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yBon

Heo6xo,{guo ycnoBrle 3a p€r3Brrr[ero Ha MHKpoeneKTpoHLrKaTa e
pa:pa6ornaneto Ha rlporpectrBHl{, I,IKorIoMrrrIHH, eroJlorlrquo r{lreTv,
6e:ornagr.rxliI TexHonorrqHll. npouecl4, oclaryp.rlBaTrll{ BucoKoKaqecrB€rru
Marepl{aJln. Ponrra Ha r{ruKeHepa-TexHoJror B cbBpeMerilIoro npou3BoAcrBo
e Heo6u.IaftHo rloBlrrrreHa, AoKoJIKoro crrlrre3br Ha HoBrI Marepr.rzrJrr{ I4JII{
3HaTMTeJTHOTO yCsBbprueHCTByBaHe Ha Beqe yCBOeHI,rTe rrO3BOlUrBa Aa Ce
paapa6otaar nporpecr{BHrr rexHoJronnrrrr cxeufl H HoBlr npn6opu c
ynHKanIHI,I cBoficrBa, cnoco6nn cbrrlecrBeHo Aa rroBlrmar Qyrrquonanrmre
BS3MOXHOCTr4 Ha enercTpoHHaTa afiapaTypa.

I{rnorsyaanure B Mr{rqpoeneKlpou[rxara Marepuanu ca pasnoo6palnn
KaKTo no cr,craa,Tanan no crpyKTypa l,t cnoftcrsa. MatepuanosHaHfiem e
orBopeHa clrcreMa, Korro nocmrrrHo ce o6orarrna Lr pa3rur{pf,Ba, E,qBa nl'r e
Bb3MOXHO AA Ce Oflr{IUaT BCIIITIKI4 neO6XO4rZrrAn I,I ]ISIIOJISyBaI{I{ B
MUKpoeJIeKTpoHtrKara Marepr,rzrJrn B eAur{ y're6Hax. flopaAu roBa
cMerHExMe sa qele*o6pa3Ho Aa BKJrrosr{M B rruMr{rapaunr o6eM Ha
yre6nura re3n reMra or yue6uara qporpaMa, 3a Kor.ITo cryAeHTr{Te rurM&T
[oJp(oArrqo yve6uo noco6ne.

tr{gxo4Aafixn or Sarra, .{e o6ult,tm ilpr,BnaK, no rofito cu [prrJrl4qar
I,I3UOJByBaHI'IT€ B MIiTKpOeJIeKTpOHKKaTa MaTepI,liUIIlr, e peIJIaMeHTI4pAHATa

crerreH Ha gllcrora, B fJraBa II u III pa3nrexAaMe Hari-.{ecro [punoxr{Mr{T€
Mero,E{ 3a pa3Aeirtne I{ oqrcrBaue Ha BeruecrBara - cop6qnx a
Kp14cTaJrr,r3arlIIt.

B ruana IV ca ouucaru{ Te3r4 Mareprdam{, Ko}rro ce u3[on3yBar Karo
HOCT4TeJIn B Mr,rrqpOeJreKTpOHHKaTa, a r{MeHHO - UOJTUpOBO.qHUKOBTT tI
ALIeneKrpI{ttrI[I MaTeplItlJIII, H IIO-KOH4peTHO CTbKJIO, CHTEUI V pa3[I4tll{Pl
Br{AOBe KepaM}IKa.

Croesere c pa3Jrlrqna Ae6enaaa n or pa3JrrrrqeH Marepr{trJr ca
cneqrn(pnwu, ctrrlecrBeHll eJIeMeHTr,r B Koucrpy[parrero fla
Mr,ffpoeneKTpoHur{ u3AeJrlrr. 3a pasnrvuu lrpuJroxeHnt re ce rlnrorBfiT oT
Marepl4aJrr{ c p€Bnr{rrril cnoficrna u Bbpxy cborBerHr{ HocureJrr/r. B ruaea V
ca pa3rneAaHr{ naft-urnontynaHrare Ar{ereKTpr.rrrnu, pe3ncrr{Bnn tI
noJrynpoBoAHr.rKoBr4 cJroeBe, cBpbx[poBoAHr{qu }r eJreKTpoJryrrauuo$opra.
llpune1eura ca KorrKpernu upr.rMep[ 3a [p]rJroxeHnero LrM, 3a Aa ce noryrrul
peaJrua r[peAcraBa sa pa:uoo6pa3ur,rre B63MoxHocrr4 Ha re3n cnofina
MaTepr,ralrrn.



Fnam I
OEIIIII CBEAEIII,Ifl II KJIACTI@TIKAIIUfl HA

MATEPTIAJII{TE B MTIKPOEJIEKTPOHITKATA

Karco e or6enssauo B yBoAHr{Te 6eneNrn KbM ToBa yve6no noco6rae,
Lr3[oJByBaIrrITe B Mr,IKpoeJrercrponuKara Marepu€rJrr{ ca paruoo6paruu KaKTo
rro xr4MrlnlecKv! Q'bcTaP.> TaKa 14 no cTpyKTypa u csoficrsa. Hsnon aBToplir
pa3.4eJrrT MaTepr{€uruTe 3a M}r4poeJlerqpoHuKaTa Ha veTr4pl{ rpy[H:
ocHoBHI{, TeXHOJIOTITIeCKI4, KOHCTpyKqI,IOHHI1 pt cnoM€uaTelHI,I.

Cr4rpxanuero, Koero ce BJIara B Te3r,I rlongrl,u, e cfle4noro:
KrM ocnosHure MarepI,IaJrI{ ce orrractr noJrynpoBo4rurKoBl,ITe, Korrro

ca 6aza 3a H3rorBrHe Ha [oJry[poBoAHzKoBr.r npu6opu, r,rnTerpaJrnu cxeMr.r,
cBerongJrbqBarun npu6opr,r, Soronpeo6paeonarenu, cJrbnrreBlr eJreMeuTr.r,
Jlasepr4 u Apyl;a M[4poeJreKrpoFrHr{ [BAeJrr4r.

TexHonorn.IecKl,I Marepu€ull,I - rBnoJI3yBaHI{ B TexHorofl{rlecKr.ITe
[poqecr4 Ha 4por{3BoAcrBo Ha Mr{KpoeJreKTpoHHH H3AeJrus.. Tosa ca
a6pasraanure Marepr{arrr{ 3a MexaHr.rqua o6pa6orua Ha [oJrynpoBo,qupr-
KoBr{Te cnr{TGqH r{ IlJracrrrnl{, xl{Mr4qecKr{ MareprdaJru (parrropurelu n
erlBarrpr ctcraar), xlrMr{qecKr,r pearreHrlr :a $oprraupane ua peleQ c
oqpe.qeJreHa reoMerprrrrua Qopua (Soropesucrr,r, penrreHo- r{
enerrlpoHopeer,rcrr.r), anQysanu - BerqecrBa, neo6xoAr,rrulr 3a cb3AaBarre Ha
o6racrr,r c oqpeAeJreH Twr npoBoAr4Mocr r,r Hy)Krra KoHuenrparrr{rr,
Jrefnparr\rr MareprraJrrr (axrlenropnu n 4oHopur,r), 3arrIHTHlr Marep[€ulH
(narone, KoMlayrrAr, euafiwt), lr3noJnyBarru 3a H3onaqur Ha
MrrKpoeJreKTpouHl,rre H3AeJrr{{ ot nls4eficrnnero Ha o6xprNanaqara cpeAa.
KoncrpyrquoHrrrTe Mareplr€uLr ce r{3noJr3yBar sa uspa6oraaue Ha Koprryclr
3a noJry[poBo,4HlrKoBr{Te npr6opH r4 fiHTerpalrHfi cxeMu. Tona ca MeraJrr{,
cruIaBu, cTtKJIa, KepaMu(Ia, [IacTMacH.

Cnonaararennnre MarepI,IaJrI{ r,rMar [peAHa3HarreHllero Aa ocflryprr
neo6xogmr,tnre ycJroBrrr (rasora cpeAa) flpu ilpoBex,qaHe Ha MHoro
rexuoJronaqHr,r rrpoqeau (grQysur, oKr4creHr.re, xepMern3arplr u 4p.). Tyx
ce oTHactT H MaTepLt€uII,rTe 3a r.rrpa6oreane Ha TexHIlrqecKI{
npucnoco6nesnfl. - az6ecr, re$ron, KBapr5 MacJra, BaKyyMHlr cMa3Ktl,
Marepl{aJrlr sa orlBer{BaHe H MapKr4poBKa, 3a unoro rexnoJrot'}rrnr.r
orlepaqnr4 cbr{ecrBeHo 3HaqeHrre uua oco6eno rrlrcrara geftonnenpana
BO,[4.

B yre6nuxa pa3rJreAal{r,rre Marepnurn ca uacrt}nq4pan[ Karo
Hocr{TeJr}r B Mr,rKpoeJreKTpoHI,IKara (rnaaa IV) u r{3rroJr3yBaHr.r B
KoucrpyKrlrd.fiTa Ha MlrKpoeneKTpoHHlrre eneMeHTr,r (ruana V).



flo rosu HagLIH ca o6xaauatu pa:|Jlrtllrl.t no xHMI,IqecKLr cbcraB'
crpyrtypa n cnoficrna MarepIlraJII,I, neo6xoguua 3a IircrorBtue Ha
MHKpoeneKTpoHHn eJIeMeHTu B Hacrof,rqnfi MoMeIrr u 6rr3xoro 6lAeule.

fnaea 2
METOII{ 3A PA3AEJTflHE n OqnCTBAHE HA

BEIUECTBATA

Vucmu eerqecmaa

llog a6comorHo {rrcro BerrlecrBo ce pa:6npa eArropoAua xr{Mr,rqecKa
c[CTeMa, KOTTO Ce C6CTOI{ OT aTOMLI c e.qHI{ I,I Cbrqlrr MacoBI{ qfiCna, pe9-

[eKT]rBHo eAHaKBI{ MoJreKyJr}r. B upr.rpo4am He cbqecrBysar a6cornoruo
trlrcrrr crrcreMn. Xuuqqecrume BerrlecrBa ca fioBecle IJII,I [o-MErJrKo 3aMbp-
cenn. flparnuecKu ql{croro BeIIIecrBo rlpeAcraBJrrBa eguu 6esrpaffuo
pa3pe,qeH pmrBop, B KofiTo pa3rBopr4reJr e ocuoBuara Qasa, a.qucnepfipa-
Hara B p€r3TBopnreru Sa:a ca flpr{Mecnre. Or repuognnaMlrsna Dre.qua
TorrKa Bcr.rqKra KoMnoueurr{ B pa3TBopa ca paanocrofinn.

Or ngsecrnfiTe Mera]r]r caMo HrKo]r ce cpeular B [pupoAara B qncr
BrrA - 3Jraro (Au), cpe6po (Ag) u ueg (Cu), Kofaro ca B caMopo.qHo
cbcro{Hue. Otctctsfiero B npr{poAara Ha reHAeHrIHlr rcutl o6pa:ynaue Ha
qr{crr{ Bes{ecrBa e or6enssaHo olqe or .{psBnorpbrlxnre SnnocoQra.
,{ervrorprar r.r Apr,rctorel ca swxrurv4 qe cMecBanero e qpoqec, rofiro e n
ocHoBara Ha cbrllecrByBaHero Ha cBera. Cnopeg resu {r,uroco{u vracroro
BeuIecTBo MoxeM Aa cI{ npeAcTaBHM caMo qpe3 ycr{nHe rrapa3yMa.

flo - rrcuo ca orKplrrr4 MHoro ecrecrBeno nporl/Frarqn (n npupogara)
fipoqecu Ha pa3.qenrHe. I4syvaaanero Ha 3aKoHlrre, tro Korrro re flpornqar, e
AoBeJro Ao cb3AaBane Ha Mero.qnTe ea 4u6oro upeqrcrBaHe Ha
BeulecrBara. rfucru eerqecrBa'ca HyxHlI ItL 3a HayKara, n 3a texH[rata. B
loJryrlpoBoArrr{KoBl{Te MaTepllam,r Haflpr,rMep Hr{trloxHr,r cJreAn oT fipr,rMecr,r
I'I3MeHrIT '.rjsmA HA npOBOAHMOST, a Morar lr Aa iIIIIuaT MaTepuaJla oT
flotrynpoBo,qHr,rKoBrlrTe r'ry caoft crsa.

flonsr[eto xI,IM[qecKI,I qrlcrn MarepfiaJru, a cblrlo raxa HaqI{HI,ITe 3a
I,I3p€BrBaHe Ha ql,rcrorara ca pa3nI4qHI,I vr saBvexr or o6nacrra Ha [pr.rJlo-
x(eHl{e Ha Marepl{aJr}rre. Betqecmara ca Aocrarbquo vttcrt4, aKo
cbAbpxaHrreTo rra npl,IMeclrTe B Ttx e ilo-MaJIKo oT ToBa KoJIr{lIecTBo, KoeTo
npeqfi Ha rB[oJByBarreTo LrM 3a AaAeHa rlen.

B xulrzqecrara u MerarD/pruqnara [paKTnKa B 3aBucnMocr or
crelreHTa Ha oqltcrBafle ce I,(3uoJI3yBa cJIeAHara ruracuQuraqva:

- qr.rcr, o3HarlaBa ce c r{ r4 ctAtpxaHr{ero Ha npl,IMecr4 e or 2,10'5Yo
to l,IYo;

- qucr 3a auaJrr43, lI3A, cr4rpxanr4e Ha npr.rMecu or 1.10-5o4 .qo
0,4Yo;



- xlrMrrlrecKn qucr, Xq, [pr4MecrlTe ca or 5.10-6yo ao 0,5%o;
- oco6eHo rtvlwkr, OCrI, ct4rpxar qpl,rMeclr He noBerle or 0,05Vo.
Krna BucoKoqncrare BeluecrBa ce orHactr MeruIJr[ H

ilorry[poBoAHr{KoB[ MTrepuurw, aKo cbAbpxaHr{€To Ha BceKE oT
Korrrpon4paHl{re rlpnMecu B Ttx He npeBnltraBa 1.1.0'o/o (no uaca), a cbulo
TaKa ra3oBe, B KoI,ITO CbAbpxaHsero Ha BceKn KoHTpoJILrpaH rIpI'IMeC He e

nat I.l0'3%o(o6euHu).
Bncoxoqucrure BeluecrBa B 3aBuctlMocr or Korr4rrecrBoro pr

cyMapHara KoHueHTpauu{ Ha KoIrrpolIHpaHI{Te npI'IMecIlI ce o3HaqitBar c

rrlapra BEII (neulecreo c eraJroHna .rncrora) n OCII (oco6eno Yucrz
eeu{ecrea).

Brn neruecrrara c Mapl(a BEII ce JTIdMI{rrrpa KaKTo o6uoro
cb.qbp)r€Hlile Ha qpnMecn, TaKa II cbAspxaHl{eTo lra Hf,KoH Ee)KeJIaTenHI',I
flpilMecr,I Ha rro-HucKo nuno. llpeg o3HarIeHI,Iero BEII qncloro o3uaqaBa
o6rqoro cb1bpxanlre Ha rrprlMecll, a cJle,q Hero ABe qI?IcJra pa3.4eJreHr'I c
Tr{pe. Ilrpaoro IroKa3Ba KoJll{qecrBoro JII{M}rr[panlI HexenarerlHll

{plrrMe0u, a BTOpOTO - OTpIIqaTenHI{t nOKa3aTeJI Ha CTe[eHTa IIa CylUaTa Ha

cb,qbp)KaHrnero Ha Te3pI npuMecn.
Hanpuuep o3narl€ul{ero 005BEr{6-5 ce Ae$I'IHI,rpa raKa:
CrArpxanue Ha ocnoBHoro BelqecrBo 9-9,995oh. Jhauurnpa ce

npucbcrBuero na 6 npurueoa, a rfl(Hara cyrrra e 10-'o/o.
B osnaqeHr,rero Ha MapKara OCH ce nocoqBar ABe qvcfla c rupe

[oMex.4y ru. flrproro rloKasBa Koil(o rtpnMecn ca [I'IMI{T}rpaHn B

Aa.qeHoro oco6eHo qtrcro BeIIIecrBo, a BToporo - orpmlareJlHlltr rloKa3areJr
Ha creugHTa, upe,{craBntBalua cyMa or cb.qbpxaHl{€To Ha re3I'I npI'IMeoH.

Haupnraep 3a oco6eHo rlrlcrw{ SOz ce HopMl{par Aecer npl{Meca (Al,

B, F, C, Mg, Na, P, Ti, Sn, Pb), npn rosa o6rqoro I,IM cbAbpxcanue Hs npe-

BHruaBa 1.10-'% (uo uaca). Osua'Iem.Iero Iqe 6t,qe cJreAnoro: OCqt0-5.

{pyra rnacuQr.naqut Ha BeIIIecrBara rro qucrora e !4)e3 aroMnre
(uonerynure), npraruecra raAalqn ce Ha nocotlen 6poft aroull (uoner<ynu)

ocHoBHO Beqecfio.
Koraro tosu 6pofi e 1000, o3naqenuero ,e 

o/o o (promille), Koraro

aroMrire (ruronexynure) ocnonuo BelrlecrBo ca 10o - ppm (parts per million)
npn 10e aronru (ivronerynu) ocnonHo BelrlecrBo - ppb (parts per billion).
Hanpnrvrep Marepl{€u c KoHueIITpaII[t Ha ilpllMecnre 1 ppm ctgrpxa I

aroM upuMecu na 100 aroMa ocHoBeH KoMnoHeHT, Koero npeAcraBJlflBa
'  

-  ^ - 6
KoHrIeHTpaqruI l0-o arounu qaufl4wrvr lU-Yo at.

,{nec nafi-vecro ce us[on3yBa o3HaqaBaue na o6u{lrs 6pofi na

AeBerKrlrre (npe.qu I{ cneA AeoerI{tIHwI snax) c ry'Iopa, 6yxna N u

crreABarrlara cJre,4 AeBerKare rry$pa, Hauprnaep 5Ng o:Ha.raBa trr{crora
99,998%;0, 2N5 - 99,5Yo; 3N3 - 99,93%.

Axo nplr [oryrlaBarre ''a oco6euo qucroro BerqecrBo e r{3noJI3yBaH
MeroAbr 3oHHo roneHe, To KbM o3HarleHl{ero Ha cre[eHTa Ha qacrorara Ha
roBa BerrlecrBo ce npra6au u 6yxnam Z,waupwuep cLlMBonsr 7N(z) csor-
BercrByBa Ha qucrora Ha rpoAyKra 99,99999yo.

flo-roqno u paz6upaeuo e nocoqBa'e Ha cbAbp)r(aHr4ero Ha BceKr,r

1(olrlp<-o.nfipaH npr.tMec. Hanpnrraep ce K€t3Ba, rre Mareprrzubr cbAbpx(a
l,lj'yo (no rr,raca) or eAr.r' Lrnv lipyr rpuMec. Moxe Aa 

-6"A" 
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KorilqecrBoro [pr4Mecrrn aroMr{ B eAlrn ny6nuecrr,r Mer6p (unu
canrrlnerrp) v'arepuaJr, Ha[pr{Mep 1027 atrtJm3. B lrrmpoenercrpo"r*uru 

""r43[on3yBar Marepr{aJur c uacu$r,maqug "MOS Selectipur".
O6qa xopoKmepucmaaa ,ru npoqeeurne Ha pasdannne u

oq ucmgawe Ha ceulecm$ama
B ocHonara Ha B'I{'KI,I MeroAa sa Arr6oxo oyrlcrBaHe ce Ir*[on3yBa

pa3nr{Kara B xHMlFIeCKr.rre, $nsrr.recrlrre u (furur<o-x'rMr4rrHr.rre cnoficrsa
Ha paSAeJUIHrrre KoMrroHeHrn. llprz csuecrBer{o prBnr,rque s csofcrnata
pa3AejlrHero craBa cpaBHlrreJrHo .rrecHo, upo6leurt Ha oqncrBaHe cr:aBa
CJIOXEH' AKO IPI{MECbT I'I OCHOBHI,I'T KOMIIOHEHT CA MHOrO 6rrlISKH NO

$usrnxo-xraunvHn xapaKTepr{crr,rKr{. Bcfiqxu qpoqec' 3a pa3Aen,rHe r.r
orrlllcrBaHe Ha BerqecrBara Morar aa 6'rgar xnacuQrquparu,r I]o cJreAHr,rrl
HAqI{H:

1. flpoqecu, ocHoBaHLr Ha cop6qua (agcop6qrzr, ftoneu o6ues n xpo,
ualorpa$ur);

2. Excrpaxgut (ocuonno tewra);
3. Kpnc'ranusaqnoHHr.r rrpouecn;
4. llpoqecz, cBbp3anr{ c npeMHHaBaHe npe3 fa3oBa Sasu - cy6nurr.ra-

r\Lrfr, Aecrwlraqnr, pexrnSnKaprfl u xLrMHrIeH Tpaucnopr;
5. EnercrponruHlr npoqecr{;
6.Basupauv ce Ha pa3nuqne n roeQrzqueHrr.rre Ha grn$ysux;
7 . klz6nparetao yraflBaHe, oKr.rcJrenrre a pellyKqr.rr.
llr6oplr Ha Mero"4 ce onpeAeff or $usr,lxo-xraunrrHrrre cBoficrra ua

cboTBeTHr{rI MaTepI{a[.
B o6u{r,rs crrytait oqucrBanero Ha [oJry[poBoAHr{KoB[ r,r Ar4eneK.lprrr-

Hlr MarepHaJII,I r{ Texnnre KoMrIoHer{TI{ c,raBa B 2 cranux.
I - KomnoHeHTH're ce npeBpbqar B [poMexgyrbrlHI4 cbeAHHeH]rJr,

I(aTO ce H3IIon3yBaT [paKTI,IqecKLI BCIiIqKHTe ce.qeM lrp0qeOa.
II - Pe4yxllrr{ Ha KoMnoHeHTr4Te or MexAr4HHrrre cberrzneHlr, }1

OIIITCTBAHETO IIM.



2. I METOItr, UStrOJT3yBAIIIU COPEqtrOHHtr TIPOqECU

lIoA cop6qm n o6qug crryqaft ce pas6upat npoqecn Ha

noBbpxrroarHo (alcop6qux) r o6ennno (a6cop6unx) rortlblrlaHe Ha

BetrIecrBo rra pa3.qeJullqara IpaHHqa Ha 4ue Qasu: rBbp.[o I{ Tequo; TBlrp,4o I'I

ra:oo6pa:no H TerIHo Ia rasoo6pasuo.
Cop6quouuure ripoqecn ca qecro H3non3yBaHH B cbBpeMenHara

rroJIynpOBOAHlrKoBa TeXHOJIOTHq 3a pa3.qeltHe Ha BeIIIecTBa c MlIOro 6nUgXU

([nrraro-xuuu.11.r croficrsa. TetpArte cop6enur uoHIbIIIar BeII(ecrBaTa,
pEl3TBopeHn B retfiH (ba3u.

I,Irnonryrat ce ocHoBHo agcop6qna, fiouen o6uen n xporraatorpaQux.

2.1.r MCOPBTIIIfl

A,qcop6ryIonHara crlcreMa ce cbcron or a4cop6enr - BelrlecrBo' IIa

floBbpxHocrta Ha Koero craBa Ilornblrlanero, u a4cop6ar *- BeqecrBo'

lrvfi4To MoJreKyJItr ce rrorllblrlar. Cnope,4 E3BbpIIrBaHI{Te [poqecll

aAcop6{asta e (blmnsecKa u xnMlrqecra.
flpu. Snauuecrara agcop6qux MoneryJlure Ira a"qcop6ara He BcrbrrBar

B xuMrrrrecKa peaKul,tfi c a.qcop6enra u cbxpanf,Bar ur,4wBfrgyarrmocrra cu'

a4cop6ryrxra e o6ycloreua ca^uo ot BaHgepBaancoBure clrJIH.
IIpu xuMllqecKara a4cop6qnr (xeuocop6qnr) agcop6upauute

rvloreKyJllr BcTbIrBaT B xr{Ml{qecKa peaKIII4fl C agCOp6eUra c o6pa:yaaHe ua

xrrMrirrrecrcr c5eAI,IHeHr,Lfi. o6parnuar [poqec ce Hapuqa gecop6qnx.

Qnsnqecrara agcop6rprr e o6patrua.
A4cop6unxra e I,I36LIparereH [poqec. Ha noBbpxHocrra Ha

a6cop6enra ce nornllllar caMo re3[ BeulecrBa, Ko]tro [oHrDKaBar

cro6oguara enepfl,I.a Ha rloBbpxHocrul{t cnofi' llo rorz HaqLrH, Karo ce

I1I3IIOJI3yBa pa3[nqHaTa agcop6qnoHua cnoco6nocr Ha BetrIecTBaTae

HaMl.rpauft ce Hrmpl{Mep B pa3TBOp, Te MOraT Aa Ce pa3AeJIflT' KaTO eAHOTO

ce rroflrslqa, a ApyroTo ocTaBa B pa3TBOpa.

c
tbue. 2.1 Adcop6quouua usotnepMa

KolI4secTBeHaTa xapaKTepr4c'tfiKa ua aAcop6quoHHaTa clrcTeMa e
agcop6quonnara Ilr3orepMa. Ts. Aana Bpb3Kara MexAy KoHrlemparlnfira Ha
BelqecrBoro B pa3TBopa (C) u roauvecrBoro, noftJrHaro or eArirulrqa
roBbpxHocr Ha agcop6enra rrpn uocro{Hna reMrreparypa B paBuoBecur{
ycJroBlur (Cs). Karco ce BrDK,qa or ra3u 3aBncltMocr, npn noBlrluaBane Ha
KoHrleHrpartrllfrTa Ha BerrIecTBOTo B pn3TBOpa ce yBeruqaBa 14 Korr{qecTBoTo
My r a4cop6upano cr,cro.f,Hrre. 3a yrracrGr I rasll Bpb3Ka e
[paBorrpolopur{oHaJrHa, 3a fracrbK II narlotltr HaMaJrqBa, a [pr{ roJreMI{
KoHqefiTpaqur{ r.r3orepMara ce crpeMr,r K6M acuMrrrorara Cso (yracmr III).

flpn pasrne44aue Ha agcop6quam Ha rrpr{Mecr.r nafi-rorsM r.rHrepec
rrpeAcraBntBa Haqalrrrr{tr yqacrlK Ea r,BorepMara (o6lacrra I{a MuuIKIrr
Kolrrleurpaqull na agcop6ara), a sa ocuoBrrr{r KoMnoHeHT - qeJrur{T xoA Ha
r,r3orepMara. Bropa KoJrr{qecrBeua xapaKTepr{crr{Ka e ronJl}IHara na a4cop6-
uur. llpu (pusu'recxa a4cop6qr,ra rs e 4+20 MJlkmol, a upr4 xr,rMr.rqecKa
agcop6qlr.n or 40+100 MJ/kmol. Hafi-pasnpocrpaHeur{ cop6enur ca
oIIJII'IKareJI, aKTI{BeH BSrJIeH, BHCOKOAI{CIepCH]I aJTMOCUn]IKaTI{.

CHlrma:rrr [peAcr€tBJUrBa l3cyrrreu reJr lra culrqr4eBara KI{ceJrr{Ha,
o6pasynaul ce or cpacHaJln ce v KonTaxryBarqrir [oMe)KAy cu cSepu.rnu
qacrr{rlu. I4ua parorra cr{creMa or noprr, Cuequ{nvuara LrM uoBbpxuocr e
oT 3+7.105 m'kg.Tofte xereponompeu cop6enr, go6pe uorrmrqa nonspHr{
a no-cla6o HenoJrrpulr BerrlecrBa.

ArcrnnnpaHum BbnreH r{Ma Kplrcr€ureu crpoex, crpyKTypa Ha
rpaQum c6c cJroricra peruerKa or IrrecrrrneuHn BbfJrepoAur{ qpbcreHr,r.
flnrrHure Kpr,[craJrHr,r arperarlr $opur,rpar pazBlna c[creMa or nopn
(4+9).105 m2lkg,

cs
Csa
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2.I.2trIOH.EH OEMEII

ilouu:asr o6rrlen ilpeAcraBJurBa o6paruu egaur{oo6MeH Ha fionu c
e.4HOrrMeHHE 3ApflA}j, [poTlrrraru MexAy TeqHr{r pa3TBop H TBbpAoT0
HgpasTBOpr,IMO BeUIecTBO, r{€rMl'rparqo ce B KoHTaKT C pa3TBOpa.

Tnrp4oro Berr{ecrBo, ocrulecrBsBarrlo o6uen Ha ftoun, ce Hapuvla
fionrar. Aro craea o6ven Ha [oJroxarennn fionu, rofi ce Hap'qa Karr,roHnr,
a Ha orpr{rlarelnra fiosu - aHHorrr{T. Au$orepnure frowuru ca cuoco6ur.r
eAHoBp-eMer{Ho .4a r{3BbpruBar KarI,Ior{eH }r aHI{orIeH o6ueg.

l'Ionuugr o6uen e crexuoMerpuqHo 3aMecrBaue - Ha Bcera
EKBI4B€UIEIIT IIO|bJIHAT fiOU ftOHUTGT OTAABA B PA3TBOPA EAI'IH EKBIIBAJIEHT

Apyr fiou cbc cbtrlr,rf, 3HaK r{a 3apr^4a,3a pa3Jrr{Ka or a4cop6qrarra, KbAero
craBa caMo nornblllaHe. I4suolsyaarrw iaouwtu, Moxe IIoqrl.,I HanbnHo Aa
ce u3BneKar onpeAeneH rnn ftonra or pa3TBopa, Karo flocneAuriltr ce
npouycKa npe3 peaKrluoHna ftonoo6MeHHa KoJroHKa, 3a[bJrneHa c ioHnr.
Hanpnrvrep: Tunnqna peaKrlus 3a KarHoHeH o6uren e cJreruara:

NaX+ CaCl2e CaX2+ 2IrIaCl,
X -+ $urcupaua rpyfla fioHnr. flpu ra:u peaKrlar or pa3rBopa ce

Irourbrrlar Ca-" itolau, a Na* npeuruaBar B pr!3TBopa,
AHr,rotren o6naen 2XCl + Na2SCa <+ &SO+ + 2NaCl (or pa:rnopa ce

LI3BII{qar (SOrf).
Arra$orepeu fiosnr
Iil(2OH + KCI <+ KX2C1 + H2O.
flpu norry.rararre Ha gefiouulr,rpaua BoAa fionur"rr o6Me'_fi KartroHr'Te

Ha npr{MeoraTe BbB BoAara c BoAopoAnu ftoua, a aHuoHI4Te _ c xa.qpoK_
cutlnuitouu.

Cmpoeuc aa ilonuma
I4osurnr ce cbcror4 or Marpr{ua (raprac), Korro HMa [oJroxr4TeJreH

I{Jrr4 OrpurlaTeneH 3ap{/I

-{/ r @z O.r
@ue. 2.2 Cxeua Ha cm.WKrnryama Ha ilouuma

1 - aampuqa c Quxcupauu ilouu,
2 - npomueoilouu,
3 - xoilonu.

Tosn sapeg ce KoMneHcl{pa or 3aprAa rra noABraxnr,r fiouu c
lpoTlrBorroJroxeH 3Hax, pa3[oJroxeHr4 BbTpe B rropr,ITe Ha MaTpr{qaTa -
nporanoftonr.r, Llosure ca noABr.rxur.r r,r Morar Ia 6r4ar 3aMeHeur,r or .qpyrlr
ftosn crc c:sull{rr 3HaK, rlocrsrrBatrln B lroprare or o6rprxanawts itotura
pa3TBop. Or pa:reopa 3ae.qHo c nporr,rBo[oJroxunre rro 3rraK nocrbnBar Lr
fiouw crc 3HaKa Ha MarpI,IIIara, KoI,ITo ce Eapr{qar rofionz. Clrnacuo
ycJroBr4ero 3a eneKTponeyrpaJrHocr clAbplKaHr.rero Ha rrporanorlouu n
ffoHrara ce ottpe,qeJl{ He caMo or rrJrlTuoclra Ha MarpI4rIHLlg,3apfl.A, Ho I{ or
cbltpxaur4ero na rofi onn.

itorururr o6nren npeAcraBJrrrBa pa3npeAeneH[e Ha nporr,rnofionure
MexAy ftonsra a pa3TBopa.

flpornnofionr{Te r,rMar p€t:ruqHll pa3Mepu vr cvrrara Ha enexrpocra-
TntIHo B3alzMogeftcrnue MexAy rrx n 3apeAeHara Marpr{Ua e pa3nr4qua.
foleuure nporanofiouu nro6ule He Morar Aa rrpoHl,rKHar B TbnKonopecrr{
fonntu. Tona onpegeflf, ceJleKTrrBuocrra Ha pa3lurlrllrre rurroBe itowuru.
llo ro:u HaqEH e Bb3Mo)KHo r43Bn[canero or pa3TBopa Ha orrpeAeneHl,r
rafloBe fr onu, ocrarrfi xr.r xouqeHrp a\firrra Ha,qpyrr{Te fi onu uenpolreuena,

vloHHwfiT ooMeH, rlpoTrualu IIo ypaBHeHLIeTO
A 1 * + 8 1 * e B l * + A l f

e cTporo cTexLroMeTpI{tIeH npoqec.
Aro onpe4eireHo KoruqecrBo nporuBofionra A HarrycHe ftonura, ua

rrero ocraBa rd3nr{uleH orpr{uareneu 3apsA. 3a cbxpaHrrBaHe Ha

t2
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eleKTpoHey'rpa[HocTra oT pa3TBopa IIocTbIIBa cTporo eKBHBaJIeHTHO
KoJrnqecrBo [pornBofioHtr B. llo taxts na.I[H fioHHll,tr o6ves ne I43MetuI

o6uara KoHr{er{Tpaul4l na fioultre (a erannaneurn) rarto B pa3TBopa, TaKa

u s fioHsra.
Crcro.f,Huero na fiouoo6ueHHo paBHoBecse 3aBvrcr.r ot csoftcrrata Ha

itor^ura u eneKTponuTrre, HaMnpalqa ce B pa3TBopa, KoJll{qecrBoro nM,

KOHTIeHTpaIILIJITa Ha pa3TBOpa I,I TeM[epaTypaTa.
fpaQr.ruara xapaKTepucrl{Ka Ha Irpoueca rtplr flocrot]rHa

TeMrreparypa ce :aap:a'ta ftonoo6venna pl3orepMa. 
!t' 

vupasfrBa

3aBLTCI,IMOCTIa Ha eKBnBareETHara qacr A na npotunoftona y,e fionnra or

HerOBaTa eKBEBaJIeHTHa9acT \6 B pa3TBOpa.

LInn, uamepMara ttoKrtlBa B KaKBa crefleu csornorueul'Iero Ha KoH-

rleHrpaq[I{Te Ha KoHKypI{paI{['re ce ftoura A ll B e fioHura ce orKJIoHlBa or

cboTHolueHl{ero I4M B paSTBOpa.

7^
1 / 1

0 0,5 1,0 trA
@uz. 2.3 I'Isomepua ua iloueu o6ueu, yA- exeueaneHmHa'4acm ua itoHa

A e pasmeopa;

y/- eKBI{B€ueHTHa rlacT na iiona A ga fiouuta

Axo fioHNrtT uxua wz6upa:teruocr Iro ornolueuue ua A z B, to ot-

Horueunero na A u B e ftoHlata [r pa3TBopa tqe 6lAe eAHaKBo. ]Isotepuata

ule 6rAe rrpaBa nEHI{t, pas[oJloxena rIoA brbn 45". B pealHI'ITe cucreMz

fionlrmr Br,rHarH fipenMylqecrBeHo lrorJlslua e4ll.H fiouu upe4 Apyru rl

u3orepMara ItMa KpLIBHHa. KOJIXOTO KpI{BUHara e no-roJUIMa, TOJIKOBa

ceJreKTlrBHocrra KbM npoutnofiona A e no-ro.rrslaa. 3a oqenra na eQerrne-

HOCITa na ftonura I,I 3a xapaKrepr,r3l{paHe Ha HeroBara us6aparelHocr ce

BbBexga Koe(puquer{Tbr Ha pa3AeJreHrre, rofiro KoJIr.FrecrBeHo noKa3Ba KaK-
na e cnoco6nocrra Ha ftonnra KT,M pa3Aer.rrne Ha nporr{Bofionure A s B.

K i  = T ,  /  y .  , y n  /  y  n  = y , y  n  /  y . y o

t l AA, - flpe.qcraBmBa qacTHoTo oT AeneHe Ha orHorueHl,ItTa Ha eKBLIBa-
JrefrTrrrre qacTvrHa npornuofionure A ra B n fionnra v pa3TBopa.

Aro ftosurrr nper{MynlecrBeno nofJrbrrla ftoun A, ro Kl >1.
Kofforo 1{ e uo-4zure.l ot l, ToJIKoBa [o-Br4coKa e ceJIeKTI{BHocrra.
(Dr.lgrrrco-xr.rurr{Ha xapa(Tepl,Icrrara na cop6enra e HefoBrurr Ka[4rllrrer, T,e.
cuoco6nocrra Aa uornbrrla r4sBruqamlrfl KoMnoHeHT or pa3TBopa. Or nero
3aBr4cn Kofi[qecrBoro cop6ent, neo6xo4uuo 3a oqprcrBane na.qaAeu o6eu
pa3rBop.

Caoftcrea na fiosnru fiMar Mrofo flpupoAHr.r r4 cr4uTerr{rrnr,r
BerrlecrBa, anyMocr{Jlr4xaru, oKcKAI{, fionnrn ya 6tza cI4HTerI{trHr4 cMoJlI{.
rloHHr,rsT ooMeH e ooparl,rM lpouec, [oHHTl,ITe Ce r.r3[oJr3yBaT MHOTOKpaTHO,
a cneA Hacr{[IaHe Ha fronrara c ftonu B, roft ce pereHepr.rpa. flporrlr,raaftrn ro
c pa3TBop, ce orc'rpaH.rrBar agoop6upaunre fionu B n ce o6NleH_sr fioruarc A,
KoHTo [o-paHo ca upeMrrHanr.r or four,rra B trolracrBanurr pa3rBop, Hacuren
c fionu A, rofi oruoBo e foroB 3a r,r3[oJr3yBaue. llpn noryqaBane Ha rurcrr,r
[orry[poBoAHl,tKoBlr lr IueneKTpHrIHrr MarepItaJII4 ftonnl,rst o6uen rvroxe ga
ce r.I3UOn3yBa B cIe.qHI{Te cnyqan:

- 3a pa3AeJlrwe ua 2 eJleMerrra, eAurrr,Itr or KoI,ITo ocraBa B pa3TBopa,
a Bropr,rrr ce agcop6upa or fioHlrra (n ro:n cnyvafi u ocHoBuusr pa3rBop, n
p€r3TBopbr cJreA upoMlrBaHe Ha fiouura ca rlennn);

- ra 4rn6oro noqucrBaHe pir3TBopa Ha conra Ha fior{EcrBaHl,rf,
EJICMCHT;

- 3a KoHrIeHTpnpaHe Ha IIeHHT{{ eJIeMeHT n ioru.tra;
- sa gtl6oro rroyrlcrBaHe Ha Bo,qa, rur{poKo r{3[on3yBaHa B

rroJIylpoBoAHHKoBaTa TeXHoJIOfI{rI.

2.1.3 XPOMATOTPAOAf,

Xpor'aarorpa$vfrTa e noiryrrrrna HaHMeHoBaHEero cu or rpsqxlrre
,qyMn "xpoMac" - qB"f,T H "rpad)o" - rlulua, T.e. uBeronucalre. 3a rrT,pBI,r rlbr
MeroAtT e r.r3noJr3yBaH or pycKr4rr 6oraHur< Iloer s 1903 r, 3a pa3.{effrre Ha
pacTLITeIIeH eKcIpaKT Ha pa3JIIiFIHllI nI,IIM€HTI{.

flonacronqeM ce n3nomyBa 3a pa3AensHe N Arr6oro oqucrBane Ha
BerrlecrBa. Paspeuaraqara cnoco6nocr Ha MeroAa 3a pa3AeJrsne e noBo.4 3a
Bb3HI{KBaHe Ha HoBa Mapxa qllcrora - "xpovarorpa$uuecxn.Iucr".
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Bcnqrn xponarorpa(pcxr,r MeroAr4 ce dazwpar Ha pa3rfir.tuara
cop6upyeuocr Ha KoMnoHeHTI,ITe B pa3AeJrtHara cMec or cop6enra, Toaa
Bo.4I{ AO pa3JlllrqHa CKOpoCT Ha ABIIDKOHLI9 Ha KOMnOHeHTI,ne npe3 nOpeCTa

cop6qraouna cpeAa. CKopocrra e o6paruorrponopqlloHuurua Ha crenerrra Ha
cop6qraa, Karo pesynrar cMecra. ce pa34enr Ha nBr4rg 11 3oHr,i, o6parynafixn
xpoMarorpaMa. Pa3AerflHlrre KoMltoHeHTa cJreA ToBa MexartuqecKu ce
oTAeJUrr eAHH oT Apyr.

Karo ce no46epe rroAxogf,rrla cucreMa cop6ern - pa3TBopr,rren, Mo)Ke
Aa ce nocrrrrHe eSeKTLTBHo pa3,qeJurHe I{ flpeql{crBaHe Ha BelrlecrBara.
fonfir4oro paruoo6pa:ue or cop6enrla r{ pul3TBoprrreJrr{ onpeAeJrfl rrrnpoKoro
npuJloxeHr{e Ha xpoMarorpaScxure Mero.qa,

Xpor"rarorpar[ ust a 6usa:
- a,{cop6uuouna,
- pa3llpe.qeJluTeJlHa,
- fionoo6rr.lenna,
- ra3oBa r,r Ap,
Agcop6quonua - craur4oHapua Saaa e agcop6enmr. 3a a4cop6entu

MOraT Aa ce LBloJI3yBar alyMor€Jl, cullrKareJl, BapoBr{K, aKT[IBeH BrrJIeH.
Te.rnara $asa uoNe Aa 6rAe pa3Jrr{qga - oprauuqHlr r{ Heopfaul{qHu

pa3TBoplrTeJru lI cMec}r oT Tsx. flpz.rrara ce 3a pa3AentHe Ha HeopfaHLItIH?I
BeIIIeCTBa.

flpuuep: ,{a ce pasgell{ cMecra, cbcrorlua ce or ABa KoMrroHeHTa A
n B, npr,r roBa BerrlecrgoT o B ce agcop6upa [o-cLrJrHo or BerrlecrBoro A. B
ropnara 'racr Ha KoJroHKara c agcop6enr ce BbBexAa pa3.qeirrHara cMec
A*8, r<oxro BeAHara ce a4cop6npa. Ilpes KoJroHKara ce npo[ycra npo[-
sr,rrer E. Creg u:necrno BpeMe ce ua6mo4ana pa3,qeJurne Ha KoMnoHeHTI{Te
A n B n pa3rrrlqHlrre 3oHlr Ha a4cop6qna. B xpax Ha npoueca nerqecrnara A
E B ce zsnex,uar or KoJroHKara ria tlopq.al4, pa3Aelrenlr eAHa or.{pyra c llucr

[porBHTeJr.

E

8*E

E

A.E

F

@ue. 2.4 XponamozpaQcrca KonoHa. E - nponeumen.

PasAerrHETo craBa cJre.q qponycKaHe Ha lrr{cr pa3TBop, Haflpr,rMep
HzO.

Agcop6qnonHara xpoMarorpa$nr e 6aaeH npoqec. flpoxa.maHero ce
t43BbprrrBa nafi-qecro c BoAa.

flprz pa3npeAerrr4renua xpouarorpa$nx n craqlroHapHara, u
uogrmrnara Sasa ca reyHrd. Hafi-.recro crarlrroHapHa r[ara e BoAa, a
Bropara revna sasa e opraHnrreH pa3TBop, Axo sa cop6enr ce Lr3[oJr3yBa
fi onuoo6uenHa cMoJra, ToraBa xponaarorpa$rarra e fr ouoo6uenna.

Hono nanpaaneurre e ra3oBara xporrrarorpaQns. B rosn crryvafi
crarlrloHapHa Qara e retrHocr, Korro ce 3aAbpx(a IIo Bl,rcoqllHara Ha
KoJroHKara vpes agcop6enrn. flo4ouxnara (para ca Hap[Te Ha cMecrq
roxro rpa6na,qa ce pa3AeJrr4. Te ce lporrycKar B KoJroHKara B ToK or Hocerq
ras, n xoft:ro ce agcop6upar Ha pa3nr.rrrnr,r ruecra. Xpouarorpa$crnrr MeroA
HaMr{pa npHJIoxeHI{e 3a pa3AeJItHe Ha ciIoxHI{ cMecl{ Ha KoMnoBeHTLI, 3a
I'I3BJIIlr.IaHe Ha Hy)KHII BeIIIeCTBa OT MIIOTO pagAeneHll pagTB0pfi, a CbqO
TaKa 3a pa3AeJUrHe na brngrra no cnoficrsa ftonu (naupuMep peAKrr rr
pa3cesHrj{ uemlu).

lTponEurea tqe,
f  e+8
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2.1.4 EKCTPAKTTIIfl

Ercc'rparrlnrm e u:6uparenHo rr3BJrrrqane Ha BelrlecrBoro B TeqHa

$asa. Hsunu.raHero Mo)Ke Aa craHe or cMec e ra:oo6pasuo, Teqlro r{JII,l
TB6p,qo ctcrorHue. Hafi-ra:nomyeana e requara eKcrpaKrlutr
pa3TBopeHoro BelrlecrBo e B requa {asa r,r fo rd3BJrkrqaMe B Apyra requa

rla:a. Heo6xoglrMo e ABara pa3rBopr.rren.fi.qa He ce cMecBar e,4vu c Apyr.
B nonynporoAHlrKoBara rexHoJlofl,IJr Karo reqHocr, B Korro e

p€I3TBOpeHO BeIUeCTBOTO, Ce rI3IIon3yBa BOAaTa, a TeqHOCTTa, HapeqeHa
eKcrpareHT, qpe3 Ko{To craBa eKc'rparr{parreTo, e oT opraHrqeH flpora3xoA.

9pee ercrparqrirra Morar [a 6r4ar pelreHr{ cJreAHlrre 3ryaqfi -

pa3AeJIqHe Ha cMec oT ABe BeIrIecTBa c KoHrIeHlpHpaHe Ha BcqKo oT Tfrx B
pa3nr,rqHn punTBoplrrenr4 (uanplauep BoAeH u opraHuveu); eKcrparr{paHe Ha
ocHoBHLIfi KOMnOHeHT B OpraHFrrrur pa3TtsOpLITen H OCTaBfHe Ha

[pr{Mecure BbB BoAHr,rt pa3TBop arlr o6pa, uo, eKc'rpanlpaHe Ha [pr{MecuTe
B OptaHuqHI,If pa3TBOpr{TeJI, a }IyXHI,ITIT KOMITOH9HT OCTaBa BbB BOAHH{
pa3rBop.

2.2 P A3trF,JI'I]J.E HA BEIUECTBATA IIPE3 I,I3IIAPEIINE
II KOH/IIH3AIIU'I

llpu uarpanane Ha BerqecrBoro (rnrpAo raru revno) Kr,rneruqHara
eHeprr4rl Ha aToMure oT uoBbpxHocma My Moxe Aa HapacHe AoToJIKoBa, qe

.{a ce upeoAoJrerT MexAyMoneKynHr4Te r{nr,r MexAyaToMHr4Te Bpb3x}r, IIpH
Koero MoJreKyurre (am arorraure) [peMr,rHaear B ra3oBa $a:a (usuapxuat
ce). C nonnuraBaHe Ha reMneparypara 6poxr Ha r,r3flapeHr,rre qacrl4lln ce
yBelr4qaBa. E4noapeuenno c LnrrapeHnero ce r43Bbpuna n o6pareH rrpoqec
Ha KOHAeH3aIryrJr, T.e. BpbIIlaIIe Ha napr{Te B KoH.qeH3LrpaHo cbcTosHlle.

flporlecure r,r3[apeur,re r,r Kou,qeH3arlurr ca B ocHoBara Ha oqr{crBaue
or [pl4Mecu Ha Marepl{aJrn ra'ro ra4rranfl, qI,{HK, apceH.

2.2.r CVF'JTUMAIIII'\ AECTIIJTAqLIS I{ PEKTI,IOrrKArIr4fl

Cy6luuaquxra [peAoraBJrflBa [poqec Ha AHpeKreH rrpexoA Ila
Beu{ecrBoro or l'BbpAo n rasoo6pasuo cscrorHlle, 6ez Aa ce cram. Kar:o
MeTOA 3a pa3AentHe Ii oqficTBaHe e IIpHJIOXT{M 3a Te3I,I BeUIeCTBa, KOIITO,
HarpeTH nPr.I TeMnepaTypa, [o-MaJrKa oT TeM[epaTypaTa Ha To[eHe, I{MaT
BHCOKO HaJIgraHe Ha napr.rTe. llpr.r nann.nae Ha llpuMeclr B ocHoBHoTo
BelltrecrBo [o-JrerJnrBr4 or Hefo re u1e cy6aurr,rupar npr,r Hr,rcKa reMrreparypa,

a [o-MaJIKO nsrJrrlrBr,rre ure ce Harp)TBar B OCTarGKa CreA Cy6nutvrulnx na
ocHoBHoTO BeUeCTBO.

!,ecrrElarlrura - ToBa e npoqec Ha pa3AeJrrne Ha reqeH p€tsrBop Ha
cbcraBHI,ITe lr,{y qacru, xapaKTepu3urparqr{ ce c pa3ruqHo HanyiraHe Ha
rraplrre, qpe3 H3[apeHne n nocJre,qBarrla KoHAeH3aIIarr ua o6pa:ynaHure
napu. II{e pa3flre,qaMe ocHoBr{Te Ha raKoBa pe}AenrHe qpe3 [pr,rMep Ha
Anofinara cr{creMa or KoMuoHeHtnre A u B, o6parynatrIr{ HenpeKbcHar peA
(}r TBbp,qI,l fi TeqHu pa3TBopu.

