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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 £ Jupunp 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'

e REAGAE qdwjpt  wpwquwgnighs' wwwpwunwd DESY  gbpdwuwlwu
huunhunnunh 2powuwlubpnid [6], npp dwnwjnw £ npwtiu ElGYunpnuubph wnpnp 2-5
Utd tubpghwjnd, gbipwpwag EjGYunpnuwihtu nhdpwyghwih hinmwgnunnieiniuutipnud:
o VELA(Versatile Electron linear Accelerator), npp npn2 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]:

o 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:



U2luwwnwuph tywwmwlp.

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'

o dnpéwpwpwlwt  wpryniupubiph  dhongny  wnudbt nbuwutph  Jdholb  Lnwd
gnnwujnieh pwgwyh owwnhdw] swihh npnandp, npu wuhpwdbion £ gqnnwuniyeh
hnuph hwdwnp:

e Mnudab nbunwutiph ubipphu dwybpunypubph owwunhdw| hGnwynpniejwu npnonidp
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 tnpnypep.

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 Ejlwnpnuutiph géwjht 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
gniguwnpybghu 2014p.-h Jwjhupt [13]' wpwquwgnigsh nwnwuwuppnigyuup 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 Unyniwy 1.1-nud:

Unynuwy 1.1
Mwpwdbwunpbip Uhwpwudannty Pwqlwpwudnnty
Puoh Lutipghw <5 Uk4 <5 Ukd
(Fwudpniyh GpYwnnieniu 0.4 -9wdny 0.4wypy
Pugh wnpwdwghd
(ﬂ:nmg:qw:]anr}h E:m) A A
Puoh |hgp >200w4 <15wy4
Edhuinwtu <0.35 dd-dnwn <0.35 dd-dnwn

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 £ ulwn 1.1-nwd:

LY 1.1 «<KAREAL» qdwjhtu wpwguwgnigsh wnwohu 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  dwnwaqujep(ne.d.)
ognwgnpdynud £ wnudb $ninnjupnnhg gbipupéd LiGYunpnuwihu thugh qtubpwghwih
hwdwp, pwnugwd £ 4 dnnpnyubphg: Lwgbpwhtu  hwdwlwpgh  hhduwywu
wwpwdbinpbpp UEpYujwgywd Bu wniwy 1.2-nwd, huy uywp 1.2-nd vbplYuywgyws k
lwqbpwjhu thugh jwjtwlwt wpndhip' swihdwd jwgbinwht jwpnpwnnphwynu:

Unynuwy 1.2
Muwpwdbwunpbip Uhwpwudpnty Pwqlwpwudnnty
(Ne.d.) Uthph Gpy. 258 ud 258 ud
hdwntup Eutipghw > 300 Jy <15 dyR
<100 <g <50 g
Upfuwwnwupwihtu hwé.
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 1.2 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, unwgyt £ Eubpghwih dhupdw| uthnwép, npp ubpyuwyugywsd £ uljwn 1.3-nwd:
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LY 1.3 Puoh dhohtu pwnwynwwihu(d.p.) tubipghwjh uthnwdpp EGYwnpnuwihtu 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 Udwn. hgnpnigyudp Yhunpnuny: Lojwd FRL punwunpp hpbiuhg
ubplyuwjwgunud £ Ywugniu wihpny S-Band ntignuwwnp, npp Jugqddwsd £ wjuwbiu wuwé
1.5 wpwqwgunn EGdGunubphg, b 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| 3.7 UtY LiGYwnpnuwhu thnwug, pun npnwd swithnwdubipp Ywwnwpyb
Gu Eubipgbunpy uwytyunpnswihh dhongny:

«AREAL» qdwjhu wpwquwgnigsh punwunegh SPL hwdwlwpgh hhduwlwu
wwpwdbiwnpbpp  ubpyuwjwgyws Gu wnnwwy 1.3-nd: Puswbu twl ulwp 1.4-nd
ubipyuywgyws tu Yihunpnuh 4 dyygny hdwnyuh wpndhih swthnudutbinp:
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Ly 1.4 SRL hdwyniup ypndhih swihnidubp
Unynuwy 1.3
Mwpwdbunpbip Uhw/Pwgdwpwudpniy
GRL hdwnyuh Gpy. 4 Jaydpy
GRL dwpuhdw| hgnpnip)ntu 7 Udwn
Uwpuhdw| wpwgwg. gpwnhbuwnm ~95 Ud/d
Pnywjht Yuyntunie)niu <0.5°
Udwhunnwwihtu ujnwuntegjniu <01%

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)): Urynwly 1.4-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:

Unynuwy 1.4

2uihywd wwpwdtinpbp Uhwpwudannty
Puoh Lutipghw 2-4Utd
Lwqbiph wqnwyh bpl. 400 $yny
Lwqgbph wgnwyh tubipghw <270 dyR

Puoh |hgp 30 - 200 w4

Puoh ypndhy (V.p.) 03-0.6ud
Eubpghwjh (U.p.) uhnjwdp <30 Ytd
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L. 1.5 thugh wpn$hih swihnwiubpp’ ninhn(@wifu) U Eutingtivnhy uwblyupnswihh(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 myjwubtiphtu: Lpwug hwdbdwnnyeniup ppywd £ uluwp 1.6-nwd:

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

Bz (0,0.2) / max By

LY.1.6 UnjGunhnwjhu(ybpl) U nhwnjwihu(ubppl) dwqupuubph hwoqwplwiht ndjwiubpp
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 1.7-nwWd pipdwd E «KAREAL» qdwjht wpwgwgnigsh unp ufubidwu,
huswbu bwl wnnwy 1.5-nd UEpYuwjwgywsd tu upw wwpwdbnpbpp:

BPM Accel. ALPHA
P .Y
= 3 THz FEL
SOIeﬁOid Quadrupoles H/c z
RF GUN o corrector
Spectrometer
LY. 1.7 «KAREAL» gdwjhtu wpwagwgnigsh ufubdwu
Unynuwly 1.5
Eubpghw 20 - 50 Uk4
(Gwudpniyh |hgp 10 - 250 w4
(Gwudpniyh Gpy. 0.4 -9 wdny
(U.p.) Eubpghwjh gpnud <0.15%
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 1.8-nw 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

Ll. 1.8 Mnudbt 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 £ dwnwjnw 1967p. Gplwunwd
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

e Pwpdp wdpnieyntu

e  Muwuwnhynyentu

o YJwynindwhbpdbinpynipntu

e Luwhitwlwu swihbph ywhwwunw dhwgnidhg htinn

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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ALNku 2. L3NREEN L KESURNSNRF3NRLLEMP

uetinauer
2.1 <Lbwwgnuneyniuutph hwdwp  oguwgnpéynn  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. Unwoht fudpnud pungpywd Gu wyu unyebipp, npnug ubplwjwgynd 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. Bpypnpn fudpnud pungpyywsd Gu wyu uynyebipp, 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:

29



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. dwyninwwihu  hGpdGunpyneyntt Juynindwiht - jughyph  wwuwh  wnwyb
pwpwyniejwl ywjdwuubpnd:

2. Lwquagnyt ququagnugdwl hwwnynyeinu (wugwd 9bpdwunhbwuwihu pwpdp
wwjdwuubpnud) b htipunn ququgbpddwu punniwynieiniu:

3. Lwy dGfuwuplulwtu dowybhnipniu:

4. Swppbp mbuwyh pwjpwinwiutiph b Ynnnghwjh bywwndwdp Ywjniniyeniu:

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
ognwgnpdynud Gu tnwppbp dwyuhoubph wwwyhubp, Ypwdhyw b wyu:

dinwnwlwu  Unyebphg  qbppwpdp  Jwyninwdwiht hwdwlwpgbipnid

Unynwuwy 2.1 [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

Unynuwy 2.3 [54]

T, °C 20
A, dw/(d-wuwn.) 15
p, Yag/u® 7920
R, Od-u 725

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

p - Unieh funnipnwut 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) (Ydwn/ud/ °C)
(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(wnynuwy 2.4) 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
wwppbipynud Gu  hbnlyw; ywpwdtnptpnd. hwidwu  obipdwuwmhéwu, dJdtwnwnubph
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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2. 1(w)-nwi: fapoybihniejwu hwwnyniejwu pwgwlwnypjwt nbwpnid wuhpwdbtionnie)niu
Yw dGwmwnubphu  gnpnpphwgutp  Ynidpwdhg U dnjppnbuphg wywunpwunywd
Ywnwwwpwiht gninpzhwpwnutinh dhgngny’ ptipdwé uljwp 2.1(p)-nuw:

P

uy. 2.1(p) “wnwuwwpwiht gninpzhwpwnubn
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Loqwéd thnpdwudnipubph ypw gbipdwupnwip 26pn unwtwjwnt hwdwp ogunwagnpdyb
99.9996% -ng dwppnipjwu ghipdwuhnwih Yunnpubip(rpadyner)' 3-5 dd swihbipny:
Upwqugnigswihu inbfuuhluwynd U, punhwupwwbu, dbpbuwohuniygjwt gpbieb pninp
ninpunubipnid hwéwfu Yupunp nGunwubpp uygpuwywi 2powuntd wwwnpwuwnynid Gu day
wj| odwunwly dJbwnwnhg: Wnwhup ndwu hhduwlwu npnwwwwnbwnubphg  tu
hhduwlywu dGunwnh pwulwpdtipnieniup, dGwnwnh  hwgywgjnunnieniup, nbunwih
pwpnniniup b wyiu: Wnwhuh diunwnubphg G hwunhuwund nuyhu, wpdwpep,
wwjwnhndp, prYywduwgnyywsd ynhudp b wyu: <hduwywund, Yybpp upwsd nbwptipnwd
nGwnwiubpp Wwwwpwunynd Gu Ywd wpnudhtuh hwdwdényjwéputiphg, Ywd b wnudp
wnwpwwunbiuwly hwdwdanyywdpubiphg (ppnuq, wpnyp b wyju): Upwgugnighsubpnid thugh
Epywjuwywu swihbph npno2dwu hwdwp bwjuwwnbuwsd otinnn nkgnuwwnnpp (Transverse
Deflecting Cavity (TDC ntignuwwnnp)) unyuwbtu wbwnp £ wwunpwundbip prywduwgqpyws
wnuéhg: Pwgh nw, wiu wwwpwunynw tp wnwoht wugwd, nwunh  ulygpuwlwu
opowuntd wju wwwnpwuwnybig rynipwnidhuhg: Uynwiphub pwqdwehy
hwdwanywéputiphg puwnpytg D16T wpnuwihup, npp gninyeynu niutignn  huwpwynp
wmwppbpwyubphg (wywgnyuu E, pwuh np win wbuwyh wpnuhup hwdGdwwnwpwp
wdblwdnwnt £ wynudhu hp hwnynyeyniutipny:
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2.2 Lknwqgnuynn uyynyebph dawldwu mbjuuninghwubpp

Lwjnuph  E, np  wpwguwgunn  Junnigwdpubph  wwwpwundwtu  hwdwp,
hhduwywunid, ogwnwgnpdynid Gu gnibwynp dGinwnutipp b upwug hwdwdéanyywdpubpp
(ynhud, wpnwpht, W wju): Upwguwgnigswihu nbluuhyuwind Yppwnynn guulugwd
hwugnyght U nbGunwht wnpgnn wwhwugubpp pwywlwuptu pwpdp Gu, nwwnh wn
hwugnygutiph wwwpwuwndwu nbuuninghwubpht unyuwbu wpynw Gu pwdwywuhu
Intp9 wwhwueubip: Upryniupnd hwéwfu upwug ywwnpwundwt gnpdpupwgh dwdwuwly
wuhpwdbtonnenit £ wnwowund 2Gndt| nwuwywt dGuwuhwluwlwu  Jdowydwu
wbfuuninghwubiphg:  Wn  62gphin hwugnygutiph dh 2wpp  Ywplnpwgnyu
wwpwdbinpbph(hpduwywu swihbp, dwybpunypubph dwppniyeginiu b wyjju) unwgdwu
hwdwp, hhduwywunwd, oguwgnpdnud &u  dGunwnubph  Yupdwdp  dowydwu
inbifutuninghwubpp:

dbpp uoqwd ujniebiph dowydwu ophuwswthnypinuutipp W
wnwuduwhwwyniejniuutipp nhnnwpyyt) Gu TDC nbgnuwwmnpubiph, ynudb wpwgwgunn
Ywnnigwépubiph L GpYgtipin wpwqugunn Ywnnigywdph wwwpwunmdwt  hwdwp:
Jdbpohthu  hwdwp  wubhpwdbtignnienitt Ywp  hGunwgnunbint twl  gbipdwunwhp
$hahywibuwupywywt hwnynyeniuttpp:

Upwqugnigswihtu inbGluthywjnd ogquwagnpdynn uwppbiph, uwppwynpnuubph W
wj| hwugnygutiph Wwwwpwundwu hwdwp wnwoht wdbkuwlwplnp pwjtphg Jdayu &
hwunhuwunw hGunwgnunnnubph Ynndhg Ywunwnpynn wnbuwlwu, wuwihwhy, Yud,
hwdwlwpgswhu  dnnGwynpdwtu  dhongny  Ywuwwpynn  hwodwpyubipp:  Un
hwodwpyutiph  hhdwu Jpw Ywqdynw E wnbfuuninghwlwu wnwewnpwupp, nphg htinnn
npnaynud £ wju ywwnpwuwnbine huwpwynp nnwppbpwyutpp:

Uouwwnwupnd  nhunwpyyl Gu wpwgnignigswhtu - inbjuuhluwynd — jwjunpbiu
Yppwnynn bGpGp  uvwppwynpnwiubph L hwugnygubph(Gpytipin wpwgwgunn
Ywnnigywdpubip, wnudt  wpwgwgunn  Ywnnigwsépubph W TDC  nblignuwuwnp)
wwwpwuwndwl inbhuuninghwlwu gnpdpupwgutipp: Lwp 2.2-nd EpYwjwgwd Gu
ybpp  updwd  hwugnygubiph  wwwpwundwu  nbjuuninghwywu  wpngbiuubipp
hwonpnwlwunteniup:
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LY. 2.2 Snpdpupwgutiph hpwwuwgdwu hwonpnwlwunyeiniup

Uhwdnnwjhu Gpyztpun wpwqugunn Yunnigwdpubipp hptughg ubpywjwgunid tiu
wnuét Yinp Yuipgwédpny funnnwlyubin, npnug ubippht dwybpunyeht wbwnp k tuntigwsd
lhuh gwép hwnnpnwywunieiniu niubignn dbwnwn:

ElGYunpwnhtwdhyuwlywu hwodwplyubip Yuwnwpbine hwdwp npwtiu dnnb| yepgpt
Gup bpynt wnudk phebnubp, npnup dowlyby BU - pYwdpwgpwdnpdnn $pbgbipwih
hwuwnngny' pwdwlwuht pwpdp Gounnejwdp b win ehpbtnubph ypw dGfluwupluwywu
Gnwuwyny wdpwgpb Gup gbpdwupnwh phpetinutp: L{wp 2.3-nW pbpJwd £ wyn
hwugnygh tnwswih dnnbp (w) b ywwnpwuwnh hwugnygh punhwunip wnbupp(p):
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LY. 2.3 Uhwdnnwjhu  bGpyotpwm  wpwqwugunn  Ywunnigwdph  thnpdwpwpwlwu
uwppwynpdwu(nbignuwwnnp) punhwunip nbupp

Mnuét  wpwqwgunn  Yuwnngwdpubipp, dbGjuwuplwih  wnbuwulyniuhg, hpbughg
ubGpywjwgunud U quuwlywtu wnwugpwhwdwswih nbunwutp: Mnudt wpwaqugunn
Ywnnigywdpubiph nbwnwjubph dGfuwuphluwywt wywwpwundwu hwdwp  wuhpwdtion
wnbfuuninghwlwu wpngbuutipp htwnlywu Gu'

Upwquwgunn Ywnnigwdpubtiph punhwunip twhuwagdnid

e Ny unwunwpwu hwpdwpwupubiph twuwagdnud b Wwwnpwuwnnid

e  Luwpuwwwwmpwunydwdph Yunpnid

e ULwww) juwnwwnwihtu dawyntd

o EtYwpwEpnghnu dowynud

e Ywpgwynpnn wugpbiph dawynwd

o  bpbgbpwihtu Jowynuw pwdpwgpwynpnn hwuwmngny

e Npwyh ypwhuynwd

«AREAL»  qdwjhu  wpwqgugnighsh  hwdwp  twliwgdjws  wpwgugunn
Ywnnigywdpubiph hwdwwnpgswihtu dnnbjwynpdwu wprynwipubipp gnyg Gu tnpdwd uljwin
2. 4-nuwd: Uyn dnnbijwynpdwu hhdwtu Yypw vwfuwgdyby £ Yunnigwdph dnnbip(uwp 2.5),
huswtu uwl wwwnpwuwnybi Gu wbfuuhlwlwu qéwantipp, npnup
hwdwwwwwuluwuwpwp pipdwé Gu tywnp 2.6-nwd b ulwp 2. 9-nwd:
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LY. 2.4 AREAL qdwjhu wpwgwgnighsh hwdwp twfuwgdywd wpwgwgunn Yuwnnigwdpubiph
hwdwlwnpgswihu dnnbjwynpdwt wprynwupubipp

LY.2.5 Upwgwgunn unnigwdpubiph dby nbunwih Gnwswih dnnbp
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LY. 2.6 Upwgwgunn Junnigwépubiph dtYy ntinwih mbuuhywlywu qdwghpp

Ljwp 2.7-nd gnyg Lt wpwd TDC nbgnuwwnnpubph  hwdwlwnpgswihu
dnnbjwynpdwu wprynwupubpp, npp hpdwu Jpw k] vwfuwagddb) b upw nbGunwubpph
Gnwswih dnnbp(uywp 2.8):

LY. 2.7 TDC nbgnuwwnnph hwodwpywihu dnnbip
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LY. 2.8 TDC ntignuwwnnph nbwnwutiphg dbyh Gnwswih dnntp

UnUuwnpniywnhy gdwagnpbipp Yuwuwwpyb) Gu pun dhowqgquihtu ISO unwunwnpwnh:
Pwuynpwlwtu qdwgpbpnud upws Gu dwybpunypubph dwppnipjwu wuwnpbwuubpp,
pnynywdpubpp U tunbgwédpubpp, huswbu twl Juynindwiht gnndwt  hwdwp
Uwluwwnbuwd npnp nbluuninghwywu (nwnwdubip: Sptgtipwihu Jowynup Yuwwwpyb) £
rYwdpwgpwynpynn pbgbinwih hwuwnngh dhengny, nph dpwgpwynpnudp Yuwnwpyby b
DELCAM PowerMill dpwagph dhowywjpntd:

dbpp upwé Gpbp 62gphwnn hwugnygubph  ywwpwundwt  nbuuninghwwu
Ywpunpwgnyu fuunhpubpp nWdwtu hwdwp wubhpwdton £ Yppwnb] ng unwunwpun
hwpdwpwupubin, npnug wwwnpwundwu nbfuuninghwlwu wwhwueubipp,
hhduwlwund, dh pwuph wuqwd gbipwqwugnd Gu hhdwuwywu ywwnpwuwnynn nbunwih
wwhwugtbiphg: huswbu twl wjn hwugnygubph dGluwuhlulywu Jdowlydwt hwdwp
pwqdwehy thnpdtiph dhongny Yuwwnwpybi| Gu owyuinhdw nidhdutiph hwaqwpyutip [57-66]:
Wn hwpdwpwupubph Yhpwnnip pwgwnwwtu Yuwpunp £ nGunwutph deuwuhluluu
dowydwt dwdwuwy, pwuh np d2gphin hwunngutipp wwwhnynid Gu dhwju nGunwutiph
62gnhuin Jowydwu gnpdpupwgn, uwywju nbitnwiutph wwnndwu Ywd npn2 nbwpbpnud £
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pwqujwynpdwu fuunhputpp wuhuwphtu £ b wnwug wjn hwwnniy twfuwgdywd
hwpdwpwupubiph: TDC nbgnuwwnph nbwwubph $pbgbpwiht dowynd Yuwnwpbnt
hwldwp twhiwgddt] b ywwnpwunyb| Gu dh pwuh Gogpphin hwpdwpwupubp, npnughg
wdbuw qluwynpp ptpdwd £ uup 2.10-nwd:
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7| 4.*THE TOLERANGES ARE t0.02mm

1 [ 6 I l i i

L. 2.10 TDC ntgnuwwnnph nbunwubph $pbgbpwihtu dowlydwu hwdwp hwpdwpwuph Gnwswih
dnnbp bW ywwuwnpwuwnh hwpdwpwupp
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2.3 Lynipblph Yunnigjwépubph hEnwgnndwu dEpnnubkpp

huswbiu hwywnuh &, unyebph, huy dbp nbwpnud® dewnwnubph hwwnynygniuubpp
wwjdwuwynpywd Gu ny dhwyju phdhwlywu pwnunpnygjwdp, w); twb Yunnidywdpny:
Ubwnwnubph  Ywnnigwépubpp  pwdwudnd Gu  bGpynt dwup'  dwypnuynwpy L
dhypnywnnigwdp(dhypnunpniynnipw):

Uwypnuynwhy Ywd dwypnfunnigwdpp' nw, wugbtu wspny, Ywd, ns Jdtd
funonpwgdwdp nhwnynn Yunnigwdpu £, npp punhwunip ywuwnybipwgnud £ wnwihu
dGwnwnp Yunnigwdph b upwunwd wnw wpwwnubph dwupu:

Uwypnuinpniyunipwu nwnwtwuppynud | bwhiwwywwnmpwunmywoph Yupdwdph
dwybptiuph Jpw, npp bnydnd £ UL dowydnud hwdwywunwujuwu  phdhwlwu
nbwlwhyubpny [67]: Uwypnuynwyhy wuwihgp huwpwynpnieiniu  viwihu npnoby’

1. Ubwwnh hwwnpluwht Yunnigwdpp, wyupupt' hwwnplubpp (Ywd pjnpbinubipp)

fungnp Gu, pL dwup: UGnwnwghwnieintuhg b Unygwghwnyeiniuhg hwynuh k, np

funonpwhwwnhy Ywnnigwdpp pwywlwuht thnppwgunwd £ dbnmwnh defuwuhlyuywu

hwwunynieyniutibpp, W Ujnyep nwnund k£ thfupnwu: Wn huy ywwnéwnny dGunwnipqubipp

dqunud U unwuw| Jwupwhwunhy Yuwnnigwsdpny dtwnmwnutp:

2. Ubtwwnh pbhywhhtu Ywnnigwdpp, npu k| unwgynd £ dbunwnw anydwdph

gngdwdp Ywd Yndwdp:

3. Utwnwnubph phdpwlwu wuhwdwubnnipniup, wjuhupt' guudwdph dwjwnid

phdhwywu npluk tnwpph wuthwywuwpwswih pwofujwdnieiniup:

