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UnbiGwiununtpjwl pldwh hwutnwindty £33 65M3 Dhahlwh pwlniintnntd

$hg.-0wp. ghw. nnljnnp

MN.S. Vwifuwujwh

$ha.-dwp. ghw. ntiljinnp
U.9. Uwnpgquywb

Dhq.-twp. ghtn. pblGwdnt
2.U. Unwdjwh

33 aUU dhahlywlwb
IGwnwaninnipintGhGph
hGuwhwnnin

Mwzinwwlnipyntlp Yuwhwne t «10» hniGhuh 2006p., d. 15.30

33 QUU Shahlwih Yhpwewlw MpnpEdGtph POuwhwninnud gnpdnn FN3-p
021 UwuGwghunwlwi funphpnh Ghuwnnud, hwugbG 375014, Gplub, Ipwsjw
LbpuhuywtCh 25:

ghunwlwh nElwdwp

Mwpmnnbwlwo pnnhdwfunulbp’

Unwowunwp Yugdwlbpwnipjnll

Uwnbowfununtpywhp Yuwnkth b swinpwbw) 33 UU-h Shahluyh Uhpwrwlwb

Tpnp GaGbnh bGunhwnninh gpunwpwndd:
Ubndwahpp wnwpyws £ «10» Gwjhuh 2006p. WW,C. 92_,
Dhag.-dwp. ghtn. paYGwsnL U.3. Uwpgujwh

Uwubwghwmwlwh funphpnh ghinwlwh pwpwnniqup,

TeMa AUCCEPTAIIMH yTBepXkACHA B (huzuueckoM takyabTere EIY PecmybArKn
ApMeHHT
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AOKTOp (hu3.-mMaT. Hayk
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KaHAUAAT (PH3.-MaT. HayK
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Uzfuwuinwiph pGnhwGnip pGnipwaghpp

Bhdwih wpanhwlwlnipmbp: 1980-whwGibph Ykubphg ubuwd dbwygnpubp E

ghwuinipjwl Gnp mnnnipyntl GwhnnbhuGnpnghu: Lwlnunbjulninghwh hhdpnud

pOywo | OGwlngwih dwuGhbGbph’ GwGndwuGhyGbph unbnénudp: LOnnLOdwé k

GwlndwubhyuyhlG hwdwpk) w)G Gniptpp, npnGg GwuGhyGhph swihbpp sGO

ggnltjquﬁgﬁmlfj 53)0[% L{.‘aﬁ-[ﬁ:b Uwluyl, wewyt) 0k6  hhnwppppnignit GG
nYwjwglne w n wthbp nulb i

sl th thnpp swihbp gnn dwulhllbphg pwnjugws

LuwOndwuGhyughl YwadinipyniG nuGligng Gnepbpl odwindwd GG wpuwunynn
hwunlnipyntGObpny: Wuwbu, Gpwlg dnn GYywnynid b6 pywhinuwhG pGnyph 2win
Gplnypbbp: Mwpgqynud £, np ugn swihh SwuGhyGbRG nGEG hOplwywqiwynpiwh
nbwynipnil: LwGndwuGhyuyhlG  hwdwywpgbph dnin GYundnd 66 Gl
wjlwhuh Gnp GplnupyOtin, hOgwhupp GG Dhahywphthwlwl hwwnynipjniGibph
Yufunidp hwiwlwpgh dwuGhylbph swihbphg: Phwplt, GoYws EplinypGbpny 360
uwhiwlwthwyynd  GuGniwubhlughl  Ywqdnipned  nilbgnn hwduwiywpgbph
wnuiwunynp hwnynepynibGlipp:

LwlndwubhywihG hwiwhwpgbpnud Gywnynn pninp Gnp hwnlneendGas
duwulhyGbph swihtiph thnppwgiwip gnigplpug nwnntd &G u[}d_blh qli;ujli?;: W

Lwlndwubhlywjha Ywqdnpynta niGbgnn hwiwlwpqtpnid Gnn
hwwnlynupyniGObph  wrwowglwG hhiGwhwl wwwnGwnebbphg kLG w)h L, nh
Quulhbh swihtiph thnppwgiwlp qnigplpwg Gpw dwlbpbnggh dwltptuh L
owywip hwpwpbpnipnlp” S/V-G, nwebnud £ qquigh: Mw GawbGwlhns £, np win
dwubhylbpnud qquwih b nunetnud dwybplngpht nbnuljwyws wwnnilkph phyp:
OphGwy, 1000 wwnnthg pwnlwgwé funpwGwpnuihG SwuGhyndg, nph swihp
Juwginud £ dmn 3 0F, wondGbph dnn 50%-p wbnwlwwé k wubhh
dwlbplnyphG: Nuwh wyn swihh SwuGhyGbpp, 2Gnphhd hpkg dwlbplnypht
nbnuywjwé dké pyny wwnndGeph, nlGb0 wybignibwyhG qowlh tObpghu:
Gpwlwinipjwl dkg wyn tGbpghwG Yngdnud £ «grain boundary energy» (Jwubplh
uwhiwbwhG tGkpghw): LwlndwuGhyGEpnLd welw pwanighs wyn kGGpghwhtnt
kL htGg npnzhs nbp 60 fuwnnud GuGnhwiwluwpgbpnud L lwOnGynipbipnud: Tpw
20nphhy Giwo hwiwlwpgbnG wsph LG pGYGRLY 066 wywnhynepjwidp:

Gryrupynil nulblG GwlnGnipbph unwgdwG pwqiwphy GnwGwlGhnp: LwjG
nwpwénd kO quby  physical vapor synthesis ($hqhlwlwi qninp2hlbphg
uhOplignid), sol-gel, nuunpwdwGwihG, dhluwGhiwlwi  wpnbiwd L wy|.
hnwlwlbbpp: Uwbwh, wn papnp GnwfobSbpnd SaelieG  wpnymGpnod
uwnwgnn Gulniynipbiph dwulhlibpt nulbs pnubnwho Yuenigijwép: "

1980 plwlwihG wewohl wiqwd Iwjwuwnnwlbh  Iwbpwwybinnigniinud
dzwyybg COwlngwih dwuGhllbphg pwnlugwé Gnipbph  uhGpbquwG Gnp’
wlhwywuwpuwyzedwéd pdubnwphipwlwl Gnwbwl, npny uhGplguynn Gynipliph
dwulhlyObpnud  wwnndlbpp snibG Ywpqwynpdwd  Ywenigwép' winpd  GG:
Lwlindwubhlyobph uplpbgiwl wyn wnbuGninghwl hGwpwynpnipinta mnwihu
unwliug 2-3 G0 swihbp nubbgnn wdnpd dGnwnbtp (ng hwdwany wéplbp): U
Gnp nuwuh Opbpd odujwd GO jpwgnighs tGbpghwyh wlhwibiwn Gbé
wwwnbbpny: U tOGpghwlbph weuwnipynilp wwydwbGwdnpdwsd b bplyne
gnpénGny GuuGhybliph thnpp’ Gwingwi (hobing L Gpwig winpdnipjwip:
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Lwbnsuh winpd dbnwnbbpnud Ynenwldwé G66 EGkpghwyh 2Gnphhy Gpwip
2wwn wlhwhy &G: dbpghGlEpu opupnuwbnud GO prGYyykiny dplnpnpuinid GnuyGhuly
10°C obpdwuwnhdwaned, nph pGpwgpntd whpwwnymd £ qquih tabpghw: Nwuwnh,
ybpnhpjwy Gnupbipp, 206nphhd hpbGg wywhynipjwl, GEpYwjwglnid GG UGBS
hbwnwpnpppnipntG: Uwlyw), Gnuyl wyn wynhdnigniGp nddupwgbned b GwGngwih
winpd dbinwnGeph hbinwgmnnepyniGp: Wn wwwndweny wjn Gnpbpp nbinku phy
nunt00wuppywé sLG:

Unblwpununipjwl  wpfuwwmwiph  nwunuiGwohpnipjwl - wewplwG GG
hwinhuwlnd  ugn  Gnipbphg  uhGpbqywéd Gwlnswih winpd  dEnwnwlws
opuhnbbpp: dbpehGibpu hwibdwwnwpwp Yugnib 66, hnlwpwn’ wybih Swngkih
niunLiGwuhpnipjwh hwdwp:

Fhnwagmnmppul Guunwll o fulnfinGbop: Upluwnwiph Guywwnwlp Guingunh
winpd dnihpnbbh L dnpdpwih bplopuhnlbpp” MoOz L WOz (hbunwaqunud
OwOnsgwih  winpd  dnphpnbGh L dnpppwih  Gplopupnbbpp  YGzwlwlykGp
hwiwwwunwuluwbwpwp  -MoO* L WO*;, h wwppbpnipinil  GuiGngwih
pinipbnwihG dnphpnbGh L gnpdpwih plopuhnlbiph, npnlg hwdwp YuwhwwibGp
pnnLGywé MoO2 L WO, GzwlwlniiGhpp) bEhunpwdhahlwlwd, nbapwnwghnt L
ubGunpuw)hG hwwnlnignGabph nwunuiGwuohpnepynula E:

Luwwinwyh hpwliwiwgdwh hwdwn npdb 56 hbnlyw) uGnhpGBpp.