Axo A u B ca uHoro 6nrz3ra rro cbcraB, crpoex Ha MoreKynr.rre E
Qr.raaro-xraunqnfi csoftcrsa n ocBeH ToBa He o6pasyrar noMexAy cu cre1fi-
HeHUs, U He ca acoqn[paHa, [apquaJlHoTo H€urffaHe Ha HacI,[TeHWTe fiApU HA
BceKr{ or KoM[oHenrnre Ha pa3TBopa rrpl,r nocro.rrnna reM[eparypa qe 6rge
nponoprlHoHanHo Ha MoJrHaTa My qacT B pzlsTBopa, T.e.

Pn = Na. Pro

Pa = N4. Puo,
Kb.IIETO:
pa, ps co naprir{anur{Te Harrttaunfl Ha napnTe wa Au B Ha4 pa:rnopa;

Ne, Ns -- TeXHI{T€ MOIHI,I qaCTI,I B pa3TBOpa;

a)
N r -  I
"  , l

A 1Jr-_
6)

<Dua. 2.5. lpafruxu Ha sasucurvtoctnume Ha o6u4omo u napryucuHomo
HqnzzaHe Ha napama om c.bcma6e e deyxonnoueHmHu cucmeJvru

a) ugealna crrcreMa; 6) cucreua c rroJroxuTeJrHo orKJroueHrre or
3aKor{a ua Payn; u) cacrenaa c orptrr{arenHo orKjroHeHr{e or saKoHa na payn

P: , P: - rraJrrrfaHe Ha flapr,rre ]ra rrr4crr,{Te KoMrroHeHTH. O6qoro
HanrrfaHe rra napaTa P4s, paBHoBecHo c pa3TBopa, rqe 6l4e

PAB: Ne. Pj n N". Pri.
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Trft r<aro Na: I - Ns, ro P" : P,' .(l - NB)

(2.r) P*:  P) . ( l  -  Ns) ,  Nr .  P , '  :  P :  Nr  (  4 : -4 : ) ,
3arorl Ha Payn ra v[ealrnn crzcreMl4.

TesH ctoruoruenu-fi ca nn:eeft:eu Qyunquu cilprMo MoJIHI4Te 't,acrkr 14

rrM cboTBeTcTByBaT frparjll Ilrlljr4kr Ha .quarpaN{aTa, KorTo w3pasqBa

3aBrrcnMocrra na o6uloro fi rnpt\LTaJrHlrre HaJItraHLIf, Ha flapara or cbcraBa

npr4 rocro.rruna reMneparypa (Sar. 2.5, a).

Oruocntennoro [oHI4xaBaHe Ha HaJrtfauero Ha HacI{TeI{I4Te ttapu Ha

pa3TBopllTen-fi A e .{I4creHo paBHo Ha MoJIHara llacr Ha pa3TBopeHoro B Hero

BeruecrBo r.r o6parHo.
I4ryeamm pa3TBoplz B IrpaKTIrKara ce ua6.rrc4anar orHocI{TeJIHo pt,qKo

lr rrxHoro o6pa:yeaHe He e cBbp3auo c ronlrfiHelr e$err nlu u3MeHeHlIe Ha

o6eua. 3a peaanH're pa3TBopI,I ce na6rrcAaea orKJloHeHIre or JrI4IIeftHara

3aBIICLIMOoT MeXAy HaJI-firaHeTO HafiapaTa HaA pa3TBOpa I{ cbCTaBa My.

Irhua pa:rnoplt c [o"rlo)KlirenHo I,I orpl4llarenl{o oTKJIoHeIJI'Ic or 3aroHa

Ha Payn. llpu nonoxzreJlHoro orKJIoHeHIre HaJltfaHero Ha rrapr4Te Ha ABara
KOMnOIIeHTa HaA pa3TBOpa lI cYMaTa I4M e [O-rOJIfMa OT I43qI{CJIeI{aTa

cnopeA 3aKoHa Ha PayI. Tarnna pa3rBOpI4 ce o6pa3yBaT c noruIr'uIaHe Ha
o  u q  n 6 o r r c  I t r h u n  ?  {  6 \

llpu otpuqarelluo orKJlonenue 4eficrnareJrHoro H€ulfiraHe Ha napl4Te

E I]O.MZTJIKO OT Ii3III'ICJICHOTO CIIOPET PAYI - OT.4EJI' CE TONJIPIHA V :t'AMATflB,A

o6eurr (Sur. 2.5, n).

Tonil
T

BA

th

n

I Tufl'
T

Po' n
L

L+y
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Que. 2.6 fluazpa.I,t,u Ha cbcmonHue - cbcmal HaJltEaHe H(t napa P u cttcmae
meh4nepamypa ua rcuneue T

3asuclal4ocrra Ha. c'Ec"tar,a Ha napr,rre or ctcraBa Ha pa3TBopa Lr or
o6uqoro HaJUrraHe ce xapaxrepu3r,Ipa or 3aKoHI{Te, orKpI,ITI{ or ,{.1-I.
Konosanos. TsxHoro cr'Alpxanue ce uffocrplrpa or ar4arpaurure Ha
CbcTosHI,Ie B KoopAI{HaTI'I TeMIIepaTypa Ha KIIneHe - cr,CTaB Ha p€BTBopa I4
r{€rJnraHe Ha napaTa - cbcraB Ha pa3TBopa.

Ha guarpanaara reM[eparypa Ha KI,I[eHe - cbcraB Aonuara KpI{Ba ce
orHacr KbM cbcraBa Ha reqHocrra (L), a rnpuara-K6M c:bcraBa Ha napara
(F).

flpu 4narparvrlTe HaJI{raHe - cbcraB pa3nonoxeHllero Ha KpI{BI{Te e

o6parno. Crac:reuure, icol{To [pl4TexaBar Mr{HLrMyM Ha I(pI{BI4Te
TeMnepaTypa Ha Kr,rleHe, r4MaT MaKcI{MyM Ha KpI{BI{Te HaJr{faHe Ha rrapaTa
u o6narHo.
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B to.IKI,ITe Ha MaKcHMyMa I{ MIIHHMyMa cbcTaBST Ha pa3TBopa e

eAIraKbBcTo3I,IHapaBHoBecHaTaMynapa-IlgarogrraKorronalos.Pa3tno.

pII, OTrOBaptIqI'I Ha Te3H ToqKIlt' Ce HapZtIaT a3eo'rpo[Hll'

KtIra,[ecrNlaqgt BCflKa OT TpuTe TlIIIa c]rcTeMLI Ce oTHact pa3JIrIqHO'

Pa3rnexAaMe Ha[-upocr cryvai I r:nn'

A Ne /* N+ ll 'tr$

@ue.2.7 Cxeuamuuuo usodpacrceuue Ha il3MeHeHunma a c'bcmaea Ha

Pcamloqa u naqama nPu decmuaat4un

Kounouenr B uva no-HI'IcKa reM[eparypa Ha KurIeHe' Harpaoaue

pa3TBop cbc cbc'raB N1. Kunene'ro ue 3a[orlne rrpr{ AocrlaraHe Ira

t"*n"puryputa T1. Ilapara' Kotro e paBuoBecHa c ro3r4 pa3TBop' uMa

cbcraB N3, rofto e uo-6orat Ha KoMnoHeHt B, orrort oro pasrnopa (I

3aKoH Ha Kouoaalon).
Cne4 usnapeHl{e Ha IlsKaKBo KoruuecrBo or pa3TBopa ocrauaJlara My

qacr e uo-6orata ua A pt I{Ma cbcraB Ira[pI'IMep N2' Pasrnop c ro3ll cbcraB

ule 3aKtmr{, Koraro reMneparypara My ,{ocrl4rHe T2' flapara' HtlM}rpaula Ce

B paBuoBecl{e c Hefo' ule uMa sbcraB cruo no-6orat na B ot pasmopa' C

npoAbJDKaBaHe Ha LI3uapeHI'Iero ocrarblcbr or ptl3TBopa e o6orareu na A'

TeMnepaTypaTa Ha Kl,rIIeHe flocrellel{Ho ce lroBumaBa u B Kptu Ha

lrrrapeHuero nqe lIMa B ocrartKa caMo qncr KoMTIoHeHT A n rcuueparypam

Ha Kr{neHe rqe Aocurrne Tn'
AKo napar4 orAeJltlqa ce or petrBopa npl4 TeMneparypa T1 cbc

CrcTaB N3, ce KoH.[€H3npa n KoHAeH3aT6T ce noAnoxl1 na 4ecrUnaqnx' rof

rrle KI4IIU [pI,I TeMlrepaTypa T3, a napara IIIe I4Ma CbcraB N5', T'€' rqe 6lae

orqe uo-6orara na B. Ilonraprftrra raKbB npoqec Ha KoHAen3ar\r4fi rl

recrItJIauLUI, r xpafinur cragufi napara u{e 6rAe quc'r rouuoueur: B'

r
L,a

r,
4
rr

flo rosu HaxInE B crrcreMr.rre or I rrr ncma gnofua cMec Mo)Ke ,{a ce
pa3AeJrr{ we3 .qecTr{rraqnf, Ha rrr{GTH KoMrronerrTtr.

B cr,rcreurre or BTopu nm{ Tperu Tr4rr pa3AeJUrHe rra qr{crr{
KoMuoHelrrr{ rro ro3}r Harmu e HeBb3Mo}KHo. Te ce pasAelr.'T Ha eAuH qacr
KoMrroHerrr rr cborBeren a3eorpofl. Aseorponrr He Moxe Aa ce pa3AeJrH npr{
r{3[apeHr,re Ha KoMIIoHeHTv u 3aroBa ce rBrroJr3yBaT Apyrtr MeToAr,r
(ercrpalugra, Kpl'rcraJrrmarlr{f, lr,up.). Hafi-rnrur.rru a3eorporur,r cMecr{ ca:

HCI - H2O,
HNO3 - I{2O,
CzH:OH - HzO.
Komqecrseua xaparTepr{cffiKa Ha Aecrr,uraq[f,Ta ce AaBa or

xoe$rn1raerra Ea pa:lnpe.qeirenue (X):
K = NYN,

Kb4ero N' n N ca MoJIHnre r{acrl4 rra KoMttoHeHTRTe cborBerHo B rrapara Lr
B pa3TBOpa.

3a pasr.rexganara AByKoM[oHerrrHa cucreMa
Ka = N'eA{o, KB=N'BnrlB.

3a oqenra npepa3npeAeJreH[rero ue]fly rrapr4re rl Tesuocrra Ha
ocnoBHHT€ xoMnoneuTlr n npr{Mecnre Mexqy napara rI Termara Qasa upu
Au6oxo orrr{crBaHe rrpe3 Aecrwriurr{rr ce r,B[on3yBa roe$ru1zenr Ha
pa^s4enrue Kn:

Kp: Ka/Ks.
Oarropure, Kor{To BJrrrrrrrT nrpxy e$exrr,rBHocrTa na cy6rmrvragrara n

AECTI{IANP,UITA CA:

l. Ilprrr,recruur cbcraB Ha uoqucrBarrnre BerllecrBa.
2. Hamrauero rr cbcraBtT B anapara 3a Aecrrrnaqrur utu cy6nnua-

wrq. PaS5euuero rra KoMrroHeHTlr cbc cu;ruo orJrr{qaBaql4 ce HzIIUrraHr{rr Ha
napr4Te He [pe.qcTaBlrrBa TpyArrocT I{ Iro3BoJUrBa cpilBHr{TeirHo rrpocTo Aa ce
noryqn rucr ocHoBeH KoMloHeHT. Aro xalxranufrta ca 6ra3ru, ow,Ic-
TBaHeTO e Bb3MOXrrO caMO IIpu OqpeAeneHa TeMleparypa Ha uoBbpxEocTra
Ha KOHAeH3aTOpa, upr,r KO'TO CKOpOCTr,rre Ha EsnapeHue r{ KOH,{eH3aUr{rr 3a
ila4eenfl, [pr{Mec ca paBHrr. flpu naunune Ha c[eKTrp or rrplrMecLl ToBa
ycnoBue TpyAEo ce rfiubJrrurBa 3a BcnqKtr fiprrMecr,r.

Ocrar:sqgnre ra3oBe r{Mar ABorKo Brrwogiue Ha pa3AeJurHero H
orrngrBauero. HeyrpanHrre ra3oBe sa6aBf,r lrcuapenr{ero, uanaamnafixu
cKopocrra na 4u$ysur Ha napnre r(bM KorrAen3aropa. flopa.qr rora
Aecrfinaqurra (cy6mruaqnrra) ce upoBe)KAa BbB BaKyyr,r. XHMlilrecKfi
aICfl{BHLrre ra3oBe Morar Aa Blrr4rtff na xoeQruueHTa rra aKTI{BHocr Ira
KoMrroHeHTr{re B pa3TBopa, Harrpr{Mep xoururercoo6piryBaHe. O6[rnoseno

1 ) zt



3a [oBr{rrraBaHe Ha eOeKTIlBHocrra ce I43[on3yBa BoAopoA' Tofi pe.ryuupa

MHoro oKcI{ALI, cyn(pngr'r, oeJIeHI'IAI'1, xanoreHu'{I{' Pe4yqltpaurre flpl{Meclr

ce ri3[aptBar or pa3TBopa, a 02, S, Se ce otcrpan'aBar Karo cbeAHHeHI'It c

BoAopoAa.
f lpuuep:Bnax<eHH23aorcTpa], l i f lBa]jJ€na6oporCTonI{nKacvrwr\rtrL

.rpw o6parynafle Ha JlernI;IBo cbeAI'IHeHIre oopeH xIrApuA'
. f lomopHo[poBex(AaHeI ]a [poqecaAecTI {na I I } I 'u l t v tcy ' l t vn laqwl

. [aBaBb3MOXHOCTqpe3. l 'e3 l ' , IMeTO,4 I {AaCeAOCTH|HeBI4COKacTeI IeHEa
pa3AentHe H otlHcTBaHe.

IlonHruaeaHe Ha e{lerrunnocrra Moxe Aa ce rrocrlirHe i{pe3

HenpeKbcHarl4 npoqecu. Tartr npouec Ha pa3Aenf,He U OqI'ICTBaHe'

npoBexAane HerlpeKbcHaro I{ lpo'rl4BoroalHo' g Koft'ro oflepaul't[Te

Aecrvlra\krfl 1,I KoHAeH3aIIr4fl Ha orAenHIT Te Sparqun MnoroKparl{o ce

iloBTaptr, ce Hapuqa per<rlr{uraqa fl, a avaparbr' n xofiro ce nponeNga 'roft'

e pexrndluxalrlironHa KoJIoHa.

rlpeo 4ecrnnaq[.a Morar ycnerurlo Aa ce pa3Aen.{T ABa KoMrroHelrra rraTeqHa cMec (rieo6pa:ynarqu aseorponHu cuecu). Axo renrneparypara HaKl,irre'e ce orJrr.{rlaBa [oBerre or 50oC, perrusuxaqu"ru' p*p".uu"u
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oTAeJSHe Ha KOMIIOHeTITA C pa3.rII'{Ka Me)KAy TeM[epaTypI4Te I{a KHneHe

0,5oC, a B or,qenliu onyqal'l no 0,05"C.

Pexrudlrnraquara e eArrl{ o'r uaft-npousBollnTenul4're pa3AenlaTenlru

nporleclr. Percrutlltrcarltlara e HecJloxua, aflaparypara e KoMnaK'r]ta'

npouecbr ]rcl lpeK'bcltar t l  l t tMa :ary6u.

Bcaqro roBa e ocfifvpuno rrrl{poKo np[no)xeul.]e Ha perTi'Ilpnxal\krn\a

B npOMHIUneHOCTTa 3a nonyrlaBaHe HA ql/.c'ru KOMIIOHeIITLI oT

nonynpoBoAHl4KoBIr LI AI{eneKTpI4qecKH Marepl4ann. l-lanpauep 3a

or{HcrBaHe rra Si( ' la, AlClr.  I lBrr.  S, Se, P, pa:ae. 'r f lHe l{a t luproHufi a

xaSnufi.
Pa::rroprr, noAneit(aq ua perrl t$u rc awt A npeABapl{reilFio rlo.4rptr,

ce noAaBa npe3 I(paH 6 ua eAHa oT cpe.IIHI4Te "'ll4Hl4l'r" - :lzulT'rBa fi' v ce

cTl{qa l1o l]peJlr{B}laTa rpr'6a ua AoJII{ala "'ll4Hl4t".

llpes 'rp's6lruxsrc 8 cralia 6br6yKaHe Ha i'{:lAuraulure ce orAony

Harope naptr. Kanuaqerara I4M c[oco6crByBar 3a ocuFyp.qBalre Ha go6r,p

KOHTa.KT Ila napa'fa c pa3TBopa Ha "'IllHtlgra". 9pe:l HafpeBa'ren ce

oavrrypflBa TeMnepal.ypeu rpaAnc.!.rT no A.bJtrlcl,rna ]ra KoroHara. Haii-eucora

e reruireparypara Il xy6a u naii-HI'Icra - B KollAeH3aropa. OclltYprna ce

[poTr.rBOTOK Ha flapaTa 14 pa3T.Bopa H r]errpeKbcrraT Maco- u 'rorriroo6len

L4ex4y 'rxx. Or ropnara qacr Ha I{onouara I'I3.[H:]a'r napl4, nperxcraRrtBauru
rlr.rcr, ro-Jle'rirr4B l{oNrffonen:r. Iloc'runaul,ITe B l(oH,I{elt3aropa fiapfi Ha tlo-

rerjlrBl4t KOMnOIIeHT Ce KOIjAeH3upar, qacT or i(oHAell3aTa' HapeqeH

rll,rerua, ce noAaBa npe:tpr6ltuxa l0 ua ropl1ara "'I1IHI4.x" Ila KoJIoIJara 3a

ocr4ryprrBarie Ha HOpMarItIa pa6oia B I'opHaTa ii .lacr. llper xpanonere 1l n

9 or roH4eH3aropa lt rcy5a ce orBexAar cbo'rBerHo /{Bara pa3AeJreH{'I

KOrvIIIOHeHTa.

Pex'rntpuxatll{ortHure KoJIoIlll ce pa3nuqaBar IIo Ko}lcYlpyKt{utra lia

"gI,IHLtI4're" I{ Itarn{}Ia Ha llo,uaBaFle i.r orBexAaue }la lIpoAyKTH'le.

I4:uoleynar ce H KonoHI4 6e3 "qnEI4[", 3an],JIHeHI4 c pa3nI'IqHI-i

MeraJrHr{ ur?r KepaMLIqHu cllupanu unH npbcreHH, ocHryp.fiBalqfl e(pcKTI{BeH

Maco- Ll rouoo6rraes Ha cpe[\au{I'{Te ce noTouli.

KoJtroto flo-rt,nfa e KoJIoHara I{ no-IlI{TeH3I4BeII Maco- 14 TonJloooMe-

ur,T, ToirKoBa no-roilsM e e$exmr Ha pa3.qeJUIHe Ic oqucrBane.

2.2.2 OIWCTBAI-|E HA BEITIECTBA r{PE3 XIIMI4qECKLI
TPAHCIIOPTHI4 PEA KUIIH

B peguqa cnyqal.t /reclt4rauutla l'r oy6luuaql{{Ta ca HelpIIJlo}KI{MIl

3a oqucrBaHe Ha Belr(ecTBaTa BCJIeACTBI4e Ha I{eBI{COKOTO Ha,l-qraHe Ha

26

ililpr4Te IJa KON{IIOHeHTHT9 npu [pI{eMJII4BI4 ,r'eXHCJrOrnqHlt revueparyptr, B'|() rH cJryqau ce r{3rron3yBaT xaMusecKu TpaHclopTHtr peaKrjl4H.
Xr'rnraqecrure rpaHcnoprHr4 peaKllr{u ca o6par'naa, xgrepore'Hr{

l)cilKrlup, c yqacruero Ha ra3oBa rfa^ra, no4errla 4o o6pa:yBaHe rra
ill)0NrexAyr:bqura rasoo6pa3Hr.r npoAyKTr4, qpe3 Korrro ce oc'bil{ecrBrBa
l'l)aHcriopr Ha BeuIecTBo MeXAy ABe peaKr{r4oHrrr.l 30r{fi c pa3Jr}rqHr4
ilirjrriaHrrfi H TeM[eparypu.

3a n:nr,purearre Ha rpaHcrropr.Hr.r peatr\un ce rr3lron3yBar cr,rcreMl,r c
I cM nepaTypH a pa3ilr4Ka -

Oc'os'oro Bcu{ecrBo ce fipeBpr,rrla B Jletrr.iBo c:beA,rreHue qpe3
ilocperHrzK (rpancrrop'reH areHr), rcofiTo npn pa3iraraHe Ha rerJrrzB]ITe
c'1'eAEHeHI'I.$ ce B'r'3craHoB.tIBa I{ He ce BKrIorIBa B KplicranHoro Belr]ecrBo.

I-Ianprnaep:
O6pa6orxa ua Si cbc SiCl4 npu Tr : 1300.C BoAn Ao o6pa:yrane na

Me)KAnnuo rarooSpa:uo cr,e4uuenue SiC2:
Si,, ,  " l-  Si610,,. i  +2SiCI2(r)

sicl2 ce rrpeHacr B cryAeHrrr rcpafi Ha pear(Topa, K1,llero fipu T2:
I i 00"C ce olAenr Si no pearcrlr.ura

SiCl21; I  -+ SiClag, + Sitr).  Te:rr peaxrqr.rs ca o6paruug t Morar Ia
6r,Ia'r sanr4caHa raxa:

Si11; + SiQlou-, <) 2 Sicl2(r)
ocReH eeulecrBoro, I{oero ce uorilrcr'a, ts Tpa'cloprHa,ra peaKrlr{t

i{enpeMeuHo [pr4c'bcrByBa I{ cneur'rajrerr peafeHT (n cnyuaa Sicla), a nor]x-
r(ora H ?iltepreH ra3, rrpe3 rcoI;To ce IlpeHactr peareHTT,T I4 r\,Ie)KAHHIriItr
ra:oo6paseu npoAyKr. Vpauneuzero Ha rparrcfloprHa pcaKrlr4rr n o6u1 nr.r4
u{e 6tAe

mA('m) + nBOi 1->rC1r'1,
ACI-r) e BeUIecTBO'fo, KOeTo Ue ce noquc,rBa; MoXe Ia 6r,4e n .rBbpAo

l{Ir1 TegHo cbcTotHlle;
B - ra-:oo6pa3e' peareHT, r<oftro o6pa:yna c A uerx4n'Horo cberrrFre_

nne C.
flocoxa'ra Ha nporlrriaHe Ha pea*rl'-r{Ta ce 3aAaBa qpe3 TeMneparypna

pa3:rrlKa McxAy 3olrr4Te B peai(quoHHrrs o6erra.
E$errunHocrra a nocoKara Ha trpeHoca ce ofpeAeJrrr or

r.r3Mer{eur4ero rta cno6o,quara erieprufi ts xoAa l{a pear(u!{rra
AG: ATT -TA-1,

KbAETO:

AH e iast\aefieHne Ha elrra:inusra:



;ffi{i"

|  +x r r r . * .  { , , .  rn ,  , , i ,  r r r r . l
*, ,lf a ii,rar. rr. rrirl!.l'rcrrl.rcl.o ce onpeAerl caMo or 3HaKa Ha

t l** aarrrrrir.r.r.rr,. ,(.ilra{Hr4 flpeHocbr craBa or HI4cKaTa KbMftt$r rtrrrf'"|r\1,.r. ,r nl)u eHlorepl[4rtHl4Te _ or BlIcoKaTa KbMlLaff
Frerr,,;'11 1s, n hort.r'o ce I43B6pIuBar xuMIrqecKI{Te rpaHc[oprHla

rra.t||tta, rr. trrp;r(ioLlrit.t or rlucTo nuupuo"o crbKJIo, TOIeH KOpyHA HJrr,rr .t ||||t|tt'tr x,tJr{r1171. Oco6eHH usucKBaHu, ce npeAf,Bf,Bar n KbM qHcrorara
rr'r lltilllcllol)lltpau,nt ra:. Ct4rpxarqr,rre ce B Hero ,,p'Mecrr JrecHo cextr','Ut,r'lr u o.pasyna'1ara ce rBlpAa $ara Ir HaMar,IrBar e0exr[sHocr"]ra HaI l lxt l  lccal.

XaNrH.IecKr4re rpaHcnoprl{pr peaKllr{r{ ca flprrroxgMz rrpu orrpcrBaHeo'l' IlpIdMecH, KoI{To 3HarIHTeJIHo ce or.JJI,IqaBar lto cBoI4Te Qr,I:raro_xrrrntrzvnacsoiic'rsa or ocHoBHrr.q
ueo6xogravocrra o, 

notton"tr' Karo HeAocrarbK Ha Mero.qa ce cqura
I8[oJr3yBaHe Ha BI4COKT{ TeMneparypr{,

ffi:ffiffi:Hf ,"#:T:1T 
Ha rpaHcroprl{pallll{' ra3' ns6op Ha

xr.rMrzqecKn *ur"nooroflrTffi 
"fioJu""#::" 

"" araparypara' rlpes
Lr crr're3 

"a nony.,pouoAHrrrtrIr 
" o""n.n*"llil""Tffj"r::JT;:#:

BelrlecrBa .qa ce noJryqar Ka'fo *ouo*p""r*" r4Jltr rsHKrI MOr{OKp}rcTarHtrcJIOeBe.

AG sanucll c6rqo or [aprlaanHnr e Harrflranr4flra rasoo6pasHr4Te Kor,r-loHeHTr'I B pearcJus'I€ - zstleH.f,fiKlr crofinocurre ,,rM, MOXeM Aa ynpaBJlsBa_Me HanpaB.rleHr4eTo Ha IIpeHoc.

2.3 ApyII4 METOAI,I 3A. PA3AEIqHE I4 OTII4CTBAIIE

Bc}tqKu erel(TpoxtrMtrqHz MeTo.qH 3a otr[rcrBagetrpe3 npoBexAaHe HrororreH'rre""o.noo.i"""":i:1fi iliJr"#y;THH.
TOK.

flpu ovucr:ea'e qpe3 eJrerqpoJrrra rr3xoA'rrrrr Marepkan ce ,,ororuBaB eJIeKrpoJIIara Karo 
"r}-:::--Dplr rpoqeca eneKrponr3a ce pa3rBFpq norlHcreHagr Marepl4zrJl ce ct6upa BEpxy **ro4u. Ha uostpxnocrra Ha a_Ho.qaupoTlrrga peaKIItUr OKrrCneHlie :

A - > A n * + n e .

fformr Ha BetrrecrBoro rtpeMnnaBa B pa3TBopa' a eJIeKTpoHItre - rro

3aTBopeHara BbHIUHa Bep_nry {aM Karo.qa.

A( f ,T)

ce ocT,[IecTStBaT
IlpouecH Bapxy
Ha eleKTpnrTecKr.r

1! 
-:-- -Bftl

11
Eht 3

u--1-tz*1
! . - \ l

cHT. -8{e'\ssw
Alr':t
ET

@uz. 2.9 Cxeua 3a oqucmeaHe c xtuvtwtecKu mpaHcnopmilu peaKquu: a/

npo11ec\,m e 3arn6opeH, npeHacnHemo cntasa 4p8 duQysuz 6es

npuHyouftTeneH nomoK;

6) npo4ecr,m e samnopeH, Ho npeHacnuemo e qp$ eas'uocu'men; e)

n p o q e c . b m e o m s o p e H ' c w l m e 3 . b n | u o q u c m e a | r c m o l n n e | n n u g o m o
coeduueuue Ha no\ucnx\aHomo ceulecmqo ce usqbpweam IBebH peaKmopa,

a mpaHcnopmbm e qp6 zas-Hocunxett.

Ha raroga ce lr3Br,pruBa peAyKrllat tr"+ 1- ne -+ A u ce orAeJI{

BerrIecTBoTo A. I{p* To3r,1 rrpoqec Moxe Aa Ce [Onyqli BI{coKa cTeueH Ha

orII4CTBaEe, Ho 3a ycneluHo npoTpltiaHe Ha [poqeca BcI4llKLl CTpaHI4TIHH

npoqecl{, cBbp3aHI,I c yqacrl{ero Ha npI4MecI{' rpr6na Aa ce oBeAar Ao

MlrHlIMyM. flpUvecUte r4[Ivl Ce HaTpynBaT B eneKTpOJII'ITa' vJrul

He[peK5crraTo ce oTAeJLf,T OT Hero. qr.rcro'rara Ea oT.{e]IeHI,lt B6pxy KaToAa

MareplraJi 3aBlIclI or MHol'o Sarropu:
-paBI{oBec}I|4TeeneKTpoAHIin0TeHIII4aJII,IHaocIIoBHII'KoMnoHeHTI,I

npnMecuTe;
- xI4I{I{qeCK!1q C'bc'taB Ha eIeKTpOjru'Ia;
- tIJlbTHOCr.ra Ha rlporl4qallll{g [peA enel(Tponl'ITa ToK;

aj' A,:u
___+_JL_;

l,/---\

i
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' {xrpunra, rro^ Korro [paMecr4Te B.rII{3aT B oarlircrBaHoro BelqecrBo('BrrpA pa3T'op, o6parynane Ha x.nMnqecKn c\epu*erm' c ocHoBeHxotrtttoltctt:.);
ronfiMo KoJII{{ecrBo raKIaBa rlpe{paAl{' Moxe Aa ce AocrI,IrHe BI{coKa crerre'
Ha pa3AeJrrrre Ha rzutoBe.

Pas.qer.f,Hero Ha rzr3oBara cMec Moxe Aa craxe rl qpe3 repuo4usysur.
AKo no AbrDKWHara Ha cbA c rtti,oBa cMec ce cb3Aa.(e reMrreparypeH
rpa'qHeHT' ToBa Iqe AoBe,qe Ao pa3JrHKa B cbcraBa Ha cMecra B ropeulr{rr r,r B
cry4e*ns rpaE ua *Aa' B noperqara rracr cMecra rqe c'.qbp)r(a KoMnoHeHTa
c no-M{rJrKa Monerg/flspHa uaca. flpoqecbr e MHO'O EryBCrBrreJreH KbM
pasJrl{Kara B MacaTa Ha MOJIeKylr{Te, cbAbp)r(afiu{ ce B fasoBara cMec. Toea
[o3BoJrrBa pa3AeJrrHero ]ra r.r3oronr{ noA Sopuara Ha rasoo6pasnn
cbeAr{HeHl,rr.

_ crpyKrypa Ha KaroAHo yTaeHoro
rronHKpacraJtHa, MoHo{pr4craaua);

Ber{ecrBo (auop$Ha,

;;xl,Jffi:ffi:x"ffi;Hfrtr#ffiffi1u 
"" ooo*," u qp". aHoA_HO pa3TBaprne (anogno pa$unnpaue). Toraaa orrr{crBanoro BerqecTBO ecbulo aHo/q, a npl{ eJIeKTpoJIH3a craBa npeMv'aBa'e Ha fipr{Mecrlrre or arroAaB eIeKTpOnr,rTa r{ HaTpynBaHeTO }rM rro-HaTaTGK Bbpxy KaTOAa.

^ Hanpnrr,rep: orrl{crBaue na raluft orooructsaHe 
"u ffir""i,t o.r cwtmsuir. *;;rrTtT"o", ffi::"tHillti#eneKTpr4qHo paQranrapane na xatait, oJroBo, nepunwfi, rnras, qnprosnfi,ueoduir u gp.

PosdeJanae a oqucmcave e 4eampofuearcruo noile
Crouulxa or BelqecrBo?o ce nocraB, n rlermpoQyra. flog 4efcraaeua qeurpo6ex(Hr{Te cr{Jlrl [p[rMecure B CTOluJrKara ce flpepa:r[peAerurr.rlpuuecur'rre aroru{ Irrfi MoJIeKyJrI', no-TexKr4 or re3I,I Ha ocHoBHoroBeluecrBo' ce cbcpeA.T.qaBar B nepnsepnr.rre Lracru Hacro[kIJl*ara, a ,,o_rreKETe rrpr{Mecrir ce pa3[OJrarar 6rueo 40 rJer{Tbpa Ha BspreHe. Hanpnuep,nponex4aftxz Kpr{crarrrl3aqar na rrrrruii e qeurpoQyra np" so oooioru 

"ceKyH.4a, Moxe .qa ce nocrl{rHe oqucrBa'e Ha oc'oBrrara qacr or cJI}ITbKaor IIpr{Mec}I Ha ABa noprlbKa.

Pacdewne e .ilrazuurnilo u eneo rqpuuecKo nore
CrnpeueuHrare Macceflaparopr{ uMar Aocrarbqno BtrcoKapa3perrraBaqa cuoco6socr tro orxoruenr{e Ha rMy, Koero no3BornBa pa3,rdeJr{He ru rroro.*litffi-ll""H:T#"t#T;

qIICTOTA.

Maccenaparopfi ce [3[on3yBar 3a Konrpon4pano noJrfraBaHe Harrl,tcTr,I TbHKr.r cJroeBe oT no{ylpoBoArlr,rqu fi .4l4ejreKTpriltru.

Pazdetnne upez dueysua u mqmodafrys un
3a pa:4errue r{ oqncrBaHe 

"u 
a*oo6i*Hr,r BeulecrBa Moxe Aa cerrcnorr3yBa pa3rlrqr4ero B c*opocr're r.rM r{a guoy:ux np", ooi""rugaa$parva, BcJIeAcrBr{e Ha Koero or eAHara crpaga ua guaqpariuara ceKo*rleHTprrpar ra3oBe c rorrrMa cKopocr ^u giqy"r^, 

" 
;;;;t;;;_ 

"MaJrKa. C unororparuoro rroBTapf,He rra ro3r{ [poqec B KaMepa, pa3.qeJreHa c
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l l . f l t  |  {  l l l  t  \ l l l l ( ) l l l l 14  METOAI I  3A '
0r i l t (  " t ' t lAHE

| | | blll l l lX I ll,\ l i l ' l l(I 'I 'AJII'I3AIIUflTA

lF l t , r f  r | r | | l r  r ( '  l t i l l ) l l t la  I lpeXo.qST Ha BeII IeCTBOTO OT TeqHO B

i l ta l  aF la l l lu  r  l . r  lo , l l l l l t .

l;r lr,tr rdur.rtrrrr lc Mc'i'oAH 3a ot{rrcrBaue ce 6asupat Ha

ptir3l|..ta llit tlnrpll\lrtc l lli l llpHMecnTe B TeqIIa 14'rBbpAa oa3a.

lpr trr nnilrllttt rt (It' croflu-rlKa IlupoKo ce I43[oJ13yBa 3a olll4crBaue

I 'tr,r!nlilxr,ttillh()ltlllc t4 AI4eJIeKlpI,IqHnTe MaTepl{nn[. Tos[I l\aetoA ce

r{ir,r.f {| || ||o( fr(']il l l ltt crttll^uk HA TeXHOJIO|I{qHU' ilpoqec Ha oqI'IcTBaHe I{a

rr.t.,t rrr.trr ilrc,'tilo (r llHcoKara crelreH I{a orrl4crBaHe Ha MarepflaJra or

rtlrrtrt... || r('ilrlr'l l l la H Heo6xoAI4MOTO C6BbpIUeHCTBO Ha KpI'ICTaJIHaTa

r t | | \ r r t | ' r r  l r l r r r r i l , tcc:ra qucToTa),  T.e.  MaTepl{anbT ce noJryqaBa KaTo BI4CO-

r . r . l l l r  I  \ l ( l l l ( )X l ) l lC l  aJ l .

lir rtl)()ticx/lill le Ha KpI,ICTaII43aqLIOHHO OIIIICTBaHe e Heo6xoAl4MO Aa

rf ilr;rr. rlllr<)'ra|a A[afpaMa Ha BeIuecTBc)To c [pHcl;CTBaIUHTe B I{eno

I  l l  ! l  |  \ t ( ' r ' l  |  .

,l(rrirrpar'lule rorreHe -- BTIJbpAf,BaHe ca MHoro pa3Hoo6pa3Hn. B Haft-

o(r111 111111s l)a3rioo6p€BHltre ,quarpaMl{ Morar Aa 6bAar pa3Aerenll Ha rpl4

|  | l i l i t .

I

l.

tDue. .3 . I

a) Henpex't'cuamu meupdu u n?eqHu pa3meopu:

L--. truuun ua nurceudyc, S - nttuun Ha coJtudyc 6) Eemexmuaecrca

duazpaua c oSnacmu Ha mebpdu pasmeopu a u B.
e) ,[ucrnetriuvecna duaepai,ta Ha c'bcrnonHue c o6nactnu om metpdu

pasmBopu (cucmort ce om dee eemenmuuecKu duazpu-Mu c edHa

duc'mexmuqecKa moqKa)

lo8'%
@uz. 3.2 Vvacmo4u om Qazoeu duazpauu dea muna orcoao

meJvtnepamypama uq monetre Ha ocuoaHun KoMnoHeHm: a) npuuectm
noHucrcaea met tnepamypalna Ha rnoneHe; 6) npunecom noauutaaa

meJrmepQmypqmQ Ha mOneHe

flpu ruanxra KoHrleHTpartrHll Ha rrptlMecrrre or rlrnara Qa:ona
AUat-paNIa e LrHTepeceH caMo bfbJrbT oKono TeM[epaTypaTa Ha ToneHe Ha
ttLrcrr4s. KoMnoI{eHT. Torana I{3rre3Ba p€BJrr.rKara MexAy or4eJrHr{Te $asorz
q.r4arpa.lau. IJpnoro r4M MHoroo6pa3ue Moxe Aa ce cBeAe Ao ABa orp.rr3bKa,
AO[r{paTenHI,I K6M JII'rHI4Ime Ha COnU.q/Ca H irItKBI,tAyCa B TOqKa.Ta Ha TOneHe
Ha ocHoBHr,rr KoMrroHeHT. Tesu o'rpx*ur{ ca Hacoqeul4 Ha,qotry, aro
[pr4MecbT noHl,lxaBa TeM[epaTypaTa Ha To[eHe Ha pa3TBopa, r,I Hafope, aKo
TeMrlepal)ipaTa Ha TOIIeHe ce rroB[ruaBa.

* colu.ryc - Jtvnr4.flTa, pa3AeJurr{a o6lacrure Ha rBbpA pa3TBop Ir
'reqHocT [nroc rB6pA pa!]TBop;

* nuxnu,ryc - Jrr4nlrrliTa, p€BAenrqa o6lacrute - TeqHocr n o6nacrra
reqHocT finroc TBbpA pa3TBop.

Ilpun4un Hil oqucmaaue qpe:t KpucmaJru3a4ufl
Pasruex.qaue r{poqeclrre, [porr.rqarq[ flpu Kpucr€rni,r3arlr4r Ha

pa3peAeH pa3TBop n 6nnapxa cr4creMa, Koraro flpuMecbr rronrDKirBa
reMleparypara Ha rofleHe (T1sp) Ha pa3rBopa. llpu uanxr.r KorilIerrrpauur4
Ha npHMec piBrnex.I(aMe coJrHAyca u nllKBr{Iyca KaTo upaBl{ Jrr{HI4I4.

Zsxo4nn ycJroBr{r - r,1 - cronrrJrKa Ha r(oMrroHeHTa A * B c
KoHqeuTparlr4r c0 fipr4 TeMneparypa T6. Koop4rauarlrre Ha roqra I ca (C6,
To).

r,

tt0ldJ

ry
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I  I  l r . r l l l  QufypatranHa' I 'a roqKa i
,i,ir.r 0trr.rcBau{a ilocnc/loBaTenHI4'Ie

rr  r r i l  r l r  . rn iKBl{Ayca,  T5 ae ol rpeAent or
, ,r |,r r(l)11c1-arn3aqidTa Ha TBsplIEfl pa3TBop.

,  '  | i l |  . l i i t  i t i l  ocHoBHt4t  KoMnoHcH'f  B cpaBHeHHe c

I i- r a - -
l l

j r
t l

A q 6 c " c r q  q  c ,
c[>u2.3.3. Pasnpedenexue ua nplr.Mecume j4eJrcdy tne\Hetne u ms'bpdama

(tasa npu KpLtcnlaru3at4ua ua paspeieH pccmnop Ha B c A

llpu 4ocrrraHe Ha leMneparypa T4 TeqrJar-a 4la3a r.r3'le3Ba, cr4cleMa'ra
cTaBa eAHoq)a3Ha, c'r,cTaBui Ha'rtsl,pAaTa +a3a c:bBlraAa c lt3xoAHr,r{ cscTaB
Ha TeqHocrTa C6. llpra ToBa He Tpfl6Ba Aa Bb3r.rlrKBaT Hr.rKaKBLl 3aKoHoMepHr.r
HO€AHOpOAHOCTII ts c1'cTaBa lia KpI{CTitlIpl3l,IpaJILl{ MaTepllan, HO R

Aer:crBHTeJ.tHocr raKfiBa r'rceAHopoAHocTu BvHatu wMa. Tosa
HecboTBeTcTBxe ce o6tcHrBa qpe3 r.r3non3yBaHe Ha TepMoAuHaMi,rqeir
noAXoA npH a[ranr43a Ha Kpr.rcTa]rH3SIliroHHI,Ir npoqec. Bcn'rrn FIarrpaBeHr.I
j.I3ROA[I Ce OCIIOBaBa'| Ha npe.4nonor(eHlteTo, rle BbB BCeKr4 AaAeH MOMeIIT
cncreMara ce Har\rupa B paBHoBecHo c'r,croflrrne (r.c. npu Heft3MeHHI4
BbHlrrHH yCJrOBr4r, OcraBer{a caua 3a ce6e cH, Tr rrrMa Aa ce npoMeHr). B
c:bruoTo BpeMe npv pa3rneAaHHr [poqec Ha Kpn cTaJrrf3arll4$. c'raBa
HenpeKbcHaro r,r3MeHenue Ha reMilepar)/pa'fa. 3a Aa Moxe cr{creMara B Te3r.r
ycnoBlrf Aa AofiAe B paBHoBecrro cr,cTo{HHe, e HeooxoAr{Mo npoMqHaTa Ha
TeM[epaTypaTa Ia cTaqa 6e:xparHo 6aaHo, r.e. Aa ocbulecTBsBaMe
KBa3I4CTaTIIqeH npoqeC.

B peanua cr{creMa paBHoBecrzero, orroBapru{o Ha HoBvre BlHrrrHH
yc,rroBEr (renneparypa). ce ycraHoBrBa rrpe3 npouecrl, cBr,p3aHh c ,ln$yzux
Ha r(oMrrorreHTr4Te B TeqlraTa r,r TBbpAaTa 4)a3a. Koe$uqueutr4'r'c Ha pn$:1sun

(D) e revna {rasa ca HrKoJlKo noprA:bKa no-Bucol(r, orKonKoro B rBr,pAa.
Hanprruep Dy,B'tBr>pp,( ie npu 800 "C e2.10-t im2lc, a Dln B re.rer Ge e l0-q

T
f"
tt

T2
T,
T+
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rrr.l/c. 3aroga cKopocrra, c Kotro ce ycraHoBtBa paBHoBecae B cronl4rKara,
{,'! o[peAenr or 'ra3r4 B KpHcTaxa. [\a pa3rneAaMe [poueca Ha
'. l \ucranu3aul.rf i  B peaJrrrH ycnoBrrr. T.e. npeHe6pexuMo MarKa gu$yzwn s
rlr,l)Aoro rqro. ToraBa cbcraBT,T Ha Bbrpeunara qacr Ha Kpllcra:ra ire
L I't) I'B€TCTBIBa Ha paBHOBecI-lI4t CBCTaB Ilplt TeMnepaTypa Ha
l\l)HcraJrrr3aqrre. tr4:treuenuero B cr,craBa Ha-l't,pAara rlaaa nopagl.r
rrr(rysrix Moxe Aa ce [peHe6perHe.

flpu nouuxaBaHe rra reMfleparypara rra cro[HJrKara Ao reM[eparypa
ilir r(pllcTa,irl{3arll,Iq ce florBrBa TBbpAa $asa ctc cbcTaB cn12, ]1o-6oraTa Ha
()LrrtoBHI{q KoMloHe}tr A, oruo,rxoro reqHara. Crotil.rnxara ue 6:bAe
o6orareHa Ha B. IIopaAH ToBa (ruryparr,rnnara roqKa 2 qe ce rr3Mecrlr
rlaArclro (r.5) n cpaeueHVe c 2, xapaKTepr,r3}rpaDla a3xoArraTa cTonunKa.

T2 e no-ronflMa oT TeMnepaTypaTa Ha KpHcTar'rIr3aUlTII Ha CTOnIIJII(aTa

lr'r-oqKa 5. Ilpu T, ce ot'getx rBT,pAa Sa:a crc cr,craBrno-6orar Ha B or
rn)irBprTe. llpu 'raxHara KprzcTantt3aqr4r olrfypaTr,rBlra|a ToqKa rraK ce
il3MecTBa r{aAscuo I{ cneABau]rTe nopur{tr cTorrr4rr(a I]Ie Kpr.{cTaJru3rrpaT ilpi,r
uo-HucKa reMleparypa. Cxopocr-ra ua gut$yzwn B rBbpAara $a:a e
r!peHe6pexr4Mo MaJrKa r.i B npoueca Ha t{3pacTBaHe Ha r(p}.{cTana
rnpacrBarqure cnoeBe rrle 6:bAar sce no-6orarl Ha Kor\4noHeHTa IJ. 

'faKoea

o6olarnsaue I4Ma s B vAcairlvfl cJlyqafi, Ho rat\,t llc c:e o6orarnBar caMc)
rrlrr4fpaHr4qHHTe cJroeBe, a !i uerHfl'r o6elr rlr'pAa $a:a. Ilopalu'roBa B Kpat
ila Kpr.rcTaJlr43arlHq'ra cl,cTaB'LT Ha KprzcTala e paReH Ha H:ixoArraTa
(i'rofil,iJlKa.

B peanni.r yciroBr{r Kpl4cranz3aqlirra rroKarlBa, r{e rBT,pAara $a:a
r(plrcTa:tlr3npa HeeAHopoArro no c'bcTaB. flory.leFrr4sT Kpi.rcTan e raMa oT
'rB6pAtr pa3TBopH c rjenpeKbcr{aTo lr3Mer'rrulr4 ce KoHueHTpar(fi[. 

'IoBa

r8JlelI[e ce HapLIqa cerperaq]{fl, a HapytIIeHI4qTa B nocTofHcTltoTo na
c'r,c'l'aBa - cerperaIII4oHHI4. Te ca npeAr.r3llnKaH[t or ABe o6ctor]re,'rct'sa:

- pa3nar(a B cbclraBa Ha rBbpAara H reqtrara $i*a, Havnpaufa ce B

i)aBHoBecne;
- ga6aerHe Ha npoueca s1u$yzux e rotp4ara Qara.
B peanrrr,r ycnoBur Ha H3pacrBaHe rra Kprcrarw pa31efllarenuara

lpauuua MexAy $asure ce lrprlr/IBllx(Ba c]c cKopocT oT cToTHr'r LracTr4 Ao
/lece'I'Klt Mlrnr4Mel'pli B rvrlrnyra. B cpaonenne c rrx Au$y3uflTa e npeHe6pe-
xuMo MaJtKa.

EguH or Ba)r(llrn'e {lartopr.r 3a e$errr4Brro orir4crBaHe rrpe3 Kpr{craJra-
'laqut e cT,3AatsaHe rra ycjloBr{f,, ocr4rypqBaur.r MQHoKpuc'fa;'1HocT rra [ony-
rrerrur MaTepHan. npu iloryqaBaHe Ha nonvKpric'rajrerr MaTepraajr (hporn6T

f ra KpllcTtu'rr43aql{t ce clcTou oT MHofo I'3AaTuHtl, pacTtull{ B pa3JI[Iq]{u



uanpaBJreHwr c pa3JIvrI{IIa cKopocT, KoeTo BoAr.r Ao KoHrIeHTpI,rpaHe Ha
npHMecH nO MeXAy3spHecTI4Te rpaHIIqU HJIII 3aXBaTIIaHe Ha Ka[qfiIILI CITJIHO
3aMbpceHa cToILIJIKa.

3a oqeuxa Ha e(teKTuBHocrra or orrrlcrKa qpe3 KpncT arw:,a:llz,fl cny)Ku
Koe(puqueHr r{a pEBnpeAeJreHr4e, Koiro npeAcTaBJrrBa ornorueHr{e Ha
KonrleHTparlr{rrra Ha pa3TBopeHoro BerqecrBo B TBbpAa Qasa KbM
KoHrleHTpaqr{rra My B Teqna (ctomanxara). B sasuclr}4ocr or cncreruara
ocHoBeH KoM[oHeHT - npr4Mec r:oft uome [a 6r1e no-roJurM rrJrfi [o-MaJrbK
or 1 ra Aa ce npoMeHs B rxlrpoKr{ npe,qenu or 10-5 - 10.

KoeQuqnenmr Ha pa3npeAerreur,re 3aBuc:a or pe.qr{ua $arropu:
- Tvrila na Qasonara ArlarpaMa Ha ocHoBHr4r KoM[oHeHT 14 npllMeca;
- ycnoBLIrITa Ha KpHcTaJIIr3arIUJr;
- cKopocrra Ha npHABlDKBaEe Ha $poHra Ha Kpl,rcranu3allru;
- r{HTeH3r{BHocr Ha pa^r6r,prnare Ha reqHara r$asa (crouurrara).

Pa:nu'rasar ce paBHoBecer u e$exrnnen roe$nquenr Ha pa3flpeAerenue. C
paBHoBecHr{rr roeQuqreHr- Ha pa3npe,{eneHrre ce xapaKTepu3r{pa
e$ermr Ha pa3AeJlflHe Ha KoMloHeHTI,ITe 868 BceKa MoMeHT Ha paBHoBe-

cze. Tona cbcrotHtre ce o[I{cBa or $a:ronr,r:re Auarpal.r'w r4 or rrx e 863-
Mo)r(Ho onpeAentnero Ha paBHoBecHI,rr roe$rqaeur (a cxyuafi Ha
pa3pe.qeHn rBbpAr4 ]4 TeqHI,I pa3TBopI.I).

PaeHoeecFrurr roeQlEqnen'r [pra Aa4e:r,a reMneparypa (T) ce
o4peAenr oT oTHorrreHr4e Ha xopr.r3oHT€lJlHlrTe oTceqKlr qpll npecl,IlraHe Ha

Lr3orepMaracSuL.

