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Oliduh wpnhwhwiinipimbp

Qlbipljupd pliywnhyhuwnhy tiiyunpnbught  pwiépmytlinh utnwgnidp
wpuqugnigsuyh dhahluyh U wljubhiugh wpnh [uEghpilinhg T Ghunwluwh
inluwfilym&hg wyit Yuplopdau b aunhephahbuoh, phihuh, YEewubhqhuyh b uyl
ghnuwfw ninpunitipmd: Uyuughuh pwidnmyfliph unwgnidp [uplnpynid t_imp
Swnwquypdwd  wnpmpélph untinddwd  ulnhpiliph (Uquitn Litinpnuught
|lwqlinitin' UEL, uhfippninpn@ Swnwquypdwd wnpympilp, gduyht pnjuynbintin b
ug@) L wpwqugdwh Gnp hqmﬁmﬁﬁhph Wowldwe  dlig: Upjwd  hqnp
Swnwquypdwd wnpynp@tph wntinddwh uEgpny Juplonpfnid intipuwhtipguyht
[300¢hg+ 10Shg] U wlitnwhlipguyht hwéwjumpym@itph  whpnyend  Jupd
phipumnhfhunhly putidpoilutinh unwgnudp: Uuwh Jupé pwidpmiabiph utnwgdwi
hunfwp  wewpwpywd  puqiwpehy tnwwyiliphg humnfuiulwd 08wl
htitnugnunymb&tinp, npnip Shpjwd 1@ L{ijnpntiughf pwidpnilh Juntuindwh
(slicing) tpliyinhfi: Upluwtnwiipp tdhpfuwd £ ugn tptlinh intuwljwh SYwpwepdwp,
wyllk  htwpuynp dwpldunhjuljws  tpwbiphdltnibiph (uhfnijwghw)
@qupwopdwhp, npniip Yhhtbuninpbt pwiénmbh duubunndwd (slicing) dwl
Hnwawlh hpunbuwljuh pinyep:

Umnbfiwunump)wh Suygunmih b

e Snyg wnwy np qlpyups (wihph Upjupoipmbhg  wdlih  Gupd)
tiiunpntught  ewdpniih thnjuwqnlignyenibip Eitijinpudwghuwljut
nuznh  htn  hwfiqlighnd £ Gpw punfurpfw@p, JdhUnlin  wihph
tpupnyenifihg wybih Uplwp pwhépmih ghwpnd qipuljuynud L hgph
Jhipwpwynfwd tptljnp pwbd pniynud:

e Uowlly tiufupnbuyghl pwidpniynud  thgph puzujwonipyu
Jipwpuphniwt  (fpoyqwgdwd)  tpbymhy  Gnwiuy,  qupquighimy
tiynpntiught  pw@dpmih bl qoughtt  pllinwgjwd  hump
Unfnppndwwnhy  Eliynpunfuqihuwlod wihph  thnjuwgnlignpyuh
wumpmbp: Snyg wy, np o quwnh pupép  Jwpjudnipyud U
ttijnpudwqihumlwd wihph pltnpwd hwswumpyuwh ghivypmd funliih
t hwufl] puidpmynuf (hgph puriuw]wdmpul tplyinhy Unnnywgd,
Unintifwny ulqplufui pwiépmyh «fwubuwnfwiy (slicing) thllnh
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wlijh Yupd Hapwpwidpmyulinh dbm]

<Gnuwgnintip  Unpnyugiuws  pwidpnyh  bbjunpunhbodhluoloh
hwitnynipyniGGtipp.gnyg wwy, np k] nomugfud (Unnmugdwh
Ulid unpniupm@ mlignn) pwbdpmyp Yuplih t nhnwpll)’ npobiu
qquihnplit  wijh W jupjwdmpunip  Unhbpltn  Gwrwquypnn
hupwpwidnmiubn:

Shunwlwh Gnpouyep

<hitunptiy U gnyg t wpdll, np qduyhtt pllinwguwd hwppe
Unfnppniuwnhl  Gijunpudwgbhuwljws wuhph htin thnjuwqplignipyut
wpymbpmyd Jupbjh b unwiw)] qdught tbjupntughtt potidépmih
dunjurpjud upunlbpp {1]: Gupugnigyl t, np uwyu dwyjuyud wunnlfliph
hhdwt Ypw Yuptih t gunl] pwbdpmimd  |hgph  Swubwljwb
pufujudnipyul Yumhp@ U gnyg t vipdlij, np dwjudwh julighpp wewdli
Epliwinhy t wihph Bplupmpwt @fwndwdp jupd pubdpmyutiph hwdwp,
huf wyqijh bGphwp pwidpmih phwpnd wowgBuyh® b nwobmd
pwidnmynuf thgph puzlujwompup Ynnnwguw uinhpp:
qupqugylii t  hwpp  Jnuoppndwnhl < qduyht  pllivwgfuid
tiijunpudwquhuwlwh wihph nuznmy tifunpptiught putdpmih thgph
YUpwpupudwd  Adnpmwgiwi/ wbumpmip: <Unwqnundl) 0 ugo
Unnmugiwd wrewidhuwhurnlmpymuatinpp qlippwpénp hwdwiunigynitttiph
u nuizinh dGo jwpdwonyeymbbitinh whpnypmd [2]:

bhftwynpdti & Uppnijuwgdwd by Junpuipyut plupnd ujqplwljwh
pwiénmip’ npubiv wihph Gpjupmpjwt fupgh Uipuwpwidpmyblip
nhuwplliint htwpunpmpynip:

quuwhurinygby £ dngmugud Pwidpmih Swrpwquypldwi
winw@é bwhunimpymittlipp topnhguhtt piqnbwwnnpmy [3] b qiubught
wihpurnwpmy, npp 1gjwd t phuwlipunn Guwd wowig nhuwipuhush
dhgwduypnd:

Uluunnwfiph qnpdtiuljuwh windlipp

Ulipjuywgyny  wpluwnwtipmy  wewouwplfuwd b Ejbfunpntught  pwbdpmih
Juwbundw®  (slicing) tHUWjnh] Unwhwl, npp (opnpwlh  wuydwiilph
pujupupfwd nhupmy) Juwpnn t hpwiuwpught (hol] dudwiwiulhg i

e N —y——

e S

1n1uwm1{n1p]n1i1 milignn wpwqugmghsubiph, pnjuynbipttiph, nunwlh;y onuijabiph
husubiu Gwb wqun Libnpniught juqbptbph vnlingddwh weuupligny:

Nuwynuwinpuwt 6t Wipjuywgmy hinbjug hhiiwlwh npngeiitinp

Liblpnpnbught  pw@dpmbh  hnjowgpligmpminp qought  phliswgudy
tiiinpudwqihuwluwh wijhph hbn Yupng © hwbqlightip bwh pwidpmyh
duupdwip b woquwhmf] Jwwn Jupd pwidpmilfiiph  hivnwgninmdp:
Ulhph OpYwpmpymbhg wdlith 60 juhulip miblignn pwhénmitbiph
hudwp wyliih bwlwd L gweimd jhgph  Jipwpupjufms  tdhljnp
pwidnpmind:

Pumpdp  (wpjudmpmb milignn  hwpp, Jninppndunnhy qduyhh
plbinwguwd Lihinpudwgihumljwd wihph hin tjbfunpntiught pubépnilyh
thnjuwqnlignipymbp hwiqbgind L thgph uunmpywd  Yipwpupjudwh
(Unnnijugdwi):

Prwidpmimy thgph pupujwompuh nnnijugiwh tHiljup tuljutinplia
vuydwiunpjuwd t ugh hwiqudwlpny, np pwidpmih pluybpny
nlnupwyluduwd  tblpnbbliph dJpo wqnnd B8 quznh  owpplip
(wnyuonypymUulp, htyp huiqlighnuyf £ uyt pwthb, np nwpplip Yhinbpaod
wbnugpjuwd  tihafwpnaubpp uwfumd B4 pwpddb] wwpplip

‘wpwqnpimaubpm, nph hbnlwipnd Yuwpng L wbinh mUbuw (hgph

Jurnmipywl idwgnid jud Snupwgnd:

Qupnh (wpjudmpwt U wihph hwSwngeywt  hufwupmnuniuwb
panpmpywh gligpmy Jwphh § wewhnl) dyogngqugdwh Ehilnhnipywb
bwlwh Jhdwgmd, hiyp wpnwgnpmd £ dngmjuwgdwh unpmpyuh
Utidwguwh Jlig:

Punuljuiiwgwth U6d unpripyul dnnnmijwgnidp hunjultingd £ nhnwplty
Unnnjugwd  pwidpmlip’ npwbu  Jh pwbh, Jdnpniwging  wihph
bpjupmpwt  Jupgh  Gipuwpwidpnliiph hwonpnuljwhnigeymt,
npniignid, (hgph unnyeymbp puoinud £ pumn wylih 6o pwh Swjiwluh
pwidnmymy (hgph junniypymbh tp:

bulwiwwliu wémy t thgph dngmyugud purjujuwdnipmt mulignn
pwidpmbh thnuwgnlignyeywt tpuljnhmpnitp biblnpunhbudhlwljub
hunfwluwpgbph hiw, hiyp wprwhuyindnd t, Jwulodnpumti' Jpp
ywd Tipwpwidpmlubph  Ynhtpitn  Swowquypuwd  nupwnbph
lupjwonipymutbph buljurt wéh &lny:
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Uzluwtnwph fiiphuywgniip
Uwnbbwjunumpywh hhftwlud wprymbpltipp piGwpldl U bplw@h dhqhljuyh

htuwnhuinunh utivhiwpblipmyd, Bplwtth mylitnurjurl hurdwjuwpwih
punhndhahluph  $wlnynlitnh uihtwpttippd U EPACO6 vhgwqquyhtt
[nadhpwunni:

