp win Juyninwdwiht hwdwwpgp vwfuwnmbujwsd k£ gbippwpép Juyninid
unwuwnt hwdwp: <bnbwpwp, wdblwfuphun wywhwugubtipp ubipyuwjwgynwd Gu
10"dPwp Gu2dwu wwjdwuubpnd wofuwwnnn Ujnyebipnhu:

2. Gpypnpn fudpnud pungpyqwsd Gu wyu uynuebipp, npnup hwunhuwuntd Gu odwunwy
Ujniebin b upwug ubipywjwgynn wwhwuubinp wjupwt fupuwn sku, huswbu wnweoht
fudpnid  ubpgpwyywd  upnebpp, uwlwju upwug ubpyujwgynd  Gu  wjuwhup
wwhwugubip, npnup wuhpwdtion Gu Upwug pniu dniuyghwubipp Yuwwnwnpbine hwdwp:
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3. 6ppnpn fudpnid ubpgpwyywsd Gu Juwyninwwiht hwdwwpgp Ynuunpniyunwynpnn
wjuwhuh Uynietip, npnug utipluwywgynd Gu ng wjupwu fuhun Ywhwueubip, huswhuhp
ubpywjwgynud GU wnweht W Gpypnpn fudpbpnud pungpyywsd unyetippu: Wnwhup
Ujnietip Gu hwunhuwuntd, ophuwy, uunigdwt pinyubph hpwutbpp Ywqlnn Uynetpp:

Uudhowwbu Jwyninidwiht dhowdwjpnd wofuwwnnn ujnebphtu ubpluwjwgynd Gu
hbwunlyw| ywhwueubpp'

1. dwynindwihu  hbpdGwnhyneiniu - Juyninwdwipu fughp wwwh  wnwyb)
pwpwyniejwl ywjdwuubpnd:

2. Lywquagnyu ququagnugdwu hwnynyentt (wuqud gtipdwunphbwuwihu pwpép
wwjdwuubpnud) b htipunn ququgbpddwu punniwynieiniu:

3. Lwy dGfuwuplulwtu dowybhnipniu:

4. Swppbp mbuwyh pwjpwinwiutiph b Ynnnghwjh bywwndwdp Ywjnwiniyeniu:

Pwgh dJbpp UJwéd wwhwuoubphg Jwyninwdwihtu  wwjdwuubpnd  wpfuwwnnn
Uniebipht UGpYwjwgynd Gu twle Jdh wpp wy |pwgnighs wwhwoubin, npnup
wwjdwuwynpywd Gu YnuYypbn ywydwuubpnud wofuwnbint hwdwn: Cuwn wnd k| hwwnny
wwjdwuubpnd w2fuwwnnn Ujnibiphu Ywpnn Gu ubipywjwgyt
EiGUunpwhwnnpnwywunyjwu,  obpdwlwniungjwt, Jwquhuwwunyuwt W wy
hwwnynyeyniuutiph hbn juwyws ywhwueubip:

Stuwywunptiu gbppwpdp Juwyninwdwiht - ywjdwuubpnud Yupnn £ ogquwagnpdybi
unyebiph JUtd pwqdwquwunyeiniu [53], pwjg pwuh np gnpdlwlwund oww phs Gu
hwunhwynud Unyebipn, npnug pwnwnpniejwt  dbe sywl  fuwnunipnubp, W npnup
pwgwuwywu &u  wgnnd  pwpép  Jwynind  unwtwine Ypw, www  winwhup
wwjdwuubpnud  wofuwwnn unebipptu UGpYwjwgynn ywhwugubipp 2w fjuhuwn Gu:
Unynwwy 2.1-nwd ppdwd Gu dh wpp dbnwnutiph pwihwugbijhnygjuu hwnynyesniutbpp
npn2 qugbph uywwdwdp npwsd obpdwumhbwuubipnid Stippwpép  Jwyninwdwihu
hwdwywnpgbpnud d&d Yhpwnbijhnipyniu Gu gt npn dwuhpubiph huswbiu dGnwnwywu,
wjuwbu £ ng dGnmwnwywu unyebipp, npnup wdpnnowwbiu pwywpwpnud GU winwhup
wwjdwuubpnd  wotuwwmbint hwdwp: SGppwpdp Jwyninwh  wwjdwutbpnud wnwyb
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wmwpwdywd dbnmwnwlwu unyebtphg Gu hwunhuwunw sdwugningnn wynnwwunubpp
(12X18H10T, 20X13), wnhudp (OFHC Ywd OFE), dnidpwdp, wnhwnwup, Jwuwnhnup L
wju: - Ny hwdwlwpgbpnw

