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QLNkv 1

auNueU3 e Uty UELULTLUUTL U296SNR3NRLL

L1 MuSUtuliv Uavliny

1895 p. Gnytdiptiph 8-hG dynipgpnipgh hwiwjuwpwbh wypnptiunp
dhihtipd UnGpun GGnqblp hwjnmGwptptg dwnwqujplbpn, npnlp
niGGhG GhpputhwlgiwG vto plyniGwynipyniG: Uyn dwnwqujpltpp
(w wijwltg X-dwnwqujpltp: (aGnqblGh hnnpjuonp' « Guwnwqup-
Gtph Gnp mbuwy» YyepGuqpny, hpumwpwyybg £ 1895 p. nhuntiiptiph
28-hG dynipgpnipgjub phghywpdryulub pGlytpnipjul wivwgpni:
{wonpn hnpjuonud (1896 p.) Gw hpwwwpuytg Uptpmn $nG Yjn-
1hytinh dtinph hnswlwynp muwlyuwnp (GY. 1.1), npp b pugwhwjntg
ntilnqbljwl wjumnpnuwl htnwGyuwpltpp: Pugwhwynnil widh-
owwhu Ghpnpdtg qnpoGwlwlnptl: Gapwnpynud k, np wnwohl wG-
quu ntlwnqblyul vwppp Yhpwnet] G6 Gpyne pdhoy Phpitlqbunud
(Uto ppuniwlhw) 1896 p. hmGywph 13-hG" dh YGn9 dtnph wthh dh9
wubtinn qubbkm hwdwp:

1896 p. Ulph Ptptptin mpwbh wntph $nudnptiugtiighwl ni-
untiGwuppbihu wwmwhwpwp hwjmbGugnpobtg Gnp Gpunyyp: {tppu-
Jwl ghnwihnpép Gwuwyuwmpuwuntihu’ Gw hwpwphg htmwgnun-
Unn Gynipp’ Juihnih nipuwGh unpbwwmn, muwphpbinGinh htnn dhw-
uhG: <tnwqujnd wyn Gnipp whwp L Gwnwqujpwhwpytp nijuny:
Uwluw)G, dhGsb ghmwthnpdh ulubijp, Rtptipntiin Gyuwwntg, np jnuuwph-
ptinGtpG wipnnonyhG dwnwquwjpwhwpjuo LG: Munpqytg, np wwwm-
dwnl npwlhg hGpGuwptpwpwnp wnwpynn dwnwqujpltinG GG: Uyn
hwjmbGwagnponmpynilp npntig Gnp htmwgnunipyniGGtiph, npnGg wp-
rynilpnid hwjynh nupdwy, np gnjnipjnil nGhG tptip mbtuwyh Gwnw-
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quypltp’ (mpulp wijwltghl ¢, AU y Gwnwqu)pltip, huy tplnypl
wljuwlytg pwphnwyumhympnil jwd dwnwqujpwjhl wlwnhyni-
pjniG): 1903 p. Rtptiptyp Nytp U Uwph YyniphGipp htnm hwiwwnbn
unwguy ‘Lnphywl dpguwlwl’ «hGpluptpuwpwp wnwpynn Gwnw-
qujpltpnh hwjymGwagnponipjwl vt Grwlwynp Ghpppiwl hwdwp»:

Nwphnwyunhynipjul  pwgwhwynnithg wldhowwtu htinn
(Ywwumytg Swnwqujpltph Juluvwpwlwluwl wgnbgnipniln: Ujuytu,
1895 p. FhlimghiGh oglwywl 9. Gpmphl, nblnqlljwl dwnwqujp-
Gtph htn wpjuwwmbihu, vnnwgwy atinph wjpjwop, huy Rbtphptp
unwgwy dwplh nidtn wypguwop nwunhnuih Swnwqujpnitihg: {bunw-
quynui’ wlglhugytighG pwqiwphy YhGuwpwlwlwl ghnwihnpdtip, b
wuwpq nupdwy, np dwnpwqujpnidpn Jupnn E oquugnpoyt) pniddwG
Gyuwunwyny, dwulwynpuybu' pwngybnujhl qnjugnmpniGGtpp
ntiypnid:

Ulj. 1.1 Unwohli nklimqhljwb ujunlbpp:

Pniddwl Gyuwwnwlng dwnwqujpnil wnweohl wliquy Yhpwunty
E Uwph Yyniphl: ‘bw L pugwhwjnmb) nwnhnd-226-p b juquwtipubg
npw oqguwgnpdnip pwngytnh pnidiwl Guywwmwyny:
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NrwnhnGniyihnuyghG whnnpnpdwl hhdGwnhp b GQuwihp wwnnd-
Gtpp dtpnnh «hwyp» & hwdwpymd G-tnpg Lutphl, ny 1943 p. wpdw-
Gwgh) & ‘Unphpjwl dpguwlwyh Gauihp wnndGhph dtpnnp unbnobnt
hwdwn:

1.2 P USLAL AaUNUGUB O UTTL PNvU21ESNRe3NRLL
L3NROP LGS

Ounwquypnidl tatpghwjh wmbtnuthnfumpmGG & wihpGtph U
dwulhyltph wmbupny Gmupnd jud mwpwonpjwl dbke: hnliwgling
dwnwquypnidp (b)) wjl Swnwquypni £, npp thnjuwgnting thow-
Juwyph htim wnwowglnid L hnGhtp b wquu LiEyunpnGatp: bnGwglnn
dwnwquwjpltiph nuuhG G0 ywunjwbind thgpuwynpywd nmwppwuljub
dwuGhyGhpp (e7,p, ", 7, KY, K™ U wyi6), phihwywul wwpptiph w-
npwqwgywd hnGGtpp, hGywbu Gwb GhiyunpnGGhpp, ntGunqbljub b
v-6wnwquwjpltpp: Swpptpmyd GG nigpugp pnlimgling Gwnwquypnid
I whnigqugh pnliwgling Gwnwquypnid: (ligpuh ba-4 punuguo
E wjluwhuh thgpwynpywo dwuGhyltphg, npnlGg YhGhnhy LGhipghw
pwyuwpup £, npytiugh Gpulg thnfuwqnbgnipyniGp showywjph wwnn-
dh htim hwlqltglh hnGwguwb (ophGuly’ EjaywmpnGGtp, wypnnnGabp,
c-dwuGhYyGtp): Ubnigpulh P-4 punugwo & wjGuyhup shqnp dwu-
GhyGtnhg (ophGuwy® GhywmpnGGtp, $nnnGltp), npnlp Jupnn GG wow-
owglt) nunuijh hnGwglng dwnwqujpmyd b thonjywjhl nbwlghw-
Gtin:

Bwnwqujpltipnp, yuujwo mtuwlhg, mwpuibpy GG thnfuwg-
i dhowywjph htwm, vwluw)l thnfjuwqnbgnipjuwl httmbwlpny pnnp
ntiyptipnud YnpglGmd GG hpkGg EGpghw6 U hnGuwglnid jud gpgnnid
GG dh9owywjnh wwnniGhpp: Gwnwqujpiwl thnjuwqntignipjuln Gyni-
ph htn pGGwpyynid & wnwGdhG nuuplpwgh ppowGwynid: Umnpl
ptipJwo GG pdyynmpjul vk Yhpwnynn dwnwqujplhph thnfuwqnb-
gnipjniGGtph yepwpbpyw npnwjh mtntynipjniGGtn:



Owlip hgpunnpfuo dwubplilipp (o-GwuGhyGtpp, ypnunnGGb-
np b wyG), wGgGhny Gmiph dhony, Ynpglnd GG hpklGg YhGhwnmpy
tGipghw(' wjl owhutiny dhowjwjph wwmniGhiph hnGwgdwi U
qpaniwl Jpw: Ujn YnpmunmGnG £ npnymd G0 dwuGhlh uqgpp Gyni-
pnud: UnnuGtph hnGwgiwl hwjwlwlwlnipyniGp, dwulhyh dh pw-
Gh Utd tGipghwjh nhypnid, dnin 10° wlquu dto E dhonijuyhG thn-
fuwgptignipjwl hwjwlwlwlnpniGhg: bnGwgiwl YnpniunmGhpp
swihp wwjiwlGwynpywo b pwpdynn dwuGhyh YnynGyjulb thnfuwqnb-
gnipjudp Gjniph wwnndwhl LiaywpnGGhph htm: Uhowdwjnh dhony
v wpwagnipjuip Jwpdynn thgpwynpjwo dwulhih hnGwgiwl mbuw-
Jupwp YnpniunGtpp npnpynid GG Rtnb-Rinfup pwlGwduny’

2,4 2
(_Z_i)ﬁub=4:ivez | Iﬁuzbr(nlefﬁz)_ﬁz —o-Uf (4D
nptn z -p b f= v/c dwulhyh {hgpp b hwpwpbpuywl wpuwgnipyniGa
&,

Z-p vhwjuyph fupgquiphyp,

n-p” wnniGbph funmpyniGp (Ghwynp owjuwnid wwnndGbph ph-
Un),

Ling-n° nGwgiw G wnunbGghwyp (g = Zly, Ip=10 + 13 £d),

o0 unnipjwl wwpwibtnpp (pGnipwgpnud b, pb hGspwlng Lk
typwGwynpymd pGYGnn dwulGhyh quyGwiui fEjupuyui quounp
wwunniwjhG LiayupnGGtph thgptph funmpniGhg Juujwo),

U-G" K u L punupGtph Juuwh tGipghw6 hwpyh wnlng ywpw-
dbwnpn:

bnGwgiwl ppwgpnid Jupnn GG wnwowlwy nhijmw-LitYwpnG-
Gtn” wnndwjhG pwnubphg wynyywo LiiyumpnGlatp, npnlg YhGhwnhy
EGtpghwl pwdwpwn E, dhowjwyph wnndbtph hnGwgdwl hwdiwn:

Cwndytiny Gyniph dhony owln thgpwynpywd dwubhybtpp thn-
fuwgnmu E hhiGwlwlnd wnndh LGyumpnGGaph htm: Wyu thnfuwg-
ntignipjwl htwnbw6pny npwlp phy GG 2tnynud pptlGg wpddwG
uljqpGuwlwl mynmp niGhg” 2Gnphhy ubithwlw6 vto qubiqyuoh (oph-
(wly « -twuGhyh qubguop dnn 7300 wlqud Lo L EhyupnGh



quiquohg): Upynilpnid owlp (hgpwynpjwd dwulhylbpn, wiglb-
1y Gyniph dhony, mGtlnd GG gpbph ninnughd htitmwgho:

Ujniph U9 pwpdynn dwlp hgpwynpywd dwuGhyh LGepghwjh
wnbtuwwpwp YnpniunGhpp dhowlnd GG dwuGhyh taipghwjh Gwug-
dwlpn qnigpGpug, b wnwybjugnyyGi GG Juwlqunhg wnw9 (Rphkgh
whiy) (@Y. 1.2):
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FroufTioguTi fAOpnLR| oL,

Ulj. 1.2. YhGuwpwlwlwb hyntujwopnid 400 UL, uljqpGuljwb LGipghuwyny
ypnunllikph EGipghwjh wbuwlwpup YnpniumGhph uwlogwonipyniGp
iippunthwligdw funpnipynilhg:

Ujniph dhony plipl jhgpunpfwo dwubplblph (FaYynpnGGhph
b wnghwupnGGtph) pwpddiwl plGoypp wyp L Guwynp ywwmdwnp
thnpp qulqyuoG t (EiEywnnpnbp ptipl £ ypnunGhg dnn 2000 wiqu):
Etiplt thgpwynpyuwd dwubGhyltph nhypnd hnGwgdwl mbtuwupwp
UnpniunGlipp wynn pwlGwabp thnpp-hGs wjp wmbup niGh, pwG (1.1)
pwlwdlp, hGyp ywjiwlwynpjwo £ thnfuwgnynn GnyGuwwnhy dwu-
GhyGtph pYwlunwdtjuwbhuywl thnfuwlGwywyhl thtymbtph hwy-
Jh wnbbjnt wlhpwdtynmpjwip: Snipwplsnp wowdquliwb thn-
fuwmgntignipjwl htnbwlpny EiayunpnGh (wnghwpnGh) pdwnijup thn-
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funynuid £ quiwjywlwG, hGsh htnbwlpny wpddwl nignnipjniGp
(nyjGwtu thnhnfuymd t: Uyuyhuny, jmpwpwlsynip pwjudwl hb-
wnbwlpny Eitywpnlp (wnghnpnp) thnfumd k pwupddwl mgnnipjniGn,
hGsh wpnyniGpnud niGhGnid  Qwpddwl ynnpunjwd htmwagho: Uhw-
dwdwlwl ptpl dwulhln, wnndh Ehuwpnth htwn pwuytjhu, jupnn
L YnpgGty hp EGbpghwjh qquih dwup (ny wndquiwb thnjuwqnbgni-
pjniGGhn): Fw Guwlwymd b, np phjmw-tahunpnGien junweowlwb
wytiih Wko pwlwynipjudp, pwl dwlp thgpuwynpywd dwulGhyh nhy-
pnud: ‘Lnyl uyqplGuyub EGhpghwjh nhypnd LiayumpnGp Jupnn b pw-
thwgly Gyniph dhg wytih funpp, pwG owlp thgpwynpwo dwubhyp,
pwyg pwnuwjhl himwqoh Wuwdwnny Gpw pwthwlgbihnipjwb fun-
pmpjniln Gymph WG9 wylpwl Jwlfuwwmbiubtih sh 1hGh, nppwlG owp
thgpwynpyw o dwulhyh nhuypnid:

Owlp thgpwynpywo dwulhybtinp, Gyniph dk9 pwnpdybihu, Ypnd
G0 hphiGwlwlmd tGipghwjh hnGwgdwl Ynpnuunmbhp: EjayumpnGh
(ynghwpnGh) hwdwp EGhpghwjh  Gwnwqujpwjhl  YnpniuwnmGhpp
(nyyGuybtu Yuplnp nbp G6 fuunmd: Uymph wnndGhph dhomyGhph L
ELityupnGGtph YnynGyulG gupunnd LiEiupnGh (ynghwnpnGh) wpgb-
uydwl htmbwlpny wnwowlmd b wpgbuljwjhl dwnwqujpnid:
hGy;wytu hwymGh £ nqwuwlwb LiayunpunhGuwihywihg, wpuwqugdwdp
owndynn (hgpuynpywo dwulhyp dwnwqujpnd £ b Swnwqujpiw
hGuntGuhympyniGG ninhn hwdtdwwnwlub § wpuqugiwl punwlynt-
untl uwu hwjuwnupd hwitdwnwywl L dwulhyh quiqjuoh pwnw-
YniuniG: Uyu £ wuwwmdwnp, np LGapghwjh dwnwqujpwjhl Ynpniuwm-
GtnG wnwyt) Juplnp GG ptipbwgnyyl thgpuwynpywo dwuGhyGhph’
LityunpnGGtph, hwdwp: <wdwédwyl wpgbuyuwyhl dwnwquypiwi
ntunipjul’ wpgbjwuwjhl dwnwqujpiwl $nnnGltph LGhpghwnply
uwtilpinpp wlpGnhww b (GJuqnn £ 1/E, optipn]): Gwnwqujpynn $n-
wnnGGtph wnwybjugnyyG LGipghwl hwjwuwn t pwpdynn LiilupnGh
yhGtwnhy LGtpghwjhG:

Mnghwunpnln, Gyniph ke Jwpdybtny, 2wwnm wpwq pwhuynid t Gyne-
ph wunndwjhG EitywmpnGhG b wGhhhjwgynud: UpngyniGpmyd wnwow-
(md £ wlhhhjughnG dwnwqujpmu’ tpynt hwjwnupd ninnnipjmG-
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Gtpny wnwpywo p~pywlwm, npnlghg jnipuwpwlsninG niGh 511 ykd
LGtpghw (mec’=511 Ytel):

Pwpén tGbpghwyny prypnbibkpp (ntilnglljul Swnwqujpnuin
L 6wnwquypmup) mGEG Gyniph htwm thnfuwgnbgnipjul tptp hhd-
Gwiwl 4U" pnunntptlnm, Lndyunbh Ldtyun b EEYumpnb-wynghumpn-
GuwjhG qniygh oGnud:

Dnpntplilpph dwdwGwy pGylng $nunGl hp wdpnne EGtpghwd
hwnnpnnud | Gyniph wwnndh GhpphG pwnulplbpnid qubynn npuk
LiiyupnGh: Uyn Biaiupnlp «wynyynmd E» wumndhg b dbnp t phpnd
YhGtwmhy Latpghw, npp hwjwuwn £ $nnnbh tGapghwjh b huwpnth
Juwh LGipghwjh mwppipmipjwln: ‘LtpphG EyumpnGuwihl punu-
pnid wquuuywo wbtnp pugymd L tGhpghmhynptl wybtih pwpép
qulynn EitywpnGny: EGapginhynptG guwop dwlwpnuih wligdwd
htimbwlpny wnwowgwd LGtpghwl wnwpymui b pimpwqgpulub
ntlwnqbljul dwnwqujpiwl mbtupny Juwd hwunnppynid £ punuipw-
7hG EjayupnGh, npp (pnd E wnndp (Odb-EyunnG):

Undupipnlip Ephliph niypnud pGllnn $nnnln pwjuynid £ wwnn-
uh wpunwphl pwnupGtph pniy; yuwywo EtiupnGGtaphG: $nfuwg-
ntignipjwl httmbwGpny pGlylng $nnnGl hp LGapghwyh dh dwup thn-
fuwlgnd b EtyupnGhG, npp powd L wwumndp, hull $nnnlp hnfumd &
hn wpdiwG ninnnipyniln: Upymilpnd nultiGp gpnjwd bnunl, nph
LGtpghwG thnpp t ulqpGulyuG $nunnGh tGhpghwjhg, b wquwn
Eiiywnnnd:

Eiilpppnl-ynqhppnlivghli gniygh olinidp hGupuynnp t dhwjG
w6 nhiypmd, tpk nGylnn $nnnbp mGh 1022 YEd qgipwquignn LGbp-
qhw (hv >2mec2): Mpngtiup hhiGwlwlnd wmtinh £ niGhlnud dhoniyh
nuumniy:

StuwuwbnptG $nnnlp Yupnn b wlglly Gniph dhony' wnwlg
npuk thnfuwgnbgnipjul: dnfuwgpbtignipjwl jupjwopp (hwjwlw-
JuwlmpjniGp) hptGhg Gopyujuglnd bt GpJwd tptip whyh thnfuwg-
ntignipyniGGtph Yupjwopltinh gniiwn:

Guplnp E Gpbg, np Gpwo tptip nhiypnid £ wnwowlnid Jud w-
nwpynid GG EayumpnGGn (U ynghwnpnGGtp tpponpn nhiwypnid), npnlg
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EGtpghwG Yupnn £ pwjwpwn (hGh dhowwyph wwnndltph hnGwg-
dwl hwdwn:

VhpppnbiGkpp stqnp 66, niunp Gpuwlp wlwpgb] yupnn 6 dGo
nwpwomp niGGtn wlglh Gniph thony' wnwlg thnfuwqpbint vh-
ontjiiph U EjiyumpnGGhpp EEyupuywl guyubtph htwu: UhjnpnG-
Gtpp hpdGwiwlnd thnjuwgnnud GG Gniph wwnndiGbph dhoniyGhipp
htin: Gwhijwo GhyunpnGGuph LGipghwihg™ thnfuwqnbignipynilGn hpw-
Juwlwgynid £ mwppbp dkfuwGhquiltpny:

QtpdwjhG GhyjwmpnGaaph hwdwp (£, = 0.025 — 0.1 td) wnwyby
hwywlwlwb E nwnhwghnG quypnuin’ (7, ») nhwlyghwi: Uju wypngt-
uh hwjwwyuwlnipynibp Gjugmd £ GhynpnGh EGipghwjh (wpugni-
pjw@) wéh htin dbyubn’ 6 ~ 1/V jud o ~ 1/E":

UhohG EGtpghwny GhyunpnGGtph hwdwp (£, < 0.2 Utd) hGupw-
ynp k hGsyytiu nunhwghnG quypmdn, wjGubu £ wnwaquijub gpnudp:

Upwgq GbynpnGGtpp (0.2 < E, <20 ULD) Ypnd G0 wnwdquljul
gnnid b wnwowglnmud G shonmlwjhl ntwyghwtp® (n, p), (n, @), (»,
2n), (n, np), L wyG: UYth thnpp hwjwlwlwlnipjudp hGupwynp
(wl ny wnwdqulwl gpnd b nwnhwghnG quypniu:

QLpwpugq GhyunpnGGeph (£, > 20 Utd) hwdwp wnwybp hwjw-
Gwiwi L wnwdquwl gpnuwip: @npp hwjwlGwlwlnipjudp hGwpw-
Unp G0 Gl dhomwjhG ntbwlghwlbpp, nwghwghnG quypnuip b ny
wnwdquul gpnuip:

‘LhjynpnGGtph b owlp dhomYyGtph thnfjuwqnbgnipjnilp Jupnn k£
hwqtglty dhoniyh pwdwliwbG: Uju wypngbup dhowdiwulnipjudp
2tdwghG t (oppGwly **Th b 2*U shemyGhph ntwpnus), uwlw)G gn-
Jnipjnil niGhG dhoniyGtip (ophGuy’ 33y, P, 239Pu), nnn(g pwdw-
dwlp Jupnn &6 hwGqliglt) gwGyuwgwo EGtpghwyny pwpdynn Ghjun-
nnGGtpp:

Ujuyhuny, GhyunpnGGaph thnfuwgnbgnipyniGltpp Gynipnd hwi-
gtiglnud t6 hgpwynpywo dwuGhyGbph (e-dwuGhyGbp, wypnunnGlbp,
htnmhwpywoh dhomybbp b wyiG) Yud y-Gwnwqupltinh wnwowg-
vwp, npnlp hptlg htipphG hnGwgGnid GG Showywypn:
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1.3 HN2pUGS/PUGTL 2UOUT L UPUYNMLER

Yubijwod pgnqu (Jubjwuwd pudGwuguh)

hGswytu mtuwlp P6A-p, ywpuwd wmbuwlyhg, mwupptp Yhpy k
thnfuwgnmud “howywjnph htim: Uwlw)l, wiywu thnfuwqptignipjul
wmbtuwyhg, pninp nhwypbpmd hbG-p hwnnpnmd & php EGipghwG wd-
pnnonyhl Jud dwuwdp GymphG, hnGwglind Jud qpgemd | dhow-
Jwynh wnndGbpp: Gwnwquipdwb Ehtljnp hhiGwlwlnud npnpymd £
opjtijmp Julwo Latpghwyny: Nuwmp, pGuwywb & nhunwpyby opjtijnp
Juulwo titpghwl npuybtu dwnwqujpdwl wqpigmpjwl swih: <hu-
Gwlwl nmnghitmpwlwl dhonipynilp vwhdwlynd L npuytiv thwynp
quqquohl hwunnpnywuo tGtpghw b Ynsymu £ fjjumbijwo pnque

D =dE /dm: (1.2)

Yuuijwo ngnqujh swhdwl dhwynpp UL-md 2/4q E, npG mGh
hwwny wijuwlnd® gphy (GQuGwynip” dp, Gr) (wiqihwgh $hgqhynu
Q.. Qntjh wwwuyhG).

14p=129/1Yq:

Guuljwo nnqujh swthdwl dhwynpp CGS hwiwwpgnud nwn-G
t (rad - radiation absorbed dose): Ut} nun-n hwdwwywunwujuwlind t
guwijugwd hnGuglnn dwnwquypltph 100 tpg EGapghwih Jubiw-
Gp 1 g Swnwquwjpwhwpynn Gyniph Ynnihg.

1nwn =100 tpq / 19 = 0.01 Q-p:

Lwdwpdbip pnqu

Lyl Juubjwd nnqujh nhypmd wmwppbp mhyh dwowquyp-
Gtpp yaGuwpwlwywb opjijyinid wnw9uwglinid LG wmwpptp EHtlunm-
Gbp:

Swlljugwd mbuwyh dwnwquiptiwl YhGuwpwlwlywl wqnb-
gnipjnilin  qGwhwwbint  hwdwp  npwnhwghnG  wljunwGgnipjw
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fulnhpGtipnud plnniGwo £ oquuugnnoty hwmdwpdbp pnquiyh hwuljw-
gnipjnGnp:

Lwiwpdtp nmnqul Juljwo nnqul t opqulhqinid jud hynwu-
Jwopnd' puqiuyuwnuwd hwdwywwmwufuwb Wy Ypnwjhl gnpowy-
gny.

H=D -Wp, (1.3)

npnbin Wx YpnwjhG gnpowlhgp npnynud £ faGuwpwliuwywb JGwuguw-
ompjul swhp' juujwo dwnwqujpiwl mbuwlyhg:

Lwiwpdtp nnquijh b YonwyghG gnpowygh Ghpinodwl wGhpw-
dtipunnipnilip pwguwnpymd t Gpulny, np JaGuwpwlwlwl opjtljnnh
Ypw dwnwqujpiwl wqptignipjul wumhdwln npnpynid £ ny dhwyG
Yubquo nnqujny, wjik bG-h dhowu)phG hwnnpmynn tGpghwjh
nwpwowlwl pwtunwing: OpphlGwl’ o-dwulGhyGtpp hpklg Gwiw-
wwnhhG wnwowglnid Gl Who fumnmmpjudip hnGwgnid, hul y-Gwnw-
qupltnG thnpp funnipjudp hnGwgnid:

GtGuwpwlwlwl opjijnh Ypwo YGwujwopltipp Yuhudwo GG
wnyjuy LGipghwyny dwulGhyh uvntndwod Lhkpghuyh qouwghli hwynp-
nnidhg (L=AE/Al), npntin AE-hwunnpnyuwd LGipghwG t, A 7 - GwuGhyh
wlgwo Gwlwwuwnphp): GGty L -h wpdtphg’ npnpynid GG YpnwjhG
gqnpowyhgGtinp (Wr), npnlp wGhpwdtipun £ hwyyh wnlb] dwnwqu)p-
dwl wqnbgnpnilpn YhGuwpwlwlwl opjinh Yypw qlGwhwwntijhu
(Unyniuwy 1.1):

Ugyniuwly 1.1. Kwnwquypiwl §onuyhl gnpduiligh (W)

qupnjwdnipiniip Fakpghuyh qduyhi hwnnpynidhg (L) opnid

L, YEd/dyd <3.5 7.0 23 53 >175
Wk 1 2 5 10 20

luwnlfwyuqi dwnwqupiwl hwdwp hG-h hwdwpdtp gnquiG
npnynid E htnbyuy Yhpy®

H = Y,;Wg,Dg,, (1.4)
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nputin i hGntpultpn Ytpwpbpymd G0 dwnwquypiwl nwpptp nb-
uwyh pwnunphyGtphG, huy Dg, U W, -G° hwiwwwnmwufuwGuwpwn
Jrulgwo nnquibtpp b YpnwjhG qnpowyhgltpt taG:

{wdwpdtp nnquyh swihdwl Shwynpp UL-md ghylppd & (b
wwwuhy pytinugh nwnhnytGuwpwl Onminnpd Qhytpnp), GruGuyni-
un’ 2y, Sv: Uty qhytipmhG hwjwuwp guiugwo wmbuwlh dwow-
qujpiwl hwdwpdbtp nnqub YtGuwpwluwlywl hynujwopnid wnw-
owglnui L GnyyGuhup YaGuwpwluwyw Ehtywn, hGsyhuhl junwowg-
Gtin 200 ytd. LGtpghwyny ntilnqtljwl Gwnwqujpmup:

Lwiwpdtp nnqujh hwdwp CGS hwdiwlupgmd oquuwugnpdynn
dhwynpl t nyh-G (nwunh YaGuwpwluwlwl hwiwnpdtp) (63p-6uonozu-
yeckuil axeusaneHm paoa, rem-rad equivalent in man)

1 nyh = 0.01 Q4

UynwjhG qnpowlhglGtph wpdbtipGipp npny  dwnwquypGhipp
wmtuwyGtph b EGhpghwGhph hwdwp pipdwo G6 wnyniuwy 1.2-nud:

Upniuwly 1.2. Gonwhli gnpowhhgliiph wpdbplilipp pwpphp
yphuyh Gwnwquypdwli hwdwp (wpdbplipp Jipgpjuo bl << dunw-

quijpuihli wliipwlignipjuli julinliiphg):

Awnwqujpdwl mbuwyp b Eikipghw6 Wr i | dwdupdtip
nnqu nnqu
Snuntp (pninp EGipghwdtph) 1 19n 19y
NhGnghlyul Gwnwquypnd E < 0.1 Utd 1.5 1 Qn 1.59y
Bwop LGtpghw nilGtgnn LiEYupnGGp b 1 1 Qn 194
UynuGhtp
‘UtijnpnGGtp E < 10 Y 5 1Qn 59
10 ytd. - 100 ykd. 10 1 Qp 10 Q4
100 Yt - 2 Ut 20 1 Qp 20 9y
2 Utd. - 20 Ut 10 1 9p 10 Q4
E>20 Utd 5 19p 59y
MpnuinGGtp E > 2 Utd 5 1 Qn 59
o-dwuGhyGtip, owln dheniyGhp, 20 1 Qn 20 9y
pwdwliwl wprynbGpGtp
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UpynmGwpwp gnqu

Lwlh np hymujwopltipn b opquGltinG m GGG nmwpptp nwnhng-
qujlnpniCG, dwpdGh wlhwyuwuwpuwswmh SGwnwqujpiwl nhwypnid
Yhpwnnd GG wpyniGupup gnque hwuljugnipyniGp, npp npnynud k
npybtu hynuujwopGhpp/opnqubltph hwdwpdtp nnquGkph gmdwp
puqiuyumyuwd hwiwywwmwujuw Ypnwihl gnpowyhgGtpny

E = ZiWT,-Hi: (1.5)

npntn H hjmujwopGtph/opquGltnh uvnwgwo hwiwnpdbtp nnquid t,

huy Wr,-G° opquih Ywd hjniujwoph hwiwp YpnwjhG gnpowyhgn
(nunhwghnG nhuyh gnpdwyhg).

Zi WTi =1: (16)

UwpiGh hwjwuwpwswth dwpwqujpiwl nhypmd jnipwpuwl-

sjnip opquiinid Juwd hyntujwopnd hwdwpdbp nnquiGtipp GnyyG6 GG

H; = E;, htmmbwpwp’
H= E: (1.7)
UpymGupup ngnquijh swiwl shudnpG £ Qy: <jniujwopwjhl

YonwyhG gqnpowyhgltph wpdtipGipp wwpptipn opquGGhph hwdwp
ptpjwo GG wnyniuwy 1.3-nud:

Unyniuwly 1.3. Opquililikiph fjpnuwghl gnpowlhglitip

Opqu Wt
Qnlwnltp 0.20
Gundhp nuypwonid, hwuwm winh, pnptip, unwdnpu 0.12
Uhquuwpy, Ypopwqtind, yupn, Yapwypwihng, juhwGwdél qtind 0.05
Uwply, nujpuwowdnyph pohoGtn 0.01
UGwguwon * 0.05

* Qwqupybbpnd whwp L hwyyh wnGh), np ytpnhh2jw wnniuwlynid
«iiwgwon» wijuwliiwl mwy hwujugynid GG htnbjw] opquGltpp’ Ywyb-
phywiGbp, qifunintn, 26;wpwlwl opqulGtiph wpwmwpnpwjhG pwdhln,
hwuwn wnhph ytiphlG hwnwop, pwpwly wnhpp, Gphywiltpp, Yqulwihl
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hjntujwopp, tipwunmwinpuwjhG qtindp, thwjownp, phinup b wpqulnp:
UjG6 pwgunhly nhyptinmd, tpp Gpwo opqulGtnhg npul dtyp unwlnd
hwdwnpdtip mqu, npp qipwquignmd L wpnuwimd Gqwdo mwulbpynt
opqultphg dtyh unmwgwo hwdwpdtip pnquiG, «iGwgwop» Yiplwgph nwly
(dwo opqulltinhg Who nnqu unwgwd vty opqubhl wtwmp b Ytpwagnty
0.025 YpnwyhlG qnpowlhg, «diGugwohb» GniyGuytiu ytipwqgnpty 0.025 Yynwjha
qnpowyhg:

Epuwynghghn( nnqu

OpjtyunGtph Swnwquwjpwhwpnuip Juumwpynd L hnGwglnn
dwnwqujpiwl nupwunnid npn) dwdwlwl qunbytnt htmbwlpny: Gph
hnGwglnn dwnwquwjpnuipn nwpwoynd L dhowdwjpmd, ophGwly
onnid, wwyw wbtinh £ niGtlnud dhowywjnh wumndbtnh b Swnwqujpnt-
un Juqunn pyuwlwmbtph jud dwuGhybGtph thnjuwgnbgnipyniG: Opuybu
dwnwqujpiwl nupwh pnipwghp’ oquuugnpoynd b EpuwynghghnG
nqu:

Epuynghghnl nnquiG h uyqpuwlt vwhdw Gyt t nblngqbljub dw-
nwqujpltinh hwdwp: W6 npnpymd £ onh hnGwgdwl swthny b hpb-
(hg Ghipluwjywglnud £ onh dhwynp quiquonid wnwowgwd Gnijlw-
Gn1G hnGGuph EYupwlwb thgph gnidwpp EiyupnGuihG hwjwuw-
nipjwl yuwjdwabpnud.

X=d0Q/dm: (1.8)

U<-nd tpuynghghnG nnquh swihdwG dshwynnpG t UniynG/Yhn-
qnuip (Y/Y4q), npp hwiwwwwmwufuwlnd t Gnpdw] uwjdwGiGapnd
(T =0°C, P =760 du ulinhyh uymaG) 1 Yq onmu jmpupwlsynip Grwlh
hnGGtph wylGuyhuh pwlwih wrwowgiwln, nph nhiypmyd npubg gni-
dwpwjhG thgpp hwywuwp t 1 4y:

{wdwh nputiu EpuynghghnG nnqujh swthiwG dhuynp oquaw-
gnponud bl «ntlwngtln» (fk, R):

10-=2.5810" 4y/lyq

1 ntiiinqtlp y U nblunghljul Gwnwqujpltph wjl nnqud L,
nph nhiypmy Gnpiwy ywjpdwGGbipmy 1 ug’ onnid wnwowlmd E jni-
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pwpwbysynip GauGh Etyumpwumwwmhy thgph by dhwynp 2.083-10°
qnijq hnGGtp, (pwGh np CGS hwdwwpgnid (hgph dtY dhwynpp hw-
Juuwnp t4.8:10™"°, w1/ (4.8-10"%) = 2.083-10°):

Luwbh np onh Wnjtynyh shohG hnGugdwh LGipghw 33.85 td. t,
I ntilwngtl ngnqujhl hwiwwywwnwujuwb snp onh 1 u1i3-11[i hwinnpn-
Jwo LaipghwG YihGh.

T = (2.08-10%)-33.85-(1.6-10"%) = 1.113 tpq, (1 td= 1.6-10"* tpq),

huly 1 q onhG" T/pey=1.113/0.001293 = 87.3 tpq:

Ujuyhuny, ntiinqtGh $hghjuyul hwiwnpdtpp onh hwiwn 87.3
tng/q t: UhGuwpwlwywl opjtlmh hwdwp 1 ntklngbG nnquijhG hw-
Jwwywunwufuwlnd £ 95 tng Juuljwo LGkpghw:

Dnquyh hgqnpmpynil Ynsynd £ dhwynp dwiw Guwymd uvnwguo
nnquil: Uwhdwlnidp pnpnp pGaupywo ngnqubtph hwdwnp t: Quith-
dwl dhwynpGtpl 6G° 9p/d, QU/d, (}/d: LGwpwynp GG Gul wy shw-
Ynpltp® 4244, 1QY/mwph b wyG:

Unnuuwyy 1.4-nd ptipjwo &6 nwnhnybGuwpw byl hhdGuliwb
mqutph suthdwl shwynpGepp:

Ugniuwly 1.4. rwnpnlbluwpuwlul i hhdliwlul nnquiliph

suthwli dhuifnpliipp
Dhqhhulwb Quuidw G whundnph whjwbnudp, UhwynpGliph dhol
dhonipynil Gwlwlnuip Juuyp
CGS hudwljuipg | UL hwdwljwpgq
bnGwglnn Yniph (Yh, Ci) | phpbpby 1 Uh=3,7 10" £p
Gwnwqujpiwi (2p, Bg) 11
Lul,lmhllnlpjnlﬁ 1 pp:2,7 -10 Llll
Epuwnghghnt nklwghl (0, R) | YnunG/yq 1n=258-10*
nnqu (Ui/he, Ckg) | uyyg
1 41/yq = 3876 [t
Epuwynghghn( ntlwmqkl YnynG/yq 1 [1~~11:2,58'10'4 y-
nnqujh Yuplywnud Yuplywnud g
hqnpnipyniG ne -1 R.C-I) Wil .|)
4 (kg 1 uplg'y'= 3876
0y’
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QubGqwo nqnqu | nwn (nwr, rad) qnty (9, Gr) 1 nun =10~ Qn

1 Qp =100 nwn
Yrulywd nw qplyh 1 /] =107 Qp/y
nnquyjh Yuypljwlnud Juypljyuinid 1 QpA] = 100 nwn/]
hqnpnipjniG (nulryl[l, rad-c‘l) (qp_q-l’ Gr-c'l)
Zwiwpdtp nyh  (nhh, rem, | qhytpun 1 nyh=10"9Qq
nnqu 69p) (24, Sv) 1 94 =100 nyh
{wdwpdtip nyh Jujpjulnmy | ghytpnm 1 nl]h/l]LZIO'2 DI
nnqujh (nllh'l.]_-l, rem-c'l) Juwyplywlnud 1 9YAJ = 100 nyh/]
hqnpnipyniG (QQ'Q'I, Sv'c")

1.4 bAuUSu1 aUNUGUB 0 VEME U2T1ESNM3NRLE
YELUNLTLVUYT Y <SNMUYUGLVEN P 4T

Npubugh hGwpuwynp (hGh bG-Ghph pd2juub pGuquyjunnid
oqunugnnonuil wihpwdtpw £ Gwhiwwbiu hiwbwi, pt hGswhuhG Yih-
Gh opqubGhqih wpdwqubpp bB-Giph wantignipjwbp, wyuhGpl wywn-
qti, pt hGy L juuwpynd faGuwpuwlwlwl mbuwljinhg hjnuugwop-
(tpnud hG-Geph wanbgnipjwl nhiypnid:

Muwpqynud t, np Yhlnubh opqubhqdh Ynnthg YJuljwo LGhp-
ghwjh 3sG5hG pwlwln Yupnn £ wonwowglty YhGuwpwlwlwub opjuly-
wmh fuhun wpnwhwjmywo ntwlghw' pnhniy dhGsh dwhywl Gpn:
Pnnp JuplwumGGtph hwdwp dJwhugne nnque £ hwdwpynd 10 Qpp,
npp pwpdpwglnd t opquGhqup otipdwunhdw (6 pGnudkin 0.001°C
(GnyyGuhup otipdwjhl EHtln £ unwlnid dbp opqulhqup by pwdwy
wmwp phj fudbinig htwn): UhbGnyl dwdwlul yaGuwpwlGuywb
hjntujwoph 1 1111113 owjwnid, npp WwpniGwynd k ~10" wwunnuGtip,
wyn nnqul wnwowlnd b plnwdtlp dnn 200 hnGugnd: {wpg t
owqnid’ hoﬁzm E wyjupwl thnpp pwlwyh Jubywd tipghwl hwug-
Gnd wyupwl vho YhGuwpwlwlwb tduynh: Mwunwufuwlp hwonn-
ytig unwGwy 2Gnphhy pwqiwphy httmwgnunmpjniGGtnh, npnGg wp-
nnilipnid wnw9 pupybkg «phpwhuwjhG hwpjwoh» wmbunpniGp: Un
wmtiunipjwl hhipnid hinmbywy wlnnudG k. tGapghwyh Yuwbnudp pyui-
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wnwjhl ypnghu b, npp tGpwpyynud £ yhdwljugpujul ophGuywihni-
pjuGGtphG: Qquwih thnthnfunipyniG (oppGwly” p9oh dwhp) wmbtnh k
niGtimd JhwjG wjG nbhwypnd, Gpp LGipghw6 thnfuwlgynid L pooh
qtinqquyniG YwuhG' «phpwjupl»: Puqiwphy nuuntdGuuhpnipniGGb-
pp hwiqbgphlG wyl tqpuiwugmpjulp, np peoh «phpwul» bt Gpw
QAuO-G:

Swljugwd JhGuwpwlwlwG hymujwop Ywd opqul punyu-
gwo L poholtphg: <tnlwpwp, b6-h wqptgnipynilp YeGuwpwGu-
Jwl hjpujwoph Yypw wwydwlwynpywo bt wnwGdhlG po9h htwn
(puw(g thnfuwqnbgnipjudp, hul wybkih dhyw, peoh mwppbp pwnw-
nnhsGph’ dnjtyny Giph htinn hnfjuwgntignipjudp: Gpb thnfuwqnbignt-
pjwl httmbwlpny YGwuynd k& ALO-h dntynynp, wyw pohon Yunpnn
E Unpglt Yhuybnt nGwynipjniGp jud Ypbp wyGuyhuh junnigguo-
pwjhG thnthnfunipyniGltp, npnlp JugnblG npuw YhGuwgnponiGtine-
pjwl Yypw: Gpb YGwuytl (Wwhwlwb, dnunwugytl) dto pwGwlm-
pjudp poholtipn, nu Jwqnh opqubh YhGuwgnponiGhnpyjuwl ypuw,
Yhuwfumygh opquiGh Gnpiwy $niGyghw, hGsp Yupnn E yphuhhulywd
1hGt] opnquGhqiGh hwdwn:

AUE-G Jupnn b YGwuyt) bG-Giph mnpnuyh ud winnmnuiyp
wqnbgnipyniGhg: Migpuh wqnbignipyuli nhypnid juwfunynd GG
QU -h dnikynyh phihwiui yuwybpp b wowowlnd GG funngywo-
pwjhG thnthnfunipniGGhnp:

bo-Gtph  wlnipgyulh wqnbignipniipg Swnwqujpiwl EGhp-
ghw( hwlqbglmd £ FUO-h powjujpmd wquu nwnhluwGbph b
wyj] nudtin opuhnulwGtph wnwowgiwlp, npnGp thnfuwgnmd GG
QUE-h dniynyh htn U wnwowglmd phihwywl thnthnfunipymG-
Gtin: Lwlh np peheGtph vnn 70%-n uqunid £ gnipp, niunh 9ph nw-
nhnihgqp 6o GpulGuwymp)niG niGh wGnnnujh wqnbgnipjul ghiuypniy:

Nwnhnihgh dwdwGuwy 9ph dnityniG hnGwlmd £ Eayuwpnd L
YnnpgGnud.