4. Ywnnigywdph wnwppbp wpwwnubpp' denwnh hndniypjwu fuwtunnuiubpp, npnup

Ywpniy thnppwgunw Gu upw hwnynyeyniuttpp b hwéwhn twfuwwwunpwunywdph

pwjpwjdwu (fJuntnwudwl) wnhp GU hwunhuwuntd:

anyywédpubtipnud  (&nynyputipnwd) wnwhuh wpwwubiph (nE$tYwnubph) hhduwlwu
nbuwlubpu GU' ququihu, hnnuiht b bundwdpwhtu funnnsubipp, dbnpbipp, Gnwygdwu
Ywpbpnuwd Gbnpbpp, onwjhtu b fuwpwdwihtu  funnnsubipp, otipdwdowlyywd dGnwnubph
(Judwd) dwpbipp L wyju:

Uhypnyunnigwdpp' nw, dwupwnhwnwyh dhongny dewnwnutiph W ujnyebiph nhunygnn
Ywnnigywdpu k:
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Ubwwnubph U upw hwdwaénywdpubiph  dhypnunpniyuinipuin nwunwuwuppbnt
hwdwp dGinwnhg Yupynud  hwnny bdny, nph dwytipnyep hnyynud £, Ynyynid b www
fuwdwwnynwi: fvwdwwnnuwp hhduwlwunwd hpwlwlwgunud Gu ppenwtph Ywd wnbph
InwnypubpnY: Wnwhup udnpubpp Ynsynwd Gu dbnmwnugpwywu b, hGnbwpwp, win
udnipubtiph hGnwgnunwp deunwnwgpuwlwu wuwihqg [68]:

Lwuh np dbwnwnubpp nwbu pjniptinwiht uwnnigwoép b pwihwughy s6u, wyn huy
wwwnbwnny upwug Yunnigywdpp nwunwduwuhpnud Gu dnmwnwgpwywu dwupwnhunwyh
dhongny wunpwnwndwd [nyunty:

Ubunwnwgpwywu wuwihgp hp hbpphu pwdwuynd £ dh pwuh gnpdpupwgubpp’
wnwohup' nw, hnynyph wwwpwunnwu £, npp hwdwp Jbpgynd £ dGnwngw
thnpéwnpyynn tdnipp b Yupynd § npnawyh ninnnigjudp: WunthGunbe wjt Gupwpyynd §
hnydwu, Ynydwu L fuwdwwndwu: <Lnynup Ywuwpynwd £ hwonpnwpwp
100,120,150,180,220,240,280 L 320 hwdwph hnywpenetph dhongny: <Lnynuip
Ywwwnpynd £ dbnpnd’ hnweninep ubnddnd £ (bhpuynd k) hwpp wwwyniu, huy
hnynlyp  Gbinpny  hwdptpwg pwnpdnwd Gu - hnuwpeneh Jnwjny: <nluwpeneh  hwenpn
hwdwphu wugubhu hnydwu ninnnieyniup thnfunid Gu 90°-ny: <nynudp 2wpnibwynwd Gu
dhusl bwfunpn hnynwhg duwgwd qdtiph Yytpwgnup: dbpouwlwu hnynwhg hbinn wju
[Ywunuw Gu U wugunwd Ynlydwup: Ynynup Ywwwpnw Gu dwhninh Ywd $Gwnph Ypw,
wppwahywjhtu thnpnt opwihtu |nwnyph oquniejwdp: Ynyndp Ywwwpnd Gu dhush
hwjbluwiht dwytiplnyeh unwgnwp:4Ynyws hnynyp nhnwnpynw tu dwupwnhunwyny
[69]:

<nyjwsé dwybtipbup Jypw Gpunwd Gu dhwyu wyju dwuupyubipp, npnup hptiug gnyuny
Yupny tmwppbpynw Gu dbnwnhg: <nynyph duwgwd dwut niuh yun uwyhwnwy gnyu:
Uhypnywnnigwdph fuwdwwunmdwtu hwdwp hnyniyph dwybtipbup fjuwdwwnnd Gu wnwppbp
ujniebipny (ophuwy HNOs 3-4%-ng uwyhpwwhu |nwdnyeny):

huwdwwnhsp wwpptip swihng £ wgnnud wnnigjwéph  pwnwnphsutiph Jpw’
ytipohuubiphu EjGYunpwphdhwlwu wyninbughwutph nmwpptpnyejwu htinmlwupny:

Unwowunw E qupywuwlwu gnyg U qwugqwdoh wbinwihnfund dwgbiph L
hwwnhlubpph uwhdwuhg: Uwhdwuwqgdtipnd wnwowunwd Gu thnuphlyubp, b winwnbinhg UG
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wuljwu nwly wunpuwnwpdwsd dwnwquwjubpp gpynud Gu nt hwutunwd wyuwlwy, nuwnp
Gplnd Gu dnie uwhdwuwhu gétiph wkupny [70]:

Ubunwnwgpwlwu b dwypnuynwhy wuwhqubphg pwgh 2w hwowhu Yhpwnnid
Gu Lwl Jdwqupuwywl, pnuihubugbunmwihtu, nywmpwdwjuwiht b nGungbujwu
wpwwnwudwu dbGennubnp:

Uwqlhuwlwu wpwwnwgnyg dbpnnp Yhpwnynd £ dwpbph, fjunnnsubph bowy
wpwwnubiph pwgwhwjndwtu hwdwp, pndwquhuwlwu Ujnebph hwdwp: Wn dbennh
Enyeyniup Yuwjwunid £ upwunud, np nbunwjutiph dwquhuwlwuwgdwu hhdwu Ypw, npnug
dwybpunyphtu pugnud £ Gplwpeh opuhnh dwquphuwlwt thnoh, thnont hwuinphyubpp
dwqupuwlwtu hnuph wgnbigniejwdp wnwpwéynd U ninnnpnynud GU wpwunubiph
ninniejwup:

Lynudhubugbuwnmwihu dbennp ogunwgnpdynd | dwybpunypwiht wpwwubph L
dhypnbwpbiph  wnlwynyeniup  hwyntwpbptint - hwdwp:  Wu  hphduynd &
nyumpwdwunwlwagnyu dwnwqwjRutph wqnbgniypjwt nwly npnawyh opqwuwlwu
Ujniebiph  nwwynpdwu  hwwnynieynibubph dpw: Uju dbennh  dwdwuwl unyuwbu
wpuwnpwunbuwyh dwybpunyehtu puynd £ hwnniy $ynipnugbunuwhu ndnype, npp
nyunpwdwunwlwagnyu dwnwquwjpubph wgnbgnigjwu wnwl |nwwynpynw £ b gnyg k
wwihu dhypnéwpbpp:

Nyunpwdwjuwjht dbpnnp Yhpwnynwd £ Ujnebph wjt wpwunutiph nuunuduwuppdw
hwdwp, npnup pwywlwupt funppnwd Gu gwuygnid: Uy dbpnnp Yhpwnbint hwdwp
oginwgnpdynwd £ hwuwnty nywnpwdwjuwht - wpwwnwgnyg  (nE$tlYunnuynw), nph
ogquntejwdp Ujnieh nn9 hwuwnnyejwdp nywnpwdwjuwhu wihpubph thntug Gu pwg pnnunwd
L nGYwywpnd upwug wugnup: Ubunwnh dby gwulwgwd obinnd wnwywnnud k
wlhpubiph puwlwunu wugnwdp, npu k| hp hbpehu nhunynd £ oughingpwdh oqunipjwdp:
NGungbjwu  wuwhgp Unyebph hGunwgnndwu  dby pwdwugnd £ Gpynt dwup’
ntuwngbuwuwnpniyunypwiht b nGungbuw wpwunwgnighs:

NGungbuwuwmpniyunnipuiht wuwihgh dJdhongny npnpnd G Ujnebiph phdhwlwu
pwnwnpniejniup: Mtaungbuw wpwwnwupwiht wuwhgp Yhpwnydnud £ anydwsd, Ynjwsd,
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npnadqws, huswbu twl tnwygywd dbunwnubph wpwwnibph pwgwhwjndwu hwdwp
[71,72]:
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2.4 <Lbwnwqgnunnipyniuubpp Yuwuowpdwt  hwdwp  ogquwgnpdynn
uwppwynpniubpp

UbpGuwohuniyejwu  pninp - ninpunubpnud,  ptuswbu  twl wpwgwgnigswihu
wnbfuuhyuwynwd jnpwpwtgnip uwpph, Ywd, hwugnygh wwunpwundwu gnpdpupwgp
ujuynud £ qunuwthwphg, npp Uwju b wnwe hpwlwtwgynd £ hwdwlwpgswihu
wwppbipwynd:  Upwqugunn  Ywnnigdwdpubiph (phapluh  wbuwtlyniuhg)
hwdwlwpgswihu nhqujupu W hwoywpyubiphu hwonpnnud | upw hudtubpwywtu dnnbip
Ywnnignudp hwdwlwpgswiht mwppbpwyny: Ybpohuhu dhongny huwpwynp £ nwnunwd
nbiw| ywwybpwgnu niubitw] wdpnng hwugnygh Yunnigdwtu b hwywpdwu ybpwpbpjuy,
huswbu twl dwdwuwlywyhg hwrquplywihtu dGennutinh 2unphhy huwpwynp  nununwd
hpwlwuwgub| wjn hwugnygubiph, Ywd, nGunwutph mwpwwnbuwy hwodwpyubip: “Hpwig
dto LU dwnunud nbgnuwluwipt, otipdwihu UL nbtdnpdwghnu  hwodwplubpp, npnug
dhongny wwnq Lt nwnund nbuwpubph L hwugnygutiph pninp Juwuqwynp
hwwndwdubipp: Uunthtinl pninp wuhpwdtion  thnthnfunigynwiutphg hunn uyuynd k
hpwlwu nbunwutph ywunpwundwu gnpdpupwgubpp:

Cwwnlwwbu dep nbwpnd dowyynn denwnp' nw, prwduwqnpyws wnhusu t:
Upwqwgunn Ywnnigwdpubiph nbwwjubpp ppbug wpuwphtu  Gpypwswihniygjudp
hhduwywuntd |hunwd Gu Gpynt mbuwyp'

1. Ynp
2. Minnwuyntu

Upwqguwgunn Yunnigwdpubtiph ywwpwuwnmdwt hwdwp wybih jwiu mwpwénd gunwd
Yinp Bpypwswihnie)niu niuignn nbwnwubpp, puwwuwpwn, wybih tywunwwhwpdwp
E wwupwuwnb) Yinp deinwnwynénhg(6ansarka), npu k| wpwnwnpynud £ dh pwup dbuinp
Gpywpnipjwdp W twpptp npwdwadtph: Uygqpuwlwu opowund hwplwynp £ win Yinp
dawnwnwynénp npnawyh pnnuywdputipny pwdwub) wuhpwdtown swihbpny nbunwubph:
Tw hpwlywuwgynw £ wnmwpwwnbiuwy unngubpny, npnug dhongny huwpwynp k phunwd
Ywuwnwpb] dGwnwnubph ng 2gphwn bwutwlwu Yupned:
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Lwpitwywu nbwwjubph  unwgnuhg hGunn, Jwiujwd dowyynn nbunwubpph
GpYypwswihnyeniuhg, wtwp £ punpt) yepguwlwu dopwynwubph hwdwp twjuwnbuywsd
hwuwnngubipp: Upwgwgunn Yuwnnigwdpubiph wjuwhup nbiwmwutpp, npnup Yuqdywsé Gu
dhwjt - ywnwnwlwu  dwybipunyputiphg, utwywwwlwhwpdwp £ dowlb] fuwnwwnwhu
hwuwngubiph dhongny: AREAL qéwjhu wpwqugnighsh wpwqugunn Junnigwdpubph
hwldwp bwjuwwnbujwsd wynudb nGunwubpp dowyyt| Gu HAAS CNC ST-10 fuwnwwnwjht
hwuwnngh dhongny pbpdwd uywp 2.11-nd, hp mbfuuthyulywu ndjuijubpny:

Pnnugph swih 165 dd

Uwp. dowyynn wpwdwghd 356 ud

Uwp. dowlynn tpy. 460 du

Uwp. wpwgniejnlu 6000wuwn. p.

Stnwywjdwu Gowninieiniu +0,0025 dd

Ypyubhnieyniu +0,0025d4

Qnpdhpubiph pwuwy 24

L. 2.11 HAAS ST-10 juwnwunwihtu hwuwnng hp nbuuhluwywu wndjwijutipny

LY. 2.12 TDC ntignuwwnnph-h punhwuntp W dhouwdwuntd gunugnn wpndhih nbupbipp

Wunwdbuwjuhy, ny pninp dowydwu gnpdpupwgubpp Ywpbh £ hpwlywuwgub
fuwnwwwiht  hwuwnngutiph dhongny: Llwp 2.12-nid ptipqwd £ TDC nbgnuwwnnph
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dnnbp, npu wuhtuwphtu Ep wwuwpwunb] dhwju fuwnwunwiht  hwuwnngh dhongnd,
hwwnwwbu, ntunwh deontnnud ginuynn ypndhp:

Lhwnbwpwp, wjut ywwpwuwndbp b HAAS CNC TM-1P dpbigbpwiht hwuwnngh
dhongny, nph wnbGhuphjuywu wnduwiupp |pndpt pwdwpwpnd G hudbubpwlywu
qéwagpbipny hwunwwnywd pnyunywdputiph hbwn: Lwnp 2.13-nwWd pbpdwéd £ ybpp updwd
hwuwnngh punhwunip wnbupp hp wbuuhyuwlwu ndjwubpny:

Utinwuh Gplwpniejniu 165 dd
Ubinwuh [wjunip)niu 356 dd
UYynuubiph jwjunie)niu 16 dd
Uwp. wpwgnipjniu 6000 wyw. p.
Stnwlwjdwu Gowniniejniu +0,010 dd
YpYubhnieniu +0,005 Jd
Qnpdhpubiph pwuwy 10

LU. 2.13 HAAS TM-1P $pbtigtpwjht hwuwnngh punhwunip wbup hp wnbfuuhjwywu nyjwiutpny

Liwp 2.14-nwd pbipwd £ TDC nbgnuwwnnph wpynwihut bwfuwnpwh ywwnpwunh
ntwnwiubphg deyp, npp gpbeb wdpnnendht wwwnpwuwnyty £ Jepp updwd Spbgtipught
hwuwngh dhongny:

Ll. 2.14 TDC nbignuwwnnph ywunpwuwnh wynuhtub bwfuwwhwh punhwunip wnbupp
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Liwp 2.15-nd pbpwé nbinwih, huswbu twl ufup 2.12-nd ptipdwd dnnbijhg
Gpunw £, np wjn nbwwp wpunwpht tnpwdwgdh Jpw nwh hpwphg 45°-ny 2bnqud
ninnwdéhg 4 wynuubp L Jphdjuughg 180°-nd otinwd 2 ninhn  hwpeniegniuubn:
TYwnwubph wyn Gpyne hwwndwdubpu £ htwpwydnp £ ppwlwuwgub) $pbgbipwhu
hwuwnngh dhongny, uwwju pwuh np nbivnwjutipp wbwnp £ ywunpwuwnt| pwjwlwuphu dGé
Gounnipjwdp, wwyw nw hpwywuwgubine hwdwp wuphwdbon £ {uw'd 3 wnwugpubpny
wofuwwnnn hwuwnnght wybugub) Lu 2-p, Yw'd k| bwfuwgdt) dh pwuh wbuwyh 62gphin
hwpdwpwupubp: Pwgh wpu wwppbpwyubphg huwpwynp £ bwb win  Gpyne
owbpwghwubpp Ywunwpb EGYunpwknnghnt hwuwnngh dhongny:

X, Y, Zw). smhkp 302x220x160 dd

Yupnn (wph npwdwaghd 0.25-0.3dd

Aownnipntu 0.5 dyd
Thwnwih dwp. pw) 500 yg
“Hhalwnphy “Hhnthquigywd onip

LY. 2.15 Charmilles Robofil 2050TW EGlwpwEnnghnt  hwuwnngh punhwunyp wnbup hp
wbjuuhywlwu wnyjwubpny

Ubwnwnubph dowydwtu wyn Gnwuwyh wnwybnyejniubpu Gu  dounnieyniup,
wpwantejniup, dGwnwnh gpbipt wuduwgnpn ogunwgnpdnwip b Yunpnn gnpdhph (jwnh)
wuhwdbdwuin  thnppneynwup: SYjwp  nbwnwubph wuhpwdbon  owbpwghwubpp
hpwlwuwgyt; 6Gu uywp 2.15-nd  wwwybpywd Charmilles Robofil 2050TW
EiGUunpwknnghntu hwuwnngh (hp wkluuhywywu wydjwutpny) dhongny:

Upwqugnigswihu inbluuhywjnd gpbet wdbuwfuhun wwhwugubpp wnpynd tu
Upw Ywqgdh dbe dwnunn nbunwubph, husybu twl Upwug 2powuwjwnnn wdbu hush
dwppnipjwup, wjuhupt' gbpd gwulwgwsd whwh jnintphg, thnong, huswbu uwl
htinniyutiphg: Udtu phus wubiind hwulwunw btup ubbyjwyubph LW upwlug wnwpwdpnd
gunuynn gwulwgwd hwunydwsdh, dwpnyuug hwgnwwmubph U, hwwnwwbu, upwug
atinptiph dwppniejwup: <wpy £ ugb) uwl, np dwpnywug dbnptiph W upwug hwgnwunp
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dwppniginiup Yupblh £ wwwhnybp dhwuqudjw  oquwgnpddwu  dbnungutiph L
hwgnwwnubph oquniygjwdp: dbpp upwd dwppnigjwu wywhwwudwu hwdwp pninp
dhongubipp Yhpwnynud Gu wju dwdwuwy, Gpp win Yuplnp nbGunwutpp wpnbu gunuynwd
Gu qbp dwpnyp Jpbwynud: Lpwug dwppnudp wbnh L nubund  wwpwwnbuwy
tnwuwyubipn W nwdnyputpny, uwlywju hhduwywund upwug YyGpouwlwu dwppnuip
wnbnh £ nwbunWd gbipdwjuwiht Juwutwubpnud: AREAL qéwjhu wpwgqugnigsh wnudab
wpwaqwgunn Yunnigwédpubiph, TDC ntignuwwnph, huswbu twl duwgwéd pninp Yuplinp
nGwnwutph nt hwugnygubph dwppnwip hpwywuwgyb) § gbpdwjuwhu Juutwnud:
Upwguwgunn Yunnigwdpubiph nbunwubpu nubu pwdwlwuptu nipg  wwhwugubp'
Ywwywd dwybpunyeh dwppnigjwu b swihbph 6onnyejuu htin, huswtiu bwl tnkfuuhYwh
qupgquwgdwl htitn dJhwuht wyn ywhwugubipp unyuwbu pwpdpwund Gu: <Ginlwpwn,
swithhs uwppwynpnwiutipp unyuwbu wbwp £ hwdwwywunwufuwubt b unyuhuly d6Y puy
' wybih wnwye wbwp £ gunuygbu, pwt win nbnwubph wbfuuplulwu ywhwugubpu Gu:
Qnjnipyntu niutignn wpwaqwgunn Yuwnnigywdpubiph nbivnmwjutph hhduwlywu wuhpwdtion
swihnwiubpp hnlywubpu Gu'

1. Spwdwagdtph swihnid

2. hunpnyeynwiutiph W hwuwnniegyniuubiph swthnd

3. Cwnwyhnubph U Gpiuwyubph swihnd

4. Uwybpunypubiph qnigwhbinniejwu, ninnwhwjwgnipjwu, hwdwnwugpnygjuu W
dwppnypjwu swithndubin:

Jdbpp Updwé wwpwdbinpbpp huwpwynp £ swiht) dhwju d6Y uwppwynpdwu dhongnd,
uwlwjt  winwhuh  uwppwynpnudubipt nubt - wuhwdbdwwn  dG6 wpdbtip:  Wuwhup
swhnwubpp  Ywpbh £ ppwlwuwgul]  Yphpwnbind  nwpwnbuwly  swithhs
uwppwynpnidubtin: Mnuédbt nbwnwubph, ptswbu twl Lwpwnbuwy thnpdwudniutiph
wnpwdwgdtinh, dwybipnyputinh gniqwhbnnipju, nunnwhwjwgntejwu W
hwdwnwugpnipjwt swihdwu hwdwp ogunwgnpdyt £ uwp 2.16-nwd ptipwd Renishaw

swithhg uwppwynpnudp:
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LY. 2.17 Upwdnnwjhtu btipyotipn wpwgugunn Yunnigwodph thnpéwpwpwlwu hwugnygh
nGuwubpp

Uwybpunypubph  dwppnipjuu,  wjhuptupt'  funpnnipnpnngquit swihnwdubipp
hwpwywuwgytight  uywp 2.17-nd - wwuwlbpdwd wnusdt nbwwubpph(tpytipn
wpwaqwgunn Ywnnigwdph thnpdwpwpwywtu hwugnygh nbunwubp) Jpw, b swihhs
uwppwynpdwt punhwunip wnbupp pbpdwd £ ufwp 2.18-nwd, hp  wnbuuhywywu
wwpwdbwnpbpny:

Ljwp  2.17-nd wwwlbpwd  wnudt  nbwwubph  dwybpunypubiph
funpnnipnpinipjw wpryniuplipp gnyg  wybkight, np $pliqtipwih detuwuplulwu
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dowynwhg hbwnn  hutwpwynp £ unwtw] dh wjuwyhuh  dwlybplunye, npp
funpnnipnpnnieyniup - wwwnwuynwd £ Ra-u=0,05dyd -hg dhusk 0,1dyd  (Ywlujwd
$ptgbipwhtu Jowydwu nbdhdubph  puwpnieinuphg):  dbpp  Updwd  swihnwdubiph
wpryntupubipp pipdwé Gu uwp 2.19-nwd:

Uywuwynpdwt tpYy. wnpp. 30 dd

XP-100

Ttwnwih hwuwnniejniu 20 dd

Uwnwunwpun fungnpugnid 100 x

Quithhy wubinh gwnwyhn 2.5dyd
2uithhs wubinh nidh whp. | 0.05-10 dg

L. 2.18 AMBIOS XP-100 wpn$pndtunp hp nbjuuphyuywu ngjwijutipny

| Databispoy =1E1x]
File Edit Tools Help
NANOMETER  File Name: [[BLK)XP Data.dat | M TestTime 015413 Number of data Points: 4,371 lllleali e
Z: (NANOMETER) 290
Test Date: 11-08-2004
600 —y E i~ Cursors
: t | R X863
z 12
¥ : W 75
w0 - ;
- L | M % [s0
1 : z 345
W 75
20— | Dehatwidth: 9888

Delta Height: 457

e Mh i ,.;Wlu J e

0 17 )
4 [ | [ [ " Least Squares Fit
b b | ¢ Auto Level - Fized
: " Auto Level - Step
200 — by Level Data I
j B | § - StenDetect
Cursor Set 1 : 3 Step Detect I
-400 — Ra [raw): 108 . 55| [nm) 3 :
: Rt (Pk-Vly): 847 47) (nm) § Srplip?
q % RawData
Print | b € Filtered Data
— ] ¢ Both

