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UniiynyuyhG  $mnptiugtiighwjh Jupunpnipjmbp pGwghwnni-
pyjul wuyuwptqnd yuwjdwliuwynpjwo t wjl hwliquiwbpny, np w)l
wpyniwytn Yhpwnynd £ ny dhwjl ywpgq phihwlwl hwiwlunp-
qtinh, wy; Guwl pwpn YaGuwpwlwlwl hwiwwpgbinh nuundGwuhp-
dwl hwdwnp: UjG hgnp dhong L duniiyniujhG dwlwnpnuiyny Gjniph,
hGswytu Gl YhGnuGh hwiwyuwpgtinh yunnigwoph b nhGwdhywjh
nuntifwuhpiwl hwdwp: Uyn juywlgnmpjuwdp wmbtnhG L G4, np
Gplwlh ywinwlwb hwiwjuwpwih $hghjwjwl phthwjh wdphnGh
ghnniwlwl mnnnmipynilp plnggpymyd £ dnynyuwjhlG thnjuwqnbgni-
pynilltph nunudGwuhpmpniGp  YaGuwpwlwlwl GQwlwlnipjnil
niltgnn hwdwlupqbpnd, npuntn hp mpnyG dwuGwpwdhGG niGh
dinunpbugtiighwyh dtpnnp:  “khnbu 2000 p. ujuwo Gplwlh whunw-
Jwl hwiwjpuwpwbh bhghywywl phihwjh wdphnbp, 2Gnphhy dh-
owqquwjhl npuiw)GnphGtnph, dtnp L ptpt) b phyu QJwwn wy vwppw-
ynpnuiGtph pninptugblunwjhl vybupnpnmnibtinpp /Cary Eclipse
(Varian) Fluorescence Spectrophotometer/, hwiwlgywd Cryostat
Optistat™ (Oxford Instruments) U whgnupnuhwjh swihswG Cary
Eclipse Manual Polarizer gnpnny: ‘LyJwo uwppwynpiwl wnljwjni-
pynilp hGwpwynpmpniG E pGatnt] GywunwluihtG b wytih wpyne-
(Guytin wlgyuglbnt Unitynyuwjhl $mnptiugtiighwjhl Yytpupbkpnn
nuuplpwgltinG hGyybu pujupuphwnnd, wjGytu £ dwghunpuw-
unnipuynid: UYbhG, pmnptugblghwjh swthmiGbph hhiw6 ypw
unwgywo wprynGpGtpl pngpyyty GG ny Yhwyl nuwlnnGhph w-
Jupunwlwl wyfuwwnmwlpltpnd b dwghunmpnuwwl phgtipnud, wd-



phnlnmd hpwywlwgywo phljlwontwljul wnblwfunumpniGitpnd,
wj] Gwl dhowqquwjhl dwlwymd niltgnn ghnwlwl wduwgptinnud:
{wytintG tqyny «UnmbtyniyughG $mnptiugblighwihlG hhimGpGt-
pp» nuumiGulywl dtinGwpyh vnbinotwl wihpwdb)mnipyniln wwy-
dwlwynpjwo b dwyptibGh (hqyny wju wuwunpbghl ytpupbpng nu-
uwqpptiph puguwlwnipjuwdp, npp pwdwlywlhG pwpnnipymGGbp t
wnwouwglind nmuwlnnlbiph dnn nuuwjwlnynn Gmph ntuwyud
nnnijplbph jmpwgdwl, jwpnpuwunnp wfuwwnwlplbph wiglugiwd,
hGpGnipnyyG ghnwjuwl wyfuwnmuwlph juqiwltpuydiwl hwiwn:
dtinGwpyp yuquigwo L mwup qjfuhg b hwybjuwobtinhg: UnwohG
qifunid, npp Gwb hppb GipwonipymG L dwnwjnud, wpynd GG Hinn-
ptiugtimwjhl uytunpnunwhwjh pnhwinip hwmwbhyGtpp: Gpy-
nnpn gifund Gepyuwywgywo GG nyuh JubGiwlp wnlyynn hwuyw-
gnipjniGGtpp: Lwbh np . UwupqupjuGh «Unjtynyuwjhl vybyumpnu-
Unwhw» nundGulwb dtnGupyp 2003 p. hp ke Ghp L wnb) LEYn-
pnlwjhl JubiwG vwyblupnuynwhwjh pwdhlp, wjn wwwmdwnny
wju qjund wyl GEpujyugyuo L hwiwnnn winpununiwny hwwn-
Jquuwtiu wjl npnyypltphG, npnlGp Yuplbnp G6 Gwb pninptugtlghwjh
uytyupnuynuyhwjh hwdwp: Gppnpn gilund pGGwpywo G0 $nn-
ptiugtiighwjh hhiGwyw6 pGnmpwapbpp b gngnwo dnjtynih www-
gngniwl hGwpwynp wjy ypngtulbpp: npponpn qnifup Yepwpbpnid
L dnitynyh yunnigqwoph b $ninpbugblnwihl wnwpdwl vybljnph
dhol inwo Jwwh(, hul hhlGgtipnpgp” $pninptiugbGunwjhl wihgnupn-
whwyjhG b Gpw Yhpwndiwl ninpunGephG: 6-pn b 7-pn qunijuGtipmd Ghip-
Juwjywgywo k dhouniiyniywjhlG thnjuwgntigmpniGGph b ymohsh pLb-
nwjlmpjuwl wqntignipynilp $ninptiugtiighwjh vytyumph Yypw: 8-pn
qifunid pGGwpyywo L pymnptiugblghwih Yhpwenipynilp YaGuwpw-
Guiwl hwdwlwpgtph nmuniGuuhpnipymGGipnmd” wonwGdhG opp-
(GwyGtnh Gepyuyugiwdp: 9-nn qiunid Gupugpuo t pymnpbugh-
ghwjh uywtywph qpulgiwl wmbfuGhywb, huy 10-pn gumd Geplyu-



Jugwod bl jwpnpuwunp whuwwnwlplGbiph wnwownpwlplbpp b
JwnpdmpjmGGtpn:

dtin(wpynmd nbn G0 qunty Guwb htnhGwlliph nEjuwjuwpwo gh-
nwlul fudptinh Ynnihg ytipehl mwnphGtnhG vnmwgywo npn) tpuwb-
nhitiGunuw; wpnynGpGtp: {wybJuwobltpnid pipjwd GG Juplnp hwu-
nwuwnnt(itph wpdbtpGbpp, shwynpGtpn:

dtinGwpynd qupm Guwlwd pnl Gyniph jnipugnuip, hGyubu Gul
fuGphpGtph uomdp b gnpoGwiwl wyjuwwmwlpltph Juumwpnip
yGuywuwmh wyl ghnbtihpltph U thnpéh dtinp ptpdwln, npnlp wihpw-
dtipm G0 qhunmwhbnwgnunuijwl w)fuwwnwlplbpmy dniGynyuwihG
dimnptiugtiighwjh dtpnnGtpp Yhpwnbnt hwiwn:
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1.1. dpmnpbugllighwb b qpqnywd dnjklnyGiph wuyumqpqenudp

bminptiughlGg (ud  pmnptugblGuughl) uybupnuynyhwd,
hGswbtu U BEYupnGwihG yuubGiwl vytunpnuynwhw, gnpd niGh w-
nndwluwl Juwd dintynyquyhl hwidwwpgtipmd EiyumpnGwyhl LGtp-
qtimhl dwywpnuyGtph dhob hpwgnpoynn wlgnuiGtnh htin: Otiplu,
dhwlqwuihg wtwmp E Gpb), np EiyuwpnGwihl JubGdwl uyblumpnmd
gnugynn wqnubywlpn wyujdwliwynpjwo b LtiupuiugGhuwyui
Swnwquwjpiwli (mbuwlbh Juwd nyupuiwlnypwlugnyG) Ywd-
dudp, npl nintygymu L LiayupnGwjhl wignuing guonp EGtpghnhy
dwjupnuyhg wytih pwpdphG, dhGsntn pmnptiugklg vybiumpnu-
Unywhwl wnlsynd £ wowpywo Lijunpuiwglihuwjul dwnwqu)p-
dwl qpulguiwl htin, tpp hpwgnpoymd £ wyugqpgnnuin” wjuhlGpG
wlgnuip EtiumpnGujhG gpgnwd yhdwyhg' hpdGuwwuwGhG: CGnhw-
Gnip wndiwdp, EEyupnGwihG gpgnwdo yhdwyltphg (gnjugniGb-
nhg) nyupwiwbnuwyugnyyi b wtuwlbh $nnnGGinh wnwpniin
wljulymd k jynuihGhugblghw, nphlG b yuwwnwlnmd t pmnptiugbl-
ghw(: LjnuihGtugtGghwjh mwpwwbuwlGtpp upbh £ quuuwup-
gt GGy qpgniwG tnuGwyhg (mbu wnmnuwy 1):



Uyyniuwly 1
LymuihkuglGghwjh hpiGwljuw G mwpunmbuwlyibpp

Gplinypp Q-pgniiwb nuGwlp

bnunnymihGhugtlghw.
dninptiugtiighw-yupdwnb nruwpdwlynud Lnijup ($nwnnGh) YuGnid
Dbnupnptiugtilighw-mbwuwb nuuwpdwynd

bnGhquglnn

NumpnynuihGbughlghu Gwnwqujpnid
(ntGumgkGywi, o, £ ,7)

EiayupwnihGhugblighw Etupuywi nuywm

bnlwnuihGtugtlghw bnGGtph hwpJwoGtn
£hu G wpngt

LhshynihGtugklghw Pl wpngtu

(ophGwy, opuhnugnid)

PhnpnuihGhugblighw UtiGuwpwlwlwl wypngtiu

Clnhwlnip wndwdp nuyyu — Gymp thnfuwgptignipjnihg wnwow-
gwd hGwpwynp Phghuyuwb Ebtymbhpp quumybtpguo GG GY.1.1-nu:




Loyu-igme
Thnjumgn Egm Emi

Spmal Hpmbmul
wnudguljui 03 wnmdguljuh Inunnymauhitugkighm
(ok kb gpo) (Dunfuaiy) / \
Imnptugkhghm Fnudnpbugkhghm

Fimpmgnolpmi

wpugni ik 1P dplyt 10¢ - 14]ply?!
Fimpmgnolpmi

Igymiph whnympm i =10 injply 1ah]ply —14npl

S, —» 8 T, — S

Ul 1.1 Layu-tijnip ihnjuwmgnlignipjnilip i pininphughblighugh ni
Dbnupnpliughlighuyh dwdwlivljughli plinipuwgplipp:

Ddininpliugtilignn shwgnipyniGGtpp Ywnpnn 66 (hGh] mwpptp nb-

uwlh.

o opqubwmbwb Gmiphp — wpniwwnhly wouwepwdohGltn
(Gwypwihl, wlwpughl, ptGwGuptl, whptG, wybtphka
wy1G), pyninpliugthl, nnnudhG, wynihtGatn, nhptGhpwynihta-
Gtp, wihGnppniGtpn (uphwyundpw G, phpnghl, tlhpuwpubha)
b wyG;

o wliopquilimlpuli Gnipkp — (wGpwGhy hnGGhp (op., Eu’,
Tb*"), niputh hnG (UO;), hwybnyplbtp wwpniGwynn w-
wwyhGtp (op.” Nd, Mn, Ce, Sn, Cu, Ag wwpniGwynn), pjni-
ntinGhip (ZnS, CdS, ZnSe, CdSe, GaS, GaP, AL,O5/Cr’") b wyG;



o  dhipwnopqubimluml Giniphp — nmphlhnuih Ynduytpulbtp
(on., Ru(biPy);), jwlpwlhn hnGGtpny Ynduytipultin, $inin-
pnqliwghG lubjumwynpnn wqbklGumbGhnny YndwtipuGtp (op.,
8-hhnpopuhphlnihG) b wyG:

dimnptiughighwlG U pnupnptiugtiighwG nuthGtugblghwjh

Jwulwynp niypbpl Ga, tipp gqpgniwb tnubwyp nnnGh YubnidG t,
nph htwnbwlpny Yubnn dwuGhyltpp wiglind 6 EEYumpnGught
gngnyuwd yhdwyhG: Upwl hwonpnnn wuywqpgoniip pnnnGGtph w-
nwpniiny plnhwlnip winilny Yngynd £ pnunnpniihGhugtlghw:

Quiplnp £ Gp6], np dwnwquwjpwjhl wywagqpgenuip shwl dwlw-

wuwnphp sk, qul w) wyugpgniwl hGwpwynpnipyniGGbn’ GhpphG
UnGytpuhw — wGdhowywl ypwnundp hhiGwlwl yhdwyhl, wnwlg
dmnptiugtiinwjhG wnwplwd, Ghphwiwywpqujhl wlgnwd, nphG
hwonpnnud t hGwpwynp $nudnpbiugtinwjhli wnwpnuip, Ghpdn-
16ynyuyhG thgph mtnuihnfundp b YnGpnpdwghnG thnthnfunipyniln:
UpwGg dwuhlG wybh dwlpwdiwul Yhunugh hbnwquymd, bpp
ypGGwnpyyh Bwpmnbuynt nhwqpuip, nputn b hwiwenn Julnpu-
nunlwlp $nudnptiugblghwjh tpluniyphh:

Pwgh npwlGhg Ywpbnpynud £ wmwppbp qnponGGiph wqpbigne-

pnilp pnnptiughunuwghl wnwpdwb Yypw (GY. 1.2):
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Ul 1.2 Spninpliughlipughli wnwpdwd ypw wgnny hhdGulpul
gnponlilikpp:

blyytu wdiklG dvh $hghjwlwb dtpny PminptiugtlGuuyhG
uytjnpnuynwhw( bu nbGh hp hGwpwynpupnGGbpp b vwhiwGw-
thwynuiGbpp juyywo hwiwyupgh U fulnph pGuopnipjuG htwun:
‘Lwju wlhpwdtyum t Gph, np dnibyniqughG ymnpbugtlghw jupng
tl gmguwptinty «ynpwm» Junnigwop niltgnn iniiynyGtnp, hGswh-
uhp GG wpniwwnhy b hwnjuwwbu gmgnpnyuo thwgnipjmGGatpn:
Muwundwnp ujwln L Gpulnd, np wjng nhypnid gqpgnywd EEjumpn-
(Gujhl dwljupquynud qunlynn mwnwlinnujul dwwppuyGbpp 66
pGphwlpwlmd hpdGwlw6 EGupnGwihG dwjupquynd qunlynn
nwunwinquiwl dwywpguyGtph htm, npp mbnh nGh ny wpniw-
wmhl «aynil» dnjtyny Gtph nhypnd (GY. 1.3):

10



D ninpbugklgnn

bugh
dnytlny #p1ninpbughbilgnn

anpalyny

Sy

E S 81 E .‘\ //

Ul 1.3 dpninpliughligng h spininpliughligny dnjklniikph EGhpqliphl
dwlpmpnulilibph Qowmwyuwpllipp. G — hpdGwlpuml yhdwly, S; — qpgnjuo
wnwohli upliqiliyp Yhdwl:

‘Utipjuywuglhlp npn) pGnipwqpujul pininptughlignn dhwgni-
pjniGGtph yunnigwopltpp: ‘LY. 1.4-nd ptipdwoGtph dte GG Guwb w-
dhGnppniltiphg mphywundwln, phpnghln b ptGhjuwpubhGn: Upwip
hwlnhuwlnd GG pGuwyul pmnpndnpltin, npnlGghg mphywndwbp
witwhGumtluhy pninptiugbilgnn wihGnppnil £ uyhwmwynigGhpnud:

11



Ulnnpughi Dhlimlnnptl Mhpku Nkphk
o] 0
\ OH OH
NH, NH,
O ¢} HO
Unudwiphl Dhuhjuuhtu Phpnght

OH

Iz

Sphujunnduia
Ul 1.4 dpninphiughligng huuplnipjnil niliigny npny Juplinp
dpwgnipiniliikip:

Puwyjg b wjlybu, hwdwfu dwipninityny Gtph pGwlwl $ninptiu-
gtiignn hwwnympjniGGtpp pwjwpwnp 66 EpuwybtphibGunw] jhwpdbp
nyjwiltp uvnwlwnt hwdwp: Uhw wjunmbn t, np jupbnpymd L Ghp-
Unwoynn bininpnpnpltph (GouGwyhpltph) nkpp, npnlg oqlnmpjudp
U unwgynd &6 pwjuwlwlhG hwpnunm b ogunuywp wmbtntynipnil-
Gtn:

Unjnuuwy 2-nid pipJwo GG ghnwlwl w6 npnpunbtpp, npuntin
wnpryntGuwytmnpbl Yhpwnynd £ dnjtyniwihl $ymnptiugblghw:

12



Uyyniuwly 2

Swppbp wuyuplqGbpnd $pnnpluglligng GpuwGwlhpibph oquugnpdiwdp

unmwgynn wmbnklnpyniGGhp

Uwnwugynn mbinkljnipyn GGkpp

Ghnuljul woyupbq
MNnihitpwyhG znpwltiph nhGwdhyw, Huqtiph
MnpuitipGtip pwdwlnd, SwulhyGtph nhynighw wynihdtipwjhG
gulgtpmu
Ui Gninhr uhihuighiih dwytplngph pinypp,
wltiptiuGtn
dwltpunipwjhl putinw)GnipyniG b dnnphbhjughw

UU'L-tiph (nuonpGtip

U4U-h npnpnud, nbwqtluGiph pw)funtd,
pwtudw( gnpowyhg, UUTL-tinh wgptiqughwjh
putnn, pwqujhl wlgniGtp, hwybwbyniptph
wqnbtignipjnil

UtGuwpwlwlub
dtidppwGGtin

Lhuhn-uwhnwlynig thnfuwqnbignpynGatp,
huwnipGpwg nhpnighw, junnigywopwjhl
thnthnfunipyniGGtp, hdppwGuwjhl ynntiGghwy,
Yndwtpulitin, uyhnwynigGtinh mbnwjGugnud,
ynnuiGuwjhl quubipuy) juqiwynpnid b
nhGwshyw

Bywmhylbp

Gnl2tipnh pimpugptipp, dhypniwdnmghynipjm,
bwquiyhl whgnuiGtp, hwybjwlymptph
wqnbgnipjnil, Gpphl pH, pwthwlgbihnipymG

Uwhumwlmgltipn

AbGwwmnipughw, hinwynpnipymGGtip,
ynGdnpiwghnl wlgniiGtp

‘L hGwppniGhp

CupdnnquywlnipjmG, jupiw b nhGudhyu,
wwpniph Junnigyuop

UtiinwGh pohoGtin

UtidppwGGtnh, thyhnGtph, vyhwwymgGtinh,
QAUO-h, (FULE-h b duybptuwjhl hwwqgbGhph
wuwwnytipnid, GippeewihG pH, pehe-pohy, pohe-

Jhpniu thnfuwgntignipniGGtin, btpdtlumbtnh

wlunhynipjnil, ghmnunpuhy wimhynipjnil

13




1.2. dpmnpbugblinwjhl GyuGwljhpikp

hGswtiu Gpytg Juplmd, pmnptughilignn dmbtynylGbpp oquuw-
gnpoymi GG npuybtu GQwlwyhplbp’ numdGwupptym hwdwp ny
dhwjl wwnq phthwywi, w); hwnjuwwbu pwpn JaGuwpwluwyu
hwdwlwpqbipn:

Qnynuipjnil mGh GQuGwyhplGtph htnljw] quuujupgnip’ /w/
Gtpphl, utthww6 GyuGwyhpGhp, /p/ wpnwphl, npuhg Gipdnioynn
U ynjutiGunuwyhlG Juwny dhwgynn GruGwyhpltp b /q/ wpmwphd,
nnuhg Gtpdnidynn wungynn GpuwGwyhpbbn:

bhwpyb, GopphG, ubthwljwl GulGwyhpGtpp hpbwpuww6 GG,
pwjg Gdwl ophlGwyGtnp dhwjlG dh pwlhulG GG, oppGwl wphwwumn-
dwlp vyhmwynignud: UndwitlGumwjhl juwyny uuywo Grwlwynp
wnwybnipniG6 wungywoh Giuwmiwdp wjl k, np ngpw ntnuywjdwi
Juypp hwjnmbGh b: Pwuquiwphy GG ophGuybtpp, tpp GouwlGwyhpGtpp
UnuwbGunujhl yuuyny juwywo bl swytpunipwjhG wymhy GyniphG
(UUL), wnjhdbpwyhl pnpwjhl, $nudnjhwhnltphl, vyhuwyngGb-
nhG, ynihGnuginmhnGephG b wyG:

UY. 1.5-mud ptipwo GG npny Juplnp GyulGwyhpltp, npnGp plni-
pwapynid GG hhngpnynp, hhnpndh; b wihhdppp hwwnynmpjmGhitnny:
Ujuytiu ophGwy hwjwmGh E, np whptlp gnponwd £ npytiu hhnpndnp
dwpgh Gulwlyhp, wyl qquynil L pubpwjlnipjul (uundiwdp: b
hwuwnpnipynG whptGh, whpwlhGp wwn hhnpndpp U wmbnuy-
(wlmd E hhgpndhpwyhl opwjhlG dwpqnui: Pwgh npwulhg, wyl
qqunmG £ pH-h Gjuwndwip:

14



® o ® °
N
I a 0;8 I OH Na 0,8 O——(CHy)y—CHs
O ® o O o @ ] <) O o @
Na 038 SO; Na Na 058 SO; Na

1 2 3

QQO ///
o

5

4
l Z NN O OS?OCHa =
@ OH
N(CHo)s
6

Uly. 1.5 <pnppnppy, hpppnpnp b wd phppy Gpulivlpplbp. 1: whphb, 2: 8-
hhnpopupwhphl-1,3,6-Enoodpuljul ppyh kinimupphnidwliul wn
(yhphGhb), 3: S-wijopuhwyhphb-1,3,6-tnoodpuliul ppiyh
nfiwpphniduliul wy, 4: 1-whpblnnpbljwGuppni, 5: 1,6-nhphbp-1,2,5-
hlipuwapphlili (DPH), 6. 1-(4-ipphdliphjudnlihnid blilipy)-6-phlp-1,3,5-
hlpuuwapphbil, w-pngning uniypnlivup (TMA-DPH), 7 — ghu-wwuphlwpwppni:

Unwilishli Qwphnp wuwwpbq b dnjblnijughli pininphughbb-
ghwli wliwyhphly phdfugnid:

dninptiughGunujhG wlwihgh nwpwojwonmpnilip yuwjdwlw-
Unpjwo L dbpnnh pwpdp qquynilnipjudp U pGupnnuywlnipjudp:
Gpp wlwihqynn Gympp dpnnplugtlignid b, wuyyw Jupbih hpugnpoty
wdhowul pnmnpndtinphy qpulgnmd’ oquwgnpotiny uwtjnpnd-
[nunpnibun, npG wpfuwwmnid L npnpwyh gpgniwl b wnwpynn wihph
tpyupnipyniGGph mhpnypnd: Ldwl nhwptphg GG, ophGwy, wpn-
Jwwhl wohuwonwohGltpp (sUpwlyJwo jnintp), uwyhwmwynigGbpp

15



(Undh Ywpnud, wpyub 2héniynud), npny nhinwdhengGbp (Wnpdhb),
pipndhiGhpp b wyG:

Pujg, hhunpyb, wtwnp L Ghuwnmh mGtlwy, np hnGGtph b dnbyng -
(tph qbipwlnnn dwup g0 dminpliugblignid b wjn ywwmdwnny k) Yh-
npwnynmu GG ny wldhowywl dtpnnltp’

- wowlgynn vtipnn. hhdpmd pGywo £ wGwihqynn Gyniph nbwy-
ghw( dh npuk GuGjnph htin, nph htmbwGpny wpw9wlinud |
$ninpliugtiignn shwgnmp)nil

- pmnptiughlignn Yndyipuh wnwowgnid. vw hnGGtph U Ungb-
yniGtph hwymbGwptpdwl hhdGuwwb tnubwyG

- $inptiugtiighwjh dwpnud, npl wpyniGp L wlwihqynn Gynt-
ph U dmnptiugtilignn dhwgnmpjwl thnfuwgntgnipjul: Uwu-
(wynpwytiv, wju dbhpnnp qquynib £ quqtiph hwymGuwpbpdw 6
hwiwp, ophGwy 9pmd YJwd wpjwl vt moywd ppywolh,
SO,, H,S, HCI b wyG:
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q4LNkMNv G0N/

NRLSAUUUTVARCUUUGNR3Y BU. SGULLELE LARSUR
YLUWAMNT. ELEUS N VU PL UuSNRULE D
@uuaeureNrUe AEQUUSAU UNLEUNRLOVEM R

UnitiynyuyhG dmnptiugtlighwjh Gpuniypp pGphwlnip wndwdp
wnlymyd £ dnynymd hpwgnpoynn EGYumpnGuyhG wlgmuiGhph
htun: Lphklp, np LiEyunpnGwjhlG wignuip hbmbwp & $nnnbh Yubni-
uny wyuwjiwlwynpwo LEyupnGh wigiwdp’ hhdGuwlywl Jhdwynd
qu(ynn dngklnijh opphwwihg ghiwh sipugyduo opphunwy: Wjn mbuw-
Ytwnhg htwumwynpymd t uyqphg pGGwnpyty (Jtphhoty) dnynynid
wnlw nwpptip mbuwlh opphwmwGtpp:

Muwpgq Juy wnwowglnng g-opphwnwy Junpnn b duwynpyty Gpynt
wwmndwjhl s - opphwmwyGtiphg, Wty s - L kY p - opphwnwhg, Juu L
tinynt p - opphwnwyGhphg, npnlp nmGkG vhdbwmphwjyh Gniy6 wnwigp-
Gtpp: Wyu dund wnwowgwd Juuwnp Ynyynmd ¢ Juuy: 7 - opphmwyp
dLuynpynud t YnnuiGujhG ytpwnpynn Gpym p - opphunwihg: Unwow-
gnn Juuwp Ynyynd £ 7z uyy: OphGuy, EphitiGnd (CH,=CH,) wotuwd-
(h Gpynt wnniGtpp hpwp dhwugwo GG Wby o U vy 7 juyny: {udw-
wuwunwufuwl LGtpghwyny $nunbGh Juliwl ghuypnd Jupnn Lt 7
EitywmpnGGtphg WkyG wlglh fjuwphunng #* opphwnwy: Uju wlgnuip
Ungynid £t 7 - 7% UnwybjugnyyG LGipghwl wwhwloymd Lt o
LitupnGGtph qpgniwl hwdwn, pwlh np o Juup hwitiwmwpwp
wybih winip Juy t, nunp ¢ =¢* wlgnidip hpwuwlwlnd b htnm
NRU dwpgnui: UGhwdtdwwm thnpp EGhpghwltp wywhwlend GG
r-r* wlignilhpp, npnlGp hwwunny G0 shwqbguo shwgmpjmGGtphG
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L pGywo GG dnnpy NRU L mbuwGhh dwpgtpnud: Unjtlniyp upnn L
nGkGw) Gub squuulygnn EEYupnGatp mtnuywjuwo htmbpnuwwnn-
umd, hGswhuhp GG, ophGul, ppywdhlp Jud wgnup: Liwl WUntynt-
(wjhG opphumwiGtpp Ynyynd GG # - opphwnwiltp: QQuuwygnn
EiEyunpnGh wigndp pupfuinn opphwnwy hGwpwynp £ b Gdw6 wlgnt-
un Ghpjuywugynud £ nputiu 7 -7 * wlgnud (ophGuwy, YhwnnGGhpnd):
Cuwn EGtpghwGtph waiwl wju LEYupnGwihG wignuiGbpp wnpynud
L6 htimljwy pwppny
noxg* < goxag*<n-ooc*<o-on¥*<o-oo*

Nputiu nuuuwywl ophGwy, npG plngpymu k Ytpp Gygwo pnnp
wlgnuifpp plnpniGwo £ nhunwplty $npdwnbhhnh  dngGynygn:
Ul. 2.1-md pipjwd 66 pninp hGuwpwynp wignidGhpp:

T
i .
/C—Q.
H I =
G n
A
1o o
T LUMO 1 1
n(p) —H— Homo — , H !
P 4 A 4 A7
E: H ‘ F
o —H— e s sl
Zhdtwljut c—>»c* n—->roc* n—»1* n—o>7n
yhdwy

Ul 2.1 dnpdwnbhpnh dnjhlniyughli opphypwyliiph Eihpqliyphly
dwlpupnuliliipp (FLUO (HOMO) — pupspuqgnijli jpuigyuio dnjliljnijughli
opphiypuy, AU O (LUMO) — guwopwmqnijli sjpurgyuno dnjliljnijuphli opphipuy)
I hiwpwynp EElppnluwghl wlgnuflbpp:
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blswytu Juiiwb, wjlybu £ $mnpbugtinwjhl vyblunpnuln-
whwynd Jupbnpynd GG Gpynt mhyh opphwmwGhp’ pwpdpwgnyG
nmwgywo iniiyniuwjhl opphmwiltn b gwopwagniyl sjpuguo vingb-
YnuyuyhG opphunwyGtin: UnwohGh hwdwp plnnibGjuws T HOMO hw-
wyuwymuip, npp wlqtintG GpuGwynuiG t Highest Occupied Molecular
Orbitals, hull tpypnpph hwdwp LUMO  hwwywynip® Lowest
Unoccupied Molecular Orbitals: bnpdwnthhnh ptiypnid HOMO-G »
onphwnw( £, huyy LUMO-G" 7 * opphwwip (nt'u GY. 2.1):