H,0 - H,0% + e~ : (1.9)
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2pph hnGugdwo dnjbynyp thnfuwgqnnud £ oph stiqnp dngtynih
htn U wpnymGpmy wowgwlnud b phihwwbu jwwn wynpy OH w-

quu nunhluwp (wquwuw nwunhlwGepp EEYumpustqnp G6).
H,0* + H,0 - H;0" + OH: (1.10)

Mnygwo LitywmpnGp hnfuwgnmd £ innwlw hnGuwguwo 9oph vngk-
UniGtph htim b wnwowglnu 9oph qtingpgnywd dnitiyniy, npp nhung-
ynud £ b wnwowglmy t H b 0H wquin nunhljuy Gp.

H,0" + e~ - H,0* - H + OH: (1.11)

Uquu nwnhywiltnp phdhwwtu Jwnm winmhy G6, pwGh np w-
uniwjhl wpnwphl pwunuipnd wupniGwynd GG sqniyquo Etlum-
pnGGtp: Uyn wwwdwnny k) Gpwlp dto hwjwGwlwlinipjwdp Jupnn
LG FUO-h dnbynih unniguwopnid thnthnfunipniGiip wnwowg-
Gy

Pwgh wjn, phihwwbu wlwhy nwnhluwiGhpp «Gpyponpnuhl>»
ntwyghwtph vt9 Gl dnlnui: ULo hwjwlwlwlnpjudp Gl pGpw-
(inud Gpbp Gpypnppwjhl nbwlyghwGtin.

H+ H=H,, (1.12)
H+ OH = H,0, (1.13)
OH + OH = H,0,: (1.14)

Upwip uyqpuwlwl ntwlyghwlbpnid wnwowgwd tplnt wquwmn
nwnhlwGtiph tptip hGwpwynp hwiwygnipyniGGhp t6: Gpt wnweohG
tpynt nbwlghwlbph hbmbwlpny wnwowlmy GG wlylGwu Gymphp,
www opwolGh whpopuhnp (H,0,) mdtn opuhnuGw £ U pniGwynp t
po9oh hwdiwp: Orwnhnihgh wpyniGpnid wnwowgwo Gyniptipp b uugp-
nwlnigGph dntynyGp6 wlyuhynptl hnjuugqpmd 66 hwdwju
wnwowglbny wy; pnilwynp dhwgnipyniGGtn: OpquGhqdh hwdwp
YJlwuwlwnp b thnjuwqpbigmpyniGGtph dt9 dnbbnt plygnmbGwly wn
whtpopuhnuwjhG shwgnpniGGbpp uyhgqp G0 gunGnmd YaGuwphihw-
Jwl hwonppulwl ntwyghwGtph ynpwjh b wunhdwGwpwp hwG-
qliglnud GG pooh vtippwlh pwjpwjdwln: Fpw wuwwmdwnny fuwjuwn-
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ynud GG YhGuwgnponiGtinipjuwl wpwGdhG gnpownnypltin ud opqu-
(hqih wipnnowjwl hwiwlwpgbin:

Bwnwqujpiwli mnnuih b wlnnuyh waqnbgnipjuwlG wpnyniG-
pnid hGwpuynp &G 4FLO-h vh pwlh mbuwyh Yyawujuopltp. FuO-
h Uty Ywd qnyjq pnpwlbph fugnud (kquyh ud ypyGwyh fugnuiGip),
Gniyinnhnh thnfuwphGnud, hhdptiph dhol 9pwoGwjhG Yyuwbtiph pwj-
pwymud b wyiG: 4FuO-h dnikynyh yawujwopltph httmbwlpny pohon
Juwnnn L dwhwGwy ud bGpunpyyt) dintnwghwjh:

Ulj. 1.3. F60-h nuippulh b wlingnuljh §Gwujwoplbpp ujubdwmply
wuwnljipnud:

Qupunp L hwulwGwi, np FU0-h juwd wy dnikynith ny ponp
wmhyh YGwujwopltinl t6 hwlqbglnd pooh dwhywl Jwd dninw-
ghwyh: Swlijugwo YhGuwpwlwlul hwiwjwnpg odnyjwo b Ytipw-
Juqiiwl hwwmynpjudp (nbywnpwghw), npp unynpupwn Jwn wn-
nyniGwytun £: dGwujwopltiph dtowdwulnipynilp Jpuywlgpliymu
E, b pohoGlipn ny vh thnthnfunipymG ;6 Ypnd: UwuyG, tpt Ytipw-
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JuGqliwl dbjuwGhqip swouwwmh, wyw poonid wnwowgwd Yhul-
vwphihwywl thnthnfumpymGGtpp YhwuglhlG Gpuw YtpuwthnfudwG
(dnunwghwyjh) Juwd dwhywl: Rooh FUO-h Unnwghwl Jupnn L
wwwndwn nunlw] pungytnujhl poheltinh wnwowgiwb: Uwnulw-
JhG poholGtnh YbpwihnfunuiGtnl wpwowglnd Gl dYnmunwghwGhn,
npnlp wpmnmwhwjmynd GG npytiu dwnwlquywb Epuyunbhp:

bo-Giph wanbgnipynilp YhGuwpwluwywl hwiwlwunpqtph Ypw
Yupbih b pwdwlly thmitph® phahulwb, phahiuwphihwlwd, ph-
dhwjuwd, jhGuwpwlwlwb thnybtp: Swpptp thnytipned pGpwgnn wpn-
gtiuGtph GuwpuwqpnipymGGtppn U thnybph hohG wmbnnnpymGGtpp
ptipwo GG wnyniuwy 1.5-nud:

Upgniuwly 1.5. bnliwgling dwnwquyplliph wqnlignipjul hpdiwljub
thnijliph phngnipjnililiipp

D
®ny Mpnghu nup
wubnnnipjniGp

Bwnwqujpiwl LGkpghwjh Yubny,

Dhahljulywi hnGugywd b gpgnwd wnndGhph ne [107°-107° 4
Unitiyny Gph wnwowgnud:

bhqhyw- UpwGywo Libpghwjh yepwpwpfumd, 107 - 10"y

phihwuG wquu nwnhlwilitph wnwowgnu:

NtwyghwGbp nwunhlwiGtph thol L

nwnhiwGtph n dnjtyny Gph dhol:
Lndhwljwb Oniinfufwd unnigyuwdpny b 10°-107q

$nlyghnlw) wumnuiGtpny
un tiyny Gtph wowowgniy:

JGwuywopltph qupqugnid

poowjhl L opqubhquwyht Juypljubbtp
UbGuwpwlwlwb

JwlwpnwlGtpny: LhpwlulqGiwb |- mwphGhp

wnngtulitiph nidinugnud:

Bwnwqujpdwl htnbwlpny wnwowgwd thnthnfunipjniGGtpp
dnjtyniuwjhG Swjwpquynmd (Fu0-h ynpultph fugmy, GniyEnnhnh
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thnfuwpplnd, hhdptiph dhot 9pwolwjhG Ywuwbph fugnd b wy6)
wnwowglind GG thnhnfunipyniGGtp poowjhl twlwpnuynd (peoh
Gynipuhnuwuiul juwlqupny, pwdwldwl ypngtiuh d6GyYwont-
pjmiG, ppninuniwjhl dnunwghwitn, pooh dwh), npnlp, hpklg htp-
phG, hwlgtglnd GG opquGhqih dJwiwpnuyny thnthnfumpnGGtpp
(opquiGhquihG ny pGnpny hymujwoph wnwowgnd® pwngytinujhl
hjniujwoph wnwowgnii):

1.5 26S6MUPLUSUUD G4 USNuvUUShY EDHBUSLER

Bwnwqujpwihl thhymbupp pwdwlmd GG phypbpdplivgyuo
(tiwyhG) b upnpuuwupply (hwjuGuwywa pGnyp Ypnn) ttymbtph:

QEnbpdihGugwd ESuynGhnG wnwowlnd LG, tipp dwnwqu)p-
dwl htumbwlpny thnhnfujuwo (Wwhwgwo, Yhuytint mGuympniln
Ynpgpwo Jud pniGyghnGuwy fjuwlqupnid niGkgnn) pohoGtinh puwtuyp
hwulnmd t yphuphjujubh b Guunynd t JGwuduo opqulh bniGy-
ghnGw] fpwlqupniy:

OnpdGwyulnptl hwumwunywo t, np nphntpdhGwgywo thhym-
(Gtph hwdwnp gnynipyniG niGh dwnwqujpwhwpiwb pGdwjhl mqu,
nphg thnpp wpdtpltnh nwpnud opqubh peheltinh YnpniumGhpp Y-
pwiwbqbhtih GG U YhGhynptl sEG wjunnpn2ynwd: ShdwjhG nnqujhg
pupdp nnquGtph nhypnud htimbwGpGtph owGpnipnilGp dhowlmy k
JwGJwo nnqujh wéh htim dblwmbn, wjuhlpG® hGspwl dto E YJud-
Jwd nnqub, wyGpwl wpmwhwjjnywo t Ebbywmn:

QtntipdhGuwgywo thtljumGhpnl h hwym GG quihu hGunbGuhy dhy
Juud puqiwyh swnwqujpwhwpniGtph nhypnuy, tph pnquiG qtipw-
qubgnmu b ptdwjhGp: Uju nhiypnid jupnn Gl wnwowlw] wmbnujhG
pupnpuy dwuyhl JGwudwoplbp” dwnwqujpwjhl wypduop, ws;-
ph juwunwpwiuwnm, dwdwlwlwynp unbiphjhqughw b wyG: Unwybjw-
gny)G tHtyumh wpmwhwjmdwG dudwlwyp yuugwo bt jubjuwo nn-
qujh swthhg: Uto npnqubbtph nhypmd wjl wybih wpwq E h hwjn
quihu: FhntipdhGugywo EhtlmGhpl wnwowlind GG wipnne dwpd-
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Gh ywy Gpw dh dwuh dwnwqujpwhwpiwG hbmbwlpny: Chup Julu-
Jwo Lk Gpwihg, pt np onquiGl £ dwnwqujpwhwnyti: Opqubhqinud h
hwjwn tlnn hGwpwynp thnthnfunipyniGGtpp hGuntGuhy dwnwqujpw-
hwpdwl httmbwlpny b wyn hnthnfunipjmGGtnh 260w hG ngnqubtpp
ptipjwo 6 wnyniuwy 1.6-mud:

Upyniuwly 1.6. Opquilihqinid p hwjip Gljuo hufwilivilpul
thnihnjunipinilGlbpl plipklupy dwnwquipuwhwpdwl hliypphwlpny

Hunwqujpdwl wqpbgnmpynilp wipnng opqubhqih
Tnqu, 4p
Swnwquypy kpnt piwypnud
Stuwtih yGwujwopltiph puguuynipjniG 0-0.25
LGwpwynp E wpywl pununpnipjwl thnthnfunipyntG 0.2-0.5
Upjwl pwnunpnipjuwb thnthnfunipyniG, hngGuonipyniG, 0.5-1
pnij] upnuwjuwnling
Upjwl pwnunpnipjwl thnthnfunipyniG, thufunid, wyGhwym 12
wwpnnghwwb thnthnfumpniGhtp: Gwrwqujpwjhl
hhjwlnmpjwl vnnphl 2t
UlGwuwwumniGuynipjnil, wpyniGwhnumpniG 2-4
Bwnwqwjpwjhl hhyulnnpjub dwlp wntuwy, dwh 50% 4
GtiGnpnGwlw6 GyupnuyhG hwmdwuwpgh yGwunmd, dwh ~ 6
100%
UlGhwwwn dwh >8

Uwinjuwuwmpl jud hwywGww6 pGniyp Ypnn Ebtymbhpp Junpnn
tG h hwjn qu gulyugwo nnqubkph nhiypnid: “knqujh wnpdtph
w6h htin dhntn dhowlnd £ wju EbaymGhph ny pt owlpmpynlnp,
wj] wnwowlwint hwjwlwlwlnpmbp: {wjmbGh GG Gpynt wmhwh
unnfuwuwmpl Eptlmbtpn: Unwohl mhwh EptumbGtnt wnwowlind GG
undwuwhl (opqubhquh poinp pehelhinp, pugh utinwlwGGtphg) pohe-
(bpmd b hwGgbglmd GG pwngltinh wnwowgdwln: Gpypnpn mhyh
EptiyunGtnG wnwowlnid Gl ubinwljwb poholtinnid b wnw9 Gl phpnid
gliGtnhyuyul jpwGqupnuiGhnp:

UjG thwuwnp, np hG-Ghpp uwpnn G6 wnwowglty qhlGhnhyulwl
Edtyumbtn, hwunmwwnywd t yaGnuGhlGph ypw wlighugywo thnpdb-
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pnud: UwpniuGg nhwypnid myjwGtiph pugwiuynpjwl htnnbwlpny,
dunwlquiwl hhywlnmpmnbGatiph hwjuwliwuwlnpmnilp qGwhwwnm-
ymud L YhlnwGhGtph ypw wigyugywdo thnpdtiph wpryniGpGtph hh-
dwl Yypw:

LumgltinujhG hhywlnmpymGGeph Jhpuwpbpyw) u puqiwphy
thnpdwpwpuwyuwl nyjwiltp: Etymh wnwowlwnt nhuyh qlwhw-
nnuip juunwnpynid E Swnwqujpwhwpjuo pGuyynipjul tpljupwnb
U dwlpuwypyhn htnmwgnuniwl wpyniGpmd: {pdGuwyuwlnd qu <p-
pnuptiwgh U LGwquuwyph wnniwjhG ndpwynodwln GGpupyuo
dwnpnhy G6: Uwuyl jub pGwlysnpjub wy fudptp, npnlp GnyyGuybu
htimwqgnunyty GG: YGw, ophGwl, GYwnphsGhpn GG, npnlp oquuwqgnpdtiy
Ll nwphnwlimhy nwnhmdp, hwGpwihnpltpp, wyl pGuwlysmpmilp,
nnl wwpm £ pGuwlyuwl pupép nwunhwghnb $n6 niGbgnn yujptipmd, b
wjG dwpphy, npnlp dwnwquypiwl Gl GGpwpyyty pnidiwl Yuwd
httmwgnuiwl Guyuwwunwyny:

LtnmwgnunnipyniGGtph wpnyniGpnid wjuop wpwo GG htiwmbywy
tgpuugnipjniGGpn.

e QnympynG yniGh gnqujh wjGuyhup 764, nphg gwonp wnpdbp-
Gtph niypmy pungytnh wnwowgdwl nhulp pugwluyniy k:
Swlljugwd nnqu, wlywh uvhkompyniGhg, vhowglmu E
pwngytinh wnwowgdwl hwjwlwlwlnipmbn:

e Lungltnh wnwowgiwl hwywlwlywlnpjnilp ninhn hwdk-
dwunwluwi £ uvnwgwo nnquijhl. tph nnqub YpYGwwyuwny-
ytg, mptdG Yypylwwwmlyyh pwungybinh wnwowgdwl hw-
Juwlwlwlnipjniln:

{piGytny wjyu bgpuugnipnGlphG’ mpymd 66 pwngytinp

nwnppbp mbuwylGtph wnwowgdiwl nhuybiph qGwhwmwwGltpp, L
dLwynpynud GG Swnwquypiwl Gnpiwynpiwl uyqpnilpltipn:
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L6 aUNUGU3OUTYL vArUELNMUT Y US28NN-L V6

Swlijugwd mbuwlh bA-p upnn £ wnwowglti opqubhqih ph-
vhwywl U YhGuwpwlwlul ntwyghwlbp: GwnwquypiwlG wpnyni-
Gwpwp nnqub b wnw9wgpwd Lhtiyun ywhywo LG bG-h mtuwyhg,
EtGtpghwjhg, dwnwqujpwhwpdiwl dwiwlwlhg U dwlwwwphhg
(GtpphG Yuwyd wpunwphl dwnwqujpniy), Gul Gwnwqujpnn nwnhn-
GniyihnGtph phihwuwl hwnympymGGtphg” Ghpphl dwnwquypiwl
ntiypnud: Uwpnnt opqulhqinid wmwppbp wmtuwyh dwnwqujpwjhG
YJOGwuJwoplbph wnwowgnuin fuhun Juuywo skt JuGywo nnqujh
swihhg, wjl uiuwo L wwppbp gnponGGtphg, wyn pynud” opqulhg-
ih Jhdwyhg:

‘Lhpjuwynuiu  Gwnwqujpwjhl wljunulgnipjuli dhowqqujhl
hwGdGudnnnyp (GUUX) yuwpunlGuwwbu plgniGh) T dwnwqujpiwl
htnbwGpGtph qowjhl, qpnyjuiwl GwowpbdwyhlG hwjtgulupgp,
hGsn Ghipwnpnud £, np Swnwqujpwhwpiwl guiljugwo nnqu wlhb-
wbwlp sk dwpnmt hwdwnp: Uhwdwiwlwy, dhontjuyhG dtpnnltph
Yhpwenwip mwppbp pGuquyunitpnyd yuwhwGomd b uvwhdiwlh; bG-h
wnwowgnwd nnqutph pnyjuwwnptih dwjwpnuyGbpn:

BUUR-G vwhiwbl £ dwnwqujpdwl suhwpwdhlp yupquyn-
nnn tpbp hhiGwlwl hnfujuyulygguo uyqpnilpGhp, npnlp Yupbih
E wpnwhwjnb htnbyuy Yhpy.

e Lpwgnighsy nnqutp wnwowglnn gnponitGhnipjul wlhpw-
dtipunnipjwl hhiGuiynpnid,

e TQwnwqujpwjhb wwymyuwlinpjub oymhdwjugnid
(ALARA - uyqgpnilipp’ hwwuwynid htimbjw) wlqibptG wp-
mwhwjmnipjul. As Low As Reasonably Achievable — qw-
nwquwjpiwl nnqul wywhwywlt] wjpwli gwop dwlwpnu-
ynud, nppwl hGupwynp £ ° hwyyh wnGhny mGuntuwyub n
unghwjwwb qnponGGtpp),

e UlGhwwnwlwl nnqubtph b nhuljh vwhdwGGtph npnpnd:

Nputu bB-6 Gopdwynpiwl hpwduwlwl hpdp' wjwumwinid
plnnGywo L «Bwnwqujpwjihl wijnwiqnpjul Gnpibp» hwunmw-
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pnunpp, hwiwdwjli nph uvwhdiwlGymu GG Shghjuywl wGdwlg

hwiwp (wpwnmbugwo pnyjwwmpbih gnqubph swthbtpn: Unjniuwy
1.7-nd ptipdwo GG vwhdwljwo pnyyjwunntith nnquGtph wpdtpltipp:

Upgniuwly 1.7. Owhdwiliwio pnyjupplijh nnquiliiph wpdbpliipp

‘Lnpiwynpynn UwhdwlGjwo nnqu

ukonip il «U» lluunhqnphul* PGwlsnipynil

UpymiGupuwp npnque | UhohGnud 20 Q4 UhohGnud 1 d9Qy
wnuwptjud, wnuwptjud,
Jnipuwpwlynip Jnipuwpwlsynip
hwonpnuywl 5 mwph | hwonppujud 5
w) fuwmnbint nwpju ppugpnd’ ny

pGpugpnid’ ny wytkih, wytith, pwl 519y
pwl 50 4QY nmwnptwG: | muptwa:

Lwiwndtip nnqu,
unwgywo 1 mwpu
plpwgpnui:

Usph nuyyGyuynid 150 U9y 15499y
dwynid 500 uQy 5009y
dtnptipnid U 500 GQY 50 GQY
nnlwpwptipnid

) UwnndwjhG tGapghwjh oqumugnpddwl opjtijnh «U» YJunbignphuwyh
whdlwuqd «wjunthtn «U» Juwumbgnphujh wldGuwluqi»” widGuijuqy,
nnl opjtywph pGwlwlnG Jwhwgnpodwl wywjiwGibpnid, pun w)fuwnmwlph
plGnyph, Jupnn L uvnwlw npnqujh vwhdwGhG hwjwuwp gnqui: «U» juwnb-
gnphuyh wGdGwluqil wpfuwmwlphg ngnipu Wuwjdwbbtpnid ghnwnpyynd
npwtu plwsnipnil:

1.7 aUN-UG-U3 0 129-U3 NN M3 NN
(U2PN2GUBNNLNRMO3NRY)

hO-h puwguwhwjnnihg wiihowytu htimn wwpq qupdwy, np
h6-6 mgnuu £ JhGuwpwGwlwi opjtiynGtnh ypw™ Junnn k hwiqkg-
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Gt Jwpnnt mwppbp hynugwopGtph, Gl YaGnuGhGtph, pngubph b
wj] YhGuuwpwluub mbtuwlyGtph poheGtiph YwhywG: Mwunq nupdwy
Gwl, np quugwo YhGuwpwlwlwl opjtiynltinh mtuwlyhg, dwhwptp
mquitph wpdbplbpp Jwwm G0 wmwppbpynd dhyjwlghg, tppbdG
(in1jGhuy dh pwGh Juwpgny:

Uy Yupy wuwo” wmwppbp mbuwyh pnouwub b YhGngubGuuwb
wpfuwnphh GGpyuwyuwgnmghsGbpl niGGG wihwjwuwn rwnphngquijni-
lnipynili (phuwlughli nwnhngquynifinipjnif): wunhngquniine-
pjnilG hwuwgnipjnilin oqumuwagnpoynid k Guwb pohoGtinh, hyntujwop-
Gtph, opquGGtph L wipnnowlwl opqulhquilGtnh mwpptipn mtuwly-
Gtph Guundwdp:

‘LniyGhuy Yhwnmbuwy GepyuyugmghsGbph nhypnmd nwnhnqqu-
JniGnmpynilp Jupnn £ nmwnwiyt) puduljuGh gquih vwhdw6ibpnd
U pGnpnpymd b « wlhwpuwlul nuwunpngquinilinipjuiip»:

Utluwpwlwlul opjuywnlbtph hwjwuwn nwnhnqquniimpjwul
ntiypnmd bA-h hwugpwod Yhwujwopltipn yuugwo GG wnwohb htip-
phl Swnwqujpiwl nnqujhg:

Qtin 1906 p., wjuphlpl hA-Ghph YhaGuwpwluyub wqnbgnipjniln
htimwgnunipyniGGtph uyqpGuwywlb powlnd, dpwluvhwgh ghnlw-
JuGGtp d. RtpgnGytG U L. SphpnlnnG GywwunbtghlG npny ophGwsw-
thnipjniGGhp: RtipgnGjth U Sphpnlnngh opklph hwiwaw)G, peheGtpa
wytith nwnhnqquynG GG, pt’

e Upwgq LG puquwbny,

e MGhLG Gpupwwl dthunngh qlnq*,

e £hs nhptptiliggud b6

" Nupqupwlingg

**m) DYhphphligfuo popoliipp «dwulimqhipuwgyuo bli» h opqui-
lGhqunid jupwpnid Gl nprpwlh pnilihghwbibip: Popoliiph nhplphl-
gnidp pligh b onibhlinid ns phbhplliguo poholiiph (gnyniliwghli
poholiiph) hwuntiwgdwl plipwgpnid: Onhplplliguo L, ophliud,
nuljpuwonioh popoliipp, npnlip qupquilinid kG I nunbnd wpjul
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yuupphp phuwlh hwunili poholikp (jhjhnghiplibp, Ephppnghiplbip,
mﬂngpnghmﬁhn):

B Booh gnynipjuli dwdwliwljuppowlipn” uljuuwd npuw wnwowgni-
dhg dplish dwhp juwd puwdwlinidp, §nsynid b poougyhli ghlyy: Ropuijhli
ghliin punlwgwo b Gphnt dwdwlwlwppowlipg. wah dwdwliulu-
opoulihg” «plipplippug» U pwdwlidwb dwdwbwliuppoulhg «up-

png»:

£tipgnljth U SphpnGnnjh optiiphg GGty Yupkih t tgpuywg-
(L1, np Ephnwuwpy b wpuwq wéng poholikipG wnun] k) nwnhngqquyniG
kG: <tmbwpwn, wjG hymujwopltpp b opquGGhpp, npnGg pohoGtnG
wpwq pwqiulinmd G0, wnwyl] qquymb G0 Swnwqujpwhwpiwb
Gyuwuniwdp: “Fw wnwohb htipphG wpjwl wpmwnpnipjwl hwiwlwn-
qtipl G0 (Muypwonid, thwjown), twpunnujuwl hwdwlupgp (pupwy
wnhph npdwpwnubpn), uinwwb qgindtpn:

Usph nuyGyuyp b (hibnghunbGtipp GnyylGuybiu niGG pupép dwnw-
qujpwjhl qquyniGnipymG: Quipuwjhb, djuwGwjhb b GyupmujhlG poho-
Gtpp odwmywo bl gwop dwnwqujpwjhl qquyniinipjuip (nbu wn-
Jjniuwy 1.8):

Upyniuwly 1.8. Npnp opquiliiiph nwunphngquynilnipjuli (9) nuuwljupgnid

Rwpép N2 Uhoht N1-92 Swop 12
Nuypwono Uy UYwGGtnp
Owjown Uhpun NuynnGtip
Utnwlwl opquGGtin Onptip ‘Lyupnujhl
Uwnwinpu hwdwlwunq
Jwhwlwdl qtind
Lhubwwnhl qtindtip
Usph nuwGjuy
LhupnghwmiGtip

Minmgpwpwlmpjwl WG9 nwnhngquynilinipynili vubkiny hwuljw-
(nmd GG pndiwl plGpwgpnid ninnigph thnthnfudwl wuwmhdwlp b
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wpwqmipniln: (huppnpnidhjpnipinifi (radiocurability) hwuljugnipjni-
G(p wpuwgnmi L ninnigph ngGswgdwl wuwmhdwlh yYbpuwpbipngug
LapwunpnipniGp’ hwpyh welhng Gnpdw] hjniujwoph JujniGnipjuwG
htim yuuyywo vwhdwlwhwlniGhpp: Wu tpynt hwnynipjniGGtpn
wuwpuwnhp sk, np hnjujuwywlgywo 1hGkG: Nenigpp Yupnn b 1hGbp
wn qquiynil, pwjg ny nunhnpnidtih ((bjYng b dhtndw):

1.8 U 1-hN2GU3NKNLNM3UYL 4T U290 ¢NroNvue,

NwnhnytGuwpwuwyuwl thnpdtph wpyniGpGtpp pwGwluywb
wmbtuwytnhg uluty GG nphnwnpyty XX nuph uyqphg: Swuppbp mhuyp
ytGuwpwluwlyuwl opjijmbGhp (ud hwiwywpqbp, npnlgnid hGupw-
Unp L npnptiy jnipupwGsynip opjtiynnh wpdwqulpp Swnwqujpwhwn-
dwl npnpulh ngnqujh phypmd’ dwypninitynyGtpph nuomypltp,
YhpnuuGtp U wy6) GGpwupyymd thG dwnwqujpwhwpiwl wnwppbp
nmqupulwyltpny: Unynpuwpwp jwpnpuumnp thnpdtipmd pohoGtipnp
wpbdwquilpp dwnwqujpwhwpdwll wpumwhwymnd GG poholGhiph
YtGuwuwyniGnipjuwl Ynptinny, npnlp gnyyg GG mwihu jeGuwuyniG
poholGtiph twulwpwdGh Juwjujwonipnilip dwnwquypiwl nnqujhg
(«npnqu-tdtyun» Yuhugwonipynil):

UnwohG hull nwnhnybluwpwlwluwl nhnwnpyniiGinh wpnymG-
pnid yuwngq nupdwy, np bhA-h yGwuwluwnp wgnbgnipjnilp YeGuwpw-
(wlwl opjtlmbtnh Yypw Jwhuqwo k npnqujh swihwpwdlhg: Fnqu—
Ebtiyun Ynpliph Yuwnnignuip pniy; kg hwitidwwnmby mupptp YaGuw-
pwlwlwl opjtyumGtph nwnhnqquynilmpniGlbpp’ hwitdwnmbing
wjli dwnwqujpiwl nnquitpp, npnlp wwppbp YaGuwpwGulywb
opjtiynGtipnid wnwowglnd kG hwdiwnpdtip Eptyunmbhin:

“Inqui-Eptljin Ynph ntupp jujugwo topjtynh Hhqhninghwyjub
wnwldGwhwnympnGltiphg U dwnwqujpwhwpiwl wwjiwbib-
nhg: UtlGuwywyniinpjwb Ynptph mbuph ypw wgnmd GG Gul.

1. Swnwqujpiwl ntuwlynp,

2. nnquijh swihwpwptunuip,
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3. pohgltph ntuwyp,
4. nunhnduwthnhuhsGhph (nwunhninghdbhyuwwnnpltinh)
wnlwnipniGn,

5. ppywoGh pwluyp,
6. otindwuwmhdwp:

LGGwpytGp jnipupwlynip gnponlp:

1. twnwquwjpiwl wnmbuwyhg Juwwd thnfuynd £ LGapghwjh
qowyhG hwnnpnmuip (EGL) Gympnud: CGnhwinp wndwdp, dwnw-
qujpwhwnpniihg htnn YalGuwlwynlG pohelGtinh dwup Gugqmu L
Swnwqujpiwl £EQ-<L-h wdh htn dtlwntin:

EQ<-G h6-h npuwyh $hghyuwwl plnpwghplb k, wjuhGpl hhi-
Guwlwl Phghjuywb dhonmpnilp, npp pwlwjuwbtu pnipugpmy k
dty dwulhyh tGbpgbmhy Ghpnpouip Swpwqujpwjhl Epyump dhe:
EQ<-G vwhiwlynd £ npytu dshwynp dwlwwuphhl pupdynn dwu-
Ghyh Ynnuihg GymphG hwnnpmywo dhohl tGtpghw™ L = dE/dI: Qihg-
puynpywd dwuGhybtph hwiwp £EQG<L sh oqumugnpoynid, pwjg og-
wnwgnpoymd £ Gynipnid npu wnwowgpwod tpypnpnwjhG thgpwynp-
Jwd dwulhyltph EQ<-Ghiph wpdtplhpp: £EQ<L-6G unynpupup swth-
ynud £ ytd/dyd-ny ud £d/Gd-ny: EG<L-h wpdtpltipp muwnwlynd bl
0.2 td/Gd-hg (Wto EGipghwyny $nnnGGtph hwdwn) dhGsh 104 £d/Gd
(mpwGh dhomyh pwdwliwb wpnyyniGpGtph hwdwp):

Utio £EQ<&-h niypmui (e-dwuGhyGtp, ypnunnGGtp, hnGGhp) Gyni-
pnud pwnpdynn dwuGhyh htmwqoh tpyuw)Gpny hnGuwgiwb YuGunpnG-
Gtpp fupn GG quuuynpwo b FLE-hG hwuguwd YGwuwoplbpnh
phyp utio t:

Onpp £EG<L-h ghiypnud (ntlngbljwb b y-Gwnwqujpnid) Gwnw-
qujptiul wnwowgnud hnGugnuip hwdbdwwmwpwn Gnup £ b AU0O-hG
hwugywo YGwugwopltinn thnppupwluy:

‘Lluwp 1.4-md phipwo wuwmytphg tpbnd £, np uko £Q-< niltgnn
Swnwqujplbppn (dwlp hnGGhpp) qquhnptG wybh GG YGuwund
AUO-h Unynyp, pwl ntGwnghljuwl Gwnwqupmin:
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Heawvydon
Trachk

Onpp 92

-
&
i

Uks EQ2

Ul 1.4. VU0-h6 hwugpwd JGwududplbpp pupép b gmop £A<L nulikgnng
twnwquypnuilkph nhypnid:
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‘Lluwp 1.5-mud ptipdwo E nqnqu-tdtlm uhujwonipinilp mwppbn
£EQ< nilbgnn Gwnwquypltph hwdwp: Liwphg Gpumy £, np GG
YtGuwpwlwywl tdayun Gyuwumynd E nmwppbip juuljwo nnqubtph
wnpdtpltph nhypnid:

[
=

=]
=

001 1

Uts £9.2

Whbhumlpumi pehotbph hmubmpaadhi

P
pwinfud nngu

Ul 1.5. «knqu-Epbljum» Juju]wonmpynilp wmupplip F9A<L nulikgnng
SGwnwquypltph nhupnid:

2. 9nqujh suhwpwppunid Ynyymu E dwnwqujpwhwpiwl pln-
hwnip nnqujh pwdwGnudp dh pwGh thnpp dwubtiph: 9nqujh swthw-
pwfudwl nhypnd dwnwqujipwhwupdwl tptyump Gugmu t: Uj-
uhGpG, tipt GnyyG nnqub hynudwopp unwlnd t ny pt thwlquihg,
wj] Jwu-twu, wyw YhGuwluyniG pohoGiph dwuGwpwdhlp dtow-
Gnd £: QuhwpwdhGGbph pwlGwyh wybjugnudp pipnd £ jhGuwju-
JniG pohoGtinh dwulwpwdih dhowgdwbnp (GY. 1.6):
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Ukl peheibph dwubupmdhip

Ulj. 1.6. «knqu—-tphln» Julujuwonipynilip pnquyh suhwpwfudwl
nhiwypnud:

Qnqujh swhwpwpfunuip hwdwh £ oquuugnpoynid pd2nipjul
ubo: Swlywih dwnwqujpwjhG tptiwm Yupbh b vnwGw] pw-
dwltiny plphwlmp ngnqub wdtlopjuw swhwdwubtinh: Quthwpw)-
funwip pniy £ mwhu’ w) GJuqtiglt] n) wpdwqubpnng hyntujwoplt-
nh pntGwynpnuip, pwlh np gpnup wybih qquynil GG npnquijh swthw-
pudwliwl Guundwdp, p) dtowglb] pGnhwlnip ngnquG, hGsh 2Gnp-
hhy dtowlnmd £ ninnigph nyGyugiwl hwjwGuwywbnipniGn:

3. hGyuybu wpnkl Gyt E, mwppbp peheltinh U hyntujwopltph
nwnhnqquynilnipynilp mwwmwGynd L puduyubhG juwyG mhpnypnud:

Uj6 yuwugwo t peoh mbuwyhg (nhdbptilGgwd k ph nyg) b puquugiwl
wnwaqnipjnilhg: Cwwn poh9liph hwiwnp nwnhngquyniGnipynilp thn-

thnfuynud £ poowjhl ghyih ppwgpnid’ hwulting wnwybjugni)GhG
thuingh dwiwlwy:
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4. [wnhnshuwpnupstiipp Wl nunphndnphphljupnpliipp YaG-
uwpwlwluwl opjinh nwnhnqquynimpnilp thnfunn Gymptp GG:
Nputu nwnhninnhdhjughwyh hhdGwywb gnigwlh) oquuugnponid
tl phnopjtijuuinid GnyyG EdtymlG wnwowgling nnqubtph hwpwpb-
pnipjniln nwnhndnnhbhjumnph weljwynipjudp b wnwlg npu: Wju
gmguwh2l wijwimd GG gnqujh thnthnfudwlG gnpowlhg (RO ):
NrwnhndbwthnfuhsGtpp Yupnn &6 dtowgGh; Jud thnppwgll] nw-
nhnqqunilnipyniGp:

NrwnhnuwyniGnipynilp dhowglnn Gyniptipp Yngymd GG nwnhnwy-
payplilppnplhp: Uuluw)G ng pninp phdhwiwl Gympbpp, npnlp
pupdpwglnd GG opquGhqiGtph nwnphnywynmbmpjmbp, Jupbh k
gnpolwlwlnd oqunuwagnpoti npytiu nwnhnypnunbtywnp: «bpuyui»
nunhnynpnunblunpp whwnp b pwjwpuph hbnbyw quwyjdwGGbphG. w)
mGtGwl pwpép wpynbGuybnmpmb (FO9 ~ 2), p) swnwowglh
UnniGwlyh Eptywmbtn opqubhquinid: Uju wuwjydwlGtphG pwdwnpw-
pnud GG h pwlh mwubyuy phihwlwl shwugnipyniGGhn:

Nrwnhnypnunbunpltph uw)umuyuwlwuwl wqpbgnipjul bnu-
GuyGtnG wdpnnonypl puguwmpud skG: {piGwluwl tnubwyp hw-
dupynd L dwnwqujpiwl wnpwowgpnwd wquwu  nwnhlwltph
wywwlnhywgnidp:

(wnhnubilivhphjhquupnpliipp (nunhnqquynilimpwplipp), hw-
Junwlyp, pupépuglnd GG yhGuwpwlwiul hwiwjupqtph qqu-
Jmimpmilp dwnwqujpiwl (fuuniwdp, hwiwwywunwuuwlwpwn
(yuqbglnd GG Gpulg nwunhnywniGnipjnibp: Uyjuwhuh shwgnipyniG-
Gtpp Yupnn GG ogqmuyuwp hGtp hhywlnGtph dwnpwquypwjhG pnid-
dwl dudiwlwl: Cun YhGuwpwlwywl hwiwlwnpqph Yypw wqnbint
tnwGwyGtph, upwlp pwdwlimd GG Gpym fudpbph. w) dwypninb-
UnyGtph uyqpluub dwnwqujpwjhlG YGwujwopltinh mdtnuglnn-
Gtp, p) htmdwnwqujpwjhl Yyopuwulqiwl gnpoplpwuglbpp GGynn-
Gbp:

5. Mupqyty t, np ppywdbh pwlwlyh thnthnfunipyniGp wqnnd L
pooh nwnhngquyniimpjul Jypw: Opfwoliwhli Fphlp hwuljugn-
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pjul nwy dwnwqujpwibGuwpwlnipjul dk hwujwlnd GG Gwnw-
qujpwjhl YGwujwopltinh mdtnugnid ppywolh dto YnGghlGunpu-
ghwtph nhwpnud: Wyu Gplnypp pwguwnpynid £ htnbywy Yopw:
EpYwolh dntynyGtpp, npnlp odnywo LG EEjupnGuwwlygbuwnn-
npwjhG hwnympmilny, wimhynpbl thnfuwqpmd GG dwnwqujpw-
hwpiwl wuwnmdwnny wnwowgwd wquw nwihlwiltph htn: Upw
htmbwGpny wnwowlnid LG Gnp wquu pwnhluwGtp, b wtnp £ mGb-
(nd Swnwqujpwhupjuwd FuO-h UnynyGhipp YGwujuwopltinh
«wipwqgpnii»: Udpwgqpnuin dnitiynyGiph yGwudwo Junnigwdph
JuyniGugdwl dte t, hGsp ndqupuglmd t AU0O-h YJhpuwyuiqiwb
plpwgpp:

6. Poholtph nwnhnjwniGnpjul Yypw wgnnui £ Gub 9bpiwu-
whdwlp: Lupdwumhdwlh pupépugndp dkowglind L nwnhnqqu-
nilmpyniGp: Uju wuwwmdwnny hwdwju pdiuwlubi Guuunwlyibnh
hwiwp dwnwqujpnuin Juwwpynui £ hhwbpptipthwih wuwydwGGs-
pnud” nminmigpwjhlG hymujwoph 9ipdwuwmhdwlp pwpdpuwgymy L
thGslk 42.5°C: Gapwnpymd &, np hhytppipihw( pugwuwpwp k wg-
ni poowjhl dhippwGGtph L dhounibynyuyhG Yuwnmgywopltph
Ypw' Ghpunjuy ghunyuqih b ynphgh pununphsGepp: 2epdwunp-
dwlh pwpdpugnuip wlhpuwdbyn hwnywonmd Juwmwpymd £ dhy-
pnwihpwihl Yuwd nyupuéw)GuyhlG uwpptph dhongny: <hwtppbp-
dhuwyh Yphpwniwl ndjupmpiniGp juuywo L funpnp Juwd funpp
qulynn hynuujwopbtinh hwdwswith otipdwgiwl b 9tipdwuwmhdwbh
puwpfujwonipjul qGwhwnmdw( htin:

Ujuyhuny, nwnhnqquyniGnipjul Yypw wqnnn qnponGltpp YJuw-
phth E nwuwlupgb) hbnbywy Yhpy.

v dhghyului’

e EGtpghwjh qowyhG hwnnpnnud (£9-L),
e “nquwjh hqnpnipjnG,
e Qtpdwunhdwd,
v Lhihwlw’
e  (lwnhndLuwithnfupyGhip,
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e [Opwohd,
v Uhluwpwlwlui'

* B9ouwyht ghyth thnyp,
e Y (wujwopltph yhpwyuwlqlnid (ntiywnpwghw):

1.9 v6M£hy AU U3 e UT Y
UL VUIKUSUN RO NN LEL LR

‘LhipphlG dwnwqujpwhwpnid wubkiny hwuljuwlnid GG dupnnt dw-
nwqujpwhwpnuip Gpw opquhqinmud qulynn nwnhnwywnhy hgn-
nnyGtinhg: Unopjw jwlpmu dtp opqubhqd Gl Ghipputhwlgnd
wnwppbin pwnhnlnyhnGin’ wkpngnpGtph, wnndGbph, dntynyGtph
wmbiupny: UGGnh htim dwpnnt opquilhqd £ puwthwlgnid nwnhnGnilyhn-
Gtph tnwn 90%-p, fudtint 9ph htiwn™ 5-8%-n, Gip2Gyynn onh htinn® 2-5%-n:

Npn phihwiuwl wmwppbp, pwthwigbing opquGhqy, Ynunwly-
ynud GG mupptp opquGltpnid b hyntujwopGtipnid” wiwju GpuGhg
nunhnwljnpy t, pt’ ny phihwlwl wwpptiph hqnunwp: Ophlwy,
Juyghnuip, unpnGghnuip, pwphniip ymunwyynd 66 nuynplGhpnud,
Jonp Ymnwynid £ JuwhwGwdl qindmd, hul wotuwohGp b tpywpn
hwiwswth GG pwpfuynid nn9 opqulhquinud:

‘LhipphlG dwnwquypnuip Jupnn £ ko JGwultp hwuglby opqu-
GhqupG" wuwunmwhwlwb Gopputhwigdiwl nhypnid: Uhwdwdwluy,
qnynipynil niGtG whunnpn2iw6 b pniddwG dhpnnGhp, npnGgnid npn-
owlyh nwnhnmyhnGbp Gepuwpyymd G0 opqulhqi b wuywhnynyd
wlhpwdtipnm dwdwlwywynp Ehtlnm: Apny dudiwlwl wlg nwnhn-
Gniyihnp pGwwl SwGwwywphny nnipu £ ppynid opquiGhquhg: (-
nhnlmyhnltpp opqubhqihg nnipu 66 ptpymd wnbumwinpuwjhG
hwdwlwpgh, pnptph, dwyh b tphjwdGph dhengny:

NwnhnGniyihnh® opqulhqihg nnipu ptpdwl wpwqnipjniln
qiwhwwnbtim hwiwp Yhpunymd b jhluwpwbuwlulb jhuwnnipupbp-
dwli dwdwbwyp (Ty) (buonozuueckuii nepuod noryevieoeHus): Fw
wjl dwudiwlwlyl k, nph plipwgpmd nwnhnlniyhnh pwGwlp onqu-
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Ghqinui YtGuwpwlwlwl wpngtuGtph htnbwlpny wywlwunmd L
tpynt wlquu:

Lwbh np nwunhnlniyhnh jhuwmpnhdw G dwiwGuyp (T ) GnyG-
whu Yunplnp £, hdwun nilGh vwhiwlby) wpgynifwpuwp jhuwnnipu-
phpdwl dwdwliwl hwujugmpnbp, npp npn2ynud £ htnbjwy pw-
Gwdlny’

Tu=Tin Ty/(Tin+ Ty), (1.15)

npntn Tip-p° pwnhnGmyjhnh YhuwwmpnhiwG dwiwGuyl b, Ty-p
ytGuwpwliuul Yhuwnnipuptipdwl dwdiwGuyp:

<{tGg wpnyniGupunp Yhuwnnipupbpdwl dwdwlwyhg b juuquo
w) b nnquil, npp Yunwlw opquibp, huy wyn nnqujhg b jufugwo op-
quhquh Ypwo httmwqu yGuuGhpp:
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QLNkMv 2

aunua-u3eu3bv UG niruvere
fAdculiullv UluSNrNcutyv UG

2.1 Pv2MEU SEULEL ULSEUTLVELRY

Swllwgwd hhywlnmpjul pniddwl hwdwp wlhpwdtin E
(wpulwnw9 Ghyn whumnpnynid Juumuwnpb: engpwpwlwlwb hh-
JulnnipjnGGtph nhypnid uw wowybp yuplnp k£, pwlh np guGywih
L whumnpn)md uumwnpty hhpuwlnmpjul uyqplwlwl thnyma: Ufu-
unpnpiwl hhdGwlw6 dtpnnlbphg b GopphG opqulGtph U hjniu-
Jwopltph Jhgnuwjugnudip (mtuwlbh nupdGtn): dhgnuujugniip
Juplnn £ Gwb pnddwl pGpugpp b wpyniGuwybnnipjnln qGwhw-
wbnt hwiwn: «SkuwGbih pupd ity wintuwibhG» hGwpwynp npup-
dwy nblwngtGyul dwnwquypGiph pwgwhwjymiwb )Gnphhy: (HhGwn-
qtGjul funnnyulGtpl wnwohlG wwpqugniyG vwpptpl thG, npnlp
hGwpwynpnipynilG EhG mwhu unw Gy GipphG YunnigwopGtph wp-
nwyuwnytpltpp: {tnmwquynmy wunnpnpiwl tnuiwyibpp pwnpm-
(wywpwp Juwuwnptjugnpoyty GG, b wjuon pdhoyGtnh, YhGuwpwl-
Gtph, phihynuGtnh U $hghynuGbiph hwdiwwnmtn owlptipnh pGnphhy
untindyty GG Jhgnuuugdwl puqiwphy tnuwluwlylbp: UbtpnnGhph
puqiwqubnpniG wpnupugywo b Gnpwuwmbtino dkpnnltppn skl
UnYGnrd, wyp (puglnd GG wpntG qnynipynil niGhgnnGhphG:

Uju qup Gyuwunwlyl £ owlnpwuglbty nGpingnnhl whumnpn)iwb
vhonitjwyhG dtpnnltnhG: dhgnmuujugiwb pninp dkpnnGhpn hhdGuwo
Ll Gymph b Swnwquwjpltinh hhnjuwqnpbgnpjwl dhghlwjh ontlipGtph
Ypw: UtpphG hymujwopltph wpmwwwwmybplbpp vnwlwnt hw-
dwp wlhpwdbyn £ oquwgnpoti wjGuhuh Gwnwqujpllp, npnlg
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hwdwnp dwpdhlp «Yhuwpwithwlgbih» 1hGh, wjyuhlpl wGgltiny
dwnulh dhony, Swnwqujpltph th dwup puthwlgh, Yynwup® Jubyh:
«Yhuwpwthwlgbihnipjwl» wuwyiwlh wihpwdtymmpynip ywnpq L
nwnlnd htnbjwy tpim ntwypbph pGGwpyniihg: Gpwpwihp owwnh-
Jquywl wmhpnyph y-6wnwqujplbiph hwiwp dwpgm dwpdhGp pw-
gunpéwl pwthwlghy st b, httmbwpwp, npwlg oquugnponidp GpphG
hjnuujwopltph Ybpwptipyu) wmbniynipmiGitp vnwluwnt Guuwnw-
Uny hGwpwynp sk: Vhyuphlngh hwdwp, hwjwnwlyp, dwpgne dwpdh-
Gp pwgwpdwl pwthwGghy t, b wyl GniyGuytiu hGuwpwynp 3t oquaw-
gnpot] wpunwwwwmybpnltp vnwlwmn Gyuunwinyg: (Fhlngqbljwb
Swnwqujpltpp dwpngnt dwpdlng wlgGtjhu, dwuwdp JubGymd GG,
dwuwdp’ pwthwlgnd: GuGdwl wumhdwln yufugwo k hyjntugwoph
funmpjniGhg b phihwywl Yunmgywophg, hGympn U pnyyp £ mwihu
unwlwy ntilGnqblyuwl wpmwwwwnmybpGhp:

dudwlwyuyhg pdynmpjul whumnpnyiwb sh9mywjhl dtpnn-

Gtnp unbh £ nwuwlupgby htmbyw) Yepy

(wnhnpgripnwughli wpuypnpnpnid.

¢ UghGwhgpudhw,

e UhwbnuinlGujhl dwnwqujpiwl hwiwywpqswjhl wnning-
pwdhw (Single-photon Emission Computed Tomography
SPECT),

e MnghupnlwjhG dwnwqujpiwli wningnubhw (Positron
Emission Tomography PET),

¢ [fwnhnitinphuw,

¢ [Funhngpuidbhu,

e [NwnhnhintGujhG wGwhg (hU) (in vitro):

115 nunphnhgnipnuyughli wipuipnpnonid.

e QwiwlwpgswjhG mningnubphw (X3),

o UwqlGhuwjwi-ntgnGuGuuwjhG mndngpuphw (UTES):
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2.2 AELSAEL3 UL ULSUMUSUG P USUSUUL VW22 NMNL2

Upunnpnpiwl tnuwlwlGuph pGGupynuip vjubilp ntlGunqblywb
hwiwlywpqtiphg ny thwjl wjl ywwndwnny, np wju dhpnnp wuwndw-
Julnptl wiklwhhG6 E, wyb wjl ywwmdwnny, np pwwn hwuljugni-
pyGGtp, npnGp Yalwybpyblp dbpnnh Gupugpiwl plpwugpnid,
Jhpwntih 6 yhgqnuujugiwl wj) bnuGwlGbpnud:

NEGngblyu i wpnwwwuntpp dbwynpynd | ntlngbljub dw-
nwquwjpltnh U Ywbhsh (Gwppm dwpdGh) thnfuwgnbgnipjul hb-
wmbwlpny b hptiGhg Gopjujuglnud L hhgwlnh dwpdlng puthwligwo
U qpulghs vwpph Ynnihg qpulgywo dwnwqu)plph pwfunuip:
JdupohGGtpu pwnugwo 66 uhqgpliwluwdb, wjuhlpl® dwpilng pu-
thwligwo wnwlg thnfuwqpbint pjwGwunGtpnhg, b Gphgpnpnughd, wj-
uhlpG gpdwo pywlwmbtpnhg: «Oqumuwlup wmbntynipjwb» YpnnGtpp
ulqpluub pywGunltpG GG: Puwihwlgwd pywlwbbph pwluyp
Jwhijwo b Gpwlg dwlwwwnphhl pGlwo hynmujwopltiph Jiuliwb
qnpowyhgGlphg: Uju wuwwdwnny unwgywd wpnnwwywunlytpp hpb-
Ghg Ghpyuwjwglnud £ dwpilnd nblnqbljuwl dwnwqujpltph pni-
(ugiwl tnwswth yuwwltph tpyswth ypnytghw:

NhGngblyul wpnmwwuwwnytnGip vnwGuwmn: hwdwp  Guhiw-
ntujwo hwiwlwngh wuwwmwlph uyqpmGpp Juptih L hwouwg
pGGwnytny GYup 2.1-p: OLEGnglGyuG fjunpnyuwyhg wnwpymd GG y-
pywlwnbtp, npnGp nmnnynmd GG nbyh hbnwgnuynn dwpdhlp U,
wlgltny Gpuw dhomy, Ywpnn &G Yrulyby, gpytp jud puthwlghy
wnwlg thnjuwgpbgnipjul: CannilGhy vwppmyd qpulgynn uyqpGuw-
Jul pywlwunGtpp dbwynpmd GG wpnwwwwnbpp: Spdwo pywlm-
Gtpp untinonmd G0 wpunwwwwmytnph npuyp GJuqtiglnng $nb: Swi-
Juwih £ «wquuybp» gndwo pyuwlGwnbtphg, hGyp upbih £ wib hbunw-
qnuuynn dwpuiGh b pGgniGhy vwpph dhob Yubhy mbnunptinyg: Muwp-
qugni)i ghypnd Yuwbhsh nbp & Juuwpnd onh ptpunp: {wdwhu
oquugnpoynid k Yjwbhs gwlg, npp hptiGhg Gipuwjwglnd £ dh pwlh
qniquhtin Juuwuwnpt tpmtn: Chpmtipp Julnd G6 GpypnppujhG dw-
nwqujpltinh dto dwup, hul uyqpGwywl dwnwqujpltpp wiglind
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G atinpbtpny U, hwulGbny gpulghsy uvwpphl, duwynpnid GG wpnw-
wwwultpp: Gpwlghs vwpph gipnd uwpnn £ hwinbu qup $nnndw-
wuwytln juwd ghnbyunnp-wliwhquunp-hwdiwlwnghy hwiwlwngp:

SN
nhEnngEhjmb |:

Ty ool
f
i
a'.'|| IIIH
r 'Illll.
[
- 7 |' Ry \ it
“-t . ": iy ! sl
gyuafiagy .u.u'.:-m:ln: | oh o T B thmilbk

III'I1]1P

Ul 2.1. FhGwnqhlywl wpnmwyyuwnbpilip vnwluwpne hodwp Goluonbodwo
hwdwlupq: B-G b E-G wyl pjuwGwnbGhpb LG, npnip wighl) G hpjwlinh
dwpdlng] wnwlg thnjumgpbgnipjul, C-G b D-G" gpdwd pywlnbpb LG:
Lygulim D-6 YpmbGyk) £ gulgh Ynnihg, hull pjuwbln A-G SwpdGned:

Shunwpytlp nhlwngtluwli wpunwywuitpltnh  uwnwgiwb
wuwnpquagni)i dwpbdwmhyuywuwl dnnpbp: Gipwnpblp, np dnlnppn-
dwwnhy nklnghljul dwpwqupltph wnpnipp wnwpnmd k E EGhp-
ghwyny pywlwbGtp b qulynud L hhywlnhg wjGpwl htnni, np y-
pywlwmGtph hnupp Jupbih £ hwdwnpt) z wowlgphlG qniquhbin (GYwp
2.2):
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/ K,y}dxdy

Ll 2.2. (FhGwnghlywl wpnmweyuwnlph wvnmwgdwG dngly, npp gnyg E wwhu
uljqpGwlwb b Gpypnppuyhb (gpgwo) pulimbbph mwpwonidp:

Upnwwwwulbtppn duwynpynid £ xy hwppmpjul dtg: Ghpwnn-
nptiGp, np qpulghynid jnipuwpwGyynip thnfuwgnnng pywlum Yoy k:
Uju nhypnid ntlungbljul wpnuwwywwmibpp Jupbh £ ghuowpyb
npytu Juljwd y-pyuwlwmbtph tGtpghwih pwpfunud: Gph N-p
httmwgnunynn dwpibGh shwynp dwtiptuht paylnng pJuwlumGtph phyb

L, huy I(xy)dxdy —n" Yuwlhsh dxdy Gwybptuh Ynnihg Yrulguwo
LGipghw(, wwyw Junbh £ gpti) hmbjw] wponwhwjnnipyniGn’

I1(x,y) = Ne(E,0)E exp (—fu(x, y,2)dz)
+ f e(Es, 9)ES(x, v, E5, Q) dQdE, =

= [ uhqptwlwt 4 T Epypoprughi) 2.1

npntin hGuntgnmuip Juunwpynd £ uyqpluyulb puGunGbph pwpd-
dwl mnnmpjudp,
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E -G pyw(wnh EGtpghw E,

I wygpawyuap uyqpiuub puGmbtph hGntGuhynipymin,

T pypnpnugnan” BRYPnMwjhG pywGnGph hGnbkGuhynigpjmGn,

H(x,y,z) -G hyntugwopbtinh JubGiwb qowjhG gnpowlyhgn,

& -n° qpulgsh EGtpghwjh Yuuldwl gnpowyhgp (Eptyumpyn-
pynilp): WG uiuguo b qpuilgynn pulwh £ tGhpghwjhg, hGsutu
Gwl npubg Jwpddwl mynmpjul b z wonwlgph dhol pGywd 6 wd-
YniGhg: UyqpGuwywuwl pyulmbtiph hwdwnp 8= 0 L tGtpghw6 hwjw-
uwp L E: Spywdo pyulnGhph hwdiwp @ wGyniGp Jupnn L thnfuyty
Juiwjwwb duny, huy EGpghwG Ywpnn L wwwmwlybp npnpulyh
wmhpnipnid (E-hg hGsu E+dE):

S-n° gnywo pywlnGhph pwpfudwl pnbGlghwa t: Uja vwhiwd-
ynud E wyuybu’ S(x,p,E,)dEd2dxdy -h wpdtipp hwjwuwnp £ E-hg
UhGsb E+dE wmhpnypmd pGywo tGhpghwGtpny wjl pywlwubhph
pwlwyhG, npnGp gpybt] GG 2-hg dhGsk 2+dQ2 mhpnypnid qunlynn
dwnpdlGuhlG wGymGatpnd b wlghy GG dxdy pGnniGhsh dwytpbuny:

UGhpwdtpmnipjul phiypnd (2.1) wpmwhwjmmpjuli vty Yuw-
ntijh E hwyh wnty YJubhy guGgh wgqnbgmpjniln:

Canhwlnp ghiwypnid S $niGlyghwyh yuhujwonipjnilp himwgnun-
ynnh dwpilnud hyjniujwopltiph funnipynilhg b nuuwynpyuonipni-
Ghg pwpn k: UwlwjG npny ghyptpnid w6 Yupbih © hwdwpb qui-
nun thnthnfuynn, b wyn nhypnd (2.1) wpmwhwjmnipjwb dh9 dnlng
hGwtqpuip Yuptih b hnfuwphlt S-pmGyghwjh wpdtipny wwwnlbtph
ytGumpnlnud: (2.1) wpmwhwjmnipniGp yniGhGuw wyth yunpgq mtup®

I(x,y) = Ne(E,0)Eexp(— [ u(x,y,z)dz)) + S&E(E)E, (2.2)

npuntin’
S = [5(0,0,Es, Q)d QdE;, (2.3)
huy
g (E)E = [ e(Es,9)ES(0,0,Eg, Q)d QdEg /S : (2.4)
GnpolGwluwlmd YtpohlG wpumwhwjmmpyniGp hptGhg Gaplu-
Juglnud £ gpjwd dwnwquipiwl hwpwpbpmpmniln ulqpGuwlubhG
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(R) U npnpymd £ fuwu suhnuiGhphg, juwd® hwydupyymd E: (2.2)
wpunwhwjnnipjniGp wju nghypnid unwlnd k htimbjw mbupp’

I(x,y) = Ne(E,0)Eexp(— [ u(x,y,z)dz))(1 + R). (2.5)

2.3 APNSBNRIYUGLVE P LGS
UUUE-aulN-uq-uU3e vk oNlvli294630M3NNLE D
UYL VUKUSUN M3 N LELE

NpnptiGp, pt ntGuqbljul dwnwquipiwl n°p LGipgbiwmply wnp-
pnypl £ wnwytp hwpdwnp wumnpn)iwl hwdwn (ehlngbljwl dw-
nwquwjpnid wijwlnd GG 100 td-hg dhbsb 250 Ytd. LGipghwlbpny
$nunGGtpp): ‘Llwp 2.3-mud pipguo t YhGuwpwlwlyul hjnujwoplt-
pnud dnGnppniwwmhy y-pyuwlunltph puthwlgtjhnipjul gnpowlgh
Juujwonipynilp YhGuwpwluywb hynuujwoph ptpmh hwuwmnipni-

(hg" pJwlwnGtph mwnppbp EGipghwlbph nhiypnid:

E
-
¥
£
by
2
i: a1
£
I
E
T
2
L v
5 h ] cn
hprvwfwdph s pganup, al

Uljwp 2.3. UnGnppndwwmhly y-pwmGumbbph puhwlgbihnipynilp dhahndy
hyntujwoplikpp hwdwp: Rpwd Ynpbpp hwdwywnwujupwned GG 20, 30,
50, 100, 150 Y. EGbpghwGkpny pjwGwnGkph:
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Bwon pwthwlgbtihnipjul nhwypnd uyqpGwlwl pywlunGtph
thnpn dwup Jhwubh dhGsb pGyniGhy vwppp, b hnuujwopGhph dwnw-
qujpwjhl owlpwptinGuonipjmbp (Yuljwo nnqub) wwnm pwpdp
UihGh: Gpb pwthwlgtjhnipjul gqnpowyphgn vnwnn (hGh 1-hG, wwyuw
wnwnpbp hyniujuopltipnid YJuliwl wumhdwln phy Yuwpptngh, b
wpunwwwwnybph YnGupuwunp thnpp YhGh: Uyju yuwwdwnny vy-
pywlGwmGtph tGtpghwl plGupbhu wbwp b qulh] Gpynt wywhwie-
Gtph" gwop YuGywo nnquigh b pwpén YnGupwuwnh «nuljt hohln»:
Uju yupdwG6 £ phjungpmd £ «Jhuwpwthwbgtjhnipjul» uyqpnilph
wlhpwdtymmpniGp: GnpoGwiwlnd Yphpwnymd GG 17-150 ytd
LGtpghwGtpny y-pYuwlnGtpp: Lwujwluwih t, np hwdtdwwmwpwp dGo
LGtpghwGtpp oquuugnpoynid GG tunppwjhl opquGGtph wpuw-
wyuwunybtplbp vnwlwmnt Guuunwyny: Lygwo takpgtwmhly whpnypnid
y-pywlwmGtph hhiGwlywb thnfuwgnbgnipjub dutinG GG pnunntptljnp
b Unduywunbjul gpnuip, LiiupnG-ynghunpnl gqnijgh wnwowgnidp
wmbtinh & mGEGnd wytih pupénp LGipghwGbph ghiypnd: Lwn 2.4-n1d
ptipJwo L y-6wnwqujpltph U Gyph Gpwo tiptip mhwyh thnfuwqnb-
gnipjniGGiph hwpwpbpuuwl GepppnudGiph ghwgpuip” Juudwo
Swnwqujpiwl EGtpghwjhg U Gyiph quiquowjhG pyhg: Liwphg
Jupbih £ bqpulwglhi, np thnpp EGGpghw6bph nhwypmd thwthnily
hjnuujwopltipnd  nnntdtjnh  hwjwlwlwlnmpjnlGli wpwybjw-
qnuGG t:
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bl. 2.4. y-6wnwquyplbph b Gyniph bpkip mhwh qinfuwqgnbgnpyniGahph
hwpwpbpulwb GepyppnudGhpp” a) pnnnkplljnp qpulyndw whpnyp,
¢) niyunGjub gpiwb qpulyndwG wmhpnyp, b) EEjupnG-uynqhwpniwjhi
qniygh wnwowgiwl ypnghuh qpwlndwG mhpnyp:

{wulwlwih t, np YuGiwb qowjhG qnpowyhglpp nuynpltph b
thwthny hyjnuujwopGtiph hwdwp wwppbpymd G6G: SwppbipnipyniGp
hhdtwywlimd wwjpiwlwynpuwde L hnujwoplinh funmpmGGtph
wnwppbipnipjudp b hynujwoplipnd pnunntdptiynh Yupgwopltiph
nwppbpnipjwdp:

‘Llwp 2.5-nd pipdwo k Jubiwl qowjhl qnpowyhgGtinh Juwlu-
Juwompilp y-pywlwp tGhpghwjhg® nuynpltph U thwithmy hynu-
Jwopltph hwdiwp: Unptiph muppbpmp nilp ywpq £ nupélnd, pb
hGsynt G0 nhGwngbilywl dwnwquplGtinp hwpdwp nuynpGtph Yyhgniw-
(wgiwl hwdiwn: Unptiph dhou mwpptipnipjnilp b, htmbwpwp, wp-
nwywwnltiph ynGupwunnp Gugnid £ puwlnh EGGpghwjh wéh hm
dtljuntn:
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Ul 2.5. Guulidwb qowhG gnpowmljhglbph Yujuwonipynilp pjwuGnhp
Lakpghwjhg" nulynpbGliph b huwhnily hymujwopGliph hwdwp:

{wjwbh E, np pnunntphjnp Gupjuwopn (op) huwitidwmwljwb k
(jnipp Juquinn mwpph thgpwijhG pyh hhgtipnpn wunhdwGhG U Gw-
qmui k y-pjwGwuh EGipghwjh wéh htnm

oy~2Z"/E), (2.6)
npntin n = 1, tipt £,>>Ix L n = 3.5, ipt £,>Ix (Ix-G K punulph hn-
Gugdwl ynntlghwG t):

bnuntptlnp  Yupguoph  (op) Yufuuompymlbp  y-pywbnh
LGtpghwjhg ptipdwo t Gywn 2.6-nwd: Uyuytiv Ynsguo «ubiwd ow;-
ntph> (punwlplph Yuwh EGpghwjh htan hwdpGyGnn whykpp) dn-
nwujpmud pnmbGhsh pmpwgnpbpp (EbtyumhynipniGp b monbGw-
Ynipjniln) YthnthnfuybG: UGhpwdt)wm k wyn hwpyh wnGhi:
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Ulj. 2.6. bnunntphljinh Yupwoph Yujududonipynilip y-pwbmh ELGkpghwjhg:

bnunntptjnh wpynilpnid wnndwjhlG punuilphg wnyymd
EiGyupnl, b wowowlmd L pnipuwgpuljub ntlingbljuli dwnwquj-
pnud Jud Odt-LiiyunpnG: (HhGungllywl wjunnpndwl hwdwp og-
nwgnpdynn pyulnlbph nhypnd wnwowgwd pnunnkiunpnGGtph
wnwybjuqny)i tGipghw6 150 yEd. t: Uju EGhpghwnyg LitumpnGh
wnwytijugnyG Jugpp opnd Juquind E 0.03 wd: Uju wuwwnmdwnny
wnwowguo pnnnkiEmnnGitpp hwdwpymd G6 inyw Jiulgnn b dGo
Gtpnpnud niGhG hitmwgnunynnh unwguo ngnquigh vbe:

CGnniGhy vwpph ($pnnndwyuytG) Yubwo tatpghw Gniylutu
hhdtwywlimd wwjdwlwynpjuwdo b bnnnbiunpnGitpnyg: Alnipu-
gnuyuwi ntlwngqbljwl dwnwquwjpnip ny dhowm £ Jupbh ghnwpyty
npwtiu nyuw) JYubynn, hGsmn quy Gpund L wnynuowy 2.1-md pipduo
wnyjwiltinhg: Unjnuuwynid ptipdwo t6 npn tihdtlGumbGiph pGoipwugnb-
nn° K-punuwlph pnipuwgpuyul ntlngbljuwb swnwqupltph LGbp-
ghw( b dhohlG wquu Jugptpp 9pnud, hGswtu Gl dnnptiughlighw-
Jjh Gpp' pninptiugtighwjh hwjuwlwlwlnipnilp $nnnkjbmpnGh
wnwpnivhg htimn:
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Upniuwwly 2.1. K-punuiliph plinipuwqpuljul nhliynqlilijul
dwnwqupliiph plinipuwgphpp:

E bt Uhght Dininptiugtilighwjh UhghG wquin
EGtpghw, Yt tipp Jwqpp 9pnid, ud
o 0.5 0.01 <0.001
Ca 3.7 0.16 0.01
Ag 22.6 0.83 1.8
Gd 43.9 0.93 4.0

Unnuuuymd pipjwo EitdkGunGtpp plnpn) 66 phnhyniugwop-
Gtph (O, Ca) L plgniGhy vwpptph® $pnnndwyuykGlGtph hwdiwp (Ag,
Gd): Syyuyltphg tpund E, np plnniGhy vwppbpmd oquuwqgnpdynn
uho qulquowjhlG phy mbhgnn LidkGumGiph hwdwnp pinipugpu-
Juwl nblwnghljul dwnwqujpnuip Junpnn b GJuqbglit] wpunwuywwm-
ytph hunwynpjniln:

UniyunGjub gpiwl Ywpduopp (oy) Jupudwo y-pwulunp
LGtpghwjhg U Gymph wwpph hgpwjhG pyhg, thnfuynid b wbih uw-
hniG

ou~Z/E,: 2.7)

Lbwmbwpwn, wju ypngtiup wytiih phy £ wgnnid wpmwwwnytinh
npwih Yypw, pwl nnntdtyun’ pwgunnipjudp pupép Latipghwit-
nh niwyph, tpp pnunntptiynh hwjwlwwlnipynilp Yupniy Gugnid
L

2.4 ELSAEL3UL UASUMUSHEL P N/UYP 40U U290
aNronvuer

Swlljugwd wpnmwwwwumytph npuyp wuwydwlwynpjuo L npn-
owlyh qnponGGtpny’ YnGupwuwm, hunmwynmpjnil, nionnmbGuuini-
pjnl, wnuinyGph weiwynpnil b wyG: LGGwpyklp npn) qnponG-
Gtiph  wnwGdGwhwnympymGGtpp ntGwnglljul wpunwywwmytph
nhypnid:

49



Ynlimpuwuwm b humwYynipynel

UwhdwGtlp YnGunpwunmp npybtuv Shghyuwywb dtompnilG: h-
nwnpytilp ntlnqbljul wpnmuwywwuntph unwgiwl ywnpquagniyl un-
ntp (GY. 2.7):

Wedd bl
lﬁb|Ix ¢

i

v v
I Ii
bl 2.7. Mupq vnnpky, npp poy) £ wwhu gGuwhwnby YnGupuunh wpdbpp:

Ltunwgnuynnh dwpdhlp thnfuwphGuwo b hwiwutn ¢ hwuwnnt-
pjwip pinyny, nph YruGiwh qowhl gnpowyhgn Gawlwytp 4: Uju
pinyh Ghpunid mbtnugpwo L dh wyp pinYy’ «phpwjup»’ x hwuwnnt-
pjuip b 4 JuubGdwl qowjhG qnpowygny: «Ohpwhup» wjl opjtiyunb
L, np6 wlhpwdbtyum L mtuwlbh qupdlt: Gpb -G U -G plgniGhy
vwpph thwynp dwytpbumd JuubGjwo tGtpghwltpG GG dwpdhl W
dwnpihl+phpwiu hwmywobtinpng wigwod dwnwqupltph hwiwn hw-
Twuywunwuuwlwpwp, wyw YnGupuwunl wpnwhwjnynd £ hb-
wnbjw pwGwdlny’

C=U;-1)/1: (2.8)

1,-G b -G npnpymud GG (2.1) wpunwhwjmnmpjwl dtheongny:

Glpwnnynud £, np phpwiup qubynmd E wpmwwyuwmytph dtoumb-
nnud, huly Yhg hyuugwopltinp, wyuhlpl wjl nmwpwonpjniln, nph
htin hwitidwwnynud & phpwtup, wbwp tE qunbyh Gpwl Jwwnm dnwn, np-
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whugh gpjwd dwnwqujpniip wju tpynt dwubtipnmd juptiih thGh hw-
duwpt) Onylp: Spwiwpwlwywi £ Gub GGpwnnpby, np wjl opjtijnnp,
nph wpunwwwnybpn mgnud Glp vnwlwy, suthbpny pwwn wybh
thnpp t, pwl hptl 2ppwuwwwmnng hwiwubn hyntujwopn: UnwGwip 7;
I I, pniGyghwGtpp’ oquytiny (2.2) pwlGwdlhg

I, = Ne(E,0)Eexp(—u t) + S & (E)E, (2.9

I, = Ne(E,0)Eexp(—p,(t — x) — upx) + S & (E)E: (2.10)
UnGwmpwuwmh hwdwp juptih £ qplp himbyw) pwGwdélp’

C = Ne(E,0)Eexp(—p1t){1 — exp[—(uz — p)x]}/Li: (2.11)

Oquijtiny (2.5)-hg" YtpohlG wpuwhwjnmpymbp Juptih b gptg
wytih wwnpg mbupny’

€= (1 - exp[— (4, — u)x]}/(1+R); 2.12)

Ujuyjhuny, wpnmwwwwnytph YnGupwunph ypw wqnnn qnponG-
Gtiphg GG phpwju-hyniujwoph hwumnmpjnilp, YubGiwG qowjhl gqnp-
owlyhgltiph mwppbpnipynilp b gpwo b uljgplwjub dwnwqupnid-
(tph hGuntGuhynmpjuwl hwpwpbpmpjniln:

‘Llhwp 2.8-md phipdwo GG YnGupwunh JuuwonpmnGatpp y-
pywlwh LGpghwhg® tpynt phnhyniujwopltph hwdwn, npnlp Yuw-
punp GG dwingpuwbhwih (Ypopwabindh htmwgnunipymG) hwdwp:
‘Ulwphg tpund E, np YnGupwuwnp GJugnid b y-pJuGunh EGapghwjh
wdh htin dkjumtn: Gw Gulwynd £, np wnwybjugnyyl YnGupuwuwn
unw lwnt hwdwp wihpwdtyum b oquuugnpoty guwon LGtpghwltpny
y-pywlumbtp: Uwluwyl wju pghypmd dtowlmd L htnmwgnunynnh
unwgwo nnqub: Uyuhlpl wGhpwdtyum b quit] jndypnihu’ pwju-
npwn ynGumpuwunm b hGwpwynphlu guop nqnqu wwwhnytnt hwdwp:
(2.12) pwGwdlp vnwbwihu dtlp tGpwnpnud thGp, np plnniGhy vwp-
ph pGnipugnph b Yuubynn y-pyunh tGtpghwjh Juwp qowghG t: hp-
wjuwlnd ngu dhow sk wynubu, b (2.12) pwlwdup hwdwju d2qpuniwd
Yuphp mGh:
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bl 2.8. Ynlimpwuwmh jujujwonpyniGltpp y-pwbnh LGipghwjhg pym
phnhyniujwopGbtph hwiwp (hynmujwaopblbkpp fuplnp G Swingpudhwjh
piypnid): L EphG Ynpp' 100 vl hwuwmnipyunip shpnuyghGuwmh (npng
phypbipnd jupghGuwnGhph wejwympyntp juymd kE jpopuqbndh
pwungljinh Ywuhb) hwdwp k, wvnmnph6 Ynpp” 188 glindwjhG hyniojwaoph
hudwp: GnGunpuwunmp hwpupldnud E Gopdwg jpopugbndh hyniugwaoph
hunibdwwn: YnGunpuwunmh Gluwgnidp gpdwl hkwmbwGpny winbudwuo t:

NEGnqbljul wpunwwwmytnh hunwynipyniGp GnylGybu Ju-
punp gnponG E: UjG Jwhijwo b ntlwunqblyuG fjunnnjuyh Gujuw-
qouwl wnwGdGwhwmympniGlGtphg, hGyytu Gub pGgniGnn vwpph
hwwnynipyniGGtnhg U hhjwnh pwpdnudltiphg:

Uil b pnqu

GnptidG pwjwpwp ynGupwun b hunwnipjnil nilGtgnn ntGwun-
qlifjul wpnmwwwwmytnh oqlnipjuwip humwl wunmnpn)nd juwmw-
pbp pwpn E, Gpth wnimyGtph dwywpnuyp pupdp t: OLEGungtGwG
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wpnuwywntpGipnd wninmyGiph wnwowgdwl hhiGwywl wywwn-
dunGtpp tpynuG G6G° pGnniGnn vwupph Shwynp dwybpbund gpuilg-
Unn ntlwngblGyubG pywlwmbtph pwlwlh nwwnwindp (pYwlumwjhl
wnuntyy) b plnniGnn vwpph b YepowlGiwb hwiwwunpgh pGnipugpbtph
htim juuyywo wqnuGywih mwnwimiGbpp:

Lywlmwyhl wnimyp Jupth b GJugtglt]’ wytjugltnyg wnp-
nwywwmytpp dbwynpnn pywlumGhph pwGwyp: Uwyuw)l wju nhy-
pnid wénud E Gub htnmwgnunynnph unwgwé ngnquib: Oquytinyg Glhup
2.7-md yuuybtpqwo dnnbihg® npnptip wyG nnqujh swthp dnnbh
dwlbtptiupG, npp npnpwih A dwybptiuvh Yypw Juwwhngph C YnG-
nnpwuwn pyuwlnwjhl wninyh Guundwdp: G-Gwhwwntlp wqnubywd
/ wnuntly hwpwptpnipjniGpn (UUL): Uqpuubwlp, npG niqgmd Glp
qnugh, hwjwuwp £ 47-4: Oquytiny (2.5) b (2.8) pwlwaltinhg b
hw)yh wnbtny, npn Al = I;-I,, uptijh t qpuigynn wqnubuih hw-
dwn qpb htmbyup

Ugnutipwli= Al A=1, C-A=C-A-N-g-Eexp(-u;t) - (I+R): (2.13)

LYywlnwihl wninyp wpnwywwuytpnd guydwliwynpjuo L
pGnniGhy vwppnd Yuubynn EGpghwih nmwwnwlmdibGtpny: Mwpgni-
pjul hwiwp GGpwnptlp, np phimbyunph htn hnfuwgnnn jnipw-
pwlgnip nnnl YwGynd £ U plgnilng vwpph ¢ Epumpynipynilp
(n1yG6 L uhgqplwlub b GpypnpnughG pyuwGwbtph hwiwp: Canniing
uwpph thwynp dwybtptiund pywlwmGtph pyh gpulgnip wyniwun-

GyjwG wpngtiu L, hul wuwwytph wndniyp «phpwjuhG» Yhg 4 dwyb-
phuh Jpw hwjuuwn & E - (1A / E)"2, ud

Uninily= E [Nedexp(-ut) (I+R)] - (2.14)

Ujuyhuny, wanuGywb / wniny hwpwpbpnipynip (WUL) Ju-
ntith b qptiy hnbywy Yopw®

UUL =C [N ed exp(-ut) (I+R)] *: (2.15)

Stnunptlp C YynGuwpwumph hwdwp (2.12) pwlwdbp b funw-
GuGp’
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WU = {1- expl-(uz2- ) x ]} [N & A exp(-ut) / (I+R)] . (2.16)

NEGmqulingnuwdphwynid opjtijuap Yuphih £ qpwlgly, Gph wqnu-
Gow G / wnuinly hwpwptipmpjmGp gbipuquigmy E npnpwyh ptdp” k-G:
Onpdwnpwpuwyul wpnymbpltphg GGany pGnmlmyd GG, np & £ = 5:
Uju nhypmd hpgwlnh vnwgwd npnqub GjuquagniyGl t: {wjw-
uwnbglhlp (2.16)-h we Ynnup £-hG L qunGhlp htimwgnuynnh dwpdGh
dhwynp dwytinbuhG pGyGnn $nnnGGhph phyp’