I(s: C/C'""uo.

Ar<o upuuecbr [oIIIixaBa reM[eparypara Ha TorreHe (Tr*) ua
ocnoBHoro BeulecrBo, Ks (paeHoaecuurr xoe$rlqfleHr Ha parupegelenne)

ule 6tAe no-ManbK o'r l, a aKo rtpl{Mecbr noB}rruaBa Trno, K0 e tto-rontM or
t .

Aro conz4ycr,T It JIlIKBlrAycbr ca fipaBl,l, rrHHuLW, or [o.{o6nero Ha
[paBobrrJrHr.ITe rpl4brtnurruu, nocrpoeulr Bbpxy orceqrl,ITe C, 14 Cr""ro, rrpu
ptBnlItIHLI TeMnepaTypl{ Ira KpHoTEUII{3aUI{.{ Ce BI{XAa, {O K6 He 3aBI'ICII OT
KoHrren'lpaqn rra u reMneparypara. flpn no-er.rcoKr4 KouueHrpaqlra Ha

npnMec o6aue, Koraro conl{AyclT r.r nuKBaAycbr He ca npaBr{ rrllHun, K6

saBucv ot Cs ($1ar.3.3).

Toqnoro onpe,qenrrle Ha K9 or Ar,rarpaMara r{a cbcrotHnero e

3arpyAHeno. Te ce ugnon3yBar 3e fiprrMepua oueHKa rra KoeQllll!{elrra Ha
pa3npeAenenue, T.e. rqe 6l,qe nl,r rofi rro-roJrrM lrJrlr [o-M€urr,r or l, 3a Aa ce

()rleHr4 npaHqr{IlHanHo [oBe.{eHlreTo Ha [plrMeca IIo BpeMe r{a
h l)rroTanI{3LIqnt.

Ks or $a:onure .qHarp€lMH ce oTHacr 3a paBHoBecHr.I ycJroB'rrr, KorlrTo
('c H3ttbJrurBar qpr{ Aocrarbquo MzuIKr,r cKopocru Ha Kpllcrurnv3aqnr. B r:osn
cJryalaft KouqeHTpaqu.rlTa Ha [pIrMeca B Ilenr{rr o6eM Ha cro[r.InKara e
c/(I{aKbB, a C, = Kg,ou",,. Cr".,"o.

CfQqilc.

^rro:l 
lt

a) paeuoeecuu ycno6un; 6) peanuu ycnoeotn
@ue.3.4. Cxeua ua pasnpedetteHue Ha npwtecume Ha zpawtqama metpda -

meqHa fuasa npu pasnwrHuycnosun Ha Kpucmcuu3aqun

B peaauu ycnoBr{r $poHmr Ha Kpr.{craJru3arJprfl ce ABltrr(H cbc cKo-
pocr no-roJUIMa or cKopocr-Ta Ha guSysvr Ha [pHMecHTe B cronllilKara, B
pe3ynrar Ha Koero npe4 Sponra Ha KplrcraJrr{3aur{r ce o6pasyna cnoi
crornrJrra c e$errnaua Ae6en[Ha (B), o6oraren Ha flplrr,lecn, ?Ko K6o*" ( l,
n o6e4ueu Ha npuMec, &Ko Kgou"" ) l.

Karo upanuno Cr"""o(0) e Heri3Becrno. B r:esu HepaBHoBecHvrycnoBufr
Bpb3Kara Mex,qy KoHrlerrrparlnlrra Ha [pr4Mecn B TBbpAara Qa:a C, ta C.""*o
oraBa qpe3 e$ercrunxnx Koe(bmlIzeHr Ha pa3rlpeAerreune (K"6):

K"6 = C/C16qpo.

llpn a,rQysr,IoHen xapaKTep Ha MaconpeHoca fla [pr.rMecr,r r cnoa B
lJpT,3KaTa Me)I{Ay K"4 u Koruu e
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A == V.6/D) e 6e:rparvepna BeJlr.rrrrrHa, I{aperreHa flpfitseAeHa
c KopocT IIa Kpr4 CTaJrr4 3 a\HflTAi

V - cxopocr Ha Kpr4craJtr.r3aqurra;
D - roe(tuqr{eHT Ha Au(byzut Ha lpr{Meca B crofluJ-rKara.
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Qttz. 3.5. 3aeucnuocm rn erPextnueuun rcoerpuquerm ,a pa3npedeneuue ua.
npuJ'vecume K4 om npu.eedeuama cKopocm Ha KpucmaJxu3aq\Ut

c ynelu'ranarre na A K"4, c9 crpeME K:bM eAr4Hrrr{a He3aBr4cnN{o or Kp.
3a noeuruaeaHe ua eSer:raBgocrra Ha Kp[cranrr3arr[r e Heo6xo4unao &o Aa
ce npu6lr.rNl.r l{o K6, Koero Moxe i{a craHe c HaMaJrsBaHe Ha A. TaKt,n e$err
MO)r(e /Ia ce floJryqr.r Dpu Hr{Te}rsr4uno pasSlpraaHc Ha reqHa.l'a Qasa. 

'forana

orBexAarrero Ha npr.rMecl4 or tfpoura Ha Kprrcranfi3aqz-r (Ks < l) crana ue
3a cMeri(a caMo Ha purltyzun B Teqrja {ra:a, Ho lt Ha KoHBeKrIr..rr, Koero
HaMaJItBa KOJIIITIeCTBOTo rrpr4Mecli tta {rpoHra }ra xpHc.I.anr.{3arl}.lq B

6
+
Z
t

0.b
0,6
a+

38 39

,l)ll8HeHr{e cT,c cJryriar 6e: pas6r,prcnaHe. [Q,p e no-MarKo n ce go6lr.Draaa
l ( r  d r . / .

Mero4u're 3a orrr,tcrBaHe qpe3 Kpricranll3allus ce lc3[olr3yBar B
'lrrriir-ittg cran*ni,L Ha rexHo.[orurqHut npoqec Ha oqllcrBaHe I{ Bollgr Ao
ir()JlyrlaBaHe Ha [peAenHa dxr:Nuecra H xuMr4llecKa qi4crora Ha fioJ.tyi{eHafl
\rr'r'epuar. 3a peruaraue Ha ra:tn sala\a Kprrc'r'rrnu3auuxra rpn6va ga
liurorrBa B cTporo 3a'aAeuu MecTa 'r Aa cc npoBexAa B onpeAeneHa flocoKa.
lrrKaea Kprlcranlr3arlLrr' cc wapw'ua HacoqeHa. Jlora.:rasaqllara rra Mr{croro }r
r{)coKaTa Ha Kpuclanu3alltlt Ha npaKTuKa craBa qpe3 3aAaBaIIe ]ta fpaAl4errT

rir,n B:bHuIeH napaMerlp, npeAn3Br4KBaIq Kpr{cralttl3a\nflTa. Hafi-.Ieclo rosu
ilrrpaMeTl,p e TeMrrepaTypa.Ta, T.e. 3aAaBa ce TeMnepaTyper.l fpaArIeHT,
r)cllfyptBaul I{acoqeHo oTBex(IaHe Ha ToIlJiI4Ha r.{ HaooaleHo IIpeABu}r(BaIIe
rrlr rlponra Ha Kprrcrarrr.r:aqux. CnopeA r(oHcrpyKTr4BHoro o$oplarerrue
( l,rqecrByBar Mlroro MeroAI4 3a HacoqeHa Kpucrarllsa{I4q. 

'I'e 
Morar Aa

\ ) r, i\aT cBeAeHI4 K6l\1 TpI4 OCIIOBIJH:

I - ugrerltne lra MotloKpacraJllt c\T croIIHJrKLt (:a nlpnu nr,r npeAro-
,rie rlo ol rloxpancrn);

2 - uopvarina Hacoqerra KpucraJra3arlur - [peAnoxeHa or BplrgrrueH;
3 - ronuo roreue - npeAno)r(eHo or flQau.
I vrero4 - B c'ronulrKa'r'a ce nycKa 3apoAnlrr 8r'B BuJ{ Ha Man'LK

rloHoxpiicral, xoiito npa rroBeqero pa3HOBru{Hoc-I'r4 IJa MeroAa cre11 1'otsa ce
'[ ]ruL{H)KBa HenpeKbcrraTo Hafope. 3aporrHiutr yr}. [Hrta cleA ce6c cH Teqelr
('r"bJt6 or cro[irflKara 14 Tfl, nolaAaiixa u no-Hl4cKoreM[epaTyp[ra 3o]{a,
r r c nper(bcHaTo KprrcTanu3Hpa;

II ueroA - Be[IecrBoro ce pa3TonrBa B Tr4re;r c orpeAeneua dlopna,
( Jrc4 ToBa eAI4HrtA't t<pah rta ro3t4 Ti4reJI 6anuo ce oxiraTqr{a,
( )c6ufecrBfi Bafxu uacoqeHa Kpvcran14]laqr{r ;

III rraeroA - B cJt[TaKa Ha Ben(ecrBoro ce fioronqBa caMo HefoilqMa
.ioua, Korro ce npeMecrBa rto AT,J]xr{r{ara na o6pareqa. llpll 'r'oBa Hacorreuo

.rlllHxeHl4e [peA 3oHaTa cTaBa ToIteHe, a cneA Het - KpHcTaJ].H3arjt4fl.
C'reneura Ha oqr{crBaue Ha tseilIecrtsoro 14 pa3rrpeAeJreHr4ero }ra

ilpHMecr{Te 3a BceKI4 oT pa3l JIeAaHI,ITe BapItaHTH Ce OTJII,IqaBa r4 e
\ 0paKTepI4CTLIKa 3a MeTOAa.

3.2 HACOTIEHA KPHCTAJIT43AIII4fl

Merogrr e pa:paOorerr B pa3nr{,{Hi4 rexF{oJ.rornqHu Bapr.i?lrl.r, Ho irp}t
BCtlqI(I4Te BeII{eCTBOTO Ce AOBeXAa AO CTOIIeHO CT,CTO.SHUe 14 e nor\4ec',feHo i]
llrreJr r4rru na4rrg. Cr,:4anancro Ira oxnarrAalle npeA tllpou'ra Ha
r(l)r.IcTaltH3aul4q 14 cboTBeTHo KpHcTanH3aIlHtTa cTaBa ur.t4 rrpc3
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llpcMecrBaHe Ha TIIfeJra cbc crorIrlllKara cnptMo HarlpeBareJUr, c63AaBarrl'l'o[JII{HHo [oJIe c rpaAHeHT' unr4 qpe3 [peMecrBaHe Ha HarpeBareu cflprMo'r'!rreJla. Br,sMoxHo e npoBexAaHero I{a Kpr{cranl,I3atlvflTa14 6es N4exairr4qHo
rlpeMecrBaHe Ha THfera I'IJII'I HafpeBare[rfi, a rrMeHHo qpe3 oxJraxAaHe Ha
TUTENA C}C CTOIHJIKATA B TONJII,IHHO TIOJIE C TCMNEPATYPEH TPAAI,IEHT.
rlpoqecrr Ha HopMaJIHo Hacoqe'a \prrcr€rJrpr3ar{Es Mo}Ke Aa ce [poBeAe 6e3
H3rroJr3yBaHe rra cuerlHanHv 3apo4nnlv. I-{eru.rr Marepr{aJr B Haqaroro Ha
npoqeca e B pa3To[eHO CbCTOSHr4e. flpa oxaaxgane g o6nactra Ha r:Lrrera,
HaMupaula ce IIpr{ TeM[epaTypa,[o_HHCKa m TeMnepaTypaTa Ha ToneHe, ce
o6pa-:ynar HsKorKo qeuTbpa Ha Kpl,IcraJrr{3ar{ar.

3a Aa ce yBe$vtqr4 Bepo.rrrHocrra o,r HapacrBaHero caMo Ha eAr.r'
qeHTbp Ha KpllcraJMaril4fl, ce a3[oJByBar pEBJrr{qHr4 r(oHcrpyKrlril{ Ha
TI4TIIfi, PA3IOJIO}KCHI,( B TOIIJIIIHHOTO IOJIE KAKTO BEPTI{rArrrrO (rrAEtO4 HA
Bpu4xuen), Taxa u xopr43oHT€rJruo.

3a HaMaJr.rrBaHe o6eua Ha urtpBoHaLra{Ho KprlcraJrr*Hpuuloro
BerrlecTBo eArlrHarr rpafi ua rr{reJra uua $opnaa Ha r{oHyc.

B rosn 1^{acrbK ce yBenusaBa Bepo.,{THocrra ra .6pasynane caMo Ha
eAHH rIeHTbp Ha KplraJrH3aqr,rr (ualrx o6errr). B errysas, Kofaro ce
o6pasynar HTK.JIK. r{eHTbpa, eArrH or r{x, rrMarrl uaft-6aaroupurrna
opHeHTaul{t 3a pacre)K, [onrI-IcKa HapacrBaHero Ha ocraHarrr4Te.
Anarornqeu e pe3yJlTa'br, a*o Kparr Ea rrrreJra nri,ra (lopnra Ha KaI'{JUrpa
(Sr . r .3 .6nzr ) .

I4snoa:ynanero Ha 3apoAaru e rpyAno rropaAr,r:
- HC.IIOCTATbqHO BI{COKA TOqHOCT HA A3MEDBAHE TONJII,IHHOTO IIOJIC HA

ilculTa;
- HeBb3Molr(Hocr 3a Bn3yanuo ua6rnoAemae (nelpospavHn carlrfelrbr

rr c'reHl,rre ua pa6oruara r<arrrepa);
- [opa?qr{ ToBa B HatrruloTo Moxe Aa cTaHe KaKTo [lnnHo pa3To[fiBaHe

ila 3apo.ql4lrla, TaK:a v HerlbJrHo pa3TorurBaHe Ha LT3xoI'HLrfl MaTeprraJr,

O6opy4ranero 3a [poBexAane Ha ro3rr npoqec BKJrroqBa:
- THTeJI c onpeAeJreHa {opnaa, H3rorBeH or MarepuaJr, xr{Mr,rqecKrt

vclofrqun KbM cro[riJrKara r{ ra3oBara arnrocQepa;
- IIeu, ocl4ryprBalqa c63AaBaHeTo Ha 3aAaAeHo roIuII{HHo IroJre;
- cr{cTeMa 3a perynl4paHe Ha TeMnepaTypaTa Ha [eIIITa;
- CI'ICTEMA 3A MEXAHI{'IHO IIPUABII)KBAHE HA TIITEJIA I,TJTN HAIPCBATEJUI.
Marepnanrr Ha rnreJra He rpa6ra Aa ce oMoKpf, or cronlulKara.

lorana e Bb3MoxHo orAeJrrHero Ha r.r3pacir?u {prrcraJr 6es pa:pyuraBaue Ha
rrrrena. Turemr rp.r6na Ha KMa repMI,FIHa rruApbx{nr{Bocr I4 MexaHllqna
rllpaBurra. tr4snorsynar ce KBaprIoBo crbKJro, AlzO:, rpa$ut, Pt, BeO, MgO,
/rO2u pp.

3a HaMargBaHe Ha MexaHI,trIHI,ITe Halrpexegl{g ce u3rorBtr
r-r,i{KocrenHu xoHrefinepn, Hanpr4Mep or Pt. llplr oxrax,qaue re JIecHo ce

Tletpopruupar u He cb3AaBar foJreMz Mexaur.Iqur{ Hafipex(enltq B
rr3pacrBaIIILITe KpIIcranI{. 3a [o-foJlf,Ma MexaHllqHa 3ApaBHHa
lr,HKocreHnr{tr rur€Jr ce fiocraBt B Apyr', no-Ae6elocreuen.

I4spactaaHero na Kpricranr{Te craBa B neurn npl{ pa3JuItIHI{
'r'eMfieparypHl4 r'paAHeHTI{. Koraro I,IMa Nlexanr.rqHo ABpIxeHHe Ha rlrreJla
onpf,Mo r{arpeBarenr Ha rreu{Ta rzli.r o6par:no, ce cb3,uaBar I{3orepMI{EIHLI
o6nacua c lpexoA Ha reMneparypara MexAy rf,x - eAHara o6aacr e HaA, a

/(pyrara noA TeMneparypara Ha ro[eHe Ha Bex{ecrBoto. IIo ro3u HaqI4It
cr'raBa orrprBaHe Ha r43pacrurkrfl rcpr4craJl. Ilerqra e ,qBy3oHHa, c 4o6pa
'r'oflnor43oJrar{rur MexAy 3oHlire. Marepr,ranrr Ha rr{reJla rpx6aa Aa r4Ma
ManKa rottiloltpoBoAuocr, 3a Aa ce HaMaJIr4 tonloo6ues:nr Mexqqy 3oHHTe.
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@ua.3.6 <Dop.ua Hd muznu, u3norcy6aHu 3a uspacmnane Ha KpucmaJru no
Memoda Ha HacoqeHama Kpucmanusa\un
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Que.3.7 Pasnpede"xeilue Ha meMnepamypama npu t4exaHltwrc deuaceuue tut
'n uz efla c nptu4o ila 2p e 6a meln

Koraro u3pact'BaFiero Ha l(prlcra,'Ih re c'r'atsa 6es MexaHl4rlto

ABH)I(eHI{e, CaN{O 3a CMerKa na O6qOrO [Or]r4)KaBaHe r'ra reMrepaTypara Ha
[erqra, pa3npeAeneHr.re'r'o Ha rer\rfleparypara e Apyro (Srar. 3.7, 6).

f3a uaNra:rqgane llel acI{Merpkrr"Ia B TonJ'lr{n}to'ro rioJrc rurerbr ce
Bl,prr.r flprr fiycr(aHeTo B lrerr{Ta.

Hopruta,ruara l{acoqeHa Kplacrann3alrl4t ltMa Bar(uo 3HarreHue 3a
noJiYqaBaHe Ha rolleMn MoHoKpHcTanrr oT ptBttgliHri nonynpoBoAHllqI4 14

AI4en e KTptrrIH M MaT epvafl v.
Hanpuvep Kprlcranl or r(opyHA (AlOr) r.r3pacrBar B Monu6AenoB]r

rfirJrr.r c6c cKopocr l0mrn/h nT:2037"C. BBB r]aKyyM l0-'Pa. llpra rraero4a c
Beprr4Kanno lracoqeHa Kpr,rcranu.3arlnfl (N.{ero4 na Eplt4Nrvren) Kprrcra.rtr-rre
ca c ,ql,IaMer:bp 200mm u 71isJrxIIHa 300mrn. I lltruocrra Ha Ar4cnorarlr4rare e.l 

O"cm'. Xopvsomanrrara Kprcrcurrrcaq:'z,s (pa:eata o'r Ear4acapor) Aana
B',b3MOXHOCT 3a [OJryr-raBaHe Ha MOHOKpUC'ranHr,I n)lac.'tr4l]n OT KOpyl{A C

Ae6enHHa 300rnrn. Ocnosen HeAocrarr,K Ha Hacoqeuara Kplrcranr43arl[r e
TpyAHOCT-ra npu [onYqaBaHe Ha c6Bsprxerr14 r\{onoKpucTa&r nopa,llH
pa3nv:qvs B TeMnepaTyplrr4q Koe4)r4rlr4eHT rra luHe'xo pa3uxpeHr4e Ha
N,rarep[ana r{ Trrrera. flonyuanar ce H MexaH[qHr,r HanpexeHr4r tl

Ar.rcJroKaurrn. Ha ra6.rtuua 3.1 ca 4a4eur4 npt4Mepu Ha Marepr{anlr, quuro

r{pr4cTairr4 ca uonyqeHr'r llo To3H MeroA.
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3.3 I{3PACTBAHB
( I'OIItr{JIKA

IIA MOHOKPI{CTAJIH OT

-['oua 
ca naff-pa:npocrpaHerr]ire MeroAtr 3a npoMurune]ro

rlx)n3riol{orBo Ha roJIeM}t MoHoKpucrarrlr c Bb3npoa3BoAr4Mt4 cBofrcrBil.
I  lpi11;q11n61 e [peAnox(eH npee 1916 r. or r{oxpalcru.

Caugncm ua nennDu
l4:xogui.ixr MareppiaJr (xaro npar trrtr4 napqera uo:tuxpacrau) ce

r()clirBr B Tufer !r ce HatptBa Ao croIU{BaHe. llpoqecr,r ce npoBe)I(Aa B
..r'l)i\4eTHqHa KaMepa BT,B tsaKyyM, IrHepTHa, oKr{cJrHTe.[Ha I4irr4 peAyKrlltor]Ha
.rrrrocrlepa. 3apogrurrilr.ar Kpucran c pa3Mepn HrKoJrr(o Mrc-qi.{Merpa,
',r()rlruparr B oxJra.r(AaeM Kpi4craJroAbpx(aTe-rl a opfieH'fr4paH B
rt'o6xo4lzuoto Kpr.rcraJlolpa$cxo rranpatsJrcHr4e, ce norant B crottaJlKara.
(trtlter-r,prr Ha xpplcraira ce pery"rlllpa rrpe3 cnopoctl'a Ha v3TerrrHe vrr4

r:rrT)rBatie lra cro[I,IJIKara r4nrI qpe3 leara $axropa eAHoBpeMeHHo.
Henocpe4crneno IIpeAu u3Temquero cronr{JlKara ce .r{:bp)I{I4 rrpn

i ('N,r reparypa, [o-Br4coKa or reMflepalypara Ha roneHe. foea e Heo6xoAuMo
iir oriltcrBaue or JIeTJIIIBII IIpuMecH, KoHTo, Lr3rlapgBaftKlt ce or cro[urKara,
( (' o'rJrlaraT Bbpxy cTyAeHr{Te qacT[ Ha KarvrepaTa. 3apo4Hrurr ce Ao6,[uxaBa
l() c]'olnrKara raKa, ue ga 6r'ge npl4 lo-Br{coKa reMfieparypa. ToBa e

rrt'o6xogalr4o, 3a Aa ce rr36erne 'fepMocrpec fiplr KoHTaKT na cryAeHr{q
rirlx)llnul c [oBlpxHocrra Ha crorr].tJrKara. Tepuocrpecr,T Ha 3apoAnr[a
roiu.r Ao yBeIL{qaBaHe nIlTHocTTa Ha Ar{cjIoKaI{I{1,1're, KoI4TO Ce HaCneAtBaT

I l)acfruIHr MoHor(pr{cTan H BrorlaBaT cTpyKTypHoTo My cTJBl'pIIreHcTBo.
irrqrr)gl,1911,'1 Tpt6Ba Aa 6bAe H3pr3aH or MoHoKpHcralr c r\crI{trN{aJIrIa
rilrlrHocr Ha AucnoKaullure. lloBtpxHocrrrure Ha.pyilreHur, Koirro ce

Ta6ru\a3.1
I rcpr4ajr I{a

l)Hcral]a

Telrueparypa ua
ronette oC

Cxopocl na
a:lpacrnane mm/h

Marepaal 3a rnreJr

{ lz0r 2037 l 0 Monra6Aen

rAls0rz 915 j Monv6aen
r l  1Ga5O12 1825 2 l4pusuir

CaFr 1392 fpa6nr
LiF 870 J llnarr,rna



[oJdBf,BaT rrpl{ pt3aHe, ce oTcTpaH.{BaT qpe3 xr4Mr4qecKo eItrBaHe u
noJrr{poBKa. Ceqenr'rero Ha 3apo.4r{rra rpx6ea.qa 6r.qe MHHI{MaJrHo (xaa4par
LrJIU rpl{br6Jluur), ruft Karo ularHocrra Ha ArrcJloKarlr{nre, HacJre,ueHa or
MoHor{pr4crzrJra, e qpo[opqr4oui]JrHa Ha orHorrreur{ero [unon1 ua sapo4zrua]
rru [nnorq Hav3pacnurvrfl Bbpxy Hero uouorpracr:al].

Cne4 uperpxBaHe Ha 3apoAr4rrra Kpiurr My ce uorarur B nperp.rrrara
cTonI4JIKa n qacT'drrlJo ce 3aTonfrBa 3a oTcTpaHqBaHe Ha IIOBbpXHOCTHTTe

4eQerru I{ saMbpcrBaurr{. flpn rona lpaurarlara 3apo,{Hrrr - cronr4JrKa e HaA
IIOBbpXIIOCTTa Ha CTOTTI{JIKaTa.

@uz. 3.8 Cxeua Ha u3pacm6aHe Ha Kpucmcuu no uemoda Ha usmeennHe om
cft7onunKa.

I-sapoduw; 2-u,tuilrca Ha Kpucmana; 3-Qpoum Ha Kpucmailu3a4ua; 4-
npeoxnadeua o6nacm; S-muzen; 6-uazpeeamen

Braco.tunara Ha ro3r,r r1nrrr,rHlpaqeu crun6 crouralKa Moxe Aa ce oqe-
HIa, npupaBuJraariKr,I tetroro My Ha cuJrara Ha noBbpxHocrHo HaflpexeHlle:

t
zny: n.p.ft.r-.9
r e pa,{nyc na crtn6a crorllruKa;
y - noBbpxHocTHo HanpexeHl{e Ha cTolr{nKaTa;
h - sucoqzna na crsr6a crorrr{JrKa (o6r,xnoreuo 2 - 5 mm);

p - InSTHOCT Ha CTOnUJIKaTa;
g - ycKopeHl4e oT cI4JIaTa Ha TeX(eCTTa.

B nacannn{ era4ufr, Ha r{3TefJUIHe, cJle,q 3arolltBane Ha 3apoAl{Irra, ce

rfxrpunpa :ollairr.ara Ha MoHoKpEcraJIa, KoflTo rlpeAcraBnxBa rEHbK vl A'btrbr.

M()iloKpLIcTan. .{uarr,reTbpbT Ha ur[fiKaTa ue rpx6aa Aa npeBLIIuaBa

nuneilttas. pa3Mep Ha Ha[peqHoTo ceqeHlle Ha 3apowrfra, a AbJI]KI4HaTa e

urKoJrKo nbru AnaMerbpa" (Dopuupanero na utuitrcara crana c

C/UIOBpeMeHIIO IIOHITDTKaBaHe TeMnepaTypATA HA cTOIII{JIKaTa C rOJUIMa

,rfirreftHa cKopocT I{ caoTBeTHo IIpIII roJIeMH oceBn TeMIIepaTypHI'I

rpaAr4eHTH. Tona AOneNIa AO Cs3AaBaHe Ha [pecl4lrlaHe no oTHolueH]re Ha

/tr.rcnoKalllll{Te u BaKaIrurII{Te B o6racrra Ha KpI{craJIa B 6[I,I3ocr.qo Opoura
fra Kpr,Icr€urpl3aunfl, Karo rern ge$errI4 n3lrv3ar Ha noBrpxHocrra u ce

tuJraqaBar. Cne4 Qoprtupaue Ha unafira:ra MoHoKpI{craJItT ce pa3pacrBa or

paiMepa ua mufirara Ao HoMI{HaJIHII;I ,qlllaMerbp Ha cnI{T'bKa. 3a us6.flrnaHe

rra l'epMltrrHrr Harlpexeu]rt 6rbJlbr Ha p€BpacrBaHe rpx6na Aa 6rAe MaJIbK.
(':re4 gocrrarane Ha Al4aMerbpa ycnoBl'Itra ce wa6wtwzttpar' 3a .Aa Mo)I(e

cJrr,rTbKbT Aa IiMa IIOCTO'HeH AI,IaMeTsp I{ BT4COKO CTpyKTypHO

cl,BSpIIreHCTBO. oCUOnna poJlt 3a ToBa rrMar rolrJrr'IHHuTe ycJIOBII{ Ha

upoqeca, t'rfi raro re oupe4en,IT TeMfleparypul{re rpa,4PreHTH B cro[I4llKara

rr Kpr,rcrana. Toulunnragr 1anauc ce onpe,{eff or:
- flplltxoAa Ha ToIInlIfla oT HarpeBaTeJI-' KbM TKrena;
- pa3xoA - oTBeAeHI{Te TOnJILIHHII IIOTOU]I OT CTOnpIIKaTa H KpI{CTana.

( l'uo'rnourennero rtM orlpeAeJu Qopuara Ha H3orepMr{re H reMrleparypHl'Irl

I PaAr4eHT.
Bru.rsue oKa3Ba u aruoctpepara B KaMepara 3a pacrerr'

Aro raspacraanero e BT,B BaKyyM, TonJloorgaBaHero HapacrBa c

yBenr{qaBaHe HaJUIfaHeTO I1I TOnaOeMKOCTIa Ha fa3a.

HapacrnaHeto na roIrJrnHIrIaTe sary6u or rloBtpxHocraa Ha

n3refJreHl,It KpHcraJI BOAr{ Ao yBeIEqaBaHe Ha TeMlepaTypHl{fi fpa'4l4elrr B

Kplrcrana. 3a naMar-flsaHero I{M pacrtlllllflT Kpucr€In wilv ce e{paHl{pa, IaJII{

cc [oAfptBa. Crotrorueru4ero Ha pawrurwufr. pI oceBrrs rsMrleparypeH

rpaAHeHT o6ycnaw, $oprvrara ua $ponra Ha KpI4craJII43aqLIs, Ko-ltro Moxe '{a

6r,ge r,rcunrnana" sgJrc6Hara wr IUrocKa. Hai-6larouplltreu e rrJlocbK

rlrponr (na npaKrl{Ka JIeKo I{3tI5KHa"n). Brpxy ilpoqeca Ha }rsreultHe

BJDTTHIIe oKEt:lBa r{ KoHBeKIpItra. llpu roneuu reMneparypull {paAI4eHT[ B

c'rOfiLIJIKaTa Bb3HIIKBaT KoHBeKqI4OHHI'I IIOTOIIK, HaCOqeHH OT ropelqllTe

c'r'enr{ Ha rHreJIa K6M cry,qeuara IIeHTpaJIHa 'Iact. Ot roBa ce uo.gBtBar

xaorlrqHlr rore6anras B TeM[eparypara r'I [peoxJIa]I(AaHe npu Sporrra na

r(pr{cTaJru3aulllfl, a re BoAtr Ao crpyKrypHpl 4e$erTIlI lr o6pa:ynane ua

||BI'IqHI{ HeeAHOpOAI{OCTpr B pUB[pe,{eJIeHKeTo Ha [pI,IMeCa B KpI{cTaJIa.
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Tonlranna'ra KoHBeKulL{ Moxe Aa ce HaMaJrrr, aKo rlrfeJrbr ce rrpnBe.D,e 86B
BbpTenHBo '{BU)KeHIle npr.r cAHoBpeN4eHr{O 3aBl,pTaHe Ha Kpr4cTana B
o6parHa nocora" Hanaarqeauero Ha rerrrrrepal.ypulu fpaArzeuT B crolr4nKara
BoAr4 Ao yBenurtaBaue cKopocrra Ha u3pacrBaHe Ha Kpr4craJra. BcriKaKBlr
r43MeHeHIu Ha roIIJIaHHrls 6airaHc HapyulaBar ycnoBl4tra Ha I(pncraJlll3aqlrt
I.r BO.4.f,T ,4O i,I3MeHeHJ4e AI4aMeT6pa ria cJrr{T6Ka l,l B63HItKBaHe Ha
crpyKTypHn AeOeKTH. 3a <:ralutrwzupane ycrroBrrrra Ha pacrex
cbBpeMeHHprre ailaparypvr ca caa6geura c aBToMaru3r.IpaHH clrcreMu 3a
rloAAbpxaHe TeMrlepaTypaTa Ha HarpeBa'rejr{, He[peKbcHaT KoHTpoJr Ha
Ar4aMeT6pa Ha pacTfrnj'r4q, cnrlT6K, rroBAHraHeTO H BbpTerreTo Ha Kpr{cTana u
THreJra. Por-flra Ha oneparopa e cBeAerra Ao Mr.rHlrMyM. llpoqectr: ria
LcpacrBaue 3aBT,pIrrBa c or4e-rrnrero Ha Kpr4cra;ra or cronr,IJrKa:ra. llpe4n
ToBa .quaMerbp:br Ha Kpncrana lnaBuo HaMa!'rrrBa. Cr:4ana ce o6pareH
KOHyC, 3a Aa Ce UpeAoTBpaTr4 TepMOyAap Ha r(plrcTana oT cTo[rzJrKaTa.
Hesael4crrN{o or roBa nJlbrHocrra Ha A[cnoKaqIiIITe B xpafiuara r:racr Ha
cJrHTbKa MO}I{e Aa ce yBenr4qri 100 n:srr.r. oxlax<4arrer.o Ha KpucTana. caaBa
6aauo,3a Aa ce flpeAorBpalE o6pa:;yeauero B Her.o Era repMr{qHr4
HanpexeHr,rr r.r AracnoKaulrw. 3aroea cneA oTAeJuFre Ha MOHOKplZCrana rofi
ee w3ArIra HaA cTo[I4irKara u 6asuo ce IIaMaJrqBa TeMIIepaTypaTa Ha
HarpeBaTenr.

llpu u3Tei-JrrHe Ha MoHoKpi4cranrr (rr pa3nafauln ce
[onynpoBoAHrInoBti H Ar4eneI(Tp]lqHII CT)eAHHeHI,rrr cToIrHJiKaTa co noKpflBa
cr,c clori xepMerr{3apaqa requocr (4e6enuna 10 - 15 rrm), xolro
fiperr{Tcrtsy Ba H3napr BaHero r] a JrerJrr{B}rr r(oMnoueHr. Xepueru:n pafi\ar a
TeqHoct'rpn6ea Aa r4ua [rabrllocfrno-MalrKa or ra3r4 sa crorrr4Jlrararu Aa He
pearfipa c Mareprr,ua Ha rnfera rr r43pacrBa[I]rr Marep[an. Xelare,rno e u
Aa 6r,Ae npo3par{Ha, 3a.rla ce cnegi.r ippoumr r{a Kp}rcralrtr3ar\r4fi. Hanplrrl,rep
rrpr4 r.r3pacrBaHe Ha GaAs ra GaP xa'ro xepMerr,r3ilparrla rerrnocr ce
u:norsyna 8203.

Eriiast x,qo ro3n MeroA e MeroAbr na Kupony:roc ($rr.3.9).
Cneqalpurara Ha ro3lr MeroA ce ctcrou ts .r.oBa, lre 3apor[fimbr ce

BKapBa B CTonr4JrKaTa, CpacTBa c Her v ilopann ToBa H3orepMaT4
c'boTBeTCTByBarrIa Ha TeM[epaTypaTa Ha ToneHe Ha BerqecTBoTo, ce
lper\{ecrBa n 4r'n6ouunara Ira crorrr4nKa.ra. -[4anon:yBa oe 3a ]t3pacrBaue Ha
KpilcTaJII{ C TOJIf,MO OTHOrrre}II4e Ha AuaMeTT,pa K:bM BricoqI,IHaTa.

/ J

. . 4

',t, t t.' 3. 9 Cxeaa sa uspacmraHe tn t(pucmdtru no nemoda ua l{uponynoc : I -
:ap o duut ; 2 -rcpu c m.ut I ; 3 -muz en ; 4 - c m onuJrK ct

llpegNnrcrnara rra MeroAa na 9oxparcxn.
l. Kpucrannr pacre B cBo6oAHo rrpocrpaucrBo Helr3nr{TBafiKpr

rnrcu(Brl MexaHHqHI,r Bb3AefcrBfiq or crpaHa lra rureJra Ir pa3Nleplrre Morar
r,l cc [poMeHrT B 3aBl{crlMocT oT KoHclpyKrln_sTa Ha al]apaTypaTa.

2. Busya,rno ce Ha6iloAaBa rrpouec'br Ha pacre)r( na rpacra:ra. Tora
liiliil Bb3Mo)KHOCT 3A OnTHM[3t{pa}Ie Ha TeXHOIOTUTIIilIS npoqec.

r hopocTTa Ha u3TerJIfHe BJII4te Ha pa3npocTpaHelrr4€To Ha np[rMecr4Te il
Jr)l)a3yBanero ua 4edler<ur B Kpucrana. llp" MaJrKtr rsMn€paryprJn

l)rt,,(HeHTu cnopocfl'a Ha H3relJrrHe e o6parHo ripo[opqaoHaJrHa r]a
I I r;lrueTbpa Ha KprlcTaxa.

B cseronHara fipaxTr4r(a rexaoJrofriqnara anapar]?a HerrpeK:boHa'ro
,r'lcaB,:prxeHcTByBa. Aro n xpa;r ua 60're r-oAHHr{ o6euT r Ha Tr{reJruTe 3a
rr rl)?icrlaHe ua Si e 6un I kg, ro cera e saa 60 kg. 3a rosr{ nepproA r4
.,1iu(cr{M€LnHpITe ra1apil'fit rra Kpr4crariuTe ca Aocrr{ruann 150 - 300 mm
llirMerbp H .{bJrxuHa 1,5 - 2 rn. VcrnrpneucrByBana e a clpyK'r}?ara Ha

r\l)r{crarruTe. Te a:pac'rrar no.rrra 6e:Ar,rcnoKarluouurr. llplr Harpxnaue Ao
| )00"C roqHocrra Ha noAAbpx(ane Ha reMfleparypara e *0,1'. 3a KoHTpon
il i r /lnaMeT:bpa ce H3[oJr3yBaT aBToMaTr{lrHlr cr4cTeMr4, n3M€pBarrlr4 :

- AHaMerspa Ha MeHHcKa 6,q[:o Ao $ponra Ha Kplrcranrr3aqr{rU
- yBelr{qaBaHeTo Ha TerJroTo Ha a3pacTBarrr{rr Kpr4cTaJr;
- HaMaJrrBaHe Macara Ha crorn{JrKara B TnreJra c rorruocr go 0,01 g u

r(),rHocr Ha AriaMerr,pa. flpo6nerarr Ha MeroAa ua Voxpa-ncxu e ra-relrnr,rrr
\rrfgpaalrr- OdrxnoseHo ce H3nor3yBar KBaprIoBH rur:rur. Pa3roneHn-sr
\1lr'r'epHa-q e cIrJIHo peaKlutoHeH LI pa3pymaBa oTeHr,rTe Ha THfeJra.

flo ros]r MeroA nouacro-qu{eM ce u3pacrBar Morrorpr4crarlr or
Lrr)JrynpoBoAHI,IKOBI4 MaT9pI{aiIt\, KOITTO UMaT H0 MHOrO BLICOKO IIaJItI'aI{e _FIa

I I i rp r.ITe Ha JIgrJlI4BUfl KOMIIOIIeH'I.



Ha ra6lnua 3.2 ca la1euyArlereKTp[quure Marepr.Iarrr{, or Kor.rro cb-qo ce nonyqaBaT MOHOKpUAT|aJTI oT cTorItrJIKa.

Tadnnua3.2

3.4 3OHHO TOIIEHE

Toeu uero4 ce H3rron3yBa sa 4u6oxo oqrlcrBane Ha BeulecrBara r.r
u3TeruIfHe Ha MOHOKpr.rcT€uM. flpe4r,rntcrnata Ha MeTo,4a ca, qe
eAHOBpeMeHIIO c ,€pacTBaHeTO Ha Kpr4cTar,ra r4Ma BS3MOXHOCT 34
EAHOPOAHOTO MY JIEil,IPAHE. I,I:NOISYNAT CE XOPI{3OHTAJICH I{ BEPTI,IKAJICH
BaptraHT.

Xopzeonranno 3oHHo rorreHe - Kpracr'urr43upatwflTMarepnaJr ce Doc-
raBr B ruren (Qzr. 3.r0' a). B eAnnrEx rcpafi ua rrrreJra r4Ma M.HoKprrcraJre'
3apo,4r4rrr. B ua'rannax MoMeHT pa3ToleHara sona (p3) 

" 
nu .purn"quru

3apoAkllrr - I{3XO,..H Marepr{a.n. rlacrrzsuo ce pa:}TonrlBa 3apoA'rubr.
flpeuecrnaHero Ha pa3Tonerrara 3ona or 3apoAarua KbM Apyrrur rpafi na
THreJra ocr4ryprBa HapacTBaHeTo Ha MoHoKplrcTana.

fonslvro npeAl{McrBo Ha ro3r4 MeroA e Bb3Mox}rocrra 3a H3pacrBa'e
Ha MoHoKpucrann 6e: TI4r€Jr: MeroA Ha nJraBaT\ara 3oHa.

Bepu.rxamro 6esrurerHo 3oHHo rorreue (r[ur. 3.10,6):

a) xoplr3oHTarHo; 6) septnxarlro 6esrunelHo

@ue.3.10 l4spacm6qHe Ha Kpucmaru qpes soHHo moneHe
l-tapoduu, 2-rcpucman, 3-pasmoneua soua, 4-wxodeH Mamepua4 S-cmeuu

Ha Kcwepama, 6-uazpeeamen, 7-rcpucmanodbpscamer, &-muzen.

,{ocrofiucrnara Ha MeToAa Morar Aa 6r4ar $oprvryJrupaHr{ TaKa:
1. Flsrvra 3aMbpcsBanu{ or rrrreJra;
2. Hnra ge$erru [opaAr4 pa3Jurrru]rre reMreparypnu roeQraqrenua

t r u lnnefr uo pa3rrrr{peHlre;
3. Zsnoreyea ce npn nolyqaBane sa oco6eHo qr4crr.r MoHoKpyrcrurr4i
- MaTepr{ann c B}IcoKa TeM[cparypa Ha To[eHe, npr{Te)KaBarriH BIIcoKa

peaKrlrrouua cuoco6nocr B pa:rrofieuo ct crof,Hl4e.
Oopuupauero Ha pa3ToneHara 3oua Mo)Ke Aa craHe qpe3:
- BI{COKOIIECTOTHO HAIPSBAHE;

- eJreKTpoHHo-IbqeBo HarptBaHe;
- r[orycr'rpauo r{3rbtlBaHe or r{3ToqHI,rK Ha Jrbrrllrcra eHeprvr.
BracoroqecrorHoro rraxprnaue e 3a npe.qrrormTaHe, 'rufr Karo ce

()crrryp.rrBa e(per<troHo pirMecBaHe Ha cronr{JrKara n u3paBul.Baue Ha
cbcraBa, ,{rnxenuero Ha 3oHara rro A:bnxr{Hara na o6pareqa craaa firfi4
'rpe3.qBHxeHI{e Ha cnIITtKa cnprMo HarpeBarens, nwr o6parno.

IIpu 6esrnrennoro 3oHHo roflene pa3Toleuara 3orra ce yAbpxa B
o6paseqa 6eg r,tsrueaue trpe3 cririrrirre Ha noBbpxHocrnoro HattpexeHl,te.
(l)opuara Ha pa3Tonenara 3oHa ce o[peAeJnr or cborgorrIeHl4ero Ha cLTJII{Te
f ra XpIApOCTaTLIqHO H€UItraHe U noBbpxHOcTHOTO Hanpe)KeHl{e HA
c'rorrlrJrKara. Marcnuamrara Bucoquna Ha pa3ToneHara goHa, npLI Kotro rt
()craBa cta6Hmta, e roJIKoBa flo-roJltMa, KoJIKoro no-roruIMo e
() rHoIIIeHfieTO IIOBbpXHOCTHO HallpexeHlre K5M IIJIbTHOCT Ha CTOIII{JIKaTa;
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4>uz-3. I ] Emanu tn npoqeca rkt uspactnaaHe upcs 6ezmueerHo 3oHHo

fiioneHe
a) ctsdaeaue Ha KanKa. cmonurKa, 6) ou.oxparrc tm sapodurua, e) docmuzaue

do duttnemrp., z) cltacm.aHe He Kpucmut c tlocmoflHe, duaaemup
l -npo duut ; 2'uu dyrcmop ; 3 -xan rca c m onL&Ka. ; 4, cn u m t x, xo i m r,t c e n o t)naza

HA OUUCWSAHe

{naverup'nr Ha t\,roHoKpacriura Mo}r(e Ia ce yBerr4rru upc3
63nol3yBaHe Ha r4HAyKrop (Qur'. 3.11). Cnnrt,ffir, rofiro u{e ce nperonrrBa,
ce 3aKpe[Ba Ha ropHHr AT'pxaren. crocno c Hefo orAony e noc.faBeH
MOHOKpr4CTaneH 3apoArIrrj. B 40lHua rpaft na cr-rHTsKa qpe3 nHAyKTopa Ha
cJlI4TbKa ce c63AaBa KanKa cro.finJlKa, KorITo ce 3aAT'pxa c6c c]rJlr.lTe rla
rroBbpxHocrHoro Haupelr(eHrre. 3apo4raurlr. ce npeMecrBa Ao
cr,npuKocHoBeHr4e cr,c cronHJrKara. cleA .rona r4rrAyr(Top1,T ce !{3Mec,rBa
Harope, noA Hero cTonr4.rrKaTa KplrcTanu3apa Br,pxy 3apoAaua,
o6pasynafixz MoHoKpr4cran, a HaA Hero c,rr'bKr;T ce pa3To[wa. finara
ilT,plKarenfr, fopHr'Irrr u roJrrrvrgt, ce Bsprrr n o6parnu flocoKr.{ c qer 406po
par6r'prraue Ha cronHrrKara L\ L3pacrBaile ra Kprzcr€rn c qa[r.rHAparrHa
$oprraa.

Teopemuunu octtoou Ha soHHorn npeuucm6atrc
Pa-rnpe4e:uuero Ha ilptrMecrrre [o A:bJr)r(rHa.r.a Ha c,,tLIT6(a rtpw 1,2 u

T.H. [peMnHaBarrurr r.la p€BToneHaTa 3oHa ce [aBa c ,u|3pa3a

Crn(x) = Cr[ - (t - t( n)11e 
| 

"
KT,AeTO:
Cm(x) e KoHrlerrrpatl[ fl Ha npt4Meca B rn.x;

LL/
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(,, - roe$uqlreHT Ha pa3Aenenue, I - AbnxI{Ha Ha pa3ToneHara 3oHa;

r'- pa3cTo{HI,Ie Ha pa3ToneHaTa 3OHa OT HarIarOTO Ha CII{TAKa;

C1y - KoHI{eHTpar\vA Ha npl'IMeca B IlaqaJIHaTa 3OHa'

!,orrycraHrr:
I - ureanua xoMofeHl43allfit;

2 - soHara ce ABI,IxI{ c [ocrofiHna cKopocr;

3 - Ha.Iannara KoHqeHTpaqlrt Ha npuMeca B cnI{TbKa e floctosHna'

I(onroro K ot 1, BepoqrHocrra 3a floqficrBage e Iro-rolsrraa' C

rl'rlllqaBaH9 Ha pa3cTotHHeTo npI4Mec6T IIIe ce HaTpynBa B Kpat Ha

nlrl)Ka. Ar<o r\io> l, nprlrecrr ure ce KoHueHTpI{pa B Flaqulnoro Ha

ilil..r,Ka. r{acrra, B KotTo ce KoHUeHTpLTL)a npLIMecbT, ce oTcTpaHtBa.

i,,11111;16 or{r4crBaHe e rorroBa no-4o6po, KoJrKoro tIo-roJItM e 6polr ra

rl)('xoAr4're. Ha4 onpeAeleH 6pofr o6ave edrexrsBHocrra uauarlna' tnfi

il() ce cb3AaBaT HOBI4 npI4MecI{. Ha npaxruxa ce ABI,IXaT }ttKOJtKO 3OHLI,

rrt l0 e eKBTIBaJISHTHO Ha HSKOJIKO tll'l61,Jla. onruua-uuara A'LJI)KI4Ha Ha

, r lolleuara 3oHa e 1/5 or AbJl)l(ul{ara Ha cJI[T6I(a- Barxett Saxrop e

I ()[]ocTTa Ha I(BI4)i(eHHe - npn Mlroro MaJIKa cKopocr IrMa roJItM eqeKT'

r,ri r<ato vcllouutra ce ao6rulxaear Ao paBHoBecHI{Te'

J

Z

i l n l '

|  2  J  4  5  6  7  6 a

<D uz. 3. 1. 2 Teopemuuuomo pasnpedeneHlte Ha omHocumeil Ktma

K()r-n.pltmpaqutl tKr npuMecu c p(BnuwM:]Ha'EHun ua xoe(tut4uettma Ha

pasnpedeneuue (K) no duncrcuuama Ha Kpucmana

C r/c

t ,0
0,8
0,6
0,5
0,+
0,J
4,2

0.1
0,06
0,06
a0s
a,0+
0,0J
0,02



.].5 NOJIYqABAITE HA KPIICTAJII4 OT PA3TBOP
'l-o';u 

npoqeo ce r43B6purBa nprr s*ar,HreJ'.io no-HtrcKa reMneparypa,
O]'KorrKoro KprrcraJrr,r3ar{fiflTA OT CTOnunKa. Tona pasperuaBa r43pacrEar.re Ha
Kpr.rcTanH oT:

- BeulecrBa c Br.rcoKa reMneparypa Ha ro[eHe (4raalranr);
- cbeAHIleHalI' KoHTo npI'I TeM[eparypara Ha roleHe r.rMar M'oro Bri-

coKo HaJrrfaHe Ha napvTe urrrL ce pa3nafaT [pr4 TO[eHe;
- Koraro e roJItM BacKo3HTerlT Ha cronlrJTKara, Hanparr.rep sio2.

Mznonsyeauure 3a pa3TBoplrrean tseulecrBa rpx6ya gu orauuupn, 
"ucne/xHHTe H3UCKBaIrnr:

- cl,iqecTBeHo Aa rloH')r(aBaT TeM[epaTypara, Dpn KorTo ]r3pacTBaT
KpHCTanr4Te;

- Aa r4Mar MarKo HaJrrI.aHe Ha co6creeuure napu;
- aT'oMlrTe Ha pa3TBOpr.rTenA I\A ca HeyTpa[Hr{ npi{Mecfi B KptrcTana.

Ha npaxraxa e rpyAno Aa ce oclil-l/pr4 pa3TBopnTen, orroBaprru Ha
Bci{rrKH Tc3r,I H3r{cKBauul. Cpeular ce cireAHHTe crytrat4:
- 3a pa^::ruopl4Ter cJryxII BerlecrBo, rreBlrfi3ailIo B

rz3pacTBaHrrr Kpr{cTiur, HarrpH[,rep tsoAaTa nplj h3pacTBa]te Ha
HaTpr{ets xno}rnA;

cbcTaBa Ha

Kpr,rcTanu oT

- 3a pa;reopia'rel ce
rr3pacTBaHOTO C6e.4liHeI{ue

a3rioJr3yBaHeTo Ira pa3TBOpUTeJ'j

or ranr4eB QocSraa.