Swwgpnyeniuil
Uunbfwjunuwljw wyuwnwiph pifuyn wiuuqpywd t 3 qhthwljwh upunnwip,

npnfig gniquilyp Bliphuywgywd tutindwgph upgmud:

Uwnbtiwlununipjwl Juonigdur

Uwnbhwjununipynilp  punfugud I wpwowpwihg, Uplip qInijufitiphg,
liqpuljugniynitititinhg oqunugqnpIuwd gpuljwinipywG gwilihg b hutipjwodhg:
Uanbiftwjununiejw durjuip 103 k9 k, npp Glipurmud & 37 Wupllip b qpulwinipyuh
57 hymutip:

Uvarnmbiph pojminmimpymtn

Urmewpmind hp'twynpymd t hlitnqnuinmpzjniuiiliph
wpnhuljwingemip, wyuunw@ph Gupunwlp L gnpdtiwlul  Gwiwlmpymig,
pingdynud UG Unpnypbling, swpunmmy Th wpuynuubnyejwip Wpluywgynn
rUqlipp:

Unweht qumup wpugmud L twyhimd  Juwpjud
hlitnwqnunnnieymtliph wprymbptiph  Jpw [1} Uyl hpjwd b bupp
Un@inppniunhly  qduyh@l pllinwgyud tbwnpunfwqihuulw®  wihph hlitn
tiblppnbugh®  pwidpmlh thnjuwqnligmpyui  nbunpyuwiip: Qquh woweht
wwpwgpudp Gpwdwywi pinyph t, npmd wpunwdynd B tjbnpath 2wpddwh
hunjwuwpnidilipg, Gikbinyg tibwnpn-Einpufwgthuwlwh guyn hurdwlwpgh
hwihjunthwihg U hudwupunnwupuwd juwintwljwd hunjurawpmditinhg, apjwd
ug®t nhigph hunfwp, Upp tiijnpntp pwpddmd £ unhph wnwpwddwl® X
ninnmupyudp:  Ugtinthlinl supunminid t uthwg]ud hwdwljuwpgh (modwh
tinwawlp, npnid wdwlignudp pun dwdwiwlh thnuwphiynud £ wdwhgduwdp pun
n=wt-kx ujuywup h@jwphwiwh, npmd @ -4 wihph hwewmpmil L,

k= 2 4 uphpught phip: Uwipwdwub hh'tunpynid E_ p, =inv(D)
c c

awpddwl hinligpwih unwgmdp U 92ymd &, op ugl hwfwunnwujuwind k
Ltywnpudwgihuwlot wihph nwpuodwd  npnoipywdp Liyunpnth
“pJughhdumuh” U Fhpulh huwuruwpdwt hwihjunihwih  owbpuwnnplliph
[nuninumnhympjwip U wyu oulipwwnnpéliph ubthwlw wndliptiph guuwlw
hwdwpwinymit t: Uyunlin plipgnid £ X -liph wewbgph ppuljwe nipnmpyup
wnwpwdynn, E =E, coslor — kx +¢yu), B,=E, coslwr — kox +¢y,,)
pumunphsilipm] gouyhtt pllinugyud hurpe Unfnppnuninhl Hunpwdwgbhuutjwh
pupunid  x-Uph  wewhgpny swipdynn  Linpntih hudwp gpjwd  wpddub
hunJuuwpnid@liph  (monufulipp b gnyg t wpjmd, np Pwidpodh wrnwidhb
tiynpnth bwdwp gpdwd imonwfubing, tipp Ytinghtiu quntifud & thehtimd huriquinh
YhSwlnid hundplyinid G puuwywh wpymbpiliph hinn: Ujamhtinb pufiwptpfws
t wyuwhuh guynmd qbipYwpd Lyunpntught pwhépnilh sunjupdwh Julinhpp:
8nyg t wpws, np CO, juqliph  oqtimpyuip htwpunjnp £ utnwioug
plitinun]uyplwhuyhl pwidpmyh Uh pwbh uwnhdinpwing duuimy typwih
Jpw: Unwewnlynn uwpph pinhwinyp ujubidwh wpunlipyuwd k Gy 1-md:

Ul 1: Fwhdpmih dunfupdwé hanlwdjupgn:




Spjwd Uh wuydwhitp GYwpwqpdnn uwpph wupwidtinpliph  hwdwp
(tulipghw, pwidpmih bGpjupmpmb, (wqliph nuzwh wfwihvmn L
hwéwjumpmt), npnig nbupmy  Surjufuwh dudwiwl whnh b mubimd
Yhwiywiwl juwy pwidpndimd tiupnbh tipYuyGujws Ynnpphtiuwwh b typwth
Jpw uwnwgynn Ynnpphtunnh dhel: RUpjwd b wiwihnhy wpuwhoynnyeimi
pwiénmyh GpYwpmpyub L thpwtht wnwgynn wunnlbiph AlLiurthnjunipyut
qnpdwljgh hunfwp, npp mih htinlyur wbupp’

L= L ———2E°Lzl” sin”—‘-sin(g'-+ @, @)
‘[72 —1myc’p 2 2

npwnbin® E,-b bitppudwqbhuuwlud nupwh (wpdwompmid L, @, -p

pwiépmbh  thouwqpligmpyw  hwdulung dmwp qnpdlim  wuwhh@
tiiunpufwq@huwlwd nuynh b L hul g =ot, — kL, - Upym hugylifhutinh

vhel nwpwdw-dwdwiuluht htnlpdub t:

Qpjud £ wpwhuyinmpymi, npp Juo b hwutnwumy  uljqplwljud
(bwjupurt ounjurnivp) Ppwidpmyh L swjujwdh tpYuytulut
pupfujwompbitiph vhel, npht k| hiwnuynpupmé t wwihu Jipuubqlli
pw@dpniynid hgph puwpfuwdmpywh Gwbwlwh nbupp’ wpnlit dwdujud
pwiénnbyh oglnmpyunip’

w@)=0.0,0) 22 ®

npnlin g, (f)-il fwpbufwt  pwiépmimd  {hgph  Upjuybwlwd
purpjujuoniypymbt t, hulj g, (yz)-n‘ puzfujudmpymip Ypuwih Jpu: Junwpdud k
pYuph® dnpbjuwydnpmy uy@ pliwpmd, pp pwidpmynid thgph puiufwonpymbn
qunuyuwi t L Juunwpws G vinwglwd  wpymbpllinh quuwhwund L
hwduwrgununjumd gpuljugmpymittn: Snyg £ nipjwd, np hw'bidwnwpwp bd
pjupnieywh pwidpmyliph nlupmy dSwdwdwh tHlnp nuotnd kg tufuh U
ulunif t Jupbnpyti pubépniynud thgph Jinwpuiuiu Epulunp:

bplpopy quumd, npp pwpuppjwd b2}y uinwgywd  wpymuplliph
hhtw Ypw phnwpldud b biGnpnbuoghi puGépnilh dngnijugiwd uanhpp
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huipp, qduyhtt pllinugdud UnGnppnuunnhl tinpufuqihunljuh nupunnwd, npl
mih UG jupjudnieymi: Unugwnlynn hwdwluwneh ujbidwl Gyt t, hbg np
Gwjunpg  qoiund  pUpJuop:  Oguyny  wyl  thwuwhg,  np wynuhuh
Lnpudwqihuwlwh  puznnud qumpgmi mth (1) zwpddwh hawnbqnun,
unugyliiy L wpuuwhuynnpni thnjuqnligniyu®  whpnyentd dwuGhljulinh
quidliim - dufwiwhh hwdwp, nphg hwlnd t, np qwjujwd Spwihg, ph
VuruGhiiliph thnwqnlignewhd inhpnyp dnblijhu biupudwqhumlwl guiznp
hisughuh tnt nih, Gpufip wn whpnypen Yubgll twppln

I (@)=T,-T, sin” @y )
dufwiwynmud,npintin’
. 2 L, 2’
1=ty L2 |l T == ©)
¢ 27\ - 2 c 2y,

huy 42 = ezzfi": - Uyn wumn6wmy Jupnn b wligh mbbuwg Eitljnnpnatiph
myc @

uljqpluljut nhppliph thnthnjunieimb, wyuhfiph Spwip Yupn b9 hlimubwg hnurphg
Junf hwlwewlp dnnbbu) dhdjutg: “U7lifip, np (4) wpnwhuyunnieywd we duh
tiphpnpn  winwdp  wowghth hufidun  punn thopp b, sGuywd ppuind k
wuydwhun]apjud pwidpmilnud 1hgpliph Ypwpuwpdwd tptiljnp: Unwgud k
wpnwhuynmpmt, app fuu b huununmyd Swubnlut puidpnymd (gl
{watiph nuznh htv dojugniip) bblnpoi@tph  Gpbuybwlul ynnpphbiunntliph
(%) L tinpuduqihuwlut puznh hlitn thnjuugnlignipyniiihg hitnn pwbdpnilmy
tinpnfiGitiph Ynnpohtunntbinh (V) dhels

©)