ognwgnpdynud Gu tnwppbp dwyuhoubph wwwyhubp, Ypwdhyw b wyu:

dGinwnwlwu  Unyebphg  qbppwpép  Jwyninwwihu

Unyntuwy 2A1 [52]

Po

Rtpdwunhtut. | P pwihwugbhnyejwlt  pwgupdwy
Ubwn | SGuwq H 2/yyuy
T dbdnueyniup. 33 Mw/(d%-4) 03 Muw/(02- 1)
H. 975 1.31.10° 1.88-10* 8.04-107
Fe N2 1387 1.93.10° 5.19-10* 1.99.108
CO | 1266 1.93.10° 1.51.10* 1.55-108
Ni H. 681 1.93.10° 1.21.10°® 1.12.108
Ha 298 1.23-101® 1.07-10°® 1.69-108
Mo
N2 298 7.13-10% 9.64-103 3.76-108
Cu H. 298 1.23.107 2.66-10* 1.39-108

Pwpép Juyninwdh ywypdwuubpnud ogunwgnpdynn Ujnyebinh puwnpniejwu dwdwuwy
dtd Upwuwlynieiniu niuh twlb nunbuwwbu whwybunniegniup, npp YtGpwpbpgnd k
huswbu wndjwy ujnyeh wpdtipht, wjuwbu £’ yepouwlwu nbwnwubph, uwd hwugnygubiph
wwwpwundwl  nbluuninghwubphu: dbpp updwd dwluhoh  ynnwuwwubpp  hptiug
hwwnynipniuutiph gunphhy 2w Jtd Yhpwnbijhnyeniu tu qunti| gbppwnédp Jwynintdwjhu
hwdwlwpgbph wwwpwundwu dwdwuwl: 12X18H10T dwyuhoh ynnwwwubpu niubu
pwpdp  Ynnnghwlwjniuneynit, jwy ququqgbpdynid  tu  wmwpwgdwdp,  hnjulww
Gnwlygynid Gu wpgnuw-wntinwjhtu b fGYunpw-wnwgwjpwiht tnwlygnid inwuwyubpny,
nuGu  pwdwpwp  wdpnegntt b wupwthwugbihnejntt  qbppwpép  Jwynintdwjhu

wwjdwuubpnd wfuwwnbint hwdwp:
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Uryntuwy 2.2 [54]
C Si Mn Ni S P Cr Cu Fe
012 [-08 -2 9-11 -0.02 [-0.035 [17119 [-03 65

Unynuwly 2A3 [54]

T, °C 20
A, dw/(d-wuwn.) 15
", Yo/u? 7920
R, Od-u 725

T - wju gbipdwuwnpéwut £, npnud unwgyb tu wnyjw wprynupubpp.
A - oipdwhwnnpnwywuntejwu gnpdwyhgu k.

" - ujnyeh funniejniut k.

R - mbuwywpwp fGYunpwnhdwnpnyeginuu k.

dbpp Updwd pninp wwhwugubph htinn dblyntin wwpwwnhp wwydwu £ uwl, np
gbippwpép Jwyninwdh wywjdwuubpnud wofuwwnnn nbunwubpp sniubbwu dhypnéwptin,
opuhnwjht 2Gpintp L wy nbdtywnubp, npnup dhwupwtwly pwgwuwlwu Ytpwny
Ywunpwnwnuwtu uyninwh unwgdwt Yynpw:

Qbppwpdp Juyninwwiht ywjdwutbpnd  wotuwwnnn upnyebipp wbwp £ uwl
niubbwtu  Unyeh  hwgbgdwu  gninpont gwdp  Gugnd njw] wi2fuwnwupwihu
ostpdwuwnphbwuh wwjdwuubpnd [55]:  Lpw hwdwp, npwbugh Unueh gninp2hubpp
sqwunwgubt quyninwp, wuhpwdbtion k£, np upwug Ynugbunmpwghwu Jwyninwdwiht
wmwpnnniejniund  qquihnptu  thnpp  |hubu, hwdbdwwnwd  duwgnpnuwihu  qugbph
dniaynyubph  Ynugbunmpwghwubph  hbw, puswybu twl  oguwagnpdynn  unebph
hwabgdwtu gninpont Gupnuip wbwp £ bwwbu thnpp [hup duwgnpnwihu  quqgtiph
dupnuwdubphg: Uhwju wyn pninp ywjdwutbph wwywhnydwu nbwpnw upbih £ unwuw
pwywywuht pwnpép Juynind (dpusl 10"dPwp):
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Swulwgwsé unyeh hwgbigwd gninpont Gugnwip Ywfuqwsd b obpdwunptwuhg:
Cunhwuniyp wndwdp, Unyeh obipdwuwnmhbwup dadwgubind 5%-ny, upw gnnohubiph
Guonudp b gnin2hwgdwu wpwgnieniup dadwuntd £ dnin 10 wuquid:

Fwpdp  obpdwuwnhbwuubipnd  gbppwpép  Jwynindwiht hwdwlwpgbipnid
ognwgnpdynn Ujnyetipht ubipyuwjwgynn uwhdwuwhwynwdubpp (hunw Gu ng L hwdwu
ostipdwuwnphtwuubpny, wy win Unyebiph hwgbtigdwu gninpohutiph dugnwiubipny:

Shwnwup nwh wbuwlwpwp pwpdp wdpnigyniu, 500°C-nwd tw opupnwunwd L,
600-700°C 9tipdwuwmnhbwund wquwn Yuund £ wdluwduh opuhn b wdtuwduwhu quq:
Swop otpdwunpbwuubpnd tw Ywund £ dGd pwuwyniyejwdp 9opwsdhu: Pwpdp
phipwlwtu wywnhyniyeinu nibbuwint ywwdwnny wnhwnwuh hwindp Yuwmwpynd |
quyninwind, Ywd, hubpn quqbph dhowdwjpnd: Shuwup, Jwuwnhnwp W Upwg
hwdwanywédupubipp jwju Yhpwnnud nubtu wprynwwpbpniygjwu gpbipt pninp §jninbpnud:
Mnhudp 2ww [wyu Yppwnnd £ gt dbpbuwphunygjuu gpbipht pninp ninpunubipnid,
hwwwwbu, hp pwpép EYwnpwhwnnpnuywunyejwu b 9bipdwhwnnpnwywunyejw,
pwpdp  wwuwnhynypjwl, hbswbu twb  nsdwquphuwlwunyeuu  ounphhy:  Mnudb
wpwgwgunn Ywnnigwdpubpn wwuwpwuwnbihu Yuwplnpwgnyu fuunhputphg deyu &
hwdwpynw Ujniebiph puwnpnieiniup b, hwnwwbu, wnudh puwnpnie)niup:

Unjnuwy 2.4 [28]

ElyGwnpw- 2bnpdw-
Ujnip hwnnpnwywunyenu | hwnnpnwwunyeynwup
1/(ohd-ud) (Lwn/ud/ YC)
(FpYwdlwgplwd wnhud | 5,9x107 4
Upnwihu 3,7x107 2,2
Updwpe 6,2x107 4,1
2dwugnunynn ynnwwwn | 1,5x108 0,2

dwdwuwywyhg pninp wnuédbt wpwqugunn Yunnigwdpubipp ywuwnpwuwnnid Gu

pRrywduwgnyywd  wnush  wwppbp  wbuwlubphg(Gubing - Ynuypticn - fuunph
wwhwuoubiphg) W Uupwug dJdEdwdwuuniegjwu hwdwp  hhdbwywtu  wwhwugubpp
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htwnlywiubpu U fyGwnpwhwnnpnwywunyeniup,  sbpdwhwnnprwlwunieyniup,
quyninwwjhtu quqwpwgennnidp, dGfuwtuhyuwywu wdpniejniup, huswbtiu bwlb wpdtipp:
Uwnnpl ppdwd Gu(wnynuwly 24) wpwgugunn Yunnigwdpubtiph wwunpwuwndwu hwdwp
wuhpwdtipun dbnmwnubph EGYunpw bW 9bpdw-hwnnpnulwunyeniuutpp:

Mnuadt wpwqwgunn Junnigwépubph btdGunubph gnndwt hwdwp 2w JdGd
nbp b fjuwnnu prywdup wwpniwwynyeintup: fGpywdhup wynudh bty quuynid k opuhnh
nbupny(Cu,0) [56], huswbu twl wynudh pwnunpniygjwu dbe £ dinunwd opwdhun(H) [56],
npu h ntw hwdwpynuw £ wdtuwpebpl quqgp, npuntinhg L hGwnunwd £, np wju hwdwpynwd
E wdbtwndwp hbnwgynn quqp Jwynindwihtu wbfuuhluwih hwdwp: husybu twl
hwjinup L, np wynuéh dby gwuynn peywduh opupnp(Cu0) wmwpwgdwl dwdwuwly
wunwnwn ntwyghwjh dbe £ dnunwd 9pwodup wwnndubiph htwn[53], nph wpryniupnud g
unwgynu £ hbnlywp' Cu,0+2[H]=2Cu+H,0: Wuwbnhg wwpq L nwnund, np
wpwgwgunn Ywnnigwoéputiph EGdGunutph Jdhwgdwu dwdwuwy (nph pupwgpnwd
ytipghutubpu wwpwgynwd Gu) nbwlyghwih hGnbwupny wnwowgwd oph EGdGunmubpp
gninp2hwund  Gu, L EGdGuwnubph  Jdhwgnyeyniubbpnd - wnwowund  Gu - dwpbp L
dwynwinpubip, npu k| htug hwynup £ npwbu «opwdtwhu hhjwunniejniu» wuywunwdny:
dbipp upywd hwuwnbiph hbinbwupnd wpwgqwgunn Yunnigwdpubipp wwunpwuwnnud Gu
huspwu huwpwynp £ dwpnip wnudhg' OFHC Ywd OFE dwluhoh wynhud, nph dby prywdun
wwpnwwynieniup hwugyws £ dhupdwih  (C10100 OFE  0.0005% R_rYywduh
wwnniuwynipjwdp) [22,23,26-28,33,35,37,38]:

LbipYwjndu gnynieynit niubt wnudb wpwaquwgunn Junnigywédpubiph EitdGuwnubph
dhwgdwu Gpynt Gnwuwly' gnpnud [23-29,30-35,37,38] L nh$nighnu  Gnwygnid
[22,25,27,28,31,34,36,37]: <wjwnuh Lk, np Ybpp upwd wnudb Etdtunubph Gnwygdwu
hwdwp npuk wy dhowulyjw| deinwn hwpluynp sk Yhpwnb|, uwlwju ynuat jtdtunutipp
gnniwu hwdwp wtwnp £ Yhpwnb| tnwpptip tpwuwynygjwt gnnwuinyetin, npnup hpwphg
wmwppbpynud Gu hGnlyw| wwpwdbnpbpndA hwidwtu  oGpdwumnmhbwu, dwnwnubipp
wmnynuwjht pwuwynieiniu b dGwnwnubiph wnbuwyubp (BVAg-8, BVAg-30, 25Au/75Cu,
35Au/65Cu, 50Au/50Cu, 68Ag/28Cu/5Pd, huswbiu bwl dwpnip dGwnwnubp' nuyh, wpdwpe
U uhyt) [25-29,31,33,35,37,38]: dbipp updwd gnnwuyniebpp (hunwd Gu hbwnlyw| mbupbpp’
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lwn [28,33,38], thnoh [27], dwdynyp [37] L o6pwn [27,28,33,35,37]: Upwquwgunn
Ywnnigywdpubiph wrwppbp fjGdGunubph(copper cells, couplers, tuning studs, cooling
blocks, drift tubes L wjt) gnndwu hwdwp wbwp £ upwug dhwgub] npnawyh
hwonpnwlwunyejudp bW wyn wwwéwnny L wbwp £ wdbtu hweonpn gnndwu hwdwp
Yhpwnb] wyblh gwdp hwjdwu obpdwunphbwuny gnnwujnie, funwwihtin utwfunpn
dhwgnipnitutph gqnnwuwnudhg [25-29,32,35,37]: Glubiny wnudb nbGunwutph dhwgdwu
gnunt Yniunpniyinpy nhquiuhg, qnnwtynyetipp Yhpwnynd Gu jwph W thwjwehpbinh
winbiupny:

Lhwnwgnnnyeiniuubiph - wpryntupubipp gnyg wydtghu [11], np unp  Gpyokipwn
wpwgwgunn  Ywnnigwdpubph  wwuwpwundwtu  hwdwp npwbu  wpwnwphtu  2bpn
hwpywynp Lt plwpbp  wjuwyhup  dbGwwn, npu odnwd  |hUp  pwpép
EiGUunpwhwnnpnwywunygjwdp, huly ubppht 2tipnp wewnp £ punpb) dh wjuwhup dnwn,
npu h hwdbdwuwun wnpwwphu  2bipwnp ynibbw  pwjwlwuhu  gwdn
ElGYunpwhwnnpnuywunyeniu: Glutiing ytpp updwd wywpwdbunpbphg, wpunwphtu otipn
punpybg prYwduwgpyyws wynhudp, huy ubpphu stpunp’ gbpdwuhnwp: YEpdwupnupu
EiGUunpwhwnnpnwywunypjwt wwhwuop wnipynd £ dhghluwih nbuwuynituhg, uwlwu
GnpYyotpun wpwqugunn unnigywdp ywwnpwunbiint hwdwp wuhpwdtion £ hwoyh wnub
Yppwnynn dGunwnh dh 2wpp hwwynyeniuubp bu: Lwuph np Gplyobpn wpwqugunn
Ywnnigwédph ubipphu dwytpunyep wbwp t jhup 1dyd hwuwnngejudp hwdwubin 2tpw,
www winwhuh YJunnigwédp unwuwint hwdwp owwnhdw| Gnwuwlyubphg dtGyu &
hwunhuwund  Jwynindwihu thnpGuunbigdwu  dbpnnp:  Lhwnwgnunieiniuutiph
wpryniupnid wywpg nwpdwy, np dhwupwuwly htwpwynp £ obipdwjhtu  thnpbuunbtigdwu
Gnwuwyny uvnwuw] 1dYd hwdwubin  hwunnejudp  gbpdwthndh  2Gpn wnuab
thnpéwudnubtiph Yypw:

Cwpywynp £ twlb ugbk, np gbpdwuhnp wwwlwund £ wju dGunwnubipp
wbuwyhtu, npnug obipdwjhu thnpbuunbignwip huwpwynp £ hpwlwuwgub wnwppbp
wmbuwyh gninp2hwpwpubiph dhongny, pwuph np gbipdwuphnwp unyuwbu niuh wjuwbu
Ynsywd epoybijhnipjwtu hwunynyeyniu, npu k| htug eny| § wwihu gninpphwgub) upwu
Ynippwdt wwpnipuwywsle ywd wpwiht - gninpzhwipwipiiph dhongny’ pbipdwé ulywp
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2N (w)-nwd: fepoybihnipjwu hwnynypjuu pwgwwiniejwt ntwpnid wuhpwdbonnie)niu
Yw dGwnwnubphu  gninpphwgul  Yndbpwdhg U dnjppnbuhg ywwnpwunywd
Yunwuwwpwihu gninpzhwpwnutiph dhengny™ ptipgwé uywnp 2A(p)-nuwd”

LUYA2AN (w) Mwpnipwlwaél gninpphwpwpubp

UYA2/ (p) Ywnuiwwpwihu gninpzhwpwnutin
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