-600 —I. ' | | Comments Save | | | | | : |
0.0 100.0 200.0 600.0 700.0 800.0 900.0 1,000

MICRON
e . = Reload Refresh
Left-Mouse Right Mouse Raw Data Display
Click and drag Menu

LY. 2.19 Mnuéb nbwnwjutiph dwytiplinypwiht dwppnijwu swithnwdubph wpryntupubipp

Upwqwgunn Yunnigwépubph nGunwubph wwuwpwudwu b pninp swhnudubph
hpwywuwgdwu gnpdpupwght hwonpnnd £ upwug dhwgdwu wpngbup, npp Yw'd
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hpwywuwgynd £ wnudh hwdwp pubpwn qugbph dhowdwjpnud, Yw'd k' Juyninwwhu
dhowdwypnud: dwyninwdp b hubpn quqgbpp wubhpwdbionn Gu wnudb nbunwutipp
dhwgdwup, pwuph np ybpghtuubipu nwpwgdwu dwdwuwy opuhnwuntd Gu, npu ninnwyh
wupnywwpbh b wpwqwugunn Junnigwdpubph wwwnpwundwu hwdwp: dbpp tpdwd
nGwwutph npwyw| dhwgdwu hwdwp wuhpwdbtion £, np nn9 wpngbtiup dwdwuwy
fughynd  wwhwwuyh 5x10° dJdPwp-hg ny wybp Jwyninwdph  dwlwpnwyp:
Lhwmwgnunnipiniuutiph W ndhdubiph puunpdwu pninp w2luwwnwupubipp hpwywuwgyb) Gu
hnphgnuwywu Juyninwdwiht wnwpwund, nph dhongny pninp dhwgdwtu wpngbuubipp
Ywwnwnybi| tu 2x10° JPwp Juyninwdnid, huly vwnbigdwu wypngbuubipp hpwlwugyti tiu
2x107 dPwp quyninwdnid: Lojwd Jwynudnwdwjhu yunwpwuh punhwunip wnbupp pbpdué
E uuwp 2.20-nud" hp nbfuuhywywu nyjwjubpny:

Uwp. stpdwunmhtwu 2000°C
Jwyninudh uwhdwu 1x107 dPwp
Swpwgnighgutiph ujnie Ynipwd
Swpuwgnighsutiph wnpwd. 6 Ud
Lgnpnipntu 35 Ydwn
Jwyninwdwjhu fughyhs. | 250x250x400 du

LY. 2.20 Ywyninidwihtu hnphgnuwlwu Jwnwpwu hp wnbuuhlwlwu wnydjwiubpny

Lwuph np dbpp UJwd  Juyninwdwihu Junwpwuh  fughlyh  ninnueinup
hnphgnuwywu k, www pninp hGnmwgnunwwtu w2fuwnwupubipp, npnup huwpwynp skp
hpwywuwgub] win Junwpwunud, Yuwwwpytight ufwnp 2.21-nd pbipdwd ninnuhwjwg

tnyrughlwuh wnwpwuh dhongny(pp wbfuthlulwt wywiptpny): Gpyne fughlutiph
wnlwjnieiniup pwywywuht wpwgwgund £ punhwunip hGinwgnuuljwu wpnyntuputiph
uinwgnup, pwuh np dby fughynd hpwlywuwgynn obipdwihu  thnpdh dwdwtwly
huwpwynpnieginiu Yw GpYypnpn fughyht wdpnnonyht bwjuwwwwnpwuwntp Yuwjwuwihp
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w2fuwwnwupubiphu: Wuhupt, nbwwubp nbnunpb) fjughyh ubpunw, Yuwwwpbp pninp
wuhpwdtionn Ywpqwynpnwdubipp, huswybu bwb unwuw] wuhpwdtion Juyninid:

Uwp. Jdwynwndh Swpuwgnig. Swpuwgnig. Lanpnipyniu | lughyh
LQbEpdwunphtwt | uwhdw hwuwnyniu | ujnye swithbp
1500°C 1x107 JPwp | 0.7 dd dnihpnbl 18 4dun 250x400 Jd

LY. 2.21 pylughywuh Juynintdwihu Junwpwu hp wnbfuuthjwywu ndjuiubpny

Lhwnwgnunieiniutubph hwdwp qnnwujnyetpp, hhduwywunw, oquwagnpdyt; Gu
lwph Ywd uppwpehptinh wbupny, uwlwju nwnuuwuppdl) B twb Juynindwihu
thnptidwoélydwu dbpnnny unwgywsd swwn pwpwl 2tpntiph dhongny qnndwt wpngbup:
Wn dbpennh dhongny huwpwynp £ nwnund unwuw| dhohup 0,1-5 dyd hwuwnnypjwu
2tipntip, npnug  dhongny £ Yupbih  Yihth  hpwlwuwgut) wnudb  nbuwiubph
quyninwdwyhtu gnnnud: dwyninidwihtu thnotidwéydwu dbennny hpwlywuwgyb) tu twl
dhwdnnwjhtu  bGpYyotpnn  wpwqwgunn  Yunnigwdph  hwdwp  wuhpwdton  npng
htiinwgnunieiniuutip, b dowyyb| £ wbfuuninghw wnudt hwpe thnpdwudnwubph Yypw
gbipdwuhnuwh hwdwubin 2t6pun unwuwnt hwdwnp (Cu-Ge) [73]:
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Liwp 2.22-nwd pbpJwd £ hGnwgnunne)niuubph hwdwp dnnbnupqugywé UVN-
71P3 Jwyninwwihu thnpbdwdydwu uwppwynpnudp' hp wnbfuuhyulwu ndywiubpny:

Swpwwnbuwly thnpédwpwpwlwu hbwmwgnunnieinwitubph hwdwp oquuwgnpdyt &
twl  Jwynindwihtt gqnndwt b Jwyninwdwiht  nhdnighnt Gnwygdwu  dbGYy  wy
uwppwynpnid(uywp 2.23) [74,75] lu, npu wdpnnonyhtu bwfjuwagdyb) nt ywwnpwuwnyby §
LGun| upuppnupnuwihu  hGunwgnunieniuuiph  huunpunnunnd: - Uwppwynpnidp
hwdwpwd L gbppwpdp Jwyninwwiht  unwunwpwnubpht  hwdwwywwnwufuwunn
quyninwdwihtu hwdwywnpgbpny, huswybu twb gnndwu b nhdynighnt Gnwygdwu
tnwuwyubph hwdwp wuhpwdton nidwhu hwdwywnpgny: Wu twb hwdwipqwsd £ ybpp
Upqwd  hwdwlwpgbph wwpwdbnpbph  swihhs  uwppwynpnwubpny'  nhuwdndbup,
quyninwwswih W wyju:

Ujnyebiph nmwp. | ‘Hanwiutph wwp. | Ywyninwh Fughyh Luwr
otpdwuwnhtwu otipdwuwnhtwu uwhdwu swithbp
1700°C 300°C 1x10¢ dPwp | 500x700 dd | 1500yq

LY. 2.22 UVN-71P3 Juynintdwjht thnpbdwdydwu uwppwynpnid hp inbjuuhyuywu indjwijutipny
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Lynipbiph wnwp. Jdwlynunwdp Swpwgnighsh | hughyh swihbp Lup
otipdwunhbw uwhdwu nhuy
1500 1x10° JPwp hunniywnn 500x500 dd 1200 yg

LY. 2.23 dwyninidwihu gnndwtu b nh$nighnu Gnwygdwu uvwppwynpnd hp nbuuhyuwlwu
wyjwiubpny

dbpp updwd Juynindwihu uwppwynpnudubipnd pninp gnpdpupwgutipp Ywiujwd tu
qwyninwiph  wwpwdbwpbphg U wju  hwugqwdwuphg, Rt huswhuh  Jwynindwihu
hwdwywngbpny £ hwdwpdwsd nydjw) uwppwynpnidp:
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Jdwynindwihtu wnmwpnnnigjniuutpnd Jwyninwh uinbindnuwp Yupbh £ hpwlwuwgub
Gpynt hhduwwu nwuwlubpny [76]:

1. Qwqbph htnwgnup Juyninwwihu fughyhg, Yhpwntiny nwpptip uyqpniupubpny
w2fuwwnnn Juwynwindwiht yndwbip:

2. Quwqbpph hGnwgnup Jwyninwdwihtu fughyh punhwunyp dwywihg, nygjw) qugh
dniGYnyubpp  Jwyninwdwihu fughyp  wwwbipp  dwybpunypubpht  Juwbnt
wnryntupnid:

Jdwynindwipu fughyubpnid  Jwyninwdp  unbnddwt  wnwohtu  tnwuwyp
hpwlywuwgynwd £ ndjw; fughyhg quqgbiph dwu-dwu hbnwgdwu wprynupnud: Uju
pninp wndwbipp, npnug oquniejwidp Yuwptih £ Julyninidwiht fughlubiphg quqtipp
htnwgut  wpuwpht  dhowydwjp, wfuwwnnd  Gu  Jdhwyu  dEuwuhlulwu
uygpniuputipnd U Yngynud Gu dwydwjwipt Juwynindwihu wyndwbip: 2Ggnp quqbtiph
dniGynyubpp Juyninwdwht fughyhg wupunhwun hbnwgubnt hwdwp wuhpwdboun k
niuGuw| dwpdhu, npp doanwwbu YYwuh L Yninnnpnh wyn quqgbiph dniynyubpp
hwlwwwwwuluwu gwuywih ninnneynuttpnyg: Wnwhuph nipnnpnnn dwpdhubp
Ywpnn Gu hwunhuwtw] wupunhwwn 2wpdynn whun dwybplnypubpp, Yuwd,
hwldwwwwwuuwt pwnunpnieginu ntuignn hbinnyubiph, gninp2htuph LW quqbiph
hnuptipp:  dwyninwdwjht  fughynw  gninyeynu niubignn - quigbiph dnjynyutipp,
hwpywdtiind whun dwpdhuubph dwybpunypubphu, dtnp Gu pbpnud wuhpwdtion
ninnijwdp hwdwwywwnwufuwt Jwwpnwyh wpwgnieginiuubp, nph wpryniupnd
huwpwynpnieiniu £ unbndynid npwup htnwgub| yuwyninwwhtu fughyubiphg:

Wu dbuwupyuwywu  wndwbipp, npnug  wofuwwnwupp  hhdujwd £ whun
dwybpunyeht quqgbph dniGynyubph hwpjwdutipn upwug hbnwgdwdp, Ynsynid Gu
hnuwjht yndwtip:

Wu Jwyninwdwjht yndwbpp, npnug wpfuwwnwupp hphdujwéd £ fughyubipnid
qwyninwp unwgdwu Gpypnpn nwuwyh Yypw, Ynsynd Gu unppghnt yndwbip: Swqbkipp
unppghnu yndwbipnud Ywpnn tu Juwudb] gbunwnbpubph oqunyejwdp, huswybu uwl
uwnbigynn dwytipnypubph ypw unppgdwu b Ynunbiuwgdwu dhongny:

60



Jwyninwdwihu - wyndwbiph  hpduwywu punipwagphs  hwunynyeyniuutiphg  dbyp
hwunhuwunw £ wyndwyh pwodwt wpwgnyegniup (yndwh wpwqugnpdnieginiup) S, npp
hptuhg ubpywjwgunud £ dhwynp dwdwuwywdhongnid yndwh Ynnihg wpwnwdynn qugh
Swywip (Y, u?/d) [77]:

Shunniejwu b inbfuuhlwih qupqugdwu hbwn dGlyuntn Juynindwhtu wnbluuhYuynd
Yphpwnynn wyndwbtpp wybh Gu uwwmwpbjwgnpdynwd, b unbindynwd Gu unpbipp, npnup
hpGug hwuwnynyeinwutipny huwpwynpnientt Gu wwhu unwuw] b wwwhnygb] 2wwn
pwpap dwlwpnwyh Juynwnwd:

JYwyninwwihu wndwbiph 6hown punpnigjuu hwdwnp wuhpwdtion £ hwoyh wnub)
pninp hwugquwdwupubpp, npnup wnpusynd Bu pE ndjw] wyndwbph wofuwnwupwihu
wwpdwuubph  wnwuduwhwwlyneyniuubpht bW pE Jwyninwdwihu  fughyubiph
puniewagnbiphu:

LYwhudwsd Juynindwyhtu fughyubpnud Juwyninwh dwwpnwyhg b dwdwihg' Yuwpnn
Gu ogwwgnpdyt wnwpptp nbuwyh JwyninwWwhtu wndwbip: Pwpdp b gbippwpap
qwyninwwjhtu fughyubipnd hwdwwwwnwufuwu pwnép dwwpnwyh Juynind unwuwint
hwdwp fughyutiphg qugtipp hnwgunud Gu Jdph pwup nbuwyh Juyninwwihu wyndwbiph
oqunipjwdp, pwuh np dJdhush wydd gnnggniu sniubt - wyjbwyhup  wprynwwybn
qwyninwwihtu wndwbip, npnup huwpwynpnyeinu Yuwu dpuninpunwhu duonidhg dhush
gbippwpép Juwyninwd unwtwi:

Jwyninwdwihu wndwbph punpnigjwt dwdwuwly Yuplnpwgnyu wwjdwuubiphg
U hwunhuwund twl Jwynindwjht fughlubph w2fuwwnwupw)ht ywyjdwuubnp:

Pwpdp b gbppwpép Juyninwd unwtwnt hwdwp d6é bpwuwynieginu niuh twl
wju  hwuqwdwupp, np  Jwyninwh  unwgdwt  nipupwbtsing dwwpnuynd
ogwnwagnnpdynn wndwp uwmbtindh wjuwyhup wyninwd, npp htwpwynp Yihuh hwonpn
dwlwpnwyh quyninwdwihu wyndwh oquniejwdp wybkih pwpdpwgub:

Lhgpwynpywd  dwuuhlubph  wpwqguwgnighsubpnud  Yhpwnynd  Gu pwpép
wnryniuwybnnie)nit, wuywmwugnieiniu, wywnndwwnwgnd b hbown uywuwnpynid niubkignn
quyninwdwihu - wyndwbp: Pwpdp L gbppwpép Jwynind unwtwint hwdwp  J6o
Yhpwnbhnieginiu Gu gk tinippndn|GYnywyhtu, hnuwjhtu b Yphngbu wndwbipp:
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SnippndniGynywiht wndwbipp  hptiug dbe  ubpgpwydnd  Gu  dniGYnyubph
ubpgpwydwtu b wnwugpwihu Yndwpbunputiph uygpniuputipp [78]: “tpw hbuin dblyunkin
wndwp pungpynn nnnnpp Ywqdnn Ybwnbpp nwbu  dnjlBynyuwihupht dnin géwjhu
wpwgntejniuutip (4300/4): Un wwwbwnny wjuwhuh wyndwbiph wnwugpubpp wbwp §
wuwndtu  10000-60000ww/p  wpwgnypjudp'  Ywiujwd  wyndwh  wnpwdwgdhg:
Snippndn|GYnywiht wndwbpp, hwdbtdwwnwd w)| gippwnép ywyninwwiht wndwbph htiun
niutu Jh owpp wnwybinieginiutbp: Wuwhuh yndwbtipp odindwé tu wpwaq pnnupydwdp
(10-15n), vonwwbu wywwnpwuwn Gu wofuwnwupht, punniuwy GU wofuwwnb) Guonwiutipp
Yupny thnthnfuneniutph wwydwuubpnud, Ywpnn Gu woluwwnb] woluwwnmwupw)hu
6updwu  wyu  uwhdwutbpnud (102-10° JPwp) qugbpph JdGdwdwutnyeuu hwdwn
niuGuwn Jdnunwynpwwbiu Jdhulunyu  wpunwnpnnuywungeniup:  SnippndniGyniwihu
wndwbpp  ppbughg  UGpYwjwgund  BU wpwluwphynpbu  wunn wyndwbp:
Snippndn|GYnywihtu wndwbiph puntewagphs hwwnyniegyniuutiph ypw fwwbiuv wqnbgniyeniu
Gu nwbund hGbwpwuwhu hwugnygubipp: Uju whwyh wndwbipnd hGuwpwuwhu
hwugnygutipp  Ywpnn Gu  Ywquwd |pub] wnwugpwlwiubphg, Jwquhuwywu
htuwpwuubiphg U onwjhu pwpdhlyubphg: Snippndnitynywiht yndwbiph wpnynituwybivn L
Gpywpwunle uywuwplydwtu hwdwp wuhpwdbon £ wu ennupytbp dhwjt bwutwlwu
quynwindh wnjwjnygjwt ywjdwutbpnud, npp wwhwugynn dwwpnwyp Ywhuws &
wnyjw| nnippndniGyniwiht yndwh hwnynyeyntutbphg:

Qbppwpdp Juyninwd unnwbtwint hwdwp d6d Yhpwnbihnyginiu Gu gk twl
Yphngbuwjht wndwbipp [78]: Yphngbuwjht wndwbph wofuwwnwuph uygpniuph Enieyniup
Ywjwunwd £ wju wqunn dwytiplnyputiph ypw qugbtiph W gninpphubiph wnunppwgdwu b
Ynunbuwgdwu dbty, npnug 9tipdwuwmhbwup qquihnpbu gwdn £ opowlw dhowywiph
obpdwuwnhtwuhg: Swqgbph dnjGynyubipp, hwpdwétin winwhuh dwybplnypubphu,
Ywwynw tu npwug htwn: Yphngbuwihu wndwbipp wnweohtu htippht ogwnwgnpdynid Gu
owwn pwnpdp Jwynind unwuwint hwdwp: Cunhwupwwbu, Yphngbuwiht wyndwbpp
w2fuwwnbgunud tu wju nbwpbpnw, Gpp wndju Juyninwwihu  fughyubpnd  wpnbu
unbndjwsd £ pwdwlwupu pwpép dwlwpnuyp quynind' wy; yndwbph woluwwnmwuphg
htGwnn  (nh$nighnt, hnuuwpt): Yppngbuwiht  wndwbph Ynuuwpniyghwt hpbiuhg
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ubpywjwgund £ wwpw, npu nwh dGé dwybpunypeny dwyw| b Gpywyh wywwnbp, npnug
dbto quuynd Gu Yphngbu hGnnwyubipp: Wn htnnwyubipp gninghwgdwtu hbuin dbywnkn
dwdwuwly wn dwdwuwy |pwgynwd Gu: Yphndwpdhuttph gnin2hwgdwu dwlwpnwlyubpp
thnppwgubiint hwdwp ogquwgnpdnud Gu uwnbgynn Eypwuubip wpwnwphu dhowywphg
otipdwhnupbipp Ywupubint hwdwp:

hnuwjhu wndwbpp, huswybu W Ypnhnwndwbipp, ogunwgnpdnud tu dhwyju npnpwyh
dwwpnwyh twptwywu Jwyninwdh wnwjnpjuiu ywypdwuubpnud: Geb  hntwjhu
wndwbpp gnpdwplybt wnwug Lwputwlwu Jwyninwh unbnddwl, www Upwlg
rhrbnutpp 2w Ywpd dwdwuwlywhwnywoénd Yhwqgbuwu U onun 2wpphg nnipu Yguu
[78]:
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LNk 3. SElLNLNGPULUL GNPOLLAEUSLEND
<Uuc4uryu3ntv u enraururdudu

<6SURNSNkf@3NhLLLN

3.1 <tnniy thnynud dhwgnidubph unwgdwu hnmwgnnnipyniuubp

2nnnw £ Ynsynwd  dhowwnndwiht Ywwbipn Jdhwgnienittubph wnwowgndp
wmwpwgdwt dhongny, npp hpwlwuwgynud  gnnwujnysh oqunyejwdp: Ybkipohtuu, ppotiiny
nGwwutph dhwgynn dwybipnyputinp, |gynd £ pwgwyh dby, npntin k| wntinh £ niubunwd
Upw  pnipGnugndp: - LepQuwynwu  gnnnudp . hwunhuwund £ dwdwuwlwyhg
wpuwnpnijwu  dbe  spwunynn  dhwgniyeyniutbph unwgdwu - wdbbwnwpwdywd
Gnwuwyp [56]: Rnndwu wdtuwlwplnp wnwybnuejniut £ wju hwuqwdwupp, np
dhwgdwt Ywpp duwynpynid £ dhwgynn dbinwnubiph hwdwtu 9bpdwunpéwuhg gwdn
oipdwuwnpbwuntd: Fw huwpwynpnigyniu £ viwihu hpwlwuwgub’

e Udbyhg wybih nbwnwutph dhwdwdwuwlyjw gnnnid,

e nbwwutiph nddwp hwuwubh mhpnyputph gnnntd,

e pwpwywwwuwn nbunwjubph qnnnud,

e wnwpwwnbuwl dGunwnubtiph b ngdtiinwnutiph gnnnid,

e gnnywsd nbwnwubph wugwwnnd' gnnwndwu Jhongny:

Lwuh np gnndwu gnpdpupwgp hpwywuwgynud £ dhwgynn dGnmwnubph unjhnniuhg
gwop otipdwuwnhbwuwiht ywjdwuubpnwd, www gnnynn dGwnwnubph hwinud wnbnh sh
niubunw: Uwywju qnnynn dbwnwnp othynid £ gnnuunyeh htin, npp quudnud £ hbnniy
bwqwihu  dpbwynwd: Upryniupnid gnnynn  dbwnwnp W gnnwujniep, npnup  nwibu
phdphwlwu udwunieiniu, hptuhg ubpywjwgunwd k£ ny hwjwuwpwyshn hwdwlwng, pwup
np Upwug uwhdwuntd gnjnyeintu ntuh Eubpghwjh W funniejwu gpwnhtuwm [56]:

Cuwn gnnwuynysh hnuph puntwagph gnjnieintt nlubiu Ywehjwiht (pwgwyh jwjunyentu
<0,5dd ) b ny Ywpehjwhtu (pwgwyh jwjunyenu > 0,5dd) gnnnud: Ywehjwihu gnndwu
nbwpnwd pwgwyp gnnwunieny |gynwd £ Yuehjwiht nidtiph wgnbgnygjwt wnwly: N
Ywphjwiht gnndwu nbwypnwd pwgwyp gnnwunyeny (gdwu wpngbup  huwpwynp k
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nwnund  hpwlwuwgul]  gpwdpunwghwih, ns  uphwhuph nbwpnd'  pugwynid
pwgwuwywu duodwu, LiGYwnpwdwquhuwlwu W wy nidbph wgnbigniejwu 2unphpy [56]:

2nndwu gnpdpupwgh hwonn hpwwuwgdwu hwdwnp wnwolwihu thwuwnbphg dtlyu
E hwunhuwund qnnynn dGwnwnubph gnnuunyeh  ppotijhnyejwu  wuwnpbéwup, npp
Ywfudwé E dh owpp hwuqwdwupubiphg: Lwuh np htinnwy ypdwynud gunuynn gnnwiujniep
prponw £ dhwgynn nbwnwubph dhwju dwpnip dwybplnypubinp, wwyw upwug gnnbinig
wnwy Ywplnpwgnyu fuunpp £ hwdwpynw win dwybiplnyputiph twfuwwwunpwunnudp
gnnidwu  gnpdpupwghtu: “Hpwughg wdbuwguwynpu £ hwunhuwund  gnnynn
dwybpunyputinh L htnny gnnwunyeh phghljwlywu Ynunmwlwnh wwwhnydnwip, npp
hhduwlwund phpwywugynd £ opuhnwjht gtipinh hGnwgdwu dhongny: dhghlwlwu
Ynuwmwlwnph wwwhnydwtu hwdwp wthpwdbtionn £ twlb wwhwwub] nGunwubpp
hudtubpwywu qdéwagptipn uwhdwudwsd pwnédp ywhwugubinp, npnughg tu dwytiplinyeh
dwppneniup, hwppwjunyentup (flatness) W wjju: 2nnwuinyeh ppobtijhnyejwu wuwnpbwup
Ywhuqws £ twl gnndwtu gnpdpupwgh dwdwuwlw-9stpdwunphbwuwihu ntidhdubiphg:
dbipp updwd pninp ywydwuubiph ywhwwunwhg £ Ywhudws, b huswhuh ppobihnientu
Yunwgyh  wpryniupnud®  phy - epgbithnieiniu,  pph - epetihnueyn,  huswbu - twl
sppothnentu: <bnniy wquynd gunuynn gnnwujnysh hnupp nbwyh pwgwy uluynid £
wudhowwbu ybpohuhu hwinwhg htiwn, b qnnwunysh epobiihniejwu hwunynyentuhg &
hwwnjwwbu Ywhujwd ninnwhwjwg Ywpehjwht pwgwyutiph gnnwunyeny  |gybint
hwywuwlwunigynwup: Uwlwity wjiu Ywhujwsé £ twb pwgwyh (wjunygyut  swihh
punpnientuhg unyuwbiu: <wply £ uwb ok, np gnnwuinysh epobiihniejwu pwpdpwgdwu
L Ywphwhtu pwgwyh swihuh thnppugdwt wprynipnd dGdwund £ gnnwujnysh
pwpapwuwint swihp [56]:

Mnuédh U hwwnywwbu wpwqwgunn Ywnnigwdpubiph  wwwpwuwndwt  hwdwp
whuwwunbujwsd prywduwgnpyywsd wynudh hwdwp 2wwn Ywplnp nbp b juwunnd gnndw
nwuwyh U nkdhdubph puwnpnieniup’ Glubing htunlyw) hwugqwdwupubphg .

e opuhnubtiph phdphwlwu Yuyniunyeiniu
e rynipwagnnp2hwgnn dGinwnubph ywpniiwyniejniu(ghuy, Ywndhnw, dwugqwu W
wj(u)
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e 9pwdluwihu thfupniunye)niu
e gnnuwujniebph htiun dhoubinwnwdhwgnipjniuutiph Ywqubihnyejwu
huwpwynpniejnLu

Mnudh dwybpunypwihtu 2Gpunh undnpuljwu opuhnwgnuip onnd hhduwlwuntd

wnbinh £ niubunud pun htnlyw| hwwuwpdwi'
2Cu + 02+ H,0 + CO = (CuOH),CO3 (3.1)

Onnul SO2-h wwpnwwybnt nbwpnid gniquhbin Yupnn § pupwuw) hbunlyw) nbwyghwt!'