. o ku
v=u+ B,cT sin> —>
0

nph ogimpyudp  unwgly t  pwidpminud  thoph tpluyfurlus
puzujwonyemittiph (Gipumpmd Utp, np pw@dpmlp qouyhl t, wyuhliph Gpu
tpYuybulws jwulipp unn B b (uyfwluwh  jwuliph hwdlidonn, npp
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wphwdwphmd Gip) fuwp uyqpmd U quqliph nuznh htin hinfuwqgnlignipmitihg
htivan®

A (l + aﬂl: El: 2 %) ;

0

npnbin’ A (y)= %]\i - pudpniymu (hgph pwy jujwdmyeym s k Gwluput
u

N g

dv

tuynpudwqhuwljws guiyinh htinn thnjuwqnlignienitp, AW)=
2
thnjuwgnlignyeymitihg htitnn: Spwd A(u) = exp(— u=j qunuywd pupiujwdnyeyulp
2
u

(U11-2) hopny kjtlpnpnfiunhf pubdpmih nhwpnud (22 2=10" u?)

1 A(")
08
a6

G4

O{ ] 5
- u,x10% m

Ul.2:0whdpnlnul [hgph pupnfwdnysywt mbupp Upish juqliph popinf hlin
dhofrmgnlyp:

thnjuwqnligngymihg htinn pupjujwonemip uwnwimy L Ul.3-md plipdwd nbupp.
thnjuwqnlignipjw® whpnyph Gpiwpnipymip lpgply Bap hunjwuum® L =022 U,

10

huly Etiwpntatiph yhubtinhy tatipghw 50 Ut L
13 AlY)

4

35

Ul 3:0whdpmlnid [higph papfufuonysyud mbupn thnjuwqnlignipnibhg hlien, bpp
puppinf jupwdnypymip'E, = 3.5-10" d/, hwSwjunpniip’ o =27 - 10" num/:

Uwnwgyliy t, np pwiépmyh dheh® pumminwughl Upiupmpymap
thnjuwqnlignpyw@ pipwgpmy sh thaojynd, higp jununad £ ugl duwh@, np thgph
puzujuwdnipywt  thothnuneym@ L ulinh mlitnd pwbiépmbh Yhbnpnbulul
hurnngwomy. wpymipnd pwdpniyp tpnhymd b dnnwynpuogtiv hudwuwn thgp
wupmbulng ipwpwidpmy@lnh, npnighg jmpwpwlsgmpnid (hgph Jutnyeymbp
qquihnpit pwpép t pwldpmbh uiqpbwlwh thgph funmpnibhg: Yhgnip
pwidpmyp punfuqud k 2-10° [jwuwnlip@ilinhg, npnfighg jmpupwisympmy Yu
10° pitilwnpn®: Ugn ghiugpnid h&swhu htnbmd £ UY.3-hg unflits vh Yunenbiph swthp
(nYwpnieymbp)  Yhth JUnwwdnpuuwltiv 4-107°d: Uyt whpnypnud, npulin
1.4-10°¢

g 10004107

Ungnijugiwd junpmpynitp woudiiuenyt L, Yo N =

Yun@hy: Unwgymd t, np pw@épmynud [phy durnbhlitiph puiwlp N ~10 L,
wyuhfiph thnjuwqnlignieym@hg hlinn  uiqplwlwe LUwpnbainp puzufn UG
wnwpplip unnieyni@@lipny b vh Ywup Ynpty E pwbh np hwpdh shop wel) qumuywd
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puzjujwdnipyurl <<wngipp>> haswhiu tplnud & Ylipp zwpunpuwohg, Unnnyuigdwb
Eptijinhynipniip wuwplwiwynpnn @T; qnpdwligh ulip Jntinn wjurpwdbitnpliph
hufwwwwnwujuwd  phnpmpyudp Juplith ® hune@liy Unnmugdwi wjbwhuh
tptiyunhynipywhs, npp htwpunpmipmb [uuw duubunt] uyqpiwlwh pwidpmip
ufiih  thnpp L UhlEnyl dudwiwl thgph UES [junmpm@ mblignn
thpwpwidpniy@liph: ‘Uzbup, np  uyu wpyniGpp uwnwgind b wpddwh
hujuuwpnufiliph iy  Jwnbnn 7 nwpudw-dudwbwiuyhlt  hfnbpduih
vhehfiwgmthg:  Uyimhlinl  phunwpljud £ wyu tiplnyp  hpwlwiwgiliym
«wphtivnwlwby tnwiwl, npnlin bh'fwlws webynpymuapnd putnpynud th
vhuyt wy Jumbhllbipp, npntig hwdwp nupudw-dufwiuiuyhi hbnbipjup
hurjwuwp tp 7 =27, high wpymbpmd 4Jwd dwu@hlbbpp thnjuwqnlignipyut
pipwgpmyd  (uybwljwh myqupudp  Wgnuqu g% mGbhnd, haywbu Gl
thnuwignlignipyw® whpnyphg nnipu quiihu paunpjuwd  iiyupntbbph’ 2upddwt
mqnupyunip hdwnyuh pununphsp (hind tp huuuwn upwbg® thnjuwqnlignypjul
nhpnye Unfbthu mitiguwd hlumutinht: Ll.4-md pl‘xﬁt[uxb t wyu bnuwbwlm]
huzqywd (haph puzjujwonieyuh wiiupp’ 1wqliph nuzwh hin hnjuwqgtignipmithg
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pupinf jwmfwonyymén'E, = 2-10* /U, huwmpymipy’ o =27 - 10" pwnAy:
Uyt t, np uyu Gnwhwlp hpwnbuwlwh pinyp smbh, pwth np uyn YUpwy
phwnpud Jwubhlitpp hpuliwd wunfpugnud U4 wwihu pwidnminmd 1hgph
pupjuudnipyut duruh@ (sqhinbip, ph upwip hpuluwh Yuruth@bph np dwwb G
juqunuf) Gypnpn qmuh Yupgnw! pipdwo b Gpjwd Gpym  Unuliwllliph
hurftiduranipim® b unwgud £ thnjuugnlignipjwh nhpnyph tnjuwpmpwh hudwp
wuytwh, nph pliypnud Ghpwetith & Gplpnpn «uphtiuvnwlwi» Gnuwiuwlp, hbyutu
fwl unwgfud t hnumqplignipyut dudwiwlih hwdwn wpwnwhuginyeyniiuyg b
nligph hunfurp, tpp pwiénnilyp zuipdmy t qwqliph nuznh hwljwnrwy ninnoipyundp:

bopopn  qquond  phtwplwd b wwppbp  bnponh@udhubuk
hunfwYwngliph htin thnjuwqnlignpyul wpymbpmd Unnniwgywd Liyinpntiught
pwtdpmih Swrwquypdwd uinhptlipp: Labwnpiwd E, dun@wynpuwugtiv putn (hgph
puujuwonipymt  dnpmyugjud © pwidpnilh siptitynul  Swrwquyenidp
qiufunhf wihpurnwpnf U dwq@huwwnqlijwljuhl Guwpwqujpnidp nnpnhuyht
ptignGiwtnnpmu: _

Ulgpmid ghuwpldmd & (hgph qunuuymt pmz]ut[mbmréjmﬁ nlignn (dhisl
nuynh hlinn thnjuwqnlignipmbnp) pubdpmih sipbbndjwh Gunwuquypndp, tpp uw
2wpdynud E quuiught wihpuwnwnph wewbgpny, npp (gwd & wnw@lg nhuwlipuhugh
nhtilnphlny:  Uhpwwpmd — stiptifiyndyub Swnuquypdw o, = XnY

JBeu-1
hwSwjunieymbiliph uwljnph nliwpnud, npwlin y, -tpp wihpuwrnwph wowght

uwhuwughf uinph uithwliwh wpdtipGbint B9, (hgph Unnmyugjwd Jutnniejudp
goughtt pwidpmih Gwpwquypdwl nuwywnh  hudwp unwgynud £ hnlyug

wpunwhuwynnipmbp’
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nputin’ R = 3.685ud qquitiuyh® wihpunnuiph purpundhnf &, huly
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(2 )expl=£2/2%) 10y
(1+¢sin 20,)

£6)=

nputly’ ¢ =@} -0 UnnnijwgUwd junpmp)inip piniewqnnn Wionpymbt b, @-b
Unnmijugbng  nupnh hwéwfumpymbp, huy  7-p npunpymd € *)
wptnwhwywnnie)niithg: Ujanthtinh  Juunwpdly & tpim  pwiépmibliph
Swouquypdwd nuipnliph hunftidwnwlwd phiwplnuf: LY,5-6-nd pipjwo Ul
Swrwquypdwh nupwutiph tpjuyfwlw pununphsitiph [ujuntip SwrwquyRnn
thgphg mubgud hlizujnpnieinitthg hunfwunwuuwiwpwn uljqplwluwih
puuwdnipyuh (quntywi) U Unnmjugjud pwbdpmyulinh nhiwgpnud, pp hwzdh
sh  woijwd  nhuwlipuhugh wqpligmpymip U uwhdwiuwhwlpymd  Gap 50
hwpinthin] (mhuugipuhugh wejuympniip wwhdwbuthwnd t hwpun@hyabiph
pwiwlp wrwig nhutipuhugh vhewyuyph hurdwp Unununjnpurggtiv 50-mf, b dbEp
hupymu@tipp  uinwpond ﬁﬁp @nyli pwlwyh nnliph hunfum): <wwjuuyght
wmhpnypen hwJdwuurnunjuubnd £ uwinhulinpuiing nhpnypht, ophfiwy wnwoht
¥nnp Swpnwquypnid & v, = o, /27 =1.8- 10'"° hg huGwlunipywh Ypu:
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v.5: Ulgpauljwti (qumuywé pupfufwomyayws) pubdpmlh Suwpuquiyaduiti
pupinp wippunwpnnd, npp jgywo b wnubg nfuegbpuhuyh dpowrduypny:

Ul.6: Unpmjwgfwo Jpwhdpmih dung uyppdwt puiymp whpwinwpml, app jgywo
t wrwg phungbpehuyh digwduypny:

LL.5-6-hg tplnwd Lk, np Unnniwgywd pwidpniih pliwpmd ty Swouquypdwl
nupwnh  (wpjuonipywl dwpuhUnifitip uwnwgynd G dntnunpuwgiu - Gnyt
nhpplipnud” (hgphg muligwd hbipurynpoueynifihg, htigutiu np uljqpwljul puwidpnifh
nlimpmd kp, uwluyl  wydljh pwi 5 whqud UL wpdtiptipny, hisp unumd £
tipwpwiépmybtiph  Juubum]wd (Unpmjugiwd) pwidpnilh nhtipititn
SwrwquypUwh® Juuh: Ujunbn Jbup uwhiwhurhwlynd Bap npuljuljwl
qfwhunuwljwiibtpm], pwth np Wlip Gupwnwl@ tp gnigunpl Unnmjugdwh tHfunh
weljuynipinilp: UwnbGwjununpym dly ptwplpfud & fuul nhuugbipuhugh nlwpp:
Uytintin gnyg & wpdmud, np vhewyuyph nhuwlipuhwé plipnud swruquypdul
nuywnh jwpdudntpul Widwgdubp unftith pw@ 2 whquid:

Qquh ipgnud phwuplgl t o dngoqugiud  pwidpnlbh dwqthuw-
wpqljwluyht Swpwquypdwl Jufinhpp wnpnhnuyht pligntuwnnpmd: Uyuwnbin gnyg
t njws, np winpohnuyhf siqniunnpnyd, npp 1Yo £ £ = elr,o)=h*[sh* 7. u =1
withunfwulioieyunip nhiynpuljwi Wheunjuypny, wrupu wihpuyht hurunwpdwb
Uty Gumphih t pudwit thnthnjuwljufibipp, b unwborg [nwnufilip Swrwquypdwh
nuinh pojnp pununphsilinh hurfwp [3]: Uupugmgdl) &, wju plimpnuf ulithwljwh
$nifljghwiitiph opengniurnipmup,, nph hhfw@ Jpur nwywnbiph b bnuwbpliph puwn
hwswunipywh $mpli pununphsalipp Yipmoyli] U pupph pun wyn ubihwljut
$mblghwaliph: <huufliiny [3}md unwgud wpymbplliph Jpw qupqugynud k
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unwgyud wprymbplipp wwpwowlws (hgph wnljuympywt ghwpmu: Unlindyl) t
ulithwiljw® wpdliphliph pYuyhtt hwyqwplabph wignphed, npp WYwpwonjud t
hunftipJwdnif b nph oqnyzywdp dhuy funlih & hwyyl) wrwquypdwl nuiznbing:
Upnwdyty 08 wiwihwhy wpnwhugnnggmbtilp winph 7 =17, wnulgpny
ununn Judwjwlwd Flp-0r) pwzujwdnyemt mhlignn qduyhft wnlintwdl
pwidpmih Swnuquypdwl nuizntiph hunfuwp: Unwgyly bt wpnwhoyungeymiblip
hnuwfipltiph jutnnienialiph hwdwp Gupwgpinid £, np hnuwiph puzlujwdnipwh
$mtljghwe wlpinhwwn t hiswyliu pun @ -h, wlgliu b pun dwlwhuwlh)

uljqpiwljw (11) L dngniwgywd (12) funmypeymbubtiph phigpipmy’
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a’sh
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<wftijfwmond plipwd 58 Jwpldunhjulwi hinwgqninmpnititinph wpynbpilipp
unpnhnuyhf nligniunnph ulithwlwh hwéwunyeymuttinh npnydwt hurfwp, npntip
wihpwdlizn it nupnbiph hwywplh wignphedp wjwpnh@ huugint hwdwn:

Gqpuljmgnyeymi
Upwinwipmy uinwgfuwd hhftwlw wpymipltipp htiinbyung b

e  Snyg t wpjwd, np Eijnpnbught pwidpmih b pwpép (wpjwoniyeymb
milignn  JUninppndwwnhl  Ejlinpufwqbhuwlw®  gupnh bk
thnjuwqnlignipejwh dxprymilpnuf nlinh t mbbtnd pwiépmlnud (hgplinh
Jipwpuwjumd (Ungpmyuwgnud):

o Unwgdti & np pwbidpmih  dngnywgdwh  E$bynhynyeymbp
wuydwiuninpon gnpdwlihgp fuunnpbt juiuwd k Einpodwgihuwljuh
nupnh  jwpjuwdmpymihg, hwlwlumpymbhg, hiswbn 4wl wqtip-
pwiépnly  tnjuwqplignyeyusth  whpnyph  Un{upnyeymbhg’  npnig
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yndphtiwghuyh hunfwwwnwujpwd  piipmpgwdp upith £ unwbag
Unmmugdwt wybwhuh tplijnpympimb, npp pnyl funw Jwubwnl)
uliqpwwd pwidpnlip dnnuynpwwliv hwjuwuwp thgp wwpntbwlnn b
Uhlnyt dudwiwl thgph UGd junnipyudp Gupwpwidpmyltph:

Snyg t wpfli] wyuwhuh pwiépmih’ wwpplip LUfnpunhiwdhfuljws
huwdwlupgliph htivn inuwqnlignipyut Epynhynipymip b gnyg t wimfly,
np wbnh £ mitband Swnwquypdwh nupnh Jwpjwomput  qquih
Ubdwgnid, hosp uound bt uy® dwwhb, np dnpmijugiwd pwidpnilp
Swpwquyjpnid t npuwliu Unhtiptititn pwidnnilyuliph
tupwhwonpnuliwingemb, pinp  npod  (wpdwonysub wép
huftifwuwnwljws £ dngoywgdwt junpnipjwip:
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Pezome

B HacTosfiee BpeMs CO3JAIOTCA CBEPXIUIOTHBIE  IJIEKTPOHHBIE  CIYCTKH
JUTATENEHOCTH MOpAAKA ACCATKOB HAM COTeH (emrocekyHA. HeobxomMMOCTH TakMx
CTYCTKOB CTAaHOBHTCS OIpeAeIAOLIeH MpH Co3xaHiy TMHERHBIX Koutakinepos, JICO u B
JApyrux o6nacTaX HAyKH B YCKOPHTENbHOH TEXHHUKH. Pa3pabaTsIBaroTCa HOBBIE METOABI
TI0/Iy4€HHS TaKHX KOPOTKMX CI'YCTKOB, B YACTHOCTH, ITyTEM JEJICHUS KOPOTKHX CIYCTKOB
Ha 6ofee kopoTkue moAcryctk (slicing, chopping u T.4.). DTHM 060CHOBEHIBAacTCSA
aKTyansHOCTE NPOBEAEHHEIX B HACTOAIEH AUCCEPTALIHY HCICIOBAHHIA.

B OmMcceprauuH pa3BHBacTCH TEOpPHMA B3aMMOJEHCTBUA DIEKTPOHHOIO CrycTKa C
NMMHEHHO-NONIAPH30BAHHOM TUIOCKOH MOHOXpOMAaTHYECKOH JIEKTPOMarHHTHOM BONHOM.
IMokazaHo, 4TO0 B pe3yisTaTe B3aMMOJCHCTBHA 3NEKTPOHHOIO CrycTka € JHMHEHHO
NONAPH3OBAHHON  MOHOXPOMAaTHYECKOH  3NEKTpOMarHUTHOH  BOJIHOM  BBICOKOM
HAanNpsXKEHHOCTH MPOMCXOAMT TepepacnpelefieHne 3apaaa B Crycrke. MHOXHTEns,
OTBETICTBEHHBIH 32 MOIYJNJUMIO TNOTHOCTH pacnpelefeHHA 3apAna, OKa3hiBaeTcs
CBA3aHHBIM C HANPSXKCHHOCTBIO INEKTPOMarHHTHOTO MMOJNA, €ro 4acToTOH, a Takke
JUTHHOH MPOMEXYTKA, € JIEKTPOHHHIH CrYCTOK BaHMOACHCTBYET C ITOJIEM J1a3€pa, 4To
MO3BOJIET NOJOOPOM ITHX MapaMeTpPOB JOCTHIHYTH 3HaudrensHod 3ddextuBHOCTH
mMoaynsitmd. IIpH 3TOM CTaHOBMTCA BO3MOXHbBIM PacCMOTDEHHME NEPBHYHOIO CrycTKa
KaKk  MOCNeNoBaTeNEHOCTH ~ Gonee  KOPOTKMX ~— MOJACTYCTKOB,  KOTEPEHTHO
B3aMMOJCHCTBYIOIIMX C JIEKTPOJHHAMHYECKMMH CcHCTeMamH. HamoctpHposaHa
3(p(EKTHBHOCTh H3Ay4YEHHS TAKOTO MONYJMPOBAHHOTO CTYCTKA B LMIHHIDHYECKOM
BOJIHOBOJAE, 3aMOMHCHHOM  IOHOJIEKTPHKOM (YEDEHKOBCKOE M3JIYYeHHe), H B

TOpOHAANBEHOM PE30HATOpE (M&FHHTO-TOPMOZ!HOC H3Hy‘lCHHC).
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