H3rIOn3"vBa eAuH oT Kol\4IioHeFrl-I{Te Ha
KaTo npuMep jvto)Ke !.Ll Ce nocorli.r

|r]Juiil nplr r{3pacrBaHe rla MoHoKprrcraJrr4

llporlecrr ria Kpacra,ir43arI'rr or pa3TBop ce c'crot4 or cJle.aHare
rIocJIeAOBaTeiIHpI CTAL4V:

1. Pa:'reaprne Ha lr3xoAHure KoMnoHeHTn.
2. JJuSyzwnr.a aM npe3 TeqHara rfaaa ua pa3TBopa 4o $pon,ra na

KpECTana3auufi.

3. Ouarane r.ra BerrlecrBo nprz {poHr,a Ha KpHcruun3arlns
4. Pasceisaue Ha orAenerlara npa Kprrcranr43trpaHe ronJraHa.

,rlrlruzrnparq cra11ufr. nprr ro3r4 lpoUec e 4ra$yrrama , nopu4" ,ouu
tuuefiuara cKopocr Ha r{Bpac.rBaue Ha Kpucranr{ or pa3TBop e 2 _ 3 no_
prllbKa [o-MaJrKa or ra3r4 npr4 r43pacrBaHe or crolprJrKa. Ilpr,rrr.repur.
crofruocru 3a ra3vt cKopocr ca 1 0-r - I 0-2cm/h.

3a noslrilanaue pa3TBoptMocrra l{a Kpr{cra;U43r4parqo'o'er.qecrBo B
ila3TBopa ce 406anxr KoMnoHeHTA, KOATO peafr{par c Hero. Te ce Hapuvar
l4r'rHepaJllr3aropv, a r]yurqnrTa t,rM e KoMnJrencoo6pasynaula. pasrnopu-
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, , I lil ce noBHruaBa 6naroAapesue ua sosoo6pa3yBaHlITe acoqflaTft Ha

I I tr )pCHOTO BeIUeCTBO.
')a ga uva I(pl4cranlr3aul4{ or pa3TBop, e Heooxorl{Mo c63l{aBaHe Ha

,, ( ilrrlaHe Ha pa3'rBopa no oTllol[el{I4e Ha KpI'ICTanI43}rpauIoTo BeuIecTBo'

I-Ipecuulane Moxe Aa 6tAe cbsrxaAeuo IIo pa3nEiIHI't cnoco6u' a

I  r r ' l l l l o :

- rlpe3 r43fiApfrBalle Ha pa3TBopurenq;
- c63AaBaHe Ha TeMnepaTypeH fpaAl',reHT MeX(Ay I'I3TOqHI'IKa FIa

I 'l r("r':lJII,I3LIpaIqo BeilIecTBO I'i 3apoAllua;
- KpI,ICTaIIBaIIU{ B eneKTpI',ItIHO none;
- 6aeuo oxraxAaHe Ha HacI'ITeH pa3TBop'

Tul]E.reH nprrMep 3a TO3r4 npoqec e u3pacTBaHeTo Ha KBapuoBu

ri,ncr'al,ru4 no xltAporepMallel{ !1ero.4. B rosll npouec 3a pa3TBopI'ITen ce

r rlr()Jr',yBa BoAa, a Karo Ml4llepaJllr3arop - pa3TBop sa NaOH' 3a

rL rrr'trroBoH€ Ha pa3TBOpI'IMOCTTa Ii e$errneHocT Ta I{a [poqeca KpI4CTaJIIrre

, il tl)acrBaT nppl noBlrrueHa reMlepaTypa 14 HaJItraHe'

,{pe6uo:rpuec'f npax o'f I'I3xo.4llara IU[rxra cx'-KBapu (xeapltrar) ce

rrrr ' l i l l l f l  Ha.[:LHOTO Ha aBTOKIaBa, a B ropHaTa riacT ce HaMI'IpaT

,III:r)!J'frrpaHu rcplicra.norpa$cr(r4 MOHOT(pucTaJIHl4 3apoAHrul4 oT cL-KBapu'

) ii,l.i) oT o6etra rra aBToIsIaBa e 3albJIHelI c 0,5 M pa3TBop na NaOH'

\ |t It)I(.IaB6T ce IlocTaB' B ABy3oIiHa I]eU{ Ij,6ts Bep'ti{I(aJiHo l1o,]1oI(elIl,ie' TaKa

,,'.rt,oirH€l'fa My tlacr Aa ce HaMl'rpa npll no-BHCOKa reMUeparypa - oKono

lttt)"(1, a fopHara - rpfi fIo-HI'IcKa - oKoJIo 350'C' llpu resa reMfieparypl l'I

rr,r lril-aHe 200 MPa cKopocTTa Ha rz3pacTBaHe Ha MOI-IOKpI4CTaII{ OT O-I(BapIl

,,rro.:ro 2 1nm 3a Aegorroui{e. C:s:Aasa ce Bt3Moxl{ocr 3a AB[txeHI4e Ha

ri'ititOCIta B pe3yn'riJf Ha KOHBeKTIIBHII IIOTOIILI. llpU nO-BI'ICOKaTa

r(r\luepaTypa uTr4xTA'rA Ce pa3TBap.fi, B'qllra ce Harope B c6Aa U AOCTr{ra

rirl)o/1t{ruHl4Te KpLIcraJIH. Trft Karo re ce HaMHpar npl{ flo-HI'IcKa

L{.| \ ' | l lcpaTypa',[aMpa3TBopl;TcTaBanpecl{TeH'IqaQT.oTHeroKpI{cTzuI ' I3}rpa
r' r,l)xy 3apoAHIIIIlTe. AsroKrasl4re ce urpa6ornar or HeKopoAl{paq

'.liilcpl4aJl - HepLX,{aeMa cToMaHa' cneqlfanHl4 MapKh B 3aBUCIIMOCT OT

r! rl)acrBaHI,ITe KpI4craJIu. Ocneu KBapII no ro3I'I Mero.4 ce I'I3pacrBar I'I

| ()rlcrult Kpr,rcraJll{ OT Apyrl4 c6eAu}IeH[t - cau(rap, py6vtu, Y Fe-rpauat'

3.6 IOJI/IIABAIIB IIA KPIICTAJTIT OT TA3OBA OA3A

Mero4nre 3a u3pacrBane Ha Kpl'Ic'fant,r or ra3oBa Qara uorar '4a

,' r,tta'r' o6eAl,ttteHll B r,Be rpylll4:

I . l4rnonsyeaqa tlucro {rrslrvccxa KoHAe}l3al{}tt'



2. uwrp.*aane Ha xr{MrlrlrecKa pea*rl'r, npoAyKT or Korro e Kpr,rcra-
JILI3EpanoTO BeIIIeCTBO.

. ̂ r_,P 
rasosa Qa3a ce [oryqaBar MouoKpacr€lrrr{ or cbeAnuenzxra AIIBU,

A'"B"" SiC. LlrpacrnaHero craBa ''pH cpaBHr'renHo Hr.rcKH reMrrepar.yprr
(crulecrneHo rro-HucKr,r or reMneparypara Ha roneue ua uarepnara).

Or urpaara rpyna Haft-naxea e MsroAbr, r43rroJr3yBarrl npoqeca cy6-
JII,IMAIII{' - KOHIEH3AqI{', TOfi CE IIPENATA qPH TT3PACTBAHE HA KPI.TCT€IJII{ OT
BelrlecrBa' Kot4To I{Mar BI{coKo H€uI{raHe Ha [apnre IIpII TeMlreparypE, rro-
Hr.rcKlr oT TeMrrepaTypaTa Ha TOrreHe, a cbrqo TaKa, KOl.aTO e Tpy.4rro
rBrron3yBaHero Ha Apyru ra^:o$asonr.r MeroAt4 (uanpnuep nopaAr4 BlrcoKa
peaKqr'rorrHa aKTT4BHOCT Ha XlrMr4rrecKute crepuuewtra). flpoqecm Moxe Aa
CE IPOBEXAA B 3ATBOPEHI,I I{ B OTBOPEHH CIiCTEME, 3ANOEHr,rrE KBAPIIOBI{
aMnyJII4 Ca nafi-qecro r.I3noJI3yBaHIfe 3arBopeHH CI4CTeMV. B gaeficlal\docr
OT T€BOBATA CPE.qA UPEHACSHETO HA BCIIICCTBO CTABA VTV qpe3 MONEKYJIHI{
nororlr4 (nra eaxyyu), r]rflr{ qpe3 KoHBeKrItroHHa gv$yzux.

flpra nepacrnane B orBopeu[ cwcreMn fiapr4Te Ha r{3xoAHoro
BeulecrBo ce npeuacrr B 3oHara Ha gpl{craJrn3au[t qpe3 noroK I'rHepreH rul3.

Merogure c ) {acrlle Ha xnMl,rqecKa peaKrIHrI ce npunarar 3a
BelrlecrBa c MEUIKo H€tr.firaHe na co6ctneuure rlapu [pr4 TeMneparypH, IIo_
HIrcKIr or reMneparypara Ha ro[eHe I4JIII BeII{ecrBa, qpl4 I(oL{To ce HapyuaBa
crexl{oMe, p}r fl'ra frpvr cy6nunaaqraa.

V npu ABere lpyna MeroAr{ rpucranoo6pircyBanero Moxe .qa craBa
KaKTO Upr{ cIIoHTaHHO Cs3.qaBaHe Ha IIeHTpOBe 3a KplIcTanI,I3AW4A, TaKA U
npr{ }r3rroJr3yBaHe Ha r{prrcraJrHr4 3apo.qr4rrrH. llpn cnontauHa Kpr.rcr.urfi3aur4.f,
pa3Mepr{Te Ha KpucraJrr4Te ca MaJrKr{ 3a upoMr4runeHo r43rroJr3yBane. Tona e
cBbp3aHo c M6rJIKr,rre cKopocrrr Ha pacrex or ra3oBa $asa, rpy4nocrr.r flprr
rapogzruoo6pa3yBaHero n cra'wrusnpaHe Ha ycJroBlr,rra 3a A5Jr6r rrep'o.q
oT BpeMe.

IIpu nrpacrnaHe cbc 3apoAr{r[[ Morar Aa ce [on) rar roJreMr,r (ao 100
mm 4nauerr,p) KpucraJrrd c KouTporurpaH xr,rM'rqecKn cbcraB u
cTexrroMeTpr{ll.

Haupnrraep ua Sur. 3.13 e gagena cxeMa Ha araparypa 3a [onyqaBaHe
Ha MouoKpr{crarrta or HgSe.

<ltue. 3.13 Anaparnypa 3a u3pacmeaHe Hq MoHoKpucmcuu om ea3oqd (pa3a

(a) u mennepamypHu npoQuau ua nequme (6, e)

I - rceap4oe muzer, 2 - xeapqoea arvnyna,

3 - sapoduru, 4, 5 - neryu, 6 - rceap4oea mpu6a, 7 - nadua c nemnut

KoMnoHelrm, 8 - uaepeeamer 3a peeyrupaHe MunzaHemo Ha napu Ha

netwuaua KoMnoHeHm.

I,laxo4nrlar [onLIKpucrEUIeH MarepHaJI ce nocraBfi B TI'IreJr l,

uaMr4pau{ ce B KBapuoBara aM[yna 2' B ropuara qacr Ha aMflynara e

MoHoKpncraJIHI,IJIT 3apoAtlrlt 3. Hatparanero Ha ilMnynara Ao

leMleparypara ua cy6nranaaqur Ha abe,ql'Iueltllero craBa B ueu1 4'
'l'err.rneparypul4lr 

pexl4M Ha [oBbpxr{ocrra Ha 3apo.u4llla ce 3agaBa or
'r'eMneparypHara pa3JII,IKa B rrerr${re 4 u 5. Perynupafrxrl teunepffiypura Ha

rrcrq 8, ce cb3AaBa neo6xo4utr.tuxt cbcraB Ha ra3oBara {asa ntrpe n

ilM[yJIaTa 2. Cropocla Ha IlBpacTBaHe r,r Ka{ecTBoTo Ha noJIyqeHlITe nO
'l.o3l{ HaIII,IH KpllcTanIl 3aBLIcv oT ptt3JII{KaTa B TeM[epaTyp}ITe Ha 3apoAI,IIua

('lr) u Hgro.rnllKa Ha flapoBa Sara (Tz). rlpes perylupaHe Moxe .qa ce Brrl{te

rrbpxy cbcTaBa tr cTexI{oMeTpHtTa Ha noJlyqeHI'ITe MOHOKpI'ICTajII4.

Mouorpncranu o'r HgSe c KonqenTpaqut Ha HocnreJII'ITe Ha 3aprA

l0r7 ce uoly'raBar npn cne,qHl{re yc$oBt4fii'tr : 230 + 260"C; Tz = 300 +

130oC; Tl = 250 + 350'C. Cxopocma Ha u3pacrBaHe el0-'+1 mm/h, roero

c HflKOJTKO [OptABKa IO-MaJIKO OT CKOpOCTTa IIpU nonyqaBaHe Ha

MoHOKpKcT€Urrr oT cToruJrKa (uanpnrr,rep no MeToAa na tloxpancrr). Tosa ce

()npeAeJl.q oT Ma.IIKaTa KoHueHTpauruI Ha npeHocI,IMoTo BeIIIecTBo B IIoToKa
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npH ralo+a3oBlrl qpoqec - l0a+ 106 nrru [o-Ma"JrKa or k^qrraE'*.,,.,-, "
KorrAeH3I'IpaH ara Qas;T.e. B cro11r{Jl*ara. 

t€ulKa or KoHrlerrTpaqpltra B lnaea 4
MATEPIIAJIU 3A HOCNTEJII,I B

MUKPOE JIEKT P OHI,IKATA

4.1 IIOJIynPOBOITOBn MATEPtrAJTTI

florrynporo4nrrKoBfiTe MarepuaJrr4 no xlrMrgecKr{ cbcraB ca upocrrr
(clrerraeHrapnu) r crioNnn. Enervreurapnl,tTe troJry[poBoAHtrKoBll MaTepr,I€rJrr{
cn xuMlrlrecKllTe eJreMeHTlr 6op B, BrnrepoA C, repuarufi Ge, cnnuqufi Si,
ce.rren Se, crpa S. B nonynporo;gmroBara MxKpoeJIeKTpoHr,rKa ocHoBHo ce
lfrnoJr3yBar repuaHnfi w cuttstlufi, a ocraHaJrr{Te HaMr.rpar rrprdJroxenlire
(a'ro ireu{paupr Ao6anru I{JIu KoM[oHeHTI{ B cJIoxHIiI cbeALIHeHIlrrL
()roxunre rroJrynpoBoAHlrKoBrr Marepvarfi ca xr{MrrrecKr{ cbeArrHeHr{fl,
npr,rrex(aBaqr{ noJryrIpoBoAH[KoBu cnoftcrsa r{ BKJrroqBarqil EB4. rplr u
noBeqe eJIeMeHTa. Korato ce cbcrotr caMo or ABa xr{M}ilIecKI,I eJIeMeHTa,
c'be.ul,rHeHr.rrTa ce HaprltrraT 6Huapun. Cnoxnnre [oJrynpoBo,4Hr{KoB}r
Marepluurn ce o6oguasasar c[opeA HoMepa Ha rpy[r{Te B nepr{oArrruara
cHcTeMa Ha eJIeMeHTUTe I{a CSe.4rlrHeHWeitO n 6yrnure oT JraTIaHcKaTa as6yxa
A - nrpnra KoMrroHeHT, B - nropn, C - rperu u r.n.

TnrpArare pa3TBoprr Ha [oJrynpoBo,qunKoBr{Te Marepr]fturr{ ce
I),'}IAqABAT CbC CI{MBOJII,ITE HA XI{MIqCCKIITC ENEMEHTTI I,I I{HAEKC}I,

uocosBarqn aroMnara rracr Ha re3r{ eJreMeHTu B pa3TBopa. Hanprauep
TB'rpALUIr pa3rBop repnrannfi-cntn\wir (Ge-Si) ce o3HaEraBa raxa: Si1-*Ge*, a
pa3rBop Ha r{HAr{eB}rrr apcenr,rA kr Lr:n4rreBufl SocQnr - InAsl-*Px-, Kb.qero.x e
a roMHara qacr Ha KoMnoHelrra B TBbpAr{r pa3TBop 0 < r -< l.

CneqrQuvuoro cbuporlrBJrenne Ha rroJryqpoBoAHr4l{are rrpr,r crafina
r cMneparypa e or 10-2 Ao l0e O.cm.

Axo reuneparypara e OK, To Bcr{qKr4 [ony[poBoArr]ilpr ca uoAo6nu
ua AneneKrpuuH.

Koraro MareprraJrbr He cbAbpxa rrpr{Mecu, BJlr{rretr{[ Ha eneKTpotrpo-
rtoAr{Mocrra, ce Hapr{qa co6crBeu nolrynpoBoAur{I(.

3a co6crnenurc noJryIrpoBoArrlqx
n :P :n t ' :P t ,
KbAero ni, *r pi ca co6crBeHure KoHrtreHTpaq[rr Ha uocuteuu (or

ruurrnfi orara "uyrraa inhinsic).
3a nc.sKa reMleparypa ce ycrarroBrBa raKoBa paBHoBecHo cbcroqnue,

rfe qpoll3BeAeH'fiero n.p e flocTorrrHo.
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.ia /{a ce [peBT,ptre co6c?BeHArT nonynpoBoArlHK B [pHMeceH, Brfe.oBara r(p,cran'a pe[rerKa rpx6Ba Aa ce BbtseAar cneqaaJ,r'o noA6pa'r4xHMUqecKfi AO6aBKn, T.e. Aa ce ocbrrlecTBr{ nen4patie Ha [onynpoBoAHrzKa.

Kpu.cmanna peraemna
MHolo or cnoricrsara rra TBbpAnre BeulecrBa ce o6qoHrear cnepHoAr'rqrroc'ra Ha pa3nonaraHe Ha crpyK'ypHure r,rM eJreMeHTi.r Bnpocrpa'crBoro' B rplrcrarHara pemerKa ron a AU Ce orneJrrr clneMeHTapHaKJTCTI(a, KOqTO Ce noBTap, [epIzoAarIHO no qenll KpacT€ur I,I r{pe3 Hef, Aa ceorrrluar rloJroxeHl4rrra Ha aroMHTe hilu r70uzre. Tesz' noroNeau.,c'orBercrByBar rra B!3rrrire Ha pe''errara. Cpe4 po,nu.rHu^re;;;r""

perrrer*H MOX. /{a ce orAeJrH r<y6uvecrara c ncfiurzre pa3r.roBrrAHOC.fH,
KoLITo LrMal' oTHoilreHr4e KbM cTyKl.ypaTa Ha [ony[poBoAr{r{KoBHTe
MaTepvarfi.

,t) ,i
4. I Enetteumeptlu KnemKu ,o ny6ri',,ru*e peuemKu

@ue.

58 59

Iilt1uuecxa cmeuto4,leHmpupanq pewemKd B uet uMa 6 aroMa B

,nx)Bere Ha creHlrre u 8 aroua Iro Bl,pxoBere na xy6a ($nr' 4'1, e) B

,r.;rrrir $opua Kpl,Icranl{3l4par aJIyMl'IHHtr tr peAl4ira Apyr[ xnN4lrqecKa

t  r ' \ lOHTI I .

l)eutemrcQ mw1 eaJrue? qpceilud. Ta ce nolyuaBa oT peIIIeTKaTa TIIrr

ir1;t\,ritl{T B TO3}I CJ]yqafi, KoraTo aToMI'ITe Ha raJlrrg cbBna.uaT c Bb3rlI{Te Ha

i l r : r ' l aoTeHHOUeHTpt rpaHapeueTKa,aaToMI ' ITeHaapceHa-cB 'b3J lH ' reHa

l,\ rirTa (snr. 4.1, r). Arorraure r]urrfil aa o3]IaqeHfi cI,C CBeTJIII Kp'bfqeTa'

r r ( )\l HTe apcell - Q TbMIil4 -

[orcmrca mun duaJ4aHm. Te:u penrerKll MOXe Aa Ce pa3tJIe)I(AaT KaTO

I r()ir(eHfi eAHa B 4pyra xy6uvecKu cTeHIIO-UeHTpflpaHI,I peilIeTK',I Ha

i,.nc,r,orHHe ll4 or iluaroHaJra Ha Ky6a. B TaKaBa Qopva KpI'ICTilJIII3I',IpaT

, lr riltrllt.flT> repMaHr{tr, cvBaraMoAud]}ffallE Ha KaJIIUI'

Pearcmxu Ha EPaGe

Bngonere cHMerpH{, KoI'ITo ce Ha6nloAaBar B KpI4crtlJIHI'ITe pellerKH'

lr\ rt)irr(AaT 32 roqxoru rpy[H Ha cnMeTpI'It' o6pasynarrll'l l'7 tuna peLUerKI4'

il.rl)crreHr4 KpltcTajrorpaocKl't cl4cTeM[. Ha T'oqKoBpITe rpynu

r r,or'ue'rcrByBaT l4 nuAa pa3JIIrqII[ npocrpaHcrBelll'I KoHcrpyKuHH, I(oI{To

, I trilpna{?T pe[reTKn Ha BpaBe. Tesu peruerxH Ce pa3ll{rlaBaT eAHa OT Apyra

il() Ilh,4a Ha eJIeMeI{TapHItlre KJIeTKI'I.

Bcma eleuellTapna KJIerKa Mo)I(e Aa ce 3a"ilaAe qpe3 3 BeICTopa'

r.()'r1o IIeBUIIaTII ca oploroIIaJIHIt eAI{H cllp{Mo Apyf II He e 3aAbJIXC4TenHo

lr rjMar eAHaKBa AbJIxlrHa- Tpnre nerropd a-t a'z r,l ct3, oflpe'4eJltilIu eAHa

il rh Apyra perueTKa Ha FpaBe, ce Hapuqar npItMl4TIrBHI{ BeKTOpn Ha rpaH-

(  r la l lH t .

Berrop, ctorBercrByBar[ Ha IUIKot KoHKperHa roqxa B peuerKara

r /i), oe npe4craB.u Karo rpancnallut{ or cneAHI4t BllA:

r l  l ) I l : n r q t  I  n 2 u . 2 + n 3 a 3 ,

r\ rtIeTO Ot llz H n3 cO IIpOI{3BOnHI'I qenH qIlICJIa'

Ofpamua PetuemKt
Tona nonqtrle e y/ro6Ho 3a orrlrcBane Ha eneKTpoHHlITe cBoicrBa B

L l)HCT?lIllTe.

O6paruara pelrerKa e noApeAeHa cbBKy[Hocr o'I' TorIK]t' flpoAcraBnl-

r,;ru1u 6e3pa:MepHl,r 3naqeHut Ha BbJIHoBIlt BeKTop K, uopuupanu Kt'M

il\{Iyjloa Ha qacTr{uaTa (eJler<rpoua) I,IJII,I KBa3utlacTl4qara. llonlrora o6-

i)il.fHaTa pelreTr(a c9 HapHqa peujeTKa B K - lpoc-fpaHcfBo l'i.]lH polllc'lKa B

ill)oarpaHcTBoTo Ha nMrryJrcr.rTe. IIapaMeTpI4Te Ha oopaT]lala pclllc'ft(a cc

( ) r lpelleJrflT rrpe3 eJIgKT'poHria An4)paK[Lt.



Bc.{xa roqra or perueTKara ua Epaue e od[KnoseHoro npocrpancrBo
Mo,oe Aa ce [oJIyrtH qpe3 nocn€AoBaTeJr'r{ Tpa'cJrar{r{H, o[peAeJrerrl{ ornzpasa (4.1).

Bexropr.rre Ha rpaHcrrar{.u K n o6paruara penerKa ce AaBa.r. orrr3pa3a
(4 2) K-- hht + kb, + Ibs,
KT5,4e1O: b1, b2, U b3, ca BeKTOprd 3a npr{Mr,rTrrBHr.r TparrcJrarlr{r4 B OoparHaraperrerKa; h, k, l - qenn qrrona.

KoeSuqr,rerrnrc h, k u I ce napnvar aHAeKcH ua Mro;rep 
" 

,o o.rp"_
AeJre',re ca o6parnoupo[opllllroHairrrrr Ha Abn)Kr,H,Ta Ha orceqKare, norry-qeliu np' flpecarraHe Ha 

_paB*'r.r'r,rTe r] Kp]rcTaJra c oc,nl€ Ha Aer(apToBaTaKOOpAlrHarHa clrcreMa. 3naqen'.sta r{a re3u r,r*Ae*ct. 06'^trOse'o ceHopMtur.3r.fpar r.r ce npercraBst c nait-6nu3K'Te ueJrn qucra. Ha npaKTr{Ka
ce nocT"bnBa TaKa:

- HAMNPAT CC NPCC'I{HI.TO TOIIKA HA PABHI4HATA C KOOPAI'HATHI{TE
ogI4:

- H3r\{epBa ce A6Jr)K'rHara Ha nonyqeHr4Te orceqKu, usnolsynaitxu
KaTO 9AHHHT{a AbJr)K{Ha KO}tCTaHTaTa Ha pelreTKa.ra;

- HaMHpar ce o6parrnrre Bem{quHH I{ pe3yr"rrarr,T ce 3aKp6r'rr_s AoHafi-brrasxr.rre uenil qr,rcra.
Ha $nr' 4'2 ca nouasarrw HrKoJr(o paBHaHu n ny6nvecxara peirrerKa

3aeAu_o-jre llerggrlrlrlq aunercn na Mlonep.

(Due. 4.2. ()otoeuu uttlerccu ua Mrcttep sa rcy1uaecrcama pewemKe

60

6 1

| | . l TiJIEMETTTAPHI,I IrOJIyIPOBOAHTIqT{

4.1.1.1 IePuaHufr

O64o xaPaxmequcmuKd
I-eptuaurlxr e orKpl4r npe: 1886 r' or Bunrlep, a l5 roAI{HI{ no-pano

,r1,ttTrffiasau or Men4enee". B n"ptno4uquaTa cI{cTeMa ce naruupa n IV

l,vna MexAy cvJrr4r]i{4fl rr Klras. "fosa e eAI{H OT Uafi'-ulyueuure xI{MI{rIHr{

L,'NIcHTII. Kpncraluara peurerKa Ha repMauuq e xy6rauua' AuaMaHToIro-

,'rrra. EreMeHTaplrara KJIerKa Ha irpocrpaHcrBeHara peilerKa e ruoopa;

rrr rra Qut.4.l. Pe6poro na r<y6a tu 
"n"t"ttupHara 

KrerKa e 5'6576 A"

,r1,rr 20"c). flpn roneue na Ge rosaneHTIILITe BpT,3I(I4 ce pa3pyrxaRaT Il

',r rL'\,r'rrT Ha pa3Tonenl{g Ge na aargsa c 5,5oh'

@ uzuxo-xuuuT Hu cao ilcmaa

|epuanuarecBeTJIocuBoBeUIecTBocMeTaJIeH6lgc,i 'x.I lpu.rexana
rrlcoKa TBbpAocT, KpexKocT I4 BI4COKO CO6C'reego c'bIIpOTI4BJIeHue. Tennepa-

l\ l)irra My IIa rofleHe e 937"C- Ge e ycroii'rHe Ha c'raftHa reMfleparypa Ha

rrr,i.,tyX.flpH Harpxnarie no 600 - 700"C ce oKI'{cJItBa Ao flonyltaBaue Ha

,,,,,,,rruo oxcua GeOz, xoftro e cla6o pasrnopltM Br'B no'qa' [Iopall4 ToBa

,l)r'.t-oqTeJlCTBO Ge ne I\4O)l(e Aa Ce I43[On3yBa 3a H3fOTBgHe Ha nJlaHapHil

llfi6opu. Ge e ycroiiune KT,M HCl i4 pa3peAeHa HNOI' Pa:rnapr ce B oc-

rr)nri, Ka'ro Kt;M Tlx ce uprl6aan ll2O2'

ITtmovttu4u 3a t'oJty"a(tdt'e ua upnanuf,t

fepuaHrarr e cI4JIHo pa3cetH ereMeHT' 3aroBa I'I noJlyLlaBallero My

lilBa oT oTIIaAbrrHlI [poAyKTI4.

I . Ocra'rtquure fipoAyKrrr [Ia UPIHI(oBoto [pol'I3BoIIcrBo'

2. llpu npepa6o'rxa Ha MeAI{o-onoBH o-ultltKoBLt py llr4'

3. Or r<oxcYnaulu ce B:brlllru{a'

4. Bropra'run cypoBlrHl4 - or[a.4brll4 r]prr npol43Bo'ucrBoro Ha repMa-

| |  |  reBh l lJlacrtt  uu u nPu6oPu.

BoAerqu crpaHl{ npu npoa3BoAcrBoro ua repuaHufi ca CAUf, tl

l rCJl  I ' l l f , .

o6[xHoeeHo ce n3r]Jruqa TeqHocr GeCla,xunrrqa npr'r 83"C, KOflTO Ce

uoAJrara Ha gtl6oro oqucrBaHe vpes pexru$uKaqut' CeCI.ce xI4AponI'I3I4pa

,r'r'GeO2 rrpe3 peAyKql4' cH2 IrpI'I reMnepa'rypa 650 - 700'C B neulr rI

lrJrrlrr or rpa<!rar'.



Et e xmp uuec xu xspaKmep uemaKa
llpu craima reMneparypa ruupur{ara Ha :a6panenara zoua E, e 0,

cV.
flo4uzxllocna Ha eJreKTpoHnre e 3900 cm2lV.S.
llo4nrxnocrra Ha AyrrKlrre e 1800 cm'lv.S.
CnequQr.rvHo cbnporr{BJreHae - 60 Q.cm.
3a lrsrotsrHe rra [oJryqpoBoAnr{KoBr{ npr,r6opn ce usnon:yna Ge

oqpeAeJreurr cBoficrBa - KoHrleHrpardrrrr Ha BbBeAeulrre [pnMecr{ r{ crerreE
Ha cbBbprneHcrBo r{a Kpr{crannara crpyr(rypa. Jlerrpanu
Monorpr{craJrr{ ce noJryqaBar t{pe3 3orrHo ronene. llprauecure ce BHacfiT
crorrriJrKara no4 Qopuam Ha Jrr,rrarypa. Ta npegcraanma pa3peAeH c roqno
o[peAeJreHa KoHrleuTpaqwr piBTBop Ha Jrer4p^ntoro BeqecrBo n repvarufi.
3a noly.rarane Ha repMaHr{fi c n - rpm upoBoArrrMocr ce }B[oJr3yBar apceu r.r
aHTlIMoH, a ga p - rurr [poBoAr,rMocr - uu4uit u ratwrit. Wz6oprr na
Jlerfipalqurr rrpuMec ce oqpe4eJrr or rexuonon{rrHr,rre y4o6craa sa
BtBeXAaHe - HIICKO HttJltlaHe Ha flapl{Te IIpI,I Tel!ffIepaTypaTa IIa TOIIeHe, a
cblrlo raKa orcbcrBr{e na nsauuo4eficrBr,Ie Ha repMaHurl c [pr{MecuTe,
EreueHrure or III r.r V rpyua 3aeMar Blruarr{ B63Jrrrre B rgr{cralrHara
perrleTKa; BIr{qHI.IeTO HM 3aBHCI{ eAIHCTBeHO OT B€TJIeHTHLITe eJreKTpOI{U,
flpocr Aouop e 14 rrvrrr4rrr. Tofi 6naro4apeHne Ha MarrKlur cu aroMeH pawryc
ce pa3[oJrara Br,rHaru B Mex.qyBb3lroBoro [pocrparrcrBo. Hexelatelen
npriMec e MeITa, rlfi raro unoro 6rp:o m$ynrp,rpa B MarepLralra u BJrHffe
Bbpxy BpeM€To Ha x[Bor Ha HeocHoBHI{Te Hoc[Teru. Or reprraanzii ce
urpa6orrar Avo4?r, Tpan3l{cropl{, Bapl{Kafllr, MafHI4TorIyBcrBIlrreJiHI{
npr.r6opu, {oronpueunuqn.

Hanprnrep nprr JreruIpane ua replaanr.rfi cbc 3Jraro ce nonyvarat 3
aKrlelropHu tt I gouopuo HltBo, Ilparonara tryBcrBl{TeJruocr e npu 9
Mr{KpoMerapa, flpr'renanr.rrrr, raspa6oreu or ro3r,r Marepr,raJr, o6a're rpx6na
yapa6orunpnTS'K. Aro ce H3pacrBar repMaHueBr.r MoHor(pr{craJr[r B cpeAa
Ha XI,IBaTIHK [aprl Ce noJDFIaBaT MaTepIIaJII{, OT KO}ITO Ce H3TOTBflT IIp[-

6opu, pa6oreuu npll 8 - 14 rr,u.rxpoMerbpa. B regn cryrau 3a ox.rraAureJrr{ ce
I.Bnor3yBar reveu xeJllrr;i, HeoH [I BoAopo,q.

B pe4nqa cJryrralr npu6opnre Ha repMaHfieBa ocrroBa [oKa3Bar
HeAocraribrll{ - BI4coKr{ o6parun yreirul,I ToKoBe, nncxu crofinocrH Ha
co6craenoto cb[porr4Bnenl.Ie, I,! He Iro3BoJIf,Bar u3rorBsuero na npu6opu c
BncoKo BxoIuIo csnpoTr{BneHHe.

4.1.1.2 Cruruqufr

IIo pasnpocrpauenl{e clanvnlwt -zaeMa BTopo M.xcro cJIeA Kl{cnopoAa
I npupoAara nog $opvara Ha crlJllaqneB MoKoLIA. Tofi e ocnonua cypoBtlua
n ff(uyqaBarrero Ha rexHl{qecKl4 ctutut\uir qpee pegyKql{f, na luuxra,
Gl,'ll,pxaua sio2 u ,{(errq3Ha FYAa (s nprcbcrBl{e Ha pe.qyKrop BbfrlepoA
(roxc r AbroBu neqx). Terunrsecrrgr cunutJutrt ce upetll,IcrBa qpe3

o6pa6orra c KlrceJrultu: ctpH4 comra, QlyopoBoAopo.qua. Tes[ rllcernuu

ln'tl'BaprlT [pHMeC[Te, KOITITO 3aMbpCfiBAT Cl1rII'l1^I{1.fi ' XeJUI3O, aIIyMI'IIII{fi,

rcA, ralqzfi. Ilo-Harar-rurHoro or{llcrBarre ce I{3BbpIuBa rro cJIeAH].ITe

ltc'l ojlr,r:

A. Xlopnpaue Ha rexrrl{rlecKn cwrw\uEt - rpafinara qen e
rt(uyqaBaue Ha reqHocr, flpequcrBarrla ce JIecHo 'rpee per:rnr[urcaI$s. 3a
rtlt'r rleJr ce I.rcnon3yBaT KBapI{oBrI pextnQnraquoHHr4 KoJIoHI4:

SiCl4 + 2Me -+ Si + 2MeC1z.
Karo peryrrop ce I,I3[oJByBa qulrK I,I ce IIoJIyvaBa cunwJnfr cbc cne-

rlur|lurrHo cb[porrIBJIeHI{e p: 140 O cm.
B. ftoAr,qen rueroA
Pearqraara e o6parraua u rprr reMreparypa 850"C qpe3 TepMuqno

l)u3naraHe ce orAeJI' uucr cv.trutlutrt HeAocramx Ha ro3rl Mero,4 e LB[oJI3y-
DurreTo Ha cKbflr]rr n geQuquren uatepr.ral fio,q:

Si + J2 <) SiJa, npn 800 - 850"C.
B. Tprxnopculanon MeroA. Hsxo4nata cypoBLIHa e SiHCll-

lloayvana ce qpe3 xJropl4paue na Si c HCI:
Si + 3HCl -+ SiHCl3 + I{2 + rorurnna.
llpuuecnre [peMI,IHaBar n raaoo6pasnn cMoJII{. SiCl: Atn6oxo ce

rrpeq[crBa qpee pemuQnrarpaa, a 4perllrcreH ce pegyqupa c H2:
s i H c l 3 + H 2 + s i + H C l .
Monorpracramr or cuxuqnfi ce u3Terrrtr rro MeroAa na 9oxpancrcz

IIPE3 6E3THTEJIITO BEPTI.IKAJIHO 3OHI{O TONCHE,

Qta uxo-xumu.twu csoilcnua Hg craruuun
Cnnuurrr e rrMHocrtBo BeulecrBo cbc cuHKaB orrenbK. floAo6uo na

repMarlrar KpI{craJIrBLIpa B AviaMautenouogo6na ry6uuHa peluerKa c
peruerbrrHa Koucralrra a = 5,5498 A, KonalenrHo cBbp3aHnre cI4JlHIII4eBLr
aroMr{, HaMnpar{w ce no BbpxoBere Ha ry6raqlrata eJIeMerITapHa KJrerKa,
r,rMar KoopArdHaqlroullo sucno 4- Trtpgocma Ha cI'IJII'IIllIr e 7 no Mooc. Tofi
e KpexSK ra rpy,uro ce rroMaBa Ha MexaHl{ril{a o6pa6orra Aopl.r B ropeqo
cr,croqHr{e, Tonu ce npu 1423"C,^KI4rII4 IrpE orolo 2600oC' Ornocnrerutara
My rrJrbruocr e 2,32 +2,49 g/cnf npu 25oC. Asor,,ralHo [3MeHf, o6eMa cI'I
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llpH npcMr.tHaBaHe or rBbp,{o B TeqHo arpemrrro cbcrorHrre. paerExara so6curre Ha ABere $a:u e 9 + lT%io.
Ownu\uxr He ce araxryBa or Kr,rceJIriIHr{Te. pasrnapr ce o6a.re gas

$ayopouogopoA*a Kucerrr{Ha, B cMec or a3orHa r Qnyoponogopo,qHaKr4ceJrI,IHa. Araryra ce I{ or ocHoBI{, KaTo peaKrlllrra ce ycKop.sBa BrrpucbcrBnero Ha Bo.qoponeH npeKrrc. Xaparrepen 3a Lrr l^, ea$uHuremr uy xbM Kr{crropo.4a.
flprcHo loqr{creHa rroBbpx'ocr, ocraBeHa Ha Bb3Ayx 3a rurKoJrKo

yyyre\ ce rroKpuBa crc SiO2. C rutcnopoga o6pasyna 2 oicuga:. SiO r,lsio2, IIocne.{HIrfT oT Kouro e MaTepr4tur c MHoro 4o6pr,r gueneKTprawrv
cnoficrsa u ce r'3UOn3yBa B TexlroJrofr{.ETa r{a cr{Jrr{q}reBrrre np'r60pr.r r<aro3arrlrlneH cnofi npr.r qpoBexnaHe Ha ceJreKTrrBHa Euhywrfr, *orrropurq _
MexAy orAerHETe KoMrIo,EeHTI{ B lzHTerpturH}rre cxeMr{, a cbrqo rar€ KaroaKrHBHo yrracrByBaq n MOS_npn6opprre.

Enextryt uv e c xa xsp aKmep ucmuKa
Cuttutluln e 

-Turrr{lreH noJrynpoBoAu}rK. C noBr,rrrraBar{e HaTeMneparypara cneqzQnvnoro My cbuporr{Brg'qe HaMEUT{Ba,
Teoperumlo r{3rrr,rcJreHara rr,*pu*aHa:a6paneuara 3oHa e 1,09 + l,l2eV, KoHrIeHTparIHf,Ta Ha tonoo"r" 

"o""""o" 
_ t,zl .l6ii cm-t.noABrxHocrra Ha eneKrpoHure lre = 1330 cmrlv.S, a Ha.uynxure pp _ 4g0

cm'lv.S, co6crse'ara clequ{r,rvna rpoBoAr4Mocr upN 500 K e 230 ().cm.
3a uorqrvanane Ha MoHoKprrcraJrrr n unr4 p - THn c xeJraHo cnequQravno
cbrIpoTI{BJIeHrIe ce H3BbpTrrRa JrerlrpaHe Ha r.r3xoAHHrr noJrr4Kp?IcTaJreH
cunntluh Hitr cro[rrJrKara c eJreMeHrra or v anra III rpyfia or.r"p"o4*"Uru
cncreMa na Men.qeneeu, uttu rexHr.I creAr,rHe'.".fl, aItMeHHo _ p, As, Sb p'rH
B' llpousno.qcrBoro Ha cr{wrrl'eBu MoHoKprircT€urri ocHoBHo ce H3BbpruBa
rro Mero.qa na qoxpancru 80 + 90yo u orono l0 + 20yo vp"r 6er.ur"a"o
3OHHO TOTIEHE.

llo nre:roga Ha Voxpancxra e pa:pa6oreHo H runpoKo ce r{3troJr3yBa
BI{coKo[poI{3BoAt4TeJrHo o6opygrane, ocuryprB4nlo Bb3rrpol,t3BoAnMo
noJryqaBaHe na 6esguclorcauuoHHr,r MoHoKpr4crErnu c Ar4aMerbp 200 + 300mm. Ocnosuara qacr or Te3LI MoHorq)Hcr€ulr,t ce rtsrroJrsyna 3a[por{3BoAcrBo Ea r{HTelpaJrHr{ cxeMr{ 14 oKoJro 2yo sa crrcwa""" *ol*"n"".
Mero4rt e onrl,{MtueH 3a H3rorRque qa -*vF

cron'ocna"u"n"u'si1,[1T'"#lirff #Jl,i::;J"1.i%.:ff ;ffitr3aMbpctBalle c KrCJIopoA II Apyrr,r npr4Mecu oT TIrreJrHriUr MaTepEaJr.Mouorpncraaare, loryqeHn qpe3 6esr"rerruo 3oHHo rorrene, cerr3rloJr3yBar ocHoBHo 3a A[cKperHr npn6opu.

4. 1.2 CJIOIKHI{ rIOJry[PoBoAHI',[VI

HacrostrIoron6tAeqopil3BI{TI[eHaIIony[poBoAI{nKoBaTaTexHI,IKa
rora3Ba, rle Bce [o-roJIrIMa qacr or [oJlynpoBoAHrrKoBure upu6opu qe ce

I f r'o rBrr Ha lasara Ha cJloxrrure rroJlyqpoBo'ur]lqlr'

Hafi-san<rllrr€ [onyrrpoBoArrr{KoBl{ cbe4lmenu'n, 4o6pe lrscfle'ryalm u

....M,parqn ,,par.,uqecKo rrptr,Jro)rceH'e, ca T'3II, O6Oena.IeIM r<aro Al'Br', pr

tln'pAplTg pa3TBOpU Ha rtxHa oclroBa'

4.1.2.1 CreAuuenrn AmBv

Tona ca c'beumrenvxtana Ga, In n A'1 c As, Sb u P'

llocneArurre ABe, TpI4 Aecerl{Jlerat re3}I Marepr{ami nHTeH3}IBIro ce

rrcJroABar, rByraBar I;I Bc€ lroBeqe H3noJI3yBar B Mlr4poeJlglffpoIrn<ara' Or

frc'rrKr,rTe An Bv c,be,,WrefiRs. nafi-uurepece' KaTo MaTepl{ilJr e .'IJM'B'LIT

[l)ccHr4A. Tofi npunnuua BHnMaHngTO I{a I{:I0JIeAOBaTeJIIITe 6naro4apeurne

,u, auo"tt croficrsa. Hafi-naNnoto or rfl( e BucoKara [oIptr]Klrocr Ha

crclcrpoHure (6 ntrra noBeqe or rzl3tr Ha cmru$.r)' Toeu t[axr no3Bor'ffia

u.,,.otu*" na CBr{-npu6opn c no4obperu'l xapaxroprrcrlrrcr' ,{pyro npe-

JtlrMcrBo e roJrfMara [I{pIdHa ua sa6panenara 3oHa, Kosro AaBa Bb3Mox-

lr(xJ'r 3a pa6ora Ha crpyKTypure rrpu rIoBI{IueHr'I reMreparypu' Ma'rroro

|tpoMeHa}KI,IBoTHaHeocIloBHII.reHocIjITeJII,I,cbxleTaHocIlocoqeHl.meBealo

;ltroroforcrna o[peAeJUIT GaAs raro rrepcneKTaBeH Marepl{€u 3a paAlrarg{'

.,,r,,oyctofi'n*u npn6opu pI LrHTefpzurHI{ cxeMu' Clqecmyrar o6ave upu-

'IIIIII,I, KOT,iITO 3ATPYAII,IBAT rIPAKTHTIECKOTO ITPTIJIO'(EH}IE EA BCITTIKI1I IIPEU-

MyruecrBa sa GaAs'
Ocuonuraxt HeAosrarbK e Sarrur, qe GaAs e AByKoMnoHeHTHo

c.re.rluHerilre. Tofi usucloa rroHEXaBaIIe Ha MaKcuMaJIIil[Te TeMlrgparypu IIo

rrpcMe Ha rexHororllqnure Irpoqec[, ga Ea ce r'ts6erne uoBbpxHocrl{ara

ItHcoqt,Ialryu. Jlernpanero 'rpis An0ysnfl e Henpr{eMJrI{Bo sa GaAs' flpll

rr0ro He cbqecrByBa u cra6ulen, neuro Soprtaupaq ce ecrecrBerr oKcIilA'

KOSTO e eAso cbrqecTBerro pul3Jll{ltl{e oT cI{JIAqI{fl. fanneno-apceHl{AHaTa

rloBbpxltocTeno.qyBcTBnTeJIIIaKSMnneAeftcrsugToHap't3JIntIHHXI,IMI,FIHI{
l|clqecTBa,I,B[oJI3yBilHI{BTexHoJIorIf]IHI,ITenpoqec}I'KoeToIt3}IcKBaHoB
rroAxoA flpfi peiurtr3aqanlTa Hv.. GaAs e rBbpAe KpexbK Marepl{€ul ul vua

orlacHocT oT pa3pyuaBarre IIpu p€l3JII{tIEUTe TexsoIorI{tIHIl O6pa6orxu'

lh,nperolseo6xo,ryruosrraorpeluaBaHeHaMHororpyAril{TexlroJlomqrrr{
,,po6rr"*", npeEl\fytrIecrBara, KOIlmo AaSa I43UOJI3yBaaero ua GaAs upt't

rf,rroTBflne Ha H-trKorrt TutroBe npu6opu, ca cTLIMyiIIfpiun I{3CJIeABa]drV!frra w'

l)ir3llrllpf,BarreTo Ira [paKTr{tlecKoro My npI{JIOXeHI',Ie BbB:
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- $oroge.rertopn 3a BwiltrMa cBerJrr{Ha, peHTreHoBH nbqn;
- HHTerpaJrHI4 cxeMLI c BI4COKa CTeIIeH Ha I{HTerpaUH.rI;
- IIo'IeBu TpaH3acTOpH;
- cBeTofi3l5qBatuu, na3epHu Auo$w;
- CBtl-auoar.r.

@usurco -xuJl'turauu c e oilcm ea
Tanuesug'r apceulr/d e raMHocHBo BelqecrBo c BHoJIeroB orreHbK. oT-

Hocr{TeJruara My [JrbrHocr e 5,4 ncm". Toml ce npu l23g"C, trpu rzrln
TeMleparypa H€uurraHero Ha flapr,rre Ha apceua Aocrlrfa 0,09 Mpa.
flpouxuara e o6eMa rlpu [peMHHaBaHe or rBbpAo B Teqrro arperar'o
c:bcrorHr{e AocrEfa 10%o. lannesr{rr apceHr,r.( e ycTofi'rnn npn o6nruroneHr.r
ycrroBrlur, He ce aral(yBa or Bnafara u Kr,rcnopoAa Ha B63,4rXa. fIpU nr{cora
TeMfieparypa HMa lloBl'fureHa aKTI'IBHocr, a B croneHo cbcrotHl4e pearHpa c
MHoro BerqecrBa, H€ruplrMep AByanyMuHr,reB Tpr{oKcng, 6opeH Hr4TpH,q r,r
Br{coKororrr{Mlr Mer{urE. Haft-no4xo4rrq Marepr,ian :a pa6ora c GaAs e
KBapubr, MaKap rre r{ c Frero pearxpa B crorreHo cbcro.rrHue. B ra6nuqa 4.1.
ca AaAeHr{ nsxou csoficrsa Ha GaAs npn 300 K.

Ta6nnua 4.1
llapauerlp Berrrr4Ha
I tapauerrp Ha perrlerKara 0.565 nm
llnrrnocr 5.317 g/cm'
Tounouponogr{r{ocr 0,55 Wcm.K

{zerexrpn.*ra npoHllluaeMocr: crar[llHa
)IITI1rIIHA

12,85.es
10,88.ee

Lllrpuna ra rabpaueHara soHa 1,423 eY
llapauerpr Ha [poBoAuMara 3ona:
eQerrr.raua. uacareSerrrBna rurbrlrocr Ha
c6cTotHI{q ),065ms4,21.10r7 cnr3
llapaMeTpr{ Ha BalreHTHara 3oHa
:Qelrrrnua nrrbTHocr Ha cbcrosur,rt 9,51.1018 cnr3

,{ocrofiHcrnara Ha GaAs r(aro 6ason Marepnan 3a
fionynpoBoAHvronu upr60plI ce onpe,qensr or oco6eHocrprre Ha 3oHHara
My crpyrffypa. Ha Snr. 4.3 ca nor<asauu 3oHHr4re .qualpaMr.r na GaAs ($nr.
4-3 a) u si (tpnr. 4-3 6). Ha a6cqncara ca 3'atreHrsra Ha B.brr'oB.* BeKrop
k, a Ha opAuuarara - eHeprI{rra Ha ereKTpoHHHTe c\aroslrrx..

top oKono eKcTpeMyMa e

lilrlt(:{MocTTa Ha elreprl'Itra oT BbiIHoB"" u":

, c;rlrara: E6S:Bo+L/2m*].ft-k)",r.e'
r ' l  l )

.*.***";;;:o:;XTl";"T"ffi J;Xl,l;+::1$;ffi#;#h#:
xullll Ha e[eKTpoHure 

or BbJlHOBlItt BeKTOp 3a

t,"'ttTuuou"" 
euue 4.3K6 e B-bJrHoB neKToP' oripeAenflul noJloxeHl4ero I{a

...' l.il,;;;" +t*lT;;Jr#; B eKcrpeM'ara roqKa;
to - cTofiHocT Ha-ft"- 

*ot""un"anaflnanx' ' oi ce cbcTolrl B xapaKTepa Ha

ctutecreeHoro 
pa3rlrql'te ua GaAsor u;;.;;;""",o*,u ot uun-

r.ilrHCI4MOcrTa Ha eHeprl4tra B AOnHLIfl KpaI{ Ht

Irrrlit{f BeKTOp'
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II{UICIITHATA 3OHA CGOTBETCTBYBAT IIA EAHO 3HA{CHI{E HA BbJIHOBI4'I BEKTOP,
onpeAeJur GaAs K5M norryupoBoAHrdlnTe c nprK npexo.4 MexAy
ctrepreTr{ttrr?rTe 3oHrlr. TaKaBa cTpyKTypa Ha eHepreTr,FrHl'rTe 3oHr{ ocnryprBa
Ir1,3MO)I(HOCT 3a H3JrbqBaTeJIIIa peKOM6HHaI$.8 Ha eJIeKTpOHITTe r,r AyIIKHTe [I
ilo3BoJurBa }lrAdASaffA Ha GaAS Aa Ce r.r3foTBrT onToeJreKTpoHHr{ IIpI1I6opr{.