8Cu + 502+ Hy0 + SO; = 2(Cu SO, - 3Cu(OH),) (3.2)
HoS-h wnywiniejwu dwdwuwl CusS-hg b CuS-hg gnjuuntd £ ul pwnwue: Mnudh qgquwih
thnfuwgntignieiniup pRYwduh htitn wbinh £ niubunwd 200°C-hg U pupwund t hnlyw;
ujubdwind' Cu — Cu,0 — CuO: Mnuah CuO opuhnp uyunud £ gnjuitw| dhwju Cu,0
opuhnh pwywlwuwswih hwuwnnyejuu(>0.25dyd) nbwpnwd: Mnudh opuhnwgdwl
Uwhuuwywu thnyp pwywlwupt nddwp £ uluwnb|, pwuh np Cu20 opuhnp gnyuny 2wwn
phs £ nmwppbpynud wnudhg: Uwywju CuO opuphnp pwywlwupt Yuyntu £, b upw tnpnhnudp
Cu20-h b Cu-h ufuynud £ 800°C-hg, huly dwpnip prywduph dhowduwjpnid' 1100°C [56]:

Pwqdwpehy hbunwgnunnyeiniuubph wpryniupnd hwynuh £ nupdb, np 20°C-h
nbwpnud  dnunwynpwwbtiu 3 pnwbh pUupwgpnd  wnudh opuhnwgywd pwnwlurh
hwuwnniejniup - Ywaqdnwd £ 0,002 dyd, U wnwhuh dwybpunyeny rynippwhwy
gnnwujniyetpny gnndwu wpngtiup gpbet wuhuwpht £ nwnunw: <wply £ uwb ok, np
wnuéh opupnwgdwu pwnwuph wbéh wpwagnEnup Ywjuws L vnwpwgdwu
otipdwuwnphbwuhg U wnbinnnipyniuhg: 495°C 9ipdwuwnphbwuh nbwpnwd dnunwynpuwbu 1
htitnn opuhnwgdwt 2tipinh hwuwnnyeniup hwutunwd £ 1,8dyd, dnunwynpwwtiu S04py
htwnn' 5ydy, huy 704 htwnn 17d4d [56]:

Qnjnyeyntu. niubu gwodpobpdwuwnpbwuwhu b pwpdpobipdwunmhbwuwihu
quyninwdwihu gnndwt Gnwuwlubp, L huswybu hwjnup k, upwig obipdwunhéwuwjhu
pwdwudwt uwhdwut £ hwnhuwund 450°C-p: U sbpdwunhbwuwiht  uwhdwup
hwunhuwunw £ pwwn Ywplnp hwuqwdwup, pwuh np gwdépstipdwunphbwuwhu L
pwpdpotipdwunhbwuwihu  Juyninwdwihtu qnndwtu  hwdwp  wuhpwdbon  odwunwy
ynebpp U hwpdwpwupubpp  (hndptu wwppbpdnd Bu: Ypwughg B Juyninwp
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wwhwugubipp b Juwyninwwjhu uwppwynpnudubipp, ndju| spdwunphbwut wwywhnybnt
wmwpwgnighsubipp, uwntgdwu hwdwywnqgbpp, biGYunpwlwu uwppwynpnidutipp, huswbu
Uwl oGpdwunhbwuwihu daynwpsubiph dup L tyneh wnbuwyp [56]:

Jdbpp  upqwd nbdhdubiph  puwpniyeiniuhg, huswybu twb  wndjw);  hwugnygh
nbluuhyulywtu wwhwugubiphg Ywjuqwsé k, pb hus wnbuwyh W duh wbtwp L |pup
gnnwujniep:  Mnudt wpwgqwgunn  Junnigwdpubph  wywwpwundwt  hwdwp
oglnwgnpdynn gnnwunyetiph  wbuwlubpp pwqdwpehy Gu, pun  Yphpwnbihnyejwi,
Gpypwswihwlwu auh, unyebtph, puswbu twl dh 2wpp dhghlywdbuwuhyulwu
hwwnynienitubiph: <hduwlwunwd gnnwujnyebpp pwdwuynw Gu Gpynt inbuwyh puwnn
wwwpwundwu  wnbuwlyp’  wwwpwunh  gnpuungebp W gnnuiunyebp,  npnup
Ywqdwynpynd Gu gnndwu wpngtiuh pupwgpnw: Upwqugnigswihu nbuuhywynd L,
punwupwwbu, nno dhptuwshunyeyniund wybh (wju nmwpwsénw Gu qunbip Wwuinpwuwnh
qnnwniebipp, npnup hpwphg wiwppbpydnd Gu hbnlyw| hwunynieyniiubpny’

e hwjdwu obipdwunhbwuwihu wnhpnyeny

e woluwwmwupwihtu sipdwuwnhtwuny

e hhduwywt Ywd wybh hwgwgjniin Yndwynubuwnny
e wuwuwupwuwndwlu inbluuninghwjny

2nnuwuinyeh hwidwu sGpdwunmhbwuwjht wimhpnyep, npp 2wwn uplnp nbp £ fuwnnd,

ntuh hp uhygpu  (unjhnnw) nt wywpwp(ihyyhnnw): Cun gnnwunyetph  hwdwu
obpdwunhbwuwhu whpnyph, upwup bu pwdwuynd Gu hbnlyw) fudpbph’

e owuwn gwdp sbpdwunhbwunwd hwynn - Th <145°C

e rmynipwhuwy -145°C < T, £ 450°C

e dhohu opdwunhbwuntd hwiynn - - 450°C < T, <1100°C
e pwndp obpdwunmhbwunid hwynn -1100°C < T, < 1850°C
e ndjwpwhwy - Th > 1850°C

Lbpywynwu  gnnwunyetiph  |Gghpwgdwt  wpryniupnd  htwpwynp £ nununud
pwpdpwguby upwug dh 2wpp $hghlwibfuwuplwlywu hwwnynyggniuubpp’ wdpniegniup,
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EiGywpwhwnnpnuywunyeniup,  gwoép  obipdwyhu  punwpdwydwu  gnpdwyhgp,
dwquhuwywunyeyniup b wyju:  <pduwlwunwd, wynudt wpwqwugunn Yunnigwdpubiph
wwuwpwudwu  hwdwp  ogwwgnpdynn  qnnwujnyetipp, puwn  hpbug  hwdwu
oipdwuwnhbwuh, Ywpblh b pwdwub) Gpyne fudpph' rynipwhw b nddupwhw: Mnudk
Ywnnigywdpubip wwwpwuwnbint hwdwp  nynipwhw|  gnnwunyetipp,  hhduwywunid,
Yhpwnynwd Gu odwunuwly nbwnwutph, Ywd, hwugnygubiph, opphuwy wnudt hnjwgdwu
funnnwlyutiph gnndwu, hwdwp: Logwd hwugnygubph gqnnwunyebiph punpniejwu
hwdwp 2w Ywpunp hwuqwdwup £ hwunhuwund, pE hus obipdwunhbwuwjhu
wwjdwuubpnud & owhwagnpdytiint  wndyw| hwugnygp:  <hduwlwunwd, gwdp
ostpdwuwnhbwuwjht inhpnypnd whwagnpdynn gnnwujnebipp ywwpwuwmynwd tu dh
ownp nynipwhw) denmwnubph hwybinwing' uunhy(Ty - 38,87°C), quihnd(T, - 29,78°C),
hunhnu(T, - 156,4°C), wuwg(Ts - 231,9°C), phudnip(T, - 271,3°C), Yuwwp(T, - 327°C),
Ywndhnw(Th - 321°C) L ghuy(Ts - 419°C) [56]: Wunwwdbuwjupy, ybpp updwd dbnwnubnp
wwpnwynn gnnwujnyetph Yhpwnnwip Juyninwdwihu gnndwt pupwgpntd, tpp funupp
qunud £ wynudb wpwqugunn Yunnigwdpubiph gnndwup, gwuwih sk, pwuh np upwug
gninp2hwgdwu wpryniupnid Juyninwdwiht wwydwuubpp gquihnptit yuwwpwpwunw tu:
Uprynwipnwd  wnudbt nbwwubpp Ywpnn Gu opuhnwuwy|, huy wjn hwugqwdwupp
wupnywuwnbh k:

LbYwjnwdu gnjniejnit niutignn wynudt wpwqugunn Junnigwdpubiph wywwnpwuwndw
hwdwn, hhduwywunid, oguuwgnpdynwd tu wpdwpet gnnwunyetipp b hwwnwwbu Au -
Cu hwdwadnywédph nmwpwwnbuwy tnwppbpwyutpny: Lpwughg wdtuwwiu wpwdndu
E gqubi| 72% Ag U 28% Cu gnnwujniep(lNCp72), nph hwdwt stipdwuwnptéwup hwdwuwp
778°C: Au - Cu hwdwlwpgh qnnuynebpp jwju nwpwdnd Bu guinb] wpwquignigswihu
wbfuuhluwynud, pwuh np Upwup s&U Wwpnwwynd wjuwhup LGdGunutip, npnup niubu
pwpdp gninp2hwgdwtu  wunhbwu: UGY w) hwuwqwdwup £ hwunhuwund  wyn
gnnwujnyebph pwpdp EGYunpwhwnnpnwywunyenup, npp Ywpbih £ hwdwpb] wynuaétb
dhwgnypjwt wdtuwywpunp hwwnywuhop: LYwp 3.1-nwW pbipjwd £ Ag - Cu hbwyp
nhwagpwdwu'
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LY. 3.1 Ag - Cu Jpbwyh nhwgpwdwu [56]

Upwquwgnigswihu  wbfuuplund, huswbu twl dbpGuwghuniegjwu qgpbpet pninp
nintpnud,  gnndwu  Gnwuwyh  Yppwndwu  dwdwuwy  wuhpwdbonnientt  Yuw
oginwgnpdtii  wwppbp  hwpdwtu  obpdwuwnmphbwuubp  niubignn  gnnwunetip:
Upwquwgnigswihu wnbluuhluynd wyn hwugwdwupp wuhpwdbon £ Gubing hGnlyw
thwuwntiphg'

e wnuédbt wpwqgwgunn Yunngywdpubiph tplwpnyeniup Ywpnn § hwuub) dh pwup
dGuinptph, W hwéwju wubhpwdbounnienit Yw dbYy, Ywd dh pwuh wwuwpwuwnp
gnnywd(pwpdp  hwjidwu  obipdwuwnhbwuh  gnnuwunyeny) Ywnnigwdpubp gnnb)
dhdjwug(gwop hwpdwu obpdwunmhbwuh gnnwujnieny):

e  Ywpuwd wynudb wpwqwgunn Yunnigjwdpubiph W tnwpwwnbuwl swihhs uwnptiph
nhqwjuhg, npnup Ywpnn btu nobuw] Ywnngwsdph hhduwlwu wnwugphtu

69



ninnwhwjwg nhppny wbnwywyws Ygwonpebp, Upwup wwuwnpwuwnynd  Gu
hnphgnuwlwu b ninnwhwjwg Jwnwpwutbpnud:

Uprynwupnid  wwpptp  hwpdwt  obpdwuwnpbéwuubp  nwbgnn  qnnuwupnetipp
otpdwuwnhtwuh wnbuwlybinhg Yhpwnynd Gu ujwqdwu Yupgny: Fw bpwtwynw k, np
wdbu hwonpn dhwgnieinu unwuwnt hwdwp wbwp £ Yhpwnb] wybh gudp hwdwu
obtpdwuwnphtwu niwubignn qnnwujnye: Unnwwy 3.1-nd pbipdwd Gu wpwqugnigswihu
wnbfuuhyuwynud Yhpwnynn wpdwpet qnnuujnyetinh wkuwyubpp:

Unyniuwly 3.1 [56]

2nnwujnysh o
2bnpdwuwnhbwu °C Fuinnieniu
2nnuunip pwnwnnnLejntl, % QuF
u
Ag Cu thyyhnntu gnnnwd
MCp92 92.5 7.3 890 899-930 9.9
MCp72 72 28 778 780-900 9.9
MCp7/1 67 33 645 825-840 9.8
MCp50 50+0.5 50+0.5 850 850-950 9.3

Updwpebt gnnwujniebphg qww, wnudt  wpwqugunn  Yunnigwdpubiph
wwwpwundwt hwdwn, Jwu Yphpwnnentt Gu gk twb nuljw  gnnnwuynyetipp:
Jdbpohutbpu odndwd tu Jph owpp hwunlwuowlwu wnwybinygniuubpnd’  pwpép
oipdwlwyniunteyntu(500°C), pwpdp wwuwnpyneniu b pwpdp Yuyniungeyniu Ynnnghwih
Uywundwdp dpuninpunwht wwjdwutbpnud, huswbu bwb wgpbuhy dhowwjptipnid:

Llwp 3.2-nwW ptipqwé £ Au-Cu ypdwyh nhwgpwdwu, npintinhg k| Gpund £, np
wnuét hwdwdénywdph dhupdnd hwjdwtu gtipdwuwmhéwup 18% Au-ny dnunwynpwwtiu
hwywuwp 980°C-h, huy 82,5% Au-nJ hwjwuwp £ 955°C-h: buswbu twl wnynuwy 3. 2-
nud [25] Updwd Gu wpwqugunn Ywnnigwédpubiph Jwyninwdwihu gqnndwtu  hwdwp
Yhpwnynn Au-Cu gnnwujnipbinh nmGuwyubpp:
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LY. 3.2 Au-Cu yhbwlyh nhwgpwdwi [56]

Au,am. o

2nnwujnieh
pununpnyRjnLu, %

Lbpdwuwnpéwu °C

Au Cu gnnnid
25 75 890
35 65 778
50 50 850

Unjnuwy 3.2 [27]

Upwquwgunn unnigwdputiph gnnidwtu hwdwp pwjwlwuht jwju Yhpwnniejniu

GU gunb| bwl wju gnnwuynyebpp, npnup Wwpnibwynuw Gu ywwnhnd:

2nnwunyend wwjwnhnwh Yhpwnnwp, npwybu hhduwlwu dGunwn, Jwd [Gghpwgunn,

huwpwynpniginu £ wnwihu unwuw|] gnnuuniebp, npnug hwpdwtu gbipdwuwnmhéwup
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nwwnwuynd £ 810°C-hg dJhusk 1552°C: Lwyuph £ 72Ag/28Cu  gnnuwunyeh  Jbg
wwjwnhnwny |Gghpwgnwp htwpwynpnginiu £ wwihu  pwpdpwgub  gnnwujnyesh
wdpnipjniup, huswbu bwl Ynnnghnt Yuyniunieyniup [56]:

2nndwu gnpdpupwgh dbe pwwn Ywplnp nbp £ fuwnnw dhwgynn dwybpunyputiph dhol
ghjniiniu niubignn wulntup, npp Ynsynw £ epodwu wuynwu, b 10-12% wwjwnhnwing
wpdwpeb qnnwunyetiph Yhpwndwu dwdwuwy tpdwd wulntup htwpwynp £ nwnunw
hoigubi| punhniy dhtgl gpnjh:

Pd - Cu - Ag

LY. 3.3 Pd-Au-Cu yhbwlyh nhwgpwdwu [56]

huly 72Ag/28Cu qnnuwujnienwd 6% wwjwnhnwh [ighpwgndp huwpwynpnieniu |
wmwihu pwpdpwgub] dhwgniejwt Juwyninwdwihu  hGpdGunpynieyniup: LHwp 3.3-nwd
ptipjwd E Pd- Cu -Ag yhtwyh nhwgpwdwu: huswytu twl Ywnbih | ugb), np ywwnhnuny
gnnwujnyebph pwnén epobihniejwu hwnynyentup huwpwynpnyeinu £ wnwihu gnnb)
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0,05-0,5dd pwgwyubph nbwpnw: Umnuwy 3.3-nd pbpjwd G wwjwnhnwing

gnnwunietph npn2 tbuwyubpp:

Unynuwy 3.3 [56]:

2nnuwunysh pwnwnpnyentu, % Qbpdwunptwu °C

Pd Ag Cu unthnntu thyyhnnu qnnnud
68,4 26,6 807 810 815
95 - 970 1010 1015

10 58,5 31,5 824 852 860

15 65 20 850 900 905

20 52 28 879 898 905

25 54 21 901 950 955
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3.2 Cu-Ag thwgdw qnuuwyjh dhypnunpniyunipwjht
hEnwqnunipyniuubp

Ujniptiph dwybpnypwihu otpuntipp hGunwgnunbint hwdwnp jwju Yhpwnbijhnyeiniu
Gu qub] dJdGunwnwgpwlwu dJdhypnuynwubipp: Ubunwnwagpwlwu  dhypnuynwubipp
hwdwpynw  Gu  owyunhlwlwu dJdhypnuynwubiph wnmwpwwnmbuwlubiphg deyp, npnup
Uwluwwnbuwsd Gu fuwnunipnubtiph, hwdwaénywdputiph b wy Ywpdp, wnwybjuwbu
wupwthwug Ujnebph hGunnwgnundwu hwdwp (dhypnuynwhw):

Fungnpugdwu nhpnype 50x -1600x
Munynn uwnppbip 4
Ubinwup swthubip 180x165 dd

Ywuwnyw, Yulwsg,
dhpinputip
Ywndhp, uyhnwy
(FJwjhu dnwnnfughly CMOS 9Mpx

LY.3.4 MMT-9C Ubinwnwagpwlwu dhypnuynw hp inmbuuhjuywu ngjwubpny

Mnuak wpwagwgunn Ywnnigywdpubipp nGwwutiph gnndwu
htiunwagnunieiniuubiph hwdwp twfuwwnbuwd pninp thnpdwudnipubiphg Wwwnpwunywd
hnyniyubpp nwnwWuwuppdbp tu MMT-9C  dwyuhoh dhypnuynwh oquniejwdp, npp
wwuwybpywsd £ ulwp 3.4-nid pp wbuuhjuywu ngwiutpng: MMT-9C  dwluhop
dwnmwnwagpwywu  Jdpypnuynwyp  hwunhuwund £ nwhdbpuw;  dhypnuyny L
huwpwynpnieiniu § wwjhu Yuwnwpb hGuinwgnunnieniuubp hbnlyw) dbennutipny.