N= I (I+R) exp(ut) / [€ (Ap)’x’]: (2.17)

Uju wpnwhwynnipyniip vnwluwnt hwdwnp GGpunpt) tlp, np
YnGupwuwnp thonpn k, (2.16) wprnwhwjunnipjul wewohl EpuwynGhG-
wp Yytpwoty tGp pwpph’ tpypnpy winudh §2mmpjudp b oquawgnnp-
oty tlp Au = 1 - gy wnlympyniln: Glpwnnby tGlp GniyyGutu, np hb-
nwgnunynn opjjnp x Ynniny pwnwlyniup t b mbnunnty tlp hwdw-
wwwnwufuwl wpdtipp 4 dwytiptuh hwdwn:

UwltptiuwghG nnquG hwydwnpyynid £ npuytu dhwynp dwlyb-
ptiupG pGylng pywlumbGtph pyp (N), phnhjniujwoph qubqquowjhG
Yruldwh gnpowygh (1e,/ p) b pywlnp EGtpghwjh (E) wpnwnpyuy

D= (up./p) EK (I+R) exp(uyt) / [ (Aw’x '] (2.18)

dtpohlG hwpwpbpmpjnilGhg Juptih £ pwn uplunp htmunipyniG
wib]” opjiymph wpurwwwuwmitpp vnwlwmnt hwdwp wGhpwdtyn
(JuquqgnyG nnqul hwlywnwl hwitdwnwwl t wjn opjtlwnp
swthutinh snppnpn wunmhdwGhG: “bFw Guwlwymyd t, np hpujwo nn-
qujh b YnGunpwumh wpdbplbph hwiwp hGwpwynp L wpnwwywwm-
ytn unwlwy htnmwgnunynn opjtiyinh npnpwyh GyuqugniyG swihtiph
ntiypnid:

2.5 585 LUy UluSAMrNcuUy vu/Ludnearyr

NEGnqbljul wunnpniwl hwiwp (wiwnbujwd uwppuw-
ynpiwl hwiwwpgp punjugwo L htmbjw) dwutiphg” ntlGwngtljwl
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funnnyuy, thniGop dbwynpnn Ynjhdwwnnp, thigh tapghw6 Jupgu-
Unpnn dphpnpbip, Yuubhy guwlgbp, qpulghs vwpp: Gpulghy uwpph
nipmd, hGswytu wpnblG Gty &, Jupnn b hwinbu qup $nnndw-
wuwybtln ud ghntiunnp-wlwihquunp-hwdwlwnpghy hwiwljungn:

NhGnqblywmb funpnjuwlh junnigdwmaopp

aliypqllijul unpnywlp hptiGhg GapYuyugimy k otpdwuyniG
wywyt wlnp, nph WG9 untindywo L Juynnd b wmbnungpjuo Gl
wlnnl n 2hjugdwl Jupnnp: Uyt wlnpp yupthwyquwo k dtnw-
nt ywujwlnd, npp Jubnud £ gpduwo dwnwquypltinp:

Gupnpp yuupuwunymd b otpdwluwyniG dkwnwnhg: Unynpw-
pup nqw ynidpwik ywpmpwél phhYy L dnpppwdp Gwiuplupbh b
wjl wwwmdwnny, np niGh pwpép hwpdwl gtpdwumhdwl (Thysws =
3422 °C) L nubnun L gnnppuind: Gupnyp mtnungpymd L Snyni-
uwglnn sbnwnuiwl yuujwbh dte: duiwlwlwlhg ntlwnqbljwb
funnnjuyGtpp hwdwu wupniGwynmd GG Gpyne Jupnn (Gpydnyni-
uwjhG funnnyuyGtn): Qupngp 2hywlmd L Gpw dhony wlglnng
EltyumpuwluG hnuwGph 2Gnphhy b wpwpnd LielunpnGGtn: EyunpnG-
Gtpp wpwqugymd GG wlnnh U Yupnnh dholt Yhpwnduo 25-150 yd
wnubighwGiph mwpptpmipjudp: LayunpnGGiph hnfuwnupd Ju-
(inuip thGoh wjlwgiwl yuwwdwn L nunlnd: Qwnh wihpwdtywm L
Inynruwglty thniGop jpugnighy nupwntinh oqlnipjwip: Ehyupuwywb
hnuw(ph U, htwmbwpwp, nbGungbljul dwnwquwjpltnph hGwmbtGuh-
Ynipjniln wuwydwlGwynpywo k jupnnh 2hjugdiwl wunhdwny:

{wulbny wlnppl’ LyupnGapp hnfuwgnmd GG winnh Gymph
htin, wpgbuyynud GG U Jtpohytingn Yulq wnGmy: EEjupnGGhph
ynnihg wlnnphG thnfuwlgwd EGtpghwih 4o dwup ybpwoymd E
otindwjhG EGtpghwjh, tGtpghwyh dnn 1%-p thnfuwytpuynid t ntGwun-
qbtilijul dwnwqujpltinh: Uju wuwwmdwnny wlngp ywumpwumynid L
otindwlwyniG Gyniphg: Swllwih £ Gwl, np wyn Gypp nGhliw dto
Yunquphy (Z), pwGh np wjn ghiypmd wpgbuwlwihl Gwnwqu)pnidn
wyth pGuntGupy t: dwdw winnpp yuwnpuuunynd gngbpwdhg (Z
= 74, Thwpwae = 3422°C): Oquuugnpoynud & Gwl dnthpntlp (Z = 42,
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Thwpwe = 4612°C): Ulnnh dup U swihtipp Yuhudwo GG Yupnnh plithlih
swithtinhg b pnyniuwglnn wynnbklghwihg:

Lwlh np nblwngblyul funnnjulih w)fuwwmwlph plGpwugpnid
winnp 2hjwlmy E, wihpwdbim L oquugnpoty uvwntgiwl hwiw-
Jupg' ophGwy’ 9nwyhG: Uwyuw)G, yuptih £ ywunpwuwmt) wingp dho
ujujwnwlh wmbupny, wjGutu, np EEupnGatph thnGop pGyGh uyw-
Jwnwlyh dh dwuh ypuw: Munbinyg ujuyunwyp, thnfund Gap wlingh
«w2fuwwnnn dwytptup», wjuhlpl wyl dwybkptup, npp ndpwynoynid
E EiiyupnGGtpny U npuntin qllGtpugynd £ nbGnghGyul dwnwquy-
pnudp, hGsh hwpyhG phjugnuip GJugmu £ ( GY. 2.9 ):

Gljup 2.9. hGnghlywb funpnjuwljh mbupp:

Clnphhy wwhwGownyltiph pwqiwqubnipjulp dwnwqujpu-
JhG whunmnpnpdwl b Swnwqujpwpnidnipjul ke, Ghipjuwynuiu wnp-
nwnpynn nblngblyuwl funmnuybbpp, juuwoe Yhpundiwl Guuw-
wnwlhg, nmwpptipynud GG dhijwlghg hGswbtu wpuwphG dLwynp-
dwip, wjlwbiu b suthutinny, hqnpmipjudp, vwnbgiwl b dwnwquyj-
pwyhl yuwyunwwlnipjul hwiwlwpgbpny:

Bulighp

NhGwnghGyulG quwumytph npuyp pupdpwgltnt hwdwnp wGhpw-
dtipwn L Gyuqtigltiy gnywo dwnwquypltiph pwGwyp: Uju Guyumwyny
oquuagnpoymud GG hwwumnmly gulgbp: Fpwlp ywunpuwunjwo Gl
punwl Juwuwnt (wynudhGl, yuwunmdwuuw)t) phplinGtnh wtupny:
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8nJwo dwnwqujplbpp palylnd GG gwlgh Yypw wlyywl nwy U,
httmbwpwp, (wy Jubymyd GG juywpmd: bul vyqpiwyuwl dwnw-
qujpGtpp hhdGwlwlnd puthwlgnd 66 gulgp, pwGh np pGYyGand GG
gulgh ypw 90°-h wnwy:

Lywlwyklp Juuuwpt 2tpntph dhol hinwynpmipjnilp’ D, huly
otipnh pwpdpmipjniGp’ h: R = h / D dkompjmGp Ynpnph gpduo b
ulqpluul dwnwqupltinh hwpwptpuywb hGunbGuhympniGp: R-h
woh htn GJuqmui L «plylnn Gwnwqujpltph hGuntGuphynipni/
gnywd  dwnwquwypltiph  hGutGuhynipyniG»  hwpwptipnipyniGp:
Snjwo dwnwquypltiph phyp Junbh t GJuqbglt] dtowglbny h-G
(wju nhypmd whwp b dtowlw Gl tpuwynghghwjh dwdwGulyp)
Juwd thnppwglbny D-0 (Gdw6 guGgbph yuwumpwuwmnidp juwyywo k
wntjuGninghwlwl pupnmipniGGtph htn): Unynpupwp 5<R<15:

YnphdwwmnpGbp

Unihdwwnnp pwnp wnwowgl] L jwwmhlGulwl «collimo» YJwd
«collineo» pwnhg, npp GQuGwymd t ngyrppl: fonqnjuyhg nnipu
tynn ntlunqghljul dwnwquypltiph thGoh jwylnipjnilin Jupquynp-
ynud £ hwwnnmyy YnihdwwmnpGtph dhongny: Unhdwwmnph dup b sw-
thtinp ywjugwo G6 vwuppuynpiw b hpundiw6 Guuwmwlhg:

Bwon Likpghwlkpny dwnwquyplbkpp Yjubing dhpnptp

(Halwnqblyjwub funnqnjuyh U hhwGnh dhob mbnunpymd GG hw-
wntly hpnptin, npnbp Julnd GG guon Laipghwjny dwnwqupltipp:
Bwon Likpghwyny dwnwqujpltipp pwgwuwlwl ntp G0 fuwnmy,
pwlh np npubp gptipt wdpnnonyhl Yulynmy GG hyjnugwoplbpny,
wjuhlpl’ dwupilhg nmipu skG quihu b yuwnlbp k6 duwynpnd, dhw-
dwdwlwl dhowglnui GG hbnmwgnuynnh nnqujhlG owlpwpbnijw-
ontpjniln:

bphpnpltpp unynpupwp yuumpwunmy GG phptnltph ntupny
wnwppbp dknwnGbphg (wpynudhG, wynhGé): ‘Liwp 2.10-nd pipJwo k
Shpinpyuo nbGnghbyul uvytyjnph ophGuy:
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bl 2.10. Dhpunpdwd nhbwnqbGyub uybljnph ophGwy:

NEGnqbljub Gwnwquyplbkph vybynplbp

NEGnqblyul fjunnnuyhg unwugywo ppyulnmbhph EGhpgtiunhy
uwtiyupp whpGnhww t, wyuhlpG thG9nd wnlw ypyuwlnGlnh LGtip-
ghwGbpp thnfuynud GG hlg-np GuwqugniyG wpdtphg (qpnhg) dhish
wnuwtjwgniyGp, npp hwjwuwp b wpgbjulynn bawpnGGtph LGbp-
qhwyjhG:

y-6wnwqupltinh JulGiwl wunhdwlp dhowjuwjpnd juhujuo
L GpwGg tGapghwjhg: Lwywmbh £, np 10 YEd EGhpghuyny dwnwquyp-
Gtpp wipnnonipjwip Julynd GG 1 uwd hwunmpjudp dquwGwjhG
hjnujwopnui: EGtpghwjh wéh htn Gwnwqu)pltinh pwthwlgt-
(hnipyniGp wénd b: {pgwlnh U nkGngblGyul fungnjuyh dhol phin-
ptph wbnunpnuip pnyp © wwhu pugwnt] uyblyuphg thnpp EGp-
ghwtpny pywlwnbtph Gopyuwympynilpn b GJuqtglt] hhywlnh dw-
nwqujpwjhl dwlpwptinGjwonipnilp:

NhGwnghGuG vybluph mbtupp yuhjwo E funnnyuyh wlnnh
Gjmphg, Yhpwnwd qwpnudhg b oquuwgnpoynn phinptinhg: Ljwplbp
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2.11-nmd b 2.12-md pipdwo b6 nbGnghGjul dwnwqujpiwl uytlunp-
Gtp' Ynpppuwdt U dnthpptlt wlnng nGhgng junnpnuyGtph hwdwnp:
ftpwo Gl Gub htmwgnunynnh dwpilng wlglbnig htimn unwg-
Jwo uytyuplbpp:

nipbpwit wlnngny funnpnjuyGtpp Guyuwnmwywhwpdwn £ oquw-
gnnoty] dwniGh funpnp hwnywoGbph wpnwwwwmytinGtp vnwlwnt
hwdwn, pwlh np wju gphypnid vybyuplipmd weljw G0 hwitdw-
wnwpwp pwpdp LGipghwGbn: Unjhpnblt wngnid wowowgwd Gw-
nwqupltinp nGtG wybth gwon EGtpghwltp b hwpdwnp GG dwpdGh
(tn hwnywolGtph wpnmwywwmytplbpn vnwlwn hwdwp: Unjhppbit
wlnnny ntlwmqblyuwl funnnyuyltpp oqunuwagnpoynid Gl twingpuw-
$Shwjh (Ypopwgtndh httmwgnunipyniG) hwdwp Gwwnbuwd uwp-
pbtpn:

=

o |
= "-T B gl i i F A g
._% L =t

§ o I-"{_h\mﬂ 24

::T i ‘I,” =i

T S ™ . @

Enbnapm, b

bl 2.11. Inpppuwdt whngny nhlimgbljwb funynjuwlh vybljwplbp Qupnuip
100 Y4, 2.5 ¥ wynuipGl dhpnph wnljuynipyjudp): Ripdwuwo G nkGnqkljwi
junpnjuljhg vinmgwd b hynujwopliipng wligwd Gwnwquypiwl
uyiljmpGpp (18.5 wd thwihnily hynruwdp b 1.5 ud nuljpughb hynrujwadp):
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Ulj. 2.12. Unjhppkilb wingny nklngbGjub jungnduljh uybluplbp (Qupnoip
30 yd,, 0.03 v WnjhpptiGuwyhG hpnph wejuwympyjudp): Lipjwo GG
nhlimghljwl funpnjuljhg unwgwd b hynujwuwopltpny wigwd
tunuwquypdwb vy bkljmplbpp (5 ud huinly hynouwop):

Ulygqplwlwl ntlwnqtljub uvybyuplbipp qquihnptlG wmwppbp-
ynud Gl hhywlnh dwpiGh dhony whgltinig htimn unwgynn uytiljinp-
Gtphg: <wulwlwih E, np wnwppbpmpniip guwydwlwynpyuo
ntlwngtlyul dwnwqujpltnh U phnhjnujwoph thnfuwqptignipniG-
Gtpny: Gpb dwnwquypnidp pwwn «thwthny» £, wjuhlpl Gwnwquyj-
dwl EGpghw( thnpp b, wyw w)yl wnwowglnd b ko nnquijhG owG-
pwptnGuonipjniG hyjnuujwopltinnud b sh wywhnyynid wpmwwwmn-
ytnh wGhpwdtn npwlyp: Un wwwmdwnny Yuwplunp £ $hjnpty
uytyunph «thwhny» pwnunphyp dhGsk htmwgnuynnh YwpdGhG
hwulbin:

2.6 v UUMrGLP | SEULEL 5LSA6L3Uv
ursunususMerk 4.8

NhGwnghGyuG wpnmwwywnytpnGtpp poyp 66 nwhu wowGdGwg-
Gt npnpujh wliwunnihwuwl wnwldGwhwnmynipniGGtpn: OppGuly’

60



nuynpGtpp wuwwuytpnd vnwlnd GG pwg gqnyyl, npnyhtimb GpuGp
wybjh 2w G6 YJulmy nblngqbljul dwnwqujpltipp, pwl thwhny
hjnuujwopltinp, U nuynpGiph whpnypnd pnnndwwuytbh  Jypw
dwnwqu)pitph wantignpyniGp wybih thnpp t: Onmy (gwd pnpbipp
tplmd GG npytiu dniq quGqyuoGtp, pwlh np onmu ntlwnqtljwb
SGwnwqujplbp phy GG Yubyn, b htnbwpwp PnndwuyuytlhG
hwuwo GwnwquplGtph phyp dko £ (nbu GY. 2.13):

Ulj. 2.13. (HhGnqliGyu G wpmwuuwnljkip:

Muwnpq hw)qupyp pnyy £ mwihu hunwlbglby, pb ntGungbGyub
hwiwlywpgh thongny unwgywd wpmuwwywwmytpltpnd, np hynu-
Jwopltpl t Yunpbih wwppbpuytp;: Uunnpndwl Guuumuyny og-
nwgnpdynn nhlwngbljuwl hwdwlupgh hwdwp pGnpny LGhpghnply
wmhpnipnid nuypuwyhl hynujwopltph, dquwlwihl hynujwopltinh U
wpjwl Juuliwb qowhG gnpowyhgltinp niGhG htnbyw] wpdtpGtpp’

Hop= 0,
Loagp= 048 uh ™,
L= 0.180 wil ™,
Lhaggma= 0178 ud ™' :
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G1Gtny Atiph hwynGh pwGwdbhg” Juptih E hwpyt] uyqpliuyub
ntilwnqbljwb thGoh pnijugiwl wumhdwln’
I1(x) = Iyexp(—pux) : (2.19)

Unjniuwly 2.2-md ptipdwo 6 npnpwlh Gyuptiph 1 ud hwuwnni-
pjwdp 2tipn wlglbnig httmn thGoh pnyjugdwln Yytpwptpnynn wnyjuwy-
Gtp:

Upgniuwwly 2.2. (Malipqlilijul wpypuwwuapliph Gnlippuup:

Swppbpnpynilip (%)
nujwuop I(x)/Iy ,x=1ud dwlwyhG hyniujwoph
hwinby
On 1.0 +20
UpyniG 0.837 +0.2
UYjwGwjhG hyntugwop 0.835 0
Nuynp 0.619 -26

Unynpuwlwl ntGunqbljuwl dwwyuwytlp pny; L wmwjhu wmwppt-
puyti hyntugwoplbtpn tnu 2% YnGupwuwmh nhypnwd: UjuhlpG, 1 ud
hwuwmnipjudp Ynntipp Jud onny 1gwd 2Gsuthnnp Jupbih L wntulbg
ntlwngtljul wpnmwwwwmltph Yypw: Uwlwjl, wpjul wlnpltpp,
Juwd upnh wliwwnnihwljwl Junngywopp hGupwynp st mtuwlbh
nundGhp unynpujul ntGungllyuwlG hwdwlwuwpgh oqlnpjudp: p-
whiugh mbuwGhih {hGEG wpyniGuwunwunp winplbpp, wihpwdtywm t hp-
Jwlnh wpywl vk Ghpwnpyt) YnGupuuwnng Gmp’ jnn wuwpniGwlnn
nonyp: Yyu Gynipp dwdwlGwywynpuytiv dtowglnd £ wpjul Yud-
dwl qowjhl gnpowyhgp b wywhnynd wlhpwdt)m YnGumpwuwmnn:

UJwlnuyuwl ntlungqblngpuphwjh dynu ppmpiniGl wjl k, np
hGwpuwynp sk vnwlw) tnwswth wwwnmytpltp: Lwlh np tenwswih op-
Jiyup wpnjkljunnud ©bplswg wwwnytph, npnp hGpnpdwghwjh Yn-
pniunp wlhuntuwhtih E:

Ujuyhuny, wjwlnuywl ntlnqblyui vwppwynpnidp nibGh tp-
Yt pipmpyniG’ hGwpwynpnipjniG sh mwhu nmwpptpuyt hwhmy
hjnuujwopltipp b hGwpwynpnipyniG sh mwjhu vnwlw] nwpwow-
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JuG yquwwuybpGtn: Gpynt fulnhpG £ niond £ dwiwGujuljhg hwdw-

JupgswjhG  wmingpuwdhwl, nph  uyqpnilpltpp  YGaJwpwugnytl
unnnl:

2.74UUyure2u3py cersuaLNro3Nky

Lwiwyuwnpgyuyhl ptpmugpmipynmibp jud wnningpuphwl (nn-
unqpuwdbhw hwuwgnipjnilip wnwouwgt] & hhG hniGwywb toun -
2tpun U ypopo — qpbip pwntiphg) tlpwnpmd b opjtywh Gepphl Yu-
nnigywoph 2tpmwynp hbnmwgnuumy: dwdwlwlywlyhg hwiwlywpg-
swyhl mningpudphw@ (LS) pnyp L nnwhu dnphjuynpiw oqlnipjudp
unwlw] JwpdlGh gulyugwo tpnmh wpnwywwmybpp b puqiwphy
otpmtinh hwdwnpdw6 dhongny uvnmwGw] htnmwgnuynn opjtlumh
nwpwowwl ywwmybpn:

£doynipjwl Ut9 Yhpwnynn <S-h dtipnyp hhiGywo £ hyniugwop-
Gtpnud nbGunghGyul dwnwquypliph pnyugdwl wunhdwlh wnwnp-
ptipnipjwl swthdiwl b wyjwiGtph pwupn hwdwuwpgywihG Byuwidwb
Jpw: <S-h vwppuynpiwl hwdiwlupgp yupmGuymd b htmbyuwg
pwnunphsGtpp’ nhlngtljwb junnnyuy, gpulgnn vwppwynpnid (nk-
wmtlwunp), htmwgnuynnh wyunytm hwdwp Gwppwnbujwd nbn,
hwdwlwnpghys: FEGngblGyul funnnjuyp b qpulgnn vwppwynpniin
uhGhupnG wpdynd GG httmwgnuynnh Gumiwdp:

<S-h npwgpnmui hpqwlnh dwnpdGh dhony wlgwo ntlwnqbljwd
dwnwqujpltinn qpulgynd GG nhntumnpGtph dhongny: Npwtu nh-
wmtijunp’ oqunwgnpoynd bl ughGuppywwmnpGhp yud ququjhG fughy-
Gbp: OGEGngbGyul PnnnGGhipp pbnbtiunpmyd  wnwowglmd GG
Eityunpwiuwi wqnub)wbbtp: UgnuGywlh nidqlnipjniGhg GiGny
Junptph L bqpuyugnipjnil wib ulqpluljub thiaoh YJiuliwl wumnmp-
Swlh yapuptpyuy: LS nhnbyunpGtpp dnn 100 wiqud wytih qqui-
JniG GG, pwl ptlGunqbljuwl dwwwykGltpp, wyjuhGpl ngpubp wwn w-
ytih qquyniG GG pnyugdwl gnpowlhgGbph wmwpptpuliwb GYuwm-
dwip:
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Chpup wpnwwywwuljbph vnwgdwb uljqpmGpp

Npnpwlh Gpnh wpnmwywwmtph vnwgiwl Gyuumwlny hb-
wnwqnuynn opjijun Glipwplynd £ dwnwquypdwl mwpptp Ynnib-
nhg: Pnnp nkGnghGjul dwnwqu)pltpl wlglimy GG htnwgnuynn
otpmh hwppmipmilny: Ctpnhg ynipu quulynn dwpdiGh dwubpp
Guwnwqujpltiph htn 66 hnfuwgnnud, b, htmbwpwp, WunytpGiph
Ybtpwnnnud mtinh sh nGhGmy:
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Ulj. 2.14. {S-h ujubdwwnpl wuwnljkp:

‘Llup 2.14-h oqlnmipjuip dwlpwdwultlp <S-h uyqpmlbpn:
NEGnghGyul dwunwqu)pltph Ynjhdwgyuwo thnilol wlglnd t npn-
owih mupnipjudp F hwppnipynilingd, pnijulmd E htwmwgnuygnn O
opjijuimd U qpulgymu t D phmbtliwumnph oqlnipjwip (mbtu Gwnp
2.14 w): F' U F” hmppnipjmGGtph wqntignipjniGp pugunywo t: Gw-
nwquwjpiwl wnpjnmpp b nphnblmnpp thwdwdiwlwy mbnuwunpdynid
G hwwnwl mynmipyniGGtpny (ntu Gyunp 2.14 p)° vquluwynptiing
oty wpnjklghw: UjGnithtmb hwdwlwnpgp ppoynid L htimwgnuynn
opjtiymp Guumdiwdp thnpp wlljudp b juumwpymd £ hwonpn wpn-
Jayghwyh uulGwynpmu (GY. 2.4 p-md wwwtpjwdo t tptp wypnjby-
ghwitph unmwgnuip): Ujwlwynpnidp  pwpmGuyymd £ dhGsl
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onotwl nhy wGlyynGp Yuqih 180°: UpyniGpnid hwdwlwnpgsnid Yni-
nwlynd k ptipnh wpnwwwwnytpp dbwynpbnt hwiwp wihpwdtipn
nn9 hGbnpiwghw: Uy pipnbtph htwn JepunpnuiGhp syuwb: <S-h og-
(nipjudip unwlmd GG npnpwlyh 2Gpnhp wlwunndihwjuwl YJwnnig-
Jwoppn wpnmwhwjmnn ywwlybp, npp jupotu bhghjuybtiu «hwlty
tili» opqubhquhg b tGpwpyty ntlnqbljul dwnwqujpiwl hwwnny-
ph6 nnnuwhwjwg munmpniGGapny:

<S wuulbpp ypujubiqadwb skpnyikph guuwljupgnidp

Mpnjtyghwltph oglnipjuwip wwwnytph Jepuywlqiwd fulinhpp
nilh movwl wmwppbp dkpnnGhp, npnlGp Yuwpbih L pwdwll] Gpynm
hhiGwlwl fjudptiph’ wGwihnpy b pntpughnG:

UGwihnhy dtpnnGhpp hhuGdwo GG npnwyh dwpbdwwmhyuywb
pwlwdltiph modwl Ypw: pwlg hpipnd pGywo GG bnipjh b
OwnnGh dLbwthnfunipyniGGtpp:

NMuunytph ybpwjwlgliwl hunbtpwghnlG dhtpnnGhpmy GGpw-
nymud E uljqpGuljul npnpwih wywnpq pwfujwonipynil b npnpwlh
ninnnuiGtiph (hnbpuwghwGtph) thongny Yyepuwyuwlqbymy L hpwlw
pwfuqwonpjnilip: Uyuop gqnpowoynid GG dh pwlh hwbpwghnG
tnuGwlyGtin:

<S-h fulinhpG b Yybpwluwlqlty tnwswi f(x,y,z) opjtup’ bltny
nnw tpYgwih £ (x, y) hwnnypGph dhwwih wpnjtyghwGtphg® $hpu-
Jwo «z» wnwlgph nhypmui: Mwuwuytph wjuwhuh Gpunwynp Yo-
pwlwlqiiwl nhwypnid noymd GG Gpyswih fjuGnhpltn, npnGg Ywphb-
dwwnhlwlwl hwyquwpylitn wybh yquwpq G6: Gnwswh wyuwwmlybpp
unwgynid k pipntiph hwdwgpdwdp (GY. 2.15): OppwG Gtn U fjuhwn GG
2tipnbtinn, wylpwl wybiih §2qphw £ tnwswth ywwmlbpn:

C2Gnhwlnip nhypnid gulGugwd n-swth fulinhpp Yupth £ yepu-
ot tpyswih fulnhph, hGp pwwn hwpdwn B, pwh np hwyqupyGhpG
wybtth wuwnpgq G0 b ywhwloynid b hwiwlwpgswihG hhpnnnipju
wytih thnpp owjuwy:
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Ul 2.15. inwguih opyhljnh pEpumuwyh Jipuwlwqbinud:

Jwiwdw)l Gyupugpiuo ufutidwjh, hbmwgnuynn opjtijunp Gw-
nwqujpwhwpynid k, Swnwqujpltipn b htmwgnuynn opjtljyin Jug-
unn Gympbpn hnfuwgnnud GG, b wpynilipnd qpuligynd GG htinw-
gqnuuynn dwpilhg nnipu Giuwo dwnwquypltipp: Gpulgud Gwnw-
qujpnuip jwhuywd E wyn thnfuwgnbignipyniGGtph yapwnpnuihg: Uy-
uhGplG’ htwmwgnuynn opjtinhg nnipu Lynn dwnwqujpiwl hGunbG-
uhympjnilp hptiGhg Gipujwglinmd b dwnwqujpiwl hGwnbtlGuhynt-
pjwl pwpfudwG hGuntgpun Swnwqujpiwl htmwqoh nunnnipjuwdp’

f= 11t y)dL, (2.20)

Subonipjniln Yngynid £ Swnwqujp-qnidwp:

Gy wjuwtiu, nlnniGtlp, np hwwnnypp Guwpwgpynud £ Gplswt
fCx,y) pmGyghwny: <wwnyphg nmpu $nlyghwl hwjwuwp b
qnnjh: GGty f Swnwquyp-gmiwnbGtph wpdtplGtiphg® wihpwdtyn
E ytipuwubqlly £ (x, y) $nilyghw:

NhGwnghGywlG funnnjuyp wnpwpnd L dwnwquypltph Gy
thnilg, npp wglnud L htitmwgnuynn hwppnipyniling b qpulgynid nb-
wmtlunnpltph oqlmpjudp: OhGoh pnijugniip yuhjwo b Gpw dwlw-
wwnhhlG hwlghywo hyjujwopltnph fumnmpniGlGtnhg: funnnjuy-
ntinblunp hwdwluwpgp Jwupdynid £ b ujubwynpnid pGpunp mwppbp
wlynGGbphg: onnjuy-nptntlunp hwdwlwpgh htinm  juwblp
supdwliwl (u, v) hwdwwpgp, npp YaGumpnGp hwdpGyGnd t GngG
hwppnipnilnid quGynn wGywnpd (x, y) hwiwjunpgh YuGupnGh htin:
(u, v) hwiwlwpgh wnwlgpGhpp phipJwo GG (x, y) hwiwljwpgh w-
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nwlgpGtph Gyuundiwdp 6 wilynilnyg: NGnghGyui Gwnwquypltpnh
ninnipjnilp hwdpGyGnud £ 2 wnwGgph htin (GY. 2.16):

Ul 2.16. Opjiljnp nhppp nklmqlGyub funynjwl-pinkynnp
hwdwljupgmu: 1- opjkiljn, 2-Gwnwquypiwl wnpynip, 3-plimblnnp:

ftwnwqujpltpp npnyynud 66 v ynopnhGuwwnyg U wlywpd (x,y)
hwiwlwpgh hwinby ptpdwl 6 wGyjniGny: f $niGYghwjh gublw-
gwd Ytwmh YnnpphGuwnGhpp upth b unwg hGyytu (x,y), wyGubu b
(u, v) hwdwywngtipnid: UnnpnhGuwwnGtpph dholt Juwp wyuwhupl £’

v = x cos(0) + y sin(6) , (2.21)

u = —x sin(0) + y cos(6), (2.22)
U hwjunuwyp’

x = v cos(8) —u sin(0), (2.23)

y = v sin(6) + u cos(0): (2.24)

CGnhwlnip nwypnid ypnjthghwb n-swth $niGyghwjh (n-1)-suth
wpunwywunytpmdb t, npp uvnwgynmy b n-suh pniGlyghwyh hGunb-
gpupiwdp npjwo niqnnipjwdp: LGGwpyynn tpyswi ghypmd hGunb-
gqnnuip Juwumwpynid £ u wonwlgph nipnnipjuwdp, npp hwdpGyGnd k
ntlnqbljul dwnwqujplitiph mwpwodwl nnnmpjuln: Wu nhwy-
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pnd f pnGyghwyh p wypnytiyghw@ wpdwjwl hwdwlwpgnid Ynpny-
Jh npytiu’

pe(v) = [ f(x,y)du (2.25)
b pwpdwjul hwiwljupgnid npuku’
Pe(W) = [ f(u,v)du, (2.26)

nputin 0 -6 w)yG whlyynGa £, nph mwl vnwgyty £ ypnjtyghw:

NiGhGwny wwpptp @ wiyyniGGiph nhypnid hwlqud pg(v)
ynnjtyghwltpn” wtwp b Yyepwywlqlty f(uw, v) $niGyghw: Nppwb
uto £ ypnjtyghwGtph phyp, wjGpwl Gpqphwn £ yapujuiqblnidp:

2.8<4KS MUSUGLP 46U LG VUL ULULRShY UGN LM

Muunytph Ybpuuwlqliwl fulnpp modwl wikGupGulwl
tnuGuwyp dnipyt duwthnfuntiGtinG Ga:

fGoy)  Pmlyghuwyhg  wlgllp npw  bmpyl  wwwnltphl
F(wy, wy), U f(w,v) dnlyghwjhg' npw F(U,V) dmpjt wuwwnybphd:
U=w, LV = w, dnipjt hwppnipjniimd 6 wmGlyjnilGny ppywd Ynnp-
nhGwwGtnG GG:

bnipgt dbunhnfunidGlpp hpiGwlywl hwnympymGGtphg & qow]-
Gnipjnilp, nphg httmbnud &, np Gpt f(x, y) dniGyghw ppoynid & dw-
YnilGny, wyw npu dbnipjt duwthnfumpynln GnyGuybu Jpeymd t 6
wlyymbny’

w, =V cos(0) — U sin(0), (2.27)
wy, =V sin(8) + U cos(6): (2.28)
Gy hwjunwyp’
V = —w,sin(@) + w, cos(H), (2.29)
U = wy cos(0) + w,sin(0): (2.30)

(U, V)-6 pupdwyul hwiwyunqgl t Snipyb-hwuppnipniGnid:
dnipjth hwjunupd duwthnfuntip mGh htwmbjw mbupp’
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flx,y) = fffom F(wy, w,) exp(iwy x + iwy y) dodwy: (2.31)

dnipjb dbwihnfuni@ niGh htinbyw) mbupp’
F(U,V) = [[" f(u,v)exp(—iul — i vV)dudv:  (2.32)
Stnunptilp 2.32 i U =0
F(O,V) = fffooo f(u,v) exp(—i vV) dudv: (2.33)

{witiwwnbinyg 2.26 U 2.33-p YutuGhlp, np thGunpynn $nilGlghw-
Jh dnipgti - ywwnmbtpp bnipyt - hwppnipynilnid qunGynn U = 0 ninhnh
popnp Yenmtipnid hwdpGyGnd £ Py (v) wpnytyghwjh dnipgt — wuwwnyb-
nh htn (wyuwbiu Ynygwd wypnjhyghwlbph b hwnmyplbph ptnpby):
Ujuhlpl” pwlh np

f f(w,v)du = pe(v)
wuyw
F(0,V) = [ pg(v) exp(—ivV) dv = Py(V), (2.34)
F(wy, wy) = F([V]cos(8), |V|sin(8)) = Pa(V):  (2.35)

Ujuyhuny, ptnptip pnyp £ wwihu vnwlw) thGwupynn dnily-
ghwjh b - wwumybppn dnipyt - hwppnipjul pninp (wx, a)y) ybi-
wmbtpnud, hwyyunpyting dbnipgb - wuwwmybplbpp pninp 8 wlyymGGkph
hwdwn: UjGnthtnl, juunwnpbny hwwnwpé dnipyb - duwhnfunid-
Gtn” Yuptih E ybpuwuiqlbty thGupynn $nmGlyghw: Gunbih £ wlglty
putinwjhG YnnpphGwwmGhph® oquuwgnpotiing htwnbjwy wpwwhw;-
nnipjniGGtpp’

w, = |V|cos(0)
wy = |V|sin(6)
0<6<m:

Swppuwywl dwywih hwdwp phuwpunwihG YnnpnhGuwnbtiphg
plubnwjhGhG wGgGhny” Yqphlp

dwy dw, = |V|dVde: (2.36)
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MiptuG’
flx,y) = r;fffooo F(wy, w,) exp(i wy x + i wyy) dwydw, =

=4an f f D{py ()} exp(ivV) [V|dVde =
0 —o

1 o
=y I, 07 {@{pe}IV1} d: (237)
Uju pwlwdlh hhdwb Yypw Junmgywo GG dh Jupp hwyguplyuyhG
wignpphpultp, YwulGwynpuybu, hwjunupd ypnjtyghwjh dtpnnn:

2.9 MUSYGLP 4L E/ATHT L LUT L UGUAUMD
NrN36uShU30 UGHON1)

Uju dtpnnh wyupquqgnijG muppbpuynid qGuwhwwmymd t juwnni-
pjnilp 2tpnh guGiugwo Yunmy, YyhpuwuGqiymd b f(u, v) $maGy-
ghw(, wjn Ytwmny whglnn pnnp pe(v) Gwnwqujp-gmiwnplbph qm-
dwpiwl dhongny: Fhunwpytlp dh ophGwly’ Gyup 2.17-n1d pipdwd k&
unnti]” Gpynt («A» U «B») tniq 2powlwqotph wmbupny: Quihywo LG
tptip wpnjtyghwlbp (qnpdGwlywlnud wpnjiyghwlbph phdp 2w
wytith Wko b (hnwd): Muwmytph Jepuyulqinuip juumwpymyd k. hb-
nbjw Jhpy. dwnwqujp gniiwnhl hwiwywnwufuwlnn wqnuiyw-
Gp Ybpwagpynui L wyn dwnwqujpp Juqinn ponp YanbphG: Bnnp
wnnjyghwGtph hwdwnp Juwmwpbing wyn gnponnmipjnilp’ vnmwlnd
tilip opjtiyunph Unnwynp wwwnbtpp: Mwwnbph jnipupwlysjnip Yhnnd
Ytpwlwlqiywo fumnipynilp hptiGhg Ghpyuwjwglnd £ wyn Yawnny
w(lglnn pnnp wpnyiyghwGtph gqnudwpp: Uyn ywwmdwnny hwjw-
nunpd wypnjtighwjh dbpnnp npny phyptpmyd Ynynd GG gnudwpdw G
ubtipny Jud qowjhlG umwtinunghghwjh dtpnn (GY. 2.17-2.20):
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bl 2.17. UGhwiwubnnmpjwi Ulj. 2.18. 90°, 30° L 60° whlyniGGEph

unnk) (ophGwl pungytinh) il hwijwd wpnyklghwbbp:
NEGnghGjub junynjul-yimbkljnnp
hwiwljupgqp mnuipnfumd k hGp6
hpk6G gniquhbn thnpp puyny:

bl 2.19. GpYynt wpnjklghwGhph bl 2.20. Gpbip wpnjkijghwbph
hwljunupé ypnykmnd: hwljunupé ypnykmnd: bpuljwb
Uwnugyb LG hpulwui (A, B) b wunlpGlipp mdtnugl) G:

htino wuwlkplbkp (C, D):
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Utipnnh dwpbdwwmhluywl jmomdp Jupbh b GhpluwjugGbp
wjuybiu’

fGey) = [ pe(v)db: (2.38)
dtpowynp pyny wpnjtiyghwGtph niypnid*
f,y) = X' pg(x cos(6;) + y sin(6;))A6;: (2.39)

Npuntin gnuiwpnuip Juunwpymd £ pun pojnp wGyyniGGhnh:

y = xcos6; + +y sinf; wpgnuitilnp hwiwywunwufiwlimyd
Jhwjl wjl dwnwqupltphG, npnGp wlglnd 6 (x,y) Ytwny: A8-G
hwplwl wpnjtyghwGtph dhol wGyyniGujhG htnwynpnipjmGa t,
M-p wpnjtyghwGbph phyp:

bGyytu Gpumd £ Gyuwp 2.19, 2.20-hg, pwGwél 2.39-h oqlint-
pjuip vnwgywd wpdtipp hwjwuwp st hpwlwl funnipjwl wpdt-
phl: dpuyulquo yuwwumibtpp ywpniwynd £ dko pyny Ynd wg-
nuywGbtn: “Fw ntnh £ nlGblnd wyl ywwmdwnny, np opjtijunhg
nipu quiynn Ytnbpp vnwlnd GG ypnjtjuywo wqpub)wbh dh
dwup: buy opjtiynhl wuwwnywlng Yanbpp vnwlnd GG jpwgnighy
hGuntluhympyniG hwplwG Yhnbph hwpyhlG: Upgynilpnid, funnipju
thnpn nmwpptipmpmiGGhpp 66 Guwnmynmy:

Uujwohg tplunud t, np dtpnnh GpungpuunipniGG wyGpwl by dho
oL 8nyg mwlp dty wyp ophGuyh ypw dtpnnh wid)mnipjul wywwn-
dunp: Gapunptlp, Yipwyuwlqlynn opjijuip yuquigwd k ity Yhwnhg:
MnpnjtiyghwGtph oqlnipjudp Yytpwlwlqiywd ywumlbtpp YnilGhGw ny
pb Ytimh wmtiup, w) puwqiwdwnwqujp wumnh wmbup, nph YaGunpnln
qulynud £ utiq htimwpppnnn Yhwmnud (GY. 2.21):
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Ulj. 2.21. Yhinmwyhb opjtiljinh JEpuljuliqGniip hwljunupd wpnyblighuwyh

dkpnyny: a-opjkljup, 6-Jipulubliqldud wunlbipp (yupgq plnud k, pk
hGswbtiu kE dbwydnpnud $nlip Yhnh pnipg muwpudnipynilnug):

UybGhwjwm E, np wnwyty hGuntGuhynmpjmb YniGhGw Ytwp, vw-
JuyjG 2npowjuw nmwpwonipnilnd wju Yhnp Junwowglh npnpwlh
$nl, npl £ wldyumnipyniGatnh hhiGwlywl yuwnmdwn £ b GJuqbglinud
E dbpnnh wpyniGwytnnipniGp:



2.10 ShLSAUTUR LUUUIUMY MrN364U3hU3E UGN

dhjnpnuing hwjwnwpd wpnjtyghwjh dbpngp wybtih hunwy
wnryniGpGtp £ wmwihu Guwhunpph hwitidwun:

Lwiwnupd ypnytumnoip phiunpdwdp Giwd b hwunupéd wpn-
Jayghwyh dtpnnhG wyl mwpptpnipjuwdp, np dhisk hwjwnupd wpn-
JEqumdp, wpnjtiyghwltpp Gipwpiymd G0 thnthnunipjwl  Jud
$Shpnpynmud GG: Uw pnyp £ mmwjhu pwgunty dkpnnhG pGnpn) nlGughb
«ipbgdwl» Ehtywmp: bpiwpujul ntypmyd Ytpujuwliqiyud wyuwwmn-
Jupn (phy hwiwwwwmwufuwnid £ hpwlwbh6, pwuGh np wypnjtyghw-
Gtph thnthnfunmpniGGhpp (hnypG YndytlGuuglinmd GG Ytnd wqnu-
GywGGEpn:

Uwpbdwwmhnptl $hpinpiwdp hwjuwnupd ypnjtudwl dtpnnp
Juptih £ GEpjuywg it wyjuwybu’

fGoy) =12 J, pe (@K (v)}db, (2.40)

1
412
nputin pe(v)-0 ypnjiyghwlbph hwiwjunipl £ unwgyud mwnppbin
0 wlynGGtph nhypmd, K(v)-G «dhomly» pniblghwa t, ®-G mGYy-
ghw(tph thwpnyph GQw66 £ (dwpdwnhywlwb gnponnnipjnil, nph
wnpnynilipnid wpwowlmd £ Gppnpn $nilGlghwl, npl hptiGhg Ghplw-
Juglnud E uyqpulyul $nbGyghwlbphg dtyh, dtp nhiypnid® pge(v)-h,
unnhbhjugyud mbuwlyp):
Mpnjyghwbtnh Yepewynp pyh ntwpnd”

f,y) = X} G, (x cos(6;) + y sin(6,))A6;: (2.41)

Npuntn Ge(v)-G'pe(v) b K (v) pniliyghwlbph hwpnijph wnnjniG-
pnid wnwowgwo pniliyghwl E: hGyytu b Gwjunpn dtpnnh nhiypnid,
gnuiwpnuip wig t jugynd pun M ypnjtyghwGhph pyh, huly A6 qnp-
owlhgp' hwplwl wpnjtyghwlbph dhol wGyjnmGwjhlG htnwynpni-
pjniGG t:

‘Lotilip, np vhoniy-pniGyghwyh pGumpnipjnilp twwlnpbG wqg-
nmud £ JhpwlulqGynn wwwytiph npuwyh Jpw: Uyn ywwmdwnny
thoniy-pniGlyghwjh pGunpnipynilp ywthwquig Junpbnp k:
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Uhgnily-pniGyghwjh ophGuy t Lwlpdhwpwjwlwh b Dwdw-
swlnpuGh $nlGlyghwG
_ 2VmaxSin(Viax?) 4 . 2 (VinaxV).
K@) = — , psn (T) (2.42)

Uju $mbGyghwjh gpudhuub wyuwnytpp pipdwo t QY. 2.22-nud:

]
E w2

I Hrir 3

el 3R P DAl @ P S DA ACTLTIA TP TR A

bl 2.22. LwlppdhGwpwymbubh b fwdwswbngpuGh dniGlghwyh mkupp
(wnuwigplbph ypu Gwo GG hwmpupbpuljuw G Shun]npGbp):

Mupqtgqwo Junbih & wubiy, np jnipuwpwbyynip $nlGyghwyh Y-
punpnuip dhonijh htim hwqtiglnid k. EpunpbdnuiGtinh nudtinugdw-
Gp, pnhniy dhGsk puguuwul wpdtpltph (GY. 2.24), npnlp wpn-
JEyghwGtph gnuiwpiwl dwiwlwly GJuqtglnd Juwd Ytpwglmd Ga6
ytino wqnuGywGn:
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Ulj. 2.23. Mpnjklghw: Ul 2.24. Mpnjklghwyh b
thonmijh JEpunpiwb
wpyyniipnid unwuwgyjwud

P Glghw:

Utipnnp hwpdwnp £ wjG mbuwlbnhg, np yipuyubiqiwl hwp-
Jupyltpp Jupbtih B juuwnb ypnyiyghwlbph swthmibbiph hom
qntpt thwdwdiwGwy. jnipwpwbsynip ypnjiighwl vnwlwimnig wi-
dhowwtu htimmn juwmwnpynid £ ngpu ytpunpnudp dheniyh htim, b wp-
nynilpGtpp Yninmwlymd 66 hwdwlwpgyny:

2.11 MUSYGLP 4L EM UL L UT
LUuMrUcuuutiv Uteoni-

Muwuytph Yyepuwyulqiiwl hwlpwhw)uwlywG (ART-Algebraic
Reconstruction Technigues) dtipnnG hmtipwghn( dkpnn : Uju nhuypnid
otipnph wwwytph YopuuwlqGiwl pGpugpp htnlyuwyG t: Chpup
wipnne dwytipbup pwdwlmd GG pwnwynupGhph® «poholtinh»:
Pnynp poholtiphG yipwgpynid £ npuk uyqpluwub funnmpynG: 3nipw-
pwlyjnip hnbtpwghwjh dwdwlwl hwyyupyynd £ dbYy dwnwqujp-
gnuiwph wpdbtpn” plupwo uyqpwwl funmnpjmGitphg G Ghny:
Lwitidwwntiny wyn hwpduwpyjuwd wpdtipp nhntunpmd gpulgyu-
Oh htimn® wpymd E npnpwyh ninnmd, ply npnd” wyn GnyyG nunnudG
wnpynd E wju dwnwqujph pnnp Yhnbph hwdwn: UjGnthbn gnpon-
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nnipjniln YpyGynd £ hwonpn dwnwquyph hwdwn, b wynutu pwpni-
(wl: bubpuwghwl wjwpnymd k, Gpp dywliymd 6 pnnp wpnjbl-
ghwGbpp:

Qhunwnytlp wupquagniyl ophGuly: {twmwqgnuynn opjtljumh nb-
pnud nhunwpytlp ABCD punwyniupl, npp puwdwljwo £ 9 hwjuwuwp
dwubtinh’ pohoGhph (GY. 2.25): RoholGtinmd qpwd 1-hg 9-G pytipp hw-
dwywwnwufuwlnd GG pohoGtph hpwlwl funmp niGGiphG (Qud dh
wy] pGmpwqnhl, npp swihytint L mningpnuwbhwjh oqlnipjuip): GG-
pwnnbilp, hwjwmbh GG 4 ypnjtiyghwbbn, npnlp suthyty GG pwnwlyni-
unt AB U AD Ynnuitiph ningnnipjudp b AC b BD wljmGuqotph nin-
nnipjwip: Gph jnipwpwlsnip wpnjtiighwihg yYtinglhlp 3 Gwnw-
qujp-gnidwn, wyw wnwohl tpynt nhwypbpmd Gipppnud YmGEGw b
ponp poheGlipp, huy dynw tpyniuh nhypmd® 9 peholtphg 7-p: Wju-
whuny' uklp niGtbp 12 Swnwqujp-gniiwnltipn b 9 wGhwjwn Etivklun:

5

2 v
. R o b
g * 11
* A B ¥
" g M > 15
3 7 5 | ]
1 |6 | 8] —»1s
D C
v v v
13 15 17

Ulj. 2.25. (@huwm opjhiljn” punjugwud 9 EhdkGnGlphg:

UlutGp AB UYnnhG qniquhtin ypnjtijghwGtiphg: 3nipwpwlsynip
Swnuqujp-gniiwph wpdbpp (wyu nhwypmd 15) pwdwlhip hwwnynn
poheGtph pyhl (Gwnwquypp hwwnmd £ 3 poh9) U wyn peheGtphG yb-
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pugnptilp unwgywd wpdbpn, wju nhiypnd® 5: Unwgywo wprynilpp
hwdiwptlp wowohl hunbtpwghw (G4. 2.26A): hGsytu wmtulmd Llp,
wju nhypnud plGGwnlynn wpnjijghwih hwdwn opjijup ponpnyha
hwdwubin k:

Gpt unwugywd wpynilph ufuwp qGwhwwntlp (2.43) pwlwdlp
oqlnipjwdp, wyw Yunwbwbp 43.92%'

9 i_ 042
0; = /—Z"zgé‘z’;‘kf") 100%, (2.43)

(k - hlntipup Ybpwpbpmd bt poheGph hwiwpwlywwip, i-G
hubpughwgh hwdwpG b, gg-6 peeh hpwlwl wpdtip k, gi-G° pegh
wndtip i-pn hmtipwughwjhg htinn):

UGgGtlp hwonpn wypnytyghwjhl. Swnwqujpltinp wigty GG AD-
hG gniquhtin: Ujdd jnipwpwlyynp dwnwqujph hwidwp wtwnp E
Gwfunpn hwbpughwnd vnwgywd wpdbpp dywnb)’ GGy wypnjty-
ghwjh wpdtiphg: Ujuwtu, pwlh np woweohl uwynilwyh pytiph gni-
dwipp 15 & (GY. 2.26A), huy Gwnwqujp gnidwnph wpdtpp 13, wtwp k
Jnipupwlsynip pyhg hwGty 2/3 ([15-13]/2) (GY. 2.26B): Gpypnpn uyn-
Gwimd thnthnfjunipjmG sjuw (GY. 2.26B): Gppnpn wyntGwynud, hwyw-
nwlp, ytwp b jmpupwlyymp peomu gnuiwnty 2/3: Gpypnpn hubkpw-
ghwjhg htimn ufuwp wdnd k& b nuntnd 48.7%:

Gnpnpng hntipwghwynud pGawpytlp wyG dwnwqupltinp, npnbp
qniquhtin G AC wlyniGwuqohG (GYy. 2.26C): CwpniGuybtiny GnijG
uygqpniGpny’ JunwGuwlp, np ufuwp Juquind £ 28.7%: Onppnpn hub-
npwghwjhg htimn (GY. 2.26D) YniGEGwlp 14.6% Juquinn vfuwy:

UjGnthtinmb Juptih £ YpyGh hmbpuwghwGtpp: dbg hmbpuwghw-
Gtiphg htinn YniGtGubp 4.25% Juqinn ufuwy: @npép gnyyg £ wnybg, np
7-8 hmbipwghwtpp pnyp GG wmwih vnwlw] pujuywlhG jwy wp-
nynilp:
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bl 2.26. bl 2.25 -nud wyyunnljlipdwd opyhljnp JhpwljmbqGiwb thnypbp:

E)
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2.12 LUNKGUDPRLAP UT L UGLEL

Opjtijunh ujwlwynpnuihg b wgnulywbitnh hwiwlywpgsuwihG
Uywlnudhg htnn Junmgynd b Qtpnp qpubhuyul yuwnmytpp
gnuphujub dwwnmphgul 512x512 Jud wybih LadtGunGephg (whp-
ubiGtinhg): Mhpubjlipp WnGhpnph EYypwGhG tpbnd GG npwbu gnpp
gnijGh wmwpptp GpwlqlGtph pwnwyniuhGhp® juwhudwo hynuugwoph
Jrubiwb gqnpowlghg: (hpuwlwlnd npwlp ny pb punwymuhlbp, wy
funpuwGupnhyGtn GG (npubjGhp), npnGg (wjlGnipinilp hwjwuwp k
hwuwnyyph qwyGnipjuln (GY. 2.27)):

Al I i iﬁ l.!‘
?"; t‘ '_I'":"'r:;":l_fliﬁ! 1|Er||1
"ot T 8 .}T’H"‘I‘TL

! & 122 :, .' 1 :. I.- "".' i 3
| ook A1 1)

Ulj. 2.27. Munnlbph wmbkupp’ yjmpuwpwlisynip whpub) Eplinud £ npyytiv qnpp
qnu)Gh hGg-np GpuGqGkph punwyniup’ jujujwe hyntujwaoph Jubiwb
qnpowlghg:

Uwuwunhgwjh jnipuwpwlsnin peohl hwiwwyjwwmwuuwlnid t hw-
dwlyuwpgsh hwygupyud Juubdwl gnpowyhgp (U9), npp wpnw-
hwjnmynud £ {wniGubhinh shwynpltpny (Hounsfield units, HU): UG--h
ntipp Giw6 E nbGwngblyuwl wpnmwwwumybph ubwugiwl wunhdwbha,
wjuhlpl wyG gnijg & mwhu, pb nppwGny t hyniugwopn YuGmd (pm-
uglnud) ntiGmgbliljul Swnwqujpltipp: 2ph US--G HU dhwynpGtpny
pGnniGynid £ hwjwuwnp 0 HU: X hyjntujwoph hwdwp, nph JuGiwG
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qowjhG gnpowlhgp # E WA-G HU shwynpGlipny hwygwpyynud £ ht-
nljw] pwlGwalny
X — t
PX — Pudter 1000

Hwater — Hair (2.44)

b

npubtin Lhvaer U fair 90N b onh ruulGiwb qowghG qnpowyhgGnG GG hw-
twywunwufuwlwpwn:

| £mupnuljp +3000
| nulpp (mpumphi
| Punphml

hym mwbpikp +40-+50
T mp a
L op -1000

Bl 2.28. Lwniudhnh uvwbingnuyp

9Qquymb nhmbywmnpGiph oquugnponidp, {wniGuphinh vwbnp-
nuih oqumwgnponiuip b wpmnmwwwwmybkpnltph pywjlwgnuin pnyy GG
wnwihu wuwwnytpnGhpp d2uyb hwpdwnp tnuGwyGtpny:

Uwpnnt wiwunndihwlwb hyjnujwopltinh hwdwp Y4--Gipp HU
thwynpGtpny thnfuynid GG -1024 dhGyb +3072, wjuhlpl weyw b p6-
nuitklp 4096 HU dhwynp: OphGwy  nuynplGtph hwdwp 4Y4--h wp-
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dtipGtipp nGywo tG + 800 + +3000 HU dhowlwypnid, thwihniy hyniu-
Jwopltph hwiwp' +10 ++90 HU, Gwpwh hwdwp® -100 HU:

UnGhwmnph typwlp wpunwgnnd £ wowydbpugniylp 256 qnpp
gnijGh tpwlqGtp, npn) hwwniy pdyYulwl vwppuwynpmdGhpnid’
dhlsl 1024 tpwlqltip: Uwpnne wypp Jupng L nwppbpuyty shw;)G 20 p:
Lwlh np UW9G-Guph phyp dwpnnt hynujwopltiph hwdwp 2w wytih
dto L, qunpbih t wwwuytph qniGuwjhl ywumnthwlp pGuptp wylwytu,
np wmtuwGhbih (hGe6 w6 hynugwopltnn, npnGg funnipyniGGtpp nG-
Jwo t6 npnwyh dhowlwpnid:

lonnipyniGGtph thohlG dwlwpnuyp wytwmp k plnptk; hbnmwgnun-
ynn hyntujwophl vnun: Mwunithwh jwylnipyniGhg juhugwo £ yuwwmn-
ytph YnGupwunnp’ Ghn ywwunthwGh YnGuopuump wybih d6o t: Ow-
thniy hyntujwopGtiph hwdwp UQ-Ghpp pGywo t6 10-90 HU, ywwnni-
hwp yupth & pGuptg 0 -100 HU:

Glpwnntilip, wGhpwdtywm E htmwgnutiy qiunintinpn: Uyhunwly b
qnp? Gymptiph funmpjniGlbpp mwppbpymd 66 wGGwl b ywwunnt-
hwip whwp k pGupt pun Ghn (80-100 HU), huy YhaGumpnGp whwup E
qulyph qiunintinh hyjnujwopGhph fumnpymGGtph dh9unbnmud (35
HU) (GY. 2.29 w): Uju niypnid htimwgnuntiy nuynpbtipp hGupwynp sk,
pwGh np pnnp 75-85 HU-hg fuhw hyjnudwopGbpp uyhwumwy GG
tpunud: NuypwjhG dtnmwunmwqlbpp (7 GY. 2.29 p-nid) quligh twnbp
hwwnjwomd Yhplwb dhwjG nuypughl yquummhwlimd (G4. 2.29 q):
Ujnuu Ynnihg, wju ywwunthwlnd qiunintinpn hwdwpjw sh Gplnd,
wjuhlplG tpbk qfunintinnid Yul dtnmwunwqlbp, npuip s66G Gplw:
Uju ywwwdwnny htnwgnunipyniGGtpp pdhoylipp juunwpnd GG
nwnppbp ywwunnthwGGhpnid:
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tay Dmily houieabplikpp fl sl oj) Pludgpay pili b i s bplalp
[FIFET ST ajdiuind hieh

Bl. 2.29. {wniGudpnh vwlinnulp wwppbp yuwwnnthw6Gipnod:

Npnp nhiyptpnid, tpti hbtmwgnuynn hyntugwopltph funnipjmG-
Gtpp ww dnn GG, wwunthwGh dhpwn pGunpnipyniGp pwujwpup sk
whinnpnpiwl hwdwp: Uy ghypnd oquugnpoymd GG YnGunpwu-
unn Gympbp’ jng wwpniGuwynn dhwgnipyniGGtn: Uyu Gympbipp G-
pwpyynid GG opqubhqu b wpjwb shongny hwulinid b Yninwlynid Gl
hjntujuwopGtipniy:

2.134S UaUv6Mu 6Lk UGNV LB L

<S dtipnnp wnwownyyty £ 1972 p. Anndph LwumGuphnh b Uywb
Unpdwyh Ynnihg, hGsh hwdwp 1979 p. Gpulp wpdwlugwl Lnphg-
Jwl dpgwlwyh: SYjwiltiph dywliwl wignphpiltipp wnwownplty
U. Unpiwlp, hGdtltp Q. <umGphinp hpwywbwgnly £ Gpu Shunpn:
Uwppwynpiwl httmwqu qupqugnuin pny] L mwihu yuwydwGwljw-
(nptl pwdwlb mningpudphwltpl pun utipnilnGtnh:

Unwohb utipnGnh <S-6 yupniGwymd tp Uy ntlngtlyui dwnw-
qujpltph wnpmp b kY qpuubgnn nbmtynmnp: (FaGngblywl fjunnn-
Jwln U pimbyunpp upGhupnG Jwpdymd thG hwwowl nunnipyniG-
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Gtpny (GY. 2.30): ULy 2tpnh wpnwwywwmytph dQuynuip mund tp
dnwun 4 pnyb:
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bl 2.30. Unwohb utplinh wmndnqpudh ujubivw:

Lbuwquymd (Gpypnpn utipnilGn) untnoytghG hwdiwlupgbp,
npnlignid oquuugnpoymd  thG  pywghhnyhwpwjhG nhGungblywb
thGotin, npnlg qpulgnuip juumwpymd tp th pwlh nhnblunplbnhg
Jququiwud pinih oqlmpjudp (GYy. 2.31): Clnphpy npuw’ dkY 2tpunp
wpnwywwutph Gyuipiul duiwlulyp Gjuqgtg b gqupdwy dnn 20
Juypyjub:
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Ulj. 2.31. Gpypnpy ubkiplingh vndngpudh ujubidw:

Gnpnpn utinlnh nmningpubltipnd (GY. 2.32) wyjwlGbph wipnn-
owlwlnipyntGG wuywhnyymu t jwyl hnghwpwjhG thGony, npp pln-
qnpymd L htmmwgnuynng opjijmlG wipnnowwbiu: (Hhlwmghljub fun-
nnjuin b ghmbtyumnplGtpp ;phy yunyum G660 jumwpmd 06y 2tpnp
ujuluynpiwl plpugpmu: “Fhambtyumnpltph phyG wybjugyty k: Uju
thnthnfump nGGupp pniyp G0 mwihu gqquihnptl Ypdwwmnty himwgnun-
dwl dwdwlwyp: Upnmwwywwumlybtph ybpuwyuwlqliwl hwiwp wjdd
oqunugnpoynid k wy dwpbdwwhuyuG $npiwihqd” hnghwpuhl
nypuwswihnpnG: UjwGwynpiwl dto wpwgnipynilp Gjuqgqtiglnd E
ownpddwl htn Juuyywo wpmbtdwlymbhnh QGmnnnipynil b wy6) wq-
ntgmpjnilp: Uhwdwiwlwl Gugqnud L dbl ptpmh wpmuwwywwmtiph
wiwl dudiwlwyp (Wnw 2 Y):
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Ulj. 2.32. Gppnpy ubiplnh undingpubh vjubidw:

<S hudiwwpgbph htmwqu qupqugnidip Juwywd & habnpiw-
ghuwjh qniquhtn JuGwGtph wybjugdwb b dEfuwGhyuwlwb pwnpd-
dwl Ypdwwmdwl htin: Onppnpng ubiplnh ujwltpnd oqunwugnpoynid L
ntntyunpltph powlwdl wiywpd hwiwyupg (GY. 2.33): Liwlw-
why Yuwnnigwopnp, tpp Jwpdynud £ dhwjl dwnwquypltinh wn-
pjnipp, qquih Gyuqtiglnid £ uwppwynpiwl swihubipp b quiqyuon:
Ut yunyyump hwdwlungl wydd juumwpnd £ 0.7 Jujplyuln:
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bl 2.33. Inppnpy ubiplinh vningpubh vfubdwi:

<{S-Gtpp Gppnpn ubplnhg ujuwo” Yhpunynd b wjuybu Yngquo
«yupnipudl» ujulwynpmip: Muwpnipuwdl vjulwynpiwl dwiw-
(wl wlhpwdt)wn L wwwhnyt) tpynt Wwjdwl' dwnwqujpltiph wn-
pjniph (nbGwnqbGywl fjunnnyuyh) wiplnhwwnm pwupdnudip Jpewluqony
U htnmwgnuynnh wyuwnytjwmtinh wiplinhwwn hwdplpug wpdnuin
powliwgoh dwlybkptuhG ninnwhwjwg nnnnipjudp: Uju nhiypnid
ntilnqblyuwl funnnjuih wpdiwb htmwghop htmwgnuynnh wwn-
Ybuwwntinh Gyuwwndwdp hptGhg YapyuyugGh wwpnyp (GY. 2.34): <p-
Jwlnh wuwnlbjuwntnh jwupdiwl wpwqnipnilp npn2ynd £ htinw-
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gnuniwl Guuwwumuyltphg tiGtny" hGspwl dto L wpugmpymln, w)G-
pwl wybih quy6 £ ujwluwynpynn hwnygwon:

Mupnipwdl ujuwlwynpmip pniy; mytg qquihnptl GJuqbglby
htnmwgnuniwl dwdwluwyp b htnmwgnuynnp dwnwqujpwjhl owd-
npwptnGuonipymGn:

[Tt IFytas

Ulj. 2.34. Muwpnipudb uljwGwydnpnd

‘UnpuqnyyG <S-Gupnid yhpunymd b puqdupbipipughl wupnipu-
shuquluwynpiwG uyqpnilpp (RS - puqiupbipipughli ywpnipusl
hwdwlpupqsughl pndngpuippur): Uju niypnid gpuilignn hwdwyup-
qp punyugwd b tpyne b wytih ghnbljumnplbph zwpptiphg: Opwbugh
ntlnqbljuwl Swnwqujpltipn qpuigytl thwdwiwGwly pninp nb-
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mbyunpGtpnd, Yywyytkg thGoh Gnp mwpwowyul tpypwswhwlwb
wmbiupn:

Unwohl tpyptpmughG A7NKS-Gtpp, npnlp wupniGuymd thG 2
wnp nhnbunplbp, untinoyty GG 1992 p.: 1998 p. untinoytighl ynpu
otipnwGh AN<S-Ghpp, 2004-2005 pp.” 32, 64 L 128 phwmblunplGtph
wppbp ywpniGwlnn mndngpubltin, wyn pynd” ipynt ntGunqblywb
funnnyuwyny: Uyuon gqnympjmb niltb 320 pwpp nhnblumnplbp ww-
pniGwynn mningpudlbn: Fpwlp pniyp GG mwihu ny thwyl wuwnmytin-
Gtp vnwlwy, wyl gpbipt nbiw dwdiwGwlnd nhnt dwpnne nintignd
Juwd upnnd wbtinh nGtgnn Shqhnnghwjuwb wpngtubtpp: LUwG
uwpph wowGdGwhwnynipyniGG wy6 k, np hGwpwynp t uywGuynpty
wipnnowlub onqun (uhpup, mytinp) nhGngqblywl fjunnnjuyh dhy
wwunnywh ppugpnmy: dFw qquih GJugbglind k hbnmwgnundwl dw-
dwlwyp b pnyp £ wmwihu ujuwlwynpnd Juwumwpt) GnyGhul wnhp-
thwjny mwnwuwnn hhywlnGbph nbhwpnid:

LNLS-G pnyyl £ mwthu Juunwpb] hbnmwgnnnipynilp wnm jupd
duwdwlwynd (npnywylh htmwgnuniwl hwdwp wlhpwdtyn £ 1-2
pnyb): Gupd dwdwlwuwhwunywop, nph pGpugpnid hhgwlnp Yuw-
pnnqulnd t wuwhty 2Gswnmpnilp, pwgwnpnmd b pwupdiwl wpnb-
dujunltiph htn juuyywo fugnuibGhpp: Mupnipual vjuGuwynpiwb
djnu Jupbnp wowytmpniln wjG &, np Jupbh £ wbulb wwpnn-
ghwyuwi gnjugnipniGGtipp, npnlGg swthutipp thnpp GG hwwniyph
hwummpnlGhg: ®npp swihubp nilbgnn dbnwunwqgp Jwpnn E
JGQuwnyty, Gpb ujwlwynpiwl plpwgpnid hhywlnh wihwdwswih
2Gswnnipjwl ywwmdwnny wjG goipu E pGlylGnd hwnnyph hwppnt-
pyiGhg: NMupnipwdlb upwlwynpiwl phypnd (dwl Yhnmwuwnwg-
Gtpn qwy pwgwhwjnynid GG:

LrhS-h ptinmpniGp Gpu puGupdtipnipymGa k:
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2.14 1PNV PYUSE Y UleSAtNTNRI

NrwnhnGniyihnuyhG wuwmnpnynidp, h mwpptipnipyniG pGGunpyp-
Jwo wy ukpnnGhph, pnyyp £ nmwihu ny dhwyG mbuwGbh nupd Gy Ghp-
phG opquGGtpp, wj) Gl htwnbb) ngpuignd pGpwgnn bhghyuywl b
YtGuwphihwlwl ypngbultph:

NrwnhnGniyihnughG whmnpnpdwl hhdGunhp b GQuihp wwnnd-
Gtph dapnnh hwyn & hwdwpynid 2. {<Gyhohl (Georg Hevesy), ny wnw-
ohlGp oquwqnnpotig Bl nwnhnhqnunyp Jwhwlwal qtindh $mGy-
ghwjh muniGuuhpnipjul hwdwp b 1943 p. qupdwy ‘Lnpbjwd
ipgwGwywyhp:

‘Lowlhp wnndGhph dtpnnh ulqpnilpp wwng t b gbinkghly: Lw-
(h np dhtlnyyG mwpph nwnhnGniyhnGiph U juyniG hgnnnwGeph ph-
vhwywl hwnynmpniGatpp 66 mwppbpynud, wwyw nwnhnlniyhnh
wnluwmnipniln sh thnfjuntd shwgnmpjwl phshwljwl hwnynipmGGs-
nn: UhwdwdwGuwly, gpubgting nwnhnGmyjhnh wnwpwd dwnwqu)p-
Gtpp dwpiGh wpunwphGhg, Yuptih b «nbultp» GQuyhp dnjaynyGhpp
L htinlt npwlg pwpdiwGG opqulhquintd:

NrwnhnGniyihnuphlG wumnpniwl dwdwbwly Gywyhp dhwgnt-
pjnilp, npl wijwlnd GG nwnhngtinnpuyp Jud nwnhnpwpiyptivyw-
pww (:5M), Ghpwpyymd L hhywlnh opqubhqu: Lhvhwlwl vhw-
gnipjniln, npp Ghpwnnid £ nwnhnGniyihnp, npnpnid £ nwnhnptinnpuyg-
ph Yntnwydw G wmbnp b dwdwGwyp, opqulhquihg ngnipuptipdwG dup b
dwdwGwyp, phiphwywl hnfuwybtpymdGtpp: <tlGg phihwywl thw-
gnipjwl dhpwm pGupnipyniGa t pniyp mwhu oquuugnpoty mwppbip nw-
nhnntnnpwjpGtpp mwpptin mtuwyh hbnmwgnunp niGGtph Guywwmw-
Uny:

{wiwu dMN-Ghpp hptiGg hwnynmpjmGatpny Giw6 GG opqu-
(hqihl wGhpwdtym plwywl shwgmpyniGGtphG b gpubg pwpdwlyn-
YhGtnhlwl npnpuyh YhGuwpwlwlul hwiwjupgnid wnnng onqu-
Ghquh ntiypnid hwynGh & (bwpiwynyhGEmpyul Swpdwynnghwjh
pwdhG t, npnd nuunuiGuuhpynd G6 opquiGhquind ninnpwjph pwy-
fupdwG, phihwyuw6 b yhGuupwlGuul thnthnfudwG, b gmipupbpdwG
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wnngtiuGhpp: Uy Ypy wuwo” pwpiwynyhGinhywb nunidGuup-
pnud £ wjl pnnp wypngtuGbpp, npnGg GGpwupyymyd L ninnpwjpn op-
quihqinui): Swljwgwo tnnuiGhpp Jupbijh £ «nbtiuGhpy U wibkp
htimlunipjniGGtp” opquGh $niGyghnbGuy yhdwlyh htnn Juwdwo: Onp-
Guly" qpumynqujh powlwnnipjnilp opqulhquinii htwmwgnunbnt
(ywwunwyny oqumugnpdynmu “C—qumllnqulﬁ, Jud 18F—fl>mnpr}hqop—
uhqniynquG: “C—qumllnqulﬁ phthwljwl hwwnympmbGatpnyg sh
wnwpptipynud pGwlwl qyniynquiyhg, vwyw)i 18F—El)mnpr}hqopuhq]_]m—
Ynqul, npl oquuuwqgnpoynid t 2w wybtih hwdwfu, npny hwwnyni-
pjuGGtpny wmwpptipynud £ pGwyul qpniynqujhg: 0-bMN-h plGunpne-
pjniln wwytwlGwynpywo E hhdGwlwlnd fulnph npjwopny: Gwunplnp
L hunwly pdwluy pGupduwo 025N -h YhGhnmpywl opqubGhqunu:
UhGhwnhjw wubny hwuulnd GG pGunpduwo hwmiwjupgnd 0-bN-h
owpdiwl Gyupuwqgpnipnilp dwpbivwwmpluuwb pwlwdubph oqlint-
pjup, hGsp pnyp £ mmwhu dnpbjuynpty hbnmwgnuynn ypngbulbpn:

0-3MN-h vk Gipinioynn nwnhnlnyihnl wlijuwlnmd GG Guwb nw-
nhnpGphjwwunnp uwd nwnhnpptjutip:

Mupgblp, pt wumnpniwl hwdwp np mtuwyh (o, G ph y w-
nuphstilip) nunhnwiwhy GniyhnGtpa b Gyuwunwywhwpiwp oquu-
qnpoti: hGswbtu hwymbh £ o U B dwulhyGiph yugpp phnhymujwo-
pnud thnpp b (¢ dwublipjh nhypnid”™ dplpnblbp, B dwubGhlih nhypnid”
dplish dp pwlh ud), wpuhlpG wju dwuGhyGtiph gpnulgmip dwnpdlhg
nnipu mbtnunpyuo ghntlunplbph oqlnipjwdp hGwpwynp sk, pwlh
np npulp YYwbyal hhqwlnh dwpiGh hynmugwopbtipnud: (EGnqti-
Jwl b y -Gwnwquypltinn wybih phy GG Yubynd phnhynujuwopnid:
Llwp 2.35-nud pipdwo b thwihny hymujwopltipnd ~Gunwqup-
Gtph hwpwpbtpwuwl puthwigbihnipjuwb gnpowlygh (Te) yuuwoni-
pjnilp »Gunwqu)pltph tGbpghwjhg (£,):
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R L
Ev, bt
Ul 2.35. @wnwquyplkph hwpuwpbpuljwi puhwigbihnipyub qnpowlgh

(T.=11y- 100% wlgwd b pGlling Gwnwquypiwb hGnbkGuhdnpynilGkph
hwpwpbpmpyniGp) juwjpjwénpynilp = Gwnwqupltiph LGipghwjhg £, :

‘Lllwphg tpbnud £, np dwnwqupltiph poijugmip 6o £ thnpp
LGipghwlbph nhwypmu: Upnmnpnuwl hwdiwp hwpdwp G6 pwpdp
LGtpghwGtpny pdwnwqujpltpp (50 Ytd-hg pwpdp), pwGh np
nnuwip nnipu GG quihu hhywGnh dwpdilhg b upnn GG qpuigyb] wp-
wmuwphl phwmbywmnpGiph dhongny: Ujmu Ynnihg’ thnjuwgntignipjuG
thnpp yupjwopl wwwhnymd E wybjh thnpp nnqujhl owlpw-
ptinGJwonipyniG: <tmwgnuniwl hwiwp wihpwdtyn nwnhnwlynhy
(jniph pwiGwlp pun thnpp & (unynpupwn 107 dnthg phy):

(rwnhnGnmyhnujhl wpmnpndwl dudwlwl hhjwlnh dwpd-
(Ghg nnipu tynn ~Gwnwqujpnuip quubgymy bt ghnbtlywmnph oqlint-
pjwdp: UGhpwdtipw t, np nhwmblwmnpp odnyjwo (hGh htnbjw; hwwnm-
YnipymGGtpny’

e Uto hwjwlwyuwlnpjuip Jubh ~twnwqujpnidp (nilGhlGw

Lo Lhtlmhynipjnib),

e Onjuwlhtipwh Yubywo Latpghwa LiEumpuywl wqnubywbh,

e Swppbpwyh gqpubgynn pywlGwltpp’ pun EGipghwGbph,

niltilw wihpwdbym Latnghmhy nuontGuwynipnil:
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dtpnhhpjw hwnympniGGiphg GiGEny” pGGwpytbp, pt hGyuh-
uh phimbyumnpGtp G0 Guuwunwljwhwpiwnp oquugnpoti nwnhnlnilyh-
nwjhl whunmnpnydwl vwppwynpnuiGhpnud:

Guquigwo hnGwgiwl fugbipp hwdiwpynd GG qquyniG b hwp-
dwp ghnbliunpGbp, vwyw)l dwnwqujpltinh qpuigiwl phuypnid
npwg tduyunhympyniGp guwon t: bwnhnlniyhnujhG whinnpnydwG
uwppwynpnuiGtipnd oqunugnpoynd GG puqiwupuyhlG hwitidw-
mwlwi fugtp, pwjg ny hwdwfu:

UhuwhwnnpnswjhlG nhnblunpGipp nGb6 wdkGwiuy EGpgb-
wmhl nontGwynipyniln, vwluw)l ny UGS wpfuwmwlpwjhl swybptup,
pwpén wpdtipp b uwnbglbm wihpwdb)mmpniln (qbpdwGhnip
ntiypnd) vwhdwGwhwyny 6 npulg oquugnpdniip nwnhnGniyih-
nwjhl whumnpn)dwl vwuppwynpniiGhpniy:

UghGwuhpjughnG ntntunpltpp odnjwo GG pnnp wlhpwdtiyn
hwwnlmpmGitpny b oqmugnpoynid Gl nwnhnmYyjhnuwjhlG wpuwnn-
2wl vwppwynpnidGtipnid wpwyby hwdwju:

2.15940UVU - v3hYy

Unwohl nwunhnlnmyihnujhG wquwwumytpnlGtpp vnwgyty G Nal(TI)
ughGuhpwghnl gimbiumnph oqlmpyudp’ 1950 pywywGha: “Fhawnby-
unpp wupniGuynid tp dnnm 12 ud mpudwqony b 1008 hwunnipjuip
Nal(Tl) pyniptin, npp weel wtnunpywo tp Jjuuwnpt pnlniuwglng
Unihdwwnp: Unhdwwnph 2Gnphhy qpubgynid thG dhwyG wyG vy-
pJwlwnmbtpp, npnlp wowpynd thG Gpw dnynup dnnwywjphg: Og-
nwqgnpdynd thG Gub GpyynnpphGwumwihG vjulbplbp” dby Jud
tpynt Jwpdwyuwi thnpp qfuhyGhipny: GpyynnpghGuwnmwhG vjuwGw-
ynpnudp pny) Ep mwihu unwlw] nwnhnpnnpuyph pw)funwin hnpp-
gnGwlwl hwppnipjul dto: Uwlwjl wju wnmhwh uvwppwynpnidp
Edulywmhy stp, pwlh np jmpupwlynip hwnjwoh ywwmlbtpp unwg-
ynud tp wowGadhG U gpuw unwgiwl hwdiwp wlhpwdbym Ep hwwn-
JugGt] hGs-np dudwluwly: Gupd dwdwlGwlh nhwypnid yuwmtpp
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hunwynipjnilp pwjwpun skp, Gpup dwdwlwyh nhypnd” nwnhn-
ntnnpuwypp hwuglnd tp npnp swthny Yopwpw)fuyty opqubhqinud:
UjuhlGpl wlhpwdb)m tp dkowglby nmbyunnph swhtpp, npytiugh
wwuwmytpn hGwpwynp (hGip vnwlw) hnppwpwlwy swihnuiGhph
dhongny, jwuywqnijl nhypnid’ dhY swhdwl pGpugpnid: @npd wpytg
hwiwygt) ko pwlwlynipjudp ughlGghyywghnb pyniptinGhp: UwlwyG
dto dwlbtptuny Nal(TI) unGnpjmptinGiph unwgniip nwnhnwhiwmn-
nn2uwl plwquyunnid ptiptig nwnhyuwy thnthnfunipyniGGtiph:

1958 p. <n1 UGgtpn (Hol Anger)” ghwnGwywl Ptipyihh hwdwjuw-
pwihg, untnotg wjuwbu Ynsqwd quaddu-ughlp Yuwd Uliqhph pugh-
4p, npp 160 wnwonlpwg tp nwnhnlniyhnujhG whmnpnyiwl pGw-
quyunnui: Uwpph wnwGdGuwhwnmynipyniGp Juywlnd t Gpulnd, np
nputiu nhimblnnp oquugnpoynid k dko swithtinh® htmwgnuynnh nn9
dwpuhlp plngpynn (50 wd wpwdwqony b 6-12 ud hwuwmmpjwdp)
ughGunhywghnG pympbn: Gw pmyp £ nmwjhu sShwdwdwlwly unwlug
nwnhnnptnnpwjph pwfuntip htnwgnunynn hwnywohg:

Guidw-fughyltipp Yhpwnynd GG Gub wjuop: dwiwlwlwlhg
quuidw-fughyGbpp Ypty GG npnpwih thnthnfumpniGGtp, vwlyw)l
nnuip yupniGwynd GG wowohl fughyh hhiGwlywl pwnunnhs Yw-
ubtipp U hwdwju Yngynud 66 Waqtph fughyGtip:

“thuwpytiGp UGgtph fughh wluwwnwlph uyqpmbpp: foghyp
punugwo t Ynjhdwwmnphg, Nal(Tl) ughGuhyughnG pymptinhg, npp
nmuwwnwnh dhongny thwgywo E pnnnpuqiuwuyumnyhsGtph hwiw-
Jupghl, npnGp, hptiGg htpphl, thwgywo GG nidtinugnighsGtphG L
wmbtnnpnyiwl LEyupnGujhlG hwdwlupghG (GY. 2.36): Pnnp pwnw-
nnhs Jwutipp qunGymy GG juwywpb yuwunjwlnd, npytugh fughyh nh-
nwnpydwl nwywhg nnipu qulynn dwnwqujypdwl wnpnipltph
unbinowd $nlp hGwpwynphlu Guqtgyh: EjayupnlwjhG hwiwlywnp-
gqnud npnpynid £ wgqnuGywbh YnnpnhGuunnp b pwylGnygpn:
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Ulj. 2.36. Gwidw-fughljh Junnigwaopp: 1 — hkmwgnngny opjkljn,
2 — injhfwwnnp, 3 — ughGwhpyuwwmnp, 4 — ughlmppywwmnph GpwjhG
yuunthw, 5 — ppruwmup, 6 — pnnnpuqiwuyuinljhyGhp,

7 — wqnuGuliGtph thnfumbgdiwb pupbp, 8 — fuupupk vyuwwnjmd:

Unjhdwwunpp pGupnd £ npnpwh niqnnipjudp mwpwdynn dw-
nwqujpltpp” JuGhny pnnp dGuguwo dwnwqujplbppn: Qniquihtn
funnngGtinny (YuGwGtpny) Ynihdwwmnph ghiypnd ughGuhpywwumnphG
G0 hwulmd U gpugynid shwjl wjl y-Gwnwqujpltpp, npnlp nw-
pwoynud GG Ynihdwwumnph dwljintiuhG monuwhwjwg: Upnwwywwmltnp
dluwynpnn p~Gwnwqujpllph LGipghw6 wbtwp E hunipGylh nwnhn-
Gniyihnh wnwpwd -Gwnwqujpltiph tGipghwjh htm, pwbh np GG-
punpymd t, np wykih gwon LGtpghwitnny dwnwqujpltipp hhywG-
nh dwpilnid gpjwo dwnwquypltip ta:

Unjhdwwumnpp npnpmd E fughyh GpipuwswthwlijuG mbtuwbbjhn-
pjul nuyun b hwiwywpgh qquyniinpjniln: Unynpuwpwnp wmwppbp
Latpghwlbinny dwnwqujpltin gpubghin nhwypnid ywwmltiph hunw-
Ympjnilp wywhnybjm hwdwnp oqumugnpoymu GG mwpptp Ynhdw-
wunplbp: Qniquhtin julw)ltpny Ynihdwwnnphg pwgh, oquwgnpd-
ynud L uky Gbn qulwiny Ynhdwwmnp” dwytpbngphl dnn qubynn
thnpp opquiGltiph Yhgniwjugdwl hwdiwp: Lwb oquuwgnpdymy LG
hwdwpynn Yud pwgynn JuluwGbpng Ynhdwwnplbp: {wjwpynn
JuwlwyGtpny Ynihvwwmnpn wwywhnynid E thnpnp Gplipuswthwlul mb-
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uwnw)w b pwyuwywbhG pupdp qquynilnipinil: Pwugynn fulwGb-
nny Ynihdwwmnpbtipn oquugnpdynd GG nn9 dwpiGh Jhgqniwpugiwb
hwiwp, pwlh np nilGkl dES mbuwnw)wn, vwlw)G wyu nhypnd qqu-
Jnilnipynilp wyGpwG dGo st:

Guidw-fughyh oqlnipjuip unwgymy k. Gplswth ywwmybp, npp
nwnhnptinnpwyph tnwswth pw2fudwl wpnyiyghw6 t: Orwnhnlniy-
1hnuyhG dtpnnlbpny unwgywo ywwmlbtpltpp, h mwppbpnipniG hw-
dwupgswjihlG mningpudbhwjh dhpnnny unwgwd yuwmtipnltinh, ;&6
nwihu hunwly wlwwunihwiwl wywunybpltp: Uwlw)l, pwGh np
nwnhnnpbnnpwjpn Yninwlymd L npnpwlh opqubltpnid, wjl junpnn
E wpunwgnit] opqulnid ppwgnn YhGuwphthwywb b bhqhninghw-
Jwl ypngtultiph thnthnfunpymGGtpp:

Gnynipjnil nGEG nunhnGmYyjhnujhlG yuuytpltph vnwgdwb
wnwpptip ntdhdGtin:

UwnuiGh juwd dwupdGh dwuh hwpp wunybpnn' ughlipphqpuddudl
unwlwnt hwiwnp nwnhnbwpiyptiyyuwpwnh Gipuwpynuihg widhew-
wtiu htnn Juunwpymd L hbnwgnunynn hwnywoh ujwGuwynpnid:
Unwgywo wywwnlbpp Ynsynid £ ughGumhgpuddw (GY. 2.37):

Dplwdpl hbmwgnunnipyniGGtph dwiwGwly YwpdGh npbk hwwn-
Jwoh wwwybpltpp hwlynd GG dh pwGh Jwjpyjwl wuwppbpni-
pjwdp: Unwgywo yquwumybplitinh hwonpnujulnpmilp wpnwgnnid
L npnpwyh wpwq wpngbulbph plipwgpp, ophGwy’ wpjwl 2powlw-
nmpjniin yponypltipnid Jud GphljudGtpny:
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Wlj. 2.37. UghGunhgpudvw (Scinfigram) gniyg L mwjhu nughnwlwhynipjuwG
pufunidip dwpdGh npbl dwund, wju giygpnd” nuYynplbpnud:

2.16 UPUDNSNVU3PL AUNUGUBOUT Y
LUUuuure-2u3brv SNUNG-LUDLU

UhwdnunnGujhG dwnwqujpiwl hwiwljupgqswjhl wmningpu-
dhwlG (UDOBLS Ywd SPECT-Single Photon Emission Computed
Tomography) nunhnGniyjhnuyhl wumnpnydwG dtpnn t, npp poyp &
nuwhu vnwlw] tnwywth wunybkplbp: GHantyumnpp (quidw-fugh-
Up) pwpdynd £, hwonpnuwpwnp ptipynid k£ 5-10 wunhdwny® htinmw-
gqnuuynnpl ninquhwjwg wnwlgph Guundwdp, dhGsk Yuyuwmwngh 360
wuwmhdwlny: Wyuwhny, qpubgymyi GG wmwppbp wlyyniGGtph nwly
swhywo wpnjiyghwGtp: hGpnpiwghwjh hwyjwpwqpniuihg htwn
wmtnh £ nbtlnd htnmwgnunynn Gnwswth yuwwltph yepulwlqln:
Uunwgywd yquultipp gnigunpymd £ hwdwuwpgsh EypwGhd:
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lughylGtiph pwGwyh wytugnidp pny) L mwhu thnppwglty hG-
$npiwghwih hwjuwpwgpiwl dwdwGwyp: Lwnp 2.38-nd Wwwnytip-
Jwo E tpynt quidw-fughyny hwiwlwpg:

bl 2.38. Gpym quidw-fughyny UDGLS -h hwdwluwpg:

UdB<LS-h hwiwp owywmhiwy t oqumugnnot] nwnhnlGniyjhnbn,
npnlg wnwpwd y-pywlwmbtph EGapghwltpp 100-200 Ytd wnhpny-
pnd LG U Yhuwwmpnhdwl wuwpptpnmpjniGGipp” dh pwlh pnwtihg
dhlsu dh pwlh op tG: Uyu tGhpghwltnny pywlwmbtnh qpulgiw
Ebtiymhynipjniln vto £, hul ny d6o JhuwwmpnhiwlG wwpptipnipyniGp
wywhnynud £ himwgnunynnh Juuljwo nnquijh poyjjumptih dtont-
pmilGtpp: UDOLS-mi wnwyt] hwdwhu Yhpwnynn hgqnunwGtpl GG
99mpe 200y B 124 M 9Ga: Unymuwy 2.3-nud phipfwd b6 wwppbp
opquGtph uvjwlwynpiwl hwdwp oquuqgnpoynn nwnhnbnilyhn-
Gtph ophGuwyGtin:

UdbauS-G twwbu wwpptipynud £ £S-hg hp YihGhywlyw6 fulnhp-
Gtpny: <S-h nhypnmd wpmwphl dwnwqupiwl oqlnipjudp htnw-
gnunid G0 opqulh wlwwnnihwlwl Junnigywoph thnthnfunipynil-
Gtpp, huy UDEAUS-h duiwlwly SMN-h Ghipdiniodwb vhongny htivnw-
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gnund GG opquGGtph b hwiwywpqbtph $niGyghnGuwy yhdwyn, hGp

pni £ wmwihu pwgwhwjnt] wwpnnghy thnthnfunipymGGippn Jun
opowlinud:

Uyyniuwly 2.3. Swpplip opquilitiiph uljwliwynpduwli hwiluip oqyugnpoyny
nwnhnliniljjhntbp:

bgnuny Tz Opqui
| 73 dwd Uhpu
Pm e 6 dwd Uhnuw, pnptip, tphuwdltp, nuynplhp, nujpnintin
Ga 78 dwil Uhpun
B 8 on [Onptip, qifunintin, tphudbhn, yupn
" Au 28.7n Ljwpn, qindtip
"n 2.8 op Ljwunn

2.17 MN2PS/HNVUB P aUNUGUB 0 UTY SNUNG-LUDPYT

MnghupnlGwjhG dwnwqujpiwl wningpubhwl (MBES YJud
PET-Positron Emission Tomography), hGswtiu b UbBLS-n, nwunhnhqgn-
unwwjhl wumnpnydwl dtpnn b, npp pnyp L viwhu htnwgnnty
pGupJwo opquGh Jwd hwiwywpgh $niGyghnluw; pwlqupnmdGtpn:
Uwlwjl MBS-h hwiwp oqmugnpoynid Gl ny ph y-Gunwqujplbp
wnwpnn hqnunyGhp, hGyuybu UDBLS-nd, wy] ynghwpnl-wnwphs-
Gtp:

UnyGtlp, np £S-G gniyg £ mwihu opqubh Junnigywopn b wlw-
unndhwywl thnthntunipjniGGtpp, huy MAS-G, hGsybtiu Gul UDBLS-G,
pnyp GG mwihu gqpulgh; wyl Gynpwihnfuwiwldwl hnthnfunmpniG-
Gtnp, npnlp Guwjunpynud GG gpuG: WyuhlGpG® MGBS-G oqlimu L hwjn-
Gwptiptip wwpnnghwiwb thnthnfunipyniGGipp Jun ppowlnud, bpp
dLwpwlwlwl thnthnfunipyniGGtp ghin sJub: Uyju wuwwmdwnny MAS-6
hwiwpynud . dwdwlwlywlhg whmnpn)iwl dtpnnltphg witlwg-
quniGp:
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MBS-h uyqpmilpp htnlywG £ hbmwgnumpjmGGatiph pGpwg-
pnud wynghwnpnG wnwphy nwnhnhgnunny ywpniGuynn nwnhnpwnpd-
wynphwwpwuwp Ghipdnoymd £ hbmwgnuynnh opqubhqd Ghptipuyw-
JhG Yuwu hGhwughnG tqnubGwyny: “Fpwbhg htnn SN-p dwuluy-
gnud £ wpywl powlwnnipjulp b hwulimd htwmwgnuynn opqud:
Ownhnhgnunwh dhomyp Juwymb Jhdwlyh wlgltjhu wynghwpnG k
Swnuwqujpnmu: Mnghwupnlp pwpdymd t dhowywypny, hwGnhwynmy t
vhowywyph wwnnith nintopwjhG Liiyunpnbh, b mbnh £ niGhlnud wih-
hhyywghw, nph wpyniGpnid wnwowlnud GG tpynt hwjwnwy ninnni-
pjwdp 2wpdynn 511 Ytd tGtpghwyny y-pywlumbtp: y-puwlGumbtpp
qnulgynd Gl nhwntijunnpltph oqlnipjuip, npnlp nuuwynpywd LG
nowGwqony (GY. 2.37):

A
g S
whbphpymghm
LY
\J
sFunklpampkkn
i
L . L
A T i - pejmitnahph
" —— 3] gl
d [ hrniphighalimb
o npsbalmyn

]
wegirvnniEnh cugrnurin

Ulj. 2.37. MAGS-h uljqpnilipp:
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Gpti mpuiwqonptG hwywnhp Gpym gntyunpGtpp shwdwdw-
Gwly wqnubul GG qpubgnmyd, wuyw Ywpbih L wlnk], np wGhhpg-
Jughw( nmbnh t mGtghk; wyl qoh Yypw, npp dhwglnid E ghnbtlyunnn-
Gtpp: UhwgGbny pntliunpGopp hwdpGyiiwl vutidwny, npp wp-
fuwwnnud £ dhwyl w6 nhwypnd, tpp wgqnulywi £ wnwowlnid tpynt
nntjunnplbpmd, Jupbih ©wdpuwgnty wyn qoh nhppp: 64, pwih np
wyn qotipl wnwowlnd GG Who pwlwynipjudp, ntunp qotph hwwn-
dwl whpnypp Jupbih £ nhunwpyt] npybiu nwunhnhgnunwh Yninwy-
dw@ wmhnpnyp:

Utipnnh qunuithwpp oGyt & 1931 p., tipp ghmGwlywl dwppnip-
qn (Otto Heinrich Warburg) Gywwtg, np pungytnujhG poh9Ghnp
wnwldluwlny GG qpniynqujh pwpép uvyundwdp: Uju thwuwnmhp hp-
dwl Yypw unbinoytg Gruwyhp pwpiyptyqupunm, npp Ghipwnnid E nw-
nhnwlunhy 18 dunph hgnunnwp npytiv nwnhnGh: Uju yptiywpuwwnp
Ungynid £ pumnpntiqopuhqpmynqu (FDG): FDG-G powlunymu L
pohoGipnid npytiu qpyniynqui, sGuwjwo np phipwwybu nmwupptipymu k
nnwlhg” wjl hhnpopupy fudph thnfuwptlG wuwpniGuynd k I8p nwnhn-
Gnythnp: FDG-h Yyhpwnnuip pnty) £ wmwhu qGwhwnty qpyminqujh
YninwnuiGtpp poh9Gtipnd b bhpublip whumwhwnpywd hwnywoGtpp:

1977 p. Uhoty Stp-Mnnnujwin (Michel Ter-Pogossian) ntljujuw-
nnud tp UwphGypngpnh hGunhnnunh (Mallinckrodt, WU'L) nunhnwy-
why htnwgnunipyniGGtph pwdhGp: dbhqhynuGlph, phdhynultiph b
pdhpyGtiph hwdwwbtn w)fuwwmwlph wpyniGp nqupdwy wnwohb
MBS uvjwltph unbtindonudip, npp Yhpwnytg YhGwluwlbpnwd: Uhpbyg
Stp-Mnnnuywlp hwdwpynd £ MnghupnGwjhl dwnwqujpiwl wnn-
ungpuphwjh hwjpp:
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bl 2.38. Ul SEp-Nnnnujwp wnwohG MES-h Ynnpha:

Ujuop MBS-my, pwgh Gqwo 18F-hg (T1,=109.8 pnwt), oquw-
qnpoymu L6 Gul wj) hqnuinlhp’ wotuwdhG ''C (T),= 20.4 pnuh),
wgnun PN (Ty,= 9.69 pnuyt), ppywdhl O (Ty= 2.03 pnwb) U wyG

(wnyniuwy 2.4):
Upniuwwly 2.4 NOS-nud oqipugnpoyny nwnpnlinipnbliph phqhljuljub
plinipwgplipp:
frwnhnGmyihy | Tip, p “‘Nnqhyppnbih Juqpp
Yhliuwpwliuljub hyniujwopnid, ud

C-11 20,4 0,39

N-13 10,0 0,50

O-15 2,1 0,72
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F-18 109 0,25
Cu-62 9,2 1,30
Ga-68 68,3 0,83
Rb-82 1,25 1,50

"F_n niGh wnwybp hwpswn hghyulywt pnipugntp’ hwikiw-
nwpwp UGd Yhuwwmpnhiwl wupptipnipyniG b wnwpywd wynghwnnpn-
Gh thnpp EGtpghw, U wjn wwwmdwnny hwdwju £ oqumuuagnpoymu
(FDG-h wtupny): Npwbtu pwngybtnh Whnmwuwmwgqgbtph dwpytpGbp’
hwéwfu oquugnpdynud kG Gul funpG-""C U funpG-"*F: funihGp Sh
phihwlw( Gynip E, npp wGhpwdtipun L poholtinh vtdppwGGtnh phn-
uhGptigh hwiwn: Upwq wdnn pungytinuohb pohoGtinG niGhb funihGh
whntith ywhw(9:

MBS-G ogqunnugnpoynid k ng shwyl olynnghwynid, wy Gub Jup-
nhninghwynid b Gupnnghwjnd: OphGwy’ mntnh wwppbp wwpnin-
ghwlbtph pwgwhwjniwl hwiwp' tyhiyuhwyh, Uigqbjdtph U
MunpyhGunGh hhywlnnipyniGatph nhwypnid:

hGswtiu Gptghlp, nwnhnGniyhnuyhlG whnnpnyiwb dkpnnGtpp
hGwpwynpnipjnil GG mwihu htmbt) opquGh GympuwhnfuwGuyiwd b
ytGuwphihwwl wpngtulbphG in vivo: MAOS-h wnwybnipjnilp
Ud0B<LS-h Guumiwdp wyl b, np GQuyhp Gniptpp hwlnhuwlnd GG
opnquihquip plwlywl Gmpwihnfuwlwldwl wnmwpptp, hGp poyp L
wnwihu himwgnumuibtp Juwunwnpb] peowjhl twlwpnuyh ypuw:

MBS-h oquugnpoviwl plnwpbdwiwlp fuwlGqupnn hwlqu-
dwlipltinhg qiiuwynpp hgnunnwGiph wpmwnpnipjwl wihpwdtywnni-
pynGa E YihGhywyhG Yhg mwpwopnid, nplG wlhpwdtywn t nwunhnlniy-
thnGtnh Ywlph Jupd wmbnnnipjul yuwumdwnny: Uniu yuwwnmdwnp
Juwn nwpwowywl niontGuynipyniGa t, npp htipwnnipjwdp nioynd £
MBS—<S dtpnnltiph hwiwnpnudng (GY. 2.39): UuuwjG wju nhypmud
wnwlg wyn £ pwly vwppuwynpiwG wpdtipp wytijh & pwpdpwlnug:
Uju wwwnmdwnny MAS htimwgnuunipjniln quuwmwnpynud £ wyl nhiuyphb-
nnud, Gpb yyniu dhpnnGtnG wpyniGwybm sha:
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Lotilp, np MAS-LS whimnpn)iwl hwdwp wihpwdtyn FDG-h
pwlwyp npnpymd L GiGtinyg hhgwlnh puwphg: Mptiywpwwnmh wyunh-
Ynipjnilp fuqimd t 150-700 URp: <tuniwgnuinidip Juumwpynd t
ntnnpuyph Gipinionuihg dnn 50 pnyb htiunn:

B1).2.39. MGS-LS dhpnylibph hwdwnpdw6 wpyynlpp:

MBS-h ujubltpnd ghnbyunplbpp guuwynpduo GG onuljudl
(GY. 2.40): 3nipwpwlsynip nhmblunp wyfuwwmnid L wy) nhnbtljnnp-
Gtph htin hwdpGyGiwG nhdhdnd: LwdwlwnpgswjhG opwagph oglni-
pjwdp qnulgywo nhyptipp Yninmuwynd b dpwlymd GG, b unwgynid
t y-quwh nwpwowlwl yuunytpp: <Gupwynp t unwlwy dh pwbh
wuwwuybplp® hwijwo mwpptp dwdwluwlywdhengGbpnd: Mnghw-
nnG dwnwqujpnn wnpmniph ynnpphGuwwnmGbpp npnpbnt hwdwnp Ynih-
Jwunpltip whwnp skG: MES-h wyn hwnmynmpjnilp vnwgt k EEjupn-
GuwjhG Ynihvwghw wljwGnuip: dpuw 2Gnphhy MGS-h qquyniGnipni-
(p Utyhg tpynt wlqud pwpép £ hwdtdwnwe UbDGLS-h:
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Ulj. 2.40. MAS uubGlbph wkupp: Uwppp punljugwuo k 8 pinljhg,
Juipuwpwgynipp wupniGwlmd E 9x13 pinmblunp:

218 MN2kPSMHNLUSE L AUNUGUS 0 UT L SNUNGLUDR
24U3NKMIM3NRLE B4 LARMOAMCUUNM-3NNLL

MnghunpnGujhl Gwnwqujpiwl wndingpubh npwlp npnynn
hpiGwlwl swhnpnphyGipp qquynilnipymG6 nt onGuynipjn GG
tG: Pwpdp qquynilnipynilp dko GQulwynipyniG niGh wqnuy-wndniy
thnfuhwpwpbpuygnipjul wytih pupdp gnigwlhyGtph hwuGbnt hw-
dwp: MnghupnGuwjhG Swnwquypiwl nningpudmd ywwumytipnltph
npwyp jujujwo £ dhwynp dwdwGwynd gpulgduwo wqnuGywGitph
pwlwlhg, wyuphlpl d2qpphn whumnpnydwl hwdwp wihpuwdb)nm k
wwwhnyby npnwlh wlihpwdtynm yhdwywgpnipjnil:

MBS-nd qquynilnipyniGl nt montGuymp niGp yuhudwo b6 tp-
ynt Junmgnnuliwl gnponGGtphg’ nhnbtlywnpGhph LHEiumhynipni-
Ghg U nuuwynpywonipjwl ufutiiwjhg:
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Pwugh wyn, ontGwynpnilin vwhiwlwihhwlnd GG hbnlyug
tnynt bhghjuwjul qnponGGtpp

1. MnghupnGh wquum Juqgph GpupnipyniGp dhGsu ihyunpnth

htin pwfunudp uwumwhwwb dtonipyml £ U junpnn £ juquiby
dh pwlh dphthditwnp: Uju ywwmdwnny wynghupnth wnwowg-
dwl Ybtup npnpynd £ npu dhohG Juqgph tplupnipjwG
Gyunmipjwdp, (nyyGhuy Gpt whhhywghwjh YnnpphGuwwmbtpp
npnpyti kG d2qphw:

2. UGhhphywghnG $nunnbGatiph mwpwodwl ngy YnhGhwnpnipyniGp

(otnnuip 180° wGlyjniGhg), npp wwydwiuwdnpjuo b Lhjupn-
Gh htin pwhudwG ywhhG ynghwpnbh ny qunyujub YhGhnhy
LGtnghwjny:

Muwunytiph npwyh ypw wgnm GG Gub wndnyGhpp, npnGg wow-
owgiwl yuwdwn Jupnn GG hwinhuwlw] yuwunwhwlwl hwdpt-
ynuiGtpp b gpud Swnwquyplbpn:

Nuumwhwlwb hwdplybndGhp: Gpp nhntlunnpliphg dkyp y-
pJwlun Lt gqpulgmy, t dwdwGwyny pugymu t gpulgiwl LEyumpn-
Gwjhl YuGuwip, (t = 4-10 GY): Gpb wyn t dwiwlGwynd hwyjwnhp nh-
wtijunpp GnyyGuytiu qpubgnd t y-pywlnm, hwdwlwpgp gpubgnid k
hwipGyGiwG thwunp: Uwlw)l hGwpwynp &6 yquwunwhwlijwl hwd-
nGYyGnudGtp, tpp t dwiwlwlwih9ngnid gpubgynid b6 tpynt mwppbp
wlhhhjjwghwltphg wnwowgwo pywlmbtn: Uju nhwypnmd tpynt nb-
wmbtjnnplbpp Yhwglng qhop sh hwdwwwwmwufuwlnd hppwljw6 wih-
hhywghwjhG b wytjuglnui L wninyGph pwGwyp: Uju mhwyh wn-
dniyGtipp Gyuqtiglnud GG opugpuynpiwb dtpnnltpny:

YnidyuinljmbG gpnud: Undwunnbyul gpnuip «nngnud £» wyuwn-
Jtpnp, Juunwglnd E nmwpwowlub niontGuynipjniGp, YnGupuwunmn,
0-5MN-h pupfuiwb pwlwlwluG pupnbquqpdwl dyqpuinipjmGp:
8nJwo y-pywlwubtiph qpulgnuip hwipGyGiwl hwdwluwpgniud wmtnh
E nultilnd wjl niypmd, Gpp Wby Jud tpyne y-pqubumbhpp gpynid GG
opjijinid b gpulgymud LG hwdipGyGmdGtph dEpnnny: CGn npnd
ghop, npp vhwglnud £ phntyunnpltpp, sh wiglnud whhhjwghwjh
Ytinny: y-pyuwlwmbtnh pGupnipyniGl’ pun LGapghwjh, wju phypnd
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wnpyniGwytin sk, pwGh np 30°-ny gpgwo pywlwmp thnfund t hp EGp-
ghw( pnuwdtGp 60 Ytd-ny, hGyp wybih phs b, pwl ughGupywghnd
ntnblunpGtph EGpgbtnhy nuontGuynipyniGp: Uyu nhwpnud GnyG-
whu d)unuin juunuwpynd £ yuwwmitpbnh ytpulunmgiwb plpwug-
pnid: Lwfuwwbu swhmuibtp GG Juumwpnd gpnn showwyph wnlju-
Jnipjuip b wnwlg ngpu b yuwwytpp yipwuwiqbtijhu hwpygh 6 wn-
Gnd wpryniGpp, Jud Jhpulunnigiwl wignphpind wybjugymd k
gnywd dwnwquwjpiwl dwptdwwnhyuwlwl dnnbp:

<{hjuligh dwpdGnd dwnwquypdwl pnyjugdwl ny Shwwnwppnt-
pjntGlG wgnmu E ny shwyl -DMN-h wimphynipjul pwlwulwb pwp-
wnbtiquqpiwl Ypw, wyk GJuqbglnd £ YnGupuwunp b mwpuwowyub
momGuympiniln: Uyu fulinhpG b Jupbh £ moty tpym tnulwyny’
Jtpwjunnigiwl wignphpind wybjuglt] Yyulng showyjwjph pni-
(ugiwl pnlGyghwG (Yubng dhowywypp wju nhypmd hwdwubn k
hwdiwpynud), jud wpmwphG ynghunpnl-wnwphsh oqlnipjuwdp, npp
swpdynd E hhgwGnh dwpdGh 2nipg, jumwpnid pnijugdwl pwupnt-
quynpmy, hGsp b oqunugnpoymu L wwnltinGbpp yapuwlwemghihu:

Ulj. 2.41. @nugdwb G2wmnd wpmwphG ynqhwnpnG-wnwphsh oqlintpjunip:
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2.19 4+6SEUSNMUEL Pk LVSAMNIME3NRLE

MBS-nud oqunugnpdynn nhinmbijunpltipp wtwump £ mGhGwb whh-
hhywghnG y-pywlumGhph qpulgiwl pwpap LhtyumhynipniG b dw-
nwqujpiwl Juwpd dudwlwl: Unwohl wmningpudltpmd oquiw-
gnpoyty GG Nal(TD) wjwlnuywl ughGuhyjughnG pymptinltp: Pwjg
npuip niGkG npny pipmpynGGtp’ hhgpnuynwhy GG b nGEG wGhhpg-
JughnG pywlwmbtph qpubgiwb ny Wk Ehtlumhympjnl: Ujn yguwnm-
dwnny wnwownplytig MAS-ni npytiu nimtunnp Yhpwnt] phuinunp
gtipdwiwwn (BiyGe;0pp, Ypdwwm® BGO): BGO vhwpjnmiptinp nGh ko
funmpym (7.13 q/uti3), hGsp wwywhnymu £ 3 wlqwu wytih vk qqui-
julnipyniG Nal(T)-h Guwdwdp: BGO-G hhgpnuynuwhy st b yniGh
funGuynipjnilhg jpugnighy vhynuwgiwl Jupphp: Uju yuwmdwnny
ntnblunpGtpp yupnn GG nGEGw) thnpp swthubp b hy quuwynp-
Juwompmil: Bymiptnh dwnwqujpdwl dwdwlGuyp 300 Gy t, hGsn
hwpdwp £ MES-md oquuugnpotiynt hwdwp: BGO-h dhwl ptipnipjnt-
(ip ny WO pmuwghl Gpl £ 20% Nal(T1)-h hwdtdwun:

dwdwlwywlyhg MNGS-h phwbliunplGbipp Junmgwde LG w-
nwGdhG nmblunmnpuwlwb pinyGtphg: ShyhYy dwdiwGwlwyhg nhnty-
unpuwywl piyp yuquiywo k64 BGO pjniptinGtiphg, npnlp dhwgywo
t6 ynpu pnnnkityupnGughG puqiuwyuwwunyhsGph htwnm: LopwgnyyG
ECAT EXACT HR+ (Simens) mndngpudnid vkl nhwnbtyunph swihp
Juqumu t 4.05x4.39 ud, hwuwmnipjmbp 3 wd, hGsp wywhnynd £ 511
Yt tGtpghwyny pywlwGbph 95% qpulgniy:

8tghnuih $umnphnp (CsF) L puphnudh $wmnphnp (BaF; ) GnyyGuytu
oqunugnpoymy LG MES hwiwluwpqbpnd: Fpwlp niGh6 Jun Jupd
Swnwqujpiwl dwdwlwy (5 G b 750 wy hwiwwwwmwufuw Gwpwp)
U oquwgnpoynid Gl pnhsyph dwiwGuwyh MES hwiwjunpqgtipny:

©Onhsph dwiwlGwlyh MBS hwiwlwnpqbph ulyqpnilpp hhiGywo k
tpynt 511 Ykd EGipghwyny $nunnGGtph gpulgiwl dhou nGliwo dw-
dwlwyh suthiwl Ypw: 9dpw pGnphpy Yupbijh £ ghnbGiunpGhpp
dhwglinn qoh ypw wnwldluglt] hwwnywo, nphg wtinh £ niGhgh] wn-
ghwnpnGh wnwpnudp (GY. 2.42):
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V. 2.42. duiwlwlwpnhspuyht MES.

Upgniwwly 2.5. NOS —p hwdwp wpnpuwliul ughliynpjupnplbp:
LVowlimfnidliipp” BGO — Bi4Ge3012, LSO — Lu2SiO5(Ce), YSO — Y2SiO5(Ce);

GSO —~Gd2SiO5(Ce), LYSO — Lil.8Y0.2Si05(Ce):

Lwwnlmpymb- | NaI(TI)| BGO| LSO | YSO | GSO | BaF, | LaBr; | LYSO
Gikpp

fowmnipynilp, 3.67 7.13 7.4 453 | 6.71 | 4.89 5.3 5.31
q/uli3

Edtijnhy Z 50.6. | 742 | 65.5 342 | 58.6 | 522 | 46.9 54
YuuGiwG tp- 2.88 1.05 1.16 258 | 143 | 22 2.1 2
Ywpnipynitip,

ud

LnwuwjhG Gipp, 38 6 29 46 10 2 61 29
$nunnG/ytd

Ujhph tnyw- 410 480 420 420 | 440 | 220 360 420
npnipjnilp, Gd

PEYTwE 1.85 2.15 1.82 1.8 191 | 1.56 1.9 1.81
qnpowyhgp

EGtpgtinpy 6.6 10.2 10 12.5 85 | 114 3 10
nrontGwlynt-

pjnilGp, AE/E,

%
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Bwnwqu)p- 230 300 40 70 60 0.75 15 53
twl duiwlw-

un, Gy

<hgnnuynuh- Ujn 1) s ;s ns | Mg Ujn s
YnipyniG

QEnblunplbph hwdwlygiwb vjubdwikpp

CanniGywo t wnwldbGuglt] nhwmbywmnpltph hwiwlyguiwl tptip
nbuwly

1. Cwpdwiwl (wnw9ohl utplnh MGES-Ghp): Fpwlgnd Gpyne
gqniquhtin nhmbyunpltpp (Qquidw-fughyh qifupyGtipp) wyunwynid GG
180° wlyjwl wnwl htmwgnnynnh YwpdGh wnwlgph pnipg: Nnwnw-
ghnG uvhutdwyny uvntinoywo MBES-tpp wdtGwwywngl n Ldw66 Ga:
UwluwyG, pwGh np hGpnpiwghwjh hwjuwpwgpiwl dwdwGwlyp npnp-
ynd E hwiwyupgh 180°-ny wwuinywh dwiwlwyny, wyw wnning-
pwdbbpp 366 yupnn qpuubgl] opqubGhqinmd wpwq pGpwgnn wpngtiu-
Gtin, htmbwpwnp nhGwdhy htnmwgnunmpniGGipp hGupwynp skG: {w-
dhiwnwo duiwlwlulhg mningpudpltiph htim® Gpulp nGEG wybih
gwon qquyniGnipyniG:

2. Puquwlymb (Gpypnpn ubpGnh MGES-Ghp): Fpuwlgmd tpbp
Jwd snpu gqniyq phnblunplGtip yununynd G660 hwdwywnwuuwGw-
pwp 60° Jud 45° wmwl hpduinh dwpiGh wnwigph Gundwdp:
Gpulgnuip yuuwnpynd £ hudpGyadwl vubdwyny: {wibiwnwd w-
nwohl utipGnh wningpulliph htim® upwlp mGhG hGInpiwghwjp
hwujwpwgpiwb wyth 0o wpugnipm:

3. Onuywal nuuwynpyuonipjudp (kppnpng ukiplnh MAS-Gkp):
Onuljwdlt nuuwynpyuwonipynilp pnyyy L wmwhu hGpnpiwghwjh hw-
Jwpwgpmul wlgyuglb; wnwlg ntnblyunpltph dhfuwGhulywb
wmtnuihnfunipjwl: UWGhhhpwghnG dwnwqujpnuip thwdwiwlwy
qnwlgynd k nn9 powlwqony: Uju ufubdwyny Junnigywd wnning-
npwdbbtipn pnyyp GG mwhu wlguglt] wipnne dwpdGh ghGwihy he-
wnwqnunipjnil, hGyp hwnyuwbtu Juplunp £ mnmgpGhph U dtunwu-
wnwqbtph npnGiw( nbwpnmu:
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Pnnp dwiwlwlwyhg MAS-tipp yunnigywo GG nuuwlwb pwugq-
dwonuwy ufutivwyny: Uju hwiwluwpqbtipnid ogqumugnpoynid £ hwdpGy-
(inuip ny dhwyG nnblunpltph qnyyqtiph dhol, npnlp wtnuiywjyuwo
Gl dhllnyG onuih Yypw, wjik hwpbwl onwlylGtnhG ywwunywlnn nh-
wbunnpGiph dhol: {wplwG ppowlltph nhnbtlywmnplGtph dhot hwd-
nGyGdiw b qpuigiwl dwdwlwl nningpudh qquynilnipjniln Whow-
(in1d & vnwn hhlq wlquu:

MNGS-h wfuwmwmbGph nkdhip

Sningpnwbp Yupnn £ wpfuwwmby Gpbip ntidhdny nhGuwdhy, unw-
wmhly, nn9 dwpilh MAS:

Dplimdpl ntidhimd hGpnpiwghwih hwdwpnuip uyumd t (+dSMN-h
Gtpwpydwl htn Shwdwdiwlwy: <wonppupwn unwguwd Junpbph
oqlnipjwdp Juwnbih L htinmbt] wpywG hnuphl, hGyybu Gub -5MN-h
nunwlnuiGbiph thnthnfunipjwln: Uyuwhuny, uvnwlnd G0 wmbnbynt-
pjnGGtn ninnmigph dtwnwpnihquh (Gynipwithnfuwlwyiwb) Ytpwptip-
Jwy, hGywbtu Gub htnbnd GG hwwnmpngpwjhlG phipwuyhwjh wig-
Jugdwl pGpugpnid ninnigph thnthnfumpjwln:

Uypuipplj nidhdmd hGpnpdwghwjh hwjwpwgpnuip ujunmd GG
0N5MN-h Gepdimonudhg npny dwdwGwy wlg (FDG-h nhiypnd 1 dw-
dhg): Gpwlgynd GG wuGwp ughGumhgpuddwlbp mwpptip wGyniG-
Gtph wmwy, npnGp wGdhowwtu Yuptih L mtult] tYypwbhG: Uahpw-
dupunmpjul ntwpnid hGwpwynp £ hwnnypliph yuwwmltpGtph |b-
pwlwlqbnuy:

y9 dwpdlh NMOS-p wnwyt] mwpwoywod nkdhd t minnigpwpw-
(nipjwl WE9: NIn9 dwpilh wwwmytppn unwlmd GG hhywlnhG onu-
Jwdlb wlywnpd phnmblwmnpltph Guundwdp wpdtint dhongny: Uju
dtpnnny juumwnynid £ dbnwunwqgtinh hwyjmbGuwpbipnud:
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2.20 UM VAMNLPUB R UlvSAMNCUT L UBL 96U 6P

N-5MN-Gtpp ogqunugnpoynid GG Gwl pdojujul wy; hbtnwgnuni-
pymGGtpnd” pwunhndtmphwynd, pwnhngpubhwynmd b pwnhnpin-
GwjhG wlGwihgnud:

rugpndbnppwyh tpynt mbuwy G606 wpwGdGuglnid’ jwpnpw-
wunp b YhGhjuyuw: Hpwlg hpwjuwluwgdwl hwiwp hhywlnhG Gufu
Ghpwpyynud E Gpuyhp ninnpwjp, hGshg httvnn wiglugynid t htinmw-
gnunnipjnil: {<tnwgnunymd L6 YhGuwpwlwywl hinmylGbtpp’ wpyni-
Gp, vbqpn: OQrwphnditnph oqlnipjudp suhymd E Guniph wlumhyni-
pjniln: Utipnnp oquuuagnpoymd E Eppppnghwnlph b wjuqiwgh pw-
(wyh npnpdiwl, wpywb dte wmnpuhlltnh pwGwlyh npnpdwd, wnbu-
nwuinpuwjhl hwiwlwpgmd jnntph jnipugdiwl wumhdwlh npn)-
dwl Gyuwnuyny:

YihGhjwjwl nwnhnitnphwjnd hbnwgnuymd GG Gpuwyhp nhb-
nnpwjph YninwynuiGtpp hhywlnh opqubGtnmd fwd hyntujwopGb-
pnud: Quithynid £ hhywlnh dwpdlhg nnipu tynn dwnwquypltinh hG-
wmtlupynipjnilp, b wynuhuny npnpymd £ mygjwy opqubh pnilyghn-
Gw) wywmhympjnilp: UpnyniGpGtnG wpmnmwhwyjnymd GG Gnpiwy on-
quGh $mGyghwjh hwitidbwm wnninuwjhG thnthnfunipjul nbupny:
‘Ldwlwwhy htnmwgnuniwl wuwpq ophGwy £ Jwhwlwél gtindh ht-
wnwgnunidp nwnhnwlunpy jnnh oqlinipjwip:

flunhnqpupphwbl pny; £ nwhu htnbbp Gpuyhp dhwgnipjwu
owpdiwl wpwgnpjulp npnpwyh opqulltpnd U htwmwqgnuby
0-5M-h YnnwydwlG ghGwdhuG: 0-:3MN-h  Ghpwpyndhg hbtwnn
gnulgynd b dwnwqujypiwl hGnbGupynpjul thnthnfumpmGn’
Juwhijwo dwdwlwyhg: UpnyniGpGipp wpmwhwjmynid GG Yynptiph
wnbtupny: Utipnnp oquuugnpoymu L mmwpplin ypngbuGbinh himwgnu-
dwl hwiwp: OphGwly’ (dMN-h YnlGghGupughwih thnthnfunipjniln
upnh npnwih hwnywoltpny hnunn wpjuwG dk9 pny; L wnwihu
htwmwqgnunb] upnp thnpnpGph Ypdwnmdwl pniGyghwl (nwunhnjup-
nhwgpuwbhw): Unmwggwo hGbnpdwghwb GnyGa t, hGs-np nhGudhy
ughGwhgpuwbhwjh ghiypmd, vwluw)G GpqpuunipjniGl wybh gwon k:
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Utipnnh wnwytynipyniGp ughlGuhgpubhwjh Guuniwdp guop wp-
dtipl t:

MrwgpnhdnGuwyh6 wlwphgqp in vitro htnmwgnunipyniG £, npp
pny L mwihu npnpti) YhGuwpwlnpll wynhy Gymptph (hnpdnGGhnh,
dpitlGumbtnh, ninnpuyph b wyG) pwlwyp YhGuwpwlwyul hbnmy-
Gbpnuy:

(rwunhnpiniGwjhl wlGwihgh hwiwp wpnmwnpymd G6 hwwnndy
unwlnupwn Gyulihp ntwgllwbtp (wlnhqhb), npnlghg jnipwpwG-
Jmpp Gwpuwnmbujwo t npnpwlh Gyniph YnGgtimpwghwjh npnpdwG
hwdwn: UtGuwpwlwlwb htnmyp fpwnlimd GG ntwqblnh htn U
pnnGnd GG dh pwlh dwiny: Uyn dwdwlwyl wGhpwdtywu b, nputiu-
gh htmwgnuynn dintiynyGhpp uuytl ntwqblmh htn: Ujlnthtnl
wnwldlwglimd 6 Juuyywo b wquw nwghnwynhy Gnipnp: Lwbh
np Guwlihp wGwhqtlp wytjuglmy GG hwjmbGh pwlwlnpjudp, w-
nwldGugyud Gymph nwghnitnphw( pnyp £ vmiwghu npnpb; htmw-
qnuynn Gyniph pwlGwln:

221 aUNUGUB O UTL Y rUNUT Y
L{vurvddnearo3nkvoere

NhGwnghGyuG dwnwquypltph (4. (HhGngkl, 1895p.) b nwnhn-
wynhympjub (U. Rbtptpt, 1896p.) tplunypltph pwgwhwjmnithg
wlihouybtiu htimn 06GYtig wjG qunuithwpp, hwiwdw)l npp hnGwg-
(inn SGwnwqujpnuip Jupbih L oqumwqgnpoti swupnpuly ninnigpGhtiph
pniddwl Guuwwwlyny: SwphGtph plpwgpnid Gwnwqujpwpnidni-
pjnilGp wwpty £ Ytptplaph U Juyptepbtinh ppowGGtn: Uhqpluywh
onowlnid whwonnnipniGhtinp yuwywo thG dh Ynnihg wjG thwuwnhp
htin, np nin puwjwpwn sEhG wyn ninnnipjudip niGhguwo ghntithplbnn,
yjnu Ynnihg® wbhuGhjuywl vwppwynpnuiGlippn poyp sthG wwijhu
unwlw] pnidiwl hwiwp wihpwdb)m dwnwqujpdwl wnpyninGtp b
Ytpwhulytiy hhywlnmpjwul nhGuwdhlwb: UYth pwl hwpynip mupju
nGpwgpnid Yninmwlyywd thnpdp pnyp £ nmwihu wyuop dwnwqupnidb
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oquuuqnnoty pungltinujhG hhywlnnpynGGiph pnidiwG Guuwwunw-
Uny b vnwlw] npuywG wpymbplbp: Lpjuwynuiu  w)uwphnmyd
pungytnny hhywlnGtph 60-70%-p unmwlnd & Swnwqujpwjhl pn-
dni: dw hGwpwynp t nupdt) 2Gnphhy $hghywgh, YhGuwpwlne-
pjwl, mghibwnphwjh, ninmgpwpwlnpjul plwquywnlitpmd Yni-
nwljwo thnpéh, hGyybu Gub vntnoyuwo dwiwlwlwihg vwppwyn-
pnuiGhnph:

Bwnwqujpwpnidnipjnilin Gpunpmd L pGwlwl Ywd wphbu-
nwuwl dwpwquipdwl wnpynipGiph oquuwqnpond, npnlp wnw-
pnud GG -, A » dwulhylbp, ypnunnGGhp, GhympnGatp L nklGwngb-
Gjwl Swnwqujpltin: hGywtu GYtg wnwohlb qifunid, Swnwquwjpiwb
wmtiuwlhg Juwhqwo™ thnfuynd t thnfuwgnbgnipjul dup Gyniph htin,
uwlwjl pninp nhwypipmd wmbtnh £ nlblnd shpwjwjph wwnndGhph
hnGwgnid, hGyG, hp htpphG, Yupnn E hwiqtigGh hyntujwoph poho-
Gtph dwhywln:

twnwqujpwpnidnipjul dtpnnGtnG pun nnquijh hwugiw duh
Junbh & pwdwby iptip hhdGuww6 mtuwyGbpp’

1. <{tnwdwnwqujpwpnidnipinil Jud wmbbphpuwyhw:

2. Unlunwlunuwjhl dwnwqujpwpnidnipinil Juwd ppwiuhpbipw-

whw:

3. NrwnhnGmyhnwjhG pnidnud:

Shnwdwnwquypwpnidnipjnilip Lipunpmid & nwnhnwywhy wn-
pjnipph mbinunpnudp hhywGnh dwpiGhg npny htnwynpnipjwl Yypw:
UjG mwpwpwdwlny b6 pun dwnwqujpiwl mbuwyh' ntlngbiw-
JhG, quitw, EitiupnGuyhG, GhyumpnGuwyhl, ypnunnGuwjhG, hnGuyhG b
wyG:

Nputu nunhnwlywhynipjwl wnpnip oqumuagnpdymy Gl nwnhn-
GniyhnGtpp Yuwd pwpép tGepghwGtnpny dwubGhyGtph hnuptp qtiGh-
npwglnn vwpptinn: Uahpwdtiywm wprynilp vnwlwint hwdwnp hwdwfu
Yhpwnymd k nnquijh dwulwpwdw lnuin:

NhGwnghGuG dwnwqujpltnh oqlnipjuip pnidnmdn (nhbipqh-
lwpbpuwwypuw) Gapwunnmd b ntlwngbljulG funnnjuyh qtGhpwgnwo
dwnwqujpiwl oqunugnponin:
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y-plipwypuwi hhiGywo t y-Gwnwquypltin wnwpnn nwnhnGniy-
1hnGtph oquugnpotwl Ypw: y-Gwnwquypltph tGtpghwl dto k
ntilinqbljul dwnwqujpltiph LGipghwjih hwibdwwm, htwnbwpwp
nnuwip wybh funpG G0 puthwlgnd dwpdbGh 4G9 U Jupnn G0 hwuGby
GtpphG opquGGhphG: Npuwbu nwnhnwimhynpjwl wnpnip y-ptipw-
whwyh hwiwp Gwuwntujwo vwppuwynpnuiGipnd oqguugnpdynid
G “°Co, 'Cs, Ir nwnhnGnyhnbtipp: Uwlw)G wyju vwppwynpnid-
Gtpp GG Uh pwupp pipnipyniGGtp, opphGwly’ jnipupwlsjnip nwnhnh-
gqnunny wnwpnd E npnpwh LGkpghwyny y-Gwnwqujpltin, wjuhGpG*
thloh LGpghwG sh Ghpwplynud thnthnfudwG: Awugh wjn, Swnwqujp-
twl wnpjnpp whwp Ewywppbpwpwp thnfuwphGly Gopnd, hnfuwphG-
dwl dwiytwnbbpp yuhujwo GG hgnunnwh YhuwnpnhdwG wwppbpni-
pjnihg:

NrwnhnGniyihnughG vwppwynpnuiGhph pipnpniGGupp ghnGw-
JwGGtphG unhwtighG thGumpt] b qunbh] dwnwqwjpdwl wjy, wykih
hwnpiwp wnpynipltn: UpgyniGpnid unbinoytghl yniywlum Likjunpn-
GwjhG wpwqugnighsGtin, npnGp b qwyGnptG Yhpwnynd GG wjuon:
40-60 pyuwywGGtpplG mwpptp mhyh wpwqugnmghsGhpp dpguygni-
pjwl dbt9 thG' ptwnmwwumpnGGhpp, ShypnupnGGtpp, qowjhl wpwqu-
gnighgGlipp, vwiuwyl htmwquynd qowjhG EtywmpnGwihl wpwqu-
gnighsGipp nupdwl htnwdwnwquipdwl ptpwwhwjih hhiGuwywd
uwppwynpnudGtin pninp qupqugwd GpypGhpnud:

1946 p. wdtiphywugh ghnlwywb . dhunlp wpwowpltg dw-
nwquwjpl) swpnpuly mnnigpGhpp ypnunGuwjhG thiony: 1954 p. qu-
nuthwnpp hpwywlwgytg Rtpyhnd (WUL) L wpnymGpGhpp gbpu-
quigtighG uwuwubihpGtpp: ®npdtilp hwulwGwy, pt hGynd L wju
utipnnh wnwybtnipnilp:

Mpnipnlivghli phpuwyhuwgph pGpugpnd, hGywbtu U pGGwpyduo
Uniu nhyptpmd, dwnwquplbpp mnnnpyynmud GG nhyh wumwhwp-
Jwo hwnjwd, ywumd GG poholGtph HFUE-G U ptpmd npulg
nyGymugiwlp: Uwluw)l, dto qubquoh pGnphhy wypnunnGGtpp, hGg-
whtu pnnp owlp thgpwynpywd dwubhylbpp, Jwwm phy GG gpynud
(wjlGwlwul nnnipjudp, b gpulg Jugph nhuybpuhwl tinpp B U)-
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uhGpG’ ypnunGuwjhG thGonmu pninp ypnnnGGtpp pwnpdynd GG GnyG
EGtpghwyny, nGblG dnnwynpuwbu mnnuagho htimwqgho, qptpt skl
gnynid b nGG qptipt GnyG Jugpn: Pwgh wjn, pqnquswithh dho dwup
Juulynd £ hymujwopnid yuqgph ytpemd (Rptigh why): UjuhGpd,
pGwnptny dhyw tabpghw, Juptih t 060 mnqu hwugltp wlhpuwdtyn
hwwnywohl, hwiwpuw JGwubting dwgwd hwwndwolGtpp: Pwgh
wn, thnthnfubny thGoh tGtipghw” Yunpkih b «dnnhdhlugltyp» Lptigh
whyn b qwjGwglt) ko npnquijh hwugdwG owduwyp (GY. 2.43):

unimpppdmiunapl
wpmaniikn

wypmaniikn r
(iingpShipmgus mp) |

22 U wpgbyalmyhi
Smmggreny

-

buwpupkpulnnh nogu

LT
1

I {
\buzyuzpnblil
i P A
T
b T '-\'ﬁ.:‘n.ﬁﬁlo:ai.'l 1

" m
sph funpnippmip - ad
Ulj. 2.43. dnquyh jujujwonpyniGlbpp puhwlgiwb junpnpyniGhg
ypnun(Gbph, fiunpnGhph, GijwmpnGaiph, wpghjuljuwjhl dwpwquypiwd,
nhlimqhlijub dwnwqupdwi, 60C0-|1 wnwpwd y-Guwnwguypiwl hudwp:

dtpohG 30 wmwphGtpph pGpwgpmd oGynnghwwl hhywlnni-
pjniGGtph pniddwl vh9 v wnwonlpwg b Guwwnyby Gnp tnnbgnid-
Gtph U Gonp dtpnnGtph Yhpwndiwl 2Gnphhy: Awgh wypnunlGujhG b
owln hnGGtpny pipwwhwGtphg, (wy wpnynilpGbn £ wwghu Ghappn-
Guwquiypnidughl pipuwyhw (LQO):
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U200-6 tipypwy dtpny L: Lwjjtinhg jnipupwlyympl wnwGahG
wlhdwuwn b, vwlw)G hwdwwnmbn Yhpwendp pnyp L nwhu pGuopnnw-
pwp wqnby pungytinuyhG peheGtph Ypw b unwGwy jwy wpryynilp-
Gtn: ‘'LQE-h ulqpnilpp htmbywl k: LhyupnG-YJulng Gpp G-
pwpyynmd £ hhwlnh wpyjw6 dto U pGunpnpupwn Ynunwyynid pwung-
Ytnwyhl poholGtipnui: Ujyuop npwtiu GhjupnG-Yjwbnnn Gjnp oquw-
qnpoymy £ ko dwuwdp B U pipwwhw6 Ynsynwd £ pop-quigpnuiu-
jhG: Ogquuwgnpoynus b6 Gl '*Cd U "’Gd: Ywlq wnGklp pnp-quiy-
pnudwyhG pipwwhwjh ypw (RL2M0Y): GY wyuytiu® hhywlnhG Ghpwp-
ynud GG pnp-ywpniGwng ypiywpwwnp, npp Ynunwyynid £ pungyb-
nujhG poholtipnid, U npny dwiwlwly wlg dwnwquypmud LG Gtjun-
pnGGatpny: UhjwmpnGuyhG thniGop uvnwlnid GG hwwnny ntwyumnph
Jud wpuwqugnigsh oqlnipjwip: 1OB-]g JuGtny Ghynpnlnp, dtnpynud
E L wnwowglnmu £ a-dwulhy b 7Li—hnﬁ: 6% nhwptinnd a-dwuGhyh L
"Li-pnGp gnuiwpwghG EGepghw6 2.8 UL E, huy 94% nhwpbpmd® 2.3
Utd, pwGh np 0.48 Utd-p tnwGnud £ y-pywGunp (GY. 2.44):

(LR 3

T mmsi

[ ]
I ) E,=14T0 B (93,7 %)
= = FTRF sl (6.3 %)
iy, = 3R3RE '
- n
40 n . o
. y n
By = B4 B (93,7 5] -
I'-'-I 104} 2B (6.5 B0 55
LNl
i 5 wiksl 5
. <= ML (1,00 Ml ¥ (1, TR Mal3p (6.3 %)
g + .l.I"-l"rIIHI 1 L 3
L (0E M+ fHe (4T MaB) 03T %)

b 3 (0,45 M)
V. 2.44. ""B(n, ap’Li nbuljghwyh vfubtwb b wnwomgwé wpquuhpllph
pmpwuqpbpp:

£hnhjntujwopnid thphnuih dhoniyh Jugpn S uyd k, huy e~dwu-
GhypGn® 7 Wyd: Rooh swihup 10 dYu-h Jupgh k: Fw Gulwlymd k, np
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vhonijuyhG ntwlghwjh LGhpghwjh 80%-p YwbGynd t htlGg wyG
poonid, npp wwpnilwynwd kp pnph shoniyn, hGyp vt hwwGwywlne-
pjuip YhwlqtglGh pooh dwhywlp: UjyuhGpl, Jupunp L wuywhnybp
1OB-h plunpnquyjub Yninwynuip pwngytnujyhG poholGtinmu: Uju
ntiypnud  GhyupnGatpny dwnwquypnuin YnsGswglh pwngltnujhG
poholtipp, huly wnnng poheltinp sl Yhwuyh:

1OB—h pGupnipniGp’ npytiu JuuGhys, gqujyjdwluwynpjuwo £ wow-
ohl htipphG npw otipdwjhl GtyunpnGwyhG Juliwb dto juupduwopny’
3837 pwnl: Lohlp, np LiukGunGkph tEO Ywuh hwdwp wyn Yupguo-
pp sh hwulnmd wmwup pwnpGh: bhwpyb, gqnynipyniG mGhG Gul wy
GhyunpnGuyhlG Yuubdwl dhd yupjwod niGhgnn EtdkGunGup: lOB—E
Gwhipfuptih £ htnbjw; uwundwunGtpny® wj6 uymd L b ht)wn hw-
uwGbp (IOB—h nwpwoywonipnilp pGwlwl pnph pwpfujuwonipjub
h9 20% t), °B-h phiphwlwl hwwnlnpmGakpp puy nuunisGuuppgud
GG, hGsyp pnyp L wmwhu untinot]p wlhpuwdt)m hwnynipyniGGtpny
odnywd pnp-wywpniwyng thwgnipyniGGtin:

twnwqujpdwl plpwgpnid  poomd  hGwpwynp GG Gwl
“N(.p)'“C U 'H(n,y’H ntwlghwGbpp, pwh np “N U gpwdhtp pegh
plwlwl pwnunphyGtp G6: QGwjwd wotuwdlh b opwobh GhywnpnGw-
Jh6 JuubGdwb Yupjwopltppn vko stl, nbwlghwlitpnd wnwowgwo
wynnunGGtpp b y-6wnwqujplbpn untinond GG pnGwjhl dwnwquy-
pnid, npp qquith Ghpnpnud nGh Juubgwo ngnqusuthh dtg: Ujyu $nlw-
JhG dwnwquypnuip Gyuqgtgltijint hwdwp wlhpwdb)n & wywhnyby
pnph ko YnGghGumpughwlbph Ynmuunwlinwip htlGg pwngybtnuyhG
poholtinnudi: Uju dtpnnh wnwohl puguwuwlwl wpnymbGpGtnp Juw-
Jwo thG htilg Gpw htwm, np oqunugnpoynn wypbwywpwwmbtnn sniGthG
wlhpwdtipm plupnnuijublnpyni pwungltnujhlG poh9Gtph Glwwn-
dwdp: L2O-h wpyniGuwybtn Yhpwonpjmbp hGuwpwynp qupduy 1B
wuwpniwlynn wjGwhuh ninnpugph uhptiqiwG 2Gnphhd, nph YnG-
gtiGwmpughw( pwngytnujhlG pohoGtpnmd 3,5 wlquyi wykih dto E,
pwl wnnng poholtpnid: Ujuwhuh Ynlgtlmpughwih nhypnid $nlw-
JhG Swnwqujpmuip plnniGhh thnpp £ U ShwdwdwlGwl wwywhnyynud
L pnpquo poheltnh nyliswgnuip:
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Ppuwpupplipumyput Jud YnGunujuwjhG pipwyhwl dwnwquyj-
pwpnidnipjulG vh wmtiuwl k, nph phiypnid dwnwquwjpiwl wnpjnipp
mbnunppynud £ whimwhwpjwo o9wjuhl hGwpwynphG dnn Jud
withowwtiu ogwfunid: Fw pnij & mwihu pwngytinwujhG pohoGtipnid
wuywhnyb] pwpép ngnquswth b Guqtiglhp wnnng poholtinh Gwnw-
qujpiwl nhulp: Gwnwquw piwl wnpymplbp GG nwnhnlGmyhnGtpp,
npnlp Ghpdnoymd GG opquilhqyd thwy yhdwymd (wuwmhaGhph vk9)
wmwpptin mbupny’ hwpbph, yuuunywtnph, jwptinh, «hwmhyGhph»:
Ppwiupptipuyhwynd hwdwhe oqunugnpoynn nwunhnGniyhnbtpa GG
26Ra, 22Rn, Co, 137Cs, 11, %8 Au, 12T, 1P

Nwnpnlintfihnughli phpuwwyhwbd (0-G0O) Gunwqujpwpnidni-
pjwul dh wmbtuwly L, nph plpwgpnmy nwnhnninnpujpn «pwg» Yhdw-
Ynud Gepdnioynd £ hhgwlnh opquGhqu hwph Ywd Gipwpydw6 duny:
FLE-h wikGwhwynbh depnnp nwnhngny ptipwwyhw6 t: 8nnp Ym-
nwynud £ Juhwlwdl qindnid b oqunnugnpdynid £ Juhwlwaéal gtin-
4h pwngybnh pnidiwl Guuwwuwyny: dJwdwlwywlhg pdoynmpjul
ut9 pnidiwl Guuwumwyny nwnhnpnnpwjph Juquind oquuugnpoynid
Gl Gub wj] nwphnGniyihnGtp: Qwnhnptinnpugph YaGuwphdhwywb
hwwnynmpnGGtpp hwGqbglnd GG Gpw, np wjl Ynonwyynmd t wju-
nwhwpywd peholtpnud: Ujn wuwwmdwnny FLO-G Gwb phpwjuwhG
ptipwwhw E Yngynmd (targeted therapy): Ohpwhiwjhl ptpuwhw
hGwpwynp £ gunpdb) 2Gnphhy untindywo nwnhnlGniyhhny Ypnn hw-
JquwdwnpdhGGtph b whywwhnltph, npnGp pGupnnqupwnp hwugymy GG
pwngytinuyhG poh9GhphG: NrwnhnhgnunnuGiph wpnhdwl wpnyniG-
pnid wnwowgwd Ywulhylbpp wtwp b niGhGw6 dto £EG<L U thnpp
Jwqgp, npubtugh pwjpwjtl whimwhwpywo poholtipp L syGwubG
wnnn9GtphG: Ujuhlpl, wju ntwypmd hwpdwp GG o-wnwphs hqn-
nnyGbp (phpwhuwjhG o pipwwhwl ogumugnpoymu k wpjwb pung-
ytnh, dtjwlniwjh b dhypnibmwumwqbtph pniddw@ hwdwnp) jud
EityupnG-wnwphGip (Uhpwnynd £ dbd ninnigplGhph nhiypnid): Op-
whu a-wnwphs oquugnpoynid LG Ac-225/Bi-213, Ac-227/Ra-223, U-
230/Th-226 quGtpwwnpGhpp, Gwb *'Th, Tb, *°Po U *"'At Gmy-

1hnGtpn:
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qLNkMv 3

HUHRNVARMLPEVEMR USUSUT L LU VLG VG2

UhGsu 1934 p hwywnGh thG dhwjG pGuwywl nwnhnwlywnhy hgn-
unylbtp, npnlp unwlmy thG nmpwGh b pnphnudh hwlpwlmniphg:
Qpwlghg Yuwpunpugnyylp nwnhndG tp: Uyu LjadblGunp puguwhwjn-
ytg Mytip U Uwph YyniphGhph Yynnihg b gptipt wldhgwubiu guuy hp
Yhpwnnipnilp pdoynipjul dt9" swpnpul ninnigplGbiph pniddwG hw-
dwp: 1934 p dpwlupwgh ghnlGuwlwGltn dtntiphy b bptl dnihn-
YmphGtpp pwgwhwjntghl wphtumwljwl nwnhnhgnnnuwGtph pu-
nwgiwl hGwpwynpnipjniln: Wyn dwiwlwlhg ujuwd dwpnhly unw-
gty GG hwpynpuynp nwnhnhgnunuGtp® hpwwlwglbng quiuqui
dhontjwjhl ntiwyghwGtp: Uyuon hwymbh 2500 Gniyihnlbphg dhwyG
266-0 L6 Jujn G, Gwgwon' nwnhnwywnhy GG:

Nunhnptinnpuypp” whimnpnpiwl b pmiddwl hwdiwp oquaw-
qnnoynn nwnhnlniyhy ywpniGuwng shwgnmpjniGGtpp, mwpptpynud
Gl unynpuwywl nbnnpuwyphg: Fpwlp mGhl6 pwpiwynnhGwihy wqg-
ntigmpniG dwpnnt opqulhqih Yypw: Ghnnpujph pnidnn hwwnlyni-
pjnilp yuuyywo t pooh plwlwl phghnnghwljwl wpngtuGtph nidb-
nugiwl Jud d6dwl htn: Qrwnhnptinnpuyph wqptignipyniGp wwy-
dwlwynpjwd £ ng pb phihwiwl vhwgnpjul wqnbgnipjudp, wjp
nwnhnlnyihnh wpwpwd dwnwqujpiwdp: bhwplyb, nwnhnpbnnpwy-
ph oqumugnponmilG whinnpn)dwl Guuumuwyny hhiGyuwo b npwuig
$bwpiwynypbwmhlugh  (upiwynyhGnhjw - nbgnpugph jnipw-
pwlyynip Uniynyh pwupdndp U phihwluwa, U yeGuwpwluwlyuwb thn-
fuwytpynuip opqulhqunud) jnipwhwwmynipniGGtph Yypw, hGsp poiyg
E wmwihu vnwlwm npnuwyh opqulltiph wwwmybtpltn b npnpty
npubg $niGlyghnbwy yhdwyn:
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Nupqupwblinid

Dbuwpdwhnphliwdpjul niuniduwuppnid b nhgnpuwgph Ephliplib-
pp b wgnbgmipyul dhpuubhqilibpp: Dupdwnfhliphliub’ opqui-
lhqunud wphwwpuaph pwpwonidp I hnpuuwlipynidpp: Uj) pu-
nhpny’ bwpdwlnphlimdhljul opquilihqup « swljumpuqhpli» k nhign-
puyph wgnbgnipjnilipg hlipn, Suwpdwlniphllyphljul nhgnpugph jni-
pupwlisinip unjliliniph « Gwljupughpp» opquilihquniu:

Nrwnhnptinnpuyph wjunnpn2hy hwnnpniGGipp npnymd GG
hGsuybtu nwnhnGniyihnh $hghjwub hwwnynipniGltpny, wjlGuybu k
wjG Gtpwnnn phihwywl shwgnipjub opqubhqind mwpwoiwl w-
nwGdGwhwunynipjniGGtpny:

bhghyulwl hwnynmpniGltphg whwp £ hw)yh wnlb’

e Unwpynn dwnwqujpiwl wmbuwlnp, LGopghwl b hGunbtGuh-

UYnipjnilp

e  Ghuwwumpnhiwl wupptipnipynilp

e Uunwgdwl hGwpwynpnipyniGp b wuwydwGGhpp:

(hunpnbiniiipnuyhli wpoapnpnpdwl WapnnGtppn hhdGwo GG y-
dwnwqujplbiph qpubgiwG Yypw: Lhgpwynpywo dwulhyGhph wnw-
pnudp whgwGluyh b, pwGh np w6 dkowglnmd t hhywlnh nnqujhG
owlpwptinGwonipjnibp: Ujuhlpl® wnwybt; hwpdwn GG hgnitpwjhG
wlgnuiny wpnhynn nwnhnGniyihnGipp: Unwpdwo dwnwquyypltiph
owwmhdwy tGhpghwGtph whpnypp 100-200 ytd k, pwGh np wybkih
gwon tGtpghwGbph nhwypmd ko L ulnuip (wyuhlpl hhywlnh
unwgwd mnqub YukowGw) b gpnuip (gpnnudp GJugtglnd E ywwn-
Ytph hunwympyniGp): Udkh 6o LGipghwlbph nhypmy GJugqmd L
ntinblyunpGtph Ebtyumhynipjniln:

Udthnthny, Yuntih £ wuby, np whonnpnydwl hwdwn «hnbwjw-
Jw6» nwnhnlmyhnp wtnp L mGhGw htnbjw; hwnynmpjmGatpp
by hGuntlGuhy quidw-qho 100-200 ytd. LGipghwlbph wmhpnypnd,
wnnhyh hgnitipwjhG wgnuing Jud LiGyumpnlGwjhl quypnuing, Yh-
uwwnpnhiwl ywppbpnipyniGp dnn £ hbnmwgnundw b hwdwnp wihpw-
dtyn dwiwlwyhG: OphGuy’ *Te-p hwpdwp b ponp G2Ywd whuw-
ytwnGtphg b wyn Wwwdwnny hwdwju Yhpwnynd k:
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UhuliniyG vmwpph pwnhnGnyihnGtph b uynG hgnunwGhph ph-
thwijwl hwnimpmGGipp U pwpdwynyhGnpywb &G wnwppbp-
Ynud: Ujn wwwmdwnny nwnhnlniyihnh woluwynipynibp sh thnjumd ph-
dhwyw dhwgnipjul hwnynipjniGGtpp b shwdwdiwGuwly pnyp kL mw-
(hu htnlt] gpuw nwpwotwlp opqulhquinid wpmwphbGhg: Lhihw-

Jwl dhwgnipjnilp, npp Ghipuwnmd E nwnhnGniyihnp, npnynid £ nw-
nhngtinnpuyph Yninwiwb Jujpp b dwdwGuyp, nnipupbpdw@ dup b
dwiwlwyp, phihuyub hnfuwybpynuiGtpp: {<tGg phihwiwl dhw-
gnipjwl dhpwn plGupnipyniGG L pniyy; mwhu oquuwgnpoty wmwppbp
nwnhnnnnpujpGtpp mwppbp mbuwyh htmwgnumpniGGtph Guyw-
nwyny: Unynuuwy 3.1-md ppdwo Gl 9mTe nwnhnGniyihnp Gipunnn
th pw6h dhwgmpymGitph wijwlnuiltpn b gpwlg Yhpwndwdip
htimwgnuynn opquGGtinn:

Upyniuwmyy 3.1. "Te nwnhnlintjjhnp Ghpwnny npnp dhwgnipjnillbph
whywlinidliipp h npulig oqipuwgnpodwli hwwypwliliipp:

-8 - Yhuw- 1% -
fwnpn y-Gunur huw wnhn Wpnpon-
qujpiwl | wpnhiw6 nbinnpwyph
Lbnmwgnunid hqn- pjnilip
nn tGbpghw | wjupph- thowqquyhb (Up)
4 (Ytd) pnipynii wijwlinuip
n Gt Phosphonates/
ulinptph 9me 140 6 dwd - nospuonates 800
ujuGwynpnid Bisphosphonates
Upunwlnph etrofosmi
99m etrofosmin;
whppnighwjh Tc 140 6 dwd Sestamibi 700
ujulwynpnid
Jwhwlwdl
qtindh e 140 6 dwid Sestamibi
ujulwyntnid
NMint
uknh 9T 140 6 duni | HMPAO; ECD | 555-1110
ujjulwynltnu

MBS-h nhypnud, hGywbu qhntilp, oqumugnpoynid LG wnghwn-
pnG-wnwphsGp b gpubgynid t wlhhhjywghwjh htmbwlpny wnw-
owgwo dwnwquwjpnuip: Oquugnpoymu GG 0 Grwyhp 9nipp,
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ppYwohlp, wotuwdh tpyopuhnp, "°F Gawlhp $mnpnbqopuhqiyntlyn-
qu, mpnghyp b wyG:

Nrwnhnntnnpuyph wpnmwnpiwb ppugpp Ghpwnmd L htnbyug
wnngtiuGhpp’

* nuwnhnlniyihnh unwgny,

* nwnhngtinnpujph uplGptignd nwnhnphihwwl jwpnpuwwnn-

nhwjnud,

* nwnhngtnnpwjph npuwyh unnignud,

* nwnhngtinnpuwjph GwhuplGupbh hwpbipwynpnid:

Nwnhngtinnpwjph npuyp npnpynd £ phghjuyul’ nwnhnbndyih-
nwjhlG dwppnipjnil, dSwjwjwihG wywmhynipynil, mtuwuwpwp wy-
whynipjniG, phdhwu b nwunhnphdhwlywb b phvhwywl dwppmpni(,
U YhGuupwlulub’ vnbphnipymGp hwnywGhy Ghpny:

£dynipjul Uh9 oquwgnpdynn nwnhnlnyhnbGtipp unwlind GG
GtjunpnGGuph Yuwd thgpwynpyw o dwulhyGiph hnuptiph yhpwodwdp:

Nupqupwlinid

(wnhnlintjihnughli dwppnipjnilip — Guuipuiliughli nwnhnlinil-
1hmp b nunphnnlignpugph plnhwbnip wipphynippul hwpwpbpnipnill
L

Ouwnfwujhli wlpyphifnipynili — nlignpugph 1 g owfugh wljyphifni-
pjnilip:

Shuwljwpwp wlphynipjnili — dhwinp quiliqfuoh wilphyni-
pjnilip:

(hunphnphdpuwliuli dwppnipjnili — nwnhnnlingnpuypnid wlhpu-
dhipyp phdpumlul hawlnid qupliyny nwnhnlinijjhnh duiup:
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3.1 UM VNARLPYVELR UNRSUYWUT L A-5UGESNMU3 Y
UsoNruvere

Nwnhnwywnhy GnuyihnGtpp Yhpwnynid &6 n's dhwyG pdoynt-
pjwl, wjik mwppbp nnpubbpnod: Uy GniyihnGph hhiGwljwl dwup
unwlnd 6 dwnwquypting Gynipp GtyunpnGGipny: Utd hGunbtGuh-
Ynipjundip GhjunpnGGaph hnuptiph wnpynip &6 dshoniyuhG ntiwlunp-
Gtpp, npnlGp U Jupnn GG oquuugnpoyty myjwy Gywumwyny: Hhwl-
nnplGtpmyd  GhyupnGGipp wnwowlmy GG 235U—h pwdwldiwG ht-
wmbwlpny: {wjmbh k, np 23SU—h Jnipupwlsjnmp dhonijh pwdwlnuip
hwiigtiglnui £ dnn 2 Utd. LGipghwyny ~ 2,5 tpypnppughG GhjupnG-
Gtiph wnwowgiwbp: GpypnpnwjhG GhjunpnGGiph dh dwup htinw-
qujnui owjuuynid £ nbwywmnph yuntjhph pwdwldwl ntwljghwbtph
wnwowgiwl Yypw, dynwup Julymd & vwppwynpdwl Ynnihg: Uw-
JuwjG, wnwowgwo GhynpnGGtph dh dwup jupnn £ oquugnpoyty ph-
pwjulGtph Gwnwquypiwl Guuwuwyny: UhjwmpnGGaph Juidw6
2Gnphhy phpwiuh uyqpluwywl Yuynb Gniyihngp yopwoymyd b Guyw-
putjughi nuunhnuympy Goiyhnh, npG wpwGdGuwgynd k nwnhnph-
dhwyuwl pwdwliwdp: LhjmpnGGaph JuuGdwb (n, v), (n,p), (n, ), (n,
2n) ntwlghwGtph htmbwbpny phpwjup Yuqing Juymb hgqnunw-
Gtpp yipwoynud GG nwnhnuwyumphyh: @nfjuwytipynudp Jupnn £ pGpu-
Gwy vty Yud wytih thnybpny:

£tptlp npny dhonijwjhlG ntwyghwGtph ophGwybtp, npnbp Yh-
pwnynd GG dhonyuwjhl ntwlmnpltpnid nwnhnGniyihnGtph unwg-
dwl Gyuwunwyny:

1. LhywmpnGGtph nwnhwghnG gpuynd (n, y): Uynwhuh ntwy-
ghwjh yuwpquagntyG ophGwly L hwnhuwlnd Ynpwjmh wlmhywgni-
un 59Co(n, Y) Co ufubidwyny .

kg,uctil —."m"_q Co
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2. LhympnGGtph nwnhwghnl qpuynmd (n,y), npp ninbygymd L
dhowGlyjwy dhoniyh mpnhdundp (unynpuwpup nu f-npnhmd t): Spnh-
dwl wpnyniGpnid wpwowlnd E GuyywumwywjhG nwnhnbniyihnn: Wyu
nhiypnud Guwnwlwjhl nwnhnGniyhnp b phpwiup wwpptp phihw-
Juwl wmwnpptinh hqnuuinwGtip G6: Uyjuwhuh vfubidwjh ophGwly £ hwinh-
uwlnid 1251—11 yninwynuin 124Xe—h phpwjuh dwnwqujpiwl dwdw-

(wy.
=2.'\.1:!{E > ]25-..1;{3 !

¥
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3. Lhjwmpnlh nwnhwghnG gpuynid (n, y), nph wpynipnid wow-
owgwd vhowlljw) vhomyp wpnhymd b uynmG Gniyihnh, npp, hp
htipphl, YuGhny GhjunpnGp (n,y) nbwyghuyny, ypwoymd £ Guuw-
nwuwjhl nwnhnGniyihnh: OpplGuy 133 Gd-h Yninwynidp 151Eu—h ph-
npwhuh dwnwqupiwl dwdwluy.

J."llund —.r‘ ljjﬁq.Gd \

F 3

i
M E—

—_—

| |

| Ihiﬁ:l.E-Ll i Lq:ﬁ_].E-Ll

4. Qwonpnupwn bpynt Jud wybih GhpupnGGph nwnhwghnG
gnuynid: Uyu ntiwlyghwl hhiGwlwlnd oquuagnpoynid £ mpwlunt-

pulwjhl EEskGnGiph ynunwlpiwG dwswlwl: OppGwl W Y-
186

nwlnuip W phpwuh dwnwqupiwl dwdwlwy.