B cunrqnx o6aqe errerclpounuTe HlrBa, rrulMr{parryr ce Ha Abnoro Ha
[poBoAI'rMaTa 3oH4 CSOTBeTCTByBaT IIa TOqKa X, qfifiTo B6JIHOB BerTOp e
paBen Ha 2tr/a (0,85;0;0), rr4ero 4 e rapaMerbp Ha perrerKara.

,4rqcnnap lorcp Axucttmap Aonop

l l  l t l  l v  v  v r
4>uz. 4.4 Vacm om nepuoduuuamd cucrnetvta, uilocmpupat4tt ceoilcmeama

Hq npu\etecume e cteduueuunma AIII Bv

3naqeHr,rcra Harrmpunara ua sa6panenure 3oHH na GaAs u Si He ca
c/\HaKBra - 1,428 eY u 1,L24 eV npr.r craftna reMreparypa. Co6crseHara
NoHrIeHrpaqE r rra eJreKIpoHI,r H .qy[Kr,r s GaAs e [o-M€rJrKa, orKoJlroro fipu
Si, :arosa GaAs voxe Aa fivra BrrcoKr{ crofinocru na cneqn(prunoro
ci,[porr4BJreHue, a [o-foJlflMara Irnrpurra ua sa6paueuara 3ona Aar;a
rn,3MoxHocr npu6oprre Ha 6a3ara na GaAs 4a pa6orar npu rro-BHcoKH
rcMrrepaTypa or crlrrrHur{eB}rTe upn6opn. B GaAs, KaKTo r{ B Apyrlrre
lronynpoBoAHr{rlH, nefl{paHqro c npr.rMecHlr aToMH ce r,r3[on3yBa 3a
cr,3AaBaue Ha noABr{xHr4 Hocr.rreJrl{. Ha Qrr. 4.4 e uorasaHa qacr or
f fcpnoAfirluara ra6nwla ua MengeleeB, I{rlocrpl,{per\a [pof,BtBanero Ha
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@uz. 4.3. a,6. 3ounu duazpauu na GaAs (a) u Si (6)

Crcrosnnero B rlpoBoAr,rMara 3o'a n GaAs c Mr.HrirM€lJrHo 3Ha.'eHu'e
HA EHCPIlI{ra CbOTBETCTBYBA HA HYJIEB BSJIHOB BEKTOP rr O6Hr<TTOSCHO HA
ArratpaMara ce o3uaqaBa cbc crIMBoJIa f. @arrnr, rre MI.IHllMyMbr Ha
qpOBOAI,IMaTa 3oHa U MaKcHMyMbT Ha eHepFlrurTa Ha eneKTpOHUTe BbB
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(iaAs ce nonyrlaBa qpe3,qupeKTeu cI4HTe3 Mex(Ay ffapure HaapoeEara
rrrrr ra;rrfi. 3a ra:ra ueJr ce r{3rroJr3yBa ABy3oHHa IIeq, B Ko.rro flape4'crc

' lr('ra ce r,r3BsprxBa H r{acor{eHa KpHcTaJrr{3aIIr{r.$ur.4.5.
'I'err,rneparypara 

na clyAeHara 3oHa e 605"C. llpra nen Hafiffattero 
sa

, r'lloruTe napv e 0,09 MPa H orfoBapt 
"u 

p"""o"""noro sarfltage 
na

. r \s npu reMneparypara Ha Kpucr€rnw3a\vfi. PeaxqHata ce ro9bpnlBa 
B

,1rr'rr[ar? 3oHa, TeMleparypara e 1240 - '|250"C. Irlsnolryna ce 3afloefia

' r.,rl)r{oBa al\Inyra, B Kosro ca [ocraBeHl4 [peABapI4T€nHo oqucleHure
i,,.()/(Ha BeuecrBa. Axo naco.reHara Kpacranu3arrnr ce uzn'spllla rrPu

rllllMaJrHH ycnoBl,Ifl, B rronLIKpI{oriuIHI,Ifi cJII,IllK ce Haltfto4asa.r
,,,, I loKpucraJr gu ollracru. Monorpucra,rra or GaAs ce a3Ternrr ocHoBHo uo

,,, ,.uro ua tloxpancrv. Oco6enocrra ryK e rasu, qe npu [poBexAaHe 
Ha

,l,()r(eca rpa6na Aa ce ocnl-yprl crexaoMelpuqeH atatu" Ha pacTtrrt\r4fl

rl,rrcraJr. HaA ctonrzrxara e neo6xoAr.rMo Aa ce noAAbpxa Hanflfafle 
sa

,l 't ora 0,09 MPa. 3a Aa ce [peAorBparr{ TepMn.rnuru o""orituurlt Ha GaAs'

rl)r H3TeurqHero Ha MoHoKpr4cr'rur[Te cronr{JrKara ce [oKpnBa c dlnc' 
I tptl

,r;riopa ua tpnroc ce cr6rroganar cJreAHr{Te rr3r.rcKBanr4f,:
- Aa6r4e HeyrpaneH cflprMo cronr4JlKara;
- Aa riMa HlrcKa TeM[epaTypa Ha ToneHe;
- Aa 6rAe rrpo3parreH B crorrelro ctcrofiHpre.
ilpn urrernrrle Ha MoHoKpr4cra:lv o'r GaAs 4ny6opHr.r-a'r TpvoKclln' e

,rro6eHo noAxoA{rrl. GaAs voxe Aa ce npequcrfi rr rrpe3 6aar"aan"o 'otttn

l()lreHe. Torasa ce rioJlyqaBar MoHoKpIrcraJI4 c Muofo BI4coI(a LtrrcToTa u

I ( ).r It Ma noaBI,IXHOCT Ha TOKOBI4're HOCI4TeJII{.

flpyro HanpaBJIeIIne B TexuoJlorntra 3a cb3AaBaue Ha MaTePilat 
or

t itAs e pa:rpa6orxara Ha Har{rIH 3a [I3pacrBane Ha nogroxKll 
or

rr()Jryu3onlrpaul GaAs c Bb3ripor43BoAr4Mu csoficrsa. Karo npfiMec'

f r,3Aanalrl .qrn6oxs HuBa, ce r43notr3yBa xporr.r. Pa-:pa6orKara irarfr/.Holot-vfr
ra rd3pacrBane Ha rloAtroxKa or GaAs a u"aono cneull$u'Itlo

c'bnporlitBJrel{ne 108 f).cm nMa cbqecrBeHa poJrr B cb34aBaHero iF.iafloJreBl4
'fpan3lrcropr{ n VIC za CB9-Aranasoua.

funuee (roctBud - GaP
fannesurr Soc$ua upeAcraBn{Ba [po3paqna opanxeBr,r ryllc'rarrw 

c

orHocllrerlHa flrbrHocl 4,15. Tonr'r ce npfl i500"C. IIp" t*, lsll.flepuYPa

lraBHoBecnoro HaJImaHe na Qoc$opa .qocrl4ra naa 2,5 MPa . f,ls6 T1'bp)\oar

5 no Mooc. lllnpaHa'ra ,ru iu6purr.nutu ,oniu e 2,4.:Y 
:jfu31

rloABl,r)r(Hocr-ra Ha roKoBr4Te trocl4Terll 3a eJreKTpoHr,Ire e =150 cn'l / Y'r

75 cm2V.S 3a Ay[KLrre. XapaxrepHra 3a Hero ca eneKTponyM[HecueErultte
nry ceoicrna. fanreeu-sr QocSaa ce cLIHTe3I,Ipa rrpr4 MHoro rexKfl ycrloBr4fr'

{

I



Brzcoxara reMneparypa Ha rorreHe = 1500"C r{ MHoro Bt,tcoKoro HtrJrrrage
ira SocQopnrre napu [plr ra3r{ reMneparypa, 2,5 + 3,0 Mpa c63AaBar
cepl{o3Hll TpyAHocrI'I rnaBHo npl'r HiIMI'IpaHe Ha no.qxoA*q uarepuan, rofiro
Aa v3l',bplxld Ha re3r,f ycnoBr4rr. o:rnocurerHo nafi-nogxo4arq Marepr{rur 3a
na4wirK:a vr r:lr,rnr4 e KopygAbr. GaP ce lotryrlaBa KaKTo Ar,rpeKTHo, TaKa I{
qPC3 I{HAUPEKTEII CI4HTE3. IIPU 4UPCXTHII,f, CI{HTC3 OT CTEXI4OMETPIiiIEH
cbcraB ce pa60ru c anaparypa 3a BrlcoKK Harrfrta.HLrfl., rsfi xaro HuulrraHero
B6PXY BBHtrIHI]ITE CTEHI4 HA AMTTYTATA TPX6AA AA KOMIIEHCIIPA BbTPEIIIHOTO
HaJUrraHe. Heo6xoAr,rvoro HaJUrraHe, Koero nporrnogeficreyra Ha
BbrpelrlHoro H€IJUIraHe Ha aMrrynara, ce floMbpxa c r{HepreH ra3.
Hsrerrslrero Ha MonoKpr{cruurr,r craBa rro MeroAa ua r{oxpalcr". 3u gu 

""ocHrypH crexHoMerpr{lrer{ cbcraB, e neo6xo4nuo HanrfaHe 2,5 + 3,0 Mpa, a
raro $nroc - Bzos- fa-nraena-sr $ocsaa ce r,3ron3yBa 3a a3rorBr'e Ha
BHcoKoreMneparypHli H3[paBr4Tenn, Kor,rro Morar Aa pa6orrr npLl
TeM[eparypa saa 500oC. Tofi e N r,(3xoAeH Marepr,rzrJr 3a rryMr{Hecqer{THr{
AIiOAU' KoI'ITo Morar Aa u3tl6qBar or xbnra .{o rbMHotlepBeHa cBerJII,IHa B
3aBr.tcr4MocT oT Br{na fi KoHrIeHTpaqLUrTa Ha ner4parrl}ITe IlpuMeclr.

Ifuduea apceaud - InAs
l4uguenunr apae*nr, e r'MHoclrBo BeulecrBo c MerirJre' 6rqcbK. TonH

ce trprl 942"C. llpn ra:r.r reMleparypa HaJr{raHero Ha [apr,rre Ha apceHa
Aocrr'rra 0,033 MPa. vcrofiqr,re e ua 4eficr.nnero Ha BJrafara r{ Kr4cnopoAa
npu o6uruoeeHn ycnoBr,fr. Ha ura4yxa ce oKncrcBa npu HarprBa"" 

""1
!50'C. Tepnanvno ycrofivur e npr{ Aocra Bzcorra reMneparypu.
flwcognulutra My 3anoqBa [pr{ oxono 720of,B ycnoBr,rrra Ha noHrxe'o
HaJUrfaHe, InAs ranra ManKa InvpuHa na :a6paHeHara 3oHa _ 0,45 eV, a
IIOABUX(HOCTTA HA TOKOBHTE EOCI.ITEJI}I CbOTBETHO E 23 OOO CM2/V.S SA
eneKrponnTe u 24A cmtN.S sa .4ynrnre. Vlugwerlutr apcenra.( Moxe Aa ce
noJryqu npLI AI4peKTeH crIHTe3 or crexr,IoMerpr,IqeH c'craB B 3a'Ioe*a
KBapqoBa aMrryfia, B KOfTO Ca nocTaBeHI{ [peABaprdTeJIHo H3XOAHptTg
BerrlecrBa c BucoKa qr,rcrora, llpu uarpxnaue Ha aMrryJrara 4o 600"C
HaJrrraHero Ha lapr{Te r{a apceua B He, Aocrrrra 0,09 Mpa. IIpu
rsarvogeficr:avdro Ha raroo6parnua apceH H CTOIIeHpur *rrt/Iufi Ha
rroB'px'ocrra ce o6pasyea Kopr{rla or cbeAr,r'eHr.rero. llpes Her apceHsT
rpx6na.qa 4nSyu.4rrpa, 3a Ea ce AoBeAe peaKrtrr.sra 4oxpail. Ha Qllr. 4.6
cxeMarl{rrHo e uso6paseua neul 3a cr{HTe3 Ha uHAr4eB apceHHA.

InAs HaMr.rpa npuJroxenue sa aspa6orn ale Ha uH$pavepnenu
AereKTopH, raJrBaHoMarH nrnw npu6opu.

fls

tl[[-::]

@uz. 4'6 Cuumes ua uuduea aqceHud

llnAner QocQlu - InP
l,tnl"eu"r. 6oc$ua e rbMHocLIBo BeqecrBo cbc cMoJMcr 6rrrcrr<'

l.urru ce npr.r l0T0;C. flp" t*" TeMnepaTypa H€ultraHeTo ua SocQopwrre

,,,r1r, a 
"".i*o. 

Pa-sm'rwlure aBTopu flocosBar pa3JrlilIHu crofinocrn - or 3'0

,r,i rr,0 N,Pa. Ha rls4yxa e ycroftuur. Tepn'IuvHo 3aIIoqBa Aa ce Aprcoquupa

,'1,u, ,rurp**e uaa 750"C. Illllpuuara na ca6panenara 3oHa e L"27 eY npu

it)g K llo4nuxHoc.rra Ha roKoBnre ItocHreJII' e cborBerHo 5300 cm2/V'S sa

(.rlcKrpoHrrre s 100 cmz / V.S sa IOrnKI{Te. Tesn crofinocrvt ca cburo rlprl

l (x)  K.
finpercrur-ar c[Irre3 na InP ce ocHoBaBa Ha B3arrMoAeftcrnlrero ua

rfrtrcrpopHu rraptrrrpa3To[eH vr:n!ir4ir.llsnol:yna ce ABy3oHHa IreLItr' B Ko'lro e

Ir()ol'aBeHa 3auoeHa KBapIIoBa aMnyila' B eAr'rnnx r<pafi na ztMIIyJraTa e

hlrirplloBara JIapftxa c u:r'rlrfi''a B Apyrn - {oc$op' $ut' 4'7'

Peaxqlaourrara3oHaoeHalp'Balo1060'C.Cnrrregrrceu3BbpltrBa
rrpu 6anuo noBHIuaBarIe reMneparypara Ha no-cryAeHara 3oHa' 3a Aa Morar

rfxrc$opurrre rrapu Aa 4ut[ynanpat B pa3roneH[t rurrdr' Peaxusma

,,1,u'i""u 6aBHo n H3ucKBa rIo-npoAbJIno{TeJIHo BpeMe' Monorpucranu

'\roru{r aa ce IlBTerJItr rro MgroAa na r{oxpancxu u qpe3 6egrurenuo sonno

t ( ) i leHe.

InPcerasnol3yBa3a}I3pa6oTBaHeHaAeTeI0op}Isaunt|pauepBeHaTa

r rr ).r racT, JIa3epHH Al4O]J.Ll.
l
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4.1.2.2 CrcduaenunAilBw

llonynpono4ruKoBIlre cbe,rytHeuufl, KoI{To ce ltspaltBar raro A" But,

cc cbcTorT oT eJreMerrTrlrre or II u IV rpyna Ha nepflo,{I4qllaTa cucTeMa Ha

Mcu.[eneen. Toga ca CdS, CdSe, CdTe, ZnS, ZnSe, Zrile, HgS, HgSe,

f fg'fe. TesN c1be4v:freflfis ca c IIpeAuMHo KoBaJIeHTHa xIIMI{qHa Bpb3Ka u

,tr.taMaHregofloAo6na Kpucr€ulga cTpyKTypa. flapaverpure I{M ce IIBMSHqT

rol(or{oMepHo rato Qynxunx oT MoJIeKyJrHaTa Maca. c napacraaHeTo Ha

MoJreKyJIHaraMacareM[epaTypl4TeHaTOUeHeCenoHIDiKaBar,m4p]IHaraHa
ra6paneUata 3OHa HaMaJLflBa, a IIJISTIIOCTTa E IOABIIIXHOCTTa Ha TOKOB]ITe

rfocr4TeJrlr HapacrBar. Sa pawrwra or AtrlBv c6eAr,rHegl{tra [pLI repMlrlgara

ltu"oqraqt" ,ra At'Bv ce q3rrapflBar I'I ABara KoMnoHeHTa. Tewmepatypara

lt8 To[eHe IIa cbe.u,rHerrr4rTa AtB"' e B]rcoKa r{ 3a noBealeTo oT Ttx e AO

2000oc. csoficrnara rla Te3rr c'beAlrHeHnr ca AocTa pasnoo6paruu, Hf,KOII

()'r rrx ca AaAeHI{ srardrl,rlg;a4.2.
Ta6nwua4.2

Ha TOIIeHe,

soua, ev
EOCT, .S :

cncKTpoHtTe

^ynK[rTe
Ha TepMI'IIIHO pa3

Xaparcrepno 3a cbeAl'IrreuuJlta attBt e roB4 qe MaKcrrrMytvlbr Ha

cneKlpaIlHaTalIMqyBcTBuTe[HocTMoXeAaceI,I3MecTBaB3aBucI{MocToT
nerupaHeTo Lr TexnoJIoruIIHlrTe Qarropll npu tl3rorBtHe Ha ToSU

MaTepuaJru. Te ce r,rsuonsyBaT ocr{oBHo KaTO r{HAUKaTOpI{ 3a pa3JII{IIHII

,r3Jr6lrBanur B TlHKocJIoeH BI,IA 1I KaTo npecoBalllr ra6neru. EAHo Or resn

c'be.ur{HeHllg ZnS, Karo eneKTpoJlyMnnoQop ce I{3tloJByBa B

KoHcTpyI,IpaHeToHaMLIKpoeJIeIcTpoHHHeJIeMeHTI,I}Igpa3DIeAaHoT.4eJIHoB

l).BAeJr 5.4. Karo MaTepua;1g 3a HOcI{T9JII{ B MI,I4poeJIeIqpoHI,IKaTa oco5eHo

Blt!{MEtHIIe Up€ [ocIeAHI4Te ro,wlHH ce oTAeJITI I{ Ha TBbp,qLITe pa3TBOpI'I Ha

t.e3lr cbe,ul,tHeHn . 3audo ca unTepecHlr TBbpAure pasrnopz?

<Due. 4.7 Cxeua Ha anapcrmpa 3a canm6 Ha unduee eoceudI - rceap4ooa mpu6a; 2 - *""p;1""r';;i;;:';_ roau,a*o i-ii;i"_{i""*rp, s _HUCKOmeMnepamypHa net4; 6- eucoxo,aecmomHo HAepr,a*e

Iladaee anmumonad - fnsb
wr*vrcsu'r arrrr{Mol*.q e cBerrrocuBo Berqecrtso c MerarreH 6rrxcrr.?Iua ornocnre.nua rabllocr 5,7g. Terr.rnep *r*^ Ha roneHe e 525oC, aHAJUITAEETO HA ''APHTC HA AFITIIMOEA [P}r TA3U-TEMNEPATYPA E MIIOTO HT{CKO- lOamm Hg Anorrraraoro r4mMerreHr{e n o6eua Aocrrra xl$o/o.HaBb3AyxaInsb e ycrofiwm npu o6-mnon""u t""""p"riu - He ce araKJBa or BJrarara[r Kr'ICJropoAa. He e aruneH rr B CTotre'O-"rcto*n". Otrmqana ce c MHOrOMarrKa rtrapr'r'a na sa6DaueHara 30Ha 0,1g ev npz 300 r , o,is 

"vrrpior.X^a-parcrepr'rsrpa ce c nari-ronrua tro,*Br{xHocr rra ToKo'rre Hocrrremr -80000 cmzlv.s. sa elercrpoHrrre rr zoff"rizv.s 3a.q/nKrrre. ronyreur caMOHOI(PIICT:IJIIIN O6DA:qN, B KOUTO NOIFI{)KHOCTTA HA ENEICTPOHIITE AOCT,'.AI 000 000 cm'ry.s. Marrrara rrrffi^;;'r"6paHe'ara 3o.a r.r Br.rco*arano.@loxnocr Ha TOKOHOC,rreJr,rre ca aprwerrr 3a l€[oJr3yBarrero na Insbqpu rrrpa6omaHe Ha 6oro2gsg, 6-op"so".opa npzoopu ra oasara Hae0ercra na Xon' Hucram reMtrepalypa Ha rone'e s. cna*araarcrrBr'ocrynec'rBar 3'aqrrreJrrro cn're3a. Tofi ce *"rpr*u ;;-;;;;; 
""rltr|xo.qHETe Seqebrsa srcbAoBe. rror$,qs*u,r ##frffi;ffi;Tj"##ff T"""#,T#;:MCTOAtr - H3TEDUIIIE HA,rbproBcKr.r npo,Ery*r ", fi"#nfiH ;i Hrffiffi #3";:fftr $";u3BbpruBa o6rmnoneno c Zn,BiuTi.
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1' 9pes rxx e Bb3MoxHo nenpe*bcHaro r43MeHeHr{e Ha ocHoBHr.rre
napaMeTpn Ha BeqecTBaTa B rufipoKH npeAenrr.

2. Tur,pAz'e pa3rBoprr or cr,eAr,rHeH'.q,'a ArrBvr no3Bo,[qBar Aa ce
pa3lnupkr Kpbrbr or MarepHaJIpI, 3a Koi4To e Bb3rvloli(Ho r4*Bepcnfl. B Tu',a Ha
npoBoAr'rMocr- r4zcrep.aaueTo Ha re3r,r pa3TBopr4 uMA forrsMo 3Har{eH6e
ocBe' 3a {rusarara Ha nonynpoBoA'Hirr{Te Lr a3yqaBar{erc Ha HoBr{ e$er.ru,
\^aKa v 3a npaKTlf'IecKoro npnnoxeHHe BbB BoeHrlara LI KocMrJr{ecKara
TexHr4Ka' lJanpulrep: eAr4ri or nafi-asyuasarrure H npaKTnr{ecKr-r
r{3non3yBa}rr rBr,pAi4 pa3rBopu e KaAMEeBo_x}4Ba({Harr renypr4.q CdlI_Ig1_
vTe. rlrpnr'rre KpucrarH or ro3r4 MarepKa,T Ca C'ilrrc3r.rpaurz lra 60pga Ha
KocMliqecxara .na6oparopnt "Carlor 6".

B xr.uuqecxara $opnayna rra roBa cleA'rreH'e .r Mo)Ke .rla 3aeMa
croftHocru or 0 40 l. B sanncuMo.T OT ra:u croisocr rrJkpnlrara Ha
:a6paHeuara 3.Ha, a o.rraM u csotcrnara Ha N,arep'ara ce [poMerrr.
LllupnHara na ra6paueuara 3oHa Moxe ,{a Bap'tpa or 0,23 ao O,Oi eV, a
riolJBuxHocr-ra Ha ererrpouure 1,7 xo 2,3.i 0, cmlV.S. CdyHgl-1Te ce
rr3non3yBa 3a lr:pa6o'roaue r{a tporo4uo4a, rpoeopeszcropu, Ko}rro
[oKpuBar Auarra3ona Ha r.lH$pauepBe]rur cBerJrr4re]r cneK,r6p or I ao 20
Mr4KpoMerbpa. Taxwsa rpu1opu ce npoa3Be)r(4ar ccpaiiro i, _rpono 

"er43no,rr3yBar tl6B BOeHHara'rexuhr(a - uu@pavepBeHH BliAnKouu, npn60pfi
Ha Xo:r, AereKTopr4 Ha rapeHo JrtqeHlre. I4:xo4uure e:reMeHTlr 3a cuHTcl Ha
cdxHgl-aTe rpa6na 4a 6r4ar c qiicrora fio-roJ.rrMa o-r 99,9999.3a ra:n qerr
Cd H Te AonbJrH[lTeJrHo ce oqrrcrr]ar rrpe3 3orrHo .r.orieHe, a I.Ig _ qpe3
Aecrvrnaryv'. 3a uory'raeaHe Ha fvloHoKpr4crar]Ll Ce H3[OJI3yBa N.leroAar Ira
Spagxrraelr u HefoBr{Te BaprraHTlr, F{o cneA ToBa e Heodxo4ulro
A'''JTHHTCJTHO OTrprBaHe, 3a Aa ce nonyqa'r rrpusrurare.rHo eAHar(B'
elexrpo(rarvqHu napaMerpa. Ilpr TeMfieparypu Ha ol.fprBarie ro-roneMr,r
or 473 K u no-ua'rcu or 623 K o6pa:qnre ar\4a1 MUHLTMa,'rHa KoHrIeHTDarrr4,
Ha npuMecu.

3aeucr.{vocr*ra Ha urupuHaia Ha :adpaueHara 3oHa oT. cr,craBa r4Ma
JII{He.H XapaKTep. ocnosHl're ycvnr4' Ha rexHOnO3rITe Ca HacoqeH' K',M
[oBr{ruaBaHe npoqeHTa rra FoAeH :a npr6opll Mareprran c enHopoAHn
IlapaMelp' Ha foJItMa TIJI.ITI' 3a /{a ce r.l3rorBtr M}roroeJ.reMeuruu 200 + 500
Marprarlil or {roronpr,reMHr4rrr4. 3a nolyuanaHe Ha no-eAHopoArr?r Kprrcranrr
I,I3paCTBaHeTO Ha MOHOKpI{cTajrrI ce I,r3B6pUBa C u3r]oJr3yBaHe I{a
ynrpa3ByKoBo noJre c ofipeAeneHa r,rHTeH3r4BHocr. {pyr.a crlcreMa 01.
He[poK'bcHaru rBrp4.v piuTBopr{, Korro e cpaBHr4TenHo go6pe rl:y.reua n
HaMupa npaKTuyecKo rrpfinoxeHue, e ZnSe*S1-x. flaarpavara Ha clo.roqHne
ZnS-ZnSe He e Han'nHo flocrpoeHa. To:a i\rar.ep'a-n e nepc[eKT]rBe' 3a
ATPA6OTNAHC HA EJ]CI(TPO,TIYMHHECIICHTHI4 /{TIOAH B X'JITO3EIEHATA
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lr:K,fparHa o6.nacr. B resu KpldcTanu e ua6.nrclanaH ,a3epeH e$exr npn

,,r,l6yx,4aHe c eneKTpolleH ct{o[' 3aelrcl4l4ocrra Ha napaMerpl4Te Ha

i , r ' r r e r K a r a , u u p l { H a r a r t a r a 6 p a u e l l a r a 3 o H a n M l ' l K p o T B b p ' 4 o c r l r l ' e o r
, r,cl'aBa e runr1r1ga 3a cI'IcreI\4H' o6pa-:yoarqra HcnpeKbcl{ar peA TB6pJIH

l,;r'r'rBopl4. Taxa urnpl'rua'r'a Ha:a6paueHara 3oHa rtva crofiltocru or 3'i5 ro

l. tl eV sa croiiHoctu Ha ir or 0,40 Ao 0,20' Or Zn Se'Sr-" rroA Ha-flqralle B

ll)toHoBa cpeAa npl4 reMueparypa x2ll\oC ca nonyqenl4 MoHoKpI'IcraJII4'

4.2 LVTF, JIEKTP IIqHTT M ATE PI4 AJII{

!,ne,rerrpNunl4TeMarepuaJIIIKaroHocl'ITejlr'lBlullKpoeneK'fpolll{Kara
r r roc l {oB4T4,xo- r r toO6"AUH[BaeJ]eMeHT] tTeHaBceKl tnp l l6Opuyc ' rpo f ic roo
rt rioncrpyKTl'IBHo qtno t{ ocuryptca 3arquTara or BIHuJHII er:'4eicrexfl'

4.2.1 OEIIIA XAPAKTEPITCTUKA HA CTbKJIATA

Cu:naral'goro cr'LKllo e cAl4lt or Hail-crapnrc Marepl'ranu' n3BecrHH

rll (toBecIecTBOTO, I{ npoII3BO.IICTI}OTO My oTAaBHa e B uHpoKll Maqaon'

Cl'rr,x:iara ca repMoAilrtaN'rflqHa HcpallHoBccHH cl4creMi'I' 
'T'e

r,Ic, i lcraB.r l tBAr lrenoApe^eHH crpyK'fypu' Hlvat ol lpcAenerl xatr{Uqecl(H

l,r"r'arB U OnpcAeleHa TeMIlcpaTypa Ha TOIIeHe c I{3KJlFJqeHlle l{a

r BI\IIIOBOTO CTbK"rlo- -_ _ o:r- 4-

OcHoearaBcTpoexa l lacuJ lHKaTHI4TecT.bKJIaeKoMnIeKc.L ' rS io . i - -
r\'r'l)acA6p c l\'lHofo 3/lpaBl4 np'b3KH si :0' orgelutlre TeTpaeApll MoraT Aa

I' r,i(a'f cbe/II,IHeHI{ B'l)ll Bepl{ra c "MOCTOB" Kllcnopo',4'

B crsxnoro llMa "6lI4l'r'x" nopllr'r' flparultlara opueHTaullt ila

II()I ! IH'I .eeIla3HaquTcJIHoIIo-MaJIKopa3cTof} l [e,oTKoJlKoToBKpI{c.|aJIa.
IlpeNlryruecrBara Ha crr'Kllara rlo cpaBl{elll4e c 1pyr}I I{arepHaJII4 ca

, relIHHTe:
L Cr,n'spuretra I43orporlfit iz o6evtta eAllopoAllocr' o6ycrtoeeuu or

rlc'fo,{a I'la nonyrlaBaHe-3arBbpAfiBane ua '406pe xoMOfeHU3I4paHa CTOnHnKa'

2. Malxa fa3oflpoHllqaeMocr' BaKyyM]la nJl'b'I'l locr"

3. Ilucra a4cop6uuonna cnoco6noc'r, r:ra6uluocr

\ ('r'oiiql4Boor Ha noBbpxuocr-ra' flo3Bo]rfiBalqu recHo Aa

, ) I N{HBa CTGKIIOHaTa anaPaTYPa'

4. lllupox Alta[a3oH Ha cbcraBa Ha c'rI]KJIara l{

. loBneTBOpeHHe lla npeAtBCHIr u3IrcKBaHUt KT'M

'. r r' \al{ I4q HUTe, ollTlrlll t u'f e u ronlo{lnsr't'iHure ceoi'ic'l sa'

n a6paaanua
ce Aera3r4pa u

ts1,3Mo)KllOCl' 3a

ereKTpurIHLITe,



5. Bncoxa rexrroJroruquocr - crbKlrara Morar Aa ce 3€urotBar
c ,qpyro c MeTaJrlr, [oJrynpoBoAHrqrr, KepaMHKa, T.e. c BceKrt
rofiro upurexa.na gocrarlrrua ronloyctoftwmocr.

Crrrna Morar ,qa ce noryqaBar r,I Karo rbIrKH cJIoeBe
BaIgfJrMIIoTepMIlrqHu MeToAI.L

HeAomartqr lt orpaanF{enllt Ha cr.bKJrara:
- HRCKaTOTTJTOnpOBOAHOCT,
- 4pe)c(ocT,
- HHCKa Mexar{r4recKa 3.qpaBtrHa.

X um urt e c xu c-b cmtno u c6 o ilc m6 a
Crrruoo6pasyBaq.r, T.e. cnoco6sq Aa c.bs4aBar

crpyrcrypna iupexa (ocnoaa), ca ocBerr cun4weBnrr AnoKcqA cbnqo raKa
8203, P2O5, YzOl. CnoficrBara Ha crbK,Ioro 3nBucrr He caMo or
oKcuA, Ho H oT qprlrMecaTe, HapeqeHft uoguQnrarcpE, rrpe3 KoHTo c€
trpoMeHrr csoficrsara uu. Hanpuuep Na2O, IQO

- nosr.DiKaBar reMrreparypara Ha 3aBapKa u o6pa6otra;
- IOHI{XABAT BI4CKO3LIT9TA I{ IO,qTI{CKAT CKNOHI{OCTTA

{pI,ICTaJIIII3allu.fl
3a narraansBaHe BpeAuoro Brrfif,Hr{e na 6rpsoQyngrparqr{Te aflKaJru]tr

MeraJil{ B cbcTaBa ce BHac-{T CaO u BaO. AlOl - BJrIr3aT B
npocrparrcrBeHara crpyrffypa Ha crbrJroro. Hafi-nrupoKo [plrJroxeurre
TexHoJlorl4fra Ha I{IfrerpaIJIHrT Te cxeMrr HatMI4)a KBapqoBoTo cTbKJro, Kogto
ce ctcror{ or 99.99Yo SiO,.

I{enno HeroBo croficrso e HarpeBoycrofiqrmocrra. flpu
npoAHDKr.rremro Harpf,BaHe lo 1500 K, a sa EeKom(oqacoBo Ao - 1700 K.
Crrqo rara npr,rrexaBa E HucrK TeMfieparypen KoeQrqreuT Ha nranefiHo
pa3runpeEue - 5.10-'K', Ao6pe ce o6pa6orna .rpes crbKiroAyBrrrr
ouepar{.Il{.

4.22CATAJIW

Crpeuexrt ICrM orctparurBalle Ea ocuoBHrrre Helocrartlu{ Ha
crtKrloro, a rlMeHHo IroBHuaBaHe na ymoftulraocrra My ICrM Mexattr.rflu Ir
TepMr.rrlHn megeficrrnr, e AoBeJr Ao cb3AaBaHe Ha sr6KJrorcpr{cTaJrr{qecKr.rf,
MaTepHaJr crlral. Toft npelcTaBJrrBa IlporyrcT na KpucTaJM3zlqruTa Ha
crbKrro c Muoro M€rJrKrr or 0,01 ao I pm ra p€rBrroMepno pruqpeAeJreHr[ rro
o6eua rpuc'ran'rerq cpacHrlnfi r,rJII{ pa3AeneHl{ c rlIIKa npocroftra
ocrarbrrHo crbxJlo. Curamlre 3aeMar MexAr{HHo noJIoxeHIIe MexAy
cTlKlIoTo E KepaMHKaTa.

Tacuoltozuqna cxeJ|'a3a uAofltluqe 'ur cu'nan

Cttrlto uaca

Oonurnanlna rene$rrc

repurura o6pa6flr€ rpn 500-?0-0'C 3a o6pa3yBase Ha rprrcraJlnn

3apory

repMusna o6pa6mra np" 'oo-t;lo"t 3a pa3Br{flIe Ea KprcrarEara

tHffi H,*ffi X"ffi &?h:"*f"Hill#'ffd;"#::
xaHFrHa 3,[paBI'rEa R )il{Mrl.Ina ycrofteolrocr' nw

ilopt *r, ; reMrleParyptr csoficrBa'
"- " ̂ '-o"*oueg 

)ffnuilqe' cbcr?t':

Si0z - 30 '90o/o'

Tioz - 10 '20o/o'
R.O" - 15'20Vo'

*'m;"1;'^:*"arcApvn{"1".y-Hrgigffi;Yl';l'*9;
HeAOcratrrc IIa ottrSilA e MaJncara xtrMlf.ho J- 

McraJtr['

'*"*op-J** "Try";1m#" "il[#*;-;ean'r -. - 1;eMu'
flofftoxrulre 3n,,*"", r, "r, llffi-fl l,:#ffi ' *f#fffine6erssa 0,5 mm'-co YT;;laqeHH croir

MaPKIT cural' B raom

MeTpI[ Ha cl{raIa'
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Ta6rwta4.3

@omocumanu ce [on) raBar Ha ocuoBara Ha cBerolryBcrBnreJlu?r
crbKJIa, e qllftto c6cr{rB BJI[3ar nta.nrn 4o6anKr4 or cBerorlyBcrBr,ITeJIHI4
MeT€UrU r{ aKTHBaTOpT{. llpuUepna Qr{cTeMa 3a [onyqaBaHe Ha &oTocIITarH e
Li2O-Al2O3-SiOz. Clcraebr Ha r&xoAgoro crbKrro e cJrel[rr,rxr:

SiO2 - 65 + 85 (% reruronxn),
Li2O - 6 + 15 (% rernonHu),
A12O3 - 4 + l0 (% refrroBHr,r).
Ct4rpxanuero na K2O u Apyfu KoMnoHeHTu Moxe Aa AocrlirHe .qo

4Yo.Karo $otovyncreurennlr MeraJrn ce BbBex(,qar Au p 0,001 + 0,03Yo, Ag
* 0,001 + 0,30/o; Cu nv 0,001 Ao l,UYo, a B KaqecTBoTo Ha aKTuBaTopra CeO2 rv
0,01 + 0,08, SnO2 x 0,150/o, Cneg nerorexHe Lr n3ruqane rra lrcgeJrnero ce
rl3BbprrlBa eJIeKTpoMarHr{THo o6rbrrBaue, B p$ynrar Ha Koero upornqa
lporoxr-ruzvecKpr qpouec Ha peAyrrlrur Ha fioHHTe or cpe6po, MeA ri 3Jraro,
cnoco6crnyuaq o6pa:ynanero Ha 3apoAr{mr{. Cne.q rosa reM[eparypara ce
IIOBHItraBa I{ Ae I{3BbpItrBa Kpu0Tamrl3aql{f,.

CnoficrBara Ha cl{TaJrrrre 3€IBnarr He caMo or cbcraBa Ha H3xo.trHoro
crbrJro, Ho r{ or Kprrcr€urHara crpyKTypa. Ts e o6yclonena or
rrnTeH3r{Bnocrra ria o6nbqBane r{ pe)Kr4Ma Ha repMnqHa o6pa6orrca.

4.2.3 KEPAM}IKA

flo4noxrrar:e ga MotrIHr{Te cxeMr{ ca Ha KepaMrrrrua ocuoBa.
Keparvrr,xara e MargpflaJl, rcoftro ce uoJryqaBa qpe3 cru{qaue Ha 3bpnecru
vtrv npaxoo6pa:nu Heoprrmlrlulr BeqecrBa. ,{unxeqara c:alra za
CIIIIttIaHeTO e H€IMaJUIBaHe BbT?eIIIHaTa eHepnUI Ha AI{C[epcHaTa CHCT€Ma
npI,I yBe[I{tIaBaHe pa3Mepure Ira Llacrnqrrre. Culrqarrero ce H3BbpIrrBa [pr{
reMrreparypH 1700 - 2200 K. B ererrpoHHKara, oco6eHo s CBt{ rexHrKara,
roJUrMo pa3lrpocrpaueH[e e ilonyqura KepaMr4Kara, cr4lpxaqa 94o Al2O3

80

1,1+1,3

'aHreHc 
I{a srhlla Ha AneneKTpl/rqnute lary6n, tg5. 10'

Ilsxo.ura cypoBLIHa 3a [oJryqaBanem ft e xrlMuqecKu 'rncr AlzOs

Karo Qrrno lgcrreprupau [pax, flonyqeH qpg3 yrasBaHe o1IrIKanHr'{
pa3rBopn vJru pa3nataxe Ea coJlu. 3a urrnroro My Aexn,4)arEpaHe e

Heo6xoArrMo narpf,Barle Ao 800 - 1200 K, cne4 Koero ce o6qa:yna y-

Moau$urar{l{t AlzOt c ry6zuna crpyKrypa I{ Irlbrgocr 3,7 glcm". Tx rrya

TOJUIMa Xn1-pOCKOIIF6OCT vt HSBI,ICOKIa AEeneKTpLrqeCKIrI CBOftCTBa

(tgS-0,001). IIps ro-Hararblrluo l{arpnBalre (nal 1170 K) ra3n

naogus[I aqr,rx 6arno npeururaBa B ct, - AlzO:, HaperleHa ropyua. Aro

AlzOc ce uonyrlaBa or cro-IrrlJrKa, rIpI{ oqpeAeJIeHLI ycnoBnq Moxe Aa cg

IIoJryrIIiI MOHOKpT;rCTureH AlzOs - causnp.
CauQnprl^ e e.urH or naft'godpllTe ,queirelcrpnql{ B cbBpeMeurrara

rexsuKa (P: 10" Q.cm; tgS : 0,0001) u e noJryclcluolleuerr KaMbK'

Tacaonozuvna cxeila 3a npoalsodcmso Ha ulyJltooKucruil KepaMuKa

.n'rcr AlzO:
U

Muneparurrcaropl'I ( SiCb, CrzOr, MnO2)
u

cMecBaEe
. t l

V

rpe.4BaplrreJlHo I43uI{qaHe i673 K

v

usgpe6nmaue,qo 1 ..... 3 prn
u

orMI{BaAe !I cJmeHe

u
npl{roTBffHe r{a KepaMIrIIHata Maca

v

*ttju*

MexaHlrqHaro6pa6ou<a
{,,

repMoo6Pa6orKa

B alrjnlooKl{cllara Kep€tMlrKa 94% e AlzOr n 4o6anrul
Mr{HepaJrrcaropn or sio2, ct2o3, Mno2. Tasu KepaMI,IKa Ce oTJIIilIaBa c

BI,ICOKa MeXaHIiIrIHa 3,q)aBHHa, HarpeBOyCTOruIlBOCT, XUMUTIHa CTa6IUrOCT.
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Ts e ocHoneu Marepl,Itu 3a LrcrorBsHe Ha Kopflycrl 3a unTerpuutur{ cxeMn I{
uoAJro)KKr{ 3a Ae6enocJIoEuH xrrbpugHlr r[{TerpiulHrl cxeMr4.

Ou1e uo-go6pn Al4ereKrprrrlHlr csoficrsa urua KepiuuKara,
c.bAbpxaqa 99,5%o NzOt, HaperleHa [onl{Kop (nomxpucraneu xopyn4).
}4snrra ce npu TeM[eparypa 2170 K. Tofi e crcrn n geQuuureu, nopa,ul{
eAporiprrcr:uunjl crl crpoex( e npo3paqen. 3a6eleNu'rettru csoficrsa
uprrexurBa KepaMlKara Ha ocHoBa BeO - 95 - 97%, Haperlena 6porepr'r:r. Tx
I,IMa MHOIO BI{COKa TOIUOIpOBO.UIOCT I{ e UOqTH UAeZuIeH A[IeJIeKTpLIK.
Hsgrpxa JroKzlJIeH HeeAHopoAeH HarpeB. BeO e ,qeQrilFreH u cKbn
Marepuan, mfi xaro Be e pr4rr ereMeHT. Onuo 4acneprupauwlT rlpil( or
BeO npnrexana roKcIrttIHI{ cnoficrna, nopaAn roBa Mexaur4tmara }r
TepMr{rrHara o6pa6orra rpt5na Aa ce lt3BbpruBa nplr cl6nroAasaHe Ha
crporur czlHr{TapHu HopMH. flpe4eruro AolycrrlMara Kolrqelrrpalprt Ha BeO
n aTrvrocQepara e 0,01 mg/m'. Oqaloa ce, rle KoHKypeHT Ha 6porcepura
Moxe Aa crane KepaMl{Kara, H3rorBeHa Ha 6a.ea aaxycrneur'I .quaMaHrI'I.
Cyponuna 3a ra'efi, ca cnnrerrrtlHure g;'r'alr.arT-Lr, noJryrrenu spe3
KpIICTEUIE3aUIIS Ha BT'rJIepo,q oT pa3TBOp B pa3To[eH MeTaJI no! H€ultraHe
MPa u reMneparypa 1400 - l60Q K. B taxnsa ycJroBl{s caMo 3a HtKorIKo

Mr{HyrI{ r{3pacrBar KpHcraJIH 0,2 - Q,5 qm. ,{uauanrcHara KepaMI{Ka IlMa p
: 1012 Q.cm, tg5 : 0,001, a HaBHoro i AocrofrncrBo e Bl'IcoKlrtr
roe&nquerrr Ha rolrJlorlpoBo.quocr - 500 Wm.k.

flpes nocregullre roAI{HI,I e parpa6oreua Kepanrr{Ka Ha ocHoBara Ha

cIlurHIILreB rap6ua (SiC) c Ao6aBKr'I ot | + 3o/o ua BeO, C ra ap. Ocnonnure
xaparcrepr,rcrr{Kvr Ha ra3v KepaMnKa ro roruronpoBoArocr (293Wm.k)
rrpeBb3xoxAar Mstarl$vtfl, uryuy[Hxi4, Kep:IMlIKara Ha aJD/MooKcvAHa 14

6eprmuenoorcltAHa ocuoBa; uMa 6rusrr Ao MoHoKpucraJrhlr4s cwmtwrilt
TeMneparypeu roe@nquenr na rnrseiruo p€BItrapeHI,Ie, Koero pa3pelxara
HeuocpeAcTBeHo 3aIIotBaHe Ha orilIHul{eBl{re [HTerpaJIHI{ CXeMU Bbpxy
rroA.[o)KKE or SiC. ,{pyro trxuo rlpeAl{McrBo e u BrrcoKoro cneqnQrvno

o6e*ruo cblporLIBJIeI{He po * 10" Q.cm, a cbu{o raKa Bl{coKara MexaHI{rIHa
3ApaBr{Ha nprn HucKIr }i BlIcoKn TeM[epaTypu.

SiC crqecreyBa B ABe nonuuop$rur naoAIE$nrarsry: ry6rYecrn (B '

SiC u xercaroftuleH a - SiC.

B - SiC e ueracra6uma crpyKTypa Id qpu reMrleparypa naa 1400'C
rnrp4o$asHo npeMrlHaBa r cr - SiC. IlocneAnr.rm ce EoD/qaBa qpes peaKqurr
Ha KOKC r,I KBapqOB rulcbK. 3aeaso c To3n 'rpaAaquoHeH MeroA fonsMo

npprJroxeH[e HaMr4pa rexHoJlorH-flTa 3a rIoJr]rIaBaHe Ha [pax or c. - sic upes
IrJra3MeHOXrnMIltrIHO pa3[araHe BbB BoAopoA Ha cfinvl{fiil I{ BSfJIepo-

AocbAbpxarqu oprannrlulr cbeAl'IrreH[t. Cnnqauero Ha KepaMurara craBa

[pr4 TeMrreparypa l'700 - 2300 K. Karo Ao6aBK]r ce lt3lron3yBar xpou, 6op,

6epunuitt, Tr4TaH, artyv,unuft. lloAnoxru 3a rrHTerpaJIHLr cxeMll c wail-golpu
e.nexrpoQusrvecKlr uapaMerpr{ ce [onytraBar qpe3 fopeqo IlpecoBaHe rpI,I
Hiurf,raHe ua4 5.107Pa, reMreparypa 2100 K 

" 
ao6u"""i to 2vo sa

6epunuen oKcr{A.
Apyra 6esrncnopogna KepaMlrKa e arryMr{Hr4eBn,Ir Hlrrpr.rA.

flo4loxrnre 3a MorrIHI{ xn6puyuvt Mo.{yJrrr, u3rorBenu or AlN,
[pHTe)KaBar rorrnonpoBoAHocr rro-roJurMa or 100 Wm u N,yrn
npel{MyulecTBa, KaTo:

- MaJrKo nrluefiHo pa3rrurpeHr,re,
- BI{COKO ereKTp[qecKo cb[poTr4BJreHr,re,
- OTJIIIIIHI{ MEXAHI{YHI{ KAqECTBA,

- xI{MEqecKa r4HepTlrocT.
3a nonlnlasaHe Ha noAJroxKr{ or AIN ce n3[oJr3yBa roperuo

rpecoBaHe rpri reMreparypw 1700 - 2000 K u HanmaHe 20 +50 Mpa.
tr4:xo4uuxr npax e c pa3Mepr.r 0,55 + 0,8 pm. 3a nogo6pxnaHe Ha
Mexanlr3Ma Ha cnuqaHero ce I{3notr3yBar go6aaru or CaF2 u SrF2.