1. dtpnhhjwy Gmpbphg wwwnpwuwnb)] wywjwh b EoLGnGER:

2. MuwniiGwuppb dpGninpunnud biEdkGnGEph nhdwnpnipjwl thnthnfunipyniGp
dwdwbwyh phpwgpnul’ nkqpunwghnG tplnypp:

3.  Nuwnuilwuhpb tgbdhﬁmﬂbnh nhdwnpnipjniGabph  Yuwhunidp  dhowdwgph
hyntihg 10° = 10° Mw nhpnypntd:

4. Nunuibwuhpby b EOEGNGEPh nhiwnpnugjwe Ywlunudp phpdwunhSwbhg 0 =
200°C dhowljwypnLd:

5. MnuGwupply  EbdEGnGEph  nhdwnpnipjwl  Yuiumdp 600wl L
phipdwuwnhdwih Shwdwiwbwyjw thnthnfunipjnibhg:

6. NwmdGwuhpb  bbokGnGEph  nhdwnpnipjwG  Ywhunp  dhowiw)ph
pwnwnnpnLpjnilipg.

6.1. ppywdlhg 10 + 10° Mw whpnypnd,

6.2. wgnuhg 10 + 10° Mw nhpnypnty,
6.3. wpgnihg 10" = 10° Mw whpnypnty,
6.4. pnwolhg 10 + 10° Mw wnhpnypntd,
6.5. ubpwlhg 10 + 0.5x10° M inppnypntd,

6.6. onwjhG gninpzhGephg 107 = 1.2x10° Mw wnhpnupntd,
7. NuwnuiGwuhpby bEokGnGEph hwnnpwlwGnipjwi whuwlp, ppdn-E|CNE-G L
dnpin-wiwbipwihl ponipwghpp:

Gyl Gnpnuen b enpdGulwl Gywlwlnipmibp; Nuntibwubnyg) E MoO*; L
WO*; Gynipbiph Lwnnigwépl ni pununpnipyniGp: Npn2dbl B0 wyn Gynuptiph
tiynpwhhghlwlwh pGnipwanbipp: IwynGwpbkpdbe £ uin Gjnuplipnid phpwgnn

ngpwnwghnG  bpLnypp:  NwnuiGwuhpdlp 60 nbgpwnwghnG  plngph
wwwnwnbbpp:

Pwgwhuyinyty £, np Gwlngwith winpdp MoO* L WO*; hihikGunGtph
tlEYnpwdhghlwlwh pGnipwgptph Jpw G666 nbip ¢ fuwnnud Gpwig funensfibph
UhSwlp (funensGtipnud qugbiph pwnwnpnipynilp, S0znLdp L wypG):

Mumdfweppdb) 60 Gwl wpu Gnipbph  ubGunpwghG  hwnbnepynlGGbipp:
Puwgwhwjunywé b nuunuiGwuohpdnn wionpd Gnepbph Ypuwhwnnpnswjhl pGnypp:
bEwLletl:%Ltt' np winpd Oympbipny quabph qpuigdwl dwiwbwy nh$nighush
ntnp :

Atnwgnuinepjwlb qnpéGwlwl Gawlwynipinibp Guywhnud t Gpwbnud, np Gpb
GwhuyhOnud hGwpwdnp skp wju Grupbpp Yppwintp GwinnbfuGnnghwynid, pwGh
np YbkpehGhbphu nbigpwnwghwl Yhuwhunbp Gwinhwdwlwpgh  $nuGhghnbwg
GawlGwynipynilp, www wydd, hwadh welbind hbnwgnuinepjwh wpnynGplbpp,
hwpwdnp £ nuelmd  wju  Gnipbph gnpéGwlwG  Yhpwenepynilp
hwiwwwunwufuwl ww)dwaGbpnud:

Uju Gmpbpp hGnwppphp 60 Gwl hpbbg ubkGunpwyhG hwwnbmpnitGGeph
20nphphd: Lpwip GnuyGhul ubbjwlwihG pbpdwumnhGwind gnigwpbipnud 66 066
qquynilinippatli opughG  gnnpzhlbph  GYwndwdp:  OphGwly,  ubkGywluhG
ptndwuwnhdwind MoO*; LEdkGnh Ypw pplwélh wanbgnipinilp dnun 6 wiqwd
qpwquwhgnid £ pGGpin quabph  wanbgnipjwlp, huly ppwjhlG  qnpnpzhGtiph
wqnbgnepynibp ppwéhh wanbgnipjwlp gbpwqubgnud £ 3 Ywpany:

Tupinuenlnt preuln wewowmnduwd AhdGuldnud npnypltnn:

° LwGnswih winpd n whwh YhuwhwnnpniuwihG opupnGhpnud wtinh
nLbb0nud Bpywnwnb nhgpwnwghnG Gplngp:
e Nunuilwuhpynn MeO*z L WO*; Oynipliph hpwwa b EYwpwdhghlwlywi

planipwantinh npndwb hwiwp wlibpwdbw b huyb) funengbbpnid knh nuGkgnn
wnunppghnl GplnypGepp:

o Lwlngwth  wdinpd  Gmpbipfi - wwpwdbwptph  hpwlwi  wpdbplbpp
ahpwdwyph wqnbgnipjwl nwl Ywnnn 56 3 + 5 Yupgny tinthnfudty:

° Gnuinbh wpgbph Ypw qquih nbp GG luwnnud funengOtpnd weiw opwgh
gninpzhlGepp’ OH™ fudpbiph intiupny:

° UplLGny)G phihwlwl pwnwnpnipjuG nbwpnid juenigdwépp (winpd
Ywd pnipbinughG)  dsenpnz  ntp b fuwnmd Gnph $hahlwphdhwljwi
hwwnlnep)nLbbGGpnLd:

Uofmnwlph  wnypnpwahwl:  UfuwnwGph  wprynilplbpp wwppbpwpuwn
qtimgyby L pGhwplyt) GO «Lwlnwinpd wmbubnnghw» ghnwwpnwnpuljwi
donbGwnpympjwh  funpbpnh Ghunbpnud, 6M3 «BJwlnwihG  bbGunpnGhlws
wphnlnud, «YhuwhwnnpnsughG dhypn- L Gwink EhunpnOhyw»  hhGgbpnpn
dhowqquwjhl ghnwdnnndnid (Gplwb, 2005), Gopluwjwgyby GG Fall Meeting
Material Research Society 2004 L Fall Meeting Material Research Society 2005
ahunwdnnnyGhpned.