1. |nyup  wunpwnwpddwdp, huswbu |nwwihu, wjuwbu £ dnye  nwownbph
dbiennutipny:

2. Pubnwgdwu dbpnnny:

3. (dwihwughly U Yphuwpwhwughy Unyetiph hGunwgnunieinu wihwugnn [nyuny:
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Uwupwnhwnwyh nwwynpnn uwppp hwdwwwwwufuwu inhpnypny wwwhnynd |
hwywuwpwswth (nyuny, wnwug Ytwnhlyubph: SYjw| dwupwnhwnwynid oginugnpdynid tiu
hwingtuwjpht  jwdwtp 504w hgnpnigjudp:  <wyjwuwpwswith  pwofujwd  |nyup
thnppwgunwd £ inbunnwywu hnquwéniginiup b unbindnud £ hwpdwpwybn wwjdwuubn
dhypnuynwny wofuwwnnnubph hwdwp: Lnyup (nwwht wupwnwpdhsnd bwfuwnbujwd
tu Jdh pwup [nuwihtu $hinpbp’ Yuwnyw, Yuuws b wyiu, npnup hbanngywdp Ywpnn Gu
thnthnfuyb:

2nnywd hwugnygh Yuwphg hwdwwywwnwufuwu dwybpunyeny hnynty ywwnpwuwnbiine
hwdwp uwfu Yupdynd £ gnndwu  Yupph  wnbnudwup  pungpynn dp hwndwd
dbjuwupwywt hwuwnngh oqunigjwdp: Wunthtinl Ywwwpynwd £ unwgywd udniph
wjdwuwnwihtu  thnphtubiph oqunyejudp dowynwd: Uygphg udniyp dowydnd £ dGo
hwwhlubiph swihtp nwbgnn wdwuwmwihtu thnont oquniejwdp, wjunthtinle 20-30 dyd
swithtp nwutignn thnohubipnd, W JbGpouwywu thnynd 8-12 swihbp nwbignn thnphubiph
ogqunipjwdp [79]:

Uwnwtwin hwdwwwunwufuwt dwytpunyeny hnynwy, upw dwybpunyeh npwlwlwu
hwuwnynieniuubpp wybih lwywgubint hwdwp dhusl dwupwnhunwyny
nwnwuwuhpneniup - Ywwwpynd £ Jbpohthu  fuwdwuinnd  [80]:  fuwdwwnnudp
hpwhwtwgynud £ wnuwprdh  oqunipjudp:  Unwpepdh  midnyph  dby  hobigubiny
hwdwwwwwufuwu dGunwnubpp, npw wgnbgniejwt utippn pwjpwiynd Gu dGinwnubiph
dwybpunypw)hu 2tipnnud wnyw opupnwjht 2tipnbpp: vwdwwndwu wypngbup wbwnp &
hpwlwuwgub] wjuwbu, npwbugh wnyjw| tdnp Yugdnn dunwnp huspwtu huwpwynp
phy pwjpwydh: Unwppdh ményph dhowduypnud dénwnp b upw dwlbplnypwhu
opuhnwjhu 26pwnh pwjpwjdwu wpwgnieinup Yuiujwsd £ dGinwnh wnbuwyhg, wnwereyh
pwnwnpniejntuhg, nyjw] wypngtiuph obpdwumhbwuhg W wj wwpwdbunptiphg, npnup
Jntpwpwusinip nbwph hwdwp Ywpnn Gu mwppbp |hub;;:

Uwppwynpnudubipp, npnup  bwfuwwnbujwd Gu  fjuwdwwnmdwtu  hwdwp, hptughg
ubpYuwjwgunid Gu hwyinjw Yud wy uynetiphg wwwnpwuwnydwd tnwpwubin, npnup ubkpuphg
wwwnywsd U wnwpeenwtph twundwdp uwjntu ujnyetipny:
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Unnple pbpdwd Gu wnudb  hnpdwudnubpp, npnup wugh] Gu  wpwqugunn
Ywnnigwdpubph  wwwpwundwu  nn9  wpngbuubpnd:  Wn  thnpdwudnipubpp
wwuwpwuwnyb] GBu qnndwu gnpdpupwgh dh 2wpp wnbluuninghwlwt wwpwdbupbph
thnpdwpwpwlwu npndwt hwdwp'

e bpdwunphbwuwihtu ywydwuubpp
e Npnoqwd gtipdwuinphbwuntd wwhwwudwu dwdwuwyp

e Uhwgdwu pugwlh swthp
e 2nnwujnieh pwuwyp

e 2nnuwujnyeh nhppp
e Yphpwnynn nidh swihp

LY. 3.5 Mnuat thnpdwudnipubiph punhwunip wbupp

Jdbpp Updwd wwpwdbnpbphg £ Ywudwd wyn thnpdwudnpubph  npwljwy |hubnt
hwugwdwupp, L wu unnigynid £ Upwug  dhypnunpniyunipwutipnh
htwnwgnwunieinwututiph dhongny: Lwp 3.5-nwd pipdwd Gu Yybipp upwsd thnpdwudnipubiph
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npny dwup, npnup Uwhiwwwunpwunywd Gu dhypnunpniyuinnipwiht
htiunwagnuniegjniuutiph hwdwp:

Upwquwgunn jwnnigwdpubiph gnndwtu gnpdpupwgh npwljw| (hubiint Juplnpwagnyu
wwhwueubiphg dbYu wyu £, np gnnwujnyep ny dh nbwpnud subippwithwugh unnigywdph
ubpphtu dwytpunye: LY.3.6(w L p)-nid wwpg Gpunwd £, G huswbu £ qnnwujnyep
ubppwthwugb] thnpdwudnubph ubppht Jdwybpunye: Wn fuunhpp, hphduwywund,
Ywhudws £ Gpyne 2w Yupunp wwpwdbnpbphg' wnwehup' nw, Yhpwnynn ndu &, huy
Gpypnpnp gnnwujninh wynup auu k:

LY. 3.6(w)- Mnuabk thnpéwudnh Yunpwdp wnbupp (gnnuunyep ubppwiwugwsd ubipphu
dwlbiplinyprubinpu)
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LY. 3.6(p)- Mnudb thnpdwudniph Yupdwdp wbupp (gnnwuyniep ubppwihwugwsd ubpphu
dwlbiplinyrubinhu)

LY. 3.7 Mnuab ybpouwlwu thnpdwudniph punhwunwyp inbupp

Lbnwgnunnieniuutiph wpryntupnid npn2ybi £ gnndwu gnpdpupwgh wju owuinhdwy
wwpwdbinpbpp b ywjdwuubpp, npnug nbiwpnid htwpwynp £ nwnunw unwtw npwljw
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Juynwindwihu gnnnud: Lwp 3.7-nwW pipdwsd £ unwgywd ybipguwwu thnpdwudnp b
uywp 3.8-nd ubipyuywgywsd £ upw dhypnunpniynnipuit:

LY. 3.8 Mnuab ybpouwlwu thnpdwudniph dhypnunpniyunipuu (x200)

NN

./

LY. 3.9 Mnuat nbwnwjutiph dhwgdwu inbfuuninghwywu hwingwdp

!
i
vzl
\
i
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huswbu uwlb  ubpyuwjwgwd £ gnnwunyeh hwdwp  bwfuwnbujwd
wbfuuninghwlwu  Ynuunpniyghwu, npph  upubdwtu pbpdwés £ ulup o 3.9-nuwd:
Pnpédwpwpwlwu hGunwgnunyeiniuutiphg htunn Juwynindwjht gnndwt hwdwp puunpybg
E ufwp-3.9-nud ubpyuwjwgywd nbfuuninghwlwu ndnwip, b wju Yppwnyb) £ wnusb
wpwaquwgunn Yunnigwédpubiph nbunwutph Juynwinwdwihu gnndwu hwdwp:
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3.3 ®npawpwpulyw hEnmwgnwunyeyniuutph quwhwwnwlwup
sdwugnnynn ynnuuwh b ynuéh qnniwu dwdwuwy

Quujwé Bpydbunwnubph unwgdwu npnawyh ndqwpnieniuubph wnlwnyejwup’
Upwup dwdwlwlwyhg wpwgugnigswihu  nbfuupywjnwd  ogunwgnpdynd Lu  Jkd
dwywjutpny: Vtw hhduwynpynud £ Gpydbunwnubph nbuuhyuywu hpwunww fuunhpubph
wupwdbtignneniup b Upwup  oquwgnpdynid  GUu  qupqugwsd  inblulhlwywu
Gwnnigdwdpubpnu  wenndught,  Jubminuugh,  Yphngbuhly,  hpphnwht
uwppwynpnudubpnud [81,82]:

Wn Ywnngjwépubtipnd, Ywd, upwug hwugnygubipnid oguwagnpdynd Gu
GpydbGwnwnutph Jhwgdwtu pwqdwphy wwppbpwyubp  sdwugnnynn  wynnwwwnhg,
wnudhg, gihnynuhg, wynwhuhg, whinwhg, dnjhpnbiuhg, uhnphnuhg, Ynywphg b wyju:
Wu wnwppbp qnyqbp dbinwnutiph dhwgdwt hwdwp ogunwgnpdynd Gu hwdwu dbpnnny
Gnwlygnudubp, dwwhwind, Qupdwdp Gnwygnd, nhbnighnu  Gnwlygnud, Gnwygnud
wwyebgdwl dbennny U qnnidwt nwpptp inwuwyubp:

Gpydtinmwnutph  wnwybjwagnyu gnygbipp Jdhdjwughg wnwpptipgnwd tu  hpkug
punipwapbpny’  hwidwu  obpdwuwnpbwuny,  funnyejudp,  otipdwbhghywlwu
hwwynieniuubpny,  hwwnlywwbu, qdéwhu  punwpdwydwu  gnpdwlygny L
pjnipEngpwdhlwywu punpwgpbpnyd’ guwugh duny b wwpwdbwpbpnyd, huswybu twl
thnfuwnwnd ndtihniejwdp:

Wuwhup dGunwnubp, pusyhuhp bu' sdwugnundnn  wynnuwwnp,  wnhwnwp,
Upnphnuwp, wwuwnwp b dnjhpntiup, huYy hwdwanyjwdpubiphg' glhnynwp, wnwowgunid
Gu [pwgnighs nddwpnipniuubp’ Yuwdwd upw hbwn, np wyn dewnwnubpp nwpwgdwu
dwdwuwy wywhy hnfuwgnbignyejuu dby Gu dinunwd qugbiph htin L npnug Yjwudwu
dwdwuwy Ywpnyy Jwunwgund Gu  Gnwlygdwu dhwgnieniuubph hwwnynieginiuubipp:
Cwuwn nbiwpbpnud Gpydbunwnutiph tnwygdwu gnyqbph pwdwpwp nwtihnejwu nbwpnid
ndqwnp L funwwiht] Yuynit  dhoubiinwnwywt $wquubiphg, npnup nwbu  pwpép
Ywpdpnieyniu W thfupniunieyntu [83]:

Gpydtinmwnutiph Gnwygdwtu nddwpnieniup Yuwjwunwd £ upwunwd, np upwup

wwppbipynud  GU - dhdjuitghg  $hahulwt, detuwthuywtu U phghlwphdhwlw
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hwwynipniuubpny, npnup  wpunwhwjnynud  Gu huswybu  Jdhwgynn  dGunwnubiph
thnfuwqnbignigjwu  dwdwuwy, wjuwbu £ twl unp  wnwowgwsd pwquuubph
thnfuwgnbignipjnitpg:

Npny GpydGunwnubph bW hwdwénywdpubph Gnwlygnwip twwwnwlwhwpdwp k
Ywuwwpb] Jdhowltyjw| pwnwuutph dhongny, npnup Ywpnn Gu Ywufub) thiupniu
dhodbinwnwywt dwquubiph wnwowgnwip b npn2 nbwpbpnud hotigul Gnwygdwu
wwhwuoynn  obipdwuwnhbwup,  pwgh  npwuhg  thnppwgtl  duwgnpnwjhu
ntEdnpdwghwubipp, npnup wnweowunw tu twppbp 9pdwjhtu punwpdwydwu gnpdwyhg
niubignn ujnebiph dwdwuwy, wywhywgut) tnwygynn dwlybpunyputipp L Jtdwgub
nhynighnu wypngbiuubiph huinGuuhynieniup:

dwldwuwywyhg nbuuninghwubph ywhwugubpp b qupgqugdwu hinwulywpubipp
phlwnpnd Gu unbindt] unp Gpydbwwnwywu qnygbp’ wwppbp dGluwuhyuywu L
wbfuuninghwlwu  hwwynyeyniuubpny:  Upwynpbind pwqlwphy pwnunphsubip dh
Ywnnigwdph dbe' ubiq eny|  wmwihu unwuw| Jhwugwdhg unp GpydGunwnwywu ujnye’
dhwugqwdwju unp hwwnynyeyntutip, npnup wwpptpynud Gu hptug pwnwnpwdwubphg:
<pdudbind  hwynup - wpfuwwnwupubph  Jbpndnyguu - Jpw'  gnynuejniu niubignn
Gpydbunwnutph unwgdwu nbfuuninghwubpp hpdujwd Gu, hhduwlwunwd, dGnwnwywu
Yndwynubuwmubph hnfuwybpwdwu Jpw. hbnnly b whun $wquubpnud’ duwydnpbing
otipntip:  Upwgwgnigswiht inbjuuhluwind wpnbt ywwpwunmjwsd hwugnygutiph ypw
ognwgnpdynn  wugnwdubph hwdwp tywwnwwlywhwpdwp £ ogunwgnpdt 316 L
dwluhoh  sdwugnunynn wnnuuwuwnp: Ywyninwdwihu  gnnndp  sdwugnunynn 316 L
wnnwwh W wnudéh htn Yuwwpdb) £ 56%-ng wpdwpeb qnnwunyeny ulwp 3.10:
2dwugnunynn ynnwwwnp b upw dhwgndp hhduwwt hwugnygh hbwn gnnt wybih gudn
hwdwu obpdwuwnmhbwu niubignn gnnwujnieh dhongny, yuyninwinw Yud hubipnn qugtipp
dhowywypnid:

Unwgywsd thnpdwudniubph nwnwduwuhpnyeyniuubph wpryniupnd unwigyb)
quyninwdwhbipdtwnhy dhwgnud, b pwuh np thnpdwudnubph dhwgdwt GpYwjupny
wpwd £ wugp, Jwyninwdwjht htipdtwmhyniejntup unnigbiint uwywwnwyny, dhwgdwu
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Ywph pwjpwinwip uwwnwpdwsd £ ng unwunwpun nwuwyubpng (Uywp 3.11): Uhwgdwu
Ywph wdpniejniup guwhwunynud | 254yg/dd:

LY. 3.10 2dwugnwnynn ynnwwwnh b wynudh Jwyninwind gnnwd thnpdwudnipubip

LY. 3.11 2dwugnunynn ynnuwwnh b wynudh Juyninwdnd qnnwd thnpdwudnubiph pwjpwjdwu
Gupwpyywd wpnyntupubipp
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Ubwnwnwghunwwu nwnwduwuhpnyeyniup gnyg £ wnwihu (Wwp 3.12), np gnnwunyep
pwthwugti £ wnudh pniptinubiph - hwwnhlutiph wdpnng Gplwjupny, huly sdwugnnynn

wnnuwwh Ynndhg thnfuyuwwygnipntu £ untindyti| uhytih htiw:

4 § A VA

200x
LY. 3.12 2dwugnnynn wnnuuwwh L wnudh Jwynindnd  gnnywd  thnpdwudniph

dhypnuwnpniyinnipwt

LY. 3.13 2dwugnunynn ynnuwwnp b wynudph ywyninwdnd gnnywd hpwlwu hwugnygh nbiupp
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Cwny £ ugbi, np uywp 3.13-nd pbpdwé hwugnygh(wynhud-sdwugnuinynn  wnnujwin)
gnniwt dwdwuwy oguwagnpdynid £ hwpdwpwup wuhpwdbyn Guonid wuwywhnybint
uywuwwyny' hwdwdwiu [84]. wugnnynn wnnuwwh b wnudsh gnnnip wbwp &
hpwywuwgub] wybh gwdp sbpdwunpbwunid:
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3.4 Upwqugnigswihtu mbjuuhuynd 62gphwin nEnwjubph nhppwynpdwi
fuunhputipp

Upwquwgnigswiht  wbfuuhyuwnud  ognugnpdynd  Gu wwppbp  wnbuwyh
wpwagwgunn  YJwnnigwdépubp, U upwlg wwwpwundwt hwdwp 2w Juplnp
hwugqwdwuputiphg dGyu £ hwunhuwund wnwuduwyh nbGunwubph deyp djnwhp
uuwndwdp 62gphin pwquidnpdwt futnhpp: Lhubiny pwdwlwuht pwpn. futinhp, wju
Ywpnn £ ndyb| 2w wwpq hudtubpwlywu dbpnnny: <wwnlwwbu, dbp wpwqugunn
Ywnnigwépubiph  wnudt  nbwwubph  62qppin pwqwynpdwt  hwdwp, gnndwu
gnpdplpwghg wnwy, wnwownpyynd Lt ogwwgnpdt|  pnypwynpdwt(wrudToBaHua)
uygpniupp:  Logwéd  pnypbipp(wtmdtel) wwwpwundwd tu  304L  dwluhoh, 3dd
wmpwdwgony, sdwugnunynn wnnuuwwnhg: huswbu twl hwply £ gt np jnipwpwbgnip
wnuét nbGunwubph gnygh pwqwynpdwu hwdwp oguwgnpdyt) £ Gpynuwwtu pnype:
Lwuh np wpwqwugunn Yunnigwdph qnniwu gnpdpupwgh dwdwuwy upw pninp
nbwnwutpp wwpwgynud tu, www wnwppbip dnwnutph Yhpwndwt dwdwuwly Yupnn
GU wnwowuw| ubndnn [wpnwutip: Wn jwpnudubpp wnwowunid U, pwuh np tnwpwgdw
dwdwuwy wmwppbp dGunwnutip nwbu wwpptip obipdwjhtu punwpdwydwu gnpdwyhgutp:
Ny Gogphwnn  hGwnwgnunyenwutph  wprynwipnd Ywpnn GU wnwowtw| wunwnuwih
fuunhputip:

Upwqwgunn Junnigwdpubph wnudt nbunwubph L sdwugnunynn wynnuwunhg
wwwpwunywd pnypeh dholt wnwowgnn huwpwynp jwpnudubiph  hGnwgnunnyejuu
hwdwp ppwlwuwgyt] b hwdwlwpgswiht  dnnbGuwynpnd  ybpowdnp  EjGdGunutiph
dbpnnny: <woqwnpyp Ywwwpdb £ daYy pnyph hwdwp b punnayb) £, np wpryniupubipp
duwgwéubiph hwdwp Yhubt pwgwnwwbtu unyup: Lwp 3.14-nd ubpYuwywgywsd Ybpp
UpJwd dnnbjwynpdwu  wprynwupubpp gnyg Gu wwihu obpdwunmhbwuwiht nwsaownp
wnwpwdnwip wpwqwgunn Yunnigwdph wnudb nbunwih b pnyph Yupdwodph ypw:

Unnbjwynpdwtu Juwuwpdwu dwdwuwy punniugb) £, np dhush wuhpwdtion
wmwpwgdwu 9bpdwunphbwuhtu hwutbint dwdwuwwhwwnwdp hwywuwp £ 27004ny:
Cun npnud npwbu Ybpouwlwu obpdwuwmhbwu punnwuyty £ 700°C-p, pwuh np wyn
otipdwuwnhbwuhg pwpdp wnhudp, h hwdbdwwn sdwugnnynn ynnwwunh, nwnunwd k
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pwjwlwuhu thwihny, b win nbwpnd Jbpwunwd Gu npuk nbuwyh Jwpdwéwhu
wnngbiutltpp:

Temperature [node]
Unit: Celsius
Frin, Cut

760.094

559.389
+ 1

5
~
..’

-

LY. 3.14 Qbpdwuwnhbwuh nwpwdnudip nbunwubph Yunpywdp nbiupnid

Uwnnpl pbipdwé £ uwle wmwpptp dwdwuwlwiht hwndwdubpnd wynudh nbiunwih
ubppht Jwytipunypeh jwpdwdwihu yhdwyubpp' uwp 3.15-nud:

o s B et
s

s o e 66 et
P

s s s B et
pees

w) 1) 9
LY. 3.15 Mnuak nbunwih jwpdwdwihu ypbwyp. w) - 2004ny, p) - 7004py, g) - 27004ypy

huswtu btpunw £ Jbpp pbpdwd ulwpubphg, 7004pYy wnwpwgubiing hbtiwnn

wpywdwihu ypdwyp thnihnfuynid k sushu swihny: <wpy b uwlb Ugb|, np jwpgwdwhu
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ypbwyh inbnwjuwgnidp, hhduwwunwd, wnwowuntd £ pnyph wugph 2powlwipnid b sh
wnwpwdynud wnusb nbiwnwih ubpphtu Yuwplnp dwybiplnyeutphu: Unnbwynpwd nbunwih

punhwunip nbupp bW wpryniwupubpp inwswth dnnbinud pipdwé Gu uwp 3.16-nw:

LY. 3.16 Unnbjwdnpywd nbitnwih punhwuntp nbiupp W wpryntuputipp Gnwswih dnnbnid

Pwqwynpdwt pnyph wugph dwytpunyph jwpndutiph tnwpwénidp ubipyujwgywd

E uywp.17-nwd b ppdwd GU jwpnuubiph nwpwddwu wpnyniupubipp, npnup wnwowunwd

GU wnuéab nbunwutph pwquynpdwt pnyeh wugph dwytipnyehu:

55

N
\

15

[laBneHwve Ha cTeHKy oteepctua, MIa

-25

LY. 3.17 Pnyph wugph dwytiplinypht gbipdwunpbwup W jwpnwdubiph thnthnfunigjwu gpuwdhy

—e— [NasreHune
—e— HanpsaskeHune (VonMises)

—e—TemnepaTypa

Bpemsn

200 400 600 800 100012001400160018002000220024002600|

800

700

600

500

- 400

- 300

Temnepartypa, C

200

- 100

- 0

dbpp upjwd gpwdphyhg tpund k, np pnyph oipdwunmhbwtwiht punwpdwydwu
wgnbgnigyniup  uyuynud £ 30-pn Jwypywuhg: Uygpuwlwu opowuntd wpnwdubipp
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npwlwu Gu, pwuh np wugpp nmwpwgdwu wpryniupnud dGdwund k, uwlwju npwuhg
htiinn pwgwuwlwu jwpndubiph wnwowgndp gnyg £ wnwihu, np npn? dwdwuwl wug
ujuynd £ wyn  dwybpunypubpp ubndnu: U ubnddwu  wpngbup  uluynd |
dnnwynpwwtiu 60-pn Jwypyjwuhtu b wmbnwd £ dhusl gnndwu gnpdpupwgh ytipop: Cun
npnd hwpy £ uwb ugbi, np updwd dwybpunyeh ubnddwu hunbuhynieiniup uyqpuwywu
opowuntd Ukd k, uwlwyiu npn dwdwuwly wug wju wunhbwuwpwp guwdpwuntd k:
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ALNku 4. ULAPUSUSLNT LUNNRSYUDLLEMP MUSMPUUSU UL
<uvur uv<rudees SshuunNLNahuverb L
vurLudnraruterp Ucuunhy, LURLUSONRU Nk

MUSrULUSNhU

4.1 RWbGpdwjhu puawmh hnjuwougdw hwjwplyu nt dnpbpuwynpnidp
wpwqwgunn junnigwépubph mwpwgdwt dwdwuwy

dwdwuwlwyhg wnuat wpwagwgunn Ywnnigwédpubiph ninpuntd
hGunwagnunieginiubppp gnyg wnytghu, np ybipohu tnwutwdjwyubpnud wpwaqugnigswihu
wbfuuhlyuwynud bywnynud £ upwug wwinpwundwu nbfuuninghwubiph pwdwlywuhu ngpg
wwhwuowply [85]: Upwqwgunn Ywnnigwdpubph twfuwgdnudu ni wwuwnpwuwinndp
hpGuhg ubpywjwgunw £ pwpn nbuuninghw U, hpduwlwunid, Upwug wwunpwundwu
hwdwp wuhpwdbow £ hpwywuwgub] hbinlyw| gnpdpupwgubpp'

1. Unwlw dbwwnh hwjwuwpwswih unpnyunnipu: bpdwdowybi
Uwhiwwwunpwunywdpubipp  dGluwuplwlywu  dowynwhg  wnwe:  “wunwpb
dajuwupywywu G2gphin Jpwynd twhiwwbu npnwd W hwunwnywsd Yunpnn
gnpdhpubipny, huswbtiu bwl wyn gnpdpupwgh pupwgpnd 2w Ywplnp nbp nwp
puntywhnqwgunn hbGnnwyh punpnieiniup: Mwunpwunh nbGnwubph deluwuhlyuywu L
dhahlwlywt swihnwubph unnignudu ne ypwhuynwip unyuwbu 2w uplnp E:

2. Mwupwuwnh nbunwutiph fGyunpwphdhwywt thwjtignd, nbwwubph dwppnid
gbpdwjuwiht  nwuwyny, wjunthbnl wnuét nbunwubph  wwhwywund, Yuw'd,
Juyninwwyhu, Yuw'd k, pubipn qugbph dhowduwjpnid:

3. Ywwwpynu L wynuab nbiunwpubph 62gppin hwywpnud, nphg htinn puwnpynud §
wmwpwgdwu, dhowdwiph(uyninid Ywd hubpn qugbipph dhowdwyn) b dhwgdwu
Bnwuwyh(nh$nighntu Gnwygnud Ywd Jwyninwdwjhu gnnnid) dennubpn:

Ythdnighntu Gnwlygdwu Gnwuwyh dwdwuwly dhwgnieniup gnwunwd £ dhwgynn
dwybtipnyputinh dninbgdwt U (nYuw| wiwuwnhly ntbnpdwghwh 2unphhy, nph pupwgpnd
Upwup wnwpwgynw Gu: Rnndwt dwdwtwl dwybpunypubph Jdhwgniejwu gnjugnwip
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wmbnh £ nwbund Jdhwgynn dGunwnubph hwjdwu obpdwuwnmphtwuhg wybih gwdn
ostpdwuwnphtwuny wnwpwgdwdp, ppotiiny dwybpunypubpp qnnwunyeny, nphg htwnn
wmbnh £ nubunwWd gnnwujnieh hnupp nbwh pwgwly, U wjunthbnl gnnwljniep
pjnipGnwund £[56]: Mnudt wpwqwugunn unnigywdph nbiwwjutph dhwgdwtu hwdwp
ognwgnpdynn wnwpwgdwu dbpnnh punpnygjwiu hwdwp wbwp £ hwoyh wnub) pninp
dbpnnutph wnwybnieniuutipu nu pbipniejnibutipp, W wjunbin hunnyghnt nmwpwgdwu
dbpennp nwh dh 2wpp wnwybGingeniuttp h hwdbdwwn dwnwqu)pdwu dbennh, npp
hhduwlwunid ogunwgnpdynud £ Junwpwuubpnid: Unwybinigyniutbpp hbnlywubpu Gu'

e 2quwihnpbu Ypdwwnynid £ gnnwuinysh tnwpwgdwu dwdwuwwhwundwdp

e “Hawnwubph lnwpwgdwu ypngbiup wnbinh £ niubund ywownwwuhs fjughlh dhongnd,
wjuhupt wjuwhuh Unyebtipny, npnup 2ww phy Gu Ywund LGYunpwdwqtuhuwywu
wihpubpp L s6U twpwund uwppwynpdwt wfuwwnwuph pupwgpnd, huswbu twl
pwgwnynwd £ tnwpwgynn nbunwubiph wnunnunnudp:

Ywwwnyb| £ hwdwlwpgswihtu dnnbjwynpnd wynudb wpwgwgunn Yunnigywdpubiph
gnndwu otpdwuwmhbwuph pwotudwu b Ybpwhuydwu hGunwgnnnggjuu hwdwp [86]:
huswybu Uwl dnnbGuynpdwtu dwdwuwy hwodh £ wnudb] wju dhwuwnp, np wnuéb
nGwnwutpp nmwpwgynw Gu hunnyghnt lnwpwgdwu hwdwywngh dhongny: <wodwpyp
W dnnGwynpndp Yuwwpdb) £ wynudb nbnwiubph dwpuphdw| pwuwyh hwdwp, npnup
Ywpnn Gu Jdhwdwdwuwly wbnwynpdbp unp Juwynindwiht gnndwt  uwppwynpdwt
Udwngb fughyh dbg: 2nndwu gnpdpupwgp wbnh £ mubund Ybpuhg nbwh ubppl b
wdbuwybtipup Gpbp nGunwutph dwpupdw| Lwpwgdwtu dwdwuwyp dhusl gnnwunyeh
hwpdwu obipdwunpéwtu punpdtp £ 2700dpy  (45p):  Upryniupnd  unwgyb]  Gu
obpdwunmhdwuwiht nwaownh  pwofudwu  wnduiubp’  wpwqugunn  Yunnigwdph
nnnnijwdp  nbwh ubppl: Llwp 4.1-nd UbGpYuwjwgwsd Gu  obipdwunhbwuw)hu
thnthnfunyentup gnndwu gnuinhubipnu:

Unnbjwynpdwtu wyjwutph hbGwmwgnuniejnituhg  wwpgq Gpund £, np wnuéb
nGwwutph hwdbdwwnwpwp wybih Ywpd nwpwgdwt dwdwuwyh nbiwypnd(100-
2004pYy) stpdwunphbwuwjhtu nwownh tnwpwdnwp nbwh ubippbuh nbunwutp wwn guép k
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W hwutnd £ dpusl 9-14-pn nbGunwjubppt:  ‘ewnwubph wwpwgdwt  dwdwuwyp
Gpwpwgdwu  htwn  dGynbn Gpund £, np  obGpdwhwnnpnwywuniygjwt  2unphhy
pwpdpwuntd | uwl 9bipdwjht hnuph ubippwthwugbijhnie)niup:

820 .
780 T
740
700
660
620
580
540
500
460
420
380
340
300
260
220
180
140
100
60 =
20 =
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Ne cTbika

——100c —e—200c 300c

\ 400c —e—500c —e—600c

——700c —e—800c —e—900c
——1000c ——1100c ——1200c
1300 ¢ 1400c —e—1500c
®-1600c —e—1700c 1800 ¢
——1900c —e—2000c —e—2100c
—e—2200c —e—2300c —e—2400c
2600 c

TemnepaTtyppa, C

==

LY. 4.1 Qbpdwunhbwuwihu thnthnfunyeniup gnndwu gninhubipnud

Uwywjt Yw wnwpwgdwtu dwdwuwyh dh wjuwyhuh wpdbip, nph dwdwuwl
otipdwuwnhtwuh Ubppwihwugbihnyejuwu hunbuuhynyeinup qqwihnpbu puyund £ W sh
dadwunud nmwpwgdwt dwdwuwyh pwpdpwgdwu nbiwpnw: Lwp 4.1-hg Gpunw Lk, np
wjn  uwhdwuwphu gnnhtu £ hwdwpynd 900-1000YpYy  wwpwgdwu dwdwuwyp:
“ownwiubpp 1000dpYy wnwpwgdwtu dwdwlwyhg wybh pwpdpubpnd  nwpwgdwu
wpngbiup Ywpbh £ hwdwpbp unwunpy, hwpy £ bwb gk, np hwodh dbe sGu dinunid
wdbuwutippuh nbivnwutph 60-100°C:

Ubp nbwpnw, bGpp  wpwgwgunn  YJunnigwépubph qnndwu  hwdwp
ognwgnpdynd £ hunniyghnt wnwpwgdwu dbennp, qnndwu wpngbiuh pupwgpntd
Ywplnpwgnyu fuunhpubphg dGYu £ hwdwpynwd  hunniyuninph - inbnwwnddwu
wpwgnhtjwu npnondp, npp  htwpwynpniginiu Yuw  wwwhngb]  hwjwuwpwswi
otpdwunphbwuwiht wwydwuubp  nn9  Ywnngwdph  hwdwp:  hunniyunph
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wmbnwhnfunyejwt  wpwgnejwu npnpdwu  hwdwp  oguwagnpdyly Gu Ybpp updwd
obipdwjhu nwownh nmwpwddwu nyjwiubnpp:

Npwbiu npn2hs wwpwdbunp punniund Gup obipdniejwu pwuwyp, npp thnfuwugyntd
E vwpwgynn nbunwubphtu hunnwywnnphg: Swppbp nwpwgdwu dwdwuwlubph hwdwp
Yuunwuwup obipdnigjwu thnjuwugdwt wpwgniejntup Q/t: huswbu twl hwodwpyhu
wbwp £ wybjugub) obipdnygjwt thnfuwugdwu wpwgnyeiniup AQ/t, npu wnwyowuntd £
ostpdwhwnnpnulywunyegjwu sunphhy: Glubinyg Yybpp udwd hwuqudwupubphg, wpbih &
unwuw| hunnyunph wnbnuinfudwtu - wpwgnejwu  hwodwpydwt  hwjwuwpnup'
Ywhujwé ywhwywudwu dwdwuwyhg:

max

v, = (lg_ LQ ;le (4.1)
n-c, -AT Moy
t
L - hunnwynnph Gpywpnientup
n - dhwdwdwuwy wnmwpwgynn wynudb nbGunwjubph pwuwyp
Cu - wnuah stpdniuwynipiniup
M - dhwdwdwuwly wnmwpwgynn wynudb nbunwutiph dwuuwu
t - wwhwwudwu dwdwuwyp
Q’ - Jntpwpwusinip hwonpn nbunwih twpwgdwu hwdwp wuhpwdtion
obipdnipjwl pwuwyp
Qmax - dtYy nbwnwh mwpwgdwu hwdwp wuhpwdbown otipdnigjwu pwuwyp,

dhupdw| stpdwwuwnhbwuhg dhush wwhwueynn
Qi - otpdwhwnnpnulwuniyeniuhg unwgywsd obipdnypjwu pwuwyp
Wu hwjwuwpdwu 2unphhy hwodwpyybi E hunnynnph inbnuithnfunigjwt wpwagnieinup
pninp dhwgdwu gnuwubiph hwdwp, nph wprynwpubpp pipdwé Gu uup 4.2-nuwd:
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53 —e—100c —e—200c —e—300c
‘é‘%% 400c —e—500c —e—600c
a.%g —e—700c —e—800c —e—900c
518 ——1000c ——1100c —e—1200¢
1 —»—1300c —e—1400c 1500 ¢
1 1600c —e—1700c —e—1800c
% —e—1900c —e—2000c —e—2100¢
1 ——2200c ——2300c —e—2400¢
1 2500¢ 2600 ¢ 2700 ¢

CHOPOCTb NepemMeLLEHNA MHAYKT

ORNWEUUIONOGOLOR,NWERUIGY

1 2 3 4 5 6 7 8 9 1011121314151617 1819 20 21 22 23 24 2526 27 28 29 30 31 32 33 34
No cTblka

LY. 4.2 hunniyunnph nbnuithnfudwt wpwgnyjwu thnthnfudwt wprynitupubip

Llwp 4.2-hg Gpunw £, np hunniyunph intnwihnjudwt wpwagnyeiniup dhwgdw
gnhuinhubiph hwdwn wwppbp £: UYgqptwlwt 2powtnud upw inbnuithnfudwt wpwanieniup
hwdbtdwunwpwp wbwp E |hup wybh wpwg, pwup np wdbtwybiplh wynuéb nGunwutpp
wnuéh pwpép otpdwhwnnpnwywunigjwt  unphhy  Yhubt  pwdwlywuhtu  wnwp:
Wunthtiinl hunniywnph wntnwithnfudwtu wpwagnientup wunpbwtwpwn thnppwund £ L
13-15-pn dhwgdwl gnwnhubiphg hbwnn Upw wpwgnyentup npwnunw £ hwunwwnniu:
Cwoqwpynd twl hwoyh £ wnujwsd wju hwuqwdwupp, np dhwdwdwuwly nmwpwunwd Gu
wnudét tptip nGunwbp: tw tpwuwynw £, np lmwpwgdwt uygqpuwywu b ybpouwlwu
opswutbpnw hunniyinnph wpwgnieiniup hwywuwp £ gpnjh:
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4.2 Upwquwugtnn junnigwdépubph Julnintdwyhti hunniyghnu gnnpnud

Lbpywjnwdu  gnjnieyniu niubignn - wpwgugunn  Junnigwépubph  dhwgdwu
hhduwlwu Gnwuwlubph(gnnnud b nhdnighnt  Gnwlygnud) Yhpwndwtu  Jdwdwtwy
hwplywynp £ upwlg wnwpwgubi, npp hpwlwuwgynw £ dh 2wpp wnbfuuninghwlwu
wpngtiuubiph dhongny: Lpwug wnwpwgdwu hwdwp ogunwagnpdynid Gu, hhduwywunid,
EiGUunpwlywu Jwnwpwuttp b npnawyh nbwpbpnwd Yhpwnynwd Gu bwl hunnyghnu
wnwpwgdwt uwppwynpnudubp:

Udtih (wju mwpwdénd quwéd EjGYunpwdwnwpwuubpp hpwphg wwppbpynd Gu
htwnlyw;  hwugwdwupubpny’' Ynuuwnpnwyghwih wnwudbwhwwnynieiniuubinny,
w2fuwwnwupwihu dhowywyinpny b gbipdwunhwtwihu inhpnyeny:

Cuwnn Ynuuwnpniyghwih wnhwbph ElGYunpwywnwpwuttpp, npnup Yhpwnynd Gu
wpwaqwgunn junnigywdpubiph wwunpwuwmdwu hwdwp, hhduwlwund, (hunwd Gu Gpynt
wnbuwyh' hnphgnuwlwu U ninnubwjwg: Nn9 unpnyuinipwu wWwwnpwuwnbint hwdwp
wybh Jwju mwpwoénd tu gk ninnuhwjwg Junwpwuubpp, pwuh np wyn nbwpntd
Ywnnigwdph Ypw £ gnpdnud gpwyhwinwghnt nidp, nne Junnigywdph Yonh swihny, b
huwpwynpnieiniu £ wnwihu nwt| $hpuwghnu fuunhpubipp: Uwywju wjn hwuqudwupp
unyuwbiu nwwh hp pipnieginiuutipnp: <nphgnuwywu Juwnwpwubpp unyuwbiu wuhpwdtiown
GU wpwquwgnigswihu  wbfuuhluind  twpwnbuwy qwpwphwnwiht Ny  unwunwnw
nbwnwutph Jhwgdwu hwdwp, b hwnjwwbu wjiu nbwpnwd, tipp ynudb wpwgwgunn
Ywnnigywdpubiph  hpduwlwt wnwugpht Ywu ninnubhwjwg nhppny  nbnwywjwd
nbwwutp: Jdbpp tpqwd Jwnwpwutbph woluwwnmwupwiht dhowdwiptipp, Ywfuwd
dhwgynn nbwnwjubph wwhwueubtinhg, pninp huwpwynp wnwppbpwyubphg Ywpnn Gu
Lhubg Gpynt inhwh[S3]

e YJwyninud
e wnudh hwdwp hubipun quabinh dhwowdwjp(wngnt, opwsdh b wyju)

Uwywju pwgwnniejwdp npn? ntwpbph, win unwpwuubpp, hhduwywunwd, Ywpbih
E oquwgnpdtip U Juyninwdwihu ywydwuubph, W hubpun qugbph hwdwp: Ywyninidwihu
qwnwpwuubpp |pund Gu gwédp Jwyninwdwihu - (dpusk 1,33x107 dPwp), dhohu
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quynwnwdwypu (1,33x107-1,33x10° dPwp), pwpép uyninwwjhtu(1,334-1,33x10° dPwp) L
gbippwpép Jwyninwdwihu  (1,33x10¢ JPwp L pwpdp): bul pun wfuwnwupwiht
opdwunpbwuwihu wphpnyph'  win  Jwnwpwuubpp  wwppbpdnd - BUY dhohu
obipdwumhbwuwihu  (1100-1200°C) L  pwpdp  obpdwuwmhbwuwiht (> 1200°C)
Jwnwpwuubph[53]:

hunniyghnu wnwpwgdwu bGnwiuwyh wdbbwlwpunp wnwybnuejniuutphg deyu k
hwunhuwunw Jdhwgynn dbGwmwnubph hwdwubn wmwpwgdwt hwuqudwupp, pwuh np
dunwnutipp nmwpwgynid Gu pwpép hwbwfuwlwunyeyuu LYunpwdwqhuwlwu nwownp
tuGpghwiny: bunniyghnt  wnwpwgdwtu dwdwuwy EGyunpwywu  hnuwtph(dnynih
hnuwuputipp) ubppwithwugbihnigjwu funpnyeyniup, hhduwywunwd, npnaynid £ qnnynn
dinwnubiph  pwnwnpniejntuhg, gnndwu  obipdwuwnhtéwuhg, huswbu uwl hnuwuph
hwéwluwlwunyeyniuhg: Unnwwy 4.1-nd pbipdwé Gu npnp  dbunwnubph  hwdwp
EiGUunpwlwu hnuwuph Ubppwthwugbihnyejwu funpnieinup 2 Y<g hwwfuwlwunyejwu
nbwpnud: <wply £ wl UgkL, np dGwwnubph hunniyghnt nmwpwgwdwt dwdwtwly
EiGUunpwlywu hnuwuph hwwluwlwunyeuu dtdwgdwup gnigptpwg Yupny hounw &
Upw ubippwthwugbhniejwu funpnieginiup, b opphtwyh hwdwp 300 Y<g hwdwfuniyEjwu
nbwpnud dnun 1,5 - 2 Ywpgny wybijh phs k, pwt 2 y<g-h nbwpnid:

Unynuwy 4.1 [53]

Ubunwn GpYwpe Mnhud Uynwiphu Lwuwnntu
Qbtpdwuwnptwu °C | 20 1000 |20 850 |20 - 20 800
funpnieiniu Ud 0,7 12,3 |1,49 [|356 |1,98 |- 2,93 |4,85

Upwqwgunn Yunnigwdpubph wywwpwuwndwu hwdwp twfuwgdyb] b ywwnpwuwnyb) §
quyninwwyihu hunnyghntu gnndwu unp uwpp, npp pGpdwsd £ uup 4. 3-nud:
Uwppwynpnudp punlyugws £ hGnlyw| hwdwywpgbphg'

. hunnwyghnt hwdwwng
. quyninwwihu hwdwlwpg

. hunnwywnnph 2wpddwtu hwdwlwpg
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. wubdwunhy hwdwywpg
. swthhs uwnptip

N7 7niN
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LY. 4.3 Upwquwgunn uwnnigwdpubtiph ywwnpwuwndwu Juynintdwjhtu hunnyghnt gnndwt unp
uwppwynpnd [87]; 1- Upwgwgunn wnnigdwdp, 2- Yywpgb fughy, 3- hunniywnp, 4- ninnnpnhs,
5- bwjuwywynintdwihu yndw, 6- innippndniynywihu wyndw, 7- yuyninidwswihh Ynuwnpntp, 8-
quynintdwswth, 9- winippndniGyniwiht wndwh Ynuwnpngtip, 10- nGnnywnnp, 11- nhuwdndtinp,
12- yuldngwu
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Lwuh np wnudt wpwqgugunn  Ywnnigwdpubph gnndwu  gnpdpupwgp,
hhduwlywunwd, ppwlywuwgynw £ ninnwhwjwg nhppnd W wjiu | Jwyninidwihu
qwnwpwuubpnud, www gnjniginitu niuh dh 2wwn fwplnp hwuqwdwup, npp Yngynud |
gpwyhwmwghwih wgnbigniejnit: tw bpwtwynud §, np wnudb nGunwubpp(inypwpwsgnipp
dnnnwynpwwtiu 1Yyg b wyb)), ninnuwhwjwg nhppny deyp dnwh Jypw nbnuywdws,
wnwowgunwd Gu pwoh wmwppbpnyentu jntpwpwugnip dhwgynn gnuwnud: <hduwlw
wmwppbpnyentut wlyuhwjwn Yihup wdtbwybpuh b wdtuwubppuh nGunwutph dholi:

Mnuéb wpwqwgunn Junnigwdpubph gnndwt hwdwp gnjnyeynit niubignn qpbieb
pninp uwppwynpnwiutpnud b hGunwgnunieyniiubpnud, Ywd, wunbuynwd b 4bpp pdwd
fuunhpp, Ywd L pwgwlwnd GU wnwowpyynn |nwonwdubipp:  Snjnieintt nwip
hGunwgnuinieiniu [39], npnud pipdwd Bu updwd fuunpp W ndnwp, W hwdwwywnwufuwu
uwppwynpnudp: Uwlwju upwsd fuunph [hwpdtip nddwu hwdwp Ywu npnawyp
ptipnieniuubp upywd uwppwynpdwt dby, npnup Ywwwsd Gu uwppwynpdwu Guynd
untindnn hwdwywpgh hbn: tw ywpdwuwdnpwsé £ upwuny, np  hunnynnph
dwquhuwlwt nwownbpp dhwtowuwly pwywlwlhtu |npe  wanbgnyentt Yennubu
dwquphuwlwu nwownh dhongny 6Gupnd  uwnbindénn  uwpph  wpfuwwnwuph Ypw, L
wpryntupnid futunph (nénup Yduw gndywd: Uwpph dnnbinuhqughwu W upwé fuunph
lhwpdtp Ndndp ppwlwuwgyty £ hGnlyw) Yepw' gnpniggniu niubignn dwquhuwlw
nwowh dhongny Guonid untindnn hwdwlwpgp thnfuwphuybi £ yubdwinpyulwt nidwjhu
uwppwynpnidutinny, npnug dbg Gu dinunwd wulidngquup L onh updwu Ywpguwynphsp:
Jbkipohutubphu uwhniu wuwwnmwupp hwdwdwjutigwd E hunnwyunnph gupddwtu htiwn, wju
E, np  wnwpwgdwu gnpdpupwgh uludwu hbGun  Jdhwupt  Guogndp  wpgnud |
dwpuhdw|(Uwfuwwbtiu hwodwpywsd) swihnd b hunnyunnpph hobigdwu hbin  dhwuhu
hotigyntd k jnipwpwtsinip wynudb nbinwih Yonh swihnd yuldngjuuh dugnwdip: Uprynitupnud
wpwgwgunn Ywnngwéph wwunpwundwu dwdwuwly pninp nGunwutpp gnnynud Gu
hwjwuwpwgnp wwjdwuubpnud: GlubGind 4bpp upywd pninp hwuqudwupubiphg, dbip
pninnp  hGwnwgnunyeiniuutiph b wnudt wpwqugunn Junnigwdph wwunpwundwu
dwdwuwly Ywwwpdt; Gu  hwdwlwpgswiht  dnnbjwydnpnwdutp, npnug  dhongny
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uwhdwuyby £ gnndwu wpngbuh Jdh 2wpp uplnpwgnyu wwpwdbunpbp, npwughg Gu
hnlywubpp'

e Hwnwubph nmwpwgdwu dwdwuwyp
e Swpwgywd nbwnwubph wwhywiudwu dwdwuwyp' Ywjudws nbnwubph

quitgqwdhg
e Uuhwpwdtignn utindnn ndp

Upwquwgunn Ywnnigwdph Jwynindwjht gqnndwt  dwdwuwly  wdbuwgjfuwynn
fuunhputiphg dGyu £ hwdwpynw wynuédb nbwnwjutpph ypw gnpdnn ubindnn nwdp, pwuh np
wjn ubindnn ndh gunphpy £ pwgwnynd gnnwunyeh  ubppwithwugnudp nbwh
wpwgwgunn Ywnnigwédph utipphtu dwybipnye: Nwwnh 2w Ywplnp £ npnotip win nwdh
swithp, pwuh np ny 6honn nidh Yhpwndwtu nbwpnud Ywnwowuwl hwjnth Gpyne
fuunhpubiphg deyp, wuhupt' d&d nidh nbwpnd Yubdwuwu nb$npdwghwubpp(pwuh np
nbunwutpp twpwgynud Gu), Ywd k| phs Yhpwnywsd nidh nbiwypnd nbunwubph gnnynn
dwytipunypubph dholt tnwd pwgwlp sh thwlydh U gnnwunyep  Yubippwihwugh
Ywnnigywédph ubipphtu dwybtipunyp: Upryniupnid owywnhdw| nwdh npnpdwt  hwdwp
Ywwwnytp £ hwdwlwpgswihtu  dnnbGuynpnd - wpwqwugunn Yunnigwdph  tipkip
nbunwutph  hwdwp:  2nnpdwt  gnpdptpwgp  ppwywuwgynd £ wnudh  hwdwp
pwywywuhtu pwnpdp obpdwumhbwuttipnd, bW win sGpdwumhowtuwihu wwjdwuubpnud
wnhudp nwuh gwdp hnuntuniejwu uwhdwu: Unnpl pipdwé uwn 4.4-nud ubiplujwgywsd
£ prYywduwgpyywsd wynudh hnuntunyejuwu uwhdwuh Ywiunwdp sbpdwunmhtwuhg: huswbu
Gpunw £ ulwp 4.4-hg oipdwunhbwuh pwpdpwgdwu hbwn dGywntin wnudh hnuntunyejuu
uwhdwup hountd £ U 850 °C-h nbiwpnid wju nwnunw £ 38 UNw(3,87 Yg/ud?): Ujuntinhg
£l wyuhwyuin Gplunwd £, np Yhpwnynn nwdh unyuhuly 2w thnpp thnthnfuniygjwu nbiwypnd
wlfunwwthtih £ nwnunw nbtbnpdwghwutiph wnwowgnuip:  Unnbjuynpdwu  nno
wpngtuph  hwdwp  uywp  4.5-nd  uGpyujwgywd £ nidwiht wwpwdbupbpph
thnthnfunip)niup:
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LY. 4.4 (pywduwgnyywd wynusdh hnuniunigjwt uwhdwuh b 9gbpdwuwnmhbwuh Yuwp