COnhwlnp wndwdp, dnjtynih hpdGwiwG yhdwyhl yqunmljw-
(inn hwywnwy vyhblny Gpynt LGupnGGtphg dklh wignuip qpgpn-
Jwo yhdwyhG Yupnn E hpugnpoyby tpynt dwGwuwywphny /w/ wnwig
uyhGh thnthnfudw G, wjGytu, np wipnnoulwl uyhbGwjhl pywlmw-
JhG phdn nupdjwy WGmd £ hwjwuwp qpogh (S=0) L, httmbwpwn, hG;-
whu hhiGwywd, wylybu £ qpgnyuwo Jhdwlybtinh dnpmhuwytinipjnt-
Gp hwjwuwn t dGYh" hwdwdwjG M = 2S+1 pwlwdlh, b /p/ uyhGh
opodwip, nph wprynilipnd YniGGulp wmphytn qpgndwo Jhswly
(4y. 2.2), pwGh np S=1 b, htmbwpwn, M=3: Unwohl hpwyhdwyp ph
hhiGwyuwG, pt qpgndwo wlwbynid £ uhlqiin yhdwy: Uj6 unynpw-
pwn Guwlwyynmd b Sy hhdGwywl Jhdwyh hwdwp, b Sy, S, .0
gngnyuwd Ypdwlyltph hwdwp: buy hwiwywuwwuhiwG wigndG kg
Unsynid k uhGqitimn-uplgiinn whgnd (GY. 2.2):
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o
- — 4

<huGwywd Q-pgnuwd uhlgrtin Q-pgnwo nphwtn
Jhdwy Jhdwly Jhdwly

Ul 2.2 <pddliwlpuadi, gpgniuwo upligrlop b ypphwlip yphdwlGhpp:

bnpiwmbhhnh dniynynud juwwygnng b sjuwwwlgnn opphuw-
Gtpp mbnujGwgywo Gl wwmnilGtph qnyyqtiph dhot b wju nhiypnid
wnw(duwguwo nhnwpyynud GG dhwly uwh ¢ opphwmwGhpp L dk-
Unuwgywo Ynyliwyh yuwwh 7 opphmwGtipp: UhGsntn, wihpuwdtyn
L nlinqoty, np qnignpjuo hwdwupqbpnud, hGywtu ophGuy ptlqnip
U pnipwnhtl6 GG, hpwgnpoynmd E 7 opphwwGtiph Jtpwowoymd b z
LiayunpnGuwjhG hwiwuwpgn ghnwpyynd £ o uuybphg wGyu (GY.
2.3):
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So

Ul 2.3 Upliqilip hpdGwlpub i gqpgnyuo yhawlGhpp pnpduwgnbhpbh
ophliwliny:

Jwqgbgwo opqulwlwl dntiynyGhpmd, hGswyhupp GG wwG-
Gtnp, EiaYyunpnGuwihG wigniGtpp o =0 * mhwh G6: Upndwnply dngk-
UnijGtipnd U dhwgnipjniGGpnid, npnlp yyupniGwynd 66 =C=C=u
=C=0 hudiptp, ppwyuwlwlimd t6G Gwb 7 -7* o ->7a* L n ->7*
wlgmuilbtp: ¢ =7 * U n >z * wlgniGbpp pnyy] wigmiGtp GG, pwGh
np npulp wpgbwo GG pun uvhdbnphwjh: 7 -7 * wigniGbpp 7- 7 *
wlgmuGbiphg mwuppbpymy GG wnwohlG htinphl hptlGg hGutGupyni-
pjwip: Gpt Juldwl dnjwjhG qnpowyhgp' €(1)-G, 7 »7* pnijjuwm-
ntith wlgnuiGiph hwdwp 10 000 W wybihG E, hul wpqbuottph hw-
dwp 200-hg dhGsk dh pwGh hwqup, wyw 7 = 7 * wignuiGtph hw-
dun pnipugpuyu GG 5 - 1000 wpdtipGpn:

Luwlh np, hGyytu dnunnGh Jubiwl, wjlytu b wnwpiwl nhiuy-
pnud gqnno nilGbbp EihyunpnbGwyhl wlgdwl htim, npnbn Guwb nghunwpy-
ynud GG hpuGwyw b gpgnywo yhdwlyGtinph mwmwlnqujul dwljunp-
nuGtpp, wyw wnbnhG L winpununtw; dpwly-UnlgnGh uyqpnil-

21



phG: {wdiwdw)l dpwly-UnlnnGh uyqpnilph’ EGiwmpnGh wlgniudp
ntiyh squuuwygnn dnynyuyhG opphww) wmbtnh L mGhind pwwn
wpuwgq (10"%Y) b ShenyGtph nhpph thnthnfumpniG gnpdGulwlnptG
sh hpwgnpoynud:

‘Lwtu Gotbp, np hhdGuwywG EEYumpnGughl yhdwymd dngbyng G-
np qubynid GG v=0 wikGugwop mwunwlinquijul swjwpnuyh ypw:
QuubGdwl ptpmmd qotinph hGutGupympjniGp b ngpulg hwpwpbpni-
pynilp Ynpnpytl hhuGuwyuwi b qpgndwo LityumpnGwihl yhdwyGbpnud
nwwnwinnuiub wihpwjhlG $mbGyghwbtph Ytpwnpnuing: Unwohb
ntiypnid, tpp hpiGwlwl b qpgnwo YyhdwyGhph dhodhonijwjhl
htinwynpipjniGGtipp GnyGa GG, 0-0 wigdwln hwiwwywwmwuhuwlng
qhon YhGh witGwhGumbtluhyp, pwlh np wju whgnuip wywhnynid k|
nwwnwinnuyjub wihpwjhl $nGyghwitph wpnyniGuytn yopuwowo-
ynud (GY. 2.4w): Uynwn wlgmuGtpht 0-1, 0-2 L wyil6, jhuwiwwywwmwu-
[uwGbG wybih thnpp hGmtlGuhynpjulb qotp: Cunm npmd, wyn 2wnp-
pnud qotiph hGwnbGuhynipynilp thnppwlnd t, npnyhtimb hhdGwyw G
EityumpnGuhG yhdwyh v=0 mwmwblnnuub wihpwjhl dnilGlyghwjh
Ytpwnpnuin gpgnywo EityunpntGuwjhG yhdwyh v=1, 2 b §jniu mwwnw-
Gnnuywl dwjwpnquyltph htn qquih sk (GY. 2.4w): Ujniu nhypnid
(GY. 2.4p) qpgnywd Yhdwyh wynunblghwy tGtpghwjh Ynpp 2tnfuo t
ntiyh wytih ko dhovhonmywjhl htinwynpmipjnibp: Fw wnutu L,
pwih np gpgnywo yhdwynid unjiynith opphwmwyGtipp, npwtiv yulnd,
fuwpfupJwo GG: Uyjunbtn wpnbl mnnuwhwjwg dpwlly-Unbnnbyul
wlgnudp {hGmd Lt ng pt 0-0, wy® v=0-hg ntiyh qpgnywo yhdwyh
wybijh pupép mwnwinqpuijub dwupnquyltpp, npp hwdwpp Yuju-
Jwo L Ghpplh U Ytpbh yhdwybtph dhedhonijwyhlG htnwynpnipjnil-
(tph wwpptpnipniGhg (i ynunblGghw Ynptph dhdjwlg Gyuwn-
dudp nilkgwo ptnnudhg): LY. 2.4p-md pipjwo ophGwynid ninnu-
hwjwg wlgnudp 0-2 t: Alwjuwlwpwn wyl wlgnuiGtpp, npnlp wnbtinh
Ll nGhimy nhuyh ngpuGhg wybtih gwon L pupdp mwumwlnnuyub
dwlwnpnulyGtpp, thGnd 66 wytih phy hGunbGuhy:
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Mhwy r Mhwy  Mhuy r

<I

(w) (r)

Ul 2.4 Spulil-Unlinnbp uljgpniliph gnigunppnidp b Fllpppntughl wlgdwb
2lipapp ypueplinguljuli unnigfudpp yuuppbip nliypliph hwaidwp: (w)
hhdliwljuli i gpgnywo yhdwliliiph dhpdhoniljuhli hinwynpnipjnilip Gnylba
L (p) qpanywio yhawgnid dhodponiughli hinwynpnipjnilili wylijh dko L,
puli hpdlimlju i yhawnid: Ghipphnid ppguo bl hwdwwupuupuuli
pwpwlbnquljul Juwnnigiuoplbbipp:
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Uujwohg htwnbnmd b, np pwgh «dwpmp» EjupnGuwihG wi-
gnuihg, npG pun Enipjub 0-0 wlgnuiG t, Yub Gwl dh pwlh nwwnw-
(nnwluwl wlgnuiGtn, npnlg hGuntGuphympnilGlbpp juhujwo t6 wn-
wblighw) LGpghwjh Yynptph hwpwpbpwlywl nhpphg U wkuphg (GY.
2.4w, p): UYyGhwjwn k, np pwly-Yninnbjub «ninnuhwjwug» wlgnii-
GtpG hptGg wantgnmpjnilp YnbGtGwa hGyybu Jubiwb, wjGybu k)
dmnptiugtiinuwyhG wnwpiwG uybywmplbph wmbuph Ypw: Otplu,
whtwmp b Guwwh nmGGGw], np Jwwn ghypbpmd pymnpndnph b YJud-
dwl, b wnwpiwl vyblupltpnd nwnwlinqujuwb Gnpp juwnpmg-
Jwopn h hwjwnm sh quihu’ wuwjiwlwynpjwo wjuybu Ynsgdwd hndn-
qtil U ny hningbl jwjGwgdwl EhtymGupny:

2.1. EjijumpnGwgh6 mGgnudGbph hpGubkGupyynypynbp,
Lundpbpun-Bhph opklpp, oughpjuwwmnph nd

Uytywmpw) qoh hGumbGuhynpjniGp npn)nn JupbnpuwagniyyG gnp-
onGGtphg t Gwl wigiwl hwjwlwlywlnipjnmlp: bhun wuwo, wig-
Jwl hwjwliwuwlnpjul hwygyunpyh hwiwp wihpwdb)nm t pdwlug
wjl Gpym JhdwlyGtph pywlunwibfuwGhulwb wihpwjhG $mGy-
ghw(tpp, npnGg dhol wmbnh L niGimy wignidp: Mwpgbnt hwdwn,
pti mjw wlgnuip wpgbhpwo £ juwd pnyjwuwnmpbih, wybih hwdwpu
oquymu GG pGunpnipjul YulnGGhphg: Uyn ulnGGbpp dbwybpuybg
L0 npuuwlyuwl nuunnnipjniGGiph hhiw6 Yypw: pwlp Yatpywjwg-
ytl hwiwywunwuuwl vytlupw dwpgtpp (WepnnGtpp) pGaupyt-
1hu: Uytunpw) qoh pGntGuhympnilipn yuhudwo t uybupp wuwj-
dwlwynpnn Gyniph YnlGghlGnpughwjhg b Giniph dhony wlglnng niy-
uh dwlwwwphhg: 2GYGnn b wlglnn nyutiph hGumbGuhynipnGGhph
Uhol qnjmpjnil niGtgnn pwlwyuwlwl juuyp npynd b Lwdpbpn-
£tinh hwjnGh optilipny
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1
lgT0 =&l (2.1),

npntin [-G'wlglnn nyup, Ip-G pGYGnn Yuwyi vyqpGuub nyup hG-
wmbtluhympniGGupG GG, c-G Gdniynmd nyu Yuwlng Gymph Ynlghlunm-
pughw k, I-p° Swnwqujph wigiwl dwlwwwphp:

D= 1g]]—0 2.2)

U Yngynid £ oygumphuyul funnipniG: Opn nhyptpmd (hwnjuwuytu
hGbpwywnpihp vybupnuynuyhwjnd) oqunugnpoymu t pugpnnnuip
(GruGwyymy t T-ny, wGqitiptl Transmission punh uyqpGunwnny),
npn npnpynid k
1
T=— (2.3):
1

0
hwpwpbpmpjwdp: (2.1)-(2.3) hwjwuwpnuiGiphg hbnbnd £
—1gT =D =¢gcl (2.4):

Lwbh np -6 sh yupnn WGo 1hGb) Ii-hg, nunp” T < 1 U pugpnn-
dwl mnynup YihGh Vpx100: e-p tpunpGyghwh Yud uGdwl dnjw-
JhG qnpowyhgl t, npp pmpwgpnid £ wlgdwG wmbuwlp (Kayunpn-
(Gwjhl, mwnwlinquywb b wjG): e-h wpdtpp Juyywo t wligdwh
hwjwlwlwlnmpjuwl htim" wigiwl vt hwjwlwywlnpjulp hwiw-
wuwunwufuwlnu k e-h vGd wpdtip b hwywnwyn:

Ujunbn Lu dbly wlqwd Lwdptpwm-Ltph optlph pGGwpydwl
JupbnpmipyniGp wuwyjdwlwynpyuo £ Gwb wjl hwlquiwlpny, np
dininpiugtiighwyyh  sunhnuiGephG Guhunpnmd t pnnpndnpph Yu-
dwl uybywmph gpubGgnidp’ Gdniph YnlGghGumpughwjh mhpniypp wun-
qtini, gngniwl wihph tpupnmpniGp b vybywmph gpulgiwb owywnh-
dw wuydwGbGbpp npnpwyh nupdGhnt hwdwp (nb'v EpuybphdkG-
nw] Ywu): Ludptipn - Ptph mnnuqowjhG optiphg 2tnnuiGhpnp Yuw-
pnn GG wuwyjiwlwynpywo 1hGhy Gyniph pwpdp YnGghGumpughwGbph
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nhypnmd wgphquunugiwl tpunypltph, Juwd YJulng wy Gniph
wnwjnipjuip: Unynpuwpwp, e-p npnpynid E JubGdwl dwpupinidh’
A-h hwdwp, pwGh np wyn wihph tpupnipjul nhiypnid t, np dngb-
Unun Ywbnud L dwpuhtiw] sguthny: e-p Yupnn t niGtGuw; 5-100000 wp-
dtpGtipp’ JupuJwo tiEyunpnGwihG wigiwl mhwyhg. T = 7* wigdwd
phiypnid JuGdwl dnjwjhG qnpodwlhgp Yupnn t plnoiGhp 500 -
100000, huy n = 7 wlgdwl nhiypnid 5 - 1000 wpdtipGhpn:

&-h htim . wnlsynid oughpjwwmnph nid hwuljugnmpjniln:

bGywbtu wppbG Gpyt) &, Gdniph dhony wGglnn U pGlyGnn nyuh
hGuntGuhympymGGoph Juwp wmpymd b Lwdptpm-Ptph opklpny
(2.1): <ph2jw hwjwuwpniihg hbnbmd k, np e-h swihnnuyulnipjniGp
[-dn[l-uli'l E: Unynpwpwp Jubiwl nGuwlnpnilp pmpwgptint hw-
duwn ytpgymu £ vybjupuy 2tpnh dwpupdnuihl hwiwwywnmwufuw-
Ginn wpdbpn’ ema (GY. 2.5w):
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(w)

8max/2

Emax (n)

Vmax

Ul 2.5. Gpuliduli plpapp ipliupp & - V §nnppplivuplbpny:

Pwyjg pGywbtu tpund £ GY. 2.5p-hg, éma-n ng Uhpn Jupnn E
hwlnhuwlw] yuubGiwl mGuwinpjul pwiwjuliuwl jwihwbhy: Uhl-
(nyyl &emax-h wpdbp nilbgnn Ynpbpp yupnn GG nGhlw] mwpptip dw-
ytptuGhp:

v,

A= j Vv (2.5):

A-G (wyl vybtunpwy 2tpnp pGghwinp hGubGuhympyjwl hpw-
Juwl swihwGhyG t: ‘LPLGp, np e-h swhnquyuwlmpnilGp pwgh
[‘dnl'l-ud'l—bg Juwnnn L Gopluwjwgyt b nputiu dn[l-uli2: A-h sunhnnu-
YwGnpyniGp, wjuwhuny, Yuwpnn b wpnwhw gt ongad> gy -ng:
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blwmtqpu) pGntGuhympmilp hwdwh wpnmwhwjnymy £ swhnnu-
Julnipyml snlhgnn dhompjuwdp f-ny, npp Ynyymd L oughyyuwmnph
nid
4m,-c’g,
;A=
Ne
npwuntin &, -6 quynnush nhtbyuphl hwumwnmGa6 t, c-G° iniyjuh mw-

4me-czg g
f= ey 20,

pwoltwl wpwgmpjnilp quyninuind, N-p° Uynqunpnjh phyp, me-G°
tityupnGh quiqquop, huy e-G° thgpp: Oughywwnph mdp, thwu-
wunpbG, Gpquo A dwlytpbul £ puqiuuyunmywd hwumwwmnilinyg, nph
hwpyniihg b uvnwgymi k& (2.7)-p
2]
f=4319-10"7 [ e(v v (2.7):
i

Uotilip, np (2.6) b (2.7) hwywuwpmiGipnid v -G wihpwjhG phyG
t (ui™), huy 8(17 ) -h swthnquiwGnipyniGp’ (v ud™”

Uhutiphly wntiup niltgnn JuGdwb ptpnh hwdwp (2.7) wpunw-
hwjnnpynGnid hGutgpuip upbih b gimfuwphlly €nec AV wpnw-
npjuiny, npntn Av,,-G 2tpnp qwjlmpnGQ b e=gn. * 1/2 wpdtph
hwdwn (GY. 2.3w): Ujn nhypmd”

f=4319-10" &, -AV,,, (2.8):

bGwnbGuhy wlgnuiGtph oughpywwmnph nidp dnwn k& dtYhG, nph
nhiwpnud BnjwjhG EpunpGyghw6 tinfuynid t 10%-10° wpdbpGtph uwh-
dwGGtpnud:

Oughpwunph nidh Jwd hGunbqpui hGunbGuhynipjuwl L Epu-
wmhGyghwjh gqnpowlygh vholt tqnuwd hhuGwywl nmwppbpnipmniGp w)l
L, np wnwohGlGtpp plmpugpnid GG hGuntignwy hGuntGuhynipnilp
hwdwhimpniGGeph nn9 whpnypnud, huy dnjwjhlG tpunhGyghw
plnmipwgnnud £ Jubiwl hGumbGuhynmpyniGp wihph npnpwyh Gplyuw-
pnipjuwl mwly: Oughpywwmnph nidp Junpunp E b Gpw6ny, np Jupnn k
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hwpJwnplyty wmbtuwlfulnptb: 9w pyuwlunwibuwGhyuywi hwp-
Juwnip yuwynd £ wigdwb ghuyny indiblwn hwuljugnipjub htin:
Lphy poyjjuunntiih wigiw nhypmu” f=1:
n - m*wlgnuiGiph hwdwp f -h wpdtpp =107 t, 7 > 7* wi-

gnuiGtph hwidwp f -h U e -h wpdbpGtpp wybh pwpép 66 f p sw-
thnnquywlnmpjnl ynilkgnn dkonipyniG £ U ngpuw Ywpuhdiwy wpdbpp
unu b 1-hG: GiwG nhwpbpnud eh wpdtipp 10° Jupgh ShonpniG k:
Quytpywo 3-md phpdwo GG pminptiughlghuyh wmbuwlbnhg Yu-
punpynn npn? dShwgnmpnGGtph e-h wpdbplGhpp: buy hGs Yapwpt-
pnud E wdhGnppniGtphl, wuyw GotGp, np npulg dto dwuh EGjunpn-
(wjhG wlgnuiGtpp o = ¢ * mhwh GG, npnGp hppwwGwlnid GG htnnt
NRrU dwpgnuy, 230 GUi-hg guop: PugwnnipniG GG juqund dtlhjw-
JwGhGp (Phe), phpnghtp (Tyr) b wiphwundwp (Trp), npnlp ponpG £
wwpniGwynd GG $tGhp ppnindnp funudp b Julmd GG 250 Gd-hg
pwpép wihph wwly: Uyhwnwynigltinh 280 Gd Juwlmdip wpnynilp L
= 7 * wlgmuGtnh:
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SLAMLEUSELSRUYL BU. 4G U0 UNLEUNM WGP
unuareNUtiv UL NrNssUvENe

3.1. dymnphugliumuwjhG wnwmpiwb pGnmpwuqpbpp

Uju qqfund yGtpyuwjwuwgytl nonypnd qulynn qpgnjwd ingb-
Unih  pmnpliugtimwjhG wnwpdwb plnipwqpbpp, npnlp, dwulw-
Ynpuwytiu, plngpynud GG EupnlGwihG JhdwyGtph dhol dwnwquyj-
pwjhG U ny Swnwqujpwjhl wlgnuiGtpp, b WntYnyh unngwoph
wqntignipnilp: bull hGs Yyopwptpmd £ dntynyqwjhl thnjuwqnbgni-
piGGtnny  wwjiwlwynpywd  pnnndhghjuyuwl wpngtultphd,
wujw nnulp YphhGwnlyyb6 hwenpn snppnprn gfuntd:

Bwpnliuljni phwqpuidp. Eihlpppnbuwgpl Jhawllbph dhol dur-
nwquypwyhli i ns dwnwquiyypwjhli wlignidlikpp

Gnp Uniynyp YJuubting $nnnG wlglmd t qpgnwd yhdwyh,
wji Yupnn b ytpwnunluwy) hhiGuywl yhdwyhl hGyybu dinnpbu-
gblighwjh, wjlwtu b wywgpgniwl wy SwlGwwwphGbpny: Lnyup
Jwlnuiny qpgnywo dniynih Lapghwjh Ynpniunp (wuywgpgoiwi)
hGwpwynp dwlwwwphGtpl G6. dwnwquwjpwjhl wignuiGtpp hwi-
ahGu ppninptiugbghwjh b pnupnptiugtiighwjh, b ny Gwnwqujpwjhb
wlgnuiGtpp’ pGngnpybny GepphG YnGybpuhwb b shohwdwupqujhG
wlignud: Uty wj) yuplnp wypngtiu £ hwnhuwind munwinnuywl
ntjwpuwghwl (mwunwinnuiwb Yuuyur): Uy tpbngpp yujdw Gw-
Unpjwo t wjyl hwlquiwbpny, np qpgnwo EityumpnGuyhG JhdwyhG
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hwiwwywwnwufuwlng mwnwinqujul dwjwpguyibpnd hppwgnpo-
ymu G0 ny Swnwquwjpwjhl wlgnuiltp dhlyb wikGwgwop dwljwnp-
nuyn, nppG b hwonpnmd £ pmnpliughGghw: {wdwjupgmy wmtinh
nilitignn dwnwquwjpwjhl b ny dwnwquwjpwjhl wligmuibGtpp Giplw-

Jugynud k6 SwpmnGuynt nhwgpuwdh dhengny (GYy. 3.1):

Sz

: utipphte
I nudkpuhw Uhghulwljupgquyht wignd
T T
Si VW
Yrubnud pmnpkugkghw
// A
hva  |hva \h“w hK
VP
$nudnpbugkiighwm
So %
0

R

Ul 3.1 Bupinliuljni nhuwgpuidp:

Th

Jdtpp Gpywo dnnnwpngtiultiph pmpuwgpujul dwdwlwlyGbpp
ptpjwo GG GY. 3.2 nud”
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Rimpugpuljubi duiwbGuljuhwnyjwadbbp
iulnid 10" Uny

Swunwlnquyub nhjupuwghw 107 -10" uny
S1 qpgnjwd YhGwyh Yjwlbph
wmlnnnipjnilin
Uh9hwiwlwpqujhl wignud 10"°-10* Uny
“Uhipph6 YnGgtpupw 107" =107 qpy
Ty qpanywo Jh&wyh Yjwlph
wmlnnnipjniln

10" -107 yny — dmnptiugtilighw

10°— 1 ypy > Dnupnpbughlghw

Ul 3.2 dnipnphqhljuljuli wpngbulibph plinipuqpuiljubi
duwdwliwljuwhuwipuolipp:

Lnyup Jubnuip puqiwmnd dniyntGtnh Ynnihg hwiqtiglnid L
LiyupnbGuwyhG wlgnudGtph hhiGwlwl uhlGgin  hdwyhg (So)
qnqnywd (S,) yhdwyhG: UhGgitnn hhuGwlwl, wnwohlG U tpYypnpn
EityumpnGujhG qpgnwd Jhdwyltpp hwiwywmwufuwlGwpwp Grw-
Gulynud GG Sy, S; U Sy: Uyu EityumpnGuyht taipgtnmply dwjwnpnuy-
(Gtphg jnipupwlynmpmy pninpndnplbipp Yupnn GG gyt mwwnw-
Gnnuywi tGhpgbtwnpy npuk 0, 1, 2 L wyG Ywwpnuymy: Swppbp
EityumpnGujhG JhdwyGtph dhob wignuiGtpp Ghpluwjugjwo 6 nn-
nwhwjwg qotipny, plnqotim hwdwnp wyl, np wyn wypngbul niGh
wyGpuwppuwghG pGnyp: WG ppugnpdynud E dnnwynpuwytu 1077
Juyplwl dwdwlwyuwhwnywonwy, wjuhlpl jwwn Jupd dwdwlw-
Juwih9ngmu, nph pipwgpniy, hwiwdw)l dpwly-UnlnnGh uyqpnil-
ph, sh hpwgnpoymd ShemyGhph nhpph thnthnfunipniG:

Ujdu phnnwpytilp hGwpwynp wywagpgndwl wypngtubbpn:

Uhpphb nlijkpuhw

‘UtinphG YnGytpuhwl GniyG vyhGujghG dnipunhybnnpjudp tp-
Unt LityunpnGuwjhG yhdwyGtph dhot ny dwnwquwjpwjhl wlgniG t:
Ujnwhupl t hwlnhuwlnmyd S;- S;wlgnuip: Lnonypnid wju wypnghb-
uhG hwonpnnid £ mwunwlnnuub ntjupuwghwb dhGsk Si-h gwopw-
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gniji nmwunuwlinquyuli dwijwpnquip: bpnp, monypmd  hwybyuyg
nwunwinqulijub Latpghwl thnfuwlgymd L mohshG 2Gnphhy puw-
funudGtinh, npnGp hpwgnpoymu Gl qpgnjuo dnjtinyh b 2powuywnp
nwohsh unptynylGtph dhol: Ltlp, np wnmwwnwlnquiwl nbjwp-
uwghwG ppwnud t 1077 - 107"  dwdwGuwluwhwnguonuy:

Dninpliugllighw i wipnpujwl )hgnid

bnunnGGtph wnwpnudp, WuydwlGuwynpgwo S . Sp wlgniiny, Yng-
Jymud L pmnptiugtiighw: Lwlh np, mnptiugtlghwjh pnpuqpu-
Yl dwdwGwlyuihengp Snunwynpuwbtu 10 4 (10 GY) E, wuyw wnw-
nwinquiul ntjwpuwghwl unynpwpwnp wjwpuynd bt dhGsk ni-
uwpdwyniudp: <tknmbwpwn, Jupnn Glp tqpuyjuglb], np mnptiughG-
nwjhl wnwpnuiG wybkjh hwdwh hpwgnpoynd b oipdwjhlG hwjw-
uwpuwlpnjud gpgnjud yhdwlyhg:

UyGhwyw t, np gpgnjwd Yypdwlnid mwmnmwbinnuyub ntjwpuw-
ghwny wwjdwlwynpjwo tGtpghwjh Ynpniunp ptipnd L GpwG, np
$bimnphugilighwjh vwbljumpp h hwjn £ quihu wybih tpup wihph
tpyupnipjwl mwly: Uju tpunypp wnwohl wiquy nhnyt E Ltipph-
oh hwiwjuwpwlh ypndtiunp G-. Umnpuh Ynnihg 1852 p., nph wilini-
(ny £} wyl Yngynud k& «Umnpujwl ptinnud»: Umnpujwl ptnnudp htlg
thnpdlwlwl wpnwgnnuiG £ wyl hwlqwdwlph, np $ninptiughl-
nwjhlG wnwpdwl wihph GpupnipniG6 wykh WGs b, pwl Jultiw6
wihph tpyuwpnipniGp (GY. 3.3), hGsybu nu htwmbnd £ L SwpmnGuynt
nhwqpuuihg: LYwwnklp, np unnpujwl Ptnnuip Yyuwwwbu nhunynd
nonyypmy wnjuw pminptiugtilgnn uniynyGtph hwdwp: Cun npny,
umnpujyul ptnnuip Jupnn £ wybih dhowlwy mohsh’ ninpndnphp
Jpw nilbgwd wqptigmpyul wyuwwmdwnny (nbt'u qumiju 7): Udth
fuhun dtyGwpwlnipjuidp vnnpujwl 2tnnuip pu JubGiwb b pnin-
ptiugtighwjh JwpuhinwiGtph Jdholt pGlwo htnwynpmpymGG E
wpunwhwjnywod wihpwjhG pytpny: Lotlp, np htlGg wihpwjhl phyl
L oquugnpoymu pwlwyuwyuwl ybpmiompniGGipnd, pwGh np,
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npwtiu uyblupnuynyhwlwb dtompnilG, YytpohlGu ninhn hwdtdw-
nwluw E Latpghwjh:

Punkuupynipjnih

- Uwnnpuyut sinnud
<>

Ywbnud dninplugkughwm

7»13,( 7Zm A, ud
Ul 3.3 Upnpujwli phindwli wuaplhlipnidp:

3.2. Unwpdwl vybkljuph wmGluwju jhGhp qpgoiwb wihph
EpljupnipyniGhg. <wybjuyhG uhdbwphwgh fubnGp

bininptiughig wnwpdiwl vybywpp, unynpwpwp, Jupuwo st

gngniwl wihph GpyuwpmpyniGhg: Pwpdp EEYupnGwih nwnw-

(nnuiuwl Jwjuwpnuly hwulbtinig htinn EGGpghwjh wytigniyp wpwgq
owhiwymu E, npG nintjgymd £ $mnpndnph Jtpwnupddwdip S,
Jhdwyh witlwgwop nmwunwinnuiuli sywywpquy: Ujn nbjupuw-
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ghw(, hGswhu Gpyby k, mbtinh mGh 10" - 10" ¢ dwdwGwlwhwwn-
Jwoni: Clnphhy Gdwl wpwq nhjwpuwghwjh qpgniwl wihph tp-
Junnipjniln sh wgnnmd wnwpdw b uytjunph ypw:

Unynpwpwp, pninptiugtiinmwjhl wnwpdwl uybjupp hptlhg
Gipyuywglnd t JuubGiwb vybuph hwjbpuwghl yuwunytpp' winpuw-
nunén (GY. 3.4), wytih dhpn wuwo wyl Juliwb, npp hwiwww-
nwujuwlnmd E So-hg S;-hG wlGgiwlp: Lwpmd ppjwo vyblnp-
(tph uhdtimphly wmbtupp httmbwp £ wjG pwbh, np U Juulnwip, U w-
nwpnuipn Yuwjiwlwynpjwd GG dhulnyl whgmubGbpny, hGywbtu Gl
So U S; yhdwyGtiph mwmwbnnuyul swjwpquyltph Gowlnipjudp:
Quplnptlp Gwb wjli hwlqwdwlpp, np Juwlnuip hhdGwlwlnd
hpwgnpoynmd £ wikGuwgwon (v= 0) mwunwlnquijul dwjwpnuyhg
hwiwdw)l Pnigiwlh pwptudwb optilph, hull wnwpnipn qpgnyud
Jhdwyh witGwgwonp mwwmwinnuyul dwjupnuyhg (v=0), hGswtu
Gpyt) £ ywyiwlwynpw o wpwq nmwnwlinquijul nbjupuwghwny:
UhulinyyG dwdwluwy wujwon Gwlwynw t, np gpgniwl dwdwluy
wmtinh yniGh dniynih Gpypuwswhnipjwl qquih thnthnfunipjnil, npG Ly
htiig pGnpnp t Ynpn Junmgywop niltgnn ppninbnpltphl (Hininpn-
dnpGtinhG): Pwgh npwbhg, dpwly-YnlnnGh uyqpnilpp, npp b npn-
ond E JubGdw( 2tpnp wmbupp, whwmp L Yhpwoetih thGh Gub wnwp-
dwl wypngtultph hwdwp: <pptlp, np hwiwdwjli dpwy-UnlnnGh
uljqpnilph, ponp LiayupnGwjhG wignuiGipp hpwgnpoymd GG w-
nw(g vhouhonijwjhlG htnwynpmpjwl thnthnfunipjwl: Upnynilpny,
tpt vy whigiwl hwjwliwywinpniGp (dbpwy-Unbnnth qnpon-
Gp) dwpupduwG t JuubGiwl dwdwGuly, wyw hwiwywunwufuwb
wlgnuip YhGh b witGwhwjuwliuwuln wnwpiwl dudwluly: bis-
whu tpund E QY. 3.4-myd, Gpynt uybupltnG £ uhdbwnphy 66 0,0 —
2tipmp Guumdwdp, npnlp wtwp b, np hwiplyltl: Liwl hwdiply-
(imd phunymd L quqbtph vwybyupltpmd: UhGmbn puongpnd 0,0-
2tipmh nhpptipp JuGdw6 b minptiugtiighwjh vybyumplbpnid mwp-
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ptip GG: Cun npmd, wjn nmwpptpmpjwl swhp yupujwo £ nuohsh
plnyphg U oipdwuwmhdwlhg: QVGwjwo wjl pwlhb, np hwjbjwjhl
uhdtimphwjh JuGnlp hwdwhu & hpwgnpoynd, wjlntwdtlGu)Ghy Yuwb
(wl pwqiwphy pwgwpmpymGGtn: {wjbjuwyhG uhdtmphwjh Y-
(inGhg 2tmnuip, unynpwpwn, httmbwGp £ wjG pwGh, np hhdGuwlw6 b
gngnyuwd yhswlyltpnid dhomyGtpG niGhG mwpptp guuwynpjuont-
pjn(:

nunwinnulju
tubpghnhl vwlwpnulitp

T

Angnyus Jh&wlh
EEynpntughtt
wlgnudtp

l

:I- Zhdtulut Jh&urlyh

:|_ %nqnwd (h&wlh

Plunkluhyniznih

nwnwinnuljul

Futpgbwnhl dwlupnulubp

VY. 3.4 Quubidwl b pininpliuglilighwgh wyblppplbph wuwapllipp:

Uhphwdwljupquijpli wmlignidp b npwbi hwonpnny wpnghulipp

Ut wy $nundhghjuywb wypngtiu k EGEpghwjh shohwdiwwp-
qujhl whgmup: UjG pGnpnpymd £ nputiv ny Swnwqujpwjhl wignd
tipynt hgntGhpgtimpy (GnyG EGhpghw6 nGhgnn) nwwnwlnnuywd
dwlwpnuyGtph dhol, npnlGp wuwwmjwlmd GG mwppbp dnguhyb-
unipjudp LiayupnGwihl yhdwyGbphG: Uyjuytu opplwl qpgnwo
uniynip, npp qnGynd £ S; Jhdwyh 0 munmwbinnuyub dwjupnu-
ynud, Jupnn E ntnuihnfugty T,-h hgntGtpgtinply dwlwpmpuyp, nphg
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htimn mwnmwlnquijul ntjupuwghwjh htmbwlpny wjG hwjmbynd
L Ti-h gwopwqgni)G mwwmwlnnujuwl swljwpguynid:

Unwpnuip T; yhdwlhg ppwluwlwlnmd L wybh tpwp wihph
nwly: Uju Gpunypp Yngdnud £ pnudpnptiugtiighw: Whagnuin T, yhdw-
Yhg hpdGuwwb Sy yhdwyhG wpqbwo t, wyn hul yuwdwnny cw-
nwqujpiwl wpwgnipjul hwumwwmnilp Jwwm thnpp t: Btplbu T, - S
wlgnuip Yupnn E hpuwgnpoyty 2Gnphhy uwhG-opphnwwghG thnfuwg-
ntignpjwl, nphl Guuwuwnnd L owlp wwndGbph GhpYyuwympiniln:
‘Lptilip, np gwop otpdwuwmphdwbbtpnd, hGywbu Gl Jwomghly
dhowywjpnd nphytn yhdwyh Jyulph munnmpjniip pwjuwyuGhG
tpuwn £ U $nudnpbugtighwb nphnymd £ JujpjuGatph b GnyGhuy
pnublGiph  plpwgpmd: UlyGhwyn E, np  pnudnptiughlghwjh
uytijuupnp, h hwibdwwm pninphugtlghwjh vwybumph, wybih Gpunp
wihph tpupmpjul nwy E h hwym quihu, pwGh np T; mphytin
Jyhdwyh guwopwgnyl nmwnwlnnuiul dwjupquyl wytih guwon L,
pw( S; upGgitivm ypawyhn:

3.3. dnnpliughghwjh wmbnympynilip b pJwlmwgh6 Gpp

bininptiughighwjh Yywlph wunnmpjniGp b pyuwlumwjhG tpp
dininpnpnph JuptnpwuwgniyG pGnipwqptinhg GG: LyYwo hwuljwugni-
pyniGGtnh pdpnGdwl hwdiwp hwpdwnp b oquytp Swpmnluynt nhw-
qnuwih wuwnpqtgywo wntuphg (GY. 3.1): Uju ghwgpuih wnwldGu-
hwnympymbp Juywlnd t Gpulnud, np npwnpnipynil £ gpupdymu
w0 wypngtultph Yypw, npnlp wywjdwlwynpmd GG qpgnjwd dnjk-
Unith yepuwnupdp hhiGuywl yhdwyh, wjuhlpl S, - So wlgiwip’
plngnytiny U° dwnwquwjpwjhl, L ny Gwnwqujpuwjhl wligmuiGtpn:
Qpw hwdwp, npytu pGawpyynn ywpwibup, yepgynd & swnwquj-
pwjhG wyuwgqpgniwl wpwgnipjul hwumwwmniGp' I' L ny Swnwquj-
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pwjhlG wywgnpgniwl wpwgnipjwl hwunmwwmnln® k: Gpynuh nhw-
pnid £] hpwgnpoynid £ wlgnid Si- hg So: dmnptugtiighwjh pyw-
nwjhl Gpp wnwpywo pnunGltph pyh hwpwpbpmpinGt £ ful-
Jwo pnunlltph pyhl: Gpynm wpwgmpiniGitiph hwunwnnGGbnG
' T U k, wpnwhwjmmd 66 qpgnwo Jphdwyh pGuybgyuonipjub
tnppuwgnidpn: Uujwohg htimunid E, np $ininpnbnph dnptiyniGhnh wja
dwulwpwdhlp, np6 wwwqpgnymd L dwnwqujpwjhl dwlwuwunp-
hny, wj Jtpy wuwod pywlumwjhG Gipp, Ynpnpyh htnbjw; wpmw-
hwjnnmpjudp’

O=T/T+k (3.1):

Muwpq t, np pywlunuwyhG tipp' Q-G, vnwnn k dtYhG wyl nhiypnd,
tpp ny dwnwquwjpwjhl wwywqgqpgniwl wpugnpjwl hwunmwwmnilp
2w wlquu thnpp £ dwnwqujpwjhl wnwpiwl wpugmpjwl hwu-
wnwwnnilhg, wjuhlpl® k << I': “LoLGp, np qpgnywod Yhdwlyh Yywbph
wmbnnnipjnilp npnpynid £ nputiv dhohGwgywo dwdwlwjuwhwnywo,
nph plpwgpnd untlnuyp qubyt) L qpgnwo Jhdwynd dhish wyl
wwhp, tpp Gw Ydtpwnuniw hpiGwiuwl ypdwyhG: Ungnpupunp,
dinnpbugtiighw( wjwpnynud £ dinnwynpuwytiu 10 GY-h pGpugpnid:
bininptiughiighwjh dwdwlwlyuwihongn jud wjupumiwli dwdwlw-
Un' -G, npnpynid £ wyjuybiu’

=1/T+k (3.2):

Ulhpwdtipun L plinqoty, np pninptiughlighwjh plipwgpnid ny pn-
np iniynyGtpl G6 wnwpmd dnunlGltpp t = v dwiwlwljwhwwnm-
Jwomy: dbymnpndnph Yjwlph wmbnnmpinilip qpgnjwd Jhdwlynd
quiytm thohl dwiwlwll t: Gph puwguluwymd Gl ny Gwnwquwjpu-
JhG wypngbuGbpp, wyw wyn ghypmy pninpndpnph Jjulph wmbnnni-
pynilp wijwlynmd b utithwuw6 jud pGwlui Yjuwlph wmbngnipjnG’
To, NIp hwjwuwp '
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7, =1/T (3.3):

PtipJwo hwjwuwnpnuiGiphg £ htnmbmd L juwnp pjwlunwjhl
tiph U Jywlph munnmipjub dhol

O=rt/r, (3.4):

Q -h wnwybtjuwaqni)G wpdtipp Yunpnn E 1hGh) 1 (100%): ULo pywl-
nwjhl tpny odwnyjwo Gynipbpp, hGswhuhp 6 nnpuwihGGhpp, nGhG
(wy wpmwhwjnywo wnwpnii: UhwgnipjnGGtpp, npnGg pJwlmnw-
1hG Gipp Yuqinud £ 0.10, puuymd GG pnyyp dininplugtilignn Gyniptiph
2wppn: LJwlunwjhl Gipp b Jyuwlph munnnipjnilp Yupnn GG hnfuyby
wnwpptin wgnulltph wqntgnipjniGhg: Unitynynp Jwpnn £ sdmnptiu-
gtligty GtpphG YnGytpuhwjh 6o wpwqmpjul Jwd b wowpiw
thnpp wpwgnipjwl htimbwGpny, huly NO; junidp wwpniGwynn wpn-
dwwnhly vthwgmpjnGGtph nnptiugblghw6 pwwnm pnyp L hhdGwlw-
(nd yuwjiwluynpjuo k —h ko wpdtipny:

dninptiughlghwjh pywlumuwjhl tph gnpoGuwywb npnynwin phip-
Jwo t thnpdwpuwpuul dwunid (nb'u gqnifu 10, wpfuwnwp 1):
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qLOkv 200000

SLAMELBUSELSU3PL UNGUSMLEMP GUMNL
UNLGUNRLP GUNNRSI UOLP <GS

Wju pwdhlp, pwgh phqhjwphihwlub GyuGwlnipjniGhg, Yu-
punpynud £ hwnuwbtu JunnigjwopwjhlG opquGuywl phuhwjh
wmbtuwlyyniGhg: Uyqphg Ltp plngqotlp, np $ininptiugtiignn thwgnt-
pyniGGtph qbpwlyhn dwul nmGhiG wpndwwmhly (Ynpwm) Junnigwop:
Etpbu Jub Gub npn) shwgqtigwd wihdwwmhly shwgnipniGGtp, npnlp
(nyyGuybtu pninptiughlgnud bG: Clghwlnp wndwdp, 7 — EGYunpnliw-
JhG hwiwywnpgh gqnignpgnudip (mwpwonmdip) ptpnd £ hGywtu Ju-
dwl b $ninptiugtiunwjhl uytumpltph 2tniwlp ghyh Gpup wihph
Unnup, wjGytu £ $nunpbugtlghwjh pywlumwjhl Giph vhowgdwln:
Uujwoh thwumwgh wpnmwhwjnnuil £ wpndwwmhl wofuwopwohl-
Gtpph pwppnid’ Guypwihl, wlwpwugbl, Guypwugtli L whlwnwgkl,
$minptiugtiighwjh nhunnuip hwiwwywwnwufuwGwpwp nyyupuwdwln-
cwljugnyyG, Juwniyyw, JuGw;s b Jupihp dwpgtpnud: LdwlGwnhy
wpniwwhl wofuwopwohGlitpnd hpwagnpoynd & z—=72* wlgnd, npp
plnmpwgpynud t pupdp Jubdwl gnpowlygny b pmnptiugblghwjh
punpén pywlwwjhl Gpny: Gpp htwbpnwwumnd b plngpyymd 7 —
hwiwlwpgnud, wyw guwopwagnyyl Litpghwyny wlgnidp ny piz >
* -0 k, npp mbtinh niGh wpndwwhly woluwepwohGGtpnid, wy n - 7 *
wlgnuin: Uynuwhuh dniynyGpp pnipwgnynud G6 JulGiw6 dnjwjhG
qnpowygh b pymnptugtilghwjh pyuwbuwghG biph thnpp wpdtplbpny:
‘Ldwl ophGwyltp &G wqnun, YJuppnGh; fundp  wuwpniGuyng
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Uhwgnmp niGGtpp, hGywbu Gub wgnun yuwpniGwyng hbmtpnghYtpp'
whphnhGp b Gpu wowGgyuGpp:

4.1. Sinuljwjwd wpniwwmhl wotuwmopmaohGtp

Ujuntn wnwGdhG-wnwGdhl YpGGwnpyyh hGswbtu ttympnlnn-
(np, wjlytiu £ fiayupnGuwlygbynnp mbnulwihyGtinh wanbignipni-
Gp: UyGhwjywn L, np Gdwl wnbnwlwihyGhpp, thnfubing dnibynynud
EityumpnGujhG pwujwonipinilp, npnQwih wqnbgnipnil YniGaGwa
$bimnphugblighw)h pnipuqptiph Ypuw:

Ejklpppntinnbinp phnuljugpslkph wqnkgnipynibip

Npubtu wnuhuhG Yupnn 66 hwlnbu qu; —OH, —OR, —NH,,
—NHR, -NR; hudpwynpnuiGhpp: OQpwbtu JulnG, wjn judpwynpnid-
Gtpp phipnud GG Yubdwl dnqujhl gnpowygh vtowgdwln b hlywtu
Juubdw(, wylwytu £ dymnpbugtilghwih vybjupltph 2tniwin: Uyn
dhwgnmpniGGtph vybluplepp qwjugwo GG U, h mwpptpnipniG
hwiwywwumwufuwl ny mnuijuwywde wpndwwhly wofuwenwohllt-
nh, hwdwhu sniGhG Gnipp Junnigwop (ophGuwy™ 1- U 2- Guypn|Gtpl
h hwitdwwm GuypwtGh): <umwbywlwa b, np ytpp G2Yuwd mbnu-
JuwyihyGph ppywoGh fud wgnunp wwnndh dnunn qulynn wquun Lithum-
pnGwjhlG gnyyql wadhowlwlnpkl pngpyynd k 7 — wpniwwnmpy hw-
duwupgnd b, wpynilGpnuyd, sh thnfuymd 7 = 7% wlgiwl plnypl h
nwpptipnipniG JuppnGh] undp yupniGwynn wmtnuwyuwihgh b hb-
wmbtinnghYhy wgnunh dnn qunlynn LiiyunpnGwjhG qnyygh: UWYGhwjm t,
np wmbnuiwiphsh b wpniwwnmhy onwyh thnfuwnupd nuuwynpjwont-
pynilp npnwlyh swthny Juqnh 7 — wpndwwmhl hwiwuwpgh b mbnu-
Yuihsh wquwn bEhupnGuyhl qnygh dhel hpwlwGwugynn qnignpr-
dwl swihh Yypw: bpnp, mwpwowwl mtuwbyynilGhg -NH, funidpp b
wpnidwwhl onwiyp st6 qubGynid GniyG hwppmpjwul vk, Gniylp L -OR
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wmtnuwlwihsh ghypmd E: Upgntin —OH funudpp wpndwwnhl onuyh
htin hwdwpyw GniyG hwppnipjw vk b (Ynuyywbunp t):

4.2. EjjunpnGuligbupnnp mbnuluihsGiph wqpbgnipniGp

EtyumpnGuygtiuyynnp mbnuuphsGip wupniGuwynn ninpnbnp-
(Gtphg YJuwplnpynud GG JuppnGhp b Ghupn funidp wuwpmGwynn dhw-
gnipjniGGtpp: Cwwn wpniwwmhy wnkhhnGbph U YannGGtph LGbpgb-
whlynptl guon mtnulwJwo, wjuhlpl thnpp LGipghwyny, Jwy np
Gn1yG6 E wub tpyup wihpwjhG wignudip yuwydwlGuwynpjuo k. n - 7 *
wlgnuiny: Ujn hull wwwmdwnny b Gdwl dhwgmpymGGtpp, hGswtiu
Gpyt) L Yuplnwd, pmpwqpynd GG dninpliugtlghwyh guon pywi-
wnwjhG btptpny: Cun Enipjwl, dklp wjunbn qnpo nilGhlp 7 — 7 * b
n — x * wlgnuiGtph htin, npnlg EGipghnhy nuuwynpyuontpjub
Ynpw npnpwlh wqptignipjniG niGh niohsh pbtinwjlnipjniGp: {wjmbh
L, np puinwjhG U opuotuwywl Juw wnwowglnn nohsGepmy n—7x*
wlgnuip nhuynd £ wybih Jupd wihpwjhlG (WG EGpghwyny)
dwpqnud, vhGmbn 7 — 7 * wlgnuip 2tnymd £ niyh wybih Gpyun
wihpwjh (thnpp EGtpghwyny) dwpq: Uhw htGg YtpghGh wwwdw-
nny b GlwG dhwgmpmGGtpp $mnpbugtiighwG pGubkGuhy L
plbinwjhG mohsGhpnud b pnuyp £ ny pbtinwghG mohyGhpnud:

‘Lotilp, np -NO, funudp WupniGwynn wpniwwhly wotbwepwohG-
Gtph pminpliugtiighwG unynpwpwn sh nhuynid:

4.3. {bwbpnghlythy shwgnipymGlbpph $pnnpbugblghw

bininptiughilignn htmbtpnghYihy dhwgmpynGGtph pwpphG GG
wwwmlwlmy wgnup, ppywdlp b 0duiph wnnd yupnGwynn wpndw-
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wmhl wotuwonwohGltinp: Uwulwynpuwytiu’ wgnunh wwnnd wywpniGw-
ynn wpndwwhy httntpnghyihy dhwgmpymGGtphg 6 whphnhGp, fup-
GnihGp, wyphnghGp: ‘LPYwo vhwgmpymGGtph pmnptugtilghwjh
pnipugntipp qquih swthny Jujujwo GG mohsh plnyphg: Wjuubu,
ny pubinwjhlG wolvwopwolwhG mohsGpmy wju shwgnmpniGGtph
gwonpwqnijl tGtpgbnhy wlgnudp » — 7 * L, L htmbwpwp ] $nin-
ptiugtiighwG pniyp t: UhGypbn wypnunnGujhG jmohyGhpnd, ophGuly
uyhputpnid, wgnunh wwnndh b ndhsh dnitynih dhol wnwowgwo
opwolwlwl Yuuwh 2Gnphhy 7 — 7 * wlgnip, h hwdtdwwm » — 7 *
wlguiwl, hpwgnpoynd E wytiih tpywp wihpwjhl dwpgnud: UpngyndG-
pnd GUwG nohgnid pyninptiugtiighwjh pywlGumuyhb tipp qquih sw-
thny dtowlnwd £ h hwdtdwwm wofuwopwolGujhG inidhsh:

Npny httmtipnghYyhy dhwgnipniGGtnh nhwypnd, hGywtu ophlGwy
wyphnhGa k, ndJup £t mwppbpuyt] 7 — 7 * JuuGdwl ptpop wybih
hGuntGupy hwdwnpynn 7 — 7 * YubGdwl ptpnbtphg: Npwnpnipjw
G0 wpdwGh wjl htmbpnghYyhy wpndwwmhly shwgnipyniGltipp, npumtin
wqnuh wnndp thwgwo L wouwdlGh wwnndhl vk Juwny: Liwd
ophGwyGtn GG hGnnp, Ywppwqnp, hGywbu Gub wnphyunndpwln:
Ujuntn wowldGwhwnynipnilp yuywlnmd b Gpwlnd, np wgnunh
wquu EiiyupnGuwihG qniygh (ny yuuuygnn tiaupnGatp) dwulGuy-
gnipjuip hpwgnpoynn wlgniGhpp Gdwd GG (GnyGuwywd 66) 7 — 7 *
wlgnuiGtphl: Pwlp Gpulnd E, np squuuwygnn opphwnwp, 1hGkny
wnpniwwmhl onuih hwppmipjull ninnuhwjwug, ypwowoyymd k. Yhg
wofuwolh wwnniltph 7 opphwnwGtipny: Ujn huy wwwmdwnny k£ Yyupp
Gpywo dhwgmpyniGlGtnl nmGtlG pynnptiugbhghwjh hwdibdwwmwpwnp
pwpép pywlumwjhl typ:

GuwnmgywopwjhlG opqulwlwl phihwjh mbuwblyniGhg htinw-
ppppnipymiG GO0 Ghpyuyuglmy wyG  dmnpndnpltipp, npnlgnd
gpgnnuil mntgymd L dnbynih uemgywoph thnhnjunpjwdp:
dninpnnph qpgnnil wnwy k pipnd EjiumpnGh mbtnu)wnd vh on-
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phunwihg nhiwh dhYy wjy opphmwy: Upnymbpmd, hGyybu b whwmp L
uywuti], mtnh mGh nhyn) Wndtlnh thnthnfumpynG: Uj6 nhwypny,
tpp pinunpndnpp wupniGuwynd £ Etyupnbnntnp fudptpn (-NHa,
—NMe,), npnlp hwdwlgwo 6 EEyumpnGwlgbuywmnp  fudpbphG
(C=0, —CN), nhwyny dnitGunh wép qquiph t: Ldwl hpwyhGwynid
[miohsh putinwjGnipjulG vhowgiwl htin wmbinh L niGhlnd bjninptiu-
gtiighwjh uwbluph tpywpwihpw)hl ptnnud (nk'u goifu 7):
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q-LOMv {PvaErNM-

SLAMLEUSELSPUSE Uvh2NSANNPY
5.1. dymnphughlighwjh pbnwgnid. Unwpdwb wmihgnpnuhw

dimnptiughighwjh wihgnupnuhwl wldh9wlwlnptG wnply-
ynud k qowjlnpkl putinwgwo nyjuh htim: {wjnbh b, np piyul gjm-
pwiwgqGhuwjul dwunwquwjp £, npp Juqigwo b Liaupuui E nu)-
wnhg b twqlhuwlwb B nqu)wnhg, npnlp ninquwhwjwg GG hpwp b mw-
pwotwl ninmipjwlp: AGwlw niyuh nhyypnd wju gupwmbpp yniGhl
(GwfupGuptih ynnuGnpnynud, vwwl qowhl puinwgwod nijuh nhiwy-
pnud Eijumpuwlwl nupwnl oughjugymd L mpjwd nignmpjul tp-
JuwyGpny (GY. 5.1):

Phuljpub jmyu

Gaghle
phpugus nuu

Ul 5.1. Plimljwl I gowghli pliinuwguo nyu:
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Luwlh np qpgnjuwo pmnpndnpltinh pwpfujwonipjnGl wihgn-
wnnpny £, ntunh wnwpywo pininptiughlighwG GnyylGutu YihGh wlhgn-
unnyy: Spgnjwo yhdwyh Yyulph ppugpnid wlgdwl dniklnh nn-
nouipjwl gulljugwo thnthnfumpjmlb Jhwlqbglih wju wlhgnupn-
whwjh GJugtgiwlnp, wjuhlplG YhwlqtgGh $mnptugtlghwjh dwu-
Guwyh (qud wipnnowwl) wywpltnwgdwin:

diminptiughlighwjh wywpbbinwgdwl wwwndwnbGtnt GG

1. ny qniquhbin JuuGiwl b wopwpiwl wigiwl dnikGunGtpp,

2. yuunuwjuwl nmwnwiniGhpn,

3. ppnniljwG pwnpdnudp,

4. qpgniwi EGtpghwjh wlgnip wj] mmponipjudp Ynnulnpng-

Jwo dtl mphp inikynihG:

Ujuwhuny, pninptiugighwjh putinwgnidp Jupnn £ oquuwljwp
wmbtntynipjniG mwy dnjtynyGbph pwpddwG, swithup, duh U GYnilne-
pjwl, dhowywjnph dwonighynpjul b wy wwpwituptph dwuhd:
{wnjuybu jupunpynid £ wjl hwGqudwlpn, np niyjuph wnwpdwl
wlhgnupnwhwjh swihnudlGtphg Jupbih L wbnbyopni vnwGuyg
dinmunpnpnph wuunmwyuw b pupdiwl yopwpbpyuy:

5.2. dymnpliughlighuyh pbinwgwd Jpdwlh pnipuwgpbtpp
(pubnugdwl hmpupbpnipynil, mnupiwG wihgnnpnuhw)

Lwlh np mwuppbp dnpynGiph wnwpwod muwjhl Swnwqujp-
Gtpp dpol s duwquyhl hwpwpbpwlygnipynil, niunp pymnptiughl-
ghw( Junbih & ghnwnpyb npytu hpwp hbn ng th pwqujhG hwpw-
ptpuwygnpmb ynlhkgnn Gptp thnfumnnquwhwjug Ox, Oy L Oz w-
nwlgpGtph Gpywjlpny putinwgwo nyup tipp wijwhu wnpmipGhph
wpnynilp: Iy, Iy U IL-p wyn Swnwqujpltph hGunbGuhynipjniGGupG ba,
U plnhwlnp hGubGuhynipynGp YihGh =LA, hGnbGuhynipjub
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pwnuwnphsGtnph wpdbplbpp Jwhujwo 66 ulqpGuwul dwnwqujph
putinwgnuihg b wwwpltnwglnn wypngbultphg: Yymphh uvhibwmphw-
Jh uyqpnilph (wprynGpp sh upnn wybih wuhdbnphy (G, pwa
w)l wnwowglng wuwwdwnp) Yhpwenpjnilp hwiqtglnd t hGunbG-
uhynipjul pwnunphsGiph dhel wjGwhuh hwpwptpnpjwG, hGswh-
uhG gnyyg L wpqwo GY. 5.2-md: {wpy b Gph], np uhdbnphwih wju
ulqpnilpp Yhpwnbih E dhwjl nyyup JnwihG wnpjmph hwdiwnp, npp
thnpdGwlwlnpbG sh unptih 62gnhn vnwlwg:
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Cunhwim yp ptunkiupdnipm
Uljqpinuljuia I

b ; =1+ Ix ],

E
T 't-'*;u
m— T , h=L=1 I=I,+ 2,

Ul 5.2. bpninpliughlighwyph phlipblupynipjul pugunphstiiph dholt juiyp:
hwdwsuwg i Ginipph updliypphuwgh uljgpniliph: dpninpliughliypughl Gdnipp
qipliynuf E hnnppplivepughli hwdkwljupgh uljqplivliypnid:
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Ujdd pGGupytlp qpgndwl npny mwpptpuyGtn:

Mygnushq pilnugwo qpgnnid

Gpp nGylnn (nyul ninnuéhg plinwgwo t, wyw Oz wnwlgpn,
hwiwdw)G Yymphh uyqpmlph, dmnpbugtlmwihG wnwpdwl
uhdtunphwjh wowbgpl b, wyuhGpl' L=I,: <Gnbwpwp, wju wnwigph
tnw)Gpny nhnywd pninptugtighwl pubinwgwo sk:

dimnptiughlighwjh hGmtlGuhynipjul pununphsGbpp, npnlp qnt-
quhtin U nipqnuhwjwg Ll Gwnwqujpltph thGoh EiEYmpwywl Yuy-
unphl, hwiwywunwuppwluwpwn, Guwlwyynd GG Iy U I;: Oz w-
nw(gpny oughjwugynn Liayumpwlywl nuywhl hwiwwwumwufuwlng I,
hGutGupynipjul pununphgp sh upnn hwjnbuwpbpgtp wpnyd Jud
wju wnwlgph tpuwjipny mtnunpjuo nhnbljunph dhongny: (liunh
wju wnwlgph mnnnipjudp nhunynn pninptiugtiighwjh hGunbGuhyni-
pjnilp YihGh LAL=215:

Canhwjunwyp, Ox U Oy wnwlgpGhpp dninptugblnwjhl w-
nwpiwl uhitimphwjh wnwGgpGhp st6: Gpp pymnptiugbhlighwb nhn-
ynud k£ putinmgnighsh dhongny Ox wnwlgph (Yuwd Oy wnwlgph) tp-
Juwlpny, wyw puinwgnighsh ningnuéhq nhppnid sunhywd hGunbtluh-
ympyniln YhGh L=I;, hull pubnwgnighsh hnphgnGuwyw6 nhppnid
=, (Yuwi L=I,): Unwlg plutnwgnighsh Ox ninnnipjuip swthywo
hGntGuhympjnn YhGh L+L=ItHL, huy Oy ninpnmpjwdp” LAL=T+

<piGwywbnid $ninptiugtighwG nhuynid £ hnphgnGuywG hwp-
pnipjul dt9” muwjhl dwnwqwjph nwpwoliwl nngnmpjuwl Guwn-
dwip 90° ptpqwo, wjuhlpG Ox wnwlgph mnnnipjudp: hGuntGup-
Yympjwl Iy U I} pwnunphyGhpp swihynd GG pnnnpuqiuuyyunmhsh
dhongny, nph nhiwg wywuwmynmy t puinwgnighyp: bninptiugtighwjh
pnhwlmp hGunkGupynipymbn YihGh' I=LALA+L=1421,

bmnptiugklghwjh puinwgwd yhdwyp Gupugnynid k

e plbnwgiwl p hwpwpbpnipjudp’
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p="rli sy
I, +1,
e wnwpiwl r wGhqnunpnuhwjny
~tumh (52,
1, +21,

Putnwgiwl hwpwptpmpjul wpunwhwymmpjul vk (5.1)
hwjmwpwnpp hptiGhg Ghipujuglnd L hbnwgnuynn nnnipjwdp
dmnptiugtiighwjh hGuntGupympjnilp, dhGymbn wnwpdwl wlihgnun-
pnuyhwjh hwjwuwpdwG 469 (5.2) hwymwpupnd mpjwo £ $ninptu-
gtiighwjh pGnhwlnp hGunbGuhynmpynlp: Albnwgdwl hwpwpbpni-
pnilp GuupGuntbih £ pwuwm phy nhyptipmy (ophGwy wnwqujpwjhl
wlgdwl htnwgnumpniGGopnd): Udtih hwdwju  Yhpweynd k
wnwpiwl wlhgnupnyhw(, pwlh np wjl hwlqbglnd L wytih
wwng wpnwhwjunnipjmGGatph:

r-h b p-h dhol Juwp mpynid £ (5.3) hwjwuwpdundp’

Snphqnbiwljubi philinmuguo qpgnnild

Gnp uyqplGwyui nyup hnphgnGwlw k pbtinwgwd, wwyw $pinin-
ptiugtiighwjh pGubtGuhynmpjul vhdtimphuwjh wnwlgpp nunGmy
Ox wnwlgpp I,=L: Mipbdl, wju wnwlgph nnnmpjudp nhujnn
dimnpbiugtiighwl wtwmp k 1hGh spubnuguo: Uju YnlGdhgnipughw
Jununp E thnpdwpwpwuwl nbuwblyniGhg” npnptint hwdwnp owywuh-
Juwlwl Jupquynpiwl ny hptwpuwulnpjul httmbwlpny hGupw-
ynp dlwgnpmujhl putinwgnudip: Uyuyhuny, hnphgnuwywb pubnw-
gwo nlylnn miyuny puinwgiwl swthndp pniyp E wwhu uwmwpby
nunnuiGtn b unwGw] ppwljwl wnwpdwl wihgnupnuhwG:
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Pliwlpulbi jnijuny qpgrnid

Gnp Ginip qpgnynud t pGwlub (spltinugud) (nyjuny, www nij-
up Yuptih £ pwdwll tpym thnfuninuhwjwug  pununphsGph,
npnlig gpgnnn wqnbgnpynilp pymnpndnpluph ypw wnhwnhy t: <nph-
gnwlwl hwppnipjwl Wty htimwgnunnipjwl nhypmy pGlylnn nyuh
ninnuéhq pwnunphsG mGh GnyG wanpbgnipynilp, hGyybtu Gupw-
gnywo tp Guhunpn ghypmd: UhGsntn pGYy6nng jnyup hnphgnGuuG
puwnunphsp himwgnunynn Ox wnwlgph nunmipjudp hwiqbglnd L
spubinwgwo pminptiugbunuyhlG wnwpdwlp, pwGh np Ox-p uhdtwn-
nhwjh wnwlgpl &' =1 :

Iy U Iy pununphsGupp, npnlp, hwiwwwwnwufuwlwpwn, niqnu-
dhg U hnphgnGwlwl GG putpwgwo, wjuwhuhl 66 L=Iv=1, L=ly:
dninptiugblighwjh pighwlnp hGubGuhympynibGp YihGh 21y+g: Qyu
ntiypnmd plbinwgdwl hwpwptpmpnilp b wnwpiwl wlhgnupn-
whw YhGaa

D, L=ty ur, b=ty (5.4),
I, +1, 21, +1,
npwuntin n-hntipup GQuGwynd k pGuwyuwl (natural) gpgonn nyu: Uju
tipyn dtompymGGLnG hpwp htin juuyywo GG htnbyw] wnlGynpjudp’

_ 2P (55,
3+p,

<tpw t gnijg wmwy, np r,= 1/2: UjuhlpG, pwywl jnyjuny gpgniwG
ntwypnid phuynn wnwpliwl wihgnupnuhwl Juquind b mnnuéhq
plutnwgwd nyuny gpgniwl nhypnmd unwgynn wowpliwl wlhqn-
wnpnuhwjh Yhup: <wpyh wnlbng pphujuyui puyul (pugundw-
Juytiu splnugwd) niyyu unwlwn nduwpnipjmGatpp’ gnpdGuyw-
(ind Ypnwybtiu Jhpwnymu £ ninnuéhq plinwgwo nyu: {wpy kG,
npn (5.3) L (5.5) hwjwuwpnuiGiph mwpptpnipyniinp wuydwGuwynp-
Jwo t Gpwny, np wnwohl nhwypnd Gunyp qpgnymd E ninnudéhq
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putnwgwo niyuny, huy btpYypnpn nhypnd® sputinwgwo (pGuwlywi)
[nijuny:
Gnp Ginyp wwpmbwlind t pmnpndnpltiph fjpwnlnipn, wwyw
nnulghg jnipuwpwlsjninl niGh hp ri wnwpdwl wihgnupnuhw
p = 1;1 _IiA _ ];1 _[i
oI, +210 I,

1

(5.6)

b npuGghg jnipuwpuwlsjnipp pmnpbugtiighwjh pinhwbnip hGmtGuh-
Umpjwl ot mGh hp' f; =1,/1 (X f; =1) pwdlny Ghpnpouip:

GnpoGwlul mbuwlyjniGhg swhynd GG hpGntGupynipjub Iy b
[, pununnphsGupp, npnlp wnyjw niypnud hptiighg Ghipujuglnd Gl
wnwGdhG pununnhsGiph gmiwpGtpp
I, = ?I;I Ui, :§[i (5.7)
U, unynpwpwp, wnwpiwl pnhwlnp wihgnupnwhwl npnynmd L
Gn1yG duny

_ III_IJ_ _%I;I_§Ii _2151_11
I,+2I, I P

1

1.
xL=3fr (58):

Udtlwwplnp hbnbmpjnGl wyG £, np wnwpdwl plnhwlnp
wlhgnuupnuyphwl wnwGdhG wihgnupnuyhwltph dwulGwpwdhGitnh
qnuiwpl B

r=3xfn (5.9)

Uju wpnwhwjmmp)nilp dhpm L hlGywybu uvnwghnlwp, wjluybu
L1 wlGpwppwjhl wlGhgnunpnuhwjh hwdwp:

{wny t Gpby, np hpdGwlwl ($nilnuitinwy) wihgnupnuhwG
1o, nn0 hptiGhg Gtpyujwglnud £ mbuwlwl wihgnupnuyhwb guiyw-
gwo wmbtuwlh wpddwl pwgwlwnpjul ywjdwGibpnd, sh upng
gtipwqubgty 0.4 wpdtpp: Uju wpgnilpp vnwgynd  pGGupybknyg
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gniquhbn Juiiwl b wnwpliwl wigdwl dndtGubhpp, nph nhwpnmd
hhiGwlwl wihgnupnuhwb npynd £ htnbyw] hwjwuwpdwdp

3cos’f-1 2
7, _T_E_OA (5.10),
npuntin 0-G wligdwG dnikGunGtph U Oz wnwlgph tholt Juqiwd wi-
yniGG E, huy cos’0-h ShohG wpdtipp unwgynid k 3/5: GnpdGululnid
wununwluwl Jwupdnuin Jupnn b pnqunpyytp dwonighy dshowywjpnid:
Onpdlwlwl wpdtipp, npp Yngymd L vwhdwlwjhl wihgnupnuhuw,

Uhpwn unwgynud £ wytih thnpp, pwl mtuwlwln: Gpp JubGiwd b w-
nwpdwl wligiwl dndtGnltpp gqniquhtn GG, wjuhlpl Gpp Unibynyp
gngnymu E dhGsb wowohG uplgitim yhdwy, ro —-h mbuwlwl wpdbtpp
0.4 t, uwluwyG thnpdGuwlywb nyjwp, unynpuwpwn, thnthnpuynd £ 0.32-
hg 0.39 — h dhowwpni:

5.3. YphpwnnmpynGlbpp

bmnptiugklghwjh putnwgnuip hgnp dbpnn £ juqiuybpuyyuo
huwdwluwpqtiph” 9puyh dhgtiGtiph, 2pgYwo dhgtiGtph b dhypntdn-
uhw(bph, Gwpuwjhl tpyztpntph, vhGptnhy ng hnGwhl Jtghyn-
Gtpp, htinnuy pynmptinGtph hnuntGnipyniGp b YnniGnpndwG Jupgp ni-
uniiGuwupptint hwdwn: Uju dbpnnp Gub Qwwm ogqumuwljwn L wynjhdtp-
Gtpp dniynyGtph vtqubGunwjh6 pwpdniGwynipyniGl nuniGuuhnptb-
[t hwdwn: Gupth £ Gub mbntynpymGGtp unwlw; yhn wnhdbp-
Gtpp onpwGtnh YnnuiGnpnydwl dwuhG:

diminptiughighwjh  pubinwgiwl Yhpwndwl nmppuGtph hw-
dunnun guGyp Geplujugywo b wnnuuwy 3-mu:
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Upyniuwly 3

dnnphughlnmuwjhb pbnwgdwb Jhpuwniwl npppunGkpp

Nnpun

StnblynipyniG

Uytiunpnuynuyhw

Gpgniwb putinwgiwb vytynpbtn. gpgnyuo
JhdwyGtiph mwpwGowunnid

MnhutipGtip

Cnpwtinh nhGwihyw

Mnihutiph powwwnp mbtnujhl
dwonighynipjnii

UntiynyywjhG YnnuiGnpnynmiGhpp whln
wnihubplGtpnud

Mnihutiph ynpwltpny qpgniw G LGtipghwjp
wmbtnwihnfunipjnil

UhgtijwhG hwdwjupgtip

UhgtijGtiph GipphG «dhypniwonighYnipjniG»

LnuntGnipjniG b upgh pGnipwgptp (on.
ytiqhyny Gtph Gplyppnbpnud)

Gtifuwpwlwlw b
dtiippwGGhp

ZnuniGnipjniG b upgh pGnipwgptp

duqujhl wlgiwb otipdwumhdwlh npnynud

Lwytjulniptiph wgntgnipjniG (on.
Junjtiumntinng)

UnityniyuwjhG
ytGuwpwlnipn

UyhwwymgGbp (swithup, nhGummpughwd,
uy hnwnig-uyhmwlng
thnfjuwgnbgnmpniGGtpnp b wy6)

QUL O-uyhnwyng hnjuugnbgnipyniGltn

‘L thGwppniGtn (GYniGnipyniG)

buinilGninghw

LwlwqbG-hwjuwdwpdhl nbwyghwlbp

buiniGninghwwl wlwihq

bninptiughlghwjh putinwgniudp Yhpwnetih £ Gub juydiwl hw-
Jwuwpwlpnmpmblbipp hbnmwgnutint hwdwp, tpp hwjwuwpw-

YonnipyniGp yuwjiwlwynpnn wquu b Juwywo dwuGhylGtpG nGha

nwwunwidwl mwpptip wpugmpnilitp: Wyu dtpngny Jupnn G6 m-
untiGwuhpyt] puqiwphy UnityniyujhG thnfuwgnbgnipymGitin: {wpy
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b G2t np h wwppbpmpymG GwGwyhp Yhpwenn wyp dtpnnltph,
dimnptiugtiighwjh plinwgnuil mnnuihnptl swihmd £ juydwo u
wquun GpwlwlhnpGiph hwpwptpmpnilp’ wowlg YtpehGGuph Gwlu-
(wlywb phghyuulb pwdwliwb: UYtihl, suhnudGbinG hpwlwlwg-
ymud GG hpwyuwl dwdwlwlymy” mtntynipjntG mwny wungiw b nh-
unguw( nhwyghwGbtph YhGtumhYywjh dwuhd:
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q-LOMv 4 E36MrNM)

UPQUNLEUYNF U3PV ONULTIESNMI3NRLLENP
U2963M0M3NKNLL DLAMAEUSELSU3hL UNULUT L
€ru

6.1 dnunpliugbiighwjh Ywpnud. UhodnjtynyuwyhG
thnjuwgntgmpynGGtpny yuwjdwlwygnpjuwo wuymgpgedwl
ypngluGbpp

bininptiughighwjh dwpnmd wijwlynd GG pninp wyG wpngbiu-
Gtpp, npnGp thnppuglnd GG wmyjwy Gymiph ppninptiugbGghwjh hG-
wmbtiGuhympmniGp: Uwpdwl oppGuylhp GG ntwlghwGtpp $pnnpn-
$nph qponquo Yhdwynud, tGpghwh thnfuwGgndp, Ynduytipuh
wnwowgnuin b dwpnuip pwjudwG dudwluly: {wjnGh G6 dwpdwl
tinyn hpuGwlwl ypngbuGhip.

w) dwpnd, yuwpwGwynpyuwo pymnpnbnph b dwphsh dhol mtinh
niitignn wwwmwhwlwl pwjudwdp: Gtw wjuybtu Ynywod nhGwdhly
dwnpnud £, Jud £ dwpnd pwjunmdny,

p) dupmd Yndytipuh wnwowgnuiny, npp Ynsymd L unmwwnhly
dwpnid:

‘Lotilip, np unmwwhl Jwupdwl wnywnipnilp hwdwju ndunpwug-
(nul £ pwgwhwjnb] nhGwdhy dwupnuing ywjdwlwynpjuo Ghipnpni-
un: Pnnp phiyptpmd pt’ nhGwdhy, pb’ vnmwwnmply dwpiwl hwdwnp
wlhpwdb)m E pwjumd pymnpndnph b Swphsh dnjaynyGhph shol:
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QhlGwdhy dwpiwl dwdwlwly dwppyp whnp L nhdniqyh nhwyh
dimnpndnpn JupohlGh qpgndwo hdwlind qubytim dwdwlwlu-
hwnjwonui: Pwjuiwl htnbwpny pnmnpnbnpp Ytpununlmd L
hhdGuwywl yhdwyhG' wnwlg bnnnlh dwnwquypiwi:

Uunwuwhl dwpdwl dwdwGwly yninpndnph b dwphsh thol gnjw-
(nud t Yndwitipu, npp sh pinptiughlgnid: Uwpdwl hpwgnpodwl
hpiGwlywl wqwhwlop pmnpnbnph b Ywppsh pwjundG k: Uyn huly
wuwwndwnny, bpl mohyp 2w dwonmghy k, wyw nhbnighwl nulnu-
nnud t, U dwpnudp poyulnd b <{tnbwpup, nuundGwuhpting dw-
nnuip, Junbih £ npnpt] dwphyGiph nhdmghwjh wpwgnipjnGGpn:

Uty wj Yhpwnwlywb GQuwGwlynpjnl nilGhgnn dwupiwb ophGuly
L dwphsh thnjuwqnbgnipjul hGwpwynpnipjnilip vyhnwynighG fud
dtippwGhG yuuyJwo ppmnpndnph htin: Gpb uyhmwynign Jud dbtdp-
pwip pwthwlghy st6 (hwuwGbih s66) dwppsh hwdwp, huy $nnpn-
dnpp mbnuwjlwgwo b dwypnintiynyh Ghpumd, wwyw sh Jupnng
hpwagnpoyty ny nhGwuhy, ny £ vnmwwmhl dwpnud: Uyuyhuny, G)Gny
wju nunnnnipjnilhg, dwpnuip (dwupdw6 wypngtiup) Jupth £ oquw-
qnnot uyhnwynignid b dhdppwlnd pnnpnnph mbinuyGwgnidp b
dwnhpyGph Guundiwdp ngpuw hwuwlbihnpnipn hp hwyn ptiptnt hw-
dwn:

QphGwdhy dwpndG nmGh dhy wy yupbunp GuGuynpmb juw-
Jwd ninpndnph b dwppsh dhob hinwynpmipjw b gGwhwwmdwl htun:

UhohG pwnwlniuwjhG htinwynpnipniGp’ (Ax?)"*p, nphG swphsp
Yupnn £ nhpniqyting hwulby $mnpndnph gpgnwd Jhdwyh Yjubph
nlnnmpjul dwdwGuwy (1), npnpynid E hnbjw) hwjwuwpdudp.

(AXZ)I/Z — (2DT)1/2 (61),

npnbn D-G ghynighwjh gnpowyhgl E: Opwtu wju hwjwuwpiwb
YhpwniwG ophGwl nhnwpytlp ppywolh dntynip opnud 25°C otip-
Swumh§wlnid, nph hwiwp D = 2.5x107 ud®A): CanniGLmy, np $pni-
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ptiugtighwjh phpwjuwlwgiwl pnpwgpuyub dwdiwGwyp 4 Gy L,

wjn plpugpnud  ppywoGh  dnjtymip Yywpnnulw nhpnqytp b
hwynGyty pmnpndnphg thGsh 45 A htinwynpnipjwG Ypuw:

6.2. dnnphughklighmwjh dwphyGhp

UdtGwunwpuwoyuo nhGwdihyjuywl dwphsGhphg t dnyniyughG
ppywohlp, npp dwpnd £ hwdwpjw pnnp hwymGh $innpnpnpltph
dinunpugtiighwG: Uyn huy wgwwmdwnny, Jujujwd htmwgnunynng
(Guniph plniyyphg, nputiugh unwlwlp hwywuwmh wnyjwGbp pnnptiu-
gtiighwjh pywGuuwjhG tiptiph Yytpwptpjw), whpwdbywum k htnwg by
noywd ppywohlp: Quutnuiwwd wpniwmhly wotvwepwohGGhph
dmnptiugtiighwjh dwpdwl wpyniGwytim dwphgGtp G6 hwlnhuw-
(nud wpniwwmhy b whdwnmhy wdhGGbpp: OphGwy, wlGunpugbih
Pminptiugtiighwl qquph swthny dwpymd bt nhtphjwGhhGnyg: Uju
ntiypnud, dwpnudip hpwgnpoymd E qpgnduwd yhdwynwd (hgph mbnu-
thnfunwiny Yniytipuh wnwowgiwdp: Cun npnd, gpgnjwd Yyhdw-
ynd qulynn ppnnpndnpp” wlwmpwgtilp, hwinbu £ quihu npytu
LiyupnGuygtywmnp” pnniGtny Liayuwpnt wdhGhg:

N3 putinwjhG mohsGhipnd hwdwu nhunynid £ pininphugtghw
1hgph wmbtnuihnfuniing wnwowgwd Yndytipuhg b wyn wypngtup Ju-
ntih L ghunwnpyt; npybu gqpgnwo yhdwynmd nbnh nilitgnn nbhwly-
ghw:

Nputiu dwppsGhp yupnn GG hwlntiu quy Gub owlp wnniGtpp
hnGGtpn, hGywhuhp GG jnnhn b ppnihn wGhnGGhpn:

QhdnighnG dwphyGtip GG hwlnhuwlmd Gub putinGp, opwoGh
wtpopuhnp, wyphpwdhnp, npng ofbphllitn:

Cwn dwphyGtp whnwGh G6 uyhnwymgGhph ninptiugkiGghw-
Jh nuunudGwuppiwl hwdwnp, hwnjuytu nphyunndwlwjhl dGw-
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gnpnGbph dwytpunyphl dwphsGtph hwuwGbihnpjwl hGuwpwynpnt-
pJwl pGGwpyiwl dwdiwlwy:

6.3. dhlwvhy dwpnd

bmnptughlghwjh nhGwdhy (pwjunidwjhl) dwpnip GYupu-
gnynud £ CuntinlGh-dbnpitipnh hwjwuwnpnuiny
F,
70 =l+k,7,[0]=1+ K, [0] (6.2),

npntin Fo-G b Fop $iminpliughiighwjh hGunbGupympniGGtpG GG hw-
dwywunwufuwlwpwnp dwphsh pwgwuwjmpjul b wonliwnpjwb
ntiypnuy, k,-G* phuniiynyuyhG pwudwl hwuwmwmmbp, 7-G° Ppnin-
mynph Ywlph mbnnnipnilp Jwpphsh puguluynipjul ywjiwbit-
pmud, [O]-6° dwphsh YnGghGupughw:

CwtinGh-Snpitph dwpiwl hwunwmmbp' Ky-G, wpymd E hb-
wnljw duny’

K, =k, (6.3):

Gpt dwpnmiG pGpwlnud £ nhGwihy dtfuwlhquiny, wyw Cwntin-
Gh-dnpitph hwunwwniGp mpymy £ K, - ng: Ponp dGugwo nhuyph-
nnud wyl mpynud E nputiu K0 SntinGh-Snpdtiph hwuwnwwnnilp gniyg
E mmwhu dwphsh Guuniwdp Smnpndnph nlGhguo qquijlinipjniln:
Uwypndnitiyniih Ghpumd qulynn dninpndnpp, unynpuwpwp, wi-
dwwughih £ oopunyo dwphsGhphG, nph htwmbwlpny npu wpdbpp
thnpp t: K -h dko wpdtipGhp unmwgynud GG, tpp dninpndnpp nione-
pnud wquwun b, Juy, oppGuwy, qunbGymu L jhGuwintynyh dwybptuh:
Uwpdwl wnyjwiGbpp, unynpwpwn, Gipluwjwuglnd GG qpulfl)hllnphﬁ‘
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F,/ F -hwpwpbpnipjuG uiujuonipyniln [O] -hg, npp pipywo t GY.
6.1-mu:

3.5+

FJF

3.0 1

2.5+

2.0+

1.5 1

1.0 5

0 ' 2 ' 4 6 ' 8 ' 1|0
[Qx10°, U™

Ul 6.1 Cyplintip-Snjdliph huwpuuwionipnilip:

dininptiughighwjh hGunbGupympymGGtph hwpwptpnipjul w-
nwligphg Yupwo hwnyjwon hwywuwn t 1-h, hul mnnh pbpnipjul
wlywl wpdtphg Yuptih £ hwpgty K- G: Migquqdwihl juiujw-
onipjniln, unynpwpuwn, gniyg L mwihu, np nionypnid gnympjnil ni-
(GGG dhwjG dh mhyh pnnpndnplbp, npnlp hwjwuwpwywih hwuw-
(Gh &G dwphshG: Gpb wnlw GG Gpym whwh pninpnynpltp, b ngpu-
ghg dtyp hwuwGhih st dwuphghG, wyw CuntinGh-dnpitph yuhujwont-
pjntll mnnuqdowjhlhg ptnynud t nliwh dwphsh YnGgbGupughwjh
wnwgpn: ‘Ldwl pwl nhnymd t, tpp uyhnwymglpnmy Trp-wjhG
dlwgnpyltph $ninptiugtiighwl dwupnud k. pbbinwghG Ywy thgpwyhn
dwnpyny: Uju dwphsltpp sb6 Ghppwthwgnid uyhnwlmgltph hh-
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nnbnp dhowywjn, wj) dwpmd GG dhwjl vyhmwynigh wpmwphl dw-
ytplnyphl mtnuijujqwo Trp-wjhl dGwgnpnltpp: CwnbtnGh-dbnjdtinh
Yufujwonpnilp nnuqowjhGhg 2tnynud £ ntwh £,/ F wnwigpp
wjl nhwpnid, tpp hwiwlwpgmd dwphsh juuwdwl htimbwlpny h
hwjwm t6 quihu juwdw6 wj YaGunpnGGatn:

6.4. Unmwwnhl dwpnud

Uwpnmd Jupnn £ mtinh nuGGGw) Gwb $ininpndnph b dwphsh dhol
hhiGwlw6 yYhdwlimd spmnptiughlignn Yniytpuh wowowgiwl
htimLwGpny (GY. 6.2):

+ Q@ = (FED}*

/iJ' =7 Urnuig wrapuaiy
hv K +
F+ Q F-Q

Ul 6.2 Upuphly duupdwl dhjuulhqip:

Uunwwunhy dwpdwl hwdwp ninptiugtighwjh hGunbGuhynipjwb

YuiuqwompyniGp dwphsh YnGgtlnpughwihg htizw £ nnipu ptiptp
oquuwgnpdtiny Ynuwtipuh wnwowgiwl (wungiwl) hwuwmwunnilp,
nnl wpnwhwjmnymd L wjuybiv’

F+0—X5F.0 (6.4,

k= l1F-2] (6.5),

[7]-[o]

61



nputin [F . Q] -G wnwowgwd Yndwytipuh, [F ]-]3‘ squyud pmnpn-
pnph, [0]-6' dwnhsh YnGgtiGinpughwt t: Gpb wnwgwgwd Ynduytip-
un sh pninptiugblignid, wyw nhunynn nnptiugtlghwb wyuwyiwlw-
Unpwo E Yndyjtipuwgnjugdwln stwululguwo dnmnpnpnpltpny:
binminpnnph plnhwlnip YnGghGumpughwb [E)]—(i Jwpunwhwjnyh
htinljwy duny’
[Fo]=[F]+[F-0] 6.6):
Uju wpnmwhwjnnipmiGp mbnunpblp (6.5) hwjwuwpiwb vty,
JuunwGulp
K:[FO]_[F]: [FO] _L (67)
[Fl-lo] [Fllo] [o]
dninpndnph YnGgtlmpuwghwltpn Juptih t thnfuwphGt] $on-
ptiugtiighwjh hGumbGuhympmGGipny U dLwihnjulk] wpmwhwjnni-
pymGp’

% =1+ K[0] (6.8):

Uptilp, np F, / F -h JufugwonipjniGp [O]-hg GiwG E nhGwdhy
dwpiwl ghypmd unwguwo Jwujwonipjulp, pugunnipjudp, np
wjunmtn dwpdwl wpwgnmpjul hwunwwunbp hnfuwphGymd £ w-
ungiwl hwunmwmnilny:

6.5. UnmuwnhlYy b nhGunthl dwpniiGliph hwdbldwwmnipyniGp

G'Y unwwmhy, W' ghGuwdhy dwupiwl dwdwlwl CntinGh — dnpik-
nh ywjujwonipjnlGp qowjhG L: Uwpdw6 dGfuwGhqultpp Jupbih L
wnwnppbinty’ tiGiny CwbinGh-bnitph uwhudwonpjuwi™ otipdwuwmh-
dwlh Jud dwonghynipjwl thnthnfunipjniGhg niGtguwo plGpwgphg, b
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npl wnwyb] GuwpuplGupbih B ppmnpnbnph Yyulph mnnnipjul yw-
thmuGbtphg:

QhlGwdhy dwpnudp yufujwo E ghdnighwjhg: Lwbh np otipdwu-
wmhdwlh pupdpwgnidp ptipnid £ nhnighwyh gnpowlgh dhowgiwp,
wyw Juptih L uyuwuby, np oipdwumhdwGh pwupépwgdwl htn ph-
unitynywjhl pwppdwl wpwgnpjul hwunwnnlp dkowlnd t:
UpyniGpnud, CwutinGh-dbnjitph
Jwhujwonipjnilp ptipynud £ niyh F / F wnwGgpp: Unwwnpy dwp-

otindwuwmhdwlp pwpépugltijhu

dwl phypnd obpdwumhdwlp pwpépwgbtjhu thnppwlnid t Yndw-
1tpuh YuwyniGnipjnilp (hnppwnid b yndwtipuh YuyniGnipjul hwu-
nwwnnilpn) b CwmbnGh-bnpitph whujwonipnilpn ptpynd £ nhuyh

[Q]-h wnwGgpn (GY. 6.3):

Puuntduyhtt dwpnid
(F¥)

Uwnwwnply dwpnud

+ Q i{FIG}'

= =1
() |y=vet f‘[o} 7=7' Unuig
X hv K 4
Q F+Q F-Q
Ut pupdp
K ;hg\l:ipdulumh&ulh -
k- 4 L N /
“ ’, Phpmpmip=K Udkih pupap
v B / T B oipUmunhgwi
B ol ~~ -
L G el .
& -
i N ’J'.; # [@FLpnipiniup=kqte=Kp | P -
™~ = L /-7
£ e r
W £ T
o JL N S I T T I g J N S N N S S

Uly. 6.3 Lhpduwuphfiwbh wgnlignipjnilip nhlwdply I
upuphly duwpnidlibiph pu:
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hGswtiu Gpytg, pmnptiugtiighwjh Yywlph mbnnnipjuwl ywhnudp
(wyjwgnyyG tnuGuyl t yupgbnt dwupnuip nhGwihy t, pb uvnwwmhy:
Uunwwhly dwpiwl dwdwlwl dmnpnbnpltph dh dwulwpwdhG
nnipu £ quihu nhnwpynuihg, pwih np ndybpuwgnjugyuo pinn-
pnbnpltipp sbhG pninptiughligmd U nhwnynn pninphuglghwl wp-
nynilp L syndyipuwgnjugyuo pininpndnplbph: Qrunp Yndyytpuh
dto squuyywo pmnpndnpltinp qpanjwo sbl b gpubg Yywlph mln-
nupjnilp YihGh 7,: Unwgymd £, np unnwwnmhl dwpdwl nhwypnud
7, / 7 =1, dhGsntn nhGuwipy dwupdwb nhypnond’

F,/F=t,/t (6.9):

“ThGwdhy b unwwnhy dwpmuiGbpp Yupbih E unwppbptyp Gub
LityumpnGuphG  Juuliwl uvyblumpliph oquuqgnpovwdp, npwubin
unwuwhl dwpdwl ghwypnid h hwjm jqu hhdGuwljuwl yhdwlnd wnw-
owgnn Ynuyptipup: PwunuiwjhG Ywpmip wqpmi b Spnmpnbnpp
qngnyuo yhdwyh Jpw U sh Jupnn wnby bEyupnGughG Yroubdwl
uytyunpGtph Yypw: b mwppbpnipynil gpuw, hhiGwlywl yhdwynid w-
nwowgnn Undytpup Jwpuwhwjnyh Juldwl vybYuplbpono
Uniytpuwgnjugyuwd b wquu  pnnpndnplhiph  Epunhllyghwjh
wnwpptin wpdbplhph httmuwGpny:

Cwuwn nhyptipnd pnnpndnpp Jupnng L dwpygly Gnyl dwphgh
htin U pwhunwiGtph U Yndujtipu wnwowgltnt htmbwlpny: Uju wu-
pwquwynmu CwmbnGh-dbnpitph juhujwonipjuwl wnwldGwhwwmlnipjnt-
Gp Juyuln £ Gpwlnwd, np wjl nunuqowjhlhg ptnynud £ dtnp
ptiptiny ptipywonpym nhwh F, /F wnwGgpp: Uyu nhiypmd dulp
gnno niGtlp fuwnp Jud YndphGughnG dwpdwG htn:
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6.6. Epupdliplikpp b Epuhybpullph wpwowgnudp

Phinitynywjhl gnjugnuip, npmd hpwgnpoynud £ dwpnuip, hpb-
(ihg whwp L GhpywjwgGh Yud pwhdw6 Yndyytipu, ud k) tpuhwtipu
(tpuhutip): ‘Lwju mwlp yYtpohGGtphu plnipwgpnuin’ tpupdtpnGhpnp
nhutpltn GG qpgndwo yhdwynd: “Fpwlp wnwowlmy LG qpgnyud
dngynyh’ (‘M*) U npue hpbGuhy ng gpgpdwd dngynyh’ (‘M) puu-
dwl httmlwGpny.