Trwenwpwlynidoéap;  UnGiwfununtpywb  ptduwynd  hpwwnwpwiydby G hhig
ghunwywh hnndwé b 33 bl wwnblw:
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Uinblwfununipiwl Sunfuy G ne lwenigifwdpn: UinbGwiununupynulp pwnlugwo |
GbpwdénepynLGhg, gnulwbnipjw withnthnidhg, thnpdwpwpwywb
vwppwynpnedlbph L hGnwgnnnipywl  dpnnhlwyh Gywpwannep)niihg,
hbwnwgnunpjwl wpynilplbphg L pGGwpynuiltphg, bapwlwgnipjniGGbphg,
gnulwinipjwl gwilhg: Upluwwinwipp pwpwrpdwé k114 teh Upuw, Ghpwnemd t 31
GYwp L 5 wyniuwly Spwlwinipywb guiyp punlugwds t 168 hnnuiGkphg:

3bLwnwgninnipywl wpnynilplinh ne ppwbg pahwnpynidp

Lynpl, wpnquwdepld ot pwquwopngmcda: Lnp uhGpbqyws, hwinlwwbu
dhGs wyn Gwfuwwhwp sniGbgnn Gnepbpp, hGswhuhp GG hGwmwanunnipywlb
wnwplw hwinhuwgnn Gwbnswih winp$ dnthpnkth L dnpdpwdh bpyopuhnGEpp’
MoO*s L. WO*s, Ywphp niGhG Lwnrnigwéph nt pununpnipjwl wnrwebGwhbnp
nuuntdGuuppnepjwl: Un nuunudGwuhpnepyntGGbnG ppwiwbwgyb GO «TESLA»
BS-500 puwihwlgnn EyupnGuihG  dwlpwnhinwyh L DRON-3  nklingkl
nh$pwywnnibnph oglnipjwip:

bGyupnGwihG  dwlpwnhwwyn] — Yunwplwé hbunwgnuinep)nLGGepp
pwgwhwjintighd MoO*2 L WO*, Gjnipliph wanppnepynibp. Gpwlghg unwgyws
wuwinyEpGtnp Jun wpnwhwjnyws hwinbbp Go:

NLGnghG hbnwgnunnipyniGhbpp GnylGubu hwuwnwnned GO nwuntibwuhpdnn
Gynipbiph waonpdnipynilp: Wn Gynupbiph nhGngbGwapwidwbbpnud puwguwlwnd
56 hunwy wpnwhwyndwé unip ququplbipp: Onfuwnblp nhwynud GG pnuyg
wpnwhwjnwé prpwihl wwnybplbp nbnwpwzfufwd hwiwwwnwufuwlwpuwp
MoO, L WOz Gmptph  winpwnwnpéndGhphl hwdwwwwnwufuwing
wilynLGOEpnLd:

Pwnwnpnpjwl npnzdwl hwiwp win Gynptipp Juwlynenudwyhl Yuid hGEpen
Showywjpnid nwpwgynud GO BhisL pjnepbnwgniip: Fniptnwgywd Gyneplinh
nhibinghOwgnuwiiwibpp hwuwnwwnud GO niuntiGwuhpynn Gnepiph phdhwlwa
MoO, L WO, punwnpnipjniip: NunuiGwuppdnn Gnupbiph ﬁwuﬁhhﬁbnh swihbpp
npnzybi G0 quqununppghnl Gnwhwlny: Jwiwéw)G wyn swihnidliiph L MoO% W0
WO*; Gjnipbph GwuGhlyGhph swihbpp tnwwnwhynud 56 20 £ 5 G8 whpnupnud:

Apzubp GG Gwl wyn Gnepbph nbuwlwpwp GwlybpbubGpp: 2widhnudlenh
hpwlwiwgdt) &G jnnitinphly Gnwlwynd, npny MoO*2-h hLudqugl uinwgybip £
nbuwlywpwn dwybpbuph 220 ﬁzlq wndtipp, huly WO*2-h hwdwp' 280467/q wndbipp:

3hunwqgnuinipyntGabiph wywpnhg hbnn Gne)Gubiu neunubGwuhpytip GO Moo*g
L. WO* Gynipliph nEGwngbliwgpuidwibnn: Jwiwdw)l wyn nwuntilwuhpnipjwl
thnpéwnlyynn Gynipbipnud Yunnigywéph L pwnwnpnipjwl qquiih thnthnfunep)nil
wntinh sh nuGGgti:

Unyl wziuwinwbph htnwgnuinipywl 2ppwiwllbpnud plnanldty GO Gwl
pnipbinughl MoOz L WO2 Gyniptiph npnz hwibiwwnwyw htwnwanunipynGatn:
UwlwG dbpphGGtphu SwulhyGlph swihp b6 © nwwnwbGynud k 50+100 Gd
wnhpnupntyd, huly nbuwlwpwn dwybpbup qguih thnpp b

NruntdGuiupndn ek wnpuiuingwd b ESEOnGE anipwanbnn.

NLunusGwuhpunn Gntpbinh hinwgnuntpyntGGEnG ppwlwGwgdbt G0 146?‘6-5*1-5
§6° swihbipny ninwGlynlG gniqwhtinwbhuwnh nbup niGkgnn b EiGGWGEEPh Upuw:

6
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b bikGnGEpp wwnpwuwndbp 66 nuncdGwuppdnn thnzhGlph snp dbfuwGhlwlwh
ubnidws  bnwbwyny:  EbYynpwywld  wwpwdbnpbph®  phiwnpnepjwi L
mbwynipjwl  swithnuiGbpt  ppwlywlwgdt) 6O bEdEGnGEph  wWuwwnpwundwb
dwiwlwl Gpwhg dbe GEpnpdwd Ynbnwybnbiph oqlinepjwdp:

Nrunudbwuppynn Gwlnswih winpd L pynupbnwihG Gnepbiphg EdGGnGER
wwnpwuwnbhu Gyuwwndbg, np winpd thnzhGbpp Yndywlunwgynud G0 2w wybih
iy, pGn npnud 800wl wyd  whpnypnud: 3whwewl npwl pynepGnwgh
thnzhGhph GnowwlunwgniG hpwliwiwgyned £ pwdwlwl nddwpnipjwip, pln
npnd’ 8020w uwhdwbwwl nppnypntd:

MoO*; L WO*2 thnphGhpp Yndwjwlunwgyned 60 gnpdwnpwd 660wh 10’ =
6x10" Mw wpdbplbtiph Ghowlwypnud: MoO2 L WO, thnzhGhph Yndwwlunwgniip
hGwpwynp b hpwywlwglb] ShwyG GG20wh 10’ Mw wpdbphG hwpnn Gbn
wnhpnypnid: B winpd b pb” ppnepbinwh0 thnzh0bph dpw wybh thnpp G0znid
gnpéwnnbne nbwpentd dpghGGbpu s60 Gniwwlunwbned, huly G2dwé wnpdtipGliphg
gk ghynud0bpp  nbwpmd  wwwpwunynn [ EGEGNOEPNLd wewpwlnd &G
nbpLYwnGEp, npnhp EdGGnGERh thzniwh wwuindwe GO nweGnud:

Udnpd thnzhGbph Yndwwyuiwgiwh dwiwbwl 6620wh wpdhph dkéwgiwh
hbin  dkywnbn  GUuwndned © wwwnpwongnn - bGdEGnh - funnepjwG - wpdtiph
dbdwgnid: Mpw hbwn Gklntn, nhndnud £ Gl fGdbGnh nhdwnpnupywl waynd:
Uwluw)G, uhjuwd 4x10" Mw wndtphg, G00wh hbnwquw wdp wyjlu sh hwigkglnud
furnnipywl qquwih wth: MoO*2 bkdkGwh funnipjwl uyu vwhiwlwiht wpdbpp
dnun t 2.85 qfuﬁa-hﬁ: QGuwjws wju hwlguiwbphlb' EdkGwh ahdwnpatgnibp
thnznt YnGwwlnwgiwl dwiwlwl 860wl npe dhewluwjpnid gnigwpbpnid £
whthnpnju qéwyht Jwppwahé: Uw GpuGwlmd |, np phwbn 8620wl hbnwow
wéh wybu  sh nnbbgdmd  thnzne SwuGhyGbph  qquith  nbnwawndbpny,
wjbnuibGwyGhy Ghwwnkih £ wn SwubhyGhph nhppbph $Gsha thintnfunigynuGhtipny
wuwydwbwynpwé dhedwubhbwhG YnGuwlynGiph npwlh jwijwgned:

UGhpwdtiain £ G, np funnipjwl nhudnn dkdwgnyl wpdtpp Ywiudwé b
GOywywnwwwnh  hGpdGwhbnepynibhg: UYkth  hbpdwhly  S0wlwnwwwnh
nbwpnud nhwngned £ MoQ*; tikhunh dtowagntjl funnipjulb 2.96 q/u® wpdtpp:
Uu bplnypp pwgwnpynud £ Gwlngwth thnzhGGph  hnuniGnipjwdp:  depghbp
GQunnbih b pueGnud, Gpp thnghGlph Yndwwiunwgiwl dwiwGwl Yhpundws
60znuip ghipwqubgnid £ w)G wpdbpp, nphg ufuwd kbdkGnp Gnuph funnepynlp
aqpbpb whthnthnju E:

UpLOnyG  wuwpdwGobpnud  yndwywlnwgiwl  dwiwbwy Ghuwngby o np
pinipbnwhb L;mzhﬁbnhg wwinpwungwd  EeOEGnIGERG  nlb0  wnfbih G5
funnipynil: 10° Mw Sopdwdp Ynduywlunwgyuwd pinupbnuiht MoQ: khdtiwh
funnipniGp Yugined £ dnin 4 qjuﬁa:

Npnzuby BG Gwb winpd MoO*z L pynipinuyhG MeO: Ginuptinh funnwswithuyhl
(rmkHoMerpudeckuit) wndbipltipp: YbpghGobpu hwiwwwnwufuwbwpwn 2.98q/ut’
L 4.32q/uti® b(:

L EIEGunaGan dplninpunntd E nliqmunwghw: LwjuGwlwh
niunuiGwuppnepniGObpn gniyg GG wdby, np htnwgnndnn Gulnswith wdnpd
thnphlibphg  wwnpuunfwd  kokGnGEph  nhdwnpnipjniGOtpG  hpklg
wwinpwuniwl opdwihg ujuwé whplndtie wanwd GG: Hpwb gnuquhbe nhnynid
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b Gwl b boGGunGEph nuGwynupyniGbph whpGnibe Glwagned: EfEYnpwdhghywlwi
wyn dkénLpynLGbEph thnthnfunipyniGOkpp nhunynud GG wdhubbp zwpniiwly: LIWGE
thnihnfunipyniGGpp - GGpwnpnud GO biEOGGnGEpmud  pGpwgnn,  unynpwlwh
wwyiwGGkpnud whzpgkith  GinthnfunipynGGER otipwgiwl Ywd nbgnpunwghnb
LplinyyplGbn:

Nbgnwnwghnl wyu Gplnypp wowyt) GYwnkih £ MoO®, b GoGGnGERR dnwn:

PinupbnuyhG  thnzhGlphg  wWwnpwunws b0EGwOGEph g hwiwnpdbp
thnthnfunipyntl sh GYwnynud: Lpwhg nhdwnpnipjnilp wwinpwuwniwl wwhhg 5 <
6 dwiyw pGpwgpnd wdkny YuyniGwlnid £ Lnp lqu.lmnl_uumL[uJb MoO-
tbokGinh nhiwnpnipjniip 3 = 5 00 L, huly JuyniGwgnithg hGwn® 30 O wpdtiph
nhpnuypned: WOz kiGdGowp nhiwnpnipjwl wpdbiplhpp dnwnn Bpyne whqwd
qbnwquigntd k0 MoOz titikGwnh hwiwwuinwufuwd wndbplbphG:

Atgpwnwghnl tplnyplbpny  wpunwhwyngnn - MoO*;  bikdkGwnGEph
nhdwnpnipjwG  thnthnfunipynilp - wwwpwuwndwl - wwhhG  nlh  qquih 466
wpwanepyntl: - bGUEGNGEPh  nhdwnpnipjwl  tindinfudwl  wpwgnipyniGp
wwwpwuniwl wwhhg dnn 50 dwd whg dtep b phpnd Yuynil wpdtp.
nhwnpmipjwl  hbnwaqw thnthnfunipyniGp wbnh £ niliklnud qpbipti qéuyhG
optGpny:” MoO* kibikGwnGEph nhdwnpnipjwl  Ghwpwandwé  Jwnpwaghép
wpunwgnywé & Glwp 1-nud 1L 2 Ynpkpny:

 ROY)
1400

1200

1000

800 -

600

400

200

0 Joo 200 300 400 500 600 700 800
t (dwi)

Ll. 1 MoO*; tikikGwnGeph nhdwnpnipjwl thnthnfuntpyntlp
dwiwbwyh pGpwgpntd Splninpunnid (Ynp 1, 2) L dhowduwyph
6070wl wunhGwlwpwn hfqhgﬁmﬁ wwjiwhbEpnud (Ynp 3):
Unp 1-p Ybpwpbpnud £ 10" Mw GGz0wdp gnﬂmemmngd
tibdkGwnhG, huy 2 L 3 Yoptipp 1.5x10° Mw Gl0wdp
yniywlnwgyws kEikGnGEphG

MoO*, bihdbGuh nhiwnpnipjwl hwpwpbpwlyws tndinfuntpinti
duiwGwynid, hwzdwplws Gywnp 1-nd wwinispdws 1 L 2 Lnptnhg b EdGGwp
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wwwrpwundwls  wwhhg 50 L 250 dwd  whg, Yuwgimd L

it =(0.3£0.05)x107 dws™:

R, At

Nhawnpnipjw thothnfudwl plnipwqpuiuwl wpwonpyniGGbpp Jwhujwé 66
E(EdEGwh yuinpuuniwi dwiwlwl bhpwndwd §6G0wh nudhg, wyupleld wbih
(E¢ G020wip wywwnwunywd b eikGnGEph nhdwnprepjwh dinthnfunugnilp wbnh
£ nuGtGnud wybh nwinwn (nbu GUwp 1, ep 1 L 2): 2w Gawlbwynud b, np wdnpd
Gymipbpnid pGpwgnn nbgpuwnuwghnG GplnyplObpp Ywfujwds GG bjEdEGinGEph
swyninybbnip)nibhg funengbbph suihhg nu dLhg:

LEdEownbbnn  dhoutfuyph twppbn 8020wl wundwllbpned: S0pwnpbind, np
nkqpwnwghnt bplnyplbiph wwwndwep dplnnpnG b, £ ESGGwh nhdwnpnipyw
Juppwaghéh  nwnudGwupply GO0p Ywhidwéd  Ghowduyph  @G2nuihg:
NuunuGGuuppnepyniGGepp gnuyg GG by, np dhpwduwyph 10 Mw dGwgnpnwjhh
Qh0wdp JuynundwghG  wwjdwGbbph L hwunwonntd 20°c phpiwuwnhdwbh
ntwpnd b EUGEGwnh nhdwnpnigniGp helnud L Yuwynibwlined £ dplnpnpuinud
niikgwé hp phpwghy wndtiphg 45 5 % -h swihny thnpp wpdtiph Ypw (Ghwn 1,
Unp 3): bwpbip tp BOpwnptl, np ahdwnpnippwG Yuynibwguwéd wyn wpdbpp
phnepwqgpned  Ep EBdGGwh hpwlywh  nhdwnpnepnuip: UwluyG, dhewdw)ph
GGwgnpnuihb 8620wl hGinwgw hekgnidp uygpnud 10 — 1 (GYwp 1, Ynp 3), hbwnn
Gwl 1 — 10”° Mw, hwiqkgptg nhdwnnpnipywi wpdbph hpunhG thnppuigtwbs ni
YuyneOwgdwip wybih gwép wipdbplbph Jpw:

bGswbu wbulnd Gip, nhdwnpnipjwl Juynbwgwéd wpdbpp Ywfudws
thpwyw)ph d0wgnprwhG 8G2nudhg, hosp Gawlwynid £, np dulnenuh hbmwgquw
funpwgnuip whwnh hwigbghh nhdwnpnipjwb hGunwaqw Guqdwp:

UnnigiwG hwiwp hGnwgnudnn fGokGnp YpuhG npdbp £ ungnpuaijwb
wuydwhobpnud  dplnpppinh - wignbgnipjwt  wwl:  Uprynubpnid nhundlp |
nhdwnpnipjwl wd, npb pp wpwgnepjwdp dnn £ Gnp wyuwanpwundwds b BiGGnp
huwdwwwinwufuw@ dEonLpjwhp:

bG0EGnGERf obndunhl  nruncdGuwofinnipniG0Gnn  hwunwencG” gplmapuwihl
OGr0wl  wdwbbnmd;  Lwlnswth  wdnpd MoO*: L WO*:  Gyniphiphg
wuwnpuunygwd FiEoGGwnGEph nhdwnpnipjwb phpiwumhtwiwyhi
nuunuiGwuppnepyniGGbpp gniyg GG wwihu Gpuig YhuwhwnnpngwhG pGnupp: Un
biEikGunGph nhdwnpnupjwih shpdwunptwbuwht gnpéwyhgp (12Q) pwgwuwljwb
k2 Mbwnp b G261, np neenudGuoppynn fEoGGnGEph Uhuwhwnnpnswyhl plnypp
bpbntd £ ng GhuyG 129-h  wpdbph pwgwuwlwl (hGknig: IGEnwquynid
Yunbubklp, np MoO*2-hg wwinpwuwnywé b EdkGuiEpd nulbG qquiph pbpdn-E CNF,
hOp hwunniy £ dhwyl YhuwhwnnpngwhG GnepbphG:

haswbiu G2dbg dbplnud, b EOGGINGERnLY phpwgnn nignwnwghnb iplnyplbpp
hwiqbglnud GO0 JGpphGhu nhdwnpnipjwl opwlwl wdhl: Ypw htwn oklyinkn
dwiwbwyh plpwgpnd nhudned £ Gwb 928-h wpdbph tnthnfunipnil: dGpghGhu
pwguwnéwl wndbipp qbwiny thnppwbnud £ :