LY. 4.5 Mnuédb nbunwutph nEdnpdwghnt wpngtiuubpp dnnbjwynpdwu wpnyniuputipny
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huswbtu bGpunmd £ Uywp 4.6-hg tpynt wynudb nbGunwubph hydwt dwuntd
wnwowgwd ntbnpdwghnu wpngbuubpp Yupbih £ pwdwub] Gpyne pwnwnphsubpp'’
wnwdqulwu b wwuwnpy: Uhusk 1854yg hwwndwdp, Ynpp ninnughd wnbuph k, npp
Upwuwynud £, np dhts win wnjw Gu wnwudgquywu ntbnpdwghwibpp, b npwuhg htinn
nhwgpwdwih Ynpwghd (pubip gnyg b wwihu, npwyny Yenhg uhudnd BU- wjwunhy
ntdnpdwghwubpp:

300
290
280
270
260
250
240
230
220
210
200
190
180
170
160
150
140
130

Mmd, 100

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
uld

LY. 4.6 Stnwihntunyeniuubipnh Ywlunwdp nidh swihhg

Unnbjwynpdwu Jbpp tpwéd wpryniupubiphg wwpg nwpéwy, np dbp wnudk
wpwqwgunn  Jwnnigwoépubph  nhqujupt hwdwwwuwwuluwunn  nbwnwjubph
quyninwdwihu gnndwtu gnpdpupwgh hwdwp Yhpwnynn ndp swbtivp £ gbipwquugh
1854q, npwbugh swnwowuwu wytiinpn ntbnpdwghwutp:

Wunwwdbuwjuphy, wpwqwugunn Yunnigwdph wnuéb nbunwjutph ywunpwuwndwu
dwdwuwly wjn nbunwutpu nwbu npnawyh nbjuuhlwlywu wwhwugubp, npnughg Lu
dwybtipnyputinh thnfuninnwhwjwgniejniuu nu gniquhtinnieginiup, W hhduwywund, wyn
wwhwuoubiphg t ptunwd, G gnniwu gnpdpupwgh dwdwuwy huspwt £ hwpywynp nd
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Yhpwnby  wyn  ntwwubph  dpw,  npwbtiugh wwwhnddh Gpyne dwltipingputiph
wdpnnowywu hynw' pwgwnbiny gwulwgwsd whwh pwgwlubph wnlwjnuyeyniup: Ybpp
Updwdlbiphg hbwnlund £, np dbp nbwpnd wnudt nbunwubph Juyninwwihu gnndwu
hwdwp wuhpwdbtion £ Yhpwnb| wjuwhuph dh nd, npp Yhwdwwwnwufuwth npuwljw
gnndwu hwdwp pninp wuhpwdtion ywhwugubphu:

Lwuh np wynudb wpwqugunn unnigwodpubiph Juynindwihu gqnndwtu hwdwp
wuhpwdton £ 5x10° dpwp-hg ny wybh Juynind, www ulwp 4.3-nd pbpJwd
qwyninwdwihtu hunnityghnu uwppwynpnuip unyuwbu wbiwp £ hwdwwywwnwufuwubp wyn
wwhwuohtu, b nwwh wiu hwdwpywsd £ pwpdp Juyninwdwiht  unwunwpwnubphu
hwdwwwwwufuwunn  uwppwynpnwittpny:  Uwppwynpdwtu  pwpdp  Jwynindwjhu
wwjdwuubpu  wwwhngbint hwdwp punpdbp £ nngppndniGynyuiht yndw: Lagwd
wnippndniGyniwiht yndwbiph (hwpdtip woluwwmwuph hwdwp gnjnieginiu niubu hpbiug
wbfuuhyuwlwu wwpwdbunpbpht hwdwwywnwufuwt bwjuwdwyninWwiht yndwbn:

huswbiu dbpbGuwohunyejwu pninp ninpunubpnud, wjuwbu £ wpwqugnigswihu W
quyninwdwihu - nbuuhywynud  gnpdpupwgh  pupwgpnd  jnipwpwsingp - Yupunp
wwpwdbinp wbwp E swihdh W uinnigyh swihhs gnpdhputipny, Ywd, uwppwynpnudubpny:
Jwyninwdwihu wwjdwuubph unnignwdu nt swihnup hpwlwuwgynd £ wnwpwnbuwly
quyninwdwswihtipnny: Mnuédt wpwaqwugunn Yunnigwdpubiph nmwpwgdwup gnigpupuwg
dadwunid £ JwyninWdwihtu fughynud qunugnn gwuugwsd nbnwh ququpwgpnnudwu
gnpéwyhgp: Wnwhuh hwugqwdwuph wniwjnigjwt nbiwypnd Juyninidwswihtph nbpp
pwywywuhtu dGdwund E, pwth np Yuphp Yw swiht] yuyninwp nng qnndwtu wpngtiup
dwdwuwly: Cun wnd | wnudh wwpwgdwt wpngbup wbwnp £ hwdwdwjubgub
quyninWdwihu wwyjdwuubiph  htwn, npwbugh gbtipd Juwup opuhnwghnt stipinbphg:
Upwqguwgunn Ywnnigwdpubiph gnndwu uwpph Juyninwh swihdwu hwdwp Yhpwnyb) £
FRG720 wnhwh gbippwpép Juwynindwswih:

Mnudt  wpwgwgunn  Ywnngwdpubph  gnndwu  hwdwp  bwjuwwnbujwsd
hunniyghnu nwpwgdwu vwppwynpndp hwodwpyybi, twiuwgdyti b wwunpwuwnyb k,
npp pwnyugwd £ wnwpwgdwt pinlhg  (hunniuinphg) b gbubipwnnpuht pinyhg:
Jbkpohuubipu(hptiug nbluuhywywu wnyjwutpny) pipwd Gu ulwp 4.7-nud:
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Lwpnud

Cwhwluniypntu

<qnpniejniu

Up. <wbwfunipiniu

Luwp

380 4

50 <g

60 Y4uwn

6.8 -16.2 4<g

97 Ug

L. 4.7 hunniyghnt tnmwpwgdwu uwppwynpnud

Uwppwynpdwu nidwjht uhunbdp pwnugwd £ wulidngjwuhg, upwu dhwgywd
nidwswihhg, dugnud unbndnn Yndwpbunphg U onh Gupdwu Ywpqwynphshg: Ybpohuhu
dhongny Ywpqwynpynu L onh dupnwip wulidngqwunid, nph 2unphhy k| huwpwynp &
nwnunw ujwqgbgut] ynudb Junnigwdph Yypw wgnnn nidu hunnyinnph hotigdwu htiwn

dalywntin: Upryntupnid huwpwynp £ nwnunwd wpwgugunn Yunnigywdph jnipwpwtgnip

dhwgdwtu gnunpnud wwhwwub) dhliunyu ubindnn ndp: QEpdwunpbwup upguynpdwu

hwdwp Yppwnyb £ wgbpwhu whpndbunp, puy duwgwd pninp thnpdwudnubph

gnnnidwt hwdwp Yhpwnyb) Gu tnwppbip mbuwyh ptipdngnyqbp:
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4.3 Upwqugunn junnigwépubph ywwpwunmdwt npwyh yEpwhulynid

Upwqugnigswiht inbGuthywynd U, punhwupwwbu, dbpGuwohuniygjwt qgnbeb
pninp  ninpunubpnid  hwunhwnn  jnipupwgnip d2gphwn hwugnygh  wwunpwundwu
ghpdpupwgp pwywlwuhu pwpn wypngtiu £: <wnwwbiu, wpwgwgunn Yunnigwdpubiph
wwuwpwundwu gnpdpupwgp pwpn b owjiu wywwbwnny, np upwug nbunwubph
wbfuupyuwlwu wywhwugtbpp pwjwywupht pwpdp Gu b ghunnyejwu qupgugdwtu hbin
gntugpupwg wjn wwhwusubnp k| wybh Gu fuunwunwd: LGnbwpwp, wjn wnGluuhyuywi
wwhwugubiph pwpdpwgdwt htin dGlyunbn fuunwund bW pwpnwunwd £ wyn wwhwueubiph
unnigndu  nt YGpwhuyndp: <wulwuwhh £, np wnwhuh nbunwiubph  unnignwiu
hpwlwuwgubint hwdwp wuhpwdbionn Gu wjuwyhuh vwppwynpnwittip, npnup hptug
6ounniejwdp whinp § |hubu wnudwqu d6Yy Ywd dh pwuh Yupgnyd wybih 62gphuin, pwt win
nbGwnwiubph ywhwuoubtipu Gu: <wply £ bwl Uk, np updwd nbwnmwubph pwpnnyejwu
wwwbwnny wuhpwdtiannientt Yw upwug nbjuuhlulywu ywhwuubiph yGpwhuynidp
W unngnudp Yuwwwpbp dh pwuh wuqwd, b npnp nbwptpnd £ wjiu hpwhwuwgub
nbwnw|ubph wwwnpwuwndwu pninp thnybipnud:

Upwqugnigswjhu nbuuhywind  ogqwwgnpdynn  hwugnygubiph Ywd
uwppwynpndubiph hwdwp gnneyntu niubt dh pwup Yupunp hwugwdwupubip, puwn
npnug npnaynd £ Upwug whunwubihnygyniup hGnwgqw  wofuwwnwuph hwdwp: Un
hwugqwdwupubtipp hhduwywunw hptiughg ubiplwjwgunud Gu Lwpwwnbuwy swihnwubp:
Upwquwgunn  Ywnnigwédpubph  nGunwutph  dGjuwuhywywu  Jdowynwhg  hbunn
Ywuwwpynw £ upwtg Gpypwswihwwi swihubph unnignw: Wunthbunb npnpwiyh ubindnn
hwpdwpwupubph Jdhongny wjn nbGunwutpp ubnddnwd Gu, L ppwlwuwgynwd Gu
nwnhnnhuwdhwlwu swihnwdubtipp: Ubp nbiwypnd win swithnwubpp ppwywtuwgyt) Gu
punwdtup hhug nbunwhg Yuwqiwd wpwgqwugunn Yunnigwdph hwdwp b wn
wwwbwnny L, np wyn swhnwp ppwlywuwgytb] £ npnpwyh ubindnn hwpdwpwuph
dhongny: <wlwnwl nbwpnud, wjuhupt, Gpp nbwnwubph pwuwyp hwuund 10-60 L
wybh, wyn swihnWubpp Yuwuwpdnd Bu wydbh ngpg  hwpdwpwupubph  dhongny’
hhduwywunid, oquuwgnpdynid Gu hhnpwyhy dwdihsubin:
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Mnuab nbGwnwubph Shghywywt swhnwubphg wudhowwbtiu hbwnn hwonpnnd k
nbunwubph qnndwu gnpdpupwgp, W nphg htivn gpbeb wdtuwywplnp swhnwubpu Gu
hwunhuwunw unnpl updwdubpp’

e Uhwgdwu gnuwjh wdpnigjwt unnwgndp
o YJuwyninww-hbGpdGuinpyniegjwt unnignidp
e Ubpouwlwu EGYwnpnnhuwdhlulwu swnwubipp

Upwgdwu gnuwjh ybpp upwd bGpynt Yupunp  swihnwiubpp, Juyntnidw-
htipdGunpyniejwu b wdpniejwu, Yuwwwnpynw Gu hwwnnty upwug hwdwp bwjuwnbuwsd
EpuwbtiphdGuwnw| unbunubiph dhongny, npnup Ywqidwsd Gu hwdwwwwnwufuwuwpwp
quyninwdwiht - b nidwhu swhnwdubp Ywwwpbine . hwdwp wuhpwdbon
uwppwynpnidubipny:

Mnudt nbwnwutph dGjuwuphyuywt  swihnwdubph  dbg  dwnunn  dwybplunypwhu
funpnnipnpnnenulph - wwhwuoubipp  GpYuwynu  hwutnw  GU punnuy  dhush
Ra0,015d4yd-h [30]: Unwhuh dwybplnypwiht funpnnipnpnniginiuutph unwgdwt
ndqwnniejniut, hhduwywunwd, Ywjwund £ upwunwd, np fuunnptit wpgbpws £ wju
uinwlw| nwpwwnbuwl thnohubiph thwybgdwu dhongny: LGwnmwgnunyeiniuutiph hwdwp
wwuwnpwunywd wynudt wpwqugunn Junnigwéph nbunwubphg dtyp, npp pbpdwsd &
uywn 4.8-nud, [hnyhu hwdwwwwnwufuwun £ géwgpbpny uwhdwuyws inbluuhywywu
wwhwugubiphu: Mnudb nbwnwh dwybpunypwihu funpnnipnpnnyenutipp swithyt) Gu
Zygo 7100 dwluhoh Gogphwn wypndhindtinph dhongny, npp ptipqwd £ uhwn 4.9-nwd hp
wbfuuhyuwlwu nyjwijutpny: b hwdbdwwn Juwgwsd dbpnnubph (wubinh hwydwdp), wju
uwppwynpdwtu  dhongny huwpwynp £ nwnunwd  unwuw] pwywlwupu  62gphn
wprynwupubp W (hndphtu Yuwqdb] ywwnybpwgnd, b huswhuh wnbup niuh dowlyywd
dwybtipunypep: Lwuph np tpwd wypndphindtivnph dwybpunyeh funpnnipnpnnieiniuutipp
npn2dwl dbpnnp ns Ynunwlunwiht £, wwyw huwpwynp § nwnunw Juwnwnb) swthnwdubp
hwdbtdwunwpwp wybh pwpdp nGnwutph nGwpntd £ unyuwbu:
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LY.4.8 Mnudbt wpwgwgunn junnigwdph nbunw|

L.4.9 Zygo 7100 dwlupoh G2anphuin wypndpndtivnph punhwunip inbiupp

Liwp 4.10-nw ubpyuywgyws £ ybpp upywd wypndhindbinph dhongny unwgywd
wpryntupubipp:  Ujunbinhg  Gpund £, np upqwd  wnudt nbwwh  dwybplnyeh
funpnnipnpnnie)nLun unwgytp £ Ra0,08dyd, huy wn nbwwh dwybpunyph
funpnnipnpnnejwu wwhwuot k£ Ra0.2dyd:
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Mnuéb nbwnwh duwgwsd nbluthluwlwu wwhwugubph unnigndp hpwlwuwgyb)
E Ovn-1 swihhs dwupwnhwwyh dhongny, nph punhwuniyp nbupp ppwéd £ uyup 4.11-

LY. 4.11 Oun-1 swihhs dwupwnhwnwyh punhwunip wnbupp
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Quithnudubiph wprynipnd wywpg nwpdwy, np Upywd wnudt nbuwp |hnyhu
pwywpwpnd £ wnbuuhyuwlywu ywhwugubpn uwhdwuywé pnyjunywdputipht: 2044
10,0244 pnywnjwdpny uwhdwujwsd nbunwih thnpp wnpwdwaghdp uwwngyb £ 19,9954d4,
huly 79.63 +0.03dd ubipphu tnpwdwaghdp unwgyt £ 79,642du:

L. 4.12 TDS nbignuwwnnph wynuihubti bwfuwwnhwh nGunwubph punhwunip nbup

Jdbpp upqwd wnudt nbuwph  swihnwubph  yGpwhuyndp wug £ Jugyb
Cwjwunwund gunuynn uwppbiph 2unphhy, uwlwju tWdwuwwhw b Yunpbh £ wub win
ntwnwihg dh pwih Yupgny wybih pwpn nnwubph(TDS ntgnuwwnph), npp pbpdws £
uyuwp 4.12-nud, nbuuphyuywu ywhwuubiph unnignidu ni yGpwhuynwip hpwywugybi £
DESY dhowqgquwjht wpwgwgnigswiht YGunpnunw:  Uwnnpl pbpdwé Gu unp TDC-h
swithdwl wprynwipubpp: LUwp 4.13-nWd Wwnlbpqwsd £ nbwnwih Gnwswih dnnbh
hwdbdwunnieiniup hpwywt wwunpwunwsd nbnwih htwn: Uu tyupnwd gnyg £ tnipdwd
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dnnbifh W hpwlwu nbwnwih ubippht funpniejwt swihh hwdwwwwnwufuwubihnieniup, npp
huswtu Gplnd £ uwphg 13dyd k, huy wyn swihh enyjunywdpp 204y t:

L [LAGE2 AUSRICHTKREIS
w NW
X ] 0.000 | 0.000f ,,, .
Y | -0.000 | -0.000

EBENES*

ABST1 EBENE2 EBENE3

W 44787
NW | 44 800
oT 0100
uT <0100
ABW | 0013
AT 0000

EBENE2®

LY. 4.13 Hawnwih dnnbih hwdbdwwnngeniup hpwlywt ywwnpwunygws nbunwh htun

Cwonpn ujupnd  (Uywp 4.14-nd) ywwybpdwsé E ubppht wnpwdwgdh  swihdwu
wpryntupp, nphg tGpunw £, np bwhiwuwhdwuywd dnnbifh bW wwwpwuwnh nbiunwh dhol
wnlw k£ punwdtup 8dyd-h tnwppbpnie)niu, nph pnywnywdpp hwjwuwnp £ £20dyd:

LY. 4.14 Lbpphu npwdwagdh swihdwu wprynwupubipp
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TDC nbgnuwuwnph-h wpnuwhub bwjuwwhwh snpu nbwmwubphg tpynwp hptiughg
ubGpyuwjwgunud U pwydwlwupu pwpn nbGnwiutp LW hwwnwwbu, wn Gpynwh
swihnwubpu Gu pwwn Yuplnp: Unnple pbpdwd Euywp 4.15-nd) Gpypnpn nbivwih

J={ABST1 EBENE 3 EBENE4
ey ol N

LY. 4.15 Epypnpn nbnwih swihnwubph Yndwbpu wprynwupubipp

Bpypnpn nbivwih swihdwt wpnyniupubpp gnyg Gu wwihu, np wju nbiuwih
npnawyh swihtipp nnipu Gu GYG uwhdwuwd nbluuhywywu pnywnywdputiphg, uwlwju
funupp qunud £ dhypnuubiph dwuhu, npnup, hhwpyt, phs wanbgniyeniu sGu niubunwd
wnyjw| uwpph G2gphn wotuwwnmwuph hwdwn: Uunwwdbuwjupy, hwpy £ ugb, np wyn
onnuwittpp wjuwhup 2Gnnuwittp Gu, npnup Ywpbh £ JbGpwgub] wynuat nbwwubph
wwwnpwundwt dwdwuwy:

dwyninwdwiht gnndwt gnpdpupwgh hpwlwuwgdwu hwennnieiniup Ywnbh &
ubipyuwywgub] Gpynt wwpwdbwpbph dhongny’ Juwyninidwhbpdbnpynyejwdp b dhupdw
nEdnpdwghwubiph  wnwowgdwdp: Lojwd hwugqwdwuputiphg wnwohtuh uwnnwgndp
hpwywuwgynud £ hwunniy twjuwgdywsd Juwyninwdwiht uinbunh dhongny, npp hwgbigwd
E unpwgnyu  wbjuuninghwubpnd'  Jwyninwdwiht - yndwny, Jwyninwdwswihng b
wmwpwwnbuwly Juyninwdwihu dhwgdwu hwugnygubipny: Lwp 4.16-nd pbipdwd §
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gnnywsd wnudt wpwqwugunn Yunnigwéph hwdwp twjuwgddwsd b wwunpwunywsd

quynwinwdwihu  unbunp, nph  dhongny uwnnqyt; b wpwqwgunn  Yunnigywdph
quynindwhbpdtunhynieyniup:

LY. 4.17 Mnudb wpwgwgunn Junnigwédph puhwuntp wnbupp(wywwunpwunygwsd «RGunp» ULh-nid)
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Gpypnpn Ywpunpwanyt swihnudp qnnnwdhg hbnn hwunhuwunw £ ywwnpwuwnh
wpwaquwgunn  Yuwnnigwdph Elunpunhtwdpyuywu  swihnwubpp, npp hwdwp bu
Uwhuwgdynw b wwunpwuwnynd Gu hwwnny hwpdwpwupubin, npnup ynuéb nbunwutipp
owwnwgdwu htin dhwuht pwjwlwuhtu pupnuund Gu: LYwp 4.18-nd ubpyuywugywsd k
ElGYwnpwnhuwdphyulwu swihdwu punhwunip nnGupp dhusle gnnnudp:

Quithnudubpp Ywwnwpyb tu R&S 14 GYwnnpwihtu gwugwiht wuwhqwuunpny, npp eny| b
wwlhu dtd Gonnipjwdp gpwugl] hwdwlwngh punyewagnhs wywpwdbunptpp 10 Y<g-hg
dhuske 14 g<g wnhpnypenu: Uwutwynpwwbu, dbq hGunwppppnid G wugnwwihu b
wunpwnwpddwu gnpdwyhgubipp, npnug dhongnd Ywpblh £ quwhwwnb] huswbu
hwdwlwpgh EGYunpwnhutwdhyuwywt hwwnynieiniuubipp, wjuwbu k| Ggpwlwgnyeniutitp
wub] hwdwlwpgh dGjuwuhluywu hwnynyenuutph dwuhtu(qnndwt b nbGunwutpp
wwwnpwuwndwu npwyh): Lwp 4.19-nwWd swihdwd £ wunpunwnpddwu Sy gnpdwyhgp puwn

hwéwfunijwl, dhusl gqnnnidp:

LY. 4.18 Upwaquwgunn Ywnnigwdph Lityunpwnhuwdhulwu swihnwubpp dhus Juwynindwiht
gnnnudp
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®

Tre1 ERE] 9B Mag 15dB/ Ref-55dB 1
=0 M1 [2.044834 GHz 1763 0B ®
: -h2 |2.963300 GHz -1[634 dB tret (B 08 Mog 0013 6B/ Ref 1,45 0B d
— 05 Mo R - RYeT e S T T
M2 4 |2.992708 GHz -8H59T7 dB 1 o042 |2063199 GHz 11715 0B
L .10 ¥ M3 13003593 GHz -2p012 dB -0 T T IO [—
1 ~ M4 2992713 GHe
“/ ( WS 13 003509 GHz
|=-25 ¥ .
. ., TR CAVAY i ATy
-4 AT ]
1002 —
ealh |
— 5 [TLY ,A-’{L oo 4
" |
-1 05 Il
L / e
&l 10— J Y
. A
95 ;;3 _‘m';
o
10 -
'J
r
-1 Chl th Start 295 GHz Pt 0 dBm Slop 297 GHz
FAT2017, 10:09 AM
Ch1 fb Center 2973 GHz Pb 0dBm Span 79 MHz

20T2017, 10:44 AW

LY. 4.19 EtYwnpwnhtwdhulwu swihnwdubiph wprynitupubipp gnnnwihg wnwy

LY. 4.20 Upwqwgunn Yunnigwdph LitYunpwnhuwdhywlwu swihndp gnnnudhg hbinn

Liwp 4.20-nd ubipyuyjwgywsd k EGYunpwnhuwdhyulwu swhdwu punhwunip wnbupp
gnniwt gnpdpupwghg htivin: 2uithtiin dhwju wunpunwpddwu Sy gnpdwyhgp wnbuund
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Gup  Jdphupdnwittp, npnup gnyg Gu  wwhu  hwdwlwpgh  nbgnuwuuwhu
hwéwfunipniuubph wywwybpp:

Trc1 XMl dB Mag 2 dB/ Ref-6 dB 1 (Max)

M1 12.93382% GHz -4)0684 dB
M2 12979023 GHz -48146 dB
— 2 W32 887473 Gz =090 T8
M4 | 2997723 GHz -56201 dB
0 M5 13.005202 GHz -28301 dB
j
o =] [ i
M1 / v
. 2
1% 4}
- Y <
—-10
3
12 ¥
14
Ch1 fb Start 2.9275 GHz Pb 0dBm Stop 3.0125GHz

3/24/2017,9:03 AM

LY. 4.21 EiGYunpwnhuwdhlwlwi swhnudubiph wpryniupubpp gnnnudhg hbivn

Ubtq hGunwppppnn 2n/3 dnnwu 2-pn. dhupdnwdu £ (Wwp 2.21), npp, huswbiu W
wyulywnw Ep, gnnnwdhg hbinn dninbigh) £ bwfuwgdwihu 2,98 G<g wndtiphu: <tunwaqw
Ywpgqwynpnwiubpp wpntu htwpwynp £ uwnwnpb] woluwnmwupwiht 9Gpdwunmhtwup
thnthnfudwtu U Ywpquynpdwu  wugpbiph  nbbnpdwgubiine  dhongny:  2withdwu
wpryniupubipp  gnnnudhg  htwnn gnyg wndbtight  gbpwqwug  hwdpuyund  uwfuopnp
Yuwwwnpdwsd EGYunpwnhuwdhywlywu hwodwpyubph htw, puswybu twlb hwunwnbght,
np ynuab nbiunwutpp ywunpwuwnybi| Gu pwdwpwn 6onniejudp:

114



4.4 Uhwunnujht tplotpn (ynhud-qipdwihnid) wpuquging junnigdudph
thnpdwpwpuwub hbnwgnunnmpnibtp

Uwuuhyubiph wpwgwgdwu hwdwp pwpép hwwhiwywunygjwt ns wjwunwywu
wpwaqwgunn Ywnnigwdpubiph nwnwiuwuppniginiup Ywplnp hpduwhwnpg £ wwwqw
Yndwwlywn  wpwqwgnighsubph  Ynugbwghwubiph  qupgqwugdwu  hwdwp  [88,89]:
Uhwdnnwjht Gpyztipin gutwaél dinwnwlwu whpwuwpp pwpép hwtwfuwlwunyejwu
dhwdnnwjht wpwaqwgunn Yunnigwdpubiph fununnwitwihg wwppbpwyubphg dtyu k:
Fuuwdl dbnwnuywu tpytipin fjunnnuyh Gplujuwlywu hdwbnwuup ybpindnieginiup
gnyg & wwihu, np wju hwdwlwnpgp Ywpnn E dwnw)b) npwbu pwpép hwéwfuwywuniyegjwu
dhwdnnwjht wpwgwgunn Junnigywdp, tipp ubpphtu 2tipunnh hwnnpnwywuniyeniup 2wwn
wyblh gwop E, pwu wpwwphu oGpwinhup, L ubipphu 2Gpnp hwuwnneniup 2w wybih
thnpp k, pwu wpwwphtu 2Gpnh hwuwnnieynup [10,90,91]: Pwpdp hwwfuwlwuniejwu
nbwpnud  Gplwjuwywu  hdwbnwuup  nwh  ubn-o2Gpuin(narrow-band)  nbgnuwuu,
wwpdwuwynpywsé  upuppnu TMor Iniinwdbunw]  dnnwiny:  Ngnuwuuwjhu
hwéwluwlywunyeyniup wo  Wwjdwuwynpjwsd £ funnnuyh ownwynny ro W 2Gpwnp
hwuwnniejwdp d npwbiu woe =cy2/rod, Nnpuintin c-U |nyuh wpwgnrejnill k:

Unwohu swihnwiubipp wpdwd Gu ninnuulyniuwdl wynudt nbgnuwwnnph hwdwp,
nph ybphu W uwnnphu ubppht  Jdwybpunypubpht wdpwgywsd tu gbpdwuhnidh(Ge)
otipuntip: Ybpp updwsd swihnwdubiph wpnyniupubipp wbiwp £ hwdbdwndbu hwodwplyuwphtu
wyjwiutiph hbwn: Nthgnuwwnnph Unyeh W duph punpnyeyniup wwjdwuwynpjwsd £ wnlw
swithnn uwppwynpdwu (14GHz) hwéwfunipjwl nhpnyph nluwyniejwdp:

Llwp 4.22-nw ubipyuwjwgywéd £ dhwdnnwjhu tipyotpun wpwqugunn wihpwwnwph
ufubidwinhly nbupp, nph wpnwpht 2tpnp nhuwplynd £ Yunwpywy hwnnpnhs, hul
ubipphtu 2Gpunp(dGwnwnwywu) hwnnpnwywuniejniup(e) huwpwynpht  uwhdwuubpnid
wtinp £ |hup thnpp:

Epp ubippht 2Gpnh hwuwnnigniip thnpp £ ulht-gtipnh funpnigniuhg, www Jtipp
U2Jwd wihpwwnwnh Gplujuwlywu hdwbnwuup Q‘Ur}m‘UnLdlI: htwnlyw| wbupp'

B

zﬂ (w) =R
w w()
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Npuinbin w. = ¢ Y 2/r.d ntgnuwtuwhtu hwéwfunieginiuu k, R-u gniqwhtin hdwbtnwuuu L,
huYy Q-u pwpnpwynieiniup:

g = 00
oo )N
_._.§7 ..... q .._>Z_T_7b

LY. 4.22 dhwdnnwjhu GpYygtpn wpwgwgunn wihpwwnwph ufubdwnhy nbupp

Tud 2wnwynny wnudt GpYyotip;n  wihpwwnwph  Gplwjuwywu  hdwbinwuup
hwoqwuplwjht dnnbjuwynpdwu wpryntupubipp ubipyuwjwgwsd Gu ulwp 4.23-nwd: SyYjwy
nbwpnwd  npwbu wihpwwwph ubpphu 26pn nhunwpyytp Bu Gpyne tnwppbp unyebip’
(Ge)gpdwupnwi(0,1  dd  hwuwnnypyuwdp) L (CdS)ywndhnwdh  uny$bhn(0,005dd
hwuwnnyejwdp): <wply £ wb ugbi, np Ybpp upqwd unyebiph hwnnpnwywunieginiutbpp
hbunlyw|ubpu BU' 0 =2 Q'm~" [92] gbpdwupnuwh b o = 600 Q'm~'[93] uny$hn Yundhnwih
hwdwp: Llhwp 4,23-nd Ybunwgdtpny Updwéd bGu  Ywujuwwmbuws wlwjhnpy
ntgnuwtuwiht  hwbwjuwlwunigniuubpp,  npnup  hwdwwwwwujuwund  Gu
dnnbijwynpdwu wndjwiubph htiwn 1%(CdS) b 4%(Ge) Gounnipjwdp:
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I ]

|

a =1cm e | d=0.1 mm :

104! :

i |
'S 1000t

=

N= 100 ¢
10+
_l B

lIUIll {ul]z | '{ul}ﬁl | '1'],'1 {,:2 | '”:5' — '1'+
f=w/2ln, [THz]
LY.4.23 tplobipn  wihpwwnwph  Gplujuwlwu  hdwbnwuuh - hwoqwpywiht - dnpbjwynpdwu
wnnyniuptitinn

Jbpp pdwé wpwgugunn Junnigwodph nhuwbtipuphnu wnpusnyynutitipp d < § «
7o hwwhuwlwuwhu wnppnypnu Yupnn Gu ubpyuywgyb) hbunlyw| nbupny’

I J (V()nr()) _ 1
vonro Jo (vonro)  k*rod

(4.3)
Npubn' Jo(x); Ji(x) $nuyghwubpp qpn b wnwohu Ywnpgh PLuubiih $niulyghwubpu
Gu: Lwp 4.24-nd ubipyuwywgywsd tu nhuwbtipuhnu Ynpbipp, npunbinhg Gpunud k, np TMon
(n > 1) dnnwiubph thnywiht wpwgnieyniuutipp Juynwinwdnid |nyuph wpwaniejniuhg dbs Gu:
huswtiu twl Gpunw E, np TMo $niunwidbunw) dnnwih Ynpp hwwnnud £ upuppnu ghdp
Wo = ¢y2/rod hwbwhiwlywunywu nbwpnd: Uprynwipnud, ybpp uodwd wihpwunwpp
hwunhuwunw £ dJhwdnnuwiht nwunwn vniwpwdynn wihpny Yunnigywop:
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LY. 4.24 TMoy b pwpdp TMon $niunwdbunw] dnnwubiph nhuwtpuhnu Ynpkpp

Uhwdnnwjhu GpYotipwn wpwgwgunn  Yuwnnigywédph nGgnuwluwjhu
hwwnynyeyniuutipp  hGwnwgnungt| Gu, oguwagnpdtiing ZVB14 JLywnpwihu gwugwhu
wlwihquuwnpp, swihbiny nbgnuwwnnph thnfuwugdwu S-wywpwdbinph Sy pwnunphsp:
Quithnwdubpp uwuwnwpdbp GU ninquuyniiwdl ynudt ntignuwwnnph hwdwp d =1 dd
hwuwnniyjwdp gbpdwuhnuh ubipphtu gGpuntipnyd, npnup wdpwgywé Gu Yunnigywdph
ytppt W uwnphu  Ubpphtu  Jdwybpunypubphu:  Lwpuwgdwsd  Ywnnigwdpp
huwpwynpnigniu £ wwihu  ppwlwtwgul]  swihndubp  wwppbp  ninnubhwjwg
pwgywéputipny (2 ud, 3 ud, U 4 ud): Ywnnigwdph Gplwpnigynu N WjunyenLup
hwdwwwwwufuwuwpwp 30 ud b 6ud Gu: Cun npnud glipdwuhnudh 2tipunp ntup
o =2 Q'J" hwnnpnwlwuniegyniu b €' = 160 nhkjGYwnphy Ynuunwuwn:

Qtipdwupnwip 2Gpnh hwuwnniejwu b Yunnigwdph ninnuhwjwg pwgywdph swithh
punpnieyniup ywjdwuwynpjwd £ JGYunnpwiht gwugwihu wuwihquwnnph  swihynn
hwéwluwlwunygjwu wnppnypny, npp uwhdwuwthwyws £ 14 §<g-ny: dbpp updwd
ninnwhwjwg pwgywédph W gbipdwuhnuwh gtipinph hwuwnnyejwt hwdwp nbgnuwuuw)hu
hwowluwlwunypjwu  Ypw uypu-2tpinh  funpneyniup dtd £ gbipdwupnwp  obipunp
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hwuwniejnituhg  wybh pwu 3 wuqwd(d/d > 3): Gpynt gniqwhtin  obpwinbiph
Ywuluwwnbujwsd nbgnuwtuuwiht  hwbwuwlwunyeniup hwdwwwunwuuwund  §
gbppwpép hwéwluwlwuwihu whpnypht' 9-15 9<g:

Lhwp 4.25(w,p b g)-nud ubpyuwywgdws £ 1dd hwuwnnygjwdp gbpdwuphnuwh ubippht
otipinnny 2ud, 3ud b 4ud ninnuhwjwg pwgywdputipny wynudb junnigwdph thnfjuwugdwu
wwpwdbwpbph  hwbwhwwunigjwu  uwblwnpp:  Upnynibpubpp  ubplwjwgunwd  Gu
Inquphpdwjht uwunnwyny ubipdnwddwu Ynpnwuwnubpp liss= =20 log |Sx| (dB) [94], puwnn
hwiwhwlwunyejuu: <wnjwlrwlywu ntgnuwuuubpp Ywpbih £ nbuub) f = 10.6 9<g,
11.42 9<g L 12.32 Q&g (updwd M1 wnbnnpnohsny) hwéwfuniyeniuutiph  nbiwpnid
hwldwwwwwufuwuwpwp 4ud, 3ud U 2 ud Yunnigwdph ninnwhwjwg pwgywdpubiph
hwdwp: <wpy k bk, np ybpp updwé Yunnigywdph hwodwpyuiht indjujubpp hbGunlywiu
Gu' 9.9 9<g, 11.03 9<g U 12.65 A<g: Uprynitupnud  hwoduplwiht b inpdwpwpwlyut
hwéwluwlwunipniuutiph dhole hwpwpbpwlwu mwppbpnyeginiutbpp 1%- hg gudn Gu

Trc! E¥ dBMag 5dB/ Ref-30dB 1 {Max)
521) +M1 12323529 GHz 53429 dB

—-10 /\/\,
-15

[NV

.50 ?¢

Ch1 fb Start 9 GHz Fb 0dBEm Stop 14 GHz

1/23/2017, 9:14 AW
Llwp 4.25(w) Lbpdnddwu Ynpnwinp Sy ubipphtu gbpdwupnudh obipinng wnudb nignuwwnph

hwdwp, nph Ypuwpwgdwdpp' a =1 ud, huly gbpdwupnuih sbpunp hwuwnneiniup d =1 dd &:
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®

Trc1 EPM dBMag 5dB/ Ref-30 dB 1 (Man)

_W\ ﬁ/\ *M1 11419113 GHz -50 256 dB
S TA NI

L WAL N
\

—-30

-5

|
|
|

Ch1 fb Start 9 GHz Pb 0dBm Stop 14 GHz

1/23/2017, 10:15 AM
Llwp 4.25(p) Lbpdnwddwt Ynpnwuinp Sy ubipphtu gbipdwuhnwhp otipinnd wynuab ntignuwwnnph

hwdwp, npp Ypuwpwgydwdpp' a = 1.5 ud, huYy ghpdwupnuwih sbpinp hwunngeyniup d =1 dd &

®
Trc BBl dB Mag 5dB/ Ref-30dB 1 (Max)
M1 10602941 GHz -50.930 dB

N e

M

T T T
= Es L
o
—4%—_—'—_;
i S

—-50

Ch1 fb Start 9 GHz Pb 0dBm Stop 14 GHz

1/23/2017,10:50 AM

Llwp 4.25(q) LEpdnddwu Ynpnwuwnp Sy ubipphtu gbpdwupnuwdh 2Gpnnd wnudb ntignuwwnph

hwdwp, nph Yhuwpwgywdpp' a = 2 ud, huly gepdwupnwh sbpnp hwuwnngeyniup d =1 dd k:
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Llwp 4.26-nwd ubpywjwgywsd tu Gpynt gniquhtin gpdwuphnwih wuybpg otipintkiph
hwodwpywjht  Gpywjuwywu pdwybnwuuph b Jdhwdnnwihu  GYotipnn  wpwgqugunn
Ywnnigwdph(ninnuuyntu nignuwwnnn) swhywd nbignuwtuwiht wyjwiubpp: huswbiu
twlb pbpdwé Euy.4.27) dhwdnnwihtu GpYytpn wpwguwgunn Yunnigwdph hwdwp
twhuwgdyws b ywwnpwunywsd ninnuiuyntu nkgnuwwnnpp: Unnwwy 4.2-nd pipduéd k
dhwdnnwiht wihpwwnwph  hwodwpywhu b hnpdwpwpwywt  ndyuiubph

hwdbdwuwnnieiniup:
4000 : ; :
12.32 GHz | | 12.65 GHz
1
11.42 GHz |
3000 11.03 GHz | |
I
I
£ 10.60 GHz, | |
. 2000 0.00 GHz| [\
N :
1000 ¢
4cm
0 ' ! L N T
6 8 10 12 14 16 18 20

f =w/2r, GHz
LY. 4.26 Gpynt gniquhbn gbipdwuhnwp wudbipe otipintph  hwoduplwiht Gplwjuwlwu
hdwbnwuu(ybunwghd) L dhwdnnwihu  GYpbpn  wpwqwugunn  Yunnigwdph(ninnuuyntu
ntignuwuwnp)  swihjwd nbgnuwuuwihu  ndwiubpp(hnd  ghd):  Stpdwuhnwp  2Gpinbiph
hwuwnieniup d=1dd, huly 2tpinbiph dhole hbnwynpnieyniuubpu Gu' a=2, 3, U 4ud:

Unyniuwy 4.2
Fwgywéph s. Lw2dwnpywihu iny. Pnpdwpwpwlwu ny.
a=2ul 12.65 9<g 12.32 9<g
a=3ul 11.03 9<&g 11.42 9<g
a=4ul 9.9 9¢g 1.60 9<g
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LY.4.27 Uhwdnnwihtu  bplyotpnn  wpwqugunn  Yunnigwdph(ninnwuynitu nkgnuwwnnn)
punhwuntp wnbupp nbignuwuuwhtu swihnwubph Yuwnwpdwt dwdwuwly
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ERMAULLUSNRE3NRLLEN.

1.

Lhwnwgnunniejniuutiph wpryntupnud wluhwjn nupdwy, np ynuédb nbuwutph
djuwupjuwywt  dowydwu dwdwuwly wuhpwdbonnyeiniu Yw  Yhpwnb
[nwgnighs  dGpnnubp, npnup  Yuwywuunblt  nbGunwpbph wpryniiwybon
uwnbigdwup b wwotinutph htinwgdwup dowldwl gnwnnwg:

Cwownywiphu b thnpdwpwpwlwu inwuwyubiph dhongny npnayb| tu wynuéb
nGwwiutph  obipdwhu  ntdnpdwghwubpp  wju  nbwpnud, bGpp  Upwup
nhppwynpqwd  Gu  Gppnpn fBdGunnd’ wbluuninghwywu  pnypeny:
Lhwnwgnunnieiniuutiph wpryntupnud inbjuuninghwlwu pnyeh Ujnye £ punpyb)
316L  dwluphoh sdwugnunynn wnnwuwuwp, nph  obipdwjhu punwpéwlydwu
gnpéwyhgp pwywywuhtu dnwn £ wynudh obpdwjht punwpdwlydwu gnpdwyghu:
Uowlydb; £ Jwyninwind wnuébt nbunwiubph qnndwtu  wnbfuuninghwywu
gnhpdpupwg, huswbu bwl hpwlwugyti tu hGunlywutipp'

Pnpdwpwpwlwu wprynwputiph dhongny npnayb) £ wynuédb nbwmwubph dhol
Gnwd gnnwuynyeh pwgwyh owwnhdwy swihp, npp wuhpwdbown £ qnnwujnyesh
hnuph hwdwnp:

Uwwhnddwsd & Juyninwdwihtu gnndwu dhwgnigjwu unwgndp' huwpwynphuu
ujwqbigutiin wynuét nbGwnwubph nE$npdwghwubpp:

Npnodbp £ wnuét  nbwmwubph  ubppht dwybpunypubph  owunhdw)
hGnwynpnigyniup - gnnuwuynyeh  pugwyh  Gapuyht Ytwhg, nph - 2unphhy
huwpwynp £ nwnund pwgwnt] gnnwunyeh  ubippwthwugnup  nbiwh
wpwgwgunn Ywnnigwdph utipphtu dwybtiplnype:

. Lwhuwgdyt| b ywwnpwuwnyb| £ Jwynindwiht gnndwt unp nbluuninghwywu

uwppwynpntd, nph dhongny hpwlwuwgyb § ynuab nbunwjutph yuwyninwwhu
gnnnul:  <wnpy Lt upbk, np wju  uwppwynpdwtu  dhongny wpwgqugunn
Ywnnigywdpubiph quynwindwiphu gnnnudp  hpwwuwgynd £ hbnlyw) Gpynt
Ywpunpwgnyu fuunhpubph nddwdp’
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e Mnuat nbiwwubtph Lwpwgdwt dwdwuwly wnlw obipdwjht nwowh
pwofunwp' hwdwwwwnwufuwu ynuéh sEpdwhwnnpnuywunyejwup

e Mnuét nbGunwubph ninwhwjwg nwuwynpjwoéniejuu  htnuwupny,

wnwowgwd Guodwu wmwppbipnyeginiup mwppbip dhwgdwtu gnnhubpnud:

5. ®npéwpwpwlwtu Gnuuwyh dhongny Yuwwnwnpyb) Gu Gpydunmwnwywu(wynhus-

gbipdwuhnud) ntignuwwnnph ntignuwtuwjhu hwwnyniejnibubiph

hbwnwgnungeniuubpp' hwoywpluwht b hnpdwpwpwlwu — ndjwubpp

pwywpwp hwdpulyunwing:
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