4.2.3.1 Kongeuraropna KepaMnKa

Vlsucxeanrrsra. Kolrro ce npegrB.f,Bar K6M KoHAernaropHara KepaMr4-
Ka, ca cneAHlITe:

- roJrrMa AHeIeKTpUrrHa [poHr4IIaeMOCT npr4 3aAaAeHr.r 3HaqeHzjr r{a
neiinara cta6unnoct c H3MeHeHrle rla reMneparypara, qecrorara,
HalperHaTocTTa Ha eJleK'rpr4rlecKoTo IIOJIe;

- MKHrrMiLrrHtr AueneKTpr.rqHw nry6u;
- MaKclrMaJrHa eneKTpnqecKa 3.qpaBr{ua (rrocr) r,r cnequ$nvno

o6eurro cbnporrlBJreHHe;
- BIIICOKa yCtoftvunocr KbM eJIeKTpOXUMI,IITHO CTapeeHe;
- e/qnopo.qHocr Ha Marepltana I{ Bb3[poI{3BoAHMocr na cnofcluata;
- HHCKa IleHa IiI .{OCTbnHOCT Ha r43XOAHaTa CypOBnHa.
ocnos*o ce'3noJl3yBar cenreroKep.rM*I'r{Te Mar€pr4zurl,I. Te uorar

4a 6rgar pa:|,qeneun Ha rpr4 rpynta:
- MaTepUaJIlr c MaKcIIM€lJIHaAleneKTprirql{a qpOHr.IqaeMOCT;
- MaTepr{ann c fioBr{rrreHa reMueparypua cra6nmroc:r Ha

AHeneKTprrHaTa [poHr,rqaeMocT;
- Marepl{aJrr{ c noulrxeun A[eJIeKTpLrrIun :ary6ra.
OcHonara Ha cerHeroeneKTpr.rrffrara KoHAeu3aropna KepaMuKa or

Bclr'IKI4Te rpl{ rpyilu e fnaBHo BaTiOs rlr rBbpAHTe pa3TBopr{ Ha HeroBa oc-
HoBa, a cbrrlo raKa SrTiOr n PbNzOo. Keparraraxara Ha 6asa vi.rcr BaTiO3 ce
xapaKTepr{3rrpa c rpw rorrKr,r Ha Sasonu [pexo,qu: -80, 0, 120oC.
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(h' -t0 ro goC c
fttpr?yprr! 0 + 4'-rpy1YlTa 

epou6oe41

rr.ncprrypa t20oc ---^119t" "pffi;"#f*rHa' 
B Ar:rrra3o'a Ha r

cno,rra'r{ara-*o**,nlorff#-i4il":':*:,'.ff"il1ffie*"j
Kprcra.nzre or
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- B KepaMHKaTa ce c63AaBaT ABe uJrz IIoBeqe oTJIIFIaBatr{E ce uo
csoftctsa ibasu, Koero BoAn Ao 3aHIoKAaHe Ha reMneparypnara
3ABUCI,IMOCT.

llo-qecm H c ycuex ce n3rlon3yBa BTopI{rIT npuHIII{n - cb3A€rBar ce
ABe r{Jlrr rloBeqe oTJIIIqaBAnIH ce no csoftcrsa Qrcu,

Aro ABe cefHeroeJrercrprrrlns {an c BrrcoKa 4aenerlprtua
npouullaeMocr, ornrtqaBalqn ce rro rorlKara Ra Krcpn, raorat cta6rnuo Aa
clrqecTByBaT B eALIHHa KepaM[Ka, TO Ha TeMnepaT)pHaTa 3€IBHCLMOCT Ha S
Bb3Hr{KBar 2 uaxcvwrywa. Crc cnequaneu uog6op na $asurc A n B, TaKa rle

MaKclrMyMrlrre LrM Aa ca 6mlsro eAnE Ao Apyr, Moxe Aa ce rIoJIrM
KepaMr{rren MarepaaJl ctc cna6o E3Mentrqo ce or reMrleparypara e.

Hanprauep KepaMuKa BaTiOr (95%mol) - NiSnO: (5mol.%)
llouy.rananero fi crasa qpeg HarpsBane Ha llpax ot BaTiO3, NiO u SnOz
npr4 reMneparypa T: 1300 - 1400"C.

flpotlua rarp4oQasna pealalur

95 BaTiOr + 5NiO + 5SnOz + XBa(TiSn)O3 + Y(Ba" Ni)TiO3.

i#;ffiffi. " "*""t"'i;;"#"'Tlcl{Mocrrre'u'q'"o"*"p'rrererqpulr'Ere 
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l3mara ma6zrruocr 

"o" "r""J#Iaxe:rapa6ornom 
3naqe'r.re Ha s r{crreArr'Te 

"o"*ir*n, 

'trpr{ In"MeHeHue na reMneparypaTa ce [3rroJr3yBaT

*"d;ffffffffi;""ffi:":: :;::y:l Ao6anx', Korrro rro'r'KaBar
npa easoaua r,pexo.q; 

^)Ir a qpeAH3BrlKBaT prBMaBaHe Ha MaKcr{MyMa Ha s

( 0 6 )

@uz. 4.9 KepauutHct Kolvtno3uqun Ha dasama ua dee cezHemoeneKmputtnu

$asu A u B c eucotca dueaexmpuvua npoHuqaen4ocm u eK&uscueHmuama il
cxena (6)

4000

7000

50 100 T
cDuz, 4.I0 Tennepamypna aaeucuMocm Ha s 3a KepatetuKa c-bc cbcmaa

B aTiO j (9 5 %amol) -NiSnO t ( 5 mo I . %o)
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@ue 4 r r R;;#;;;;##:;;\$Ti, *" "",,:;;::H;fr;;;; easu A u Bc sucoKa (Qasa A) u HucKa (easa B) duene,rcmpuuaa npoHut4aervocm.

floryvenara KepaMrr*a ilMa Aocrarbq'o Btrcoro e, cra6o npoMeEqo

iiolJ*"*arj?ara' 
Cra6o ce BI'D(Aar ,ryara MaKcrMyrr{ a npn 40oC n

4,2.3.2 ffueorepamrma

O6rryrre rrcncKBanr,r, KBM me3orepaMrtrtrrre Marepaun ca:- BrrcoKlt crofrnocrz Ha rllr$oMoAyna,
- nncrnsaryftl
- Br{coxa cra6r.nnrocr, T.e. MarepniuuTe rpxina Aa rrMaT M:ubxTeMrrepar)?e' roe$rquerr na q"c"ornira ,,ocroffrrra n ,qo6pn xapaKTe,pncTm<il IIa cTapeeHe.

to  40

<Due. 4. I2 fluaepana Ha cbcmorrnuemo Ha cucmeilama pbZr}t _ pbZros
I - odnacm Ha ce?HemoerreKmpuvna easa*,2 _ ipo*"**puuaa rgthuvna

Qaza; 3 - cez*emoerreKmpw&a potr6oedpuuno easa,4 _ avmucezHemoer"*mprroo 
Saro

Hanpmnep: rBbp,{r{flr pasrBop na PbZrO3 - PbZrOs e eArm or ocHoB-
Hrlre 3a Hgrortstrre Ha rrr{$oKepaM}rqur{ eJreMerrrr{. fiuarpauara na Saro-
Boro cborornue Ha rBbpAlrre pagrBoprr Ea cerHeroeJrercrpnra BaTiO3 n
arrrrcerHeroeJrerrpnrca PbZrOt e AeAeH? Ha $w.4.L2.

Kepamrrata oKono ratn rpanrqa rrMa Mnoro BncoKn Enesoefiercrpnrl-
Hr.r xaparcrq)EcrnKr!. Ilpemucrso Ea ra3n KepaMtrKa e ocBen roneMn l
nnesoeSercr rI orsbsrluero ra $asonu upexoArr B TeMneparypHnr r4rrrepBaJr
cn -55 ao +300 "C.

3a Mo.qn0aq.rpane cnoficrrara Ha raga KepaMr{Ka B Her ce BbBexAar
Ao6anrur. Hanpnrep Ba2*, 3auecma4r Pb2*, uonfixaEar rorrKara na Kro-pu
s noBrrrtraBar s npu cmrina reMrreparlpa. Axo ce BbBeAar m I xo 3Yo
oKcr.I,4R La2O3, NdzOr, Ta2Ol, B PbzOr, PbO3, ce [oHIDKaBa KoepqmEBllara
cvura w ce o6aerqasa rroJrrlprBatF ra. Ilpra .qo6aBsHe rn FeOl KoepqE-
TnBHara cufia ce )rBeJMsaBa, a rloJrrpr3aru{rTa cTaBa rlo-3arpyEeHa.

Orrmslrr€mra qepra Ha rexnonorutra 3a llnrorBrne lra
rrue3orepaMrrru[ x3AeJrurr c neo6xo,unraocrra or noflf,prrcar[rflTa nM rrpe3
clrJrrro trocroruHo cirercrpl{qHo rloJre cneA crrwrangro. florryueunrc npn
TOBa IMe3Oe-reKTpIFIeCKrI XapaICTepr{CTr,rKE B 3HaqIITem{a CTerreH Ce
onPeAerur or [apaMef,pure rra pexr{Ma Ha tron4pr{sar$t - HarrperrraTocrra
Ha eneKrpm-noro trone rt rtpoAfiD[crrem{oorra Ea trpoqeca. Tx e
o6uraroneno l-2 saca ll ce nsBbprrrBa [pr{ TeMrreparypr{ no-BrrcoKr4 otr
craftna E tro-HrrcKu or roqKara na Kropr.

4.2.3.3 (Depurrra KepaMrrna

Ocnonnara Kpucrurrrxa Sasa nrr $eprrnara KepaMrKa ca ciro)Krrn ilo
crcraB cbeAr{rreHrrr ra Pe2O3 o oKcr4u Ha Apyru MeTarE. I4sncyJ,awffIja
KbM MarHnrllure E Apyr[ rrapaMcrpu ua Qeprrurre 3aBrrorr or Koffipemroro
npe.ura3Earrenr{e na $eprrmrre rzrgilems,. flo-ronruara qacr or regu
rapaMeTptr -

- roer[ryerr Ea trpaBosrbJruocr Ha xr.rcreps3nc4
- Koepqrn{BHa, Harluurfia MarEnTrra llpoll4aeMooT,
3aBI;tCtT }re CaMO OT Xr{MlrrreoKnfi CbCTaS lI Kp[CTaIHaTa CTpylffypa,

HO Ca MHOIO {yBCTBUTeJUIH R KbM pa3Mepr{Te Ha 3bpIIaTa, sOprrrara nU,
crerrerrra Ha e,uropoAnocr, Or parnoo6pa:mrre rexrloJroilirrnrlr cxeuu safi-
roJrruo palnpocTpaHemre 3a llofiyqa3aHe Ea oepmr mvrar:

- r*nonorrma cxettrl Ha basara na Mexauu.mo cMecBaue Ira
'Kc'.uru upaxo'e , *r-; /-

- repMl{Imo p:r3JraraHqlla ooJrr{;
- cbBMecrrro yrarrBaHe Ha coJln I{ xtrIpoKcrrJu{.
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, B ntpaara rexHoJronlrql{a cxeMa Ia3xoAHtrTe BeulecrBa 3a. IlBmTBrHena sepzra ca oKcu.Nl Ha Mer€urrlr B Cbor'orue'r4e, orroBapsqo Ha xrdMr{qec-rara Sopuyna Ha noryir€rBaHrl,r Marepnan. Ilo_nararurc ce H3Bbprrma cMm-JIaHe' cMecBa'e' lpal{yJlnpa'e, r*filrraHe' T.e. ouepaq'gre orroBaptr Irao6qam cxeMa Ha KepaMuqnara rexrroJlorrur.
Bra nropata cxeMa Karo r{3xoAHI{ BeulecrBa 3a qpougBoAcrBoro cerir3rroJ*yBar pa3TBopI{MI{Te cynoaruu, trr4rpa:r-Hrr, xJropr.rAHr,I coJra HaMeraJlrrre' B3gtI{ B 4ponopqrur' cloraerctynalq' Ha xuM,nrlecKl{rr cbcra'na Sepntrrre.
CsoficrBam Ha [ofiyqeur4re Qepzru 3anzoflT or MrKpocrpyKTypara,

fiopn'rnpaula ce B npoqeca ru urro*or"*n"putyp*""u o6pa6orra. Murpocr-pylffypara BKJrrOqBa cneArrr{Te uapaMeTpr, olpeAerytr${ csoficrsara Ha
Sepmure: cpeAeu p{uep Ha ybpHara D, *up*p rr crerrerr Hapa3rro36p'r{crocr - c2/D, KGAero o2 e cpe4roxna,qpar'rrrroro orKJroHerrr{cHa pa3Mepr4Te Ha 3bpHara' H:rJrrlrqHe Ha reKcryprr, cbcrorHr.re Ha rp€lHlrrrHHTeo6nacru MexAy 35prrara, pa3npeAeJreHu" IIa u*ruo.r IJa.Hrrr, uoplrcrocr EApyrn.

Tegn gaszcrMocrfi ca MHoro BarKHu 3a rrpaKT]rKara, trfi raro

rroKzrBar,'re gpe6nostpHecruTe Sepurn ca no-6tprogeficrnynauga' t'e'

npeHaMarIIrITBaHeTO cTaBa c tlo-Br{coKa cKopocT' oTKOJTKOTO Upu

eApo3bpHecrETe.
3a MarHr{ToMeK[ITe $epmu gbc 3afp6flIeu xlrcrepesnc

npe,qrBrBaHrTe lFHcKBaHr{x (qnpegenenu or o6lacrn, e Ha [p]IJIOXenUe) ca

3a foJrrMa Haqzllrna Ma.rH[TEa npourrqaeMocr (p"), trlam<a KoepqlrrnBHa

cuna II", Hr{cbK orlrocrltreJlen TeMfleparypen roetpr4zelrr Ha HaqaJIHa

Murrnvrrra qpoultqaeMocr TKp"'

flapar,rerpme Ha MarHr.ITorBbp,IIrre rpepuru (xoepuurueqa cwra'

o.tu*** nnrsyrIpra) wa 6agara ua xercaQepurrue (o6rqa Sopuyna

MeO.6Fe2O3, KbAero Me - Ba, Pb, Sr) ce $opuupat qpelfr BcIrqKo B

[poqeca Ha n3[r{qaHe Ha KepaMuKaTa,

Ha,kAf n

to to- D, y,m
@uz. 4.14 3aeucuuocm Ha KoepqurnueHama cuna sa 6apueeu Qepumu om

cPeduun Pasue7 Hct 3'bPHama

Koeprururrnam cvsra IL npu \daruarorBbp.qrre rfeprntrl pacre c

HaM€uuIBarIe Ha pa3Mepa Ha 3bpuara (Qrr' a'la)'

Or pasmegaHltre 3aBIIcuMocrI{ cneABa, qe 3a .4a ce floJry.Iu QepET

cbc 3aga,qeHr xapa"KTepucrtrKrr, e,4uo or ueo6xoAurr'rnre ycrroBlln e

$opurapanero B MarepuaJla Ha MrlrpocrpyKrypa c oqpeAeneHrr trapaMerprr'

3arosa Ha pa3nr{qErlTe CTAIfffa OT TeXHOnOnirqHI4f, qpoqec e neo6xogrur'ro

H3ITOJByBaHeTO rra MeTOALI 3a llereHacoqeHo ynpaBJreEvrc HA yclroBnfi 3a

QopruupaHe Ha AaAeHa MllKpocrpyKTypa'

eue. 4.I3 3aeucuaocrn ro *oliir*orro*o 
"*oYlo1 u 

"o*"*o ,o
npeHamct?Humearle rs (6) om ocpedueHt$ pcBMep D ,o ,upno_a numuee

eepum

88
89



fnaea 5
MATEPHAJIII, II3IIOJI3yBA HI,I B

KOHCTI'YI4FAHETO HA MI,IKPOEJIEKTPOHHI4
EJIEMtrHTII

B r(oHcrpyr4paHero Ha MHKpoeJreKTopHHrrre eJreMeHTu rlHKHTe
cjroeBe ca cneqa$u,rwvfr"r 14 Br4rraf[ npHcr,arByBarrl Marepr{an. z:rroreqr ce
or MeraJru, AHeneKTpr.{rIr4, [onynpoBo4Errrrr4, cBpbxnpoBoAuwtltt. Vltr'.ar
pa3nrrrlHr cnofcraa, Kolzro ]vrorar rleJleHaco{eHo Aa ce trpoMerqr B
SaBr4cu}{ocT or i(oHKperHoro DN4 npI4nOXeHAe. EAau o.r nafi-ra:non3yBaHnre
MeTOAT.I 3a [OIyrIaBaIte Ha cJIoeBe 3a Mr{KpoeneKTpoHI,IKaTa e Ka'TOAHOTO
pa3IIparrrBaHe.

Kamoiuo pasnpawscile - ocruoneH ,ttemod Jfl nonvqanilHe tta nrbHKu
ato e6 e 3 a il akp oarc Kmp oH uKama

fIpN 6ortr6aparrpane noBbpxHocrra Ha rBbpAo rfltro c orAcrrHrj aroMr4,
itortu uyu MoneKynfi Morar ,4a rrporer(ar pa3nurrHr,r flpotlec[. Kofi or rrx ule
VMA ilOMIiHVIPATIO 3HAqEHT{E B |OJI'MA CTCNEH 3ABT4CH OT KIIHETUqUATA

eHeprrl' wa 6oxt6ap[upaur.rre qacrvr\il. flpu uuoro HucKu Kr4Herr.tqripI
el'Iepfrrv n:ar'ruo4efrcrBllero ce ofparr[qaBa n nai-ropnilt nol].bpxHocreH
clofr na Murcpt4ana r{a MI4[eHara. Koraro aroM or u]lepr'rlr4fl. ra:i c raKaBa
IIgCKa KHHeTt.{qHa et.IepfHfl fia4a Ha aTor\rHo qucTa [oBSpxHocT, .ro roil
MOX(e I{IZ Aa Ce OTpa3}r OT IJOB6pX}JOCT.Ia, HJIIT Aa BJIe3e C Her B TepMr.rrrHo
paBuoBec[e r{ cne4 roBa Aa 4ecop6upa.

flplr rlrneruuHvr e*epruu, [peBr,ruraBarqa eHeprr4rrra Ha BrJ63Kara i]a
aroMnre (onpe4enarqa ro[JrnHara Ha cy6:-Il.ruaqHq ua Marepr,raaa), er,:nuxna
rroBo sBreHI{e. Arolanr:e ]la pguerKara ce DpeMecrBar B HoBrl noJIo]I{eHI{t.
flpu eneprur.r, npeBuulaBaqu 4 H, KbAero H e lonnanara ua cy6nuwaqut
IIa I'v{arepuirna Ha Mr,tueHara, pelxaBaula pont urpae uz'unaHero rta aroM}{
oT rroBbpxHocTTa.

3a 6ou6apaupoBKa ce u3[on3yBar He neyrpaner,r aroMr4, a ftogra rra
rzHeprHl4Te fa3oBe, T r'li raro c noMorrlTa Ha ejleK'rpHqecKu iloJlera Mo)Ke /ra
ce yBenlirtl4 TtxHaTa KLIHeTr4qHa eHeprllg.

Pannpaneaue'ro Bunaru e cBbp3arro c floBbpxrrocrna Mr{fpaqnr Ha
foHrlre u o6parurvru r4Jru Heo6parr.ruu Hapyneur.rr B peruer(ara.
I4acnegnanero Ha fipoqeca ua (tnsil.recroro pa3[pauBaHe ce ycnoxrurBa or
o6crosrercrsoro, ue nparoBuTe enepfru Ha pa3[parr]Balre He 3aBr.Icrr or
Macnre na c6lrcxeaqr{Te ce rracrnr1r4 LtJlr{ or roecpn'.1uenra Ha [peAaBaHe
rra eHepfn gra. -foea 

o3HarlaBa, qe rtpll HI4cKi.I K]rHerLIrJHr.r eHepruIl{
cT'bJTKHOBeHUeTO Ha qaCTUrII4Te IIe MO}]TC .4a ce Da3fne)K.IIa KaTo He3atsflclrMH

90
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4eoftuu c6rbcrsaHr.rs. B npoqeca Morar Aa ce B'LBreKar I{ r{pyruTe c:t,cenulr

aroMt4.
Korato KltHerr4qrtllTe eueprvl4 3HalI[TerHo npeBl,IruaBar [pafoBara,

na3nparrrBaHero ce rIJtBa pe3ynrar o'r' ilopenHlta He']aBIzcHM14 4eoiiHtz
c'rbrKHoBeulur. Tyx peruanarqa porit r4rpaflT orAeJIHrITe Mact4 rra BctKa or

c6lr,cxnaulute ce qacrl4rlu. B ra:lt o6nac'r Ha eneprnl4Te pa3rrparlBal{ero

npanuala Ha aroMeH "6utnp\" I] TpLIMepHo [pocrpallcrBo.

Axo 6orra6apAllpoBKara Ha noBbpxHocrra ce ocr,u{ecrBtBa nptt

rropMarHo [aAaHe ua ftoHnre, To 3a Aa ce orAentT pa3npaureHn aroMn, e

rrco6xogulro noBeqe or e.I{Ho crlJtKHoBeHIre, 'r'sfi rcaro Ha[paBJIeH]Iero Ha

BeKTopa Ha r{Mnynca rpx6r,a ga 6r,Ae I{3MetIeHo noBeqe or 90o.

l)arnpaurnaue Ha aroMl{ ur'u itouu, sBsBaurx ce pe3ynrar or eAunuqHo

c'rbJrKuoBeui4e MexAy hotta u [oBbpxHocrHlr.{ aroM, Mo)Ke Aa ce peanl,I3l,tpa

cirMo npu HaKJroHeHa 6onr6ap4raponxa. flpe4crant4Te 3a "6unzpLrta urpa"

\,rofar Aa 6rga'r npunoxeHr{ H rt'n 6ov6apAr4parr\r4fi ilou. Axo tleroBara
\,raca e no-MrulKa or Macata Ha aroMa Ha l(aroAa, rol"t uoxe Aa 6tAe pa3cetH

rr'lrr.r o6parno orpa3eH B pe3ynrar i{a eAnHurIHo c'I'bJIKI{oBeI-II4e. Axo N{acara

rra fioHa o6aqe e flo-roJ'IsMa, roir voittc,4a ce orpa3rr o6paruo cat\{o B

I)c3ynrar Ha noBeqc or e,{HL) crGJIKIloBeHue. I tpn KI4HernlIHIt eIIepr}II4,

rrpeBr4uaBaluu npI.IMepHo 100 cV, ftouure 3arorrBar Aa ce Bl'^cAprrBar B

r(l)Hc'r'aJruara peue'rKa Ha Ka'r'oAa.. Crpyrtypala !I op14eHTalrwflTa Ha

r(llr.rcraJra ce tBrBar Ba)KHI4 $axropu, olpeAcntqu 4u6ouuuara Ha

rrpornrxBaHe. O6nacrra na cHepI''rI4 na iiottltte, upcllcraBntBaula traii-roritu

r!lrrepec 3a [onyqaBaHe Ha T6I.IKI,I cJIocBe rlpe3 pa3flpalxBaHe, ce lrpoc'fl{pa
()r' fipaloBrlTe euepfHr.I Ao I(b\{ 5 KeV.

3a 4a ce oqeHrIT nper{Myu{ecrBara Ha McroAa Ha nonf{aBaFle Ha

eloeBe qpe3 pa3npannaue, rpnosa Aa ce pzBrneAar cneAHure BT'npocil:

l. Koetll.rqlrenrl,ITe Ha pa3rlpaurBaue I,IJItt cborBercrByBax{I4Te HM

e r(opocTll Ha o'f.IlalaHe Ha pa3II4LIlillTe MeTaIrH> CnJIaBIi U I]lA]Xe.rlfi eneKTpLIII4

L:c pal,rrlqaBar cna60. B'ssr40}(Hocrra 3a ,t3non3yBaHero Ha ro3,I MoroA
'ra pa3nparxBaHe Ha Hai.i-pa3nu.{Hlt Marepr4aJrl4 ro npaBLI rlpunoxlrM B

clryqauTe Ha llotryqaBalIe lta MHorocJtoiHw crpyrrypu.

2. t{pes vero4a Ha I(a.ToAHoro pa3IIparIIBaHe Morar ga 6tgar
iloJryqeHLI cjloeBe oT ciloxHI{ MaTepuaJII4, TaKUBa KaTo Hep6x(AaeMa
( l'oMaHa, nepnaaloii. Ee: npoltlHa B cbcraBa I4M, aKo reMneparypsTa Ha

r\4r.rflreHaTa ce noAABpx(a AocraTbtlHo HncKa, fioHHara 6onl6apAlrpoBKa Ha

il(uuloxrKara IlIe orcbcrByea. 3a ucuqxl,I KoM[oI{eHTpI Ha pa3npauBal{oTo

rtcirlecrBo roerlutlueHrare I{a rlpureuBaue KT,M uorJto)Kl(ara I.I :brilolJoro

I )it3rlpeAeirerllle ule 6r,4ar noqrl4 eAEaKBu.
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3. Konrpo,rrr ua rfe6e,'rwHara Ha cJror{ e orHocnTe.rrHo rrpocr.
o'rna'Iano ce oilpeAenr cKopocrra Ira ol.taraFre rra cror, ttauacnftrcw cnoil c
pe6enuna, Korro irecrro r\4()xe Aa ce lr3MepH. cle4 ,r.oea 3a noJryqaBaHe Ha
c.noil c lreo6xo;lHvara 4e6elHHa ce ycraHoBrBa cborBerilo BpeMe 3a
pa3npallrBalle, cuxpautaauKu reoMel'pHflTa Ha eneKTpoAHTe Lt ycnoBnflTa
Ha orJraraHe (Halxraue Ha ra3a, ToK 14 Hanpe)Kelrae, BpeMe ua nporleca).

4. BtsMoxrro e pa3npa[rBaHero or Karorlu c forsN4a nlout. Tona
qecro onpoclana upo6-neMa 3a fioryqaBaHe Ha c.rroeBe eAHopoIHr4 no
.4e6elnlra, cBe)Iqa Ao Mr{HrdMyM BeporTHocrra :a o6paeynane B cJror Ha
orBepcrl'It, AoKoJIKoro BJIrltHIlero Ha c.allKara or ttacruua Ha rlonrox(Ka'''a B
To3r'r cnyqait e cna60 r.i3pa3eHo. MoNe 4a ce [or)/rrr4 eAHopoAeH cLrofi alpxy
BT,TpeuIIHTe creHr4 Ha rp's6u nnt unjrr.rrj^pH, Karo pa3npamBaHe.r.o craBa or
3aKpeneHu B ueHTbpa ru.rJr[HApr{rrHH MAllJeHH.

5. Ilpn r(aroAHo'r'o pa3npairtsaHe orc'r,cr'yBar rpyAHocrr.r, cBbp3aHu c
"a:nptcreane" rra tratepua.n (or4elxue Ha r-oJIeNrIt ar-uovepatll), Koero
qecro ce opeua nplr BaKyyMHo'ro ll3napellne' a ct'ulo raKa HtMa ofpaHHrle-
trltr' cBbp3aHl,t c rpeBuraqDoHHrire aunr4 npla pa3noJrafaHe Ha eneK'rpoAlrre
lr noAJtox(KaTe.

6. floqucreaHero lta [oAjlo)KKETe 3rrar{LrreJrHo ce oflpocrfBa, AoKon_
l(oro rlpeAr4 orra|a.Hero Ha cJrofl froB'bpxHoc.fifa Moxe Aa ce llolrHc,t.u !rpe3
fioHrra 60rv6ap,ril{poBKa. Korartr cL' H3non3yBa npe/xBaphrerHo pa:]upauBaHe
Ha MI4IrreHaTa, 3a Aa Ce ycTaHoBt.f B ct{cTeMaTa c.r.aulloHapHll ycnoBH, _
'reMlleparypa 14 HaJqraHe - ueo6xollttr.ro e rraJl.rqr4e'r.o Ha rlcHHtIK Me)r(Ay
llutxeHaTa u noAJloxKara.

7. Mareprza,rb.r'a MrrilleHa'l'a Karo npaBuno e /Iocra'bqeH 3a Mr{oro
TextronorlluHn qu<ppu 3a Ilal{acr}re Ha cnoeBe.

8. 3a noly.raBaHe Ha rlo-eAHopoAnn lo 4e6elllua cJroeBe Moxe qpe3
MarI{HTHo none Aa ce ynpaBntBa nJla3Mara' a 3a HaMarqBal{e HarpflBaHcro
Ha [oA,'IoxI(I4Te Moxe Aa ce u3Knroqu l]onaAaHel'o BT,l]xy rret ua 6rr:3u
eneKTpoHr.t.

9. Karo4r'roro pa3'pilrnBarre 6na.ogapeune H3[oJl3yBaHero Ha rr,ra3Ma
r4Ma Ir Apytlr oco6euoctu, no3BoJlflBaIIII4 ilOnyqaBalle,ro Ha cJIoeBe c];c 3a-
AaAeHa ceofrcrea. flpu no.rryvaeaHe Ha Merarrrrj cJroeBe Bbpxy MeranHH r.rnr.r
rrony[poBoAHlrnoB]I noAJro]i(Kr,r orpr4uareJrHoro npeAHanpex{eHrre Ha [oA-
JIO)I(Kara npeAu orJrafaHe ita croq Moxe Aa ce n3llon3vBa 3a orcr.paHtBaHe
Ha oKHCHH CJIOoBe U nO406pxraHe Ha arxxe3rligra Ha cJlot c noAnolr{Kara.
o'rnaqare,ruoro lrarrpe)r(eHue rla [oAJroxKara Mo)r(e 4a croco6croyBa n 3a
l.IaMaJItBarIe KOHIIeIlTpauuffa lla KHOJlOpO,qa B cJlot H trojlyeaBa.Iie Ha Me_
TaJIlI, l  CnOeBe C BLICOKa ttHCTOTa.

10. ItaroAnoro pa3rlpalIlBal{e e [poqec' npu Koiro ce c6n'bcrBal'

orlenHrl aroMlt H fiotllr. Bclc4crBkc Ha roBa Mol'ar Aa ce nonyrrar

HefipeKbcuaril oJIoeBe 6ez noptr, allttro noBbpxHocr Aocra rot{IIo

B63frpon3Bex(Aa pe:reQa Ha IloBt'pxllocrra Ha [oAJIo)KKara' aKo cc

cr,6rloAaBar cJIeAHI4Te yc.IIoBI{t: Llpe3 oxla}(AaHc }la noAJloxKara ce

I43KJIIoqBalloB:bpx}Ioc.I. t laTaMI]rpaIII l ' } taaToM}ITe,a3aJ.ace|IpeAoTBpaTfi
ar-rroMepaqugTa Ha aToMHTe B ra3oBaTa rfa:la, pa:npaillBaHeTo 'rpl6ea ga ce

rlpoBexAa npll lloc'faT'btll{o HI'ICKO HaJIfraHe Ha Fa3a'

1 1. Axo pa3ptllr ce ftogT'pr(a trpll Hantral{e IJa ra3a no-MaJIKo or

5. 5.10"3 Torr, pa:npar.etrvrTe aToMr,r AocTnl-aT noA;toxKata, uwahxvt BI,tcoKI,l

cHepfur4. Toea cnoco6crByBa no,qo6pxnaue Ha crpyrTypara u aAxe3utra Ha

cnoeBeTe.
12. gpea r(aToAito.fo pa3rrpailBa}{e IIa MCTai14 IrnH nonylpoBoAHlillll

rrocTotFIHoTOKOBO I4JII{ B}rCOKOqecToruo e aruoc$epa Ha peaKltIBlllr fa3oBc

(r<rlcnopoA r.rna aeor) il4oxe Aa ce ro-qyrlar cbeAI{HeHIlt - oKticl4 t"'tJtn

uHTplrALt - c oTJII4'IHI{ 3a eneKTpol{[Kara uJll4 orlrl4Kara cgoficrea'

ocHoerinq.r HeAocTaTT,K HA tVC'rOAa ce o-rHocI4TeJlI{O III4CKI{Te

cKopocTll Ha oTnarat{e Ha cjtoeBeTe. THnuqtrfire cKopocTit ca B uHTepBaJIa

50-3000 A lmi.o.

ParnpauruaHero 3a fibpBl, Iliif e orKpl4To npu ll3cJieABalle ita rJlceru

|a3prA c],C CTy.{eH xaTor] I'l oTTOfaBa TneelqurlT pa3PflA Ce fi3noJi3yBa 3a rlo-

. '  ly Ll{ iBaHe Ha cJIocBc t lpc t pa }n pnlu Bl l l {e'

Nlaxap qe nocrotHlloroKoBhfr rneeq pa3pt,q e necHo iia o'bAe

trojlyrrcH, Aer,afilgo.ro n3tcHtBane B flpHpo.qala Ha c:bcTaBtu{I4Te fo 3orlu Ha

ct ]eTe l {e }dT] , I i l l ] t l i l pocTpa i ]cTBa,ac .b luoTaKaB3auMHaTaBpb: ]KaHaI ' Ia [ -

llcxeHr{eTo Ha pa3ptAa, pa3pfl/l}{J{r{ 'roK 14 Ha,TsraHcro lla fa3a npoAsnxaBa

,'la ocraBa TYAsa 3aAaqa.

l4:secnro e, qc aro Me)I(Ay ABa eneKrpoAa Ha pa3crotuLre d B ra3 fipr4

lrucKo rra,'lqfa|re p e rtp:/-noxeHo llocrotHHo HanpcxeHne va, no-I{tICKO OT

'r aKa HapealeHoTo lla[pexeHlie Ha pa3p.s.[a' e-qeKTpLIqecKI'ltT TOK I B fa3a

irua npeue6pexr.rMo ualrca crofigoc:r. flpra BbBIIIHO O6Jl:sqSatte Ha KaToAa

(nanpllMep c yJITpaBI'Ione'foBa cBerrr'rira) rofi HMI4Tllpa ManbK 6pofi

"ra*ipot", 
o6paayaanqz rrbpBl{rJen ene(Tpouell roK or Kar()Aa lo'

l4r,rurupaHure eneKTpoHll ce yexoptnar or nonero KbM aHo{a u npv

.,(ocrl,ItaHe Ha ellept.ttt, [peB14il]aBallla fonfi:]aut'loHIlH{ Ilo'feHql4aJr Ha

l-a3OBvITe aTOMA, Ca CrtOcO6Hlt npU c6nlcnnaHnflTA cI4 c T.flX La rll

tloHt43llpaT, r(aTo ltopa)t(AaT ,'IROi4t{H CJTCKTpOI{ - r."rotl. HoeocT'sAarleHure

r)neKTpolr}l cl,ulo ce ycKOprBaT K6M aHOAa 14 c63AaBaT IIoBI{ Tax}IBa ASOiixn'

Ir rloHtrre cc ycKoprBaT or npl4noxeHoTo nojle B Ilocol<a x'r'u r<aro4a' lIpU

I
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[oAXOrruIa crofrHocr Ha florero eHepfr4rra Ha qacr or fioHHTe e
.4OCTAT'bI{HA 3A OCBOoOXAABAHE HA BTOPHqHH CIEKTPOHI4 O'r KATOAHATA
loBT,pxHocr. Teau 4na npoueca - fionasaqax n o6enaa a BToparrHa eMvr.Qr4fr
or Ka'roAa - oflpeAeJ]rr o6qux roK 868 Beparara B cloTBercrBrre c
YPABHCHIETO

( l )
Ioexp(ud )

l:yErgd:i'
Ks.qero: 16 e IIbpBIalIHIr-flT eJIeKTporIeH ToK, reHepr4paH Ha Karora or B:bHrrrr{o
ers4eftcrer.re; g - KorliqecrBoro fionn, er,g$a(eiFlu or eneKTpoHr,rre Ha
eAr4Frnqa .4:bnxrrHa npw rexHr.rr apefidl; d _ pa3crorHr,re Mex(Ay
eneKrpoAl{Te; y - KoJr[riecrBo BTopI'IqHI'I eneKTpoHpr, ilanar]\n ce Ha err.rFr
fioH. Toea ypaB'eHrre, lpeAno)Ke'o o:r 

'-fayHceng, 
4o6pe onr4cBa reKa r]pe3

fas Ilprf HaflpexeHfl-fi, 3Hag]4'rerHo IIO-MarKr,r or npo6rnHoro, axo ca
u3BecTHI4 A h y.

Axo tranpexeHr{ero Mex,qy eneKTpoAr4Te HapacHe, a v, y ce
yBenurraBar u 3HaMeHarerm n (1) ce npn6luxana go 0. Toraea ror<t.r I
crana 6esxpaiiuocr, ypaBHeH[re (1) e nenpoveHuMo 14 ce Ka3Ba, qe e craH€ur
npo6ue. llpn rona KoJruqecrBoro BToppIrrHI.I eJreKTpoHrr, nMHTr,IpaHa or
KaroAa' e AocrarbqHo 3a c'63/(rrBaHe Ha pa3prl{ ,1 "r'.farra .r,ofi ce Hapr4qa
caMocTot'r'eJIeH.

Calraocro.sreruu,sr rJreeur pa3psA ilrr,ra go6pe rl3pa3eHa crpyKTypa.
Hafi-rolsru [HTepec npeAcraBnqBa o6racrra, HapnqaHa r(aroA'o r6MHo
npocrpaHcrBo. Brpxy ta:r.r o6racr ce pa3npeAenr noalTr4 ueJll4rr naA Ha
flpEnoxeHoro KbM eJreKTpoAenr4'feJlr Ha[pe)Ke[r4e v 3aroBa B He.s ce
cr3/IaBa ocHoBHr{r{r 6pofi ftona, Heo6xo4r.ruu 3a rrogbp)Kaue Ha pa3prIa.

Teopernvuor:o ycnoBr{e 3a B63Hl.rKBaHe na pa3p_{Aa e
(2) y[exp(\,u,,)- t]= r,
K:bAero y e r<oeQHqneuT Ha o6elrna itouusatlw, r.{3pa3rBatrl cpe1url,a 6pofi
AeoiKu eaercrpou-ftoH, cb3Aar{eHn or eAr.rH eJleKTpoH npr{ u3Mr4HaBaHe B
rrorrero Ha rlorerrqr.ttrnua pa:lnxa IV.

Henocpegc*erro cneA 3alraJrBaHe rra caMosrorreJleH TJreeq pa3prA
HanpeqHoro celIeHI'Ie Ha pa3psAa e [o-MaJIKo or ITJIoTIITa Ha KaroAa, 3arqoro
e neo6xo4uua onpeAeneHa Mr,rul.rMaJrHa nrbrHooT Ha roKa 3a cb3.uaBaHe B
e.qHa. JroKaJrHa o6riacr Ha (pocrpar{crBeH 3aprA r,r cr,orBerHo Ha noJre c
aHTeI{3I4Ter' Aocrarbtren 3a rr3n6JrHer-rr4e rra ycnoB[e (2) Ha
caMono.DJ{r,px(aHe Ha pa3ps.ra B Ta3r4 06racr. flpa noenuanaue ua [Jo ce
yBenl'rqaBa Hafiper{r{oro ceqeHue Ha pa3prAa u c roBa ce yBenur{aBa o6irlnrr
pa3ptAeH 'Iot< 7, Ho nr6THocrra Ha roKa u naA',T Ha noreH[I4aJla BT,DXV
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I
T'LMIIoTo KaToAIIO [pocTpaHcTBO 3aIIa3BaT MI4HIIMa']IHaTa ola crofruoct'

AoKaro pa3pfl;iuT fle [oKpI'Ie r\srara nnorq na Karo'I{a' CleA ra'ro qqnara

TI.IOIII Ha KaTOAa e [oI(pI{Ta c pa?pt[" l]o-HaTa'rbrlrHoro yBeJIl4rIaBaHe Ha

na[pexeul4ero rpn6ra Aa BoAI4 ,4o yBenI'{rIaBaI{e Ha rlrlsTHocrra IIa

p*prgr^troK HaA crofinocrra js' Taxle pexllM IIa ropeHe npfl anoManua

;;;;;;* Ha roKa j> jn j aHoMane' KaroAeH na4 vp > vru ce Hapl,qa

CboTBoTHo aItoMaJIeH TneeUI pa3ptA. Tosa e eAI{HcTBeHLtT pe}KuM'

lrpeAc'raBntBalll t4lrTepec 3a HallacfiHe Ha cJIOeBe B caMocTotTeJIeH TJIeeIu

pa3pfl4,:rui xaro caMo B aHoMaJIeH pa3ptA I]JlbrHoctra Ha itottrtus' [oroK I'I

a""prt"ra ira fiosprre ca AocrarbtIHI'I Aa rIpeAI'I3BI'IKar He caMo BTop[qHa

eMI{cIts Ha eneKTpoHI{' no u :a6ele}KilMo pa3[patuBaHe Ha Marepl{ana Ha

Ka'I'o.II4.
KoeSraquenmr Ha pa3npai[Baue, onpe'4eJretl Karo orllolueHlre Ha r(o-

JruqecrBoro us6utu aroMt'l KT,M KoJiHrrecrBoro fiotiu' naAau{I'I Ha KaroAa' e

rrafi-naxtsuqt napaMer:bp' xapaKTep[3l4paq flpoueca Ha pa3[paIIIBaHe'

C:utqec'rnynar pe.4l4qa MeroAI'I 3a lleroBoro eKcrlepnMeHTaJIHo

()npeAen{He: Kl,t\'I TtX Ce OTHactT IUeTOAbT Ha paA?IOaKTI'IBHI4Te

uHALIKaTopLt; cleKTpocKoIIUqecKIt MeTo.qLl; MeroA?l' 6a:upauu ce Ha

ll jMeHeHl4eHa'pe3oHaricHaTaqecToTaHaKBapIloBKpI]cTaJI ' I43[oI l3yBaHI,InI l
r.irTo MlltUeH A, Uilil, I(aTO IIOIIJIO)KXa. 3a elleprl'l{ Ha pa3npaujBaHe HaA

rrparoBara roerfuureri:ruT Ha pa3rlpaulBaHe pacre orHar{aro

eKcnoHeHIIHaJIHo, cneA roea rlluefiHo H ltMa MaKclIMyM' KoeQuql'ieu'rur' ua

pa3npa[IBaHe CI'IJ]HO 3aBI{CU OT OpueHTaIlUflTA HA KpLICTara cnptMo CHOna

iiun". llpu HAeHTlrrFIll ycJloBlltfl 3a pa3flI'llHl'rre BerqecrBa r4Ma

rlepfioAltquocr, o6yclannrqa ce orrtxnoro troroxeHlle B [epHoAI'MHara

crdcTeMa Ha eJIeMeHThTe I.{ CJIeACTBI{e [epI{oAHtIHOCTTa B TOnJI[Hara Ha

cy6Lruuaqur, cTpoexa Ha aToMtII]Te o6wteKI,I 14 I{pI'cTaJIHaTa cTpyKTypa.

Arolrnara Maca rra KaTOAa m BII:a3a B r3pa3a :a xoe<fnqraellTa Ha
^ . - M

pa3fiparuBalle vpeo xocrlur1l{eHTa IIa [peAaBaHe Ha eHeprl4trd --"" ''  
(m+M) '

KbAeToMevncatagaf io r ra .Koet |uqner . r r l4TcHapa: rnparunar iec ' r ra6o
'taBucflT or reMfieparypara Ha KaroAa' Koc$uqr'renrl{Te Ha pa3npalrBaue ca

MaKcI4MarHI,I sa i'lonare lia nIieprHI'ITe ra3oBe' TalpAe l{rlrepeceH I4

rreo6scnen ocraBa rlaxT'br, ue roe$nqlteHTl4Te lla pa3[pallrBaHe ce I43MeHtr

o'f npl4po,{aTa Ha aToMI'ITe Ha M}trueHaTa'

Baxen flapaMerbp. orlpeAenfq roerfuqueuta Ha pa3npaluBaHe' e

i,l-bJr6T Ha rIaAaHe na fionu're' Kax'ro cre4na or 6ualpAtlefl Morelr' To3u

rcoerpuqrEeHr ce yBenl4qaBa c yRenHrIaBaHe ljl-bila Ha nallalte Ha IaoHI4Te

OTI{OQHO HOpMaJlaTa Kl'jM noBT'pXHOATI& ll& MI',{rUeHaTa' B cBoI4Te



reopsrrqHfl pa3pa6orKfi 3uruyug (7) e norryvvfi cneryrus uryas sa
roelpuurenra Ha pasrrparrrBaHe rra rrJrocKa Muruena:

- c[.s"(E), \ =  " '  '
lofi" a- t/o

m
Kb.qero; cr. e Qymqrar Hd -1; ; (E) - cerreHnero Ha fipecrqase na fiona or

M " '
0

.rr,qporo, a: 0,219 A - p4Arryc Ha eKpaHrtpar{e, qpe,qrroxeu or AngepceH n
3nrrvryHg ga sgalr},roAeficTBlleTo MelK,4y ABa aroMa, V6 - Torurrfira na cy6ml-
Maurrrra. Bnarr ua S"(E) saBrrrcu or errepn{rrra na fionNre. 3a wrcrr
eHepn{lr 3rnryug e uoryrrnl

S"(E) : l2n.a3.?".E,KbAero t" = ,4Y=-, ^ S =3y r\!-
(m+ M )" 4n'Vo

3a nucoru eneprufi Ha rrepneHl[rrynf,pHo naAane na fionrare

d/D | 0,042u5n(E)
D ( . 8 , ) =  

n
Cropocrra Ha pa3[parrrFane W lrJr]r KoJrrlrtrecrBoro pa3[pareno

BerrlecrBo 3a eAurrnqa BpeMe oT e,quHfirla [oBbpxHocr Ha BeqecTBoro npII
pa3[paTrnaHero My c oflpeAeJren eHA fioHH rue ce orrpeAeru{ or rrJrtTnocrra
na fionnlrs noroK I, eneprutraE na ftornrre B r{ero r4 lrtJra Ha [aAaHero r,IM
(p,vuru W: LS(E, <p).

P e a xruue u o p u, np a tu 6 a H e
flpouaulenoro rllrroJr:yBaue rra plrrrparuBanero Ha Hauractrre Ha

T6HKn CJIOeBe Ce e 3aAbpxaJro AeCeTHJreTr{fl rrapeA rropaAl,I rroBI{rrreHOTO B
cpaBrreur{e c rBrrapeHneTo BbB BaEryM 3aMbpcrBaHe Ha croeBeTe c ftBoBe I,I
C npOryKT*I Ha paXliIlrIHU XHMLIIIHI{ Cbe.qI{HeHArL

flrpnoHavanHo ce e cMrrrlrJro, qe [pr4irr{Ha 3a He3a,rIoBoJIHTeJIHo
KaqecTBo Ha cJroeBere e BHeAp.rrBarreTo Ha aproHoBr{ aroMa B Ttx nopa,@

BI{COKOTO r{aflrraHe na pa6otnrax ra3 4pu pa3rrpaluBarrero. Crnpeuenrute
MeroArr sa a*anrn3 (SIMS - Bropr{trHa fiosua rvraccneKTpoMerpn.a, AES -

Oxe anarur) [ora3Bar, qe 3aMbpc.f,Banero ce oqpeAenr HraBHo or aKTUBIIU

ogTaTsqHr{ rzBoBe - KucJropo,{, a3oT, BoAIIr4 uapu, BsDreBoAopo,4ll - AoKaro
cbAbpxaHueTo Ha apfoHoB[I aToMu B cJroeBeTe e He3HaqHTeJIHo.

Hanr.rryero Ha aKTI{BIII{ rasoBe B KaMepara 3a pa3qpanrBane ce.4rJDKII
Ha MHoro rrpnurrr{: Harrlrane na am,roc$epeH Bb3.eD(, gecop6qun or cre-

Hlrre lr Aerafirr.rre B KaMepara, npr{Mecr{ r pa6oruna m3 H Ap. froHnsallutra

B pa3prAa Ao[birHr{TeJrHo yBerr4qaBa axTr{BHocTTa Ha Upr{MecHr,rTe ra3oBn
aroMa, rouro 6ou6ap4l4pdr Mnruerrara r{ noAJIo)KKara lt cb3,uaBar Ha
noBbpxlIocTI,IT€ IaM pa3IIlrqHVI x.trMvtttHn CBe.qilHel{ns - nafi-qec'ro oKrIcI,I Ha
Marepr.rana Ha MnrueHara, Koraro e neo6xoAnuo c pa3rrpauBaHe Aa ce
rtoJDnta qucr MeraJreH clofi, crpppxarrero Ha rrpr,rMecr{ B p€BrrpartrBarqara
ra3oBa cpeAa e onpeAensrqo 3a KaqecTBaTa Ha cJros,

Otnocrarennoro KoJrriFrecrBo fip]rMecl,r or rr{na i, lfisaxnanaro or
cJror, ce oEpeAers oT z3pa3a

r y A /
(5) f, = 

*i" i
c t ,N ,  +R '

KTAeTO: Cr,i e elberirMBen roesnrg,reHT Ha rlpr4rrenBaHe Ha aToMHTe or rrm i
IIo BpeMe Ha HaHacrHsTo; Ni - Kolr4qecTBo aToMH oT nnga i, fiaAarqu no
BpeMe Ha orJraraHero Ha erytv.yF{Ha nnotq or crrog 3a eAUHI{IIa apeue; R -
cKopocT Ha HaHactHe Ha cJlot.