Nhawnpnigywh Yuiunudip ghipdwuwnhtwihg, dhGsl dnwn 40°C-p, Junbih t o6
SzunnLpjwip hwiwpki qéwh: 40°C-hg thask 80°C (L wyty) phptwunhwliwjhG
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Showljwypnid nhiwnpnipjwl Jufuniip obptwuwmhGwlhg OnyGwbu Ywpbih &
hwdwnpbp qéwjhG, vwhuwyl Gxdwé bGpln dhowlwptpnid H29-h wnpdbplkpp
qawihnpbG nwppbndnud GG dhGjwighg: Mw wwpq bplnud £ OYwn 2-hg:

N24-h pwgwpdwl wpdtpp’ AR | nbgpwnwghwih wwppbp thatbpnud
Ry - AT
qnlynn tﬂ:ﬁbﬁmﬁhng hwiwp, hwaqupljws 10 + 40 °C  dhowlwypnty,
nwnwyned £ 1.5x10™ + 2.5x1 0*°c! whpnypntl:

R (4Ou)
240 w

220 \

200
180

160

140
120
100
80
60

40 |

20
1] 10 20 30 40 50 60 70 80

T (*C)
Lb. 2 MoO*; kjhukfitnh nhiwnpnigjwl  Ywfunidp
ghndwunpdwlihg dpGninpuwihG wwiwhGEpnLd:

b bUEGnGE duwnnmpiwl Lulundn Showduyph 800wl L_pbpdwuunhduwd,
Jhwdwdwiwlyw _thnhnfunipintihg (plpdwwinin duifld whned): Iwpdh
wnGbiny Gwhunpn Yawntpnud nhndwé tplnyplbpp, fulnhp b wrwowbnud wwpaky,
pt §hOsk n°n wpdtipp Ywpnn t holty tEdkGinGtph nhiwnpnipiniGp L hasgn™y E
wuowbwynpyuwd nhiwnpnipjwlb wn thnehnfunipynilip:

Uu hwpgbphl wwwnwufuwbbin hwiwp MoO*2 tkiklwnh nhdwnpnipjwl
Juppwaghél nuunuibwuhpbghlp ULLII’UGLU%UJE Juynunudp dhowdwiph 1 M
dGwgnpnuyhl  Gh20wh, L ohGsk  94°C  ebpdwuwnhGwih pundnwgiwh
wwiwhbbpnd: ArunuiGwuppnipynilp  Juwnwpby Glp  Gaywsé Juiynunedw)h
wwdwdibpned hwunwnduwé nhdwnpnipjwip b EdEGnh (ntu Gywp 1, Ynp 3)
gbgﬁmumhﬁwﬁh wunh§wiwlwh pwnpépwglwdp’ Gwfu GhGsLe 70°C, wwuw Ghask
94°C: NrunuiGwuppntpjw bpyne tnytipnud by pbpdwunhGwp puwpdnuwgiwd
dwiwGwl, Ghwunyb) b dhowywjpntd hwunwinfwé Juyninudh dwdwhwywynn
«ynpnueny’ Ghewduyph 6020wl dwiwlwlwynp wd: T dyuynud £ EboGGNLG
wnunppywd quagtiph hbnwgiwh dwuhf: LnyGhuy, Gpp npng dwiwlwly wig
Showdwyph pipiwunhGwii nu Yuyninidught  wwydwGabpp YuyntOwbnid kG
Ubpp  G2ywo hwiwwwwnwuluwl  wpdtpltph  Upw, nhingnud £ kBdGGnp
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nhdwnpnpywl walnus: 64 70°C, ' 94°C ghntwunhGwand, nhiwnpnipjwl wyn
wayntip b ybpen wdwpundnid E nhndnud b nhdwapnipjwb uynebwgnud: Gpynt
ntwpnid £, nhiwnpnipjwl YuwyniGwgnudhg hbun, nwnudbwuppty Gop 129-h
dwppwghop ndjwy phpiwuwnhtwihg wytih gwop wndbplbpnud: Juwidwdw)l
nhndwé  wpymGpGeph phiwnpnipjwl  Yuynibwgwd  wikG Onp wpdbphl
hwiwwwinwuhuwbned £ H2%-h Gnp’ pwgwpdwl Ghdnipjwdp wybkih thnpp wndbp:

UnnigiwG hwiwp wju nbwpmd Ly htnwagnudnn bGdkGnp Jbpenud npbip
GGp  unynpulwl  wuydwGitpnud  Oplninpwnh  wanbgnipjul twl, nph
wpyntGpnud nhodty £ nhdwnpnipjwl - ws,  nplG hp plOnipwgnuljw(
dhénepyntGGEpny hwdpGyGnud £ Gnp wwnpwundwé EEakanh hwiwwwunwufuwb
ghénipjwh hbw:

Uutnbnpg btpbnud b, np o dbpp Gpdwéd  wwydwlGEpnd  EjbdtkGnGtph
nhiwnpnipjwG  thnthnfunigynilp wwydwlwdnpywé b dhwylG GpwhOgnid
wnunppywd qugbiph nbunppghwny:

Mwnq t, np dhewtwyph 6620wl wytiih gwdp L gbpdwuwnhtwbp wybih pwpép
wuwySwhGbpnud EEoGGnGEph G2wlnudp (wjunthtin f EdkGuinGhph Shwdwdwlbwljw
pipdwjhG L JuynunidwjhG dwynudp  whywlybine t phpdwduwininidwha
dawlnud) whwnh hwGgbglh ykpohGGEphu nhdwnpnipjwl b 129-h pwgunduwy
wndbiph htnwquw thnppwigdwlp:

Aiuwnh, hwenpn puyind nuunwibGwuhpl Gap MoO*2, WO™, MoQ2 L WO3
Gynipbiphg Lqmmnu.lum&{wd biutGwnGEph nhdwnpnupjwa Llwngu.lqébnn dhowduwynph
¢nppwgniG 107 Mw Gh0wl L dhéwqnui  200°C  ohipdwutnhBwlh
wurnh§wiwlws  pwpdpwgdwl  wuydwlibpnud:  EHpdwdwlninidwhh - wju
Gawliwh wprynilpnd, npdwnprepynGibph JuyniGwgnidhg hknn nhugmd E
winpd tEiGGnGEph nhdwnpnipjwb wpdtph whnbijh wdyned: UhLbnyG 20°C
phipiwuwnhwGnud  hwzyunplydws, MoO*; bGitGnh nhtwnpnipintGt poYGnud L
dnin 3x10° whowd, WO* LikitOwGEph nhdwnpnipnilp wydbih pwb 2x10°
whqua: hGg yepwpbpnd £ pynupbnuyhl MoO2 nt WO, iEdkGunGEphh, www
Gpwlg nhdwnpnipjnilp, GnuG  pipdwyulniniiw)h Gywhdwl  wprynilbpng,
pGYGnLd t pGnwdkGp dnu 5 wiquid:

MoO*; hkikGwh nhiwnpnipjwl Juppwghop Gqwo phpdwywyninuiwhG
dywliwh wpyniGpnd, wwwnlbpjws b Ghwp 3-nud: Lhwpnud  opnhGuwwnGtph
wnwhgpp pbpjwé b nowphpiwywl uwlnnwyny: Lywph dbphl we duwuntd
wwwnybpdws b nhdwnpnipjwd wyn Juppwgéh 20 = 80°C dhpwljwjpnid pllwé
hwinuwép unynpwijwb wewipbbpm:

60°C  otplwuwhdwGh whpnypmd  MoO*>  fkdkOwh nhdwnpnepjwb
thntnfuiwl Juppwaénid ghugnid b Ynph  wilncGughl qnpdwlgh Ywpnil
thnthnfunepyniG: "w pwy Gplnud | Glwph UbphG we Gwund wuwinhbpwo A
wwnybiphg: 3wyuh welkny, np win pbpiwunhdwiughl wwydwiGkpnd nbnh £
nlGbGnud  Shwyd  wnunppdwé  quagbipp  nbunppghw, Gwptih b wlnt, np
wolynbGwyhG gnpdwlgh Yupntl thnthnfuneppniGp wwydwbwynnuwé £ £ EEEGoNLA
wnunppdwé quatiph nbunppghwih npwbh tnthnfunipjwdp: Bpb dhtg GaYwo
phpdwuwnhdwip EEokGinhg quabph ntunppghwl wwydwbwdnpus £ pGsuwbu
phiwnunppyws, wyliuytiu £ $hqununppywé quabiph hbrwgnuiny, www' Gyws
gtipdwuwnhdwlhg htwn, Gpp wpnbG Yuwpbh t hwdwpb, np $hqununppdwé
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qwabipG wipnnenipjwip ntunppyby 66, nbunppghwl wwjwbwynpynud £ dhuyh
phiwnunppywd qugknh hbnwgnuiny:

Uhowdwjph 8020wl L gbpdwuwhtwih Shwdwiwlwljw thnthniunipynilhg
k EGGGnGEPNLS nknh nuGbgnn gnpépGpwglbph dwuhl GnyG nuwnnnnipinGGanp
Ywpbih b wib) Gwl GGGnY depghGGkphu nuGwynipynlGobph hwiwwwunwujuwb
wnetplbphg: Uwlwjl, wyunbn Yuwhdwiwihwldbip hwyb Gzbind, np MoO*;
tibokGwp  nuGwynepyniGp,  hwdwpywé  GhlGnyl 20°C  phpdwuwnhGwhney,
phpdwywyniniiwghlG GawydwG wpnynLGpnid waned tann 2224 whqud:

R (Of)
R{4OB) N
40| \ (A
of A =
20 \
10 A~k
3 b T
w0 @
Ll TEO)
10° £_ e
A 3
s

40 60 80 100 120

T (°C)
Ul. 3 MoO*; ttidklunh nhdwnpnipywl thnthnfunep)ntbp
thnppuwantjl .10'3 Mw d620wh L Ohdwagnyl 200°C
phpdwuwnhdwih  wwyiwboEpnLd phpiwdwyninidw)hb
dzwliwhb dwdwbwly:

20 140 160 180 200

Jwyuph welbind, np hinwgnunnepymGGEph  Yepenud pwnunpnipjwl L
Ywnnigdwdph niunuiGwuppnipjwl hwiwaw)G, Onuptipnud qquith thntinfunipynil
nbnh  sh  nuObGng, Lquisnnq LOp mﬁr}bl,n np  Gwl phpdwdwlynenudw)hG
hwdbdwwnwpwn fupuwn’ 107 Mw 6G20wh L 200°C phpdwunhdwih wuwjdwhbkpnud
b EdEGnGERh nhdwnpnipjwl whyncitpp wwydwlwynpws GO pwgunwubu
JtnehGhu funensGEpnLd wnlju wnunppywé qugbph nbunppghwyny:

hGswhbu huynGh £, n whwh yhuwhwnnpswihG dwuGhyGbphG wnunppdnn
quaqbipp  dwubhyGiph dwybplnyphl Guuinned GG hhdGwlwGned pwguwuwlwb

(hgpwdnpdwd  hnGGkph  nbupnd: dbpohGibpy  pwgwuwlwliwwbu GO
thgpwdnpyniid dwubhytbph dwybtplntpwyhl 2bpwnbpnud qwnbynn,
hwnnpnwlwinipjwlp  Swulwygnn tYwnpnGGbph  hwpdhG: UpnyniGpnid,

SwubhlyGbph  dwybplnyphlG  dnn gnjwlnid k vwlwyb EhwnpnGuyhG - 2Gpwn
(tibywnnGGEphg wnpwin 2Epwn), hul uwhiwbh pwgwuwlwh |hgpwdnpywd
hnGwjhG z6pw: dknghG hwaind, GhodwubhywhG YnbGunwlunbbpnud aluulnpntd k
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wjuwbu Ynsjwd Cnnlih wpgbip, npp ELdGOwh nhiwnpnpjwl  dESwgdwl
hhoGwhwl wwndwel £ hdwnpnipjwl dbdwgdwh Gk nbkp [ fuwnnud Owb
wnunpplws  qugbphG  thnfuwbgynn,  hwnnpnwlwinipjwlp duulwlgnn
thgpwlhpGph pwGwlh thnppwgnldp:

hOswbu UwbuGbbp wydbih niz, Gwlngugr winpd MoO*™2-p n wnhwh
Lhuwhwnnpnhs b Wuwhund, wnunppdwé quabiph ntunppghwih wpnyniGpn:d
nhiwnpnipjw nhinynn woynudp wuwyiwGwynpyws t dhetwubhlughl uwhdwbht
quatiph wrunppghuwgh wpyniGpnud gnywgwé Gnnyh wngbith thnppuwgiwdp:
gGnphhy wbuwhwpwp 66 dwhbpbup, MoO®-h L witih 2w WO*2-h Gnwn
wnunppywé qugbph pwlwllG whebih 066 L, hGgh 20nphpy Opqwé Gynupbippy
wnwibpwwtu WO*2-h nwin phpiw]wlninuiwihl dawldwd wpryntGpned nhugned
b phiwnpnipjwl huhuwjwywl wiynd (MoO™2 biEdEGnh dnn phdwnpnupnlGl
pGyty k dnwn 3x1 0° whguy, WO*; ki tikwnGtph dnun’ wybh pwi 2x1 0° whqu):

Mwpg b np wnunppjwé  quabphg «dwpnbihuy», b EdEGwnGERH
nhownpnipnilp  thnppwlwiny  dounud £ Griph  hpwlywh nhdwnpnipinilp
pGnipwannn wpdtpGERpG: Wuwnbnhg hbwnbknd E, np wdnpd L pynupbnught
hwiwGntG btikGinGeph phdwnpnipniGitph wwppbpnupnilp wylpwl dkG gk,
nppwh Yunkih tp uyqehg GGpwnpti:

Etpiwdwymniiwhd  wju  dauldwd nbwpnd  Lu, MoO’» L WO*
tikGwnGknh nhiwnpnupjwl wlldwlp qnigplGpwg, nhuynd £ 1238-h puguwpdwl
wndbph thnppwgnd: ShiwnpnipyntGabph YwyniGwgnidhg hbwnn pyniptinught
MoOs L WO, tibukhinGhph dnwn, swihiwh Gunnipjwl uwhiwlbpnid (npp 0.5 Ou
k) nhiwnpnipjwl Ywhunud pbipdwunh@wlhg sh nhwnynud: Nuuwnh, MoO*2 L WO*;
b GukGnGEph 429-h wpdbph thnppwgntip Lu gnijg E twihu winpd fGdkGmakph
Juppwagéh dnintignud pynupbinughl t EikGwnGEph dwppwadhl:

PO ybpwpbpnid £ nunudGwuppynn Gynupipmud pGpwgnn nhigpwnwghni
LpLnuyphl, L hwuh wnlbind  Juwinentdwyhl ww)dwhbEpnd
nhiwnpnipjntGatph nhugnn YuyniGugnuibbpp” wwpg b nueinud, np tplinyph
wwitnGwrep Swinwnykh b EGEInGERR dplninpunwihG qugbipny (gywé funnnsGiiph
wwpnLOwynepyniGa E:

UwlwyG, ntirku wwng gk, Gplninpunncd welw YnGYyptin n°p quql t (quqtipl
b0) wwinwuluwGwnne b EoEOnGEpmd - phpwgnn nbgpwnwghnG bplnypleph
hwdwp:

b lshGinaph  npdwnpnpiul  Lwfunidp dhowuyph  puwnunpnipiniihg

(ubGunpuyhl_hwwnlnepn 666pa): Uithnthbing depp Oywpwaopywdé mjjwibbpp,

hwiwaw)a npnig

1. GwGnsup winpd MoO*2 L WO™ fliGGwnoGph dnin dplnpnpuwghl
wwySwGGEpned nhunnud £ nbgpunwghnG Gplniypg, nnl wnunwhwjngned
E JbpepGOtphu  Lhwpwdhahlwlwl daénupyneGleph wOplnhwn
thnthnfuntpjwdp, dwulwynpuwwtu nhawnpnipjwl wany (GU. 1, Ynp 1,2),
fizdué b EGLONGEPNLE welw ntonuwnughwd hGwpwdnp £ YwigbbgOti
GwiuGwyws Juyninudh' dhewduyph 10 Mw dGwgnpnuwgpt Gh0wh
wywydwGhEpned (GY. 1, Ynp 3)
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fuGinhp £ wnwewlnd wwpgbp dplninpuninud weljw n°p quqlb b (QugbpG GG)
wwuwufuwlwwnnt MoO*» L WO*; bihdkGwlGbpnid pGpwgnn nbqpuwnwghnG
tplinyph hwdwp:

Uju hwpghl wwinwuluwGbm hwdwp nwnudGuuppdty B0 dpGnpnpuwhG
quigbtiphg wanwh Nz, wpgnGh Ar, ppwélh Oz, epwihl gninpzhllph H20, hGswbu
Gl opwéhh Hz ne d6pwlh CHs wnwGahh wanbgnipnilGGhpp EjdGGnGERh nw:

NuunudbwuhpnepyniGitpp hhdGwlwOnud Jwnwpdbp 66 qugbph aG0wh 107
+10° Mw dhowljuwypnid: Pwgwrenipinil B0 Ywgdnid dhw)l dpwbp CH4 L onuwhG
annnzpﬁbnn H20: Utpwbh wqnbgnipntGG nruntdbwuppyby b al0wG 10~ +
0.5x10° Mw dhowlw;pnd, hul ppwjhG gnpnpzhGbph wqnbgnupniGp’ 10° =
1.2x10° Mw thowluypnid  (ppwihG  gnpnpzhGbph G0p0wl  GpYwé  JiphG
uwhiwiwhG wpdbipp hwiwwwnwufuwind b ubGulwihG ebpiwunhdwintd
hwabgwd  opwjhlG  gninpzhObph  600wlp, nwuwh  epuyhG  gnpnpzhGliph
YnGnbGowgiwl wwindweny wybih pwpap 860nudG6p hGwpwynp skp unwbwy):

JGvwgnunipjwl  dwdwlwl,  jmpwpwlgnip  qugh  wagnbgnipnlbl
nwndGwuhpdb] b Gwfunpnp” Jbpp Gwpwapdws pepdwdwyninidwihG dwlnud
wlgwé «dwpnin» funengGhpny bEiEGnGEph Jpw: bhwplt, winbg, np 107° Muw
60wl L 200°C pbipdwumnhdwlw)hl  wwydwGlEpnd  pEpdwdwlyninudwht
Gpwynd wlgwd EdGGunGaph  funrngGGpt  wdpnnenipjuwdp  «dwppywdé» GG
wnunppywé quabiphg, sh Ywpbih: UdGhG, aGphjwwnngpwdh Jpw Gunwpduws
haunwgnunip)nLGhbpp gnug G0 wndby, np Gwingwih wdnpd dnhpnblh Eropuhnhg
MoO*s-hg, 300 + 350°C dhpwhwjpmd wbnh b nilbGned  hGwbGupy
ququwbowwnnud, hGsp GauGwynd t, np nwnuiGwuppgnn Gwingwd  winnd
tnplopuhnlbnnid Lu Ywh uwwtph d6é tGEpghwltpny wnunppdwé ququyhl pwwn
tnEYnu0bp: Uwlw)b, dep hknwgnuinepyniGbpnud wnunppywé wyn qugbpp ks
nbp s&0 fuwnnid:

Quigbph wanbgnipjwl neunwdbwuhprepyniGC ppwliwiwgyb) [ hwunwnnd
18°C ubljwlwihh obpdwunhGwbn.e:

Ungnuwly 1 L -nud wwnybpdwd B0 Gdwéd qugbiph wagnbignep)niGGbpp
hwiwwwwnwufuwiwpwp MoO*2 L WO*; [GikhGwnGEph nhdwnpnupnGGEph dpuws:

hOswbtu wnbulnud bOp wryniuwllbphg, bEdGOwnGEph nhdwnpnipnlGGEph
Ypw wikowikd wqnbgnipnilp gnpénd GG ppwiihG gnpnpzhGbpp: UG MoO*s-h
nbwpnd wybih pwG 1000 whqud, hul WO*-h nbwpnid’ dnn 300 whqud,
gbpwquwbgned k djntu qugliph wqnbtignipjwbn: Uwlw)b djnwu qugbph GQwwndwdp
WO*2-h qquynilGnepynilp wybh 0k k, pwl MoO*2-h qquiyntlnipyniGp:

bGswbu Gplncd b wnnwuwy - Bpypnpn winubywlhg, pepdwdéhih Oz, wgnunh
Nz L wpgnbh Ar wgnbgnipnilbOtiphg htin pbpdwdwyninudwhd  dzwljdwh
wpmyntipnid MoO*s kjtdk0wh nhdwnpnipjwlb Juynibwgwd wpdbpp (pwgnighs
swihny hpGned b Urgniuwlhg Gpbnud £ Gub, np epwéhlip MoO*z-h Jpw pnnlnud £
hwhwnwly wgnbgnipynil, pul dbpwlp’ hwdiwGiwl wqnbgnipynth sh gnpdnud:
PLwkwn sh Eplnud wyniuwlhg, pwyg epwihG gninpzhGeph wanbtignipniGhg hbwnn
ppdwdwyninidwiha Jpwydwh wpyneipnid MoO*2-h  EiEdEGwh  YuynibGwguwé
nhdwnpnigyntGp GnyGwbu thinfudbg: UG 70 Od-hg hpwy 50 OG -h:

@pywohlh Oz wamnh Nz wpgnGh Ar L epuyhlG gninnzhGliph HzO
wgnbtgnipyntGhg hbinn nhwindnn wyu Gplnypp  pwgwwnpdnud £ wyn quabph
«iwppnn» wgnbgnipjwdp: Mw Gawlwlnld E, np wyn qugbipp, Geppwthwhgbing
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bbdGGnh ke, Guwuwnud GO EbdGOwh funengbpnud wnunppdwé  qugbiph
ntunppghwhl:

Qugbph  wqnbignipyniGGiph nuenuiGwupprepyniGl hpwywlwgyb) £
hwutnwwnniG 18°C ghpiwunGwiwhG wwyiwbitpnwd, 8020wl wunhSwiwlws
pwpénpwgdwdp:  NunuiGwuhpnipjwl  dwdwlwy Gywwndbp & np quqbiph
wqnbgnipjwl 0be UGS nbp b fuwnnud bEoGOnGEPNLS quqbph nh3nighwih
Gplnypp: My wwydwGwynpdwd b Gpwlnd, np nwnuiGwuhpden EEdbGinGEpp
swywiuhG b6 L nlbG nbuwywpwp 866 dwytipbu: Wn wwindwend, qugtiph
wqnkgnipjwl plpwgpnid tEoLGnGERh nhdwnpnipjwl wpdtiph YuyneGwgnudp
wwhwagned £ qquih dwdwwl:

Urgniuwl 1. @epdwduyninuiwhl Gpwind wigwé MoO*z  Fikdklwnh
nhdwnpnupyniGibph dpw ngnpbn qugkbph niibgwd wanbignipynibp 24 dwigw
pGpwgpnid hwuwnwwntl 18°C phipdwuwnhBwlwihl wwyiwhGbpnud:

MoO*,
Lgnip)ntG Mhdwnpnipjwl hwpwp.
g | UanbonieIniGhg | . dhudn S20ws
Quiqtip _ un bupmia AR (M
(pbﬁgﬁqﬁf“' (24 dws whg) | oUe RG_AP( )
0> 126.0 148.0 1.7x10°
N 95.0 96.0 0.1x10°
Ar 85.5 88.0 0.3x10°
Ha 68.7 70.6 0.3x10°
CHa 70.0 72.5 P 0.7x10°
H-0 70.2 223.0 1813.9x10°
Ungniuwyy 1l EbpswdwinimdwihG - Gawlnud - whgws WO*> jkdkGwp

nhiwnpnepntGiph Upw wwpptp quaqbph nlGbgwé wanbgnpnilp 24 dwidw
plpwigpntd hwuwnwinnt i 18°C phiptwuwnhtwlwhf ww)iwhGEpnLd:

WO*;
B Ahdwnpnipjwl hwpwp.
nth UqntgnLpnth thnthnfu. Shwynp GG20wG
ougp | Uankamomro | Laskgnench. | L
R,-AP
o)) 903 1466 6.2x10°
N2 867 972 1.2x10°
Ar 1073 1196 1.5x10™°
Ho 680 770 1.3x10°
CHa 797 952 3.9x10°
H.0 862 1256 380.9x10°

Pweh np, tEokOwGEph Unw, neuntibwuhpdnn qugbiphg wihwiGdwwn 0k
wqnbgnipntG nlh opwyhh gninpzhG, niuwnp hGwpwudnp t, np nbgpwnwghnG
bplinupGbinh wwinwep gnwjhG gninp2hltph wanbgnupyniGa £ Wn wwndwnnd,

15

© National Library of Armenia

U e A R e B ol v o e S e g S

T

e Vi s e ea 3T A Y B

R

-

TN

=t

o R e T T T e T Ry g



pnw)hG gninpzhlbiph wantignipnilp niuntiGuupptghlp wybih Gphwp’ 240 dwd:
cwiwbwyh plGpwgpnd MoO*; kiikGwnh nhiwnpnipjwh Ywhuntdp 1.2x10° Muw
600wdp onwyhb gninpznt wantignipynilhg, wwinybpywé £ GYwp 4-nud:

R (Of)
350

300

200

150 |

100

50
] 50 100 150 200 250

T (Gw )

LU. 4 dwiwlwyh pGpwgpnid MoG™ tiGdkGwh
nhdwnpnipywl Ywfunuip 1.2x10° Mw GGz0wdp
ppuihl gninnzhltinh wantgnipyniihg:

hGswhu whulnd GGp Gywphg MoO*2 hbokGinh phdwnpapnlp pnwyjhb
gninnzhGbph wanbgnipjwl ulgphg h Jtip wopGnabp wdnud E: Nhdwnpnipjwl wah
wpwaqntpjnilp wnwsehl 50 dwikph pGpwgpntd qhwiny thnppwGntd £ L pOnnclnid
b yuyniG wpdbp: EladGGunh nhiwnpnipjwl thnthnfudwl wyu wuwinytpp 2w GOwb
k Gnp wwinpwunywd Ehdkonp nhiwnpnipjwh thathnfudwp onntl {(nk'u Glwp 1,
ynpbip 1, 2): Wu ntiypnid, tGikGwnh nhdwnpnipywl hwpwpbpwlwh wdp dhwynp
dwowbwlynid hwadwpyyuws anwghé hwndweh dpw wwinpwundwl wwhhg

=0.2x107% dwd™: Uw Gpwbwlynud £, np

50 L 250 dwd wig, hwwuwnp k
0

Gplninpuinud nhundwé nkgnuwnwghnb tplinyyplbpp hhdGwywbnid

wwyiwhwynpyws b6 epuwyh gninpzhGtiph wqnkgnipjwip:

PpnuihG MoOz L WO, hbobOwnGhph  ypw, swihiwh Gaunipjwh
uwhdwbibpnw, wanby b ShuyG opwyhG  gnynpzhl: JdbpohChu  wanbignipjwl
wpryniGpntd 0nn 20 dwi whg wyu bLdkGnGERh nhGwnpnipynilp YuynGwghyg &
hptiGg uygplulwh wpdbplbphh dnwn wnpdbtpGbpnud:

nuwyjhb qninpzhbph waqntignipjwl GGfuwGhqip bkukGwnoLph nhiwnpnpjwh
Ypw GowG b ppywdélh waqntgnipjwiip: 2ph angbyneiOkpp, Gppwithwgbipny
b bikGwn, OH fudpbph tnbupny wnunppynid GO SwubhGtph SwybkplnyyphG: Un
qnpéplpwgl nintligyned k Gyniph dwuGhlyGtiphg dblwlwa bEYwnpna QIingGhLm[L
nph wpmynupGnud GwuGhyp Swolidmd £ pwgwuwywiwwbu thgpwinpjws OH
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fudptipny, huly dwubhyGbph Swykplniphl alwwnpynid £ uwlwydb Ehnpnbuw)h
sbpn: UpryniGpnud ShedwulGhluwyhG ynGuwyGunGepntd  dbuwdnpynud £ Gnwnlh
wpgble, huy SwuGhlGbpnud wwiwund k hwnnpnwlwbnipjuwlp dwulwlygnn
thgpwyhpGtiph' tEYwpnGGEph pwlwlp: Uy hwlquwdwbplbkpa by htGg b bdkGnh
nhiwnpnipjwl wh wwindwneb G0 hwlnhuwbnud:

Lhwpwopywé qnpoplpwgp wbknh b nubblnud puwlwl pwbnwn, hGsp
wwySwiwynpyws tbEikdnitph nbuwlwpwn dwlbpbuh d6énpjwdp L Gpwbnud
quqtiph nhpnighuyh bplinypny:

HE0EGnGERh hwnnpnudpwlnpjwl nbuan, phpdn-t1CNF-0 L ynpn-widwbnuho
plnipwappn: Eraynpwbhghyuwlwl wu wwnwibnpbph  nwunuiGwuhpnepymip
Guwnwpyb £ dhuwyG MoO*2-h hwdwn:

NwnuiGwuppynn Gwlngwth winpd MoO™2 kikdkGwh YhuwhwnnpnswhG
pGnypp  bBpund  t Gpw pbnon-E GN-h - weluwynipinibGhg:  @LEpdn-£1GNL-h
swithnuiGbnG hpwlwwgyt GO kidkGnGLph hpdpbph dhole unbnéywo 150°C
pliptw)h0 gnwnhtbnh wwyiwGibpnud (hhidpkphg tkYh ppdwuwnhdwip 20°C L,
huly OgynLupGp’ 170°C): Uryniuwy Nll-nd phipdwé GG winpd MoO™, pjnLpbnwhG
MoO,, WOz, Si L Ge tjuklnGiph pbpdn-£Ch-h wndbpObpp dhwynp’ 104
hwuwnnipywh nbwpntd:

Urgnuuwly HI. Udnpd MoO*z, pyniptinuyhl MoO2 L WO2, Si L Ge ki GakGwnGEph

kpun-E GNL-Gnp:
Uinpd MoO*, | PjnipbnwhG MoO; L WO; Si Ge
£ (4) 0.13 <0.01 -0.075 0.1

MoO*, tiikGinh phindn-tCN-h dkénLpywl npwlwh wndbipp Gpwlwlnd E,
np Gpwimd hnuwGpwlhplBpp kGunpnGGEpG GG, wyuhlplG MoO™-p n wnhwh
Yhwuhwnnpnhs £ 3wdbdwnnipynilp Ge-h phipdn-tiCN-h wipdtiph htin gnuyg £
wnwihu, np hwnnpwlwinpywip twubwlygnn hnuwGpwhhpGtiph  funnepnibp
Guwinswih winp$ YhuwhwnnprswihG MoO*>-h tinin wubip 666 &, pwl Ge-h dnun:

Jwiwduwyh MoO*2 bibdkhwh Unpun-wiwbpwyhb pGnLpwignp
nunuiGwuhpnipywd wyn bitdkGnp Ywpnn b wiglwglby Shagh 4 + 5 U hnuw(p:
Udtith pwnpép  hnuwGplbph  nbuendd, tpp  hGpGwunwpwgiwl  wwwnGwnny
thnppwbnud b EEdkGnnh nhiwnpnupntOp, Gpwiny hnunn hauwGpp dkdwbnud L,
nph wpmyniGpnud bEdGGNp swihwquwGg wpwg nwpwlnid b L h dbpgn awpphg
nipu b oquithu: EjEdGGwh Unpn-wiwbinwihG plnipwahpp qowihG & hnuwbph
GhGslk Gnn 1 U wndbiph nbwpntd:

dwiwGwlwyhg  phiptnetighuwnpGtph Gk dwup  dnpn-wdwtnuwghi
plnipwahph q&wjhG tppauep uwhiwbwthwyyned £ 0.2 U-ny: M Gawlbwlynud &,
np MoO*; tikitilwnh wwhwhpwpyp ptipdnntghuwnplbph phwquywnntd Yupnn
60L& (hbG):
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