‘ iHﬁT.‘l.“r M—"I_* IEH?I*W |

5. Lhgpwynpywdo dwulGhlGnh wnwowgdwdp vhenijwjhG
ntwyghwtp: OphGuy’

125



S(n, p)*P, °Li(n, a)’H

b wmwpptipnipymG (n, y) nbwlghwjh, GdwGwwhy dhoniuwjhG
ntwyghwtpp, nputiu JubnG, nmGhG 2tdwjhG pGnyp, wjuhlpl’ hpw-
Juwlwlmd GG, bph GhynpnGGeph EGipghwl wybtih pwpép £, pwG
ntiwlghwjh LGtpgtwnmhy ptup:

6. LhjnpnGGtph ny wnwdquwl gpnid (n, n'): OphGwy’ YuyniG

117 117m,

Sn-h dwnwqupiwl dwdwlwl dhnwuwnmwpphg Sn pwnhnuy-
wmhy dhoniyh wnwowgnuip: Uju nbwlyghw GnijGuybu pidwjhG t:

1 1781'1(1’1, n,)117msn

7. (n, /) pwdwidiwl ntwyghwjh htmbwlpny wnwowlmy LG
uho pwlwlynmpjuwip nwunhnGniyhnGhp:

dtpnhhpjuwy ophGuyGtpp Ypnd G6 wqupqtiguwd plnyp: Gnnpo-
(wlwlnd Gwnwquwjpynn phpwfup Jwwn hwdwju wyupniGuymd k
GnYythnGtph mwnbnipng £ b dwnwqupiwl dudwlwl hpwljwGwlnud
Ll dto pwlwympjudp pwqiwmbuwl dhonijujhl ntwlghwGtp, n-
nnlp hwGqlglind G0 puwjwlwlhG pwpng shomjuwjhG thnjuwybpwnid-
Gtph U Ynunwliw6 ynpwbtinh: Opwbtu ophGwy phptlp ntwlmnpnid
plwlwl hgnunnuuwjhl pwununpmipjudp mbimph Swnwquwjpdwl dw-
dwlwl wmtnh niGkgnn dhonijuwjhl thnfuwybtpyniGtph vfubidwG (GY.
3.1):
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Ul 3.1. fFwlunpnd pwluwG hpgnunuyuyhb pununpnipjudp mbpniph
twnuwqujpiwbi dudwlwml wmbnh nlkgny vheonijuyhb hnjuwlbpynudGbph
pu

Ujuyhuh dwnwqujpiwl hhiGwlwl Gyuwunwll B nwnhn-
Gniythnh Yninwynmip: hGywybtu Gpund £ qowllywnphg, upw htinn dGy-
wtin gnjulnd 6 pwduwwubhl dto pwlwlnpjudp wj] npwnhnwy-
wmhy U JuyniG jngh b mbniph GniyhnGep, npnlp wjuwbu pb wjlybtu
npnpmu G0 Ymunwuo wypbywpwwmh npulyp (ruwnhnlGniyhnughG
ynptywpwwum wubting hwujwlwlp Gyuwunwywihl b wj) fninmwlynng
GniyihnGtph fnwnlGnipnn): UhenijuwjhG nhwlunpnid jninwlyynn nw-
nhnlniyhnuyhlG mbuwupwp wymhympinipn b pwghnGniyhnuyhG
dwppnmpynilp Jwpujwo G0 dwnwqujpiwl ntdhihg, hnuph fumni-
piniGhg, GuyunpnGGtph EGGpghwjhg, dwnwquypiwb dudiwlwlhg UL
phpwjuh hwpunmwgiwlG wumhdwlhg: OphGwy wptwywpwwh nb-
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uwjuwpwp wimhynipjul dkowgiwl Guuwmwyny oqunugnpdynid bl
hwpunwgywo phpwjubtn: QGwjwd hwpumwgywo phpwiuh pwlynt-
pjwlp, dh pwupp nhwptipnid wjuwyhuh dnntignuip dhwy hGwpuwynnG k
ynbywpwuh ywhwboynn npwijh wywhnydwl hwiwn:

Clanhwlnip wniwdp j Gmyhnh dheonyGtph pwlwynipjub thn-
thnfumpjul x; wpwgnpnilp Swnwqujpiwl ppugpnmd G(Jupwgp-
ynud £ httmbywy nhptiptiGghw hwjwuwpdwip

dx;

e Xm Amoj)Xm — 2n bj'xj: 3.1)

Lwjwuwpiwl we dwuh wnwohlG wlnuwuin Gupugqpnid k j h-
onijh wnwowgiwl wpwqnipynilp m Shenyltphg, huy tpypnpgp’ j
dhonijGtnh Ynpumh wpwgnipjnilp pnnp hGwpwynp 7 ulwGtpny:
a b b gnpowyhgGtinp j dhonyh wnwowgiwln Jud Ynpunhl hwiqhg-
(inn dhonuwjhG ntwyghwlbtph (mpnhnu, (n, y)-ntwlghwGbp b wy6)
wpwgmpiniGltnG G6G: Unmunwliwl ntwlghwih owwmhdiwjwgiwb
gqnpoplpwgp hwlqbgymu £ GyuwumwlwjhlG nwnhnlGniyihnh wnwowg-
twl wpwgnipjuwl thowgiwb b npw Ynpunh wpwagnipjwl thnppwg-
dwl gnpoplpwghl: Lulwyuwwbu thonitjwjhl ntwyghwjh wpwgni-
pjul thnthnfumipymiGp npnpymd £ ng dhwyl GhjupnGGiph hnuph
funmpjudip, wj Gl GmyjhnGiph  $hghyuywl hwunmwmnilng
wnwohlG htpphlG dhonylGtph GoyupnGwihG  hnjuwqpbgnipjub
Yyunquwopbtinny: @nfuwqntignipjul Yuupjwopn Juiugwo t Ghjnpnth
LGtpghwjhg, nln npmy’ dh pwlh Ed LGbpghwh nhwypmd wyl thnfu-
ynud k % onbiiphG hwiwdwyG: Opwtiu ophGuy GY. 3.2-nd pipdwo k
GtjnpnGuyhl hnfuwugnbgnipjul upjuwopbtph EGipgtnhy yuhojw-
onipjniGp '%Rh uhonijh hwdwn:
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bly.3.2. "Rh dphonihp GhympnGughG GpuwGwb Qupfwoph Eikpgknhy
Juwjunudp:

Gnpolwlulnd dhomyGtnh thnfuwtipyniGipp hw)unythu
nGtimd GG (3.1) mhyh hwjwuwpnudlGeph hwdwyuwng, npubn hw-
JuuwpnuiGhph phyp hwiwwwunmwufuwlnd L wju ghypnd nh-
wmwnyynn nwnhnlGnyhnGtph pwluwyhG:

Clnhwlnp nhwptpmy i-pg dheonjuwjhl ntwlyghwih wpwagnt-
pyniGp GEpupnGuwjhG Swnwquypdwl Ghppn, ophGuy b;(2)-G wyuhlpl
i mhyh dhonijwyhl thnjuwbpyniGtph phyp dhwynp dwdw Guyniy,
nnn2ynid L htnbjw) pwGwalnyg.

bi(t) = [, 0;(E)P(E, t)dE, (3.2)

npntn  6;(E) — &i-py dhoniyuyhG  ntwyghwyh  GhjnpnGwhG
Yupqwopt t (us?), huy @(E,t)-p GhjupnGiiph hnuph funnmpymtp
dwiwGwyh t wwhpG (Wi Y™ E takpghwgh phwpnu:

Lwoqunybtpph dwudwlwy hpiGwlwind Gipunpynd t, np Ghwn-
pnGGEph gniiwpuwyhG hnuph fjunnipnilGp Jupnn b Gepluywugyty tp-
ynt pwnuwnnppysGtinh mtupny otipdwjhG b ntignGwGuwjhG: Uyn nhiwy-
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pnd (3.2) hwjwuwpnuip wupgtgynd £ U Jupnn £ Gepujugytg
htimljwy mbupny
bi(t) = Kypo0i (Eo) P opnur(t) + Lippg® ptipu(L) 5 (3.3)

npubin’ 0y (Eo)-p i-pn dhenijwjhl nbwlghwyh ebpdwhl jupdwopd k.
(us?) (E, = 0,025 td. GhnpnGGtph EGpghw)h phwpnud):

Dopnult) — oiptwghl  GhynpnGGiph  hGnbgpuywyhG  hnuph
funnipyniGa E (us g™

Kipy — otipiuyhl Yupqwoph dhohlwgiwl gnpowyhgp (puwn
otipntwjhb GhynpnGGhnh EGapgtinhy uyblpnph):

liptq - 1-n1 Ghomlwjhl ntiwlyghwjh wpyniGwpwp nbgniwuwh
hGunbtqpuy (uliz):

@ iq(t) — G ntignGuluwjyhG GjwpnGGtph hnuph funnipymGp
(i) :

Gpb oiptwjhG GhynpnGGtph yuupqwoph LGipginhy Yufujwonti-
pyniGp niGh \/ig wmbiupp, wuyw Ky, -Gp Ynpnpyh htimbjuwp wpnwhwg-
nnipjudp’

Ko = [1(Ty/T)/2]"7, (3.4)

npnbin Ty = 293.6 K, T-G GhjumpnGwjhl quqgh otipdwunhdw6 b dw-
nwqujpiwl Yhwnnud:

Edtyunhy ntignGuluwjhG hGuntqpwih Ghpinionidp poyyp £ vmwhu
huwpyh wnlh] dwnwqujpynn Gymph nbtgnGwGuwjihl hGpGwkypw-
Guwynpiwl EPtYnb hpwlwl phpwhund, wjuhlpl dhonitjuyhl ntwly-
ghwjh wpwgnipjwl Guqnuip (Y shentyh hwpyqunpyny) w)h nhiwph
hwitdwwn, tpp GhjnpnGGhph htin hnfuwgnnd £ jnipupwGyjnip dh-
ont] (hpwlwl phpwhund thnfumqnnud GG GhynpnGGepp L dwyb-
ptiuwghG shomYyGhpp):

bpujuwl dwnwqujpdwl ywjdwllitpnd wju jud wyl nwnhn-
Gniyhnh ynumuwiwl hwygwpyh dwdwlwly wowyt] yupunp fulinghp
E hwlnhuwlnui dhonijwjhG ntwlghwltph wpwqnipjniGGtph npn-

onudip: <wpgupybing ntwyghwlbph wpwqnipyniGGtpp’ Yunptih t hG-
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wmtiqptiy (3.1) hwjwuwpndGaph hwdwluwnpgp b npnpt jmpupwlyjnip
(niyihnh dshonyGtph pwlwlyp dwdwlwlyh # yuhhG:

Bwnwqujpiwl oywmhdw] ntidhth wwywhnynuip qnpoGuwlwlinud
hwlqugymd L ntwlumnpnid wjluyhuh wnbnh pGupnipjulp, npnd
(byunpnGGtph hnuph funnipyniGG n vy tlupp wyGuhuhl GG, np Ghpn
nGunpjwo swnwquwjpwhwpiwb dwdwlwyh niypnid Junpbh £ unw-
Gw] wuwhwGoynn npuyh Guyuunwujhl nwnhnGniyhnp: GwnhnGoy-
1hnGtph Yninmwydwl hwiwp oquugnpoynn htnmwgnunujul dhont-
JuwjhG ptwlyunnpGipnd, npuyytiu unG, yub phpwiultph dwowquyp-
twl hwiwp (whiwntuuwo pwqiwphy wmbntpn: Gwnwqujpdwl nk-
nh thnthnfumdp pniy L wmwihu thnthnfuty yninwydw6 ebdhdin” Juwlu-
Jwo wju juwd wyl nwnhnGniyihnh gnjugiwl wnwlaGuhwwmlyni-
pyniGGtphg:

OphGuwy® GY. 3.3-md pipjwo E CM wmhwyh htnwgnunuywb
ntwlwunph ufuidwwhy quwuybpp: Fhwlunnpnid phpuwuGbph dwnw-
qujpiwl hwiwp Gwhiwmbuguwo mbntpmd otipdwjhG GhyunpnGGtph
hnuptinh funmpniGGtpp thnfuynd GG 10'*-10" uli'zq'1 whpniypnid,
wnwgq GtyunpnGGtph (E > 0.1 Utd) hnuph wnwytjwqgnyy fumnnpniln
10° uli_zll_l E: Bwnwqujpdwl hwiwp (wuwnbtujwd wnbntphg jnt-
pwpwlgynipn oqunuwagnpoymu L wjGwhuh nwunhnbGniyhnh fninwliwb
hwdwnp, nph phypnid wyn mtinmd nwunhnmyjhnh wowougiwb b
npw pwlwyh GJuqiwl wpuwgmpniGlaph hwpwpbtpuygnipynilp w-
nwiytijwgniyGu 2inwo L htmmwpppnpnn nhwlghwjh ninpnnipjwip:
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bl . 3.3. CM nhwljmnpp pupmbquqpnudp (‘Fhihumpnyqpunh
ghwnwhbnwgnunuljuwb hGunhunonp hnpdwpupuljub nbwljumnp):
Onulkpnd wuwmlpjwd Gl phpwlulbph mipugpdw hwdwp
(wjuwwmbujwd wmbnkpp:

U6 nhwyptpmd, Gpp GyuwwunwlwjihG nwnhnlniyhnh wnwowg-
dwlp hwuglnn nbwlghwbtpp nlGhG thnpp Yupgwopltp, oquw-
gnpoynud GG wowybjuqgniyl GhyunpnGujhG hnuptip wuywhnynn hwwn-
Jwobbpp: CidwjhG ntwlyghwltnh hbmbwlpny wnwowgnn GniYjhy-
Gtph niypnmd oqumugnpoymy Ll ntwunnph wlmhy gnnnid qunGynn
Juwjntipp, npntin wpwq GhympnGGtph hnuptph unnpnm Gt wnwys-
JuqniyGa E:

NbwlunpuyhG dbpnnny unwlnmd GG wnmwppbp pGuquyunib-
pnud oqgunugnpdynn nwnhnGmyjhnbbp: Adympjul hwdiwnp juplnp
GywlwympjniG mGhgnn nwnhnGniyhnGepd GG Mo (unwgynmd £ np-
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23’SU—h pwdwliwl wpquuhp b oquugnpoymu k npuytiu 9mTe

wbiu
qtiGpuwnnp), cCo (unwgymu t pGuwlwl Yynpwjnh phpwiuh wyumh-
Jugdwip), By (unwgymu t pwlwb Te phpwiuh Gwnwqujpiwip
yud npubu puwdwlwl wpguupp), e (unwgynud b pGwlwl hph-
nhnuih wynhyugdudp), "¢ (unwgynud £ 14N(n, p) ntiwlghwjh vhon-
gny)), P (wnwgynud £ *S (p, n) ntwlghwyh dhongn):

ObwlunpuyhG dtpngh hhiGwlwl wowybnipnmGl £ dhwdw-
dwlwy nwnhnGnmyhnltph 6o pwlwynipjmbitph vnwgiwb hGw-
puwynpnipjnilp, hGsp hGwpwynp b hGyuybu phpwjultph dto quiq-
Jwoh, wylwtu £ GhjunpnGGaph hnuptiph d60 junmmpyniGGtph 2Gnp-
hhy:

Npnp wpdbpuwynp nwnhnGniyjhnGip Yupbh B wnwldGugGby
oquuuqnpnoywo yuntihphg:

ObwyunnpughG dkpnnh plipnipymGGtpG GG hGwpwynp £ unw-
(wy vhwyl GhynpnGuwybigmyuyhl, tpupuljjug nwnhnlmyhnltn,
phpwhunid shwdwdwlwly wnwowlnd GG Gwlb wliguiyuwih nwnhn-
GnmYyihnGtp (wyu ptipnpjniGp Jwuwdp oymd £ hwpunwgywd ph-
pwiuh oquugnpovwdp): RFwugh wyn, wopwowlnd GG WS pwGwlni-
pjuip nwnhnwywnhy puthnGGhp:

Uphluwphmd wjuop wpuwnpynn nwnhnGnilhnGtph 85% YJwg-
smd £ Mo, npp *"Te-h qhltpunnp £ hwlnhuwn: <blg ntwy-
unpGbpG 66 wwwhnymd *"Te-h hpiGwywl pwwyp: Uwlw)G
wlJunwlgmpjul fuGnhplGtphg GGy uwyynd b fhpwnynmd GG
wju hgnuunwh unwgiwl wjpGupulpwjhl dtpnnltn:

3.2 U PN VAMNLMEYGELR USUSNRTE UMTG-USNRSPLEM P
0% vIMa-3UUR

(runhnGniyhnGiph unwgliwl wpwqugnigswjhl tnubwyl niGh
uh pwpp wnwybnipniGGtn: UpwqugnighsGtiph oqlnipjudp hGupw-
ynp L vnwlwy jupdwupnn ptpl EdtOmbhp, wyn pynud” wnghwn-
pnG-wnwphsGhp, npnlp wnwyt] wpyniGwytn GG YaGuwpduywb
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htimwgnunipyniGGip wlgyuwgltijhu, pwlh np hGwpwynpopyniG GG
wnwihu YnyGt; hbnmwgnunmiGbpp thnpp dwdwlwlwdhongGbpnud,
Gwl YPJuwbph Junpd mbungnipjul 2Gnphhy wywhnymd GG hbnmwgnn-
ynnh U htimwagnunnh dwnwqujpiwb thnpp npnquijhl dwlpwptinGyu-
onipjmGn:

£dynipjulb vk9 Yhpwnynn wpwqugnighsGtipp pudwGynid t6 4
funnp fudptiph.

e [lunphnGnytnGiph wpnwngpnipjui b Jwdwnph hwdwp

(whiwntiujwo:

e MGS-h hwiwn (whiwnmbujwo:

e  Lungytinh ypnunGuwjhb b GhjunpnGuwjhl pipwwhwibph hw-

dwp (whrwnbtugwo:

e Pwqiwlywuwlwjhd:

OrwnhnGniyhnGiph vnwgdwl hwdwp hhdGwuwimd oquw-
gnpoynid G ghyjuwnpnGGtp, npn) nhyptpnid EayumpnGuwjhG b wpn-
wunlwjhl qowjhl wpwqugnighyGtin:

Shjjwwnpnth hhiwlwlwl wfuwnmwlpwjhl dwup punuguo k
Juynintiwghl fughynid npnpwyh htnwynpnipjul Yypw mbnunpjuo
nuwuwnly ttnwnuiuwi fhuvwujujuwnwyibphg, npnlp thwgywo GG
pupdp hwmtwwlwlnmpjudp qliGipugynn thnthnfuwuwl hnuwGphG
U qulymud &6 uvyujwnwybtinh dwytptiuh Guuiwdp nunuwhwjwg
ninnyuo dwqlhuwywl nu)umh wqptignpjul wnwly: Lhgpwynpjwo
dwulhyltpp wowpymd &6 Jhuwuljwjuwnwlltph dtombnnd qulynn
Ytnnud b dwqlGhuwlwl nu)uh wnwjnipjuwl yuwndwnny pwupdynd
L6 powlwqony: EEjumpuywl hnthnjuwwl nuymh hwdwuwlw-
GnipynilGp pGupynud E wylybu, np wdbl wiquwd, tpp dwulGhyGhpn
quiymud &G tpym YhuwujujunwyGtph dhol, Gpwlp vnwlnmd GG
wpwqugnii: Upynilpnid dwulhyGtnh Jupdiwb hbnwghon thlnwd E
wuwpnipwdl: Shyjjwwumpnlhg nnipu pipdwo thgpuwynpywo dwulhlylb-
nh thniGop munnnpnmud GG phpwiuh Yypw, npmd Juwmwpynd £ dbky
GniYyihnh dhonijuwjhG ytpwithnfunuwip yynwsh (GY. 3.4):
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Uly. 3.4. ShljjuwnpnGh vfubdwwpl wpunbpp® 1-thgpwydnpjwud dwuGhlibph
wnwpdwl Yhw, 2-wpmqugyny dwulplikph hbwmwqhd, 3-dhmwnuljwb

Yhuwujuyjwpwlitp (ymwbwnbbp),
4-wpwquging nuywmp qkGkpwwnmnp:

Shijjwunpnlitpnmd wpwqugynid GG ypnunGltp, nhyunpnGGp,
htjhnudh dhomyGtpn: Upwqugiw6 tGipghwltphg Yuwhiwo™ ghy-
(wwnpnGGtpp wwyjdwliwjulnpbl pwdwlnmd G0 mnpu Jwjupnquyis-
nh: Unynuwy 3.2-nud pipdwd GG I-IV dwiuwpquyGtph ghyjunpnGat-
nh pnipwgptipp’ wpwqugiwl EGhpghwltph mhpmypGipp b wyG

ntiwlghwGtpp, npnlp Yunbih £ hpuywGuwg Gty

Upyniuwly 3.2. Swpplip dwlwpnuliliiph ghljjuuppnllhph plinipuwgphpp

Shljjuwnpni MpnunlGhph UhoniljuyhG Upwwnpynn
Lakpghw, Utd. | nhwlghw(bp hhdGwlw6
nunhnGniyhnGkpp
Uwijupnuy I <10 (p.n), (p,a) ''c, PN, 0, "°F
Uwjupnuy 11 <20 (p.n), (p,a) ¢, PN, "0, "*F, “Ga.

|03Pd, ]09Cd, IHIII,
1231 1241 186Re

5 i
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Uwjuipnuly 11T <45 (p.pn), (p.20), PN, **K, ¥Co, Ga, 68Ge,

(p,3n) 73Se, 75'77Br, SIRb (SIKI_)’

L w6 U 123] 201 2254

Uwljwpnuy IV <200 (p,4n), (p,5Sn) L 2Na, ngg, 2Fe 7,
w6 72ge (72As), $1Rb (SIKT)’

SZSr (82Rb), 103Pd, lO‘)Cd’
117mSIl, 1231’ 149Tb, 201T1

NrwnhnGniyihnh vnwgiwb gqnpoplpwgn pwnugwd & phpwiup
wwwumpwuwnniihg, Gwnwquwjpniihg b ytpelGuywl pwnhnwlunpy
wyntywwwwmh yuwunpwummihg:

Ohpwlup Yynpnn bt gl JuymmdwihG jughynud (GepphG ph-
nwfu) Yuwd fughhg nnipu (wpnwphG phpwu): Unwehl nhiwpmd ph-
pwjup Juptih & Swowqujypl] dwuGhyGhnh dto (hwpynipuynp dhypn
Udwtin) hnuptipny b unwGw Wko wymhynmpjmGGatp:

Uwluwjl wju niypnid phpwjup pwwm E 2hjulnd b wlhpwdtywn
E oqumuuqgnpoty hwunny vwnbgiwl hwdwywpg: OphGwy’ Eutpptidh
(UWGg1hw) nwnhnphdhwywb YaGumpnind phpuwjuwlnipny wyuwmynid
E hwwnniy ynGdb vyujunuyp: Ujujwnuwlyp yuwmynid L dwnwqup-
dwl pipwgnid: Uwntignuin juwwpynd t ujujwnwyh hhdph dhony
uwnp 9nip untint thongny: Uju niypnid phpwjun dwnwqujpnid Gl
750 vyU hnuwlpny: Lwlh np Swnwquwjpywd phpwiunp niGh pwwn d6o
wlyunphynipjniG, jughlhg phpwiuh htinwgnuip wyunniwwmwgyuo k:

Upunwphl phpwiuh nhypnd dwubGhyltph hnuptinp Jwwm wyth
thnpn GG (100 WU ng wytih): Uwlw)l wju nhiwypnid phpwiu hwinh-
uwgnn Gyniph pwluwyp Yupnn £ qquihnpbG wybih dko (hGbg:

Npwtu phpwju Jupnn 66 oquugnpoyty] dhwnwnGtpp, wnbtpp,
thnzhwdl Gympbpp, quqbpp:

Unynpwpwp, thgpuwynpywd dwulhlltipny dwnwqujpiwl nhy-
pnud phpwiunid wnwowgnn Gyuwmwluwjhl nwnhnlniyhnp phpwiuhg
wnuwppbpynn phvhwlwl wwpp t: Uyuhlpl, dSwnwqujpuwd phpwiup
GujumnwyuwihG nwnhnGnyhnhg pwgh wjn wwpph wjp juymb hg-
nnnuGtn sh wupniGuwynud: OphGwl® tpk 9nipp Gwnwqu)phlp *He
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hnGGtpny U hpwlwlwgGhGp 16O(3 He, p)lSF ntwlghw(, Gwnwqujp-
Jwo opnid wnlw YihGeG dnnph dhwjl nwunhnwljumhy wnndGbp: Uju
ntiypnid phihwlwl pwdwlnuip Juwm wybih htpwnm k:

<hotlp, np GhyupnGGipny Swnwquipiwl nhypmd phpwjuh U
(ywwunwlywjhlG nwnhnlnyhnh phdhwijwl wnmwppp npny nhwypbpnd
GnyGG thG, ophGuwy 59Co(n, Y) %Co 117Sn(n,n’)mmSn: Pwgh wyjn,
phpwiup Yupnn tp wuwpmGuytp GuuumwluihG pwghnbndhnhg
pwgh GnyyG wmwpph wyp yuyniG b punhnwlyuwhy hgnunwGtip: Opybu
onhGuwy hpptlp Bl nwnhnlniyjhnh ynunwlydwl Guuunwyny ntw-
Yyunpmd pwlwl hgnunuuwjhl pununpnipjudp wnbnmph dwnw-
qujpuwl ntiwypp:

UpwqugnighyGtinh oqlnipjuip Junbih £ unwlw) wjlwhuh nw-
nhnlnmyhnltp, npnGg uvnwgnudp GhyunpnGwyhG ntwyghwltpnid wi-
hGwn t, Jwulwynpuuybtu wypnunnGwybigniywjhG dhoniyGhp, npnlp
ko dwuwdp wwjhu 6 A -mpnhnd Gl A—qpugnud: MnghnpnG-
wnwphyGhpl oquuugnpoymd GG MBAS-mud, hul A—~qpuwynid wmpnhynn
hgnuinwGipp® nhGungblndpynmpbugbhlnwihl wlwijhgmi U nwnhn-
qnuphwynud: OpphGuly 18O(p, n)lSF , 14N(p, a)“C ntwlyghwGtph 2Gnp-
hhy Juptih £ unwlw; MES-nd oquaugnpoynn Bputic nwnhnlniy-
1hnGtpp:

UpwqugnighsGtph oqlnipjudp vnwlmd GG Gwl UDOLS-md
oquwqnpoynn hgqnunuwGhp: OphGuy 124Te(p,2n)123 I ntwyghwjh
2Gnphhy vnwlnud GG whonnpnyiwl hwdwp oquugnpoynn 123
nhnhgnunnuwp, hGsp hGwpwynp st ntwyumnpGhpnud:

ShjjwwnpnGGiph Yhpwrwlwl wowytympniGGtnhg t Guwb wyG
thwuwnp, np wjl Juptih E mbnunpt] widhouwwtiu nwnhnGniyhnltpp
uyuwnnn Juquwytpynpnind (wunnpnpdwl YeGunpnlGmd), hGsp

I nw-

pnij junw oquuwgnpoty Jupdwuwnpnn (150, T, =2n; BN T, =10 n
GniYy1hnGhp:

"Mo(p, 2n)”°™Tc ntwlghw hpwlwlwglny, Yupkh b unw-
Gw) Guwb whumnpnydwl Guuunwyny wdtGwhwdwhn oqumugnpoynn
9T nunhnpqnuinuyp:
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hGswtiu tipunmyd £ wnynuuwy 3.2-hg, Gnyy6 nwnhnGniyhnp upth
E unwlw] mwppbp nbwyghwlbpnd: Owwhdw) b hwdwpymd w6
ntiwyghw(, npp niGh wybtih d66 Yupgwop: Gwnpunp L Guwb phpwjuh
wndtipp, unwgywo yphwyuwpwwh phihwiul b nwnhndwppnipyniGp:
(runhnphihwijwl Ywppmpnilp wywhnybnt hwiwnp npn) nhupb-
pnd ogunwgnponid Ll pwGupdtp hwpunmwgywd phpwhultp, hGsp
htpmwglnd U tdwlwglnd L pwnhnphdhwjwl pwdwGiwG gqnpo-
plpwgp:
(runhnGniyjhnh qubqywoh g [q] U ngpuw wymhynipjul C [Gh]
dhol yuwG wjuwhuhG t’
g =0.884-10"° CAT,,, (3.5)

npntn A-G nwnhnGniyhnh wnndwjhG qubqquol t, Ty-p Yhuwn-
pnhdw G yuppbpnipniGp (4): Oquybny pwlGwalhg Junbh L hwpyt,
np 1 dUh wymhynipyniGG niGh 18F—h plnuuitln 1-10™" gnuin: OphGw-
Un gniyg £ wmwhu, np wyu nhypmy hGwpwynp £ mGkGw; Ued wyumh-
Ynipjnil thnpp qubqyuond, hGyp pnyp £ nmwihu unwlwy nwnhnGniy-
thnh pwofudwG hunwy wwwmytn, Gub GJuqtgllb; hhyuwinh pniGw-
Ynpiwl nhulp mwpph JuynilG hgnunnw Gtph wqntignipniGhg:

Shijjwwnpnlitph oqlnipjudp wpwwnpynn nwnhnGniyhnltph
guGyn ptipqwo £ wnynuuwy 3.3-nwd: hwlghwGbph Gptpp mwnwG-
ynud Gl GO mppnypnd b uhujwo GG thnjuwqnbgnipjul LGpghw-
Jhg: OphGuwy’ tGtpghwjh pwpdpwgnudp 15-hg dhGsk 22 Utd hwGgbg-
Gnus £ *Ar (a, p) PK ntiwlghwjh tiph dhowgiwp 0,9 Shish 4 SyUp/d
50 WU hnuwGph nhwpmd: '°B (d, n) ''C nhwyghwjh bipp wén £ 167
uhGst 500 Wyup/d tGtpghwyh 7,5 Utd dhGsu 11,5 Utd thnthnfuybint
nhiypnud:
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Upniuwly 3.3. Splhjjuppnbiliipnid wipwgynyg nwnphnhqgnipnwyliiph
plintipwgplipp Il oqipuwgnpodwli pliwquijunp: Plinipuqpuljuli nhlipqlilijul
dwnwquypnidp Eihlppppnlughli quypdwl (EQ) I wlhhhjjughnl
dwnuquuypnulp B - yppnhdwli dwdwliud) wgynuaulnod ppfuo sE:

hpuluwbug- Mwinhn Yhuw- Spnhdw 6 wkuwlyp, Yhpundw
ynn GnLy hny upnhdw G wnwpynny phiwgqujunp
nkwlghw wuwuppb- Gwnwquypnudp b
pnipynii npu LGkipghwG,
Utd
Li ®.-n) Be 53 on £E9Q; v (0,478) UpnniGwpbipni-
"Li (d, 2n) pymG (Gh),
oLi (d, n) unwnwupwun y-
"B (d, ) wnpjnip
B (d, n) c 20 B+(1,0) Rd)ynipmi
g (d, 2n) (whinnpnynid),
Be (3He, n) qjninunGwntiunt-
"N, a) pym (Ghp)
2C (He, a)
°C (p.p)
>C (d, n) BN 101 B+(1,2) RdynipniG
(wfumnpnynud)
N (d, n) 0 2n B+(1,74) Pdyynipnil
(whinnpnnid)
"0 (*He, n) g 112p B+(0,63) RdynipniG
0 (a, pn) (wfumnpnynud)
*Ne (d, )
**Ne (3He, on)
24Mg d, o) “Na 2,6 mwph | B+ (0,54; 1,83); £Q; | Unwlnwpun y-
v (1,27) wnpjni, gjn-
wmlwmbunipjnil
(Ghy)
Al (a, 3p) Mg 21 dwd B- (0,42); y (0,03; | RdynipmG
0,40; 0,95; 1,35) (whinnpnnid)
“Al (p, d) Al 74 * 10° | p+ (1,16); EQ; v | UpnmGwpbpn-
wmwnh (1,12; 1,83; 2,96) pjmiG (Ghp)
“Ar (a, p) K 22 dwud B- (0,83); Pdympjnil
v (0,37; 0,63) (wjuwnnpnynud)
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®Ti (p, n) By 16 op B+ (0,70); EQ; y | UpnmGwptpni-

*Ti (d, 2n) (0,98; 1,31;2,25) pymG (Ghy)

Ty (d, 2n) ICr 27,8 on £E9Q;v(0,32) UpnniGwpbipni-
pinil (Gh2),
hhnpninghw
(Ghy),
RdoynipjniG
(whinnpnnid)

SCr (d, 2n) Mn 5,7 on B+ (0,58); E9Q; vy | UpnmGupbpni-

Fe (d, a) (0,73; 0,94; 1,45) pyntG (Ghy),
qjniununGmbtiunip)
il (Ghp)

Ser », n) *Mn 303 op £E9;v(0,84) UpnniGwpbpnt-

*Fe (d, ) pymG (Ghy),
qjnuunGntiunt-
pjnil (Ghy)

Cr(CHe,n) | Fe 83 dwd | B+ (0,80); EQ; vy | RdyympymG

2Cr (He, 3n) (0,16) (wjunnpnynud)

Cr (0, 2n)

Ni (p, o) *'Co 267 op £9;v(0,122;0,136) | Rdyympjnil

i », pn) (whinnpnynid),

SINi Utiuupwnitiph

Ni *"Co uwjupnuynujh
wjh wnpjnip

INi (d, 2n) %Cu 12,7 dwd | B- (0,57); Ry G

Ni (d, n) B+ (0,66); £Q; (whumnpnpnud),

v (1,34) qjniubumbunt-
pjuih (Ghp)

%Cu (d, 2n) %Zn 250 op B+ (0,32); E9Q; v | UpnmGupbtpni-

(1,12) pyniG (Ghy), hhy-
nninghw (Ghy),
qjniqunlnbunt-
pjnul (Gh2),
tyninghyw (Ghy)

%7n (d, n) Ga 78 dund E9Q; y (0,09; 0,18; | Rdyympymi

%Cu (a, 2n) 0,30) (wfunnpnynus)

5Zn (a, 2n) %Ge 288 on E9Q; v (1,08) %Ga
qtiGtpwwmnnp
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(pd2quywb

wunnpn)nud)
%Ga (a, n) 7 As 26 dwi B+ (2,5;3,34); £EQ; | Rdynipjmi
v (0,63; 0,83) (whinnpnynid),
qnuulnbunt-
pjnud (Ghp)
MGe (d, 2n) T As 17,5 dwd | B- (0,72; 1,36); £doympnil
PGe (d, n) B+ (0,91); E9; (whuiwnnpnpnud),
"Ga (a, n) v (0,60) qjninunGwntiunip)
niG (Ghy)
P As (d, n) "Se 127 on E9Q; v (0,14; 0,27; | RdynipyniG
0,40) (whinnpnynid),
qjniqunlnbiunip)
niG (Ghy)
P As(a, 2n) 7Br 57 dund y(0,24; 0,52) Pd)ymipyniG
(whinnpnnid)
PBr (a, 2n) *IRb 4,6 dwd | B+ (1,05); 23; *'Kr -h qliGitpuw-
v (0,45; 1,1) wnnp (pd2yuyub
wumnpn)nid)
w7
YKr (d, 2n) R B- (0.9 PdynipymG
1B (0, 1) 33on Pr (0.8 1,7); £9; (wunnpnynud)
’ v (0,88)

Bgr £dympjm G
¥Rb (p, n) (whinnpnynid),
¥Rb (d, 2n) 65 on £2 (05D qjninunlunt-

umpjniG (Ghp)

S7m
Kr(He, 2n) St 28dwd | £9;y(0,39) Bdznipynil

(whuwmnpnynud)
87 7m
. v B+ (0.47): 12; St b autlnw-
Rb (a, 2n) 80 dwd wunp (pd2quyul
v (048) wfumnnpnyni)
"pd (d,2n) | "Ag 253 op B- (0,09; 1,5); UpngnuGupbpnt-
v (0,66; 0,94) pjnil (Gh2),
hpnpninghw
(Gh2)
"WAgd,2n) | cd 470 on E9; v (0,088) UwnwGnwpn y-
wnpymp
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"Cd (d, n) My 67 dud v(0,17; 0,25) £d)ynipymi
"cd (p, n) (wjuwnnpn)nud)
"2Cd (p, 2n)
109Ag (3He, )
M¢d (o, n) mgn 14 on v (0,16) RdynipniG
(whuwmnpnynuf)
"In (o, 2n) 7gp 28 dud | B+ (0,57); EQ; Rdpynip
v (0,16) (whinnpnnid)
Sb(a, 2n) 2 13 dw £9Q;v(0,16) RdynipniG
'2Sb(*He, 3n) (whuwmnpnynuf)
12276 (3He,
2n) BXe
123)(e N 123I
12314 (v, n)
" (a, 2n) Pcs 32 dund £9; v (0,38) dyynipjnil
(whinnpnynid)
BiXe », n) Blcs 9,7 on EQ Rdynipjm G
Blxe (d, 2n) (wfumnpnynud)
BTXe (d, n) B2cs 6,6 op B+ (0,41); £9Q; 2doympnil
32Xe @, n) v (0,67) (wjuwnnpn)nud)
B2xe (d, 2n)
La, 2n) | ®ce 140 op £9Q; 7 (0,166) Uwnwlinupu y-
wnpjnip
™Gd (0, 2n) | "Dy 8,1 op £9;v(0,33) £d)ynipyma
Th (p, 3n) (wjuwmnpnynud)
“"Hg (d, n) 207y 73 dwd £9Q;7(0,14;0,17) | Rdympmi
2Ong (d, 2n) (wfumnpnynud)
*BTI(p, 3n)
ZOIPb
201Pb N 201T1
*BT1(d, 2n) 2py, 52 dwd E9Q;7(0,28;0,40) | Rdyympmi
205 », n) (wfumnpnynud)
py (d, 2n) | Bi 6,2 op B+ (0,98); £9; doynmpnil
27pp (d, 3n) v (0,18-1,72) (wjuwnnpnymd,
pnidniv)
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3.3 HU-PNVAMNLPIUBEY GELErUSNMLER

NrwnhnGniyihnuyhG qGipuwumnpltpp oquuwgnpoynud GG Gplup
wuynnn dwjn dhoniylGtinhg Jupd wwnpnn nwnhnlnyhnlGtph vnwg-
dwl hwdwn:

LGGwpytlp nwnhnlniyhnujhl qblGtpwmnplitnh w)fuwmwbph
uljqpmGpn 99mTc—h qtitipwwumnph ophGwyh oqlinipjwip:

blywytu wpntl ghntdp, 99mre wuwpniGwynn 0-bN-Gapp hwdwfu
GG Yhpunymd wjuwmnpn)iwl Guuumulny: 99mTc—h JhuwwmpnhdwG
wuwppbkpnipyniGp 6 dwd b, wjuhlpG’ wihpwdtymnipynil & wowow-
(nd wyl wpwq hwuglh vwywnnnhG: Uwyuw)G Junpbh £ ntnutnfubg
ny pti 99mTc—]3, wj| npu dwjpuwlyuwb Mo nwnhnGniyihgp, npp huwwm-
pnhiwl wwpptpnipynilp 66 dwd b, hul :dN-p vnwlw) wldhow-
whu uywnnn jwpnpumnphwjnid: 99Mo—h wpnhiwl vjubidwl pipduo
L Gyuwn 3.5-nuwd:

Mo

4 transition, 73 = 6.01 h

i decay,
Tia= 211100y

V. 3.5.”Mo-h mpnhsw 6 ufubifu:

Mo to pwlwynipjudp unwlnd GG nhwlunplbpmy: Rwpanp
hwpunwgiuwdp 235U—n ntwlunnpnud dwnwqujpnud b6 GhynpnGGtapny
U ppuywlwgind *°U + n — Mo + *°Sn + n ntwyghwé: Unw-
owgwd mpnhiwl wpquuhpltinhg wiowwmnid GG Mo U wnunppnid

LG wjyl wlopqulwlwl wnunpptlunh (ophGwy wingkih) Ypw (unp-
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phGunGtpp Julnd b Ynunwynd GG npnpwyh Gyniptip): 99Mo—n Jw-
(wo unpphlnp mbnunpmd GG ppninnngpubhwjul vywb dhe: dw-
dwlwyh pGpugpnid 99Mo—]g unnhynud £ b wnwowlind k 99mTe: Unihp-
ntip qubynus £ MoO,” yhdwynud b wimp Juuwd b unppbGunp:
StfuGtighnuip qubGymu L TcO4 yhdwynwd b htipunnipjwip Jugymu L
wnuwjhG monypny (NaCl):

GhLbpuwnpp vpubdwwmhly wwuybtpp pipdwo £ GY. 3.6-mud:
UjwG ytpGwiwuhg 1gmd 66 wnwjhG jmuonypp, npp Julnd b uyni-
Gulhg nmpu £ phpmd "Tc -p Na”™TcO, shwgnipjul wbupny:
Lywgynn Na”™TcO, dhwgnipjniGhg uhlptqynid GG wlhpwdbym
Gowyhp dhwgmpjniGltp: Gnponnmpjniln YpyGymd £ npny dwiw-
(wy wag:

Unkpj) wimp,
nponl wakrius
L gubyy dlepaud
Eodlpuli _
ki Unuhi jnbngps
Tmupmpk | i
gk | LLpyood b o
‘opuhr. Tpp
wyurpn ok b
wrpunppafus 99 Mo

bl. 3.6. ™ Tc —h qblikpunnph uubwnply wunlbpp
99mTc-[1 Jhuwwpnhdwl wwppbpmipnilp ~ 6 dwd £ b hwjuw-
uwpuwi2he yhdwlyn wonwowlnd £ ~ 24 dwd wlg: Uwyw)G hwdwfu
wlhpuwdb)mnpymbGhg GGhny, YJugnuip juunwpymd L opdu ko
(iniyGhuy dh pwlh whquwu: G-tikpwnnpp Swnwynd £ inw Wby wihu:

Mo — *™Tc¢ wipnhwG ghGwdhy hwywuwpwlpngwd Jpdwyh
nwuwlwb ophGwy E: GhlGwpwwmnph uywl dhe wywpniGwyynn 99Mo-]g
wpnhynus £ "Te —h (86%) U *Tc —h (14%): Ti(*™Tc) ~ 6 dw t,
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Ti5(’Mo) ~ 66 dwd t: Gpym nwnhnhgnunwGhph wnpympjwi
Jquwhijwonmpjwl Ynptipp dudiwGwyhg ppwo GG GY. 3.7-md: Glpw-
nnynud £, np jnipupwlsnip 24 dwdp dty wmbfuGhghmilG wdpnnow-
whu htinwgymu k£ qhtpwwmnphg:

® L Unthpnth

b

-
-~
-
=,
-
/' -

Shhikghnu|

Ugunhynipim b

[=]

jdmbmbrly, op

V. 3.7. Mo U ™ Tc numhnGnyhnGph wljmpynpywt Guhn]wonpyntp
dunfwlimlhg:

Gntiip mpnhdwl ontlpp Mo u *™Tc nwnhnlniyhnGiph hw-
dun’

dN,/dt = -MN; (3.6),

dNo/dt = -A,N, +A Ny, (3.7),

nputin N;(t) b Ny(t) — hwiwywwunwufuwGwpwnp Mo u "Tc¢ dhonty-
Gtph phyG t, huy A; U A, — ngpulg wmpnhiwG hwumwnniGGtpp: Uju
hwiwlwpgh monuip uyqpluwlub N;(0) = Njg, N»(0) = 0 yuydwbbh-
nh ntiwpnud YhGh'

=41
My () = Hyge ™ (3.8),
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g
NE rtw]- M{t_:l'ﬂ — :—.-l.:t:l
27 M : (3.9)
puae _ 10k 7 A3
Ay = A -h ntigpnid N, SheniyGhph phyp wnwybjw-
qnuyG6 t U hwgwuwp &

™ = ﬂ Mg e M
= : (3.10)
NrwnhnGniyihnuhG ghGipuwwmnplbpp oqguuwgnpdynd GG Gul
wj] hqnuunwGtip unwGuwnt Guuunmuyny: Adjulwl qultpwwmnpGb-
nnud oquuugnpoynn nwnhnGmYyhnGtpp pipdwo 66 wnynuuwy 3.4-nud:

Unjniuwly 3.4. Bdrljwmljul qhiliipuapnpliipnid oqipugnpoyny

nwnhnlintjjhnliipp:
Uwjpwlua
T n “Qniunp nwnhnlniyhy T in
nwnhn(nilhy

Mo 66,02 ¢ e 6,01 p
"sn 115,5 op T 99,51 n
Sy 28,7 wwph Oy 64,26 ¢
188y 60 op "Re 16,98 ¢
%Ge 288 op %Ga 68,0 n
Sr 25,0 op “Rd 1,25
¥IRd 4,58 ¢ SImgp 134
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