Karro c[i, 'raKau N1 rr{e LrMaT no-roneuu crofrgoc,ru qplr KaToAHoro
pa3rrparrrBarre, orKoJrKoro uprr ApyM MeroAH 3a HaHacf,rre, flpu pa:npam-
BaHeTo MHO|O OT [pr{MeoHlrTe ra3oBe rrpHcbcTByBaT He BbB B}rA Ha MOneKy-
JII{, a KaTO aTOMI{ IIUIU fiOUU, OrryX I,I CL; I rIO-rOJI'MO. I4SneCrHU Ca MeTOAU
:la uogo6pxaane qucrorara Ha cJroeBere qpe3 H€tMaJrrBaHe Ha N1 (r,tuo.uayna
ce raKa HapeqeHoro "rerepHo" pil|[parrrBaHe HrLr cr,i - paSrrparrrBane c
npeAHa4pexeuae wfir Ha flpoMenJrr{n ror).

flpra "rerepnoro" pasuparuBarre ce [BrroJr3yBa csoficrBoto ua
vau&afi:ur4s. cnofi arcrrnHo Aa rrourbqa [pr4MecHr{ ruuoBe. Cnopeg peArrla
LI3CJIe.qOBaTeJII{ IIIIICTOTaTa }Ia T'ErIKI4Te CJIOeBe Ce nO4O6pAAa C yBeJII{qaBaHe

Ha .qe6ermnara I{M. B ycrpoftmnara c "rerepHo" pasupatt*ane
pa3rrparuBarrlvrflT Ta3, rrpeAlr Aa rIo[aAHe B 3oHaTa, KtqeTO ce HaM[pa
noAnoxKar4 MlHaBa EaA [oBcprurocr c nprcuo orJloxeu cnofi uarepraan.
flo rarur Harmrr B uafi-npocr BEI{ cucreMara c "rerepHo" p€BnparrrBarre
[peAcTaBlsBa KaToA c foJr{Ma rrJrorq I,I TaKaBa roirrMa fiJrorq Ha rroAJIorKKo-
AbpxaTeJr, a oTrlocuTeJuro MaJrKaTa uo.qrroxKa ce pa3nonafa B uenTbpa Ha
Ta3v cr4creMa. flpnuecHare aroMr,r B pa3nparuBarrlrq r€13, rrpeA[ Aa
nofla,qnar B rleurpzuluara o6nacr, BJrr,r3ar B crbJrKHoBeuue c MarpfiaJra Ha
KaTOAa, OTJIOIKeTI B6pXy pa3JIIl[qHUTe q€tCTII Ha cI{cTeMa.Ta, B p€yJrraT Ha

r(oero Bepof,THocrra Aa 6r4ar a6cop6rpam e roJrf,Ma. B raKaBa
KOHCTpyKrIr4r pa3nparrrBarqurT ra3 ce oqucTBa oT IIpHMecI4Te, He3aBIIcIIMo
oT TOBa npUCbCTByBaT nI{ Te B TBXO.{HI{{ rA3, VIIIJ.I Ca Ce [OtBIluIIl B p€ynTaT

rra o6egragtpane rra crenure.
3a pasuparuBarre c npe.quarlpexeur,re [o.qJro)KKara ce r,r3onr{pa

creKrprlrrrecKl{ oT arlo.4a, rato fi ce Io.{aBa oTpHrIaTeJreH cIIprMo arroAa
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roreHrr'a,rr clc crofr'ocr 100 - 200 v. B pe:ynrar Ha roBa rroAJio)KKara ce
6ov6ap4upa or noJrolKrrrennh i,tortu, 

",rr"a_o"r, 
or pa3prAa. flonexe

euepru.sra ItM e HeAocrartqHa 3a pasnpaurBaHe Ha llaHecelia, c.nofi, te
ocb[IecrBqBar caMo [pepa3npallBaHe u orlncrBar{e Ha cJro, or
agcop6upaautre fa3.Br,r aroMl4. Aro elexrpaqecK* ri3.nr'paHi,rre or arroAa
noAIoXtKIt He ca BKJTK)aI.HI4 B5B B:6HlIHa cxeMa 3a cb3laBalre Ha
npeAHanpex(ell'e, Te npngo6znar orpurlareJreH noreHr{aaJr cnprMo a'oAa
BcJleAcrBr4e Harpy[Bauero Ha 3ap.{A or eneKTpoHn B:bpxy rax. llopa4u
K.M[eH.rparqoro 4eftcrrae Ha [peAr{3BAKaHara or roea 60rvr6apA'poB*a Ha
nonJlo)I(Kara c [oJro]r(r4TerHfi iioun croftnocr:ra HA. aBTOMarI4rrecK]I
NONYI{EHOTO OTP}TIIATENHO IPEAI.IAIPC)KCIIHC IIE IPEBIZIIIABA H'KOJ'KO
AecerKlr BOiITa' Ho e@errtr Ha rlor{HcrBar{e lla cJIOt OT Br{eApeIia ra30BI4
aroMa e 3HaqarereH. I{oraro c noMorrlTa Ha onflcaHr{Te cnoco6u ce HaMiuILI
AO TVAHHMyM BT,3MO)KHOCTTa 3a nlloTl4riaHe Ha HeI{OI{TpOIUplzgMli peaKul{n
Bbpxy Mlrr'.e*ara u nor(Jro)K*rle r{ Kr,M rrr.{cl.}rfl Hr'epre' ra: ce lpn6anrr
tro3upaHu KOnI4rIecTBa UoAxoA.{u aKTIIBCH ra3, cepl{o3llt4rT He.4OCTaTbK Ha
pa3[palrBaHero B TJreerq pa3pflt], ce npeBpsqa n o.r6e:rq:aHara Beqe nore3Ha
BT'3MoxtHocr 3a cuHTe3 Ha xfiMr4qHll c\err4:HeHuq 14 3a Ha]HacflHe Ha rbHKrr
croeBe or Ttx. rlpa ,rooa B Mrrofo cJryrau xnl\{uqecKl4rr c.rcrats Ha
fiaHeceHrq cnoii naoxe Aa ce ylpaBlirBa raKa, rre npu pa3npatlBar{e i{a eArla
r.t cbIIIa MeTaJIHa M}.t[Ietra nocIeAOBaTeIHO Aa oe floriyrlij cjio]-t oT Me.iaJr.
flonyfipoBoAHrlr( H r{ar(pa_{ IaeneKTpai( ca}"{o c r43MCHeHire rra
C'OTI{OIUEHUJITA HA KOII'CHTPAIII,I4TE HA UHEPTHI'II I4 AKTHBHII' IZ.= B
pa3pflAa.

Pa:rezrtlero Ha MHI(poeneKTpoHI{Kara H oIITITI(ara nocraB, npeA Tex_
HOlIO3I,I',re 3a,4aqaTa 3a [oIy.IaBaHe Ha BCe HoBLr. n HoBIt C:'eAIIH e'I4fl B
T'T'HKOCIIOEH TJI4T,. HWTATA CE NONYIIABAHETO IIA PA3N'IIIHI4 C6EAI'HEHI4, OT
pa3[paTelrvJr Marepnafl i4 ra3a, e xofiro craBa pa3nparrrBa]rero. 3arosa
xriMuqecKH aKTpIBHH'1' fa3 ce BT,BexAa B pa3rrpaulBalrrara cacreMa 3a
noJryqaBa*e Ha cbeAz'eflrre BbB BlrA rra c,Tor-{ o r4trepecHlt 3a [paKTltxara
csofcrsa. Tarcr'n na-iIzFI 3a tl.nyrlaBaue Ha croeBe ce HapLIqa p.aKTI,IBHO
pa3nparrrBar-re. rlo-rolslrara rJacr or pa60ru,re 

"o 
n"onr"onoropa3[parirBal{e e flocBererla Ha oKcliApr. Toea e o6ycroneHo KaKTO OT

I'HTEPECHIITE CEOIZCTEA HA OKC'IAIITE HA MFIOTO META,II4, TA.'.A U OT JTCKOTATA,
c KorTo MO)Ke Aa ce npoBexAa peaKTirBuoTo pa3DpartBaHe B Kr4CnOpO.4a.
Br'eex4auero B pa3npauBaqara KaMepa Ha K[c,ropoA oKa3Ba :a.crexrznao
Brtr4frHae Ha BvI\a Ha Tneeupls pa3prA R apfoq. flo6anruero Aa)Ke Ha
Heforell\lu KOJIZUeCURa KUCnOpo,4 BjIU.Ee Ila pa]rpfrLa TaKa) KaKTO
3HaqI'ITeJlHoro rIoBI{IIJaBaI{e Ha HaJltra'ero B Kai,{epara, c'Kpalr{aBa ce't'bMuoro fipocrparrcrBo H ce fraMaiirBa rrMne.r{a}{c6T Ha pa.:pr{A. Tosa

,rBrreur4e ce olflcunsa c (farta, ve 4peii$onara cropocr Ha eneKTpoul4re,

.1(r:iri)Keulr4 ce B T"IMHOTO [pOCTpaHCTBO, IraMaIqBa B [pI4C6CTBi4eTO lra

lfl{cJropollffl4 aToMH, KOI{TO BpeMeIrHO CBt'p3BaT eneKTpO}IIrTe 14 ce

lrlreBplruar B orpuqarenllw itovtu. B pe:ylrar Ha roBa erfiexrLrnHocrra ria

o6paeyuaue Ha rrolro)Klrrernr fionu npl4 cbyAa.peFluero Ha ereKTpoHI4Te c

la3oBLITe aroMl4 HapacrBa. Ocneu roBa [opaAn npl4c'LcrBuero Iia
() r'pr4rlareJrnrr frouu e 3oHara Ha pa::ptAa oKolo aHoAa Moxe Aa ce oOpanyna
o6;racr Ha HarpyflBarle Ha orpHIIarenHH fiour,t, KaKro o6BrasKara Ha

r I o,{ox{r4TerHl4 i.io gil na I(aro,qa.
E4aH or ocHoBHr4Te BT,npocrl, HH'repecyBaq I43cile/qoBarerlllTe Ha

l)L:ar{T}rBHoro pa3npaIIIBaHe, e ro3lt 3a Mtcroro ir MexaHHsMa ua o6paryeatte
rril xr{Mr,Irrecroro c:beAr4Herre, t"rri Karo opi{r{quill{o c:brqecrByBar rp}r 863-

\r())IiHocTIl. a pIMeHHO:

a) O6pa:ynane FIa cteAi{}ieuuero B:bpxy Mulxeltara B pe3y:rrar Ha
uona6apgHponxara I c iiosa Ha aKTHBHirt ra3 H nocJleABau{o npeHacsi{e Ha
,r\.JlH Mo,qexyJH Ltltu MoJIeKynHI4 rpynu (rnac'repH) Ha c'berlutleHLlero Ao
lroAJIolI(Kara [pI{ pa3lrpalilBaHero c liontl Ha I4HeprH\I-r ra3:

6) O6pa:yeai{e Ha cr,eAuuei-Intra rio tspeMe }ta ilpenaralle Ha pa3npa-

rrcnnre rlacrIrlll.i or r\{I4[re]Iara I(6M no/lltoxl(ara npLI c6,'rccKsaHero I4M c

\lolrenyJrlrre (arorr,rure) Ha, aKTI4BH[.n r-a:. 
'l'ogtr 

npouec ce cqr]Ta 3a MaJIKo

ncpoxTeu rropaArl 3arpyAHeHIaTe ycnoBl{t 3a cIIa3BaHe Ha e}{eprelurli:lu 6a-

lltrc i{a xl{Ml4qecxara peai(qus s o6eva na pa3p-sAHara r\4ex(ArlHa;

n) O6paryeane rra c:beAuneHuero Ha noAnoxKara nocpeAcrBoM

lcrrarcop6qua Ha ar(TLIBHI4t ra3 or KonAeH3llparqure Bbpxy noAnoxKara

l)a3npalueHll a1'oMll Ha MI4UeI{ara. 3aceia rosl4 B'r'[poc He Moxe .ila ce cqllTa

iir H3.{cner{ 4oxpafi. Bepoarrro or cneilra$lr.rnure cnoiictra (nanpruep or

)lrrMl4rlecKara axr:ueuocr) Ha Marepl4ana Ha Mr{uenara [r FIa aKTIitsHgt fa3
rar;rlcn roil or rplire pa3rneAaglr MexaHLI3Ma Rrpae oflpeAeJltilIa. pont B:bB

l iccKr4 KoH KpeTeH cJly qat-t.

Aro uex.qy Marepl4ana Ha KaroAa tt xI4N4I.IqecKw aKTI4Br7Lra" r'&3

r],r,x_iec'IByBa caMo eAHo cscAr{HeHne, npoqecbT I{a peaKTHBHoTo

l)$nparxBaHe 6u 6ut rocrarbqlio flpocr, rIpH ycJloBue qe KorlfiqecrBoro ra3
(' Aocrartrrno :a o6pa:ynane Ha cbellui{ennero. B Mnoro cnyqaw o6aue, o

taBucpIMocT oT ycJloBl.Itra Ha pa3rlpalxBaHe, MofaT Aa ce nonyqar pa3ni,IqH[{

cr,eAr4ueHltr. Konxperutaar rnII Ha cbeAlauelrlrero, I(oero ce o6pa-:yea,
'iaIlI4CI{ KaKTO OT IIpOIIeHTIIOTO cb/lt pxaHl{e Ha aKTI4BHI'IS la3 B

Pa3npalxRalllara arnaocrfepa, TaKa It or Ber[qrrHara E*, HapeqeHa

lr[)]lBeAeFIo IOJIe, KOTTO Ce OripeAent IIo creAH].fs I{aqI,IH:
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KbAero: Ve uaupeNeHl4e Ha l(aroAa, d - pazcrotuuero Karo,4 - €llloa I{

p e HarqraHeTo.

5.rrbHKOCJIOfrHr{AIEIEKTPT{IIHI'IMATEPI',IAJIT4

B Koncrpyrlllitra Ha M[KpoeneKTpoHHI'ITe eJIeMeHTH

AneJIeKTpI{nHI,ITe CJIOeBe ca c pa3nurtHo npeAHa3Har{eHl',Ie:
- Aa 3aulsraBar floBbpxnocrra Ha flony[poBoAnl4ultre fi p-n -

fipexo,ql{Te or BJIara I{ Apyru BpeAHn arrraoclpepnn nr':4eftcrnur'

- fia ocufypsBar repr'Ioycrofi'rl4Bo Macrlrpaue rlpll ceJIeKT[BrIa

gusyrrar 14 efllar aKcr4arrHo H apacrBaue.
- ,{a yuacteyBar Karo AI'IeneKTpI{K s rbHrocroffHllre KoH,4eH3aropII

n MOS-npu6opnT e (Metal-Oxide-Semiconductor).
-,IIa cr,sganar AI4eneKTpI'ItIH a u3orar\r4r MsxAy orAerHl'Ire eJreMeHTI'I

Ha cxeMI4Te I{ Mexqy eJIeMeHTLrTe I{ flOAJIOXKaTa.

Or npeguasnageHl'Iero ce oflpeAentr I'I I'I3I'IcKBaHu'ITa' KolITo ce

[peAtBrBaT KbM AI'IeJIeKTpI{!IHHTe CJIOeBe' a I4MeHHo:
- Bncoxa MexaHI'IqHa -flKocr.
- Xulrar,gecxa cra6ulnocr.
- Bacoxa A[eleKTpI4uHa tKocr LI .(neneKrpurlHa [poHl4uaeMocr'

- Munnualeu raHrenc Ha brbJla IIa AaeneKTpl{'*urr:e sary6rE (tgb)'

- Cla6a qyBcrBLITenIIocr K:bM BJIafa.
- Orcrcrsue na geQerrn, npaMecl{ I{ nopl{.
- ArraopQua crPYKrYPa.

H-arraa ynlroepcaJleH AueneKTpI4qeH clofi, rofto 4a yAoBnerBopf,Ba

BcrlrrKr{ I.I3IICKBaHLIX. Ha npaxrura 3a pa3n}IlIHII npnnoxeullfl Ce I'I3OlIpa OT

onrr{M€urnl,Ifi cttoit, a rlecro ce cr,3AaBar lr vuotoclofiHl'I crpyKTypu'

Eguu or naft-.uo6pe u3yqeHI'ITe, I43noJI3yBaHI{ I'I I'tH'IrepecHI'I 3a

MI4 KpOeJreKTpoHIIKaTa Ar{enelopErrHr{ cJroeBe e cuJIHULreBI4rr oxcnA sio.

Irlrnon:yna ce 3a 3aIuHTHO [OKpr.rTrie, H3OIaUI4.q s I\lUOlOcIoftHU

crpyr(Typ[,'rumoclofinu KonAeH3aropu. SiO ce H3rlaptBa rrpll 3lraall4renuo

[o-HracK[I TeMneparypl{, orKoJlKoro Si u SiOz. Marepuan 3a I'I3rIaptBaHe Ha

SiO ce [pou3BexAa Karo npax u'ra6lerxu. 3a ga ce flpeAorBparn fionaAa-

HeTOHa,4IrCKpeTHHqacTI4III ' , I3aI43rIapeFII{eceI43[On3yBaT3aTBOpeHI', I 'on-
TI4IIecKE He[po3paqHl'I pl3fiapurenl4. Croesere or SiO ca artlop$nu' ua

peHTFeHocrpyKTypHKTe ctIlIMKrl [pl{cbcrByBa caMo eAI'lH gllQyseu npr'cre}I'

fonrv 6poft r'rscne4Ba*utr ca noKa3€ulu' rle reMfleparypara Ha I{3trapI{TeJIt'

cKopocrra Ha orJlafaHe, H€uulrarrero H cbcTaBbT Ha ocrarUtilH.tr. rrrrr,
oKa3Bar cr,IlecrBeHo BlLvrflHri,e Ha MexaHHrIHr,ITe Hafipe)KeHIIt t] cJroc&orr,
flapavetpzre Ha orJlara'e Brr4fl.flT I{ Ha A'eneKTpr4rlrrr.ne cgorrcrra.

I4s*rro.IzrerHo uHTepecHrr Karo 4l.tsysrzonHra MacKr,r n, 3a rrac*rril'rr
HA CUrU\Ueilr npa60pa ca cJloeBere or SiO2. vaerEqasa ce rrxHo.ro .urrl
rreHHe r{ Karo I{3onriparqu cnoeBe npE npecuqaHr,u u rbHKoCrofiHu x'rr_
.4eH3arop[. B rexHororEcra Ea cufintJr4eBoro [poI{3BOACTBO CJrOeBere or
Sio2 ce fioJryrraBar trpe3 TepMrqHo oKr.rcJreHue. 3i cnoftnu RC - cxevu urr-
Tepec npeAcraBngBar caMo rrlrcKoreM[eparypH]rre MeroAlI, r'rfi raro reu-
leparypr,r ual 500"C BoA{T Ao pa3pyuaBaHe Ha r{3rorBenr{Te Bbpxy [oA_
JIOXKI,ITE KOMNOHEHTI4. 3A'IASU IIEJI CC A3IION3YBA OTJIATA}IETO B},8 BAKYYM
oLr'fnl{ qpe3 ere*npoHe' rbq I{nH BlrcoKoqecrorr{o pa3rrparrrBal{e.
Lbyvananero Ha cJloeBere, noryqeun qpe3 peaKTHBHo pa^i[parrrBaHe,
noKa:tBa, qe csofictsara rarr,r (onpegeJr.rlHr{ no cKopocrra Ha erIBaHe I,I
cneKTpHTe Ha nourtlane) 3aBrz,QflT OT r{aJlrfauero Ha KrlcnopoAa,
TeMneparypara Ha lorJroxrKara 14 cKopocrra Ha orJrara]re. flpes nocre4urE,re
foAKHlI ce IIoBIlIuH l4HTepecbr rr K6M cnoeBe or Si3\, Kolrro Hal\&rpar
[przJrox(eHHe :a 4nQysr'ronHri MacKr,r, [ac]IBaqr{r Ha cr4rrauaeBra rrpra60pn, n
r:rHxocaofiHare KoHAeH3aropr,r a Karo r{3onHpaurpr croeBe (AHenexma,riara
KoucraHra E= 9,zapa3nr.rKa or SiO = 5 n SiO2 = 3,g + 4).

Orclr4ua [oKpr{Trig Morar Aa ce fion)aqaBar ,,o pa3rr{r{Hl,r Me.foAU
BbPXY TON{MO KOJII,FICCTBO METZINU. TAXfiSA [OKPI4T},I' CA IOJIE3HI,I HE CAMO
3a 3axrvra Ha MeraJlr4Te or anroc{repulr nls4eficrBus, u xprMnqecKa
r(opo3l'rfl' Ho ca I4I{TepecHr{ n eneKTposnrzvnure aNa ceoficrBa. Hanprauep
BACOKI,ITE .{'IEICKTPI{TIHI,I KOHCTAHTI{ }I EIEKTPI,FIHA 'KOCT HA OKCIIAI,ITC,
tonyqeHu r{pe3 aHoA[paHe Ha arry-uunr.rft r,r raHTaJI, Beqe Aecerwrerl,r, ce
r43[On3yBaT 3a ]IsfoTBrHe Ha eneKTpon[THr,I KOHAeH3aTOpn.

rlpuraranero Ha [orer{qfi€rn MexAy ABa eneKTpo.qa B erreKTporrr{T 3a
rI{I(OH MCTAJIL' BOTI4 AO I43PACTBAHE HA OKCAA B'bPXY AIIOAHH'I MET'IN. TAgrA.
JT6T C NPI,IMEP 3A TAKbB MCT€UI, O6PArYNArrl EAHOPOAHI]I OKCI4AHI,I CJIOEBE B:r,B
IloAeH pa3TBop Ha pa3nnlrHr,r eJreKTponr.lrrr. florryrveHuxr clofi e npoAyKT Ha
cjreAHaTa peaKIIIZt:

2Tasn + 100H'+ Ta2O, + 51116.
llpoqecrr, rofiro ynpaBnrBa cKopocTTa Ha aHoAr,r3arln r, e

Mr'rlparlzrrra na ftoun B:brpe B oKcI4AHr{r Cloft. AuoAvpaHero ce H3BbprrrBa
IIPH NOCTO'HHA NISTHOCT HA TOKA AO AOCTI{rAH9 HA U3I4CKBAHOTO
rra[pe]KeHl{e- rlpe: rona BpeMe cJlotr pacre c nocroruna cKopocr,
c'borBercrByBarrla rra HapacrBar{e }ra rra[pex(errHero, ueo6xogtirrro :a
[oA4bp)r(aHe Ira roKa. Bropara qacr or npoueca e npl4 rrocro.rrHHo
ila[pexer{ue H rrpoAbJIXaBa, AOKaro iiognusr rox Fre ,qocrr,IrHe crofiuocT
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a .110 / lmin, a cJrel .qocrr{raue Ha HaqpexeHr{ero

EIF .e, ,sN,q^DqAv zt l  tm!n.
r" Trlrll| 5. r aana ltrQopvaqux 3a ruener."p,{qHure KorrcraHTaDt rnoAxx oKcr{,ar.

'fiOz,sz, a ra3oBara Sa:a ct4rpxa TiOz'TiO-n Ti' flpeogouaaHero Ha re3n

TpyAHoCTII CTaBa Bb3Mo)KHO {pe3 LI3IIoJByBaHsTo Ha peaKTIIBHo lil3napeHl'Ie

B KI{cJIopoAHa cpeAa' Komqectsoro Kr'IcilopoA tpa6ea Aa 6tAe B

onpeAeJIeHK rpaHuqn' 3auloro B flporllrBelr crIrraft ce noJrrraBar HexeJIaHIlt

c$errrr.flpurregocrartqHoKoJII,FIecTBo-HeIISJIHooIcIcJIeH}Ie,artpl{IIo-
IOJI'MO . NOKA3ATEJIfT ITA NPEqYIIBAIIC U IJIbTHOCTTA HAMAJIf,BAT NOPA'{II

.r"p."U""-t oy6^, AbJlxaqu ce Ea MHonoKparHI4Te crlJIKHoBeHr{t Mexgy

qacrul l l lTeBltBoBaraSara'TasnoET[MaJIHao6lacte2-3'5'10'aTorr '3a

ugenrraQuqupaHe Ha 
"rro"s"r" 

ce rcnoJl3yBar MeroAllre unQpaveprena

cneKrpocKolr Yfl u na3ep:Ha eJlrdrcoMerpus' EAHa npI'IMepHa cueKTporpaMa e

;;;;;;" Sur. 5.1. h""o 
"u 

s3pa3eH' a6cop6unounlilre MaKcI'MyMn nprl

iio uzso 
"rri-t' 

no**u'"Jltr Ha npeqy[BaHe 3aB^out' or reMtrepalyparaHa

no,4JloxKaTanAoubJIH[ITejII{onpoBe,qeHaTaTepMuvlrao6pa6orra(ra6mzua
5'2)' Ta6nma5,

ftlloto cH '4roqeHr{e,

Iltrr|trtn trnbrrrocr Ha
a

HarprMgp ro BpeMe Ha traf
roxa l0-r A./cmz cKopocrra

Ta6nqa 5.

s. 1. I nprrMEry_lA rrpz.troxEHr.rE HA 4[EJrEKTptrtrHr.rCJIOEBE B OtrTUqHI{ EJTEMEHd'*^'

o_"0#"WrrryHu 
cJtoene sa onmuuuu ernn4ou u mrrnJruHtru

Onrnqno qpo3parrr.rrre,qfieJrercrpr.lqlr ce u3noJrsyBar rrpa troJryrraBaHeHa unrepSep"** 
"o-:::e 

_ ocnoBa Ha rpocBerJrrBarryr E orplrrBau{ErloKplrTr{f,, Jra3epHr,r onreAaJra, 
""""og"*"*' u pe!fr\a ApyrueJreMeHTr{ HactBpeMerrrrara omnxa, 3a norryvaranero Ha re:repl{anz c Br{coK r r""".'""7#tr":: :::" 

cJroeBe ce u3rlorrcyBar Ma-
pereneFlaoo"o"oo"-#XoT*T"H#ffiff 

"A;*.'"f",nm"lucJIoeBe c a:lBecr'o Fpo[yc*aHe zrr' orpux"rrr,te, Ivf'Hr{M€urH' o6nga sary'arr Br{coKu Mexarrr{rtrrrjr K:_s::rBa. Karo niuruep IIIe pa3ilre.qaMe r{3rorBrrHe Haorrr'rq'r{ {lunpll Ha 6agara Ha cJroeBe * fiO, 
" 

dtOr. d;_;;;;;;;;*,MeToA 3a fiofiyqaBaHe JIa gJroeBe o" a"a, MaTepI{€uM e eJlelffpoHHo_JrbqeBom r€uape'r{e - o6urnoneuo E peaKTrrBHO. florryvananero Ha cJroeBeor rr{TaHoB AaoKcI,g e cB6p3a.o c,pygo",", mft raro np" ,rar"p"*"ro868 BaKyyM TiO2 ce AHcorlr{4pa, H€rM€lJr.rrBa Knc,r *95: Aa ce iloryqu,qopu qvcr ruraH. rlpn,liilffi#"?Tff;ffi:
seH Tio2 rro eneKTpolrHonrqeB nn"ro4 

"u""unbr 
Ha r{3TOgr{RKa ce u3Me'q,{o

Btpxy Hero cbulo oKa3Ba Birltturle latxoAnuqr Marepr{alr 14

Kr{0JIOpoAHOTO clAspxaHlre BtB BaKyyI\fIraTa Kal\4epa EO BpeMe Ha

,"rr*i#.*. Ha Qrr' 5'2 n $w' 5'3 ca noKa3auu o6o6rqenu onrrrllll

;;;;;;;;"'M 
e rroMepbr Ha u3rapeHlrero' a n - fioKa3arerltr Ha

npeqylBaHe'

lloxa3aren Ha nPeqYrIBaIre Ha

or TiO2 nPra 550nm

-T-- I ' 
r'nm

4 0 0  6 0 0  8 0 0

@uz. 5. t Cnexmpozpan'ta Ha mbH'bK cnoil TiOz
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@ue. 5.2 3aeucuMocm Ha noKa3qmern Ha npeuynsaHe om euda ua

T tx:
1 0 0

80

6 0

2 0

" 26 2.2 te ! .4 v x lotrn- '

tDuz. 5.4 I'Is.rucneuu cneKmpanHu xapaKmepucmuKu ua $unmup

Heo6xoAnuo e Aa ce rrMa [peABlrA r1 Kpr{crarrnara crpyKTypa Ha
TiO2. Pyrlrnlr e cra6nleH, TBtpAr c Br4coK noKa3areJr Ha npeqynBaHe Ha
cBeTJrLIHaTa; aHaTa3bT e nreracra6r,ulen, a 6pyrumr e aJrKaJrHo
cra6unuzmpaua MoAr,rdruxarlrEq. Koraro cJroeBere ca nonyqeHr,r B
fiplrcccTBne ua neo6xogr,rMoTo KoJrr4qecreo 02 r'r TeM[epaTypaTa Ha
rroAJro)KKara e oKoJro 250"C, qpe3 eneKrponna 4u$pax\L4t ce AoKa3Ba
npr4cbcrBaero caMo Ha pyrr,rnoBa Qa:a. llpu r43napeHue Ha SiO2
nocJreAHlrrrr He ce pa3Jrara, nopallr Koero cnosr ce orJrara 6es

AontJlHurenuo npn6auHe Ha Kr,rcnopoA B KaMepara. 3a Tesu cJroeBe
roe$ltqr-reHrtr Ha [peqylBane Ha cBerJrlrHara Bapr{pa or 1,42 Ao 1,46 n
3aBlrcrlMocr or ycJloBriflTa Ha fisnapeur.re. KourperHo [punoxenl{e Ha

AHeJreKrprrtrHrr cJroeBe or sio2 u Tioz ca qBerH'rre Ko.q4parqu sunrpra :a
Br4ArlKonH 3a uBeruo r:o6paxeuue. I{nernaxr KoAr.rpaq {urmp e orpa-
3rBaul nnTep$epeHuen (pnlrTp, r,r3rorBen Bbpxy o[Tr{qHo cr6KJro. Ilorpn-
Tl4ero e "Hapfi3auo" Ha hBuW, Karo ruuplluara Ha ,rBvuJlrre t[unmp ra na
HefloKpr.rrara qacr e eAHaKBa. Pe4ynauero Ha crroeBere c Br,rcoK H HHcBK
[oKa3areJr Ha flpeqynBaHe Ha cBerJII{Hara vr rflxnara Ae6elrna 3aBr{cu or
KoHcrpyKTr{Buara cxeMa Ha uspa6ornaHe na Surtrpa, Ko.rrro ce u:6upa n
3aBr4cuMocr or xeJraHara cnexTpaJrna xaparTepr{crrirra. Cnercrpaannre
xapaKTepr4cruKv Ha $lrnrpurc, ocuryprBarr[4 Tpr{Te ocHoBHlr rrBfiTa B rlBer-
HaTa TereBr.I3r4t, I,I3DIeX(Aar npr.rMepHo TaKa:

^ H  L , , , , r , , L  H  L  ^ ( n , U \u- . - tHL -+  u t  - .L -  L
3,3 3,8' 3,6 4,2 6,9 \. 2 2 )

KbAeTO:

D e no4roxxa;
11 - ve'rnr'pr BbJrHoB croft c BI4coK noKa3aren Ha npeqyflBaHe;
I - uernrpr BbnHoB cloft c HHcbK rroKa3areJr Ha nperrynBate;

40

2 , o  2 , 5  b , o  J , s  4 , D  , 4 o - :
P o . ' ' o  "  

t

@uz. 5.3 3aeuctuaocm Ha noKa3amern Ha npevyn*aHu orirop4u*ro*o
H(ulzzar te ua xucnopoda.

T-T

MAmepuara
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N:5,6pofi narpynmeHL.

Apyro rrpluloxelrne Ha MlroFocJrofrnu 4zenerrptffiH]n cvgrelur.v e

Harrpr,rMep HaHacsHeTo Ha [oKpI4TEe Bspxy B6rpeluHaTa troBbpxHocT Ha

eJreKTprfrecKu KpyTIIKI,I c Ha)KexaeMa xIIrIKa. I-{elm na roBa noKpHTLre e Aa
uporrycra BnArrMara cBerJllrHa LI Aa orpa3tBa nnQpauepnenata- flo togu
HaquH ce no4o6pxra e$errurHocrta Ha KpylrlKr.rre. I4Aeannoro lrol<purne
6rz rpr6rano Ea nwa xapaKrep[crllKara, uoKa3alla ra Snr. 5.5. 3a
fionyqaBaHe Ha xapaxTepsctnra, 6nnsra Ao I{neaIlnara' Morar Aa ce
tr3rron3yBar Mer€uIoAR - eneKTpKtIHI{ r,I AI{eneKTpnrrE troIcpUTWI. flprt
MeraJro,queJreKrpl{tll{uTe uoKpI,ITI,If, CXeMaTa ce cbOToI{ OT TplI CIOX - MeO-
Me- MeO. Mex,qlcrnrxt Mera[en cnoi rpx6ra Aa 6r4e cum{o npoBoArrM
Merarr, a 4e6enunara My Aa ce no46epe raxa, qe Aa ce ocflrypu
qporrycKauero Ha cBerJlnrrara or BI{,4I,IMara o6lact r{ orpa)KeHllero Ha
rn$pa.repaeHata. Kato raKtsB Marepnall B olmcarrnf, [pr,IMep e I'I3non3yBaHo
cpe6po, a lgerer(Tprcnulrte cJIoeBe B cJryqEUI TiO2 ocrrypxrat tfla:oaoro

cbrnacyBaHe ra anmpe$reKropHr.I csofictsa

R t'6l

1 0 0

3AO 605 L . 3

lp - pas
qe-xoeQruDrctf,tl
qr - rcooOrt|lcrl
dr -,qo6oJrrtt l|

HaKexaeMaTt tmfirr: .. , .er{g
dz -ae6onrnrrilrprrnrcdr *'i Y!'T

1i J ,riti

dr - le6c.nrrr m.uarnrr?mtlr orol tt oUftG
I4gqucnenrrc no rqrn Hlqm lp6cJ[rrr oa or noFlDlt r IIDIO A

sa pa3Jrr{rrxure cJtoeBe. 3a Aa ce noJryqr roJtanttl ! cJry{r rrg|nrDnn
Ka rrpr n3roJnyBane caMo Ha Ar{eneKrpHqHH cJrocBc (SlO2 r TlOl), rr
rpt6na Aa ce HaHecar rro cJreAuara cxeMa:

/ ' t t  1 r  !  r  / . l u  \ n  \

l lr io,|sio,l |rio,ll sio,lrio,l ,
\ T  a  , /  

. r  
\ +  . t  /

IcDAero l,' = 800 nm,
1," - 1000 nm, z :3-5.

Ilpes ra:z KoHcrpyKqr,rf, Moxe Aa ce noryqu [pofiycKaue BbB
BI{AI{Mara o6nacr go 80-85o/o, a npu }, = 900 - 1000 nm - roA l1Yu Tona
rrorplrrr{e, orJroxeuo rrpxy rol6a cbc cflerlr{aJrna KoucrpyKlltrs,yBerraqarla
cBerrunurr .tro6rn .qo 10-13%.

5.2 TbHKU PE3UCTIIBHR CNOEBE

Pe:ucropure ca eAHu or nafi-parupocrpanerrar€ KoMIIoIreHTr{. Te fis-
rrbJlutBar Qyurqnu Ha peryJmpane r.r pa3[peAeJreune rra ereffipaqecKara
eHeprrur. OcseR ToBa. 3aBr{crrMocrra Ha cneqn$lrrnoto cbrrporltBJreulle or
Bbrrurrru naegeficrnnr ce rlB[oJI3yBa ra npeo6paeynaue Ha HeeJreKTprllqecKtr-
Te BeJrlrqnHI.I B eJleKlprlrqe9Kr4, T.e. ra npu6opu 3a [r3MepBaHe Ira TeMnepa-
Typa - TepMop€3trcTOpu; 3A Ha'JIfiTAHe - TeII3Ope3IitCTopI{, 3a ocBeTeIIOCT -

{mopeeiamopvvgq..
fluc4peururc pesficropr{ sa 6aza rbnKlt cJroeBe no cpaBHenr.re c

o6eunnre pesncropu B noJrynpoBoAunKoBure Mr{KpocxeMri ruar uo-go6pn
rrapaMsTpE I{ noBultreHa rraAexAnocr, a np}r c5llocTaBffIle c qperIIBEr,rTe
)KErIHn pellrcropff rrpn cpaBrrr4Mn crofirocrr Ha napaMerprire ca uo-
EBTUHT4.

flpu perracroptl c pa3Mepn uo-MrurKr{ or 130 W v3norr3yBaHero Ha
rtnrcocnofitltt p*ficropr{ e 3a,qbJrxnreJrHo.

@uz. 5.5 XapaKmqpucmuka na udeantuo noKlrumue

flpu6nrasareunrre ,qe6enr,rns Mofar Aa 6tAat H3TtrrcJlelrlr
CJIE,4IIITTE 3ABHCUMOCTR :

1 a
d. =':Y- - 3a AReJIeKTPHKa,' 8r1

/ \
d.=!9.r  arctJ n,-Tl .  |  - .u""r*,'  2 ft -[n,+rt,J

- 3l"o
d- = ----t- - 3a.4l4enelffpl{Ka,' 81.
ICb.[eTO:

11 e rcoeQuqueHT lra tronltqa]re na graenerrpraunr'rx cnofi;
ft - xoeSurylenT rra norJlrlqaue Ha MeraJIa;

i. rnrnl
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l. ]frxcraagurra KbM [oBbpxHocrrloro cb[porr{BJreHlle
atq|ttrurrc t0- 1000O/.

2. OcaeH cborBerHo noBbpxuocrnoro cbnpcrr[Bjrerrr{e cJrorr
Il rMa HHcbK reM[epryy?!-roe{ar\renr Ha cbtrporr.rBJrerrero
roleno no-Ma.rrbK or l.l0* l/"C (TIG).

3. Tpx6na Aa 6n4ar Aocrarcrruo cra6nmrn; Bcrr(o osarBano
HeHHe Ha cbnportlnrleHrrero c BpeMeTo ne rp.a6ra Aa qpeBr{ruaBa
uara crofinocr.

4. LIsrorBxnero rpn6aa ga 6rAe rexnororusHo.
5. Aa ce rc[oJr3yBa TaKaBa rexrroJror[Jr, qe rlenara AaIrp14eMnr{Ba.

IjllCTNI T Hfl KbM TbIIKOCJIOfuITE

Itbnonsynanrrre Mareplrarrr4 rpx6na Ea nMar

TKp(a)=1,
par

do
aP =T= cons t '

Korato p ce yrre$wsaua, a ce crpeMlr IcbM Eyna' B cnyvar ua

IIpaBuJIoTo"uMu""".'aot+<o.TonanpasrrnoeuoJIe3IIoAaceII3IIoJByBa'

KoraTo e [o-JIeCHO Aa ce I',BMepI4 ct', oTKOtrKoTo p', HarIpI{Mep fipll

HeB63MOXHOCT 3a E3MepBarIe Ha d'

p +d.Rs,
^ t ^

R =  P ' t ,  Ko ra ro  I  =b ,R=  1=Rs ." -  d .b  d
3. i"y4*"t crrrcreMrr - cJIoeBe rurr MeraJI-'4fieJIeKqprK'

npononruurt 
-cnofi 

or MeraJIa Karo qe e "pa'emopeu" n 4nenerrpura'

OustrsecKara ge6ermna e Muoto rro-noJltMa or Ta3u ua uporogrrqur cnofi'

Tpy4nocrra flponsTlrElaT or KoHTpoJIa Ha cl,lcrala R JIoIIrara cra6uJlsoc-T lra

oJloeBeTe.
4. flopemu cJIoeBe (uanpuuep o - Ta c MaJrKa nnrruoct)'

Orpn{aremro cBoftcrtso e 6lpsara oKI4cJUIeMocr rropafllr FoJrtMara

tro""pxtroct' Heo6xopua e Ha,{exAHa 3all{r4ra'

5. Ilorryneup"*,tu* "no"""' 
Hanaupar ce Ha ocrpoBKoB craAlrtr Ha

pacr€)K. Ilpocrpanctroro Mex.4/ ocrpoBqerara ocrryptBa HeyrpaJlrB[paHe

;;;;;;;;"fut TKP s MerarHag ocrpoB c orpuqarerlHr'It TKP' carpsan

c qpexoAa Ha eJrel$poHr{Te MexAy ogTpOBqeTaTa' Te necuo ce oK}ICJrf,BaT'

I,IMaonacHocToTarnoMepaqnx.flonperr,reHaoTJIaraHeeIIyX9IIKoIITpoJI.
Tosa ca cJroeBere I{a ocHoBara Hapeuwt4'

6. Cnofirn cncreMlr' Trnrr cnoft c uoJroxrlrreJlen TKP u Hr(cKo crre-

qnQr.nro 
"uopo**"J" "t"o*p'*u 

c [o-Ae6eJI c.lroft c orpuqareleu TKP

t 
"""o*o 

cneurarpuuno cbnporlrBJleHlre (p)' B pByJITar Ha roBa cbqEraulle

ce[oIyqaBacrroficBlIcoKo(p)urructrTKP'Ktr'aTo3lITunnpI.rHaAJIeXaT

""o"""""0*aCrnNiCr.Heo6xoArn,reKoIIlpolIHatrpI{MecI.ITeBcJlof,.7. Horra Kpucram{u crpyKryper' Bracoro cnegnQlruno cbttporlrB-

nenue (p) tr Hl cbK TKP r p$yJrrar Ha HucKa KonrleHTpaqru Ha npoBo[fiqn

"o"*.po*n. 
ftpn"rep 3a raKI/rBa cJIoeBe e p - Ta'

Egna ot uafi-4o6pute crIJIaBu 3a lnrorBtlre na rtnrocrofirul

De3l{cropll e HIDq)oMbr' clcrotul ce m 80% Ni u 20%Cr l{rrn c

""rtu*-a*n 
Ao6aswt na A1, Cu' Fe' Hanpnuep:

75% Ni 200/o Cr 3%N 2o/oCu

76%Ni ZTo/oCr Z% Al 2ohFe

cbqporr{Brrer{He (p) s AaarriltoHa 100 *2000 pe.cm.
Cuequ$uvnoro cbnporrlBJreufie Ha MacnBeH Merarreu o6paseq

MOX(E AA NPEBI{ItrI Tffrl{ ..OJIHA TPAFI,IIIA. rIOTTYUPONO4HTTI(OBI{TE MACI{.Marepaturr.r uo cneqzQnrHo cbrrporrrBJrerrfle yAoBJrerBoprBar, HoronrM orpnlarener{ reM[eparypeu roe$nqaenr Ha cblporr{Bneuue.
orJrarane Ha MHoro MarepuaJrll BbB BI{A Ha rbrrbK cnofr Cneryr{urruoro
cbqpoTr{BJreH[e 3Haqr,rTeJtrro ce yBe[]rqaB4 Ho He qpoE3Tl,tqa p,yBe'rrlr-q3Barre Ha reMrreparypnra roe$rquerrr Ha cbnporr{BJrerrr{e.

VaeJr[qanausro na cueqraQnvnoro crqporr.rBJrenl{e Moxe AapesyJrTaT OT CJreAHr.rTe tBJreHIIrr:

2. Manepuatbr Moxe Aa cb,qbpxa nptrMecr{ ra 4eQertr B [o_roJrsMo
KoJIrFIecrBo or roBa, neo6xogr.mo 3a TepMo,4,rn?rMrlriruoro paanonecue. To_Ba cturacno qpaB[Jroro na Maryrcex cbtrIo BoALt go ur.rcar TKp.

flpaenno na Marnceg: cueuz$rl.rHoro cbnporrrBrreHne npeAcraBJlrBa
apr.rTMeTrrqHa cyMa oT Bcr.irK' farropn, KOT'TO ca T,,TO'HI.,,II{ Ha cbnpo_
TIIIBJIeHI{e

P=Pr *o *P^ , , ,
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Hafi-zsuonsyBarurtr Merog 3a loJryqaBaHero My e orrafanero BbB
BaKyyM.

ocnosHa rpyA'ocr e pa3nr4Kara B HUI*aHero Ha rrapvre 14 BvrcoKara
XIIMI.IIIECKA AKTT4BHOCT HA HUXPOMA KbM TI{TEJIHH' MATCPU?uI, TAKA TTANPU-
Mep fipu 1000'C - Cr ce usr:m;pxBa 300 ntrrz rroBelre, a npu l300oC - Cr ce
[3napf,Ba cauo 8 nbrl,I noBeqe.

Bropn npo6nervr e rracr[rr'oro oKI,IcJreHLre na cr. creueHTa Ha roBa
oKI'lcJIeHIIe 3aBI{cH or cKopocrra Ha orJlaraHe, TeMrleparypara rla
IO,qJIOXKATA I4 KOHIIEHTPAIIU'TA HA OCTATbqHH{ rAN. CIUIECTBYBA KPHTHTIHA
4e6enuHa Ha cro.E (oxono 100 A), HaA Korro sa no-re6err,r cJroeBe Mo)r(e
[pe.qBapHTeJIHo Aa ce flpeAcKaxar xapaKTepl'Icrl'IKare, Ho rlo-TbHK]rre ce
orJII,FraBar c rorgMa necta6r,rnnocr. Kpnruuua.ra ge6enntra 3aBncr{ or
TeM[eparypara I4 Marep[alla Ha Ilo.qnoxKara, a cbrllo raKa II or cKopocrra
Ha orJlaraHe. usctepauuxra ca rroKa3urJll{, rle 4pHTHqnara ge6elnn a 3aBilcr
r{ or 4rl6ovnnara Ha au$ytnx Ha KncJropoAa no BpeMe Ha
reprr,roo6pa60tra. -flsreHr.rero e cBsp3aHO C OKlrcJUrBarre IIo fpaHrirllure Ha
3bpHaTa.

flpo6neulr 3a KoHTpon Ha cbcraBa Ha cJroeBere or Hr{xpoM Moxe Aa
ce peruH qpe3 r43non3yBaHe Ha MeroAa B3plrBHO r{3uapeHl{e. crrquocrra ua
M9TO,{a e CJIeAHara:

lozupanu Korr[qecrBa or r43xoAHm qpax HrrxpoM ce noAaBar Bbpxy
Hafp{T n3naparen. flpn roaa 6esoctartqHo, [otITH Mr4fHOBerrO l{3napeHLre
cbcraBsT Ha noryqeHrarl crori c roqHocr Ao 10/o crorsercrByBa Ha
w3xa4l/.u,. {pyr urnoreyBaH MeroA 3a noryqaBaHe Ha cJroeBe or HLrxpoM c
perynkpau cbcraB e KaroAuoro pa3nparuBarre. VcranoseHo e, .re TKp Ha
Te3I'I cJIoeBe ce npoMeIUI B Ml{oro no-MaJI:bK ,q[ana3oHJ orKoJrKoro TKP sa
cJroeBe, [onyqenn qpe3 pa3npaunane. Hanpuruep TKp 3a HHxpoMHn
CIoeBe, OTJIOX(eHI{ tlpe3 B3pI,IBHo r.I3[apeHIIe, Ce llpoMeru OT +3,5.10-4/oC
upr.r Rs er 3 c/ Ao -3.10-o/oc aa Rs = 3000 o/, rloKaro rpr,( Karo,qHoro
pa3nparrrBaHe TKP e or rroprAbKa ua +1,5.10-4/"C npu rore6alrax s
crofiuocrure naRs o:r 5 + 1200 al .

O6o6qanaftrr pe3yJrrar?rre Ha MHoro6po[nrre ]Bcne.qoBaren[,
TCXHOJIOrITICCKHTE H3I,ICKBAHI{' IIPH IIOJTYYABAHE HA CJIOEBE OT HI,TXPOM
Morar Aa 6r.qar $op\ayrrrpaHr.{ TaKa:

1. Tevneparypa.ra Ha noAnoxKara B npoueca Ha orJrarane Aa
6rrc250 + 300oC, 3a Aa ce [peMaxnar Bbrperunlire Hanpe)Kenri{ B cnor.

2. Oxucnxsauero rro BpeMe Ha orJrafaHe Mo)Ke Aa ce perynapa rrpe3
cKopocTTa H ocTaTsqHOTO HaJrffaue Ha ra3a.

3. llonyueuu:re cJroeBe rpa6na Aa 6lAar repMrcrrHo o6pa6ornauz.
Tasr o6pa6orKa Moxe Aa ce [poBe)KAa e o6[rcHoseua auuocsepa npr4 TeM-

[eparypa 250 + 300"( ' ,  t lo cr l( ] t t t  t l )x(u;t ; t . l  fr1.;11' rrrrnnt(.1, r i t  i l i t  r 'c
uogo6ptt cra6rr lrocrnt Kl,M ttp()Mutx n ir tmocrlr l)rurlc \ 'c lonurl

5.2.2 IIOJIyqABAt I t,l fl lt:t('Jt l.l/Uf A I I H I tA',t'A I I't '/\.ltOtltl
CNOEBE

TaHramt e eAr,rH or raft-urnpoKo H3non3yBaHHTe pe3tacrr.tBHr,r
MaTepr/raJrrr s TbHrocnoilunre xa6pr,rAnH HHTeIpam{n cxeMn.

Tofi e rpyanoronnM rueran (roura Ha rorreHe 2996"C) c roqKa Ha KH-
nene 5425"C. Kpucra.uu:upa B o6eMHoqeHrpr{paHa peruerKa c KoHcraHTa
3.3058 A. Ilpulra4nerKr4 KtsM TaKa Hapeqelilrre BeHTrrJrHr{ Meralrlr, Korlrro
npn HarpsBaue n amroc$epa Ha ro,IcJropor, rartla nprr aHoAHo oKr,rcJreHne
o6pasynat 3ApaB, 3a[rnren oKI{c c orJII,IqH?I Al{eJrercrpl{rrHn csoftcrBa. flo
To3r{ Ha.Ir{r{ Ha HeroBa ocHoBa Moxe Aa 6r,Ae usrorseHa Irulara [acIrBHa
rracr Ha YLIC. TamuoBure c,rroeBe ca MHoro noAxoAlrrrlu ga RC - cxeMrr,
Kr,Aero eAHa rrperln3Ho HacrpoeHa pe3oHancna qecrora rpt6na Aa ocrane
ToqHa npoA'hlrK[reIHo BpeMe IiI B IulIpOK TeMnepaTypeH Anana3oH.

Tarnarrcr BT'B BLII Ha rbHKn cJroeBe HMa pa3Jrr4rrHr4 ripucrtullM MoAH-
$urarura, a orraM n pa3rrlrqnu enerrpodrusr+rn croficrna. B ra6nuqa 5.2
ca AaAeIII{ HnKOrr OT OCHOBHI{Te CSOftC',rBa IIa pa3Jrrurrl{Te KpICTZUIHI,I MO-

,qn$uxaryrlr.

hprcrama

It:/crn3

li'',.u"$"""o
lr 

l'llPoT[BiIeHile

l t ) c mIW
ffi

il(
l 0

u - $asara c o6urHoBeHara o6eMHo-rrenTpr.TpaHa crpyKrypa,
aHalorFilHa c ra3l{ Ha .l./lac'grBl11rrfl, MarepHtur. I,fuia nucro cnequ+uvuo
cb[porHBJreHrre r{ Br,rcoK TKP.

llolyrara ce npa nour,rxerro rra[pexenre Ha Karo.4a H noBnrrreuo rra-
JUIrilre na pa6ornux rag. 

'l'axilna 
cJIocBc I,rMirr 3na,rr,rrcJuro no-HItcKa

nIIbTHOCT OT MaCHBHLITI MCf iUI 11 IlOl)CCIA C',l?ylcl'ypil 0 MllO)KC0'r'r]O rrCI'OtCMH

Ta6rw$5.2
Macslen
MCTAJI

Trrmn cnofi
a cTpyKTypa

Trnr,r< cnoft B
crpyKrypa

Trnrx cnofi Ta
C HNCKA IIJIbT-

Hoct cr*

TaN

cTpyKTypa
JUK oqr reTparoHiIJrHa

I-erparonamra
)UK

xeKca-
TOH'UIHA

bTHOCT

,n' 16.6 l6 t5 t2 l5

t0-
cm l 3 25-50 180-220 1000-5000 200-300
P
u l"c f3800 + 1000 f 100 100 -100

l t 0 l l l



o6racrl4, B Kolaro Moxe Aa reqe caMo MaiIbK 'roK. 'I'esr4 
o6nacru uMar cue-

ql.rSnvuo c:bnporl4BneHne,3Ha\r4TeftHo [o-Bt4coKo or i.ropMarHoro rropaArl
pa:cefieaHe rra flpoBoArr{rrre ereKTpoHll. Tarun:r c,rroeBe ca irecra6nlHrz.
flpt'r repvuuHa o6pa6orxa l-2'!aca r{ reMleparypa 200.C ilotsr,pxHoc'r}roro
ct'rrporkBneHrle ce u3MeH_{ He3nari}ireJ.iHo, rro TKp [aAa MHoro 6tp:o _ 4o _
3. I 0-4l"C. Or aHa.nusa c enerTpolreH MlrKpocKou e onpeAeneno, rJe cJroeBere
HMar fipocr"paucrBeua crpyr(rypa. O6pa:yrauero na croii c MarrKa
IJIT,THOCT MOXe Aa Ce O6'CHU l1O CJ]erHr4fl HaqI4H: Ilpr4 ManKa CKOpOCT r-ra
orJlafaHe croq'I ":ateapx" s o6eua cI4 forlgMo Korll{qecrBo aroMl-{ or
pa3flparxBalllvJ{ ra3.