'M* + 'M = 'MM)*:
MM)*  Gpwlwlynmip htlGg yYtpwpbpmd b Epuhybipupl, npunbn
qnanyud yhdwyh tGhpghw@ pwphugwod t tpynt dniyniGhph ypw:
buly tpuhytipultipp gpgrjwo yhdwlnid wnwowgud Yniuy tipu-
GhpG bG: Lpwlp qpgndwd dmbynih ((hGh nu EaywpnGnnGnp' 'D*,
pb bityumpnGuygtupnnp 'A* dnitynyp) b ny qpgnwd mwppbpuljgnng
Unitynih ((hGh nu EGyupnGnnGnp® D, pt tiGyupnGuygbywmnp’ A
unitynip) pwhudwG wpnymbp GG°
'D*+A="(DA)*
'A*+ D= "(DA) *:

Luwlh, np EpuhdtinGtph U EpuhytipuGbiph wnwowgniuip nhbni-
ghn( ytpwhuyynn wypngtiuGbp GG, wyw Gpyuwo gnjugndGtinn hGw-
pwynp £ gpulgl) gnGnph U wygbwywmnph hwitdwwmwpwn pwpénp
UnGgtlumpughwitph dwpgny, npp b juywhnygh pwujwpwp pwlw-
Uny pwpunuiGtn dnynyGtph qpgnywo ypdwynid qubGybnm dwdiw-
Gujuwhwwnywonid:

EpupitipGhpp’ '(MM)*, hGswbtu Gub tpupuybpultpp’ '(DA)*,
hptiighg Ghipyuwjwglmd GG gnyugnuiGbp, npnlp qulymd GG dwyb-
plunypltph ynntlghwy EGtpghwjh dhGhdnudnd b htlg wyn ywwn-
dwnny by nGkl npnpwh GpypwswihnipjnG:

Cuwn wpndwwmhly wotuwopwohGbbp, hGswbu opplwy Guwypwti-
Gp ywd whptlp, Jupnn GG wnwowglby EpuhdtpnGtp: Cuwn npmd,

65



dnitiynGipp puwuwynpymud GG dhojwlg qniquhtin, U EpuhdtiphG
hwiwwywwnwufuwlng pymnptiughlnmwihl wqpubywlp h huwym L
qwihu wytih dko wihph Gpuwpnipjul wnwly, pwl dnlGnditpny
wujdwlwynpjwo pymnptughlmwihl wqnubwbn: Uniue Jupunp
wnwldGwhwnynpyniGG wyl t, np Epupdtiph wqnubwlp sniGh
nwnwinnuyui Gnipp Juoniggwop (GY. 6.4)

*

Ny — | (TR
©+@=|®
hvy | | hve hve
Untndtph Epuhdtph

wqnubpwi wqnubpwl

U &

Ty, N

Iu It

-

A

Ul 6.4 Epupdliph wnwowgnidp dnlindliph b Epupdliph
wqnuilipwliliph hliyp dhwupl:

by ytpwpbtpnud L EpuhutipuGbphG, wyw GpGGp, np ngpwlp w-
nwowlinud &G npnpwh vntfuhnitwmphwyny, unynpwpwp’ 1:1 hwpw-
ptpnipjwdp:  Epuhyptipuh wnwowgiwl nwuwywl ophlGwly L
qnanyuwd Jpdwyh yndytpun, npl wnwowlnd &t wlwmpwgklh b nht-
phiwGhihGh dhol' 2Gnphhy wdhGh dnjtiynithg qpgnjwo whnpwgklh
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uniynihG EiEympnGh wigiwG: N pubnwjhG niohsGipnd (ophGuy’
htipuwG) Epuhwtipup ninptiugighw6 GplwG E quithu w6, wnwig
(npp Juwnmgywoph wqnubywlh wmbtupny, npp vybjmpmd mbtinw-
Juyqwo L wybth Gpup wihph Gpupmpjuwl wnwl h hwdbdiwmnm
wlwmpwgtlih wqpub)wbh: Lnohsh putinw)lnipjul dhowgiwl htin
tpuhytipuh wanubywlp 2tnynud t ntiuh tpuwpwihpwjhl dwpg:
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qLNkv 3NEGANM

LOROPP AEUGNU3LARMO3 UYL U291E3NRo-3NRLL
SLAMEUSELSPUBP UNGUSMLEP 4. MU

‘Lwhunpn  pwdhGGpmd wpnhG Gyt E wyl hpdGuywl wuwm-
Gwnp, hwiwdw)l nph pnnpnbnph wnwpnidp hpwgnpoynd L wytih
tpyuwp wihph nwy, pwl Jublnip (unnpuyjwl 2tnmuy): Wyn 2tnnudG
wytih qquwih Lt gunlnd jmohsh putnwjlinipjul dhowgiwlG htwn’
wuydwliwynpjwo putinwjhlG muohsh  dntynyGpny  qpgnywo
Jhdwyh JuyniGugdwdp (GY. 7.1):

S, A V¥
A \V
Me
£hs phknuyht ymidhy
Uykh phinught
) sy
ther) (o™ Jplp h\'&uéj hv 2/ (10° 4pl)
A 4 4
us &7

Ul 7.1 Bupnliuljni nhuqpudp pininplhiughlighugh hwidwp Ghpwnjug
[nLopsh nhjuwpuwghuli:
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Lptlp, np unynpwpwp, Smnpnbnph gpgeyud Jhdwyh nhyng
unibiGnp * e wytih 0t b, pwl hhiGwlwG yhswyhlp' g

7.1. Lmohsh plinghwGpuwywub wqnbgnipynilip.
Lhwbpnh-Umwmwquyh hwjwuwpnuip

bninptiugbhGunuyhG uvytympltph Ypw nohsh plnhwGpuyuwi
wqntignmp)nilp pGGwnlbtihu pinnpnpnpp ghuymd E npujbiu nhung,
nnp qunbymd £ gthnthnfuynn nhijuphy hwunmwwmniG mGtgnn dhow-
Jwjnnud:

bninpndnph b nohsh vhol thnjuwgntignipniGGtnl wqnmuy GG
hhiGwywl U gqpgndwo yhdwlltph LGipghwltph wwpptpnipjwi
Yypw: Unwohl dnmbtigdwip LGtpghwjh wju wmwpptpnipnilp Juwju-
Jwo E ndhsh pijdwb gnighshg (n), nhtieywphy hwunwwnnibhg (&)
U Gyupwgpymu £ Lhytpumh-Uwnwqujh hwjwuwpnidny

2
e-1 ' —1\( g —pg)
2¢ +1 2n% +1 a’

Vi —Vyp =2/ he +const (7.1)

npunbin 171” = vy -0 Juuiiwlp U wowpdwlp hwiwwywnwufuwing
wihpwjhG pytph wmwpptpnipymGa t, 2 -p° MuGyh hwunwwnniGp, C-
(" nyuh wpwqmpymbp, Ug -6 b 4e-6 qpgnywo b hhdGwlywb Jh-

dwlltph nhwnp WndtGunGtplG G0, o -G° funnngh pwnwyhnp, npp
Gtpunud qunbynid & pnnpndnpp:

-1 n*-1
(2g+1 o +J
wpunwhwjnnipiniln Yngynid £ opptiimwghnG putinwgnid b GpwGwly-
Uynui £ Af —ny:
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(28 — llj -n Yybpwpbpmd £ wyl uvybupwy 2tnnuiGhphG, npnGp
&+

wuydwlwynpjwo GG mohsh nhwyniGiph YtpwynniGnpnydwip b
2

n
LityupnGuyhG funmpjul yepwpw)fudwdp: ( J-]} hwdwww-

21 +1

nwufuwlmy £ LEjupnGwjhG jpnmpjub ytpuwpwyudwinp: Wyu tp-
Um wlnwdbGtph wwpptpmpmilp pwgwwwmpnid £ uyblunpw; wyl
2tinmuiGhpp, npnlp ywjdwlwynpyuo GG niohsh dnitynyGiph ybpw-
ynnulnpndwdp: Cun wju mbtunipjul bwljwl uvnnpujwl ptnnuiGtph
ptipnud £ dhwyG niohgh dniynyGiph yipuynnilnpn)nuin: Ejupn-
GwjhG punmpyjul Ytpwpwpunip Juumwpynd £ wylGpwppnptG b
Unnwynpuwwbiv Gnyy6 ywihny JujniGulmd GG hGswbu qpgnywo,
wjlwtu L hhiGwywl yhawlyltppn: UpgmiGpmd pbydwb gnighyp b
LiGupnlGuwjhG funmnipjul Ytpwpw)funuip hwdtdwwmwpwnp thnpp
wqnbtignipjnil GG niGhlnid unnpujw 2EniwG Ypw:

GQunpbjh b plnniGh, np $nmpndnph  qquylnipynilp nidhsh
(Juuniwdp hwitdwnwlwl b (ug - ,uG)Z—mﬁ: Uju wlnwip hwu-
nwwnnil dtonpjnil £ wyjuy $ninpnpnph hwdwp: Lhybpnh Jutu-
JwonipjuG’ (17[{1 —\751,)= f(Af), qowjhG (hGhp Yuwpbh b opGnmGb
npwhtu wuwwgnyg wjl pwlh, np hwdiwlupgmd qbphpfumd GG
nGnhwlpwlyuw thnfuwqptignipyniGGtpp: Guwhjwontpjw ptinnuiGhpp
qowjlnpjniGhg gnyyg GG wmwhu, np hwdwjwpgnd welyw GG
Jnipwhwnny hnfuwqntignipyniGGhnp:
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7.2. Lmohsh jnipwhwwnnily wmgnbtignipynilip

LGGunpytnyg mohsh pubinw)impjul wqnbgnpjnmlp wowldlu-
hwunml npwnpmpjul GG wpdwlh hhnpopupy pnillyghnlw) funidp
wwnpniGwynn dhwgnipjniGGtpp, npnlGp mGuwly GG jnipwhwmniy thn-
fuwgnbtgnipjul vty dnlt] dninpnbnpliph hbn® opuwotGuub Juuwh
wnw9wgniny:

Spwolimljub junyh wqnbkgnipynibip Jyubdwbl b pyninphughib-
ghuwyh wwyblypplliph Jpw

n — 7" wigdwl nhypmd gpgniw b htinbwlpny htmbtpnuwwnndh
ynw, hGywhuhl £ wgnunh wwnndp, LayupnGuihl punmpniGp Ggw-
qnui t: UpyniGpnid uvnjjw; htmbpnwwmndG wytih ppy £ nilGuwl wnw-
owglbp opwoGwlwl Yuwbp: GuGiwa Jpuw wju thnthnfumpmGa
niGh GniyG wqntignipymGn, hGs gpgniwG httmbwlpny nhwn; dndtGunh
thnppwgnidp: Nwuwmp, JuGiwl vybupmd vguuynmd b juyngu
2tinnud b nppw G U606 £ opuwoGwlwl Juwwh nudp, wylpwl 2tnmip dto
tL: Uw n— 7" quwhlG pGmpuwqpuiub swthwGhy b: Uyblwph ob-
nnudp Jupnn £ oquugnpoyty opudGujub Juwh tGtpghwG npnptin
hwdwn:

<byunnipjudp Juphih t GGpwnpt), np uhGgtin 7 — 7" Jhdwlhg
wnwpywd pninptugtlighwl dhpm wybtih phy qquymil t jmohsh
opwolwuwl Yuwy wnwowglhm hwnympjul GQuwundwdip, pwi
Jiwlnuip: Gpt wgnun wwpniGwynn htmbpnghynid (op. dhpwlnih
monypnd) 7 — 77 qpgonuip hwlgbglnid £ 9puwoGwiwul Juuh
pwlniwip (op. N...HOCH;), wyw $minptiugtlmwjhl uwyblumpp
yynh dhwjG piplwyh waqpbignipyniG’ ywjdwlwynpywo opwdGulywb
Juwuw wnwowgltint nuohsh hwwnynipjudp, pwlih np wnwpnuip mtinh
I mGaGmd 7 — 77 Jpdwyhg 9pwolwlwl Ywwbph pwgwlwjni-
pJudp:
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7 — 7" wlgiwl nhiypmd hhdGwlwlnd htmbpnwwnnd (op. N)
wuwnpniGuwynn htnmbtpnghYyp gpgnwo ypdwynd wybtjh hhdGujht t,
pwl hpiGwlywl Jpsdwynd: UpyyniGpnid gpgndwd dnjtynyp Jupnn L
wytijh ndbtn 9opwoltwul Jjuy wnwowglti, pwl hhiGwywl yhdw-
ynid quGynn dniynyp: Qwwnp, 7° - 7 pmnptugblGghwl wykih
qquyniG £ opwdGulwl juyh Guudwdp, pwl 7 — 7" Julndp:

Bnipuwhuapnil] thnhaugnlignipyniliiiph wqnbgnipjulbi

ophliwuljlikp

Snipwhwwuny hnfuwgnbgnipymGGiph qquih wqnbgnipjuwl qw-
Jugni)G ophGwyGtphg vh pwGhup Gipjuwjugyuo GG unnpl: 2-wlh-
(hGnGwypwhGh $mnptugtilighwih vytiyupl twlwlnptl thnfuynid
L ghyinhtipuwGhG 0.2% tpwling wytjuglbhu, huy 3% tpwling wwpni-
Guwynn onypnd uytupp dhwyl whlwb L mupptpynd dwpnip
tpwlnind nhnynn vwybunphg: Uju Eptyunlb, wiuwuywo, wyuwjiw-
Guwynpwo L jmpwhwmnyy thnfuwqptignipjniGGtpny, npnlp h hwjn
Ll quihu pGupnmuiwl unpywwumwghwjh 2Gnphhy: Wju htbmwgnunt-
pyilp gniyyg L wmwihu, np 9pwoGwlywl Juy wnwowglng nidhsh
oww phy pwlwynipjnilp pwjwpuwnp b pymnpndnph pninpbughb-
nwjhl wnwpiwl vyblupmd qquih thnthnfumpymGitp wopwowg-
Gt hwdwn, dhGyntn mohgh dwipnuynwhly hwnynpnGatpnp (qht-
1tywnnphy hwunmwnni, phydw6 gnighy) buulnpbl skG thnthnfuynid:
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HN NH

HoN

2-wGhhGnGuypuhG 4-whGndunwhipn

Uty wy htwmwppphp opplGuy t 4-wihGnpunwihdhngp (4-Udb):
Lwlh np gpgniwl wpyyniGpnid nhwynp tniklGnG wénwd £ dnn 4 4},
ndjun L pmnptiugblghwjh vybyyumpmd wyllwit) pbbnw)linipjudp
wujdwlwynpjwo qwjh ptnnui: Uwulwynpuwbiv, ny putinwjhG nht-
phitiptinhg (e=4.2) wgtinGhwnnphihG (e=35.9) wigGtihu mnptiugkG-
ghwjh uytiupnud ptinnudp dhwyl 33 GU E, dhGynbn ptnnuip pwuwn w-
ytih (w6 £ opuotwliwl Juy wnwowglnng (mohsGhpnd, hGyuhuhp
tl uyhpwnGtpp b 9mipp (op. 93 GU dhpwlnnmd): UhwGywlwl wju-
whuh 2tnnuip wwjdwliwynpwo £ jnpuwhwwmniy thnfuwqptignipniG-
Gtpny: 4-Ud-h dninpliugblighwyh pywlmwjhb Gipp pwndn k ny pub-
nwjhG U pbtinwjhG wypnunnGwjhG niohsGpnd, vwljw)l ywwm thnpp
E ypnunnGwjhG nohyGpmy (0.1 dtpwlnmd b 0.01 9pnd), pwGh np
onwolwlul Juwp, hwjwlwpwn, thowglmd £ dhoghwdwlupqujhG
wlgnuin: dmnptugtlghwjh pywlnwjhl tiph wju thnthnfunipjnil-
Gtiph hwiwdw)G qpgnywo Yyhdwyh Yjuwlph mbnnnipjniGG wytih tp-
Jup t wypnunGujhl (nohsGtpnid (14-15 Gypy), pwG ypnnnGujhG
mohsGpnud (=1 GYpYy opnid):

4-Ud-G6 Yhpwnyby E npuybu GpuwlGwyhp dhghjwjhlG dhowyw pnu:
‘Lowlwyhpp ntnuywyynd k dhghjwjhG dwybpluniphG b pwwn hwp-
dwp t dhgbpwjhl wgpiquunugnil niuntiGuupptint hwdiwp: UUL-h
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UnGgtlmpughwjhg YJwpuwo dmnptugtilighwjh hGumbGuhynipjwb
Junpniy thnthnfunipnilp pnyy) £ mwhu npn)ty shgtjugnyugdwl Yph-
nhjwlwb YynGgtGumpughw (U44): 4-Ud-h LityunpwstignpnipniGp
L gpw thnpp swihutipp hwnhuwGmd GG yapohGh witGuwitd wnwyt-
mpynGGLpn:

{hdGytiny pininpdnph wwppbp whwh ndhsGeph htin hinfuwg-
nignpjul plnyphg b unmnpujwl tndw6 swhhg Jwnptih £ npn2ty
dimnpndnph wmbnwjlwgiwl Juwjpp: dbmnptiugthlunuwjhG vytyunp-
Gtph Yypw niohsh wantignipjuwl nuuntiGuuppnipjnilp hGuwpwynpni-
pynil L mwihu mbntymp nil vnwlw) $mnpndnph p9wwyywnp dw-
uh( U npnpt] uyhnwynigh juwd pwnwlplph htn pninpnpnph mb-
nwjliwgdwl Juwjnnp:
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4L0MNv NREELOMD-

SLAMPLBUSELSU3 P UNGUS/NUGNNhi3p
YhMrUMRE3NNLE GELVULLT VUG SUUTGUMG 6P
NrMNNMNVUUPMOME BN LELORT

dninptiugtiunuwyhG  uvyblmpnunwyhwjh dtpnyp hwnjuwybu
Juplnpynud £ uyhunwymgGbph, “Fu0-h, thyhnbtph, pwunuipltph
JuwmniGnmpjul, Junmgywopwjhl thnthnfunipymGGtph b thnfuwqnb-
gnipniGGtph nuundGuuhpnipymGabpmd: Lyywo fuGnhpGtph ywnp-
pnd uyhwnwnigGtipp wnwlédGwhwwmniy mtin GG gpuynmd wju dbkpn-
nh oquuugnpdiwl wmbtuwlbwmhg, pwlh np odmywod Gl utithwliwl
dminptiugtiighwyny, wjuhlpl $mnpbugtiigtin hwwnynipjudp, npp
wuwiwlwynpjud t ninptiugtilignn tipip wdhGnppniGtph” $tlGhiw-
(wGhGh, phpnqhGh b mphyunpwlh welwnipjudp: LhyhnGepp, pw-
nubplbtpp, vwpwphnGbpp smGEG mnpbugtilgtin hwnympym(,
hulj 9ue-h pminptiugklighwb pwwn pniy k, npp Gyuwumwljuhwpdwn
B oquuuugnpolyp pwlwliuwliwl numdiGuuhpmpiniGGtnph  hwdwp:
dininptiugblnmwhl vytjupnuynyhwljwl htnmwgnunmpymGitph dh
Junpunp dwu juuyywo b pmnptiughGunughl GyulGuyhpltph oquw-
gnpodwl htinm: <wjmbh GG pwqidwphy $mnptiughGunuwghG GruGuw-
YhpGbn:

diminpndnplbpp Jupbih £ pwdwlt] Gpynt hpdGwlwb nguup
GtpphG U wpmwphG: LtpphG pmnpndnpltin GG Gpulp, npnlp pGw-
Jwlnptl wniw G0 wnyjw; Jwipninbynynmd, ophGwy, wpniwwmhy
wdhGnppniltipp, prudhGhtpp, whphnopuhih wowbgywiltpp, pnpn-
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$hin, GhynnhGwihny — wnkGhG - ghGniytinnpnp (LU - NADH): Up-
nwphl pymnpndnplbpp wybjugymd GG GdniphG dmnptiugtiighw
wnwowgltym hwdwp' tpp  pGwlwlnptl wjG sju, Jud Gdnih
uybjnpuw hwnympjmGGtpp thnfutiint hwiwp: UpnwphG $ininpn-
dnnltp GG nubuhp, $ninpbugtihln, pnnudhGp b wwnm wyy Gymptn:

8.1. 4u0-h Grwliwmnpnudp

QAUO-h Gulungpnuip hwnjuwbu Jupbnpynd £ wjl mtuwG-
YniGhg, np FuO-h hwiwp phunynd t pwwn pnyyp minptiugblghuw,
wjl £ htinm OMU dwpgnud, npp wpwliumhl wbuwllyjniGhg wlhwp-
duwp L oquuwqgnpoiwl hwdwp: Gwl pwqiwphy pnmpndnplbn,
npnlp hGpGwptpwpwp Juuwynd GG YLO-h htn® gnigupbpbng
(Yuwwnbih wnwpnid: FUE-h hwdwp (wjl nwupwonmyd qunuo Gulw-
UhpGtphg b tphnphmiéh ppndhnp (ER): UG poyp dimnptiugblgmd b
opnud, hul “FuO-h htn dshwlwihu pninptughlghwjh hGuntGuhyni-
pyniGl6 wdénd k30 wlquu: ER-h qpgnywo yhdwyh Yywlph mbnnne-
pjnilp 9pnid dnwn 1.7 GYpYy E, FLO-h tpyuupniyph htim Juwybihu
w6 hwulmu £ dhGsb 20 GYpYy: ER-h Juunuip ppuyululnd | Yue-
h Gpywwpnyph hhdiptph qnuyqtph dhol ER-h hwpp wpndwwnmhly
onwyh GipnpiwG (hGumbtpywpughw) dwiwwwphny: FLE-h Jwwn
GywGwyhpGtn, hGswhuhG wyphnhGwyhG GupGowaqnijGa b, GnijGuytu
Juuyymd L Gapgpowl dbjuwGhquiny: Uy wmhwyh GpuwGwyhplbn,
hGswhuphp 66 DAPI-G, Hoechst 33342-n, Juuwynd GG FUO-h thnpp
wynunii: DAPI-G Jwwm qquynil L gunlnud, tpp yuyymd £ Fu0O-h
wntGhG-phdhG gniyygny hwpniun dwund: Hoechst 33342-G Juuynid
L hhiptiph qnuyqtph npnpwih pquuwynpyuwompjwl ghwypnid: dhpohl
nwnhGtphG wnwownpyyt GG “FuO-h Guuniwdp pupdp pGwdwy-
gnipyniG mGtgnn GtpYtip, npnGp hhdGwlwlmy hwjnbh Gapybph nh-
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dtinGtp GG, ophGwy Ephnhnuth hndnghditipp, npuwjulnpbb thgpwynp-
Jwo tpupwnpw TOTO-1 Ghpyp: LUwG Gepybpp WGl GG Yuw-
Jwod VYUO-hG gbpwjhl Liyupndnptgh dwdwGwl hGupwynpnipniG
nwny pwpdp qquyninipjudp htimbbtint 4ALO-h htin Juunwpynn
thnthnfunipymGGtphG: FU0O-h npn GuwlGwyhpGip mpjwo GG GY.
8.1-nuy’

kYD kYD

+N=

Xi + +
{CHz)z-TH—tCHa)z—I;IH—(CHzla @

H H
Ephnhoud ppoidhy Ephghmdh hminghdbp
518/605 528/617
w0
3 N
'
+ . N N
MegN N NMe » H*@Ty\@\
H N
H
OCH,CHy
Uyppnhiwghis hupigmgniyh Hoechst 33342
500/526 wd YL@ 350/460 d

460/650 ud L

Ulp. 8.1 FUIO-h npnp lpwliwhhplbip:

8.2. Uy hmwlnig-thqubn thnfuwqylignipynilGtph
niumifiwuhpnipyniGp

Uwhuniwlnig - (hquwin thnjuwgqptigmpniGGoph pwlwluwlywb
(quwpwgpnipynip yuuywo b uyhnwynigh htn jhqubnh uudwb
YtGupnGGtph pyh, ngnlnp-wlgtywumnp htnwynpnipjwl, hGswtu Gul

thnfuwqntignipjwl nidtph plnyph ywpqupwliwb htn: bhghlwph-
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thwlyuwil wju yupwitmptph npnpnuip hhiGwo E pmnptiugblGnu-
JhG nbgnGwGuwjhl LGtpghwjh ny Swnwquwjpwjhl wigiwb npndw b
Ypw: bmnptiughGunujhl wnwpdwl duiwlwl pwgh LGapghwjh dw-
nwqujpwjhl wlgnuihg, npp quuigynud L npybiu pymnptiugtinwjhl
wnwpiwl uybtlywp, hpwjwliwliny £ Gwb Juuijws tGapghwjh ny
Swnwquwjpwjhl wlgny, wjuhlpl YJuwlGdwo nbgnGuGuwjhl EGtp-
ghwjh wlgnd dnjtynih wy dwuh Jud wy dnjtYnyh: Uyu Gplunypp
hwjmbGh L npybu $mnpbugtinmwjhl nbgqnGwbuwjhG LGipghwjh
wlgdwb (SOAEL) tpunyyp b qwylnptl ogquugnpoynid & pminptiugh-
ghwjh Yhpwnnipjwl pwwn ninpubtpnd’ (hGh g pd2jujul whuwnn-
pnpnudp, FLO-h wGwihgp b wylG: SOEU-G hppwlwGwlnd L qpp-
gnnjwd Jhdwlnwd qunlynn nnlnph dnjtynih (D) b hhiGwlyw6 Jhsw-
ynuid qulynn wygtwyumnph dngtiynih (A) dhol: “knlnpp jninptiu-
gtiunwjhlG vytyunpp Yyopuwngpyna £ wygbymnph Juubdwb vybyumph
htwn (GY. 8.2): Nppwl Ytpwnpjuo dwybptup vko k, wjlpwl ntgn-
Gwluwjht LGapghwjh wigniiG wpyniGuwybm k:

DOEU-h wikGwnwpwoywo ogumuwagnpdonuip Yndyyipuwgnjug-
Jwl dudwlwy nnbnp - wygtuunnp (D - A) htinwynpnipjwl npnynidG
L: Uyghunwymgliph nuunuiGuuppiwl dwudwlwl npuybu gnlnp pl-
niGynud £ Trp-wjhG vGugnpnp: Gpb qnlnpl nt wygbwywmnpp shwyG
LG, L, tpt npwlg dhol tnud htinwynpmipjnGp sh thnfuynd pynnpn-
dnnh qnanywo yhdwyh Yulph munnmipjul pGpugpnmy, wyw D - A
htnwynpmpnilp Junpbih © npnt” G1GEny LGapghwjh wigiwl wp-
nniGwytnnipjnilhg:
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Ul 8.2 Anlinph dnjlilinih pininpliughliypughf winwpdwl uwybljypph b
wlhghuppnph dnjhlnigh ruldwl uwblppplbph Jhpunpnulp:

Uju dbpnnp oquuwugnpoymd t Gwlb wjl nhypmd, tpp wygby-
wmnph dtihg wybh dnbynyltp 6 qunlGymd gnlGnph 2powuwwnniy:
‘Ldwl phpwyhdwly wnwowlnd t, tpp qnpo nilGhlp dwypninikynig-
Gtph wluwipGtph htin, juwd punuipltnh nhwypmd, tpp A-G wqu-
nnptl nhpniqynud Entwh thuhnughb ztpntpp:

DOEU-h pmpugntpG GG dnunbpjul wnwyhnp Ry, LGhp-
ghwjh wlgiwl wpwgmpmlp’ A7), yopunpiwG hGubgpunp® 7,
LGipghwjh wlgdwl wpyyniGwybtnmpiniGp’ £, ninnjuonipjwl qnp-
owlhgp'x?:

U G htnwynpnipjnilp, nph nhypmd nbgnGuwGuwjhl tGipghwjh
wlgnuip hpwwlwlnd £ 50%-ny, Ynsynid k $jnunmbipnyul punwyhn,
npp GuGwlynud  Rey: UjG hpiGuluGmy (hGmd £ 20-60 A:

“nlinphg wygbwywnn LGtpghwjh wigiwl wpwgnipjnilp’ (7)-n,
npnpynid £ pun htmbyw) hwjwuwnpdwG
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6
1 (R
kr (r) =T—(7°j (8.1),

D
npubin 7, -6 qmnbnph dwpdwl dwiwGwluwdihngl £ wygtiwywmnnph pw-
guwnipjuip, Ry-G° dynunmbpjul pwnwyhnp, #-p’ nnlnpp L wygbw-
wmnph dhol tinwd htinwynpmipjnilp: bpunphg 7 htinwynpnipjuwdp wnw-
pwlowwmywo D - A gnijgh hwdwn LGapghwjih wlgdwl wpwgqmpjni-
(ip npnpynud £ hmbywy hwjwuwpnuing

Opk? (9000(11110)
kr(r) =
r() 128775 Nn*

g JJ (1) (8.2),

Tpr

nputn O, -G nnGnph pywluwghG bipG t, #-p" mohsh phytwb gni-
ghyn, N-p° Ungunynngh phup, &”-G' pnnph U wygbuwunph ghuyn dn-
utlnGuph thnjuwnwpéd nuuwynpjuwonipjnilin plnipwgpnn qnpondp,
J-G" gnlnph wnwpiwl b wygbwywmnph Jubiwl vyblyunpltph yepw-
nniwb hGnbqpuin: J-6 wpnmwhwjunynid £ hbnbjw; hwjwuwnpnuing®

. TEp (Ve (A)2%dA
J(A) = [Fp(D)e (A)Ada =2
0

0 (8.3),
[ Fp(A)dA
0

nputin F,(A) -G nnGnph $ininptiugtighwyh Gnpiwynpdud hGnbkGuh-

qmpmiGG £, &,(4) - 6’ wygbuwmnph tpunhGyghwh gnpowlhgp:
DOAEU-h dymu pwlwlwlwb pGnipwghpp LGtpghwjh wlgiwl
wpyniGwybnmpjmG6 £ E -G: £ - G pnnnGGhph wyG JwuGwpwdhGa
L, npnGp wnwpyty GG mnGnph Ynnihg b thnjuwGgybt] wlygbwumnnphG:
E-G npnpymu £ pun httmbyw hwjwuwnpdw G
by (1)

= —2'51 Tk (r) (8.4):
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Uju hwjwuwpmip hptiGhg Ghpyuwjuglmd t wigtwywmnph Ghp-
Juympjudp LGipghwjh wiGgdwl wpuwgmpjul hwpwpbtpnipnilp gn-
Gnpp Jwpiwl nn9 wpwgnmpjwln: <wyh wnlhny (8.1) hwjwuw-
nnudp, junwGwip

6

E= 13(?—4(-)}”6 (8.5):

UWju hwjwuwpnmip gnyyg L wwihu, np EGipghwjh wigdwG
wpyntwytnnipiniln yuhujwo k pmninp-wlijghymnp hinwynpnipjne-
Ghg: E-G unpbih £ npn2t] wygbymnph pwgwlwnipjuwb b Gepljwni-
pJwl niypmud pninptiugtighwjh hGnbGuhynipyniGitiph hwpwptipne-
pynilGhg pun htimbjw hwjwuwpdw G

E=1-foe o
F (8.6):
D
D-A htnwynpmipjniGp hw)ytim hwdwp wlGhpudtyum E npnptyg
dnunmtipyul pwunwyhnp” Ry-G, pijub gnighsyp” #-p: 2nh nhwypnd w6
1.33 E, b tipt niGhGp opqulGwlwl jmohsh fuwnbnipn, wwyw plnniGnd
tilip, np 7 =1.39: Gwjuywo nnlnpp b wigbhynnph mwpwowub nu-
uwynpyuonipynilhg K’ -hG Yupnn t plgmGs; 0-hg dhGsk 4 wpdbp-
(tp (GY. 8.3):

(5,8
e 6a i
,ff[r\*'- [ I ¥
ff k2=4
f8r_~ k=1 k=0
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Ul 8.3 Mynyjuwonipjmli gnponbp’ K‘z, wpijuwonipnilip nnlinph

wnwpdwl h whghwpnph Grulbdwl nhwynjlibph ihnjuwnups
nuuwynpyjwonipjnilipg:

MinnJuonipjwG K’ qnponlp mpynud L htnbjw; wpmwhwjnnt-

pjwip’
K’ =(cos @, —3cos @, cos 8,)° (8.7),

npunbin 9T -G gnGnph wnwpdwl wlgdwl nhwynh U wlygbwwmnph
Yrubiwi wigiw nhynih Juqiwd whlymba t, 8,-6 L €, -G° wju
nhuniGtiph Juqiwo whymnln: “thyniGiph qoifu-wyng nignjuont-
pJwl nhypnid K’ =4 , qniquhtin nhynGtph hwdiwn k=1, huy nin-
nuhwjwg nuuwynpjuonipjul phypmy’ K =0: Uhluwpwlwlwb
unitynyGiph  numiGwuhpdwl  dwiwlwly oquwgnpoymyi L
k* =2/3 wpdtpp:

Muwpgbing Juuwiwl hwunwnnilGh oipdwunhdwlwjhl Yuwju-
Jwonipjniin” upnn tGp hw)yty uyhmwynighG hquinh Juuwdw6
phpdinphGuwihyuyul wuwpwitinpbpp: Uyhwnwynigh b thquinh dhol

thnfuwqntgmp niGGtpp Yupnn 6 (hGh hhnpndnp, tiEjumpnumwwmhy,
Jwl-ntp-quwuyw, jupnn GG wowowlwy opwotwlwl juwbp L
wj1G: Uju thnfuwgnbignipynmGGtph pGniygpp Jupbih L wwupgbp pum
Juwudwl wpngtiuh EGpuwuhwjh U EGupnuyhwjh thnthnfungpjwG:
Mupqyt £, np tip AH >0 1 AS >0, wyw hwiwljupgnud wnlw LG
hhnpn$np thnfuwgntgmpymGatp, tph AH <0 U AS <0 hwiwywp-
gqnud  qbiphpfund GG 9opwolGwlywl Yuwwbpp U Juwl-nhp-Juwiuywb
thnfuwgntignipymGGtpp, phuy tpk AH <0t AS >0 Etljunpnunw-
wmhl hnfuwgntgmpjmGGatpn:

Uwhunwlng — jhquin juwydwl ptpinghGuwdhfuljulG yupw-
ubunptipp npnpynid 66 pun dwlwun- <ndph hwjuwuwpdw 6’
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InkK = _£+A_S (8.8):
RT R

Q-hpup LGpghwjh thnthnfunipniln Yupbih & npn2tp hwdwawG

htnbjw; hwjwuwpdiw
AG =AH —TAS (8.9):

Jwiwdwjl dbjnunbph ny dwnwqujpwjhl tGipghwih wigdwG
mbumpjul’ EGhpghwjh wigdwl wpymiGuwytmmpmip ywhgwo
ny dhwyG D - A htinwynpmipjniGhg, wj) Gub $nunmbpjul htinwynpni-
pynGhg

Fp, _ R(())

E=1 =
F, RS +r°

(8.10)

R § -G hwpqwplynd E pun’
R{=88x10"k*N*DJ (8.11),

hwjwuwpdw, npunbn K>=2/3, N=1.336, ®=0.18, J - G JtpunpiwG
hGuntqpuiG k: Gpb nnlnp-wygtywmnnp htnwynpmpymGp’ # -p, thnpp k
7 Gd-hg, wyw EGtpghwjh wlgnmip hpwjuwlwgymd £ dto wpnyniGw-
Ytnnipjuwdp: SOEU swhmiGhiph dwiwlwl vyhmwyngh b thqu-
nh pwlwlbtpp whwp t 1hGe6 EyyhdnjwjhG:

Npubu $jnunmtipyul nhgnGuwluwihlG EGtpghwjh wigiwl dwu-
Guwynp ophGwy pGGunpyklp gnyh 2hényuyhG wpnuihGh (8CU) U
hgnGhwghnh dhol thnjuwqptignpynilpn: Lwlh np S8CU-G wwpni-
(Guynud t tpym wmphyunndwlwihl dGwgnpnbtp, niunh vyhnwyni-
gh $mnptiugtiighw@ Junth & oqugnpoty wju thnfuwgntignipmnilp
niuntdGwuhnptint hwdiwn:

hqnGhwghnp (hqnGhynnhGwppdh hhnpuqghn, INH) niGh dko
wlumhynmpniG Micobacterium tuberculosis—h Gumiwdp (mmpbplyny-

jng hhqulnnpmiGi wnwowglnn dhypnopqubGhqy) b dhGs wjuop
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[wyGnptl Yhpwnymd L npuytiu hwjummpbpyninqujhG ntinuihong
(UntYnyuwjhG yunnigywopn GY. 8.4-nw):

H
0 N
“NH,

X

=
N

Ul 8.4 hgnlipuqhnh dnjhlnyughl junnigyuopp:

NumiGwuhnpyty t hgnGhwghnh YnGgtGumpughwihg Juhujwo
8CU-h Pnunpbugtiighwjh dwpnuip npybtu qpgniwl wihp oquaw-
qnpotny 280 Gu: hqnGhwqghnh wqnptgnipjnilip 8CU-h pninptiughl-
ghwjh ypw Gipyujugduo k GY. 8.5-nu:

84



600

dninptiugtlighwjh hGntGuhynipjmG, uy.u.

T T T T T T T
300 350 400 450
A, GU

Ul 8.5 8CU-p pninpliughlipughli wnwpduwl uwblpppliipp hgnlipughnh
pwpphp nlighlipppughwlGhph Ghpluwgnipyudp 295 G-nid; c(:SCU):5x]0'7
U; c(hqnlipughn) 1-hg 9°0, 1,2, 3,4, 6,7, 9, 10x10° U:

bGswbtu htimbnd E GY. 8.5-hg, 8CU-h dminptiugtiighw b Gyuqmu £ hqn-
Ghwqhnh YnGgtGunpwghwjh tkowgiwl htinm: S8CU-h dwpnuip hgqnGhwqghnny
wmtinh L mGtimd vnmwwmhy dhjuwlGhqing wuwjdwliwynpjwd jmpwhwmniy
thnfuwqntgnipynillipny b 8CU-h L hgnGhwghnh dhot Yniwjtipuh wnw-
owgdwup:

EGtpghwjh wigdwl wpnyniGuytimmpyniGp’ E, npnpymd £ pun (8.10)
hwjwuwpdw(: J-G, npp gnGnph wnwpdwl uwblmph U wygtwywumnph
Jubiwl vybywph YyepwowdlyniG t (GY. 8.6), yuptih & hwpyty pun (8.3)
hujuwuwnpiwG: Syjuy nhypmd’ K’=2/3, n=1.3325 L ®=0.18:
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Ul 8.6 S8CU-p pininpliughlighugp (U) b hgnlipmghnp frubdwl (£)
uwbilpppliiph Yhipwowoyp, C(SCU)/C(hgnlipuqhn)=1/1 (295 G):

(8.3), (8.10) L (8.11) hwywuwpnuiGtph shongny npnpyty GG htwmlyug
wwpwdbuptpp J=1.65x10"° wpon”’, Re=1.92 G, E=0.21 U r=2.41 Gu:
bGswbtu tpumd L unmwgywo wyjwyGtphg, nnlnp-wygtuymnp htnwynpni-
pyilp 7 Gu-hg thnpp £ U dynw Ynnihg 0.5Re<r<1.5Ry wyuwjiwGhG pwjwpu-
ptp yyuynd £ wyl dwupl, np 8CU-hg hqnGhwqhnhG tGipghwih wigiwb
hwjwlwlwlnpyniGp ko L: dyjnunbtph ny dwnwquypwhG tGpghwjh
wligiwl mbunpjul oquuagnpotiwip ywnqtigphl, np 8CU-hgnlhwqghn thn-
[uwgnbgnipjwl wpgyniGpnid wnwowlnid E Yniytipu hhdGwwb ypdwlynd
b npnptighGp hqnGhwqghnh 8CU-h wmphywmndwluwhG WGwgnpnhg niibhguo
htnunpnipjniGp:

‘Lnyy G uyqpnilpny npnpyt £ nnlnph b wygbwunnph dhol tnuod htnwyn-
pnipynilp Gub dwpnni phdntqughG wpnshG (UCU) — nupunuppnt qnijgh
hwdwn, npntn npytu gnGnp hwlnbu £ quihu UCU-G, hull wygbhwwmnpp
nupwnuwppntl k: Wyju htimwgnunipymGGtph wpnyniGpmd unwgyty b, np
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r=2.76 U, R¢=2.69 G U E=0.456, wjuhlpl 0.5Ry<r<1.5Ry wuwyjdwlp
pwjwpwnyuwd £, hGsp Jyuynd £ wyG dwuhG, np UCU-hg EGtpghwjh wlgnt-
un nuwpwnwppyhl wpnyniGwytin b, huy $nnptiugtiighwjh dwpnuwip wmtinh £
niGtind unwwmhy vEfuwGhqiny:

8.3. UyhwnwmlmgGbph puhnfuiwl nuunidGuuhpnipynGibp

UyhwnwynigGtph  pGuihnfunidp  uyhwmwynigh YJunmgywdph
Ypwo npuk thnthnfumpniG t, npp yuwywo st yndubnwghl juyb-
nh uquwG htm: Fw Jupnn E phpbp dnitynyh snppnpmujhG, tpponp-
nujhG, tpypnpnuihG Yuonigwoph thnthnfunipjwl: Uyhunwynglb-
pnud ny YnutiunuwhlG hnfuwgntignipyniGGbph wnwyby Junplnp wp-
wtpl t6. w) LayupnGuwihG wiybph dquwdp b qubGiwdp nhuytipu
thnfuwuqntignipjniGGhpp, p) Liayunpnumwnmhpl hnfuwqntignipjniGGhpp,
@) onwolwywl Yuwwbpp, ) hhnpondnp thnfuwqnbgnipjniGGtpp:

UyhwwynigGtph pGuhnfudwl wikGwunuwpuwoywo dutphg b
otindwjhl pGuwihnfunidp, tpp pwpdp Jud guwop otpdwumhdwbGtph
wqnbgnipjuln GGpwpyytihu w6 Ynpglmu £ dpdtGunwmhy wlmp-
Ynipjniln, thnppwlnmd L vyhmwynigh nuotihmpniGp: Uyhnwlyng-
Gtph gwon otpdwumhdwGGbpnd pGuwthnjuybnt Wwwmdwnp Juwjw-
(md L Gpwlnd, np uyhunwynigp Yniywym wwhnn hhnpndnp thn-
[JuwgntignmpymGGtpp otipdwuwmhdwlh GJuquwl htn pnyulmy Ga:
Uy hunwynigwjhG pnpwl ukninn hhnpndnp dGnudp Yupniy hoGnud
otipdwumhdw(h hotigdwl htin b uyhwwynign Jupnn £ «bnwp»: Gph
otipdwumhdwlp pwpdpwglbhu vyhmwynigp qupotu «<hwpyynd» kb
npuw owywip dhowlnmd E ny 0G0 suthny, wyw guon 9tpdwumhdw-
GuypG pGuhnfuiwl dudwlwl uyhmwlynigp wipnnenipjudp pwg-
ynud k£, U ngpw qpuntgpwo dSwywip Whowlmd kE th pwlh wlquu:
UwhunwymgGtph vwnp pGwihnfudwl hwiwnp twul GuGuwynipmniG
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niih vwnbgdwl wpwqgnpniGp: Unynpuwpwp oqumugnpoymd £ uw-
ntigiwl tpynt nkdhy’ nuinun WGy, Gpynt wumhdwl pnytind) L
wnpwq (puw hhlq - hhuntG wunmphdwl pnytinid): UwntigdwG ntidhith
pGwnpmpinilp wuwjjiwlwynjwo t nqpyuo fulnpny b niGh hp oquw-
gqnpodwl ninpun:

Npnp dtpnnGbp hGwpwynpmipniG GG mwihu hwjmGuptint) vyh-
nwlnigh wquwu 3GshG Yunnmgguwopwjhl thnthnfumpjniGGtpp: Uyn
dtipnnltinhg GG EiyunpnGwyhG JuubGdwl, mnptugtlinujhl wnwp-
dwl uwyblywunpnuinuhy dbpnnltppn: dnmnptugblunuwihl vybyupug
owwn plnipwqptin Juptih £ oquuugnpot] vyhwmwyniglGtinh pGuthn-
funuip (nEGwwnipughwi6) U Yytpuulqlnuip (phGwnnipughwi) ni-
untiGwupptint hwdwnp: Fpwlghg G0 pninptugtGnwjhl wnwpiwb
uyuph pGmpwqptinp, $nnpndnph Yjuwlph wmbnnnipyniGp, Cwntin-
Gp-dnpitph hwumwwmnibp, SOEU-G b wyG:

Uwhwnwlnigh dnitynith pGwihnfudw( niuntdGwuhpnipnilp poijg
L mwihu pwgwhwjmb] uyhnwlnigh junnigywoph b npuw Juynilne-
pjwl vhou tnwo Juwnp b hwuywlwy, pk np qnponGGpG GG npnynd
uyhnnwynigh dnitynyh pGwlywl YnGpnpiwghwih YuwyniGnipjniln:
£Gwthnfudw( pGpwgpnid pwgh vy hnwynigh wimhynipjnilhg qqu-
1h thnthnfunipjwl GG GGpwupyynd Gl YnnuiGujhG pnpwGtph pnipop
qulynn dhowquwyph Yuwpquynpuonmpynilp b wyhwwynigh gn-
poipgwp Juomguopn: Qqnpnigwp Junnigyuwoph thnthnfunipjyul
wpynilpnid mbtnh £ mlbimd dwipndnitynih Jtpunuuwynpny,
tppnpuihG U GniyyGhuly GpypnpouwjhG Yunmgywopltph thnthnfunt-
pniG: Uto wqntigmpjniG niGh Gulb nohsh junnigwopp: 2nh pwq-
dwphy dwypnuynuhy hwnynmpynmbitp twwlnpbl hnhnfugmd G6
EityunnpnihnGtph wnuynipjudp: @npp W/wd pwqiwhgp hnGGhpp
(Li", Na", Mg**, OH, F") hwlntu b6 quihu npytu Junnigudpwqgn-
jugGnnGhp, dhGsnkn dhwihgp hd hnGGtpa (K, Rb', Cs', CI, NOy)
(bl Junmgywopp pwlnnn wantgnipniG:
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LGGwnytilp UCU-h otindwjhl plwthnfunuip Juihnuih pinphnh
Gtpyuwynmpjudp: UCU-G dnnbjwjhlG dhwgnipjn L, nph oqlnipjwudp
Juntih £ mumdGuuhpt] vyhnwlimglopnmd wjluyhuh  $wquyhl
wlgmubbp, hGyyhupp G0 pGwihnfunuip b nphGwdhy pwquihl wa-
gnuip: UCU-G dwpnm wpywl wuqiwni wikGuiko pwlwlynt-
pyjudp wunpniGuwyynn vyhunwymgl £ (wpywl ypuquuymd yuwnpnt-
Gwyynn pninp uyhnwyniglbph 55-65 %-n) b hwlnhuwlnd £ wmwp-
ptin tlnnqbG U Elqnqul dshwgmpynilGltph wpwGuynpunwihl uwh-
nwlnig: UCU-h wynihybwywumhnuwjhG pnpwl yuquiqwd k 585 wuhln-
ppywyhG dGwgnpnltphg: Lpwlnd yWwpnGuwyymd L dhwyG dby
wnphywundwlwjhl WGwgnpn, nph pymnptiugblighwl qquniG L uwh-
nwlnigh dwypninitynyh ytpunuuwynpdwb Guwndwdp:

{wjwnGh t, np uyhnwymgltphl pnipugpuyub pininpbughbl-
ghwl ywpiwlwynpywd b puGhjuwmbhbGh (Phe), phpnghGh (Tyr) b
unphywndwbh (Trp) dGwugnpnbtipny: Uyhumwynigltph Yubnwdp 280
(d-h wmuy hhtGwywlind yuwjdwiwynpwo t Trp-wyhG dGugnpnny,
pwlh np Tyr-h bmnptiugtighwG dwpnd L dh pwpp qnponGGhph
wqntgnipjul ywwdwnny (nbqnGuluwjhl LGipghwjh wignd wph-
wuinpwlwjhl dlGwgnpn, hwpbwl wnhybwyunhnuihl npwlbpny
dwpnd b wypG), huy aGhpuwpwbhln thnpdh wuwydwGbtph vhowdwu-
GnipjwlG nhypmd sh qpgnymud: UyYthG, vyhwmwynglipmy Phe-h
pwlnwjhl tipp thnpp E:

pdGytiny 3D PminpliugtGuuypnl  wnwpiwl uwblwpGbph
wynnjtiyghwih Yypw, Junmgyty GG UCU-h otipdwjhl pGuwihnfuiw
dininptiugtiGunwhG wypndpphiGhpp (GY. 8.7):
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Ul 8.7 Uwmpnni phéinijuyghli wypnidhlh oipdughl plwpnjpuduli

prnnplugbliypugpli ypndppGERR 2 gpgr/ M= 230/340 Gl (1) 1t 280/344 ik
(2), C(UCW)=0.4 g/}, C(KCY)=0.1 U

blswbtu Gpumd t GJuphg, UCU-h hwpdwl pmninptiugtiGunwjhl
wnndhiGtnl mGEG uhquinhnwy mbup, nlGn npnud 2-pn Ynpp, npp ybpw-
ptinnud £ uyhunwnigh dnitiynynd wnlw wpndwwmhl dGuwgnpnGhphG,
Gyupwagpynud £ wytih quy wpumwhwjmywd uhqinhnuy pnhspny,
pwl 2-py Ynpp, npl hpbGhg Ghphujyuglmd b wnhybwmhnwihG
mpwjh Ypwo thnthnfunipymGGhpp: 9w yuwjiwlwynpuwo b Gpulng,
np 9tpdwumphdwlh pwpdpwgiwlG htn uyhumwynmgh YnniGwjhG
pwbpp GGpwplyymd GG wybh junp JunnigwopwjhG thnthnfunt-
pJul, puwl ynihytuwhnuwjhG npwi:
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8.4. 1'G0-h olipdwyhl pGwihnjudwl ntunitdGuuhpnipynilp

YQuiptith Ep vy, np 4FU0O-h dntlnyh uqdih ke dnlnn w-
gqnuuuhG hhuptipp (wnbkGhG - A, phdhG - T, gnuwGhG - G, ghuinghG -
C) wtwp L wywhnythG “FuO-h Pninptiugtlnbint hwwnynipjmln,
uwluw)l VFuE-6G niGh pwnm pnyy] wpnmwhwjmywo utithwwl $inin-
nptiugtkighw, huy hwdwtu qptipt sh ninptiugtiignid: Ujn wuwmdwnny
PninptiugtiGunughl uvybunpnuynuhwjh dtpngny Fu0O-6 nuniGu-
uhpbint hwdwnp oqumugnponid &G wpnwphG GpuwGwyhpGbph dtpnnn:
bhGy;wbtu wpnkG Gyyb &, FUO-h hwdwp npytiu ninptughlgnn Gpw-
Gwlyhp Yupbh £ oqmugnpot] wyphghGuwjhG GQuGwyhpltp, EA-G U
wj] hwupp Junnigwop nilkgnn yuwmhnGujhG shwgmpymGGtp: ER-G
niGh ghiwjhG Junnigwop b juqiwd t hpwp dhwgwd wlpih-
GwjhG U whphnhGwjhG fudpbphg: ER-h dnbtynyl niGh hhngpndnp
plnyp L, Ghpputhwlgliny tpyuwwpnynp FuO-h GhipphG mhpnyp, thn-
fumgnmud & FUE-h hhdptiph htn' 2Gnphhy Jul-nbp-Juwujwb thn-
fumgntignipniGGtph (GY. 8.4):

Ep i

Pty

Ulp. 8.8 Ephnpnidh ppndpnh unnigyuwopp b juwynidp “2U0-hb:
AUO-h6 yuwytihu ER-h pninptiugblighwjh hGumtGuhympniGa
wdnud E inn 30 wlquu: hGyuybtu ghnblp, oph dnityny Gtpp hwinh-
uwlnd GG pninptiugtiighwjh nmdtin dwphsGp: Guwyyting 9u6-h
uniiynyhG’ ER-G wGglnd £ U0 -h hhnpnbnp whpnyp, hGsp pnyp
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nwihu nhwl wquuyt] mohsh (9nh) WnikyniGnhg: 2nph Wnikyny G-
nny dwpdwl pwgwlwnpymGa £ htlGg wuwjdiwliwynpnud £ ninpbu-
gbulighwjh hGmbGupympjul wdn: PlGwthnfuiwl dwdiwlwly, bpp
UO-h bpyuuwpnypp pwlnpnud Y wnwowgltyng tpynt wnwGdhG
2npuwiltp, tpwwpnyph pugdwlp gnigpipug wqnunuyw hhdptph
Uhol qunlynn ER-h WntiynyGhpp gnipu GG quihu “FLO-h hhnpnynp
whpnyphg nhiyh mohy: Fpw wpynmlpmyd wbnh E mGhGnd ER-h
dmnptiugtiighwjh dwpmd oph dnitynyGipny b $ninptiugtilighwjh
hGumtGupynipjwlG thnppugnui:  Ltpdwunmhdwlp pwpdpwglbihu
AUO-h Gpyyupnypp wwhnn opwdluwywl Yuwwbpp ufund LG
pwlnyby wjG hwnywolGtpnid, npuntin gpulp wytih poy GG, unynpw-
pwn A - T qnyyqtph dnn: dpw httmbwlpny tpyuwnpnypp dtop E pbi-
nnud hwGnbtjwjhl junnigquwop b wnwowlnd G6, wjuytu Ynyjwo,
funnnyGtp: UjGnithtnb wytih pupdp 9tpdwumhdwGGtpnid puwlnynd
LG YUO-h Gpywuwpnyph Yunmgywopp wwjdwlwynpnn pnjnp
onwolwyul Ywwbtppn b wnwowlmu Gl Gpynm wnwGahG npwlhp
(Gy. 8.9):

\_/ T
\ﬁ-/ t'c | A
Gy

N\
Ul 8.9 DUO-h pliwmpnjudul upulidwaphly wuupllipp:
LGGwpytlp “VFuO-h thnfuwqptignmpmilp pmnptugbGunughG
hwjnGh GyuGuyhp ptGghdhn mphpphnh (Hoechst 33258) htin (GY.

8.10): UWjuyhup nuuntiGuwuppmipjniGGph upunpmipjnilp Jujwlnid
L Gpuwlnmy, np hGwpwynpnipniG £ pGdtnynd pugwhwjnb 9-UO-h
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dnjtinith Yypw htmbpnghyihy shwgnpymGGtph wqpbignipjwl dtuw-
Ghqup, “FUO-h Untynynud hhiGwjhG qniyqbtph hwonppwlwbnipnt-
(ip, hGwpwynp YGwujwoplbtiph wnyuwjmpjniln b wyG:

HaC.
N N +3HC

K/N N
N

Ul 8.10 H33258-h dnjlinijuyhli pulimshp:

H33258-4 L0 Yndwtipuh wnwowgniip hGwpwynp £ nunidiGu-
uhpt hGswbu EEYyupnGuyhG Yuidwd, wylybu £ pmnptiugblinu-
JhG wnwpiwl vyblywmpnunyhwjh dtpnnltnny: ®npdtpp gniyyg GG
wnyt, np Jwpnip FuO-h hwdtdwwm, H33258-400 Yndwtipuh hwy-
dwl Ynptipp wmbnupwnpdynmd GG nghiyh pwpdp otipdwumhdwluhG
wmhpnyyp: UjuhlpG H33258-G YuwniGwuglnd t UO-h Gpyuupngpn:
Mupqyty £ Gul, np, 2Gnphhy thqulnh dniynih swihutph hwiwww-
nwufuwlnipjuln thnpp wynuph suthubphG, H33258-G pGunpnnujw-
Gnptl Yuuyymd b HuO-h tpyuyuwpnyph thnpp wynumd: Uybiha,
Juuwdwl pGpwgpmy GJwo thqulnp gniguptipnmd bt ko juGudwy-
gnipjniG wnkGhG b phihG hhdGwjyhG qniygh Giunmdwdp:

AUO-h hwnuiG numdGwuhpyt) E wonwlg AUUO-h U AUUO-h
Gopyuwmpjuip’ pwgwhwjmtim hwdiwp FUUO-h wgnbgmpjniln:
H33258-h L “FUO-h hhiGwjhG qniyqbph hwpwpbpnipmibp (1)
wwhww Gyt £ hwunmwwmnm G =0.1, huy “FUUO-h owjuwqwjhl pwdhln
thnthnfuyti k. 0-hg 20 %: {wny L Gy, np H33258-6G uuwynud £ AL 0O-
hG mpJwo r-h wpdbtph nhypmd * dtowgGhing H33258-h pywlnmwjhl
tpn:
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Ulp. 8.11 “FUIO-H33258 ndwjlipup hwjdwd Gnpduynpguo fnpp FUUO-h
hntlightipppughwihg Jupujwo (1) 5, (2) 10, (3) 15 i (4) 20%:

Ul. 8.11-nud Ghpyuwyugyuo £ AL0O-H33258 Yndyipup hwpdwb
Unpp: H33258-h uuwnuwip 4F'u0-hG hwiqlglnd £ bmnptiugtiighwjh
hGutGuhympjwb ypylGwyh b GnyGhuy nwyh dhowgiwln, hul otip-
Jwuwmhdwlh pwpdpwgiwdp mbnh L niGhind 4AL0-h puthnfund, b
H33258-h hGwuntGuhynipnilp Gjugmd L (GY. 8.11): 9 UE-H33258
Uniwtipup hwjpdwl oipdwumhdwGitpn 4AUUO-h pwlwlnipjnilhg
Juwujwo Gipuwyugywo t6 wnynuuwy 4-nu:

94



Unyniuwly 4
b 10-H33258 Ynvy ipup hwpwb obpiwuwmp@wGibpp pnuongypoud 2UUO-h
nwppbp pwiwYynipyniGikph wnljwynipjunip

oy (WUVO0), % thugy °C
0 75.35
5 71.87
10 67.62
15 63.15
20 62.40

UpnynilGpGhpp gniyyg GG mwihu, np AUUO-h wytjugdwdp Fu0-
H33258 Yniytpup hwpwl oipdwumhdwlp Gugmd b, hGy;p Yyu-
Jnud £ wyl dwuhG, np FUUO-G gqquihnptl GJuqbkglind E Yynduyytipup
otindwjhl JuyniGnipjniln:
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4L0OMNv bPyvuverne/-

SLAMPLBUSELSUBPL UNGUSMUEME LTLSUT
SGlvvhull'y

9.1. UnmghnGwp b doiwlwljuwjhl mwppuniodwd pninpbughlighw

bninptiugbhGunujhG nuunuiGwuhpnipyniGGtn Jupbih © hpwjuw-
(Gwgll) tpynt mhyh swhniGtph dhongny vnwghnlwnp b dwdiwlw-
JujhG nmwppunoywod: UnwghnGwp swhnudGhiph dudwlwy Génip
tipwpyymu b pwpniGuwlyuiul swnwqujpdwl, b quulgymd & w-
nwpiwl uybumpp: dbninptiugtlghwjh Gpunyph Gwlinjuwypyywlw-
JhG vwlnnuyh htnmbwlpny hhiGwywlnd oquuagnpond GG unw-
ghnGwn $mnptugtighwjh swhmiGhpn, Gpp Ginyp dGy wiqud dw-
nwquwjpiwl bGpwpybnig htimn wiihowytu hwumwwmynd £ unw-
ghnGwp yhdwl:

dJudtwlwlwjhli nwppuwmoywo pymnptiughlighwl oquwgnp-
onmui bl PpninptiugbGuwjhl pGunbGuhympjul, wlhgnupnuhwjh,
dwpiwl swihnilGhp yuunwpbihu: Uyu swhnodiGeph hwdwp Gdnip
tipwpyynid £ iniyjuh pdwyniyuwhl swnwqujypiwd, pln npnid hduyny-
uh munnnipjniln wybh Jund t, pwl Ginph ppnnptiugblghwjh dwp-
dwl dwdwGwlywihongn: Uybklunpp quulgynd t ko wpwqnmipjudp,
npn hGwpwynpmpniG £ mwihu wihgnnpnuhwjh hGumbGuhynipynilp
gnugh] GuinJuypyyuGwjhl dwdwliwywjhl vwlnnuynd: LY. 9.1-
mu ptipqwo £ unwghnGwp b duiwlwluwihl mwuppunioywd pnin-
phiugtGunwyhG uytuplGtnh hwdtdwwmnipyniln:
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Guplnp £ dhpnm wwwmtpuglt] uvmwghnunp b duwiwlGuwlwjhG
nwppwnioywd swhnuiltph dhol tnud mwppbpnipynilp: Unwghn-
(wp swihmubGbpn yuwpquuybu Gdnh dwdwlwywihl wnnuing dhoh-
(wgywo dmnpliugtlighwjh dwpdwl wpmwhwjnmpymGa Ga:

- —
= o
— ) o
Ly i
i .
o T
Ayt dunfuatnaly, tlnly
0.4

[

w 0.2 o
L%

difuatouly, progk dhfatnaly, jpl

Ul 9.1 Uypughnliwp b dwdwliwljughl npwppuyniofuo prninpliugblipughli
uwyblpppliiph hwilbdwipnipnil:

LA GhGp, np pninpndnpl odngwo k1 dwpiwl dwiwlwyny b
0 yuunmwyw6 Ynpbjughnt dwdwGwyny: bininptughklghwjh hGunkG-
uhynipjwl dwpnudip b wihgnuupnuhwjh dwpnwip mpymy GG hbnbgug
auny

_ —t/t
1=l e o)
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-t/60
r(t)=r, e 92,
npntin /-G b -G t=0 wuwhhG Ininptiugbhlghwyh hGuntGupynipjnG-
GtpG m wlhgqnupnuhwGtnG G6, npnlp wGdh9wuwbtu htnund GG
gnqniwG hywniupG: (9.1) U (9.2) hwjwuwnpniGhpp Jupkih £ oquaw-
qnpot] gniyyg mwnt hwdiwp, pb hGywbtu L dwupiwl dudwlwlw-
dhongp npnynid, pb hG; upbih © ghnwnplb) pininpbugtiGghwgh dhen-
gny: UnwghnGup wihgnupnwhw@ » —p, mpynd £ #(#) —h dhohlGwg-
Jwo wnpdtipny.
0l

I@dt  93):

Uju hwjwuwpdwl it hwymwpwpp Gnpdwynpmd £ wlhgnupn-
whw6 wipnng hGutGuhympmiGhg wiwh jhGhnt hwdwp: {wdw-
nhs 6 wpmwhwjnmd £ guiugwo ¢ ywhhG wihgnupnuhwjh swthp
pun unwghnlwp wihgnupnwhwjh hGutGuhynipjwa:

(9.1) u (9.2) hwjwuwpniGtpp (9.3)-nd mbnunpbnig Junw-
(Gwlp MNtiphGh hwjwuwpnip

F=—2 (9.4):
14+(z/6)

Uhw th wwnpq ophGuwy, pt hGywtu L unwghnGwnp hGntGuhynt-
pyniln Iss, yuuyywo dwpdwl dwiwluwyh htim: UnwghnGuwnp hGnbG-
uhynipjnilGp mpynd £ hnbjw; hwjwuwnpnuing

Ig = _[Ioe_t/fdt =17 (9.5):
0

Iy—h wpdtipp Yupnn £ upuwo 1hGhp pninpndpnph YnlGghlmpu-
ghuwjhg U vwppwynpiwl npny wuwpwitwmpbphg: Qwwnmh, dnjtiniw-
JhG Swywppuyny vnwghnGwnp hGmtGuhynipjnilp hwitdwmwwb £
ywlph mlunnnipjwln:
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duwdwlwljuypli pwppuwynioduo swhnidlikph

hwplhnpnipjnilip

‘LwlnjuypyuwlwghG dwiwlGwyuihG nmuppumnmoywd yuthnid-
Gtn Juwuwptnt hwdwp ywhwloymd &6 Yndytpu b pwGyundtp
uwpptin, vhGymtn unwghnGwp pymnptiugbhlnwjhl swihnuiltph hw-
dwp npuibg Yupppp sqw: Wahpwdtpumnipnil L wnwowlnid hpwljw-
(gl Gwl dwiwluwyuwip nwppumnoywo swhnuiGhp: {wpgnp
Gpwlnu t, pb np $mnpliugtiGunuyhl swhnuiGiph dwdwlwly ungb-
UnyuyhG dwjwpnuinyg dwwstih ppnpdwghwl Ynpymd £ dudiwGu-
JuwjhG dhohGugdwl wprynilGpnd: OphGuwy, $ninptiugtiignn Ywypn-
UnitiynGiph wlGhgnupnwhwjh dwpnuip hwdwp Gupuwgpymy L
wyth pupn hwjwuwpnudGtpny, pwl Wby EpuynbtGumwjhG (9.2) hw-
JuuwpniG £ UGhgnunpnuhwjh dwpdw( npnpwyh duG hp vty wu-
pniGuynid E wnbintynipyniG dwypndnitynith dup b aynilnpyjwb yipw-
ptgwy: Fdpwjunwpwnp wju wmbntympymbp Ynpymd £ wlhgnunpn-
whwjh dwiwlwlwjhG dhohGwgiwl nhwpnid (9.3): hGunbGuhyni-
pjwl thnppwgnuip GnyyGuytu ywpniGuynwd L mbntynpjnd, npp Ynp-
i B wlGhgnunpnuyhwjh dwdwlwlwihG dhohlwgiwl nhupmu:
Cwwm hwiwh dwypnintynyGbpp Yupnn GG quGyt] dtyhg wybih
UnGbnpiwghnl Jhdwylbpnd, b dwpiwl dwdwlwlwihongp Junpnn
E Jujuguwo 1hGh] YnGhnpiwghnt Jhdwlyhg: bGmbGuhynipjuwl dwpnt-
dp Jupnn E h hwywn ptipt] dwpdwG Gpynt dwdiwlwly, ntunp b Jwpn-
dnitiynith tpyne ud wybh YnGbnpiwghnb ypdwlyltin: UnwghnGun
hGutGuhympmbGp yaipyuwywglh vhwyG Gpym dwpdwl dwudwlw-
Gtpp dh9hGuguo hGumtGuhynipniG: Uy wnwybimpniGGtp bu JuG:
HgnGwluwjhl EGipghwjh thnfuwGgdwb nhiypnid hGuntGuhynipjwb
dwpnuip juuyywo b wjl hwlquiwlph htwn, pbt hGyuybu GG wy-
gtiyqunpGpp nuuwynpgwo nnGnpGtph Guumdwdp: Uwpdwl hbwn
wnlsynn dwdiwlwluwihG mwppumoywd swhmubhppn yjuuyywo ta
dminpndnpltinh nhpnighwyh ud hpiGwlywl Jpdwynd Ynduytipup
wnw9uwguiwl htin:
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q-LOMv SUUVEMOMT

4Nroviuliv UChlUSUvLYE BY. LU FNRO3NRLLEN

10.1 Gnpotimyub woluwwmwbplbp

UCUSULL 1. bynnphugblighwjh pywlwmuwhb Gjph npnonudp

SYjwy Gymph Pimnptiugtlighwjh pyuwlumwjhl tipp npnpmd GG
hwitidiwmbing wpntl hwjmbGh vnwlnupumh pjwlnwjhl tiph htin:
{wiwfu oquugnpoynn vmwlnupumbhph pGnipwgptpp pipquo LG

wrnjnuwly S-nud:

Unyniuwmy 5
Npn dshwgmpymGibkph ppmnplugblghwyh pJuwGwwyh bpkpp
Uhwgmpynib Lnwohy A g 8 | T,°C | £wlwuyh Gypp
LhGhGh unypdwwn 0.1U H,SO, 350 22 0.557
366 - 0.53 £ 0.023
dninptiugtihG 0.1 U NaOH 496 22 0.95
2-wdhGnwphphnhG | 0.1 U H,SO4 285 - 0.60 £ 0.05
Sphywnnpwl Qnip 280 - 0.13% 0.01
OhpnghG 2nip 275 0.14% 0.01
btlpjuwuGha 2nip 260 0.024
Dhling Qnip 275 23 0.14% 0.01
OnnuihG 6G Epwling 488 - 0.94
Nnnuiha 10 Epwling 450-465 25 1.0
NnnudhG B Epwlng 0.97
dwﬁn?zligll;}qmjﬁ Utipwling 540-640 22 0.54
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Uju dhwgmpmiGGph pywlumwjhG Gpbpp hhGwlwlnd juwfu-
Jwo shl qpgniwl wihph GpupnipyniGhg: Lywlnmwihl Giph npn)-
dwl hwdwp hwdtidwmnmd GG npnpynn b npytiu uvnwlnuwpm oquw-
gnpojwo Gymptph Juubldwl b wnwpdwl hGnbtqpwy hGunbGuhynt-
pyniGGtnp: UGhwjwm pjwlumwjhb tipp hwpgwnpliymd E pun htimbyug
hwjwuwnpdw b
I, OD, n’
1 oD n (10.1)
npuntin @ -p pywnwghG tpa b, 7 -6 hGnbgpuy hGuntGuhynpyniGp,
OD - G’ oyumhjwwl funmpynilp b # - p° pjuwl gnighyp: R gnighsn
Ytpwpbtpnud L wlihwjm pyuwlumwjhb Gp niltgnn yninpndnphG: Wyu

O=0

wpnwhwjnnipjuwl dte Gapwnpynid £, np unwlnuwpump b hitmwgnu-
ynn Gjmpn qpgnuwo GG GnyyG wihph Gpunpnipjudp:

Dnpswpwpwlpuli dwu

Muwupwumnb] wlihwjn puwlnwyhlG bpny pinnpndnph nionyp
b qpugt] npw EiyupnGuwyhl yuubGiwl vyblupp: Uehpwdbywmni-
pyjul nhypnd monypp Gnupwglby, npybugh owyuwhjuwywb funni-
pjwl (D) wpdtipp (hGh 2-hg thnpp: WuGiwb vwyblnphg npnpty Y-
dwl dwpuhinuihl hwiwwywwmwufuwlnng wihph Gpwnpnipynilnp, pun
nph Jwwwnpt] hwjmbh pjwlunwjhl Gipny vnmwlnupum $nnpndpnph
pGunpmpniG (nt'v wynuwy 5): Ujnithtnl, wGhuwjm pyuwGuwjhl
tipny bininpnbnph monypp Gnupwglby wylpwl, dhlsh Ap.-hG hw-
Juywwnwuhuwng oyumhlwluwl fjunnipjul wpdbpn (hGh thnpp 0.05-
hg: Muwumpwunt] vnwlnupn pnpnbnph NLonypp wnyniuwynmyd
Gpwo mohynud U EiyumpnGuwyhl JuubGdwl vybljunpny vnniqby, np-
whiugh unwlnupup monypl nilGhlw Gniy6 oymhywlwl funnipjni-
Gp, hGy Gunn:

{wonpn thniynd qpuigh] Giniph U unwlnupnh pninpbughl-
nwjhl wonwpdwl vyblupltpp: Apybu qpgndwl wihph Gpywpnt-
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pymG’ pGupt] uvnwlnupunph hwdwp wnnuwimd phpjwo gpgniwl
wihph GpupnipyniGp b (10.1) pwGwdbh oqlnpjudp hwpyty wd-
hwjyn nnpndpnnph pmnptiugtiighwyh pJuwlnwyhb tipp” Gwhiwwytu
npntiny unwlnupun monyyph b Ginyh mohsGtph phljdwb gnighs-
Gtpn:

UCuUSU L 2. Uyhwnwlnig-jhqubip juydwl hwemwwmniGh b

Juwupdwb YhGupnbiGEph pyh npnynufp

dimnptiughlighwjh hGntlGuhynipjul hwpwptpwuwl wiydwb b
dwnphsh YnGgtlGmpughwjh dhol uwfujwonipjnilp unwwmhply dwpdwb
ntiypnd pnipuwqpynid £ htnbjw] hwjwuwpmdny

lg(FOF_Fj:IgKA +nlg[0] (10.2),

nputn K, -6 yuupiw6 hwunwnmG6 b, 7 -p’ juupdw6 YaGuopnGGbph

Fy-F
phyp: Nuwnh lg( : 7 ]_E\ Yufujwompjnilp 1g[Q]-hg Yunbih k og-

nwgnpol] juydwl hwunmwwmniGh b juwiwb YhGupnGGiph phdp
hw)ytiynm hwdwnp:

Dnpswpwpwljuli dwu

Onpdbtiph hwiwnp wihpwdbtywm GG.

e gnijh 2héntuwyhG wipnuihGh (8SU) 5.107 U inwdnyp,

e wulnpphGuppyh 5.107 U dwyp nuonyp,

e  bhqhninghwywl jnioniyp:

UuynpphGuppyh dwjp monyphg 7-wyuwb dy; wytjuwgltnyg 3.5
U] uyhunwynigh monyphl, mhwpty 1.0 -hg dhGsb 1.0 U ynlGgtGumpu-
ghnG wmhpnypnd: bmnptiughGunuwyhl swhndltpp yuwmwpt; 300-
450 G4 mhpnypnid b gpgnuiwl wihph Gpwpnipyniln pGunptg 280 Gu:

102



UChUSU L 3. Uyhwnwlnig-jhqubn juupiwb

plipinphwihjuljuG yqupudbnpbph b hinfjomgpbgnipjmG

nidtiph pGnyyph npngnudp

Muwpgbiny Juydwl hwunmwwnniGh oiptwumhdwlwihl Yuju-
Jwonipjnlp' Jupnn GGp hw)yt] vyhnwlnghbG thqunh juudwd
pipdinphGuwihyuyul yuwpuwitnpbpp: Uyhnwlnigh b thquinh dhol
thnfuwqntigmp i GGapp Yupnn GG (hGh hhgpndnp, LGyumpnumwwnhy,
Juli-nhp-Juwiuywi, Jupng G0 wnwowlw) opwolGuwlwl Juuwbp U
wj1G: Uyu thnjuwgptigmpniGGiph plnypp Jupbih £ wywnpgl] pun
Juwwdwl wpngtiuh EGpwwhwjh U EGumpnwyhwjh thnthnfunipjwG:
Munpqyt &, np tpti AH >0 U AS > 0, wyw hwdwjupgmd wnyuw GG
hhnpnbnp thnfumqntignipyniGGbp, tpti AH <0 U AS < 0 hmiwjwp-
gmud qbiphyfumd GG opwolwywl Ywuwbtpp b Juwl-nip-Juwuyul
thnfuwqntignipjniGltpp, huy tph AH <0 U AS >0 Ehjumpnumnw-
wmhl hnfuwgntgmpjmGGatpn:

Uwhunwlnig—hqubn YJuwuwdwl phpdngphGuihjuyuli wwpw-
dtinptipp npnpnud GG pun Jwlwn- <ndh hwjuwuwpiw b

AS

AH
InK =——+—(10.3):
RT R

Q-hpuh EGhpghwjh thnthnfumpniln Yuptih L npnpb; hwiwdw)G
htimlyw hwjwuwpdw G
AG =AH —-TAS (10.4):

Dnpswpwpwljuli dwu

UuynpphGuwppyh b SCU-h juuiwl hwumwwmniGp npn)ty 296 G-
nud, pun whuwwnwlp 2-h Gupugpnipjwl: Gunnigh] dwlm-<ndh
JwjujwonmpjniGp, nph oqlnmpjudp npnpkp Yndytpuwgnjugiwl
wnngtiuh LGpwpwhwjh b EGumpnwhwjh thnthnfumpnGltpp: Gqpu-
Jugmpyml wGh] thnfuwgptignipjul mdtiph plGnyph Ybpwptipyuy:
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Swy juuydwl YaGupnGGaph pyh obpdwumhdwlhg niibgwod Juuw-
onipjwl pwgwwmpnipjniln:

UChoUSU L 3. D-A htinwynpnipjwG npnnudp

Jwiwdwjl bjnunbtph ny GwnwqujpwjhlG tGhpghwjh wigdwd
wmbtumpjul’ EGhpghwjh wigdwl wpymiGwytmnpmip ywhjwo L
ny UhwjG D-A htnwynpnipjnilGhg, wy Gl dnunmbpjul htinwynpni-
pjnilihg’

F Ry
Ezl—%:Ré—o6 (10.5),
D o TF

R -G hwyqwplymd k pun htnbjw hwjwuwpdw
R{=8.8x10"k*N*DJ (10.6),

npubin K>=2/3, N=1.336, ® = 0.18, J -G Ytpwnpiwl hGumbgpuyl k:
Gpt nnlnp-wlgbyumnp htnwynpmpymbp’ r <7, www EGapghwjh
wlgnuip hpwjuwlwgynd b 6o wpymGuytnmpjudp: SOEU sw-
thniGbph dwdwlwly uvyhwnwynigh b wuynpphGuwppyh pwlwlyGtpp
wtinp Lk 1hGEG tyyhungwjh:

UChuUSUL-L 4. Uyhwnwlnigh YnGdnpiughuyp

thnthnjunipymGGtiph ntuniGuuppnipymGilipp

UuynpphGuwppyh htim SCU-h Juudwl htnmbwlpny wnwowgud
UnGpnpiwmghnl thnthnfunipmiGitpp Yuptih E niumdGuuhpby uhGp-
pnG  $mnptiugtiighwyh  dtpnyny: UhGppnG  $yninphugtiGunwjhG
uytunltpp yupnn GG mtintynipniG mw) dwypndnitynigh, dwulw-
Unpuubiu pininpnpnph shypnpppwwjuwnh JunnigguwopwjhG thnthn-
funipyniGGtph dwuhG: Cuwn Uhitiph mbunipjw, tpp A4 -G gpgniwG b
wnwpiwl whplGtph dhot Juqind k 15 G4, uhGppnG $ninptiughiG-
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ghwl wmwihu b pmpugpujul wnbtnbympjniG Tyr-wjhG dGwgnpn-
Gtpp hwdwp, huy A4 = 60 Gi-h nhypnd unwgynn mbtntymp GG hp
dti9 Gl wdthnthmd £ Trp-wjhG dGwgnpnGbph wqntgnipjnilnp:

Dnpswpwpwlpuli dwu

Muwwnpwunt; SCU-h 5x107dn/; U wuynpphGuppyp 9.0 dng/
UnGghlGunpuwghwny jnuonypltip: 1 - 6 GunGiph hwdiwp hnpdwlnp-
Gtph vko 1gGhy 3.5 ¥ 8CU-h nonyp b jnipwpwlyynmphG wybtjuglty
wuynpphGuppyh Gouo pwbuyGtpp 0, 1.0, 3.0, 5.0, 7.0 Uny/1: Gpud-
gb] uybyupGipp AA=1561 L AA =60 G ywjiwGGEpnud:

UChUSU b 5. UhlppnG pymnpluglGnwghb

uyjupnulnyhwb qhGne b ghline pnpjuwdplbtph wiwihqh

huwiwp

G-hGhG U dwdwnp pwqiwpwnunphy hwiwyuwpqbp GG, npnGp
odnyjwo 0 pymnptiughlighnt hwwnynmpjuwdp’ yujiwliuwynpwod qu-
lwppyh, Yulhpwppyh, w-Ynudwpwppyh, pupniyuwppyh  wnlw)ni-
pjwdp: UwljuyG vty wihpwjhl qpgndwdp wnwpiwl vybupGhpp
hwdwju wipwjuwpwp G6G: Liwl ghypmd Juptih L oqumuagnpoty
uhlippnl pymnptughlghwb: Uj6 hhiGwo £ gpgniwb b wnwpiwl
wihpGtph dhwdwdwlwljw vhlppnl ujwlwynpiwl Ypw' wyuwhwyw-
(tny hwunmwwmnil mwpptinpnipyniG npulg dhou: Uju dbpnnp funth
L oqmuqgnpoty YnGyulyh, yupdhp ghlnt Giny Giph npuyp gGwhwwmtb-
[t hwdwp, hGywbtu Gwb hwjnGwptpbne wjlGuyhuph YtnondGhn,
npnlp wuwjiwliwynpywo bl Junlb mwljwnGbpnd obpwgynn dwdw-
nhlG Jupwitih wytjugdwip: Uytwupltpp gqpubgly 220-700 Gd wp-
pnypnid’ oquwgnnoting A4 =10-100 G4, pwyy:
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UChUSU L 6. Uyhwnwlnigh puwpép oipdwumptw Gughb

pGwthnfuniip

Dnpswpwpwlpuli dwu

Muwnpuunt] wipnihGh 5x107 dny/; YnGghGunpughwn] 5 o
monyp: Npwtu mohy oquwagnpdly dhghnnghwljwl nompn:
Uy hnwynigh monypp wuwwumpwuwntijnig htimn w6 mbnuthnfuty lud
[wylmpinil nbGbgnn Yynujtinh dte, mtnunpb yynunpnitinph hwdiw-
wwunwufuwl pwdwlinilpnid, dhwgll] onipp dnnn pipdnunmwunn,
$hput otipdwumpdwbp 36°C U ulub thnpdp: Uybkuplbph gpulg-
Jwl wwydwlGtpp ywtwp L thnfuty thnpdh juumwpiwb pGpwugpnid.
gngniwl wihph tpupmpniGp’ 4 = 280 Gu, uyblwmpltph gpubg-
dwl wmhpnypp' 290-500 GY, otpdwumhdwbh pwupépugiwl wpwagnt-
pyniln 2°C/pnwt, 9tipdwumhdwGwhl whpnypnp 36-80°C:

Unwgqwdo wpnynilpltnh hhdw6 Jypw junmgh] uyhwnwlnigh
pGuthnfudw( Ynpp' pininptiugtiighwjh pGntGuhympjul yufuguwont-
pynilp 9tipdwumhdwlhg: Cum hwpwl Ynph ywpgt] vyhunwlyngh
pGwithnfudw( dhfuwlGhqip b npnpbtp hwpiwl 9tpiwuwmhdwlp pun
uhqunhnu pohsph dhoGuytinh:

UCuUSULL 7. Uy hwnwlnigh guop ohpdwumhdwGuwyhb

pGwthnjunid. Gwligun nunbgdwb nhdhd

Dnpswpwpwlpuli dwu

Muwunpuunty wypnuhGh 5%107 dng/ YnGgtGunpughwyny 5 ) ni-
onyyp: Nputiu n1ohs oquugnnotiy 20%-ng onip-nhitiphjunybopuhnui-
JhG (UUO) muonypp: UG gwon gtipdwunhdwGGtpnid (GhGsk -56°C)
sh ppbnuibnud, w) wnwowglnid L wywybGiwb yhdwly, npp hGw-
pwynpnipynil £ wwjhu nuumdGuuhpt] uyhnwynigltiph htim ju-
nwnpynn Junmgwdpwjhl thnthnjumpnGGipp gwop otpiwuwmh-
swGkpnd: Wyu swhnuiGiph hwdwp oquugnpoymd £ Optistat™

106



Unhnunuwwnp, nph vubidwwmhly wuwwnmybpp pipdwo k GY. 10.1-n1d: Lot-
onypny Ynutimp wmbtnunpynud L Yphnunwwmh dtp, npntin gwop
otindwumhdw(iipn wwywhnyymd GG htnniy wgqnunny uvwnbgiw
yuwjiwGatpny: Lwiuopnp Yphnumwnp Julyninidwgynid L hwwnnly
uwipph vhongny, nph ufubidwG ptipwo t GY. 10.2-mu:

Ul 10.1 Optistat™ ppnupuupp whliduwopply wuaplkpp:
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(88

U 10.2 OptistatDN hphnuypuaph Jyuninid wwpph ujubidub. 1. nnypughnl
wndy, 2. npupy, 3. nhpnighnli ynidw, 4. onpwly, 5. yulhninidlipp:

Uphnumwwnp mtnunpynud £ ppninpnibinph hwwnnty pwdwGiniG-
pnud b 9tipdwuwmphdwlp Jupquynpnn hwwmntyy vwppuwynpdwl vhon-
gny (Intelligent Temperature Controller) hwuwmwwmniG hpujwo otip-
dwumhdwlh wuwyiwlGbpmy qpulgymy GG pymnphugtighwjh
uybtunGtpp: Uytliumpltph qpuigiwl yuydwGGupl t6. qpgniw
wihph tpupnipniGp’ A=280 Gu, vybywunpltph qpubigiwb showlw;-
pp 290-500 G, 9tipdwuwnhdwGh thnthnfudwl wpuwqmpyniGp 5°C/pn-
wt, 9ipdwumhdwlwjhG whpnypp +20-hg GhGsk -20 °C: Gunmgh
hwjdwG Ynpp b npnpbp hwpdw G 9tipdwumhdwGp:

UChUSUL-L 7. S8mop ohpiwumphdwmbGuwyh6 pGuhnfund. Upwq

uunkgdwb nkdhd

Dnpswpwpwlpuli dwu

Mwwupwumby wipnuwhGh 5%107 dny/ YnGgtGumpughwyny 5 b ni-
onyyp: Npwtiu nohs oqumugnpoty HFUUO-h 20%-ng 9nwijhG nionyypn:
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Gnulgh] $mnptugtilmwihl uytiupp dhis vwntignuin: Lnionyplb-
np uvwntigGhy dhGsu pniptnugdwl oipdwumhdw(’ pGYnuiting htinnly
wqnuh dhe: Uwntigdwl wpwgnpmbn 50°C/pnuti: Mwhb) htinnly
wqnuh dt9 30 pnwt, nphg htinn huytiglty nonypp GnylG wpwagni-
pjudp: ‘bnphg qpulgt] pminphugblnmwjhl wnwpdiwl uvybljupp:
Unl Gt vwnbgdiw lG/hubgiwb wypngtup 2 wiqud: Cuwn $ininptiughl-
nwjhl uwbluph hGnbtlGuhynipjul thnthnfumpjul qGwhwwnby ng-
nupdtih nhGwnnpugwd uyhmwynigh pwlwlyp: bpujuwGwglty
3D uwtywpltph qpugnid htwmbjw; ntdhing. 4,,=200-500 Gy,
Aun=200-500 Gu, AA =10 Gi: UnunpwjhG U tipwjhG Stnptiph pwg-
Jwopn 5 Gd: UGL bqpuugnipyniGGtpn ynhytwywhnujhl pnpwGbtph
nuuwynpuwonipjwl dwuh(:

UChuUSUL-L 8. 4u0-h obipdwyhG plunhnfudwG

nruntdGuuhpmipyniGp

bminptiughGunuyyhG uvybywmpnuynyhwjh dhpnnny “FuO-6G ni-
unidGuwupptint hwiwnp oquuwagnpond GG wpmwphl GywGwyhpGtph
utipnnp: FLO-h hwiwnp nputiu pminpliugklgnn GyuwGwyhp Yunptih t
oquiugnpot wiphnhGwyhl Gawwyhplbp, tphnhnuwh ppodhnp (E2)
L wy) hwupp Junnigwop niGkgnn yuumhnlGwjhG shwgmpyniGGtin: ER-
G mGh ghYypwyhG yunnigywop b Juqigwo k hpup dhwgwo wlhihGw-
JhG U whphnhGuwjhG fudpbphg: E&-h dniiynuyp niGh hhgpndnp plnygp
L, GhppwthwGgtinyg tpyuupniyp 9-U0-h GhpphlG wmhpnyp, wnwewg-
(md t Jul-nip-Juuwuyul yuubp 9-u0-h hpdiptph htm (nt'u GY.
8.8): FU(0-hG Yyuwuytiihu ERA-h $ininptiugtiighwjh hGuntGuhynipyniGG
wdnud £ unn 30 wlquud: hGsuytu ghnblp, oph dnityny Gtipp hwinh-
uwlind GG pmnptiugtiighwjh mdtn dwphsGhp: Guwyyting Fue-h
uniynyhG’ ER-G wbglnud £ U 0O-h hhnpndnp whpnyp, hGsp pnyp £
nwihu Gpul wquuyb] mohsh (9nh) dnityniGhiphg: 2nh dnjtyny-
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Gtpny dwpiwl pwgwlwympmGG £ hbGg wwjiwlwynpnd E
dimnptiugtiighwjh pGmbGupympjul wén: AGwhnfudwl dwdwluy,
tpp FLO-h Gpyyuwpnypp pwlnynd £ wnwewgltnyg tpynt wnwG-
dhG pnpwltp, tpuupnyph pwgiwln qugpipug wgnunuwlywl hhd-
ptinh dhol quGynn ER-h dnjtyniiGtpp nnipu GG quihu 4ALO-h hhnpn-
dnp mhpniphg nbyh nuohy: Fpw wpnyniGpnid mbtnp £ nGhlmd ER-p
dmnptiugtiighwjh dwpmd oph dnitynyGipny b $minptiugtiighwjh
hGumtGupynipjuwlG thnppugnui:  Ltpdwunmhdwlp pwpdpwglbihu
AVO-h bpuuwpnypp wwhnn opwolwyuwl Yuwwbpp uljumd GG
pwlinyt] wjl hwmywobtpnd, npntn npnwlp wytih pnyp GG, unynpw-
pwn A - T qnuyyqtph dnn: dpw httmbwGpny tpyuwnnypp dtop E pbi-
pnud hwlGnbjwghl junniguwop' wnwowlmd GG, wjuybtu Ynyjwo,
funnnyGtip: UjGnithtnb wytih pupdp 9tipdwumhdwGGtpnid puwlnynid
LG YUO-h bpywuwpnyph Junmggwopp wwjdwlwynpnn pnjnp
onwolwyul Yuwwbtpp b wnwowlmu Gl pynm wnwGahG npwlhp
(nb'u GYy. 8.9):

Gunmgtiny ER-h ninptiugtlighwjh hGntGuhynpjul yuuw-
onipjnilip otipdwuwmhdwlhg vnwlmd Lap VFu-h pluthnfudwd
(hwpiwG) Yynpp (GY. 10.3), nphg £ npnpnid FUE-h pGuthnfutiw
(hwiwG) otpdwumhdwn:
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B ¥
55°C » 95°C

Ul 10.3 “FULo-h plpdply nhluapnipugdwl §npp:

AUO-h hwpdwl otpdwunmhdwln wjl 9ipdwumhdw66 E, nph
phiypnd “FuO-h UnjtiyniGiph 50%-p quGynd £ Gpyuwpnynph, huy
ulwgwod 50%-p" wnwGah( pnpwltph duny:

Dnpswpwpwliuwl dwu

dbipglty 1.35 ¥ ghnpwunwjhG pniptiph monp (0.015 U NaCl u
0.0015 U Na;C¢Hs0'5.5H,0, pH=7.5), wytjuglby 0.4 u] nhutphdnp-
dwihny: Lndnypp qwy fuwnGh; b Jpul wybpuglty 0.23 0 23x10°
uny/] YnGgtlGumpughwyny ER-h monyp: UjG pnnlh; dhGst hwdwubin
nuonyph unmwgytn b Ypwh wytjuglty 0.02 ) FLO-h 2.5x10° dny/g
UnGgtliumpughw)ny nioniyp: Unwgywo monypn 1gGtp mnptiugtG-
wnwjhl YPnutimh b9 L mbnunpbp uybjupubnunitinph Gdnpw-
w6 pwdwlinilGpnud, nptin otipdwumhdwbh pupdpwgniip Jup-
quynpymud £ LAUDA A100 ptpinumwwmh thongny: QuuthnuiGtpp
Juwwpty 50-90°C gtipiwumhGwlwihG wmhpnypmd’ ghipdwumnhdwGh
pupdpuwgdwl wpugmpiniGp 2°C/pnyb: ER-h gpgniwG wihph tpu-
popjuilp’ A, = 520 Gd: Smpwpwlymnip gbpdwumhdwlh hwdwp

dimnpbtugtiGnwjhG uytymphg qpulgty 585 GU whph tpywpnipjuln
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hwiwwwwnmwufuwlnn hGunbGuhynpjul wpdtipp: Unwgywo wndtp-
Gtpp Gnpiwynpty Origing hwdwlwnpqswjhG opwgph dhongny U
Junmgty] pmnpliugblighwjh hGntGupynipjul otindwumhdwlwjhG
Juwjujwonmpjnilp, npG hptGhg Ghpyujuglnmd t Yu0O-h pGuthnfu-
Jwi Ynpp: Unwgywo Ynphg npnptip Fu0O-h puthnfuiwl 9tipdwu-
wmhdwp:

UChUSUL-L 9. M-innpnipnhGh thnjumqnbgnmpjmb

nuunidiwmuhpnipynip mwppbp wmhugh peohgGiph htn

Dnpswpwpwlpuli dwu

Uyuwmwlph Guuwumwll £ yunpgb mwpptp pnyph inuohsGaph
htim w-wnnnihnhGh thnfuwgnbgnipnilp’ oquuugnpdting $innptu-
ghlnwjhl vybupnuynuhwjh dkpnnp: Mwwpwuwmb) w-mnnihnhGh

- (C¢H,CH;NH,)
-
H

10* uny/| ynGghiGupughwjh nudnyplp htnbjwy nudhsGhpnud” htip-
uw, ghynhtipuwG, ptiliqny, 1,4-nhopuwl, wyphinGhwnphy, FUUO, nh-
ubphppnpiwdhn, MeOH, EtOH, PrOH, i-PrOH, t-BuOH:

Ephlpppnbuwghb JpubGdwb uwblppplbpn

Gpulgl] monypltinh LiiyupnGwihG Jubdwl vwyblumplbpp:
UytyunpGtph gpuigdwl ywjdwGatpt t6. 4 =200 — 400 Gy, t=20°C,
/=1ud: bwfu qpulgh] Nohsh uyblumpp, wwyw' Monyphbp: Lnt-
onyph uwybynphg hwGbny mohsh uyblmpp Juunwlwlp moywo
Gyniph uyblwpp:
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Dininplugbilipughli wnwpduwl uyhlppplikpp

QGpulgt] $nnptiugtinughl wowpiwl uybyunplbpp” npuytu
gngniwl wihph GpwpnpymG pGuptnyg EayuopnGwihl JuGiwa
uytjunGtph wnwyby tpyuwpwihpwjht dwpgh fubdwb dwpuhdnih
wndtipp: Oquugnpoti] punwyniuwjhG Yupjwopny, lud owymhlw-
Juwi dwliwywnphny unwlnupn Yyupgtb ngbnmbhn: EiyunpnGwyhG
Yubdwl uvwybyumpGhphg npnpty 4, -G, $ymnphugbbGuwihG uwblnp-
(tphg" A, -p: <waybp Av = (‘744 -V f), Af -n U Junmghl] Lhytpwh
Jwhujwonipjnilp: G-Gwhwwnby ny jmpwhwwny b jmpwhwwmniy thn-
fJuwqntignp niGGtpp, mw] puguumpnipjnG:

Unyniuwly 6-nid ptipjwo GG dh pwpp mohsGhph nhtibuphy
pwthw(gtihnipjw(, piydwb gnighsh wpdtpGtpn:

G1Gtiny vnmwgwd wpyniGpGtphg pGGwpyt] mwppbp mhwh nt-
OhsGtiph htim w-nnnihnhGh thnfuwqnpbgnipyniGp (nipuwhwwmniy, ny
Jnipwhwwnntyy), hGswtu Gub wpwGdGwhwnniy nywnpnipnil nupé-
(b pubnwjhG ypnunnGuhG jnuohyGtph hbn hnjuwqntignipjuwGn:

Epalpppnbuwghb hpwbdwb uwyblpppplbp

M-nnnithnhGp hhiGwywl ypdwymd plnniGwy E niohsh dnjb-
Uni Gtpph htim wnwowglty opwoGwlwl yuy' hwintu quiny npytu
opwoltwywb yuwh U nnGnp, U wygtwywnp (GY. 10.4):

R

AN
(o}
-

e / p
H w) H P)

Ul 10.4 {pidlimlul Jhawlnid w-ipninthnhlih b wpnipnlwghl jniohsh
Unjhlniyikph dhol hiwpwynp opuolimljul juwbipp (w, p):
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NMupqupwlt] hpiGwywl yYhdwlymd w-wnnmnihnphGh hbtn  wwppbp
whyh mohsGph thnfuwqnbgnipynilp, uwyhpuGbph zwppnud” 2npwjh plu-
pugiwi b §numuynpiwl nhwpnid:

Unyniuwly 6
Lnwohy Giiph nhijkluphl puhwlgbhnpyw, phljdwb gnighsh
wpdbpGbpp
Lnlahz n Af’ ﬂ/ L8] /1 o A ‘; X 103,
(20;D) | ux’ Gf | ‘vd !
Shynhtipuwl 1.4262
<tipuw 1.3749
Ptliqnp 1.5011
=
ey Snjmung 1.4969
=
ﬁﬂ. 1,4-nhopuw G 1.4224
g Lnpnpnpd 1.4458
“htphitiptin 1.3526
n -
L 13930
wghnwn
% E = QUUO0 1.4783
g 2 ? 2UdU 1.4475
2 £ S| ugbunGpuppy 13441
Epwling 1.3614
Utipwling 1.3284
=
= = Mpnuwlng-2 1.3772
= B
g ‘g haqnupnuwing 1.3774
-
= % tpp-pninwGng 1.3846
Pninwlng 1.4157
nip 1.3329
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Dninpliuglblippuwghli wnwpdwl uwykljpypplikip

M-nnnihnhGh hpdGwiwG Jyhdwyh nhuyny dndikGup thnpp L
qpqnyuo yh&wyh nhynp dndtlwhg, pugh wjn qpgnjuo Yhdwlnid
w-nnnihnhGh wpndwwmhy onwyh pwgwuwlwl dwpgh b ypnnnGw-
JhG muohgGtph dnjtynyGtph thol wnwowlny £ jpugnighs opuoGw-
Juwl Juuy, npp ufuiiwwmhynpbl quwwnytpjwo t Y. 10.4-nud:

H
o
~
R
Ul 10.4 Qpgnywo fpdwnid w-ipninipnhlp I ypnipnlughl (niopsh
Unjhljnipliph dhoh winwowguo ppuwolimljul uwyh upubiduphly wuwaplhlhipp:

Unwgwd wpryniGpGtph hhtwG ypuw whty bgpuijugnipynillbp oqunw-
qnpowd pnmnpnbnph hGwpwynp mtnujugdwl yepwpbpjwy:

10.2. Uyhmwlmglbtph $pnnplugblghwjh vybliwmpph
Yhppniompjwl JubnGGbpp

SYjwy pwdlmu Gipyuwjugduwo bl thnpdGwlwlnptl nhundwo

npn) ophGwywihnipniGGtin:

1. Gpti hwjwmbh k, np uywhwmwynigp sh wupniGuynd hwwnny
mnpbiugtiignn pununppyGbp, wyw npu nne pmnptiugh-
ghwl wuwjdwlwynpjwo t Trp-wjhl, Tyr-wjhG U Phe-wjhG
dlwgnpnGtpny:

2. Lmopgh pubnw)lnipjuwb Gugqtgiwl ghiuyypnd mphuyumnpwbh
dininptiugtiighwjh vytumpnid Ap-p mbinuwwpdynd t nhyh
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JupdwihpwjhG wmhpnyp, hul Ape-hG hwdwwywnwufuwnn
hGuntGuhynpniGG wénmd t.

(w) Gpti Apa-p 2tnJwo E nliyh uwyblynph JupdwihpwjhG
dwnqgp, Gpp uyhwnwymgp qulymy b putnwjhG mohymy,
www nphyundwlp qubymy E uyhmwlynmgh dnjtynih Ghp-
unid ny pbtinwjhG dhowywypnu:

(p) Gpb Amax-p 2tnywid £ ntigh uwytijuph juipdwihpwjhl dwp-
qn, tpp uyhnwlyngp quiynd £ ny pbtinwjhl dhowjujpny,
wyuw Jud mphyunndwlp quniymd £ vyhnwlnigh dnjtynyh
dwytpnyphl, jud wyl hwymGynd L dwltipunyphG Gnphhy
mohsh Ynnihg hwpnmggwo YnlGpnpiwghnb thnthnfunipjw:

. Bpt dhwgnipynilGp, npp hwynGh L npybtu dwphy (wyuphGpG
dupmy £ wquun widhGnppyh dminpbugtiighwb), hGswhuhp
GG jnnhn, Ghupww jud ghghnudh pnGGtpp, dwpnd GG mphw-
wnnbwbh Juwd phpnghGh mnptiugtlghwb, wyw wju wihln-
ppnilGtinn whwp E hGEG uyhmwnmgh dwytplnyphl: Uwpnod
Juwpnn £ wmbnh ymGhGwy dh pwlh wuwwmdwnlibtpny

(w) wdhGnppniG qunGynid L uyhnwynigh dniiynih Ghpundd,
(p) wihGnppniG qunGynmd t wjGuhup fjunnngnid, npp swthutipp
2w thnpp GG dwpphshG Ghpu pnnGhnt hwdwnp,

(@) wihGnppnil qunlynid k nidtin thgpuwynpywd wmhpnyypnid b
wn (hgpp Jwpnn b Juilp dwphshG: OphGuy jnnhn hnGp
(pugwuwlwl thgpwynpjwd dwphy) sh upnn dwpb wphu-
nndwlh pmnptugtlighwl, tpt Jupohlpn qubymd L pugu-
uwlubnplG (hgpwynpywd wmhpniypnui: Cs”™ hnGp ny Ephiljpnpy
L npuyuwl thgpwynpjwd whpnypmd qulynn innpndnph
nhypnud: Qtqnp dwphsp, hGswhuhl b wyphjwdhnp, winwp-
ptip £ {hgph GYuwmdwip:

. Gpt thwgnipjnilp sh wgnmd wquwun wihGnppyh pywlmwjhb
Giph Ypw, vwuw)l wqnnud £ uyghmwlnigh ymnptiugblighwjh
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Ypw, wyw wjl hwqbglnd £ uyhmwlnigh YnGpnpdwghwjh
JtpuwnuwuwynpdwGp:

. Gpt mphywndwln b phpnghlp qumbynd Gl pubinwjhl dhow-
Juypnud, wwyw 9tipdwunhdwlh pwpépugiwlp qnigplipug
nnwg pmnptiugtlighwjh pywlumwjyhG tptppn (@) GJugnid
L, dhGsntin ny putinwjhlG dhowduwypnmd @-h thnthnfunipniGG
wGGywG t:

. 64 mpphuyundwbh, W' phpnghGh @-G Gugqmd k, tph wju
wihGnppniltiph a-juppopupjwjhl fudpbtpp wypnunGugyuo
t(:

. Sphyundwbh pninptiugbghwl Ywpnd £ hwplwl wpnunn-
GwnnGnp fudptiph wqntignipjwdp:

. Gpt thnpp dnitynith JuGdwb vybunpp yepunpynud L wphw-
undwlh wnwpdwl uvybluph hbw, hul Pmnpndnpltinh
dhol htinwynpmipjnilp thnpp b, wyw wmbtnh £ mGhind dw-
pnd: (Muwnp, Gpt Gdwl dntynyh Juuyndp vyhunwynighl
hw(qtglnmd L mphywndwGh pmnptugtilghwyh dwpdwdp,
wwyw nphywumndwlp qubynd £ jud juuydwl mbnnd, Jud
npnuw( 2w unwun:
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10.3. LwipdnipynilGhp

1. Uyghwnwynmgh Gapyuynipjudp wmbnh £ mGEGmd 1-wGhihG-8-
GwypwihGunydnGwwn wGhnGh ELU) Pminpkughlghw:
{wjywbh t, np WLU-G pniyy ninphugblgnid b opnid, hul ny
putinujhG dhowywypmy Gpw $mnptugtilighwjh pywlnwjhl
tipp qquih wémd £ Gpb uyhwnwynigh YnbGghlGumpughw
utiowgyh thG; WLU-h wybjugnuip, wyw nminptiugblghwG
ypnyqwlw: Swy Ppninptugtlghwjh pnyjugdwl hGwpwynp
pwgwwmpnipjniln:

2. Lmopsh Ynnuihg wmphywunndwGwihl dGwgnpnlitiph hwuwb-
1hnipjniGp npnptynt hwdwp Junpbih £ oquuugnnpoty ininptiu-
ghlighwjh dwnpnuin jnnhn hnGGhpny:

{wjwnbh t, np uyhunwlynmgp wwpniGuwynmd b dhwyG dky
uphyunpwlwjhl dGwgnpn, nph pmnptiugblighwb sh dwp-
ymd jnnhn pnGGtpny: hGyyhup®G G6 dwpdwl puguljugni-
pjwl hGwpwynp pwgwwnpnipjmGGtipn:

{wyjwnh k, np uyhnwynigp WupniGuwynd £ nmp mphyunndu-
(wjhG dGwgnpnGtp, U jnphn hnGGipp dwpnd 66 pninptiu-
gtiighwjh 25%-n: Gwntih £ GGpwnnpt), np mphyunndwlwjhG
UGwgnpnltphg tpyniup hwuwGbih GG dwphghG: LG th pw-
Gh gnponGGtp, npnlp Yupnn GG wju GGpwunpnip niGp nupd Gty
wGhhuG:

3. Snnhnp hnGGhipny dwpiwl wpynlpnd $ininptiugtlghwjh

hGuntGupympniGp GJugqnid £ Gupbh® £ wpynp wyGyugbg
Jiwliwl b wnwpdwl vytyumpltph duh hnthnfunipmG:
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4. Swy pnpnbnpp pninpliughlghuwyh pywlnwjhlG tiph vk-
owgiwl hGwpwynp dhfuwlGhqiGtph dh pw6h GHuwpwagpnt-
pymGGtn, tpp $mnpndnpp Juugynid £ dhYy wy dnjbynih htin:
hGym” tpptdG Yupnn GG nhnygby ginnudGhp JruGiwl b/Yywd
wnwpdwl uvwbuplbpnd: Stnupwpdp n°p mngnmipjudp k
wmtinh niGtlnd” ghiuyh JupdwihpwyhG, pbo tipyupwihpwjhG
dwng:

5. Upynp dhpwn £ $mnpbugtlghwyh vwblumpp Gnyylp, hGy
Yruldwl uvytupn: NMwwunwufuwlp hhdGuynpby:

6. Swup wphywundwluwyhlG dGwgnpnlbp wwpniGuynn uyh-
nwlnmgl niGh nmdbn wphyundwlwihl Pnmnptiugtilghw:
Onpn dnitiynyn, np6 nbGwly L mdbn Juwyt] vyhunwynmghd,
thnthnfumpjwl sh Gipwpimd npuw pmnpliugtilighw, sGw-
Jwo, hwynmGh £, np yuydwl mhpniypnid wnjuw GG mphuywn-
dwlwjhl tpynt dGwgnpnlbp: Swy wju Gplunyph hGupuwynp
uh pwlh pugwwmpnipjniG:

7. dpmnpndnpp Ynjwtibnwihl juwny juuyywo E uvyhmwlni-
ghG: Npnpyty £ pyminpliugblighwjh pubinwgnudp wjl pnibtinh
hnGwjhG nidhg Juwhujwo, npnud yuwwmpwuwnmyby £ vyhunwlne-
gn: NMwpqyty b, np hnGwjhlG nidh dhowgdwl htin Pninptiu-
giighwjh putnwgnuip qquihnptG Guqmd b bGswb®u E
hnGwjhG nidh wal wgnmd vyhmwlngh Yypw:

8. Uyjhnwlynigh dnitynyp wwpniGuwynd b dbYy npnpwyh nhp-
pnd YnjuwtiGunwjhl juuyny yuyywo F dninpndnp: Sphuy-
nndwlp qpgntithu mphyunnpwluwjhl ymnptiughlighwb pwwmn
pnyy L, dhGsnbn F-p Jwwn mdtn dmnptiugtlignid L: Rugu-

119



wnnb] htnbjw) nhnwpyniGiphg jnupupwGsmipp (GotGp, np
nnwlp wjpunpwlpwjhl b hpwp pwgwnnn phnwpymdGhp
tG):

3nnhn hnlp Jwpmd £ ng pb mphyunndwbh, wy F-h pmnptiu-
ghlighw(:

Snnhn hnGp Jwpmd £ W wmphywndwbh, W F-h bninptu-
gtiighw(:

pH-h pwpépugnuin vhGsk 9 hwiqbglnd £ F-h nminptiugkG-
ghwjh wlhtmwgiwlp b wmphywnndwbh pninptugtlghwjh
nidinuguwip (nhgnip, pH-p sh wqynid wquwn mphuywmnbwbh
U squyqwo F-h gpuw):

pH-h pwpépwugnuip dhGst 9 hwlqbglnmd E wmphuywmndwGh
$mnptiugtiighwjh wihtmwgdwln b F-h $mnptughlghwjh
qquih mdinugiwip:
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10.4. NMwunwufuwblbp

1. Uto YnGgtlumpughwlbph ntiypnid vy hmwynigp ghibtpynd
E: Upnynilpnid Jud nhibpdwG yaGupntGp WLU-h htin juw-
dwl YhGwmpnGa E, juwd ghitpdwl htmbwlpny mbtnh GG nGb-
(nid wjlGwhuph YnGpnpdwghnG thnhnfunmpymGGtp, npnGp
hwqbglmu GG Jwytplnyph pbbinw)inipjuwl wdhG:

2. Sphyunndwlp Yupnn £ qubGyt) uvyhwmwlynigh dnjbynyh Gup-
unid wjGwhuh funnngnud, nph swthubpp hnpn GG jnghn hnGGG-
nh GippwthwlGgiwl hwdwnp, jud wjl quiymd L puguuw-
Juwa thgpwynpywo wihGnppniltiph hwplwlnipjwdp: Sphy-
undwlwjhl dlwgnpnGiph pywlumwjhl tptpp Jupnn Ga6
nwpptipft] hpwphg: UwltiplngphG qubynn dGwgnpnltph
uh dwup Junpnn £ qulyt) puguuwlulnptl thgpuynpjuwo
wmhnpnijpniy:

3. Ny:

4. Unuyybpup Junpnn E mGhGwy wy EGapgtnhy dwywpnuyGhp,
Jwd Jupnn L dimpp (hGh dwpdw6 hwyjwGwlwGnmpniln:
{wpyh wnGtny tGipghnhy dwwpnquybeph mwpptipnip G-
Gtpp’ Jupnn GG mbnh nGGiw] vybupw nnmiGhp gublyw-
guo nunnipjwip:

5. 13, pwGh np npny wlgmiGhp 366 hwlqbglinmd pymnptiughl-
ghwjh:

6. SphyunndwlwjhG vGwgnpnltph pninptiugtlighwl Jupnn L
wnnbl (hGh Jwpwo: Lhqulnp Jupnn £ dwpnn qnponGGhphg
utiyp htnwglt), vwyuw)G thnfuwpbklp WY wyp gnponl Ghpdne-
ot: Lhqulnh Ywwnuwip Yupnn b hwlqbglbp uyhwmwlynigh
wuipnn9 dnjtiynih YnGdnpdwghwjh thnthnfumpjuwbp: Upnynid-
pnid Juyuwl mhpnypmu tnuwo Wlwgnpnlhph bpminpbugtiG-
ghwjh dwpnuip thnfjuhwnmgynud E wyl dGwgnpnGbph $nn-
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ptiugtiighwjh nidtinugiwdp, npnlGp qubynd thG dnitynih
dtl wy; dwund U, npnGg pmnptiugbhlghwl wpnbl dwulw-
YhnptiG dwpyty Ep dhGs (hqulnh uiynuip:

. bnGwjhl nmdh dhowgiwlbp qnigplipuwg uyhmwynigh injtiynt-
In pwgymd k, hGsh httmbwGpny $innpndnp wwnpniGwlynn np-
nnyplhpl wytih d4niG G6 qunlnd: Ujniu ghypnd uyhnw-
ynign Jupnn L gunGw) Jwn jndyuwyun b uhdbnphy, pGp
(inyyGwtu Gywunmd £ wpwq wyunijnhG:

. UnwohG phuwpliwl pbwypmd $mnpnynpp quliynd E
unnhywunndwbhl 2um vnn b mtinh £ mlGtlnd LGipghwjh dhg-
npwghw: bnnpnynpp qulymd £ dwytipunyphG, httmbwpwn
dwytinunyyphG £ qunGynd Gl mphywundpwln: {Gupuynp t,
np wphywunwlp sh qubymyi puguwuwul thgpwynpyud
wmhpniypnid b dwpnushg Gpu G yuw)umwwlnd £ $ininpndnpn:
Gplpnpy nhiwpp uptih © pugwwnpt] wewehGh Gdwb, pw-
guwnnipjwip wjl hwlquiwlph, np pwjuniiGtph wpnynilGpnid
Sinnpndnpp sh yuwymwwlnmd mphywndwlGhl dwupnudhg:
Gnpnpn niypnd, Gpp pH-p 9 £, wmbtinh L mGGGnd YnGynpiw-
ghnl Ytpwnwuwynpnmd, hGsh htmbwlpny F-p htnwlmy L
nphywunpwlhg:

Onppnpn nhwypmd, tpp pH-p 9 £, mphywundwln b Pninpn-
$npn hpwp 2w Wnn GG quGym:
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Lwytipjuo 1
<hiGwpuwp hwunwnm Gatp
Ihqhjulwb hwumwunG | Nuydwlwlwmb Gwb Updtipp b shundnpp
L G i
e c 2.997 924 58x10° .y
(Juyninidniy)
QuwqujhG hwunmwnn G R 8.314 472 .Q.lin]__ILIJ
PngiwGh hwuwnwnntG k=RN} 1.380 650 3 x102 .y
Mywyh hwuwnwnntG h 6.626 068 76 x10°* Q.
Uynqunpnjh phup N, 6.022 141 99 x10* n;”"
Puthwlgh G
thw(gkjhnpynilp Lo 47 %107 6.0
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1y 5.034 11x10° | 1.509 19x10" 1 6.24151x10"" | 6.022 14x10”

1k 8065.54 2.417 99x10° 1.602 18x107™ 1 96.485
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Juwybpuo 3
GtGuwpwlwlwl Junpunp GQulnpnil niGtgnn shwgmpjniGGtph
uytilpnplph pGnipugptipp

Uhwgnipyni G A G & , rong” cud™
NAD, NADP 260 15 000
NADH, 260 15 000
NADPH 340 6 200
FMN, 260 15 000
FAD 375 10 000 (FMN)

9 000 (FAD)

445 12 500 (FMN)

450 11 000 (FAD)
Mhphnopuu 250 3000

320 6 000
uniiuntinng 235 20 000
YughdtipnGtp 265 18 300
ﬂ “qupnunhG 450 120 000
NtnhGng 330 45 000
UntilinghG 267 12 300
Qnuwlnghl 248 11 000
Shwhnh 271 9100
OhdhnhG 267 9650
Niphnh 262 8500
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‘Lwhiwowlgltp b puqdwywunyhsGtp

Puqiw- Puqiw-
Vwluwmowbg | Uphyng Vuwjumowbg | Uhdyny
wunnlhy wuwnlhg
10" hgh D 10' Ahlw Da
10 UwGwnh C 10° <hljuw H
10° Uhih M 10° Uhin K
10° Uhlpn yZ 10° Utiqu M
10”° “Lwln n 10° Qhqu G
10" Mhyn p 10" Stpw T
10" Dhsunn F 10" Mtnw p
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