Hafi-r.rH:repecna 3a lpaxTllqecrrr rleJrn e B-Sazara, Kof,To r.rMa
cneqit$ruao c:brporltBneHme 180 - 200 pO.cm rz TI(R i 100.10-6/"C.
llpuvnnaTa 3a o6pasynalrero na p-rlra:rar:a e npeAMer Ha Mlroro
rr3creABaHrrr. Irrpno'ro cto6qerrue 3a cr,nrecrByBaHe'ro Ha raHTaJroB c,rofr c
BrlcoKo cneun$zqso cb[porrrBJreHrre u rrorrrr4 HyneB TeMfleparypen
xoe$rzqr.renr Ha cr,nporuBJrer{r{ero e rroAKperreuo o,r' MHoro auropn. Te
Ha6lrc4aeaT, .re TKP HaMarflBa no.rru ,ruHefino or 2000. 10-4/oC 4o 0 c
yBenp{qaBaHe cT,Abpxairlrero Ha B-$a:ara or 0 lo 100o/o, r{aro i{3MecrBa
o6evnorlenrpr4paua r(pncra:tra $ara. Ilpe4no:rara ce, ve p-'I'a e npuMeceHo
c'ra5ur'uzupaua $u:a 14 npr.rMeclrre uAtsar ol' ocrarbqnu{ ra3.
I4uonsynauero Ha 'r6Hl(tire ra'fanoBn cJ'IoeBe ts MnKpoeJreKTpon'Kara ce
/lT,nx(I,I Ha B63MO)I(HOCT1]a 14 JleKOTa'ra, c KorTO MOfaT Aa Ce r43MeHfiT
elexrpo$uslrqHr4Te rrM ceoiicraa qpe3 rerwpaue no BpeMe Ha rrpoueca
pa3nparxBaHe. Jlerr,rpanero Moxe La craBa) Karo ce npu6ann Ao3upaHo
KOIHTIeCTBO ra3 nO Bpel\le I{a pa3IIpaIIIBaHe'rO UJtlt KaTO KaTOALT Ce nefupa C
Apyf Meran ,{Jrrr ol{cr.tA. Bropnxr Haqnu lpeAnoJrara HaJl.rrruero Ha
cboTBeTHH KaTOALI, yCnOBIIf 3a TtxHoTo li3foTB{ne, on.rIzMLI3I,IpaHe Ha
c'bcTaBa, IIoKaTo npr4 pa3llpalllBaiieTo B peaKTUBHa CpCAa MOn{e Aa Ce
It3no.II3yBa eAr4H r43xoAen Karo.q or raHTaJ. Ilpr.r pa:npaurBarre Ha raHTarr B
arnrocifepa or apfon r4 K[rcnopoA Mo)r{e Aa ce noJryrrta Ta2Os
AueneKTpLrqeH c.noi c orrlzitHu croficrea 3a 3arr\vra, eJreKTpI4rIecKa
A3oJrarlwfr 3a tuxocloillta KoHlleH3aropr4. Koafiqecrsoro KncJIopoA,
npll6aerno KbM aproHa, flpn pa3nr4qH].rre ats.l'opu Baptq)a B rxt4poKr.r
rparrnurr or 1 Io 26 atYo. Brpxy cnoficrnara Ha cnoeBete oKasBar BrrrrtHfie
orqe rer\4rrepalypara Ha floAno)r(Kara r4 cKopocrra. l4gucxBarrrrrra KT,M
TexHorTorplqnrrt npollec 3Harllireruo ce o6rexqaear fipl4 JIerHpaHe Ha
Tar'ITaJIOBIrre CJrOeBe C a3OT. 

'l'aHtanCreBtT 
HI{Tp}1A r] OKCHITIITpI4I, IIO,[]{e}I}:I

ype3 peaKTr4BHo pa3[pa[Bar.re, r4Mar orJl]tqurl xapaKTcprrcrr{rur :a c,roirrrz
pe3ucropu. I'enaueparypuufl't vM roerfuqr.renr e 0 + I 00.1 0{/"C H
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HaJIJIfaHe Ha a3o,ra lI croeBe c xapaKTepxc'rltxy, 6"try1:Ktl ,4o ArieneKTpI4aIHI4Te

npu no-Rr.rco(o lJartraHe. Fla $nr. 5.5 e IaAeHa :laBl4cl4Mocrra Ha cne-

qntpavuo'ro cbnporl.{Bnelure r'r TKP or naprll4anHo'ro Hartrane Ha a3ora'
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6uz. 5.6 Btuntrue trc nupqudJlHotlxo Hanlli.atte Ha a3oma 6 npoyeca Ha

pasnpalusaHe ct"pxy crreryutilt qrlomo cbnpomu?J'telnrc u TKP HU maqnxaloqu

croe6e

Baxno cBoficrBo Ea a3orocl'At'pxaul'ITe 'rarITaJIoBI4 cJIoeBe e

B63MOXHOOT.Ta Ia 6.r1ar aHoAI4paHIl KaKTO TII4CT TaHTaI. ct Ctaglt l{a cJIOg

ae w36upa MaKcI4Mar'!{o 6;rizs'rr 4o Ta2N, Tbi4 Karo e yc'raIroBello, qe

pe3r,rcToprrTe c TaKsB CT,CTaB Ca Hafi-cTa6HJ'IIr'1 BbB BpeMeTo.

5.2.3 BUCOKOOMHI{ KEPMETHI{ CJTOEBE

Pea,rusupauero Ha pe3l{crl{Bnll crioeBe c BI{coKo lluc'roBo

c.bnpoTr{EneHrae (Rs) e eA[H OT HaqfiHilTe 3a HaManrBaHe pa3Mepr.{Te Ha

pe3trcToDIITe. fa:oo6pa'luHTe tlpl'IMecj4' KOI4TO Mofar ,[a ce BHCAptr B

cJIOeBere, ca orpaH,lalel'lH - a3or, Kt{cnopoA' B}rnepoA' a B TB:6pAO

cT>cTotF{He ce l43n()il:lyBa'l' pa'llloo6pa:rtrl4 AoSaBKr'I. Or forqMoro

KOJrI{rIecTBO XOM6t.t}iat(Htt l\4clll.rt - i(l.lcllCl{'fpuK Haii-A3yqeHa e CI4CTeMa'l'a
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4kO/ , TKP 6rrEslr Ao 0 u go6pa cra6urruocr. Ourouua oco6euocr upn
[oJryqaBaHe Ha Te3I,I CJIOeBe qpe3 u3[apeHr,Ie B68 BaKyyM e fonrMaTa
pe3lwtKa Merqqy rraJltraHeTo Ha fiapuTe Ha I.BUIA KOMIOHeHTa.

Croesere o6lrruoaeHo ca auop$uu. 3agrnxarenna e
cra6r,ur.rsraparrlara repMoo6pa6orra (naf--recro npn 400"C B npoAln)KeHr{e
Ha eAr,rH vac). Or $utr. 5.9 ce Br4x.qa, qe orrprBanero BoA[r Ao HaMa]r.rrBaHe
ua Rs c noBeqe or 40Yo, Karo creA speNae (r60min) a:uenennrTa ce
IIpeKpaTrBaT.

@ue. 5.7 PasnoroilceHue H(t muerume 6r,s eaKyyMHqma Rcr ,tepa 3a
u:tnapeHue Ha KepMem Cr-SiO npu cbomHouteuue 70:30afk
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@ue. 5.8 LlstvteHeHue Ha rucnxoqomo cbnpomu?iteHue npu omzpnqaHe Ha

cnoeqe Cr-SiO-7 0 : 3 0at%

CMsta ce, qe B flp-rcHo orrlo)I(eFII4Te cJIoeBe xpoMbr e paBuoMepHo

pa3npeAeJreH s SiO, a cneA repuoo6pa6orKara ce [otBtBar HeroreMI'I

(orolo 20A) qacrI4III4 xpoM, o6pa:ynarqr.r Kbcu Beplrrrl. Tosa e

cbrlpoBo.qeHo c yBenurraBaHe Ha npoBo,4LIMOCTra.

llsclegnanu ca I,I HaMI{par flpl{noxeHlle (epMerlt c pa3rarlen cbcraB,

HanprrMep: Au-SiO2, PI-WO:, Pt-Ta2O5, Au-WO3, Au-Ta2O5, Ge-Cr n 4p.
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Quz. 5.9 3aeucu.ttocm Ha TRP 3a croeBe Cr- SiO (c paznuuen cbcma6) ()o u
cned mepuooipa6omxa npu 400"C

5.3 ITHAI4EBO-KAJIAEH OKCI{N

Tesu croene npr4Te)KaBar ABe oco6eno Baxulr cBoficrBa, a lrMelrHo
BrrcoKa npo3patlHocr Bt'B Br4,4r4Mat? E 5rugKara nH(bparrepBena o6tacr u
BI4COKa eIeKTpr.FreCKa npOBOAlrMOCr. Ha oagara Ha Te3n cnoitcrsa ca u
TexHI{Te Uafi-pa:noo6pa3Hr4 npnnoxeHr4-rr KaKTo B HayKaTa, TaKa I4 B
IIpOMI4IIlneHocTTa - KaTO aHTLICTaTIIqHI4 cJIOeBe, [po3paqHlt eneKTpoALI I{
aHTHpe(DneKTopHrl rIoKpHT:ag. npv rexlroJrofl{rra Ha cJIbHqeBr4Te eJreMeHTrr,
rorrJrr4Hr{r,r orneAiura u uu$pavepneHr4 oTpoKaTenHr{ [o4pr{Tr{rr. TegH cnoese
[pr{Tex(aBaT u rler{Hr,I 3a pe3l4cTopu CBoi4CTBa KaTO MeXaHr4qHa SKOCT,
cra6unHocr Ha eireKTpr{qecKl{ae napaMerpl4. llocne,quara cr4JIHo 3aBr,rcr4 or
p:g6enfi:cLara r{ npoBoAr.IMocrra. 3HaKbr 14 BeJru.MHara na TKP ce otrpe,qentrT
or [poBo,{LlMocrra Ha cJroeoere, T.e. B KpafiHa cMerKa or roBa, r4ua rr4
oco6eHLI [p]4Mec]Iu HvtBa, LrIrfi Te ce c[IiBar cbc 3oHara Ha npoBoA[IMocr.
Taxa uauprlvep npu &<40Ol TKP e roJrox{r4rerreH, aflpu R, > 40 (y

oTpr4rlaTeneH. 3a naualflF,alile Ha TKP ce tr3rron3yBa KoMoaHr,rpaHo

AoHopHo-arrlenroprro [en4paHe, a c6rr{o rara MHoroctroiltu KoMno3r4rII4I4
or cJroeBe c [porrrBononoxeu no sHar TKP.

llpoureo.4crnoto Ha npo3parrHl4, npoBoArrMr,r r,rHAHeBo-KalaeHI,I
oKcI{AHr,r cJIoeBe r{pe3 pa3nparrrBaHe e pa-:pa6oreHo npe3 rocneAnl{Te

ro,quHr{ BbB Bpb3Ka cbc cbBpeMerrrrr{Te TexHolorur4 3a qpol{3BoACTBO Ha
.IIrlcIIlIeu.

flpegcranr,rre 3a qpoBoflr{Mocrra B oKcLtAHHTe noJrynpoBoAHr{qu ce
6azrztpar Ha 3oHrrara reopr{r. llpe4nuno fionnusr xapaKTep Ha xvMr4qecrnTe
Bpb3Kr{ olpeAeJr{ rorrrMaTa rurTplrHa Ha 3a6paHeHaTa 3oHa AE vL
CPABHI{TEJIHO HUCI(aTA IOABH)I(HOCT I{A HOCHT9JIITTE B TE3I{ CT>Eil1,dHEIi,KTfr.
Ilpr,r rona AoHop-Hrrre r{ aKrlcnropHrrre rrrrBa Morar Aa ce cr3AaBar He caMo
OT CTpaHIlrtIHr| flpnl[Ie0}I, HO I{ OT OTKIIOIIeHLIf B CTexI{OMeTpI4rIHulI CbCTaB
- aHrroHHr{ I4 KaTO.qHr{ BaKaIIII{r{, KOnTO Ce pa3rnex.qaT KaTo ocooeHH
xEMrrrrHH ueuTpoBe" B3eMarqr{ Jruacrr{e B peaKrlr.ruTe. Anaonnrare BaKarrrlr4n
r4rpajrT polrr Ha AoHop]t, a KaTproHHhTe - Ha aKrleEropr,r. T.f,xHaTa eHeprr{t
Ha ftoHH3auntr ce oqpeAeJlt cborBgrrro or rr4ua aHrroHr{ Lt Karl,rorrr{ Ha
,{aAeHoTO CbeAr{Heril{e. B oxcn4nnre [o[yrpoBoAHr,rrlr4 ce Ha6JrroAaBa caMo
eAnHTVril npoBonr{MocT - eJreICpoHIIa rlDfi{ AynilecTa. Tona ce onpe,qeJur oT
3ApaBr{HaTa Ha KlrcJlopoArrr{Te Bp63Kr,r, xaparcTeprfilrpaTrla ce c eHTtrJIrrE rTa
ua o6pa:yraue Ha oKcaAa AH. 3a oKcr.rAHrzTe noJry[poBoAHrqr,r p-rlrn AH e
3HarrlrreJruo [oBeqe, orKorrroro 3a n-Turr. B In2O3 ce Ha6JIIoAilBa cuuo
eneKTpouHa [poBoAr{MOCT.,{OUOpr,rre O6pa:ynar Hafi-pa3nr,rr{Hpr rrnBa. 3a
In2O3 eneprr,rxTa Ha aKu{BarluJr Ep He Ha.{Munana 0,13 ev.

ED: 0"093 -  8,15.10 ' .
llo rogn naqnn
En : 0 uper Nr: 1,4S. I 0r8crn-3.
3a nporo4ranaocrra Ha oKcrrAure n-Tnil e BaJr:aArra 3aBr{elrMocrra

^  (_E^+w)
6 N r^ €XDl - lX,

KT,AeTO: P62 e napr{H€uIHOTO H€urrraHe Ha rurcJlopo.4a;
Ep - A]Flepr]aflTa na Eonngaqur Ha AeoeKfl.rTe KJrrr BaKaHUr{LrTe;
w - eneprlrl na o6pa"ryeane Ha Ae+eKrr,rre.
Bemgunara .x ce onpe,qeJur or rnna Ha aHHoHHure BaKaHIIIru. 3a

In2O3 Lr3uuclemn fia [oKa3Bar, qe B cnyqafi Ha Heyrp:uHr.r BaKa]flIr.u{
TrxrraTa KoHrleHTpar{urr vlu Kowf,erTpauHlrTa na cno6o,4uure ener(TpoHa ce
I{aMr{paT B cleAHaTa 3aBucr4MocT:

Vn =Zno P; , "u  .

3a aHuonnr,r're BaKaHrgI{ c eAnH 3axBaHar enercrpou Z7
V - = N x P t ' o' A  ^ o 2

3a arurorrrur BaKaHrIIil{ c ABa 3axBaHarrr eneKrpoHa

V] :N=0.
ErcnepnuernarrHo iraf)nroA ala*a'ra 3aBr,rcr{Mocr uwa ere Ar'ul. BkrA'.
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Karo ce uMa npeABuA 
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:o^troBlll-LloBdHe Ha npoBoArrMocrra.

lleo6xoarinro " 
;;-;;:^- 

npe'qrrMHo ftou'a1 xapar(rep Ha tspb3*are,
3aMecr'ailrr.rr aroM. ijil=o"t 

e tiouHrre p
a(rlerrop., c'rrxaBa 

"oil:Y-:'"" 
" 

i,'rtlr 
pr'A'yt' Ha 3aMecrBaHlul H

rlpuuecnre, n.,rrlTo"*o"t''u' "o "J 
tJff;ilJ;':" 

tla 
u 

npnMeca -

ca cneAHare; 
' ---o Mo'ar Aa 6l.qar rnecen u B Karr4o*Hara pelrerKa,

IlaparraeTpr.rre Ha r(pncTajrHaTa clpyK:rypa Ea ln2O3 ca cneAHu're: Tr4rI

Ha perrrerKa'ra - o6euuoqeHrprpana r<y6lruecKa c fiapaMer-xp a:10,12 l.
Konqertrpaqu-sra Ha crpyKTypHure 4edtelcru Moxe ,qa ce Kone6ae e

u:r4poKpr [pe,[eJrr4. flaparvemp, cr,u{ecrBeHo 3aBnccrq or ctBtp[renerBoro
Ha cTpyKTypura B TaKrrBa MaTepr4an r{, e noABhxHocTTa Ha HocETelII,ITe,
Korrro Mox(e .qa cJIy)KE 3a xapaKTepHcrrrr(a Ha roBa cbBGpIIreHcTBO.
3HaqeH[sra Ha MaKcrrManHo AocrlrrHarlrre rroABrIXHocrK 3a InzOt ca: 3a

MoHoKpLf criIJI P^o* : 2l I cm2lVsec, aza ctoit I70cm2/Vsec.

CrnrpmencrBoro Ha crpyrTypala o6ave ciqecrBeHo 3aBtrcLI or

Mero.&a u pexHMa Ha r,rcrorBrrHe.
I,I:cleAnanero na e:rerrpo$usuuulrre csoftcrsa Ha oKcHAIII{Te

ilonyfipoBoAHr4rlrli e cBbp3aHo c pa3Jir'rrrHr'{ cnerlLrr}rzvur'r rpyAHocrn. I]Ana o'r

Tnx e tsirnrHr.rero Ha o6rplxanaulara ra3oBa cpeAa Br,pxy cnoficreara rlN{.

OrcuAnrme noJr)mpoBo4r{r{urr HMar cfiJluo pa3Br4Ta rroBtpxlrocr, ITpI{
ssauuo,qeiclBrero rra Korlo cr,c cpeAara e BbsMot(Ho obpasynane rta

o6e4neHr.r r.r o6orarerru cfloeBe, rroB'bpxHoclnu zapfl wr. llonr'pxnocrnnre
xBrervrfl ol(a{JBar BIrl4fl:r.ve Hafi -se.te Ha eneKTpollpoBoAaMocrra.

lpyr $aroop e pascefratrero Ha rpaHt{qwre tra MIrI(poKpI{crarIHTe,
Koero ce oiTpoA€irr or rcxurrrc cpcAirn pa3rlrcpn. 3a onpcgc.lrtHc BJrl4fiHlrcro
r{a 'ro3r,r <faxrop s rr'HxocnofiHr{Te crpyxTypn ca npeAJror(eilr4 pernqa

MeroAlr. Cnclpeg rurKor{ aBTopr4 orrpeAentuo 3a ral(uBa crpyK'rypl4 cg sttflBa
pa:cefinaHero lra npoMexAyr'rbqum cnofi, o6pa:yBarrl ce Ha rpaHl4uara
c.nof-no4.noxKa r.r flp[Te)(aRarq noBi.{ueHa Kon[euTparlr4q Ha crpyKTypHI.I

4erlelcra. Ilo rogu Haqun npn valxu.qe6elsnu, cpaBHI{Mu c Ae6e;rlrHara na

rrpoMexryrbunnt utoit, noABrDruocrra tprrlua la 6'rle HtrcKa, a [pI4 yBe-

rr.rqaBaHe 4e6elunara Ha cJror ule HapacrBa Ii ure Aoc:r'LrrHe rrocro.flHHa
orofinocr. Cnope4 Apyru aBTopr4 o6aqe ce flpeArronara, r{e ocHoBr{a pont B

noB'r,pxHocrHoro patcefr eaHe nrpae c6orHorxeHl,rero MexAy AbJI)KI4Ilara Ha

cso6oAgrr.f, npo6er na HocnTeJrare Ha 3ap-qAa I u Ae6erl.rsara tta cno.q d.
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A x o o 6 a q e d < I , r o  F !  - l  - * t n  - 1 .'  2 t l2  d )
Fe:ynrara or rr3cncABaHero ua pL(d) ca roKa3arln na Slr. 5.10. Kaxro

ce Bun(Aa npu d > 120, pa:uepnre Ha s'Lpnara Beqe He BJri'Itt'r Ha p u rIoA-
Br{)r(Hocrra ce oilpeAent or o6euuare rrpoqecn na pascefeaue.
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n, ;.,;:;::-:::xeHl4e 
e cbnrrcrBaHo or roB]i-

rulBalre Ha [oABHxHo.r.]. 
t'o crpyl.yp'Iare 'qe(terrH u salet.,r.,\ao HaMa-
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@ue. 5. ]0 3aeucuttocm ua nodeucrcuocmma om de1enuuama ua cnon In2oj

Onruqecrr.rre cnofictna Ha oKcnAHr{Te noJrynpoBoAar,rqu B
ytrrpaBl4'neroBara I4 Br4rwMara o6aacr ce onpeAentr or roBa, qe B Ta3H
o6nacr Ha c[eKTbpa ce HaMrrpa Kp€urr Ha vr,,vt\ara Ha co6crneHoro LrM
ilorJrblrlaHe.

3ag npe4enare Ha ra3r4 T,IBHIIa re ca o[Tr4r{ec*r' [po3parl'I{ u uMut
wucrcu zary6u Ha llornbruaHe r,r pascefinaHe Ha cBernl{Hata. llora:areJlrT Ha
trpeqyllBaHe ua In2O3 e 1,97 - pa:uoroxeHr.rero Ha Soprvrara fla onrrrqecKara
xapaKTepucrl4Ka oKOTIO Kpa, Ha co6ctseHoro flornblllaHe AaBa BB3MOXHOCT
Aa ce Ha[paBrr 3aKJrrogernfr 3a ruurpunara ua za6payeHara 3oHa.

onrr-rqecxrar:e ceofrcrna o nHspauepneuara o6lacr ce o[peAeJurr or
Brnn.r'Hero Ha cno604rinre Hoc[Terr.. rpn Hucrcn KoHrIeHTparIHH Ha HOC[-
TeJIr4Te Te3H MaTepuaJM ca npo3paqHr4.

floryraeaHero Ha ,'efupaHl,r c rarafi urrA'eBooKcl{r'r{ cJIoeBe e
r43CneABaHO OT peAr,Iqa aBTOpH. Mero4ure 14 ycrroBvrrra Ha [oJtyqaBaHe ca
pa:lrurrHr'I B 3aBncr'rMocr or csofictsara, KOHTO rpn6na4a 6r4ar norryveun,
H npI4nOXeHLIeTO Ha CJIOeBeTe.

EAun or nafi-uenonsyBaHr4Te lpocrn u eBTr4Hu Mero.IIr4 3a
lonyqaBaHero Ha eJIeKTporIpoBoAtIq[' [po3paql{u, TbI{Krr oKcrI,uHI,I cJroeBe
e xr{.qpoJrr*ara Ha p€BTBOpr,r ua Sncla a:rr.r Incl3 ''pu flpbcKaHero r{M Bbpxy
Harperr{ [oAJroxKr{. Tostz__rraerog ce 6asupa rra o6parrufl eHAOTepM,ITIHH
peaKuur{ c orAeJrrHero na IlCl ra::
( 1 ) SnCl4 + 2L12O +> SnO2 + 4HC t .
(2) luCI3 + 3H2o <+ Inzor + 6HC1.

Trft xaro peaKr{r.nrra [porr{tra nauoro 6lpso, SnCla rznu InCl3 ce
cMecBa c aJrKoxor' Hf,KoI'I opraHr{yHl{ KliIcenuHn Lrrrr vt ABere ?I ce Ao6agg
I{2O, xoaro cnyx[ 3a oxr4cr.{Bairl arenr. llpu ,,pbc*aHe ."a.taKa[p[rorBe'
pa3rBop BGpxy ropeqa noArroxKa peaK{rrr.rre (l) w (Z) fipornrrar HaArcHo, B
pe3ynrar Ha 4oero ce o6paryna SnO2 (una In2O3), paBHoMepeHrc go6pa
arxe3r4.fr K'M n.,4noxKara npo3paqen c.nofi. pearqzsra npor,qa no-6asno

i00oC, a npra Tn>1000oC ce

::Hlll"#1ffi"'"'[?#,HH:trJ#"il1#:ll]""ivru:ut*::X:::p#d#;.*pry::r#;ii1*x",lil:d#x$H"'$"?HaquH,
'"""T:o#J"l"i:"H6rii'^''o,) 

"noi: 
nlP'o, 

" 
r.rMa orKnoH-eHl^e or

noKa3Ba, qe B crlon ce-Brpax'u'ar Cl 
-11:it" (1) ra (2) ca obparLIMI4'

"."*"^i"'p'q 
Hun ct'craB; t:: ^ffi":ffJ" .**"if :"T:ffi:, #crpyKTypara lI Qt'crroo' 

u'nl ornur**^_o 
cb^bpxaHr4e lra ur B cror,

reMfleparypar? I'I cKoPv--Jruro"r"urro-"I^"I 
gng, n In2o3, orro)xeHr;r no

Nz, Ar o'nra COz, t<111;;;;;;*. C:roeeere t"O:l-li:"i:"HHh 11"

nn:"*"*ffiX;;'*^i"cr'ec'^)'-il;.ITffi ;"""4X;X"i"""'
repMoeneKTpn${o cbnporl{BrreHl{e I "i-l}t ca rronuKptrcr?JlHh, a nPI4

;"i;;;;;"''u ""*n"Pu"YP*u: Sio::::
l$l-","#;"*Xim:t;ll":#:lqffi#";f tnc,+(rnc,,)n

a) r'aoxe cryAeua noAJIoxKa Aa ce IIoJIt

nocre Aa ce 3arp'Ba' ft:;;;;; * "a'::"ff;:#ffi;:"1? "oo"* 
'n'

"#**-#'r'i# ;" Kq1'J1ilii:**'; :rHI?
npeABapl{ren*'"*frlJ:r:;"#:*:.^'":f 

:nJi"il"?*anacno6os-', 
"'0"% il3#fi'"f" itl"o*;*;o 11 :T tu'," n ne' cnoesete ca t'I3 n on 3v -

Hlrre Hocr,trerr{ HapacrBa Ao MaKcrMaJIHo,::"ffi; !'-"r"*o HaTItraHe 3a

BaHrl 3a orrrr{qecKll Qurrpr'r " ""tpl::Tl 
"ii";;"r""e '3nbrrBafle vr

l{aMamBaHe Ha rary6rare or 
"lln^K"r";.;. Trfi *uto Kpatn lra

cJreAoBareJII{o au y""ntuaBaHe Ea 
"QtT 

"a""crBa 
B 3aBl'lcl4Mocr oT

r4Br4qara nu nn**""oro orpaxe"-1-:-i" 
*;;;;; ce Aocrl4rHe raKoBa

KoHqeHrpaull flra rt& roKoBure Hocllrenu' 
;;;;tt rolrloorpa3tBaulo

Jlerupane' qe cJloeBere Aa I{Mar cnoilctga

noKpI'ITI{e'
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@uz. 5.11 3aeucauocm Ha rozapum'bma ua cbr?pomuzneHuemo Ha croeee

om ln2o3 nezupaHu c Kanail

flupolnsara cg lr3non3yBa Karo MeroA 3a [oJlyqaBaHe Ha IiHAI{eBo-

KaJraeHrr cJIoeBe. Aeporoluuxr IroToK, KOfiTO npeAcTaBJItBa pa3TBOp IIa

InCll s 6yr:ruraqerar (InCl:.4HzO Ha 1 r. 6ytulaqerat), ce narracx mpxy

3arpeTH cTbKJreHE rroAJro)KKlr. flpu rona ce r{3[oJr3yBa nynBepI,I3aTOp C pa3-

*o.q :oo ml/min. croese c MHoro Ao6pa aAxe3r4r ce o6pasynar B oKI{crILI-

reJrHa arMocQepa upu reMneparypa 500"c. 3a nsNaeHeHue c:bAbp)KaHl{ero

na ranafi B cJloeBere K:bM pa3TBopa ce 4o6arar pa3nuqHu Korl{rlecrBa

SnCl+.SFIzO. l,I:cte,qnauo e BJIlIrIHIlIero na 4o6aerr'r ot ralafi ,qo 50 mol%

erpxy cuoficrnara. KonqeHTpar\vfrTa Ha roKoBI4Te HoclrrgJll{ HapacrBa, Koe-

ToecbllpoBo,4el loctIoHLDKaBaHgeJIeKTpI{qecKoToc![poTI,tBJIeHneI{a
cJroeBeTe. IlO-HataTlunoro neryrpaHe qaM€urrBa KOHqeHTpaqluITa IIa

Hocr,rTeJr[Te r{ )rBejrruaBa c.brrporr.rBJreHuero ($ur. 5.11). Ka:ralr Ha\IurflBa

pelueTbrlHaTa KoHcTaHTa Ilr c6[poTI{BneHI{eTo HaMaJIflBa npl{ 3aM,IHa Ha

In+3 c ftonu Sn+4. Hapacrnaneto Ha ct[porlrBJleuIrero rlpu no-HararbltrHo

yBerr,IqaBaHe Ha K€UIaiI e o6ycloreuo or EapylueHl{ero Ha KpIiCTEUIHaTa

crpyKrypa.
Terrruepatypa Ha roArloxffara: 1 - 500'C; 2'600"C
Ouaraueto or IrapoBa Qa:a (CVD) - Texnorlofutra rro-ptAKo ce

H3IIon3yBa3aIIoJrrIaBaHeI{aneil,Ipall l4oKoI4AHLI[oJrynpoBoAIIHKoB}I
cfloeBe. Kato ottuc.utlrenHrl peareuTll ce H3noJl3ynat 02, H2O ralu goplt

HzCz, Kanaeul,ITe I,I HH[I{eBI4Te cbeAI{HeI{urI Morar Ea 6s4ar xnopvrl!\4 rrrw

opfaHoMeTaJllfllecKl4 CbeAuHeHI{lI'

OcnoeHl,lre peaKqnlt ca:

SnCln + ZHzO <+ SnO2 + 4HCi,

SnClr + 02 <+ SnO2 *ZClz,

Sn(CH3)a + SnOz ++ SnOz + 6H2O + 4COz,

2InC13 + 3H2O +> InzO: + 6HC1,
4InCi3 + 3O2 +-1 In2Ot+ 691r,
2in(CI{3} + I20z<> 1n203 + 9I{20 + 6COz.
He4ocramr Ha ro3r,r Mero.q ca cKbnure opraHoMeraJrHr4 a\e/.n,*e'krr.,

A IIPEA}IMCTBO - NOJI)'IIABAFICTO HA CJIOEBC C XEJIAHI{ XAPAKTEPI4CTIIKV 14 Ug-
[oJr3yBaHaTa anapurypa [o3Bo[.sBa MacoBo rrpoH3BOACTBo.

cnoere or HrIAI{eBo-KaJIaeH oKcI,rA, neo6xo4Iarwa 3a r43rorBt'e Ha
pucwrcitnu rarreJrr4, ce [oJD laBar npe,4u BcHqKo qpeS eJIeKTpOHHOJIbTIeBO
r{3[apeHr,re B KprcJropoAHa anuocQepa r{ peaKTr,rBr{o pa3nparrlBaHe.
Ocnosur4te rlpeAraMcrBa Ha re3l{ Meroarl ca:

- Hr{cKa TeMnepaTypa Ha noAJIOXKaTa;
- B63MO)KHOCT 3a OTJraraHe r{a paBHoMepnn no ge6eruaHa cJroeBe Bbp-

xy TOJIeMII rIJIOIIIIIT;
- JrecHo lleflrpaHe rro BpeMe Ha OTJIafaHeTo;
- BI4COKA IPOI,I3BOAI{TEJII{OCT II B63NPOI{sBOAI4MOCT HA PE3YNTATHTE f'I

lpaBrr oco6eno nepcneKTI{BHIr 3a [oJlyqaBaHe Ha rrpo3paqHH IIpOBOA{UITI
noI(pHTr{f.

9per eJreKTpoHHoJrbqeBo n3napetvre Ha In2O3, cr,Abpxarrl
9nrol7osno2, ce ronyqaBar Br4coKor(aqecrBeHa cJroeBe (90% npony"*u""
BbB Br,rI[rMara o6nacr r-r cneqz$uvHo cr,fiporrrB.rieHze 3.10-a0cm). C
TepMocb[por]IBrleHr,It ce KoHlrponr{pa [oBBpXHOCTHara rer\r[eparypa.
YcraHoeeHo e, qe [pr4 .qocrarrq'o BI{coKo HarJrraHe Ha KvcnopoAa *5.10a
To* reuneparypara Ha uoAJro)KKr4Te Mox{e 3'aqr,rrerHo 4a ce norraxn (or
350oc na 150'c). flo rosu Haqr{H MeroAbr e npsnou.vr* vr 3a noJraMepHrr
NO.IIJIOX(KH.

flprt norr;nratsaHe Ha c.rloeBe or rduAr{eBo-KarraeH ol(cr4A r{pe3
peaKTI'IBHo piBqpaluBaHe ce LI3EoJI3yBar KaroAr4, rrpeAcraBxrBallll4 cnnaB or
Ylu4uit u xalait. prilvr vrHAr4eB oKcr4A, Jrefl{paH c p€Bni4.rHo rco.rrr-ruecrno snc2.

Moxe ga ce pa3rrpanBa KaroA, c.sAbpxarq g0 atvo Sn2O3 ra
2jat%osno2 npr'r [apqr{arrHo HiursraHe Ha KracJropo.qa < 2.10-2 Torr.
I'hcnegnann ca [poBoAr{Mocrra, Ko'rleHTparl}urra na cao6o4nure roKoBl'
HOCI{TeJrn tz Xoiroscxata no,qBnxHocr B5B $ynrqrax or H€UrrtaHero Ha
KI4CnOpOAa. rlolyvaranero I,I cnoftctgara Ha crroeBe or r.rH,rlLreBo-K€uraeH
oKcI{.4' [pe.4Ha3HaqeHI'I 3a I43[oJIsyBaHe B eJIeKrponyMI,IHecIIeHTHa lvcrflevr,
ca o6exr: r{a MHoro vi3,aJre$Ba]H:'g.. llsuonsynaulrre KaroAE cr4rpxa:r uafi-
r{ecro 9 at'/o snoz. croesere ce orJrarar qpe3 

"r"o*o""arorrnopa:npaurnane. 3a nogo6panane Ha ereKTplr.recKHTe n orrrLIqHI{Te
xapaKTepucrr{Krr ce fipoBexl{a repMHErHa o6pa6orxa 868 BaKyyM.
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Cruporraenennero Ha cJroeBere
rlruuMarao6nacr -90%.
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3.lOaOcm, a npo3paqnocrra

Ha KaTo[a
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If osut tuu Ha cmtKreHqma nodnocrcrca

I{ntepec 4peAcraBlrBar rir3cJregBanurra, rlprir Korirro ce rir3rroJrcyBa
KaroA, crcrorrq ce or ABa rreeAuilGrr ceruerrra or unAd u rcanafi c
rmcmra 99,99Vo (Qnr. 5.12). Cnoesere ca orJraraHrr B KtrcJropoAuoaproHoBa
cubc (26Yo rucnopog). flpa yre.unraBaHe Ha Kr{cJropo,Eroro ca.q6p)KaErie
rraA 30% aBTopbr na6ruogana yBeJrrlrrraBarle Ha erercrpnqecKcno
cbupornBJreHne cpee nocJre.Faula repMuqHa o6pa6orra (300"C ea min npz
40 Torr), cbrrporl,IRrreHr{grro Ha cJloeBere HaMa[rBa tro BeIrr{qI{IIa c 2 - 3
rroprAbKa.

124

Sr'l.- 7n<q

,',W
V

flpn ueuo.nsynauero Ha MaraETporruo pa3rrpanrnane u KaroA
ropetrIo EpesoBaH kgOs, crgrpxaq 9 mol% SnO2, e r.BBeAerra Bpb3Kg
MexAy IJISTIIOCTTa Ha TOKoBET€ HOCI{TeJII{ LI KOJIIIIII€CTBOTO KI{CJIOpOA,

s o6eMa Ha KaroAa oruomeHr,lero Mex,q/ Marepu€lna c rreAocrrr
KncnopoA r(bM Ha[bJrHo oKcr{Ar{paHr,rf Marepr.r€ur (So) e m0/s0, ro
tlorbpxHocrra roBa orHorueHne e m/s. Ilnorqra Ha KaroAa
nponopQ,IOHuIJIHa Ha s0 f m0 II ce 4pHeMa, qe

s * m = s s * m 6 .

Toraga Motcta Il ramucx
n"
4= Am- Bs+- s' (Bs+Em
dt .io + tno 

'

t4

d m . = m / - \' ' . . ' =_Am_Bm*  " -0 ,  
[Bs  +Bml .

dt so|trto\ /

Cxopocma Ha oK[rcJreH]re Ha KaroAa e Am, Cropocrta Ha
pa3qparrrBaHe 3a Hu[rbJrHoiKr,rcJreu Marep]r{ur e Bs, a 3a Mareprratr 6e3

HEUII'IIIIIe Ha Kr{CJIOpoA e B m. oCranannre ruleHoBe ca HaqranrH!1., Te aa
[pouopqr{oHairHrr Ha BeporTHocTTa Ha oTAeJurrre Ha pa3flfirrHu BnAoBe fioHIa

or o6eua Ha KaroAa u Ha rrbJrHara cKopocr Ha pa3[panBaHe, TaKa se B : E
Torara

dm- - " -  - -Am-Bm+Bm^ ,
dt

TaKa qe

l n  A  I
m=m^l - + " exp{-(A+Bl.t}1." lA+B  A+B  ' - l

Axo rncnopo.qbr B rrJr€BMara BJrarre caMo Bbpxy KaroAa I{ aKo
roei[nqueHrrre Ha pa3llpailBaue 3a ABara BH.qa ca paBHu, rorana
KOIIIIIeCTBOTO MaTepI'IaJI, OTJIOXeHO BSpXy ITOMOXKaTa B5B BCeKI{ MOMeHT

OT BpeMe, e [pO[Opq]ToHaJIIIO Ha KOJIIIIIIeCTBOTO MaTepI{tlJI, pa3npaEeHO OT

Karo,qa, r.e. (m + s,). Ilptt HanbJIIro oKrcJreunr Mareplr€rlr He ce noJqtrIaBar
cao6ognu HocnreJrrr, cireroBareJrno KoHrlerrpa\ttxra na cao6oAnurc
rrocllTe;nr (rel e uponopulroHuulHa sam. Taxa

I  n  A - , .  - , . ln = n^l -l-= + -1exp{aA + B }t } l." I A + B  A + B  ' - l

flpn nimoxnHa rroABrDKHocr ro*" iu ce uuT€rp4pa r,r ce floryvana
r8MepeHaTa KoHrlenrpaqur Ha HocItT€JIIr:

(  n  I  ) .  .
"* = ""1ffi . cfry" )'$ 

- exp{ - A( t + B )'t }l'
Tosa ypaBHeHne ce r,r3rroJByBa 3a o6egnnrnaHe Ha

eKcnepr{Melrrarrnam nnQopr"raurt u ce rIoJrJ IaBo no: l.l021cnf, A:
3,28.10- S-' r B (< A nora:na, qe rrJrbruocrra na cao6ogHr.rre HocIlTeJM B
orJrox(eHlrf, cnofi ce )mpaBJUIBa uIaBHo or cKopocrra rra oKltcJleHlte, a He or
cKopocr-ra Ha prB[p€lruBane. Herqo floBerre, [pH anpoKcr4rMaryrr or I peg
MoxeM Aa rroJro)cnM A : a.P, IcbAero P e napquarHoro I{aJUIraHe Ha
Kr{cnopoAa.
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Ctena4eHraero ua .fo3r4 MoAeJr c eKcrreprrMeHTa e 4o6po caMo 3areceu o6xear or HarrrraHnq. Ha KrrcnopoAa. i4 ,u 
"r"o*, 

i =u 
"rr*,HaJrsraHLrfl' IIOABpTx(HoclTa He e KOHC'aH,.a 3a pa3.irtrrlHt ger,ennnu uacJroeBere. Oxracnennero Ha KaroAa HaM:aJrsBa KoHrIeHTparIr4{Ta IrarroclrreJr'Te c yBerr{r{aBane 4e6e:rr,rHaTa Ha .JIO.{. 3aro'a e Heo6xo4vuo

NPOIPAMITPAHO HAMAJI'IBAHC HA HAJI'IAHETO HA KPICNOPOAA C YBEII4IIABAHEge6enunara Ha cro'rl' 3a Aa ce [ony{rar croeBe c noB,rlueHa KOHU.T{TparIHJI
Ha HocI{TeJu{ v rloBfiIueHa noABLDKHocr, He3aBrrceilIu or 4e6ennnara nacJIOt.

5.4 MATIIUTIIII I4 MATHV TOPE3I{CTIIBHII CJIOEBE

Texnnqecnure xapa*Tepl'crr'IKfi Ha 3a[oMlrrilrr{Te ycrpofi crra vorar
ila 6r,4ar uo4o6peuz 6laro4apenue Ha ycbBbpilrencrByBar_rero HaHOCHT.JTHT. Ha 3anl{c, HaMa-[sBaHeTo Ha pa3CTorIrHeTo MexAy MarHI'rTHaTa
lJIaBa 14 HOCLIT.I' 14 nOBI4rrlaBaHe r{aAeXAHOCTTa Ha ClrCrerr,ra:fa. IIpnr43non3yBauero Ha TpaArrr{Hour{r.ITe MarHr4THrt rnaBrr .rpx6na ga cerpeoAoJrerr cneAHrzre 4na npo6leua:

- TpyAnoro KoH.rponfipaue rra pzuMepLrre Ha Sepzrua.re rnann
npr4 A'brDKvrHa Ha npoqela no4 I lmrpoverrp;

- uuIpI,IHa Ha flbrerrKara uo4 35 MurpoMe.rbpa.
llpa w:nolsyBaHero Ha [o-Br4coKu pa6orna qecrora Sepnrure,KoHTo [pLITe)I(aBar orrlzrrH' Bl'Ico^oyecrorHl4 KaqecrBa, HaM€uI.'Bar

MATHHTHATA QKI NPOHIIUACMOCT IIPII YECTOTII OKOJIO IO MFIZ.tr{sncra:yuaHero Ha MeKr4 MafHr{THa MeraJrHI,r crrJraBn cbrrro e HeBT,3Mo)rGo
fiopaA]r sary6rz:re or B]rxpoBr{ ToKoBe.

Terz 4na upo6aerua Mofar Aa ce peliar [pu rr3non3yBaHero Har-snxocnoiina Texuonornr e pa:pa60TBanero Ha MarHrrHlrre
UPEO6PA:YNATCIU. ZHTETP€UIHIITE MATHI,TTHI{ IIABI4 UMAT TPI{ C},IIIECTBCHH
flpeArdMcTBa:

uo4o6peua qeclorHa xapaxrepncrraKa;
' noBI{IrIeHa HaaJrbx(na nTITHOCT Ha 3alruca 6rarogapeHue na nogo6-penara Qopnaa na uanrurnoro [ore Ha fnaBara:
. rloBl4lrreHa HanperlHa nJISTHOcT Ha 3Ailnca.
E4uonpenaeuuoro noBrrtuaBaue Ha HaAJrlxr{ara u

[Jrr,THocr Ha 3auvaa yBenuqaBa o6eua na arr(popnaaqalra
cpaBHeHI,Ie c o6r,rxnonenuTe rJraBI4.
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@uz. 5.13 3aeucuMocm Ha cnopocmma tn pa3npaweaHe Ha nepMalou u

de6enuuama Ha cron om nnlarnHocmma Ha l4oulHocmma
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@ue. 5. I 4 3aeucuuocm tm cKopocmma Ha pa3npaueaHe Ha nepMcuou om

HArflzAHemO Ha apzoHa 6 KCIMepAmA

I4grotnsueTO Ha I4HTelpaJIHI4 MaTIIHTHTI nIaBI{ I,I3HCKBa TbHKl,I CJIOeBS

oT MaTHHTHI,I cnJIaBI4 Clc cnequdrurlgn XapaKTepHcTl4KI{. 3a ra:U IIeJI MoraT

Aa Ce r43[OJr3yBaT T5HKI,I CnOeBe Or nepUa.nOfi C HHcKa KOepII]4Tl{BHa cuna.

cloenere o6urHoseHo ce nonyqaBaT r{pe3 pa3npauBaHe oT H3XOAeH KaTOA

cbc cbcTaB 80Yo suxet u 20n/o xerq3o. 3aszcuruocTTa Ha cKopoofia Ha

pa3npaluBaHeoTnJIT,THocTTaHaMotrIHocTTaUHan'raHeToHaapl 'oHaeI1o-

Ka3aH cr,orBerl{o IIa Qnr. 5'13 u $ur. 5.14'

KoepuururuaTa cwa Ha MaTHHTHIITe CJIOeBe 3ABLICVI CI{JIHO It OT TeM-

rrepaTypaTa Ha noAJro)KKaTa IIo BpeMe Ha npoqeca. Torra eQert ce o6scHsea

c BnI;{tHI{eTO Ha OCTaT6qHI,ITe B:bTpeIxHI4 Ha[pe)KeHI4rI 1I ll3MeHeH[teTo IIa

[oprAbKa B Kpl,Icrannara petrlerKa. flpu ct<opocr Ha pa3npaluBatte 25

nanoverpa/rrl^iyru, 
"u-.ur" 

Ha aproHa 5.10-3To* Morar Aa 6r,.4a'r no-

nyqeHI,I cJIoeBe c Koep[tlrlrBua cula S 0,5 Oe.

iiill

HanperiHaTa

3-4 nrru s



5.5 EJTEKTPOJI YMI{H OOOPII

Epoxr Ha BeugcrBara, npu Kor4To ce na6nrc4aea
e,'IeKrporyMprHecrleHqur (En) e locra norlrrM. 3a neplroga or 1936 r. lo
1947 r. eneKTponyMrrHecrleHT-Ho sbr6yiqaHe e na6rrro4anauo r c1,n{rn4a,
eonQparrara, rcpMaHarrr, cLrJtu-Karn !r rrrart{Hourj aHuIiw Ha 6apwn, uo nai,r
foiurMo lrpHnoxeHue /io MoMeHTa Ca HaMepHnr n-vrrrnuo{roparn Ha
ocHoBara na ZnS u (Zn, Cd): (S, Se).

lloryvarane, o ra,rynar,Ho$op or npaxoo6pascH zns ce ocr,rrlecrBrBa
Ha rpu erarra: n6p80 - npurorBfHe Ha cMec oT lpaxoo6pa3Hr4 e.4HoMepHlr
3apoAI4[rH I,r XOMOTeHHO pa3[pe/IeneHr{ npr4MecH B OnpeAeneHo Kofi{rrecT_
BO; BTOpO - 3afprBarie fia aMeg"fa lr oxjra;(uaHe npJ4 orlpeAeJleH pexuM;
Tpero - noBl'pxHocrHa o6pa60rxa Ha KpUCTZUrr.rre 3a orcrpar{rBa}re Ha Har-
pynaHrrre no noBbpxr{ocrTa c:beArrHeEwt> Ha[pwvep Ci2S u ZnO, rcovno
cHax(aBaT _rrpKocTra Fra cBereHe.

I-{unxonr'rrr cy,r$raa e rxHpo*o3oHerr nonynpoBoaHur( c '}rpriHa fia
sa6paueHara sowa3,l7 eV. 3a Aa ce ocr{rypu e$errrnuo npeo6pasynaue na
ENCI(TPII'IECKATA EHEPIAg B CBETJII4I.IA, E ZNS KPIrC'TAJFIETATA CC BT,BE)KAAT
cneuuajrHH npHMeCr4, uapeqer{u aK'il4Baroprr. Tean npuuecHr4 aroMn Morar
na 6r,.ar BbBeAerru B r(pr.rcrarHara perrjerKa sa zns KaKTo qpe3 3aMecrBaHe,
TaKa H qpe3 BHeAprsarre. Mecrara, B KOLrro ce pa3rronafar caMr{Te
arcfliBaTopn, ce Hap]uar uerirpoBe rra cBereHe. B eirerrponyrunHo$opnre ce
BbBe)I(Aar Apyf[ npnMecl{, HaperleHu KoaKTHI]aropn, Kolrro caNtn no ce6e
cI{ He MOraT Aa npeA}t3B[rKa't cBeTerle, Ho oKa3BaT CbTIIeCTBeHO BJIr4rHi4e
B6pxy pa3TBopr,rMoclTa lr edrer<fllnHocrra Ba BbBeaeHr.r, ocHoBeH
aKTHBarOp. llplrrrreczre, BbBeAeHr4 z ZnS npax. onpeAeJrrr MHoro oT
ocHoBHUTe XapaKTepHc.t.uKH Ha eJreroporyMr4Hect{eHrlr.rrTa, rpKocTTa Ha
cBerelle u cra6lulroctra B.bB BpeMcro.

ZnS ce cpeura B nprrpo,qara noA Oopuara rra MlrHepanr4re c@anepar r.r
Broprlar, rro Mo)Ke n ra ce crrHTe3Epa. B .Irrcrur ZlrS ropnara qacr Ha Ba-
ireHTHara 30Ha ce onpeAenr or 52, a B AOJrHara \acr Ha npoBoAr.rMara 30Ha -
or zn2*. Br'3Hr,rr<saHeTo Ha r-IeHTpOBere Ha cBereHe Mo}I(e ra ce Da3rnencua
Karo cneAcrBae or 3aMrHara Ha fr,ona zn21' c MoHoBaJer{ruur fiou na
aKTr{Baropa. Jloxalnnre rrr,{Ba cbu{o Morar Aa 6r,4ar naua,reHr,r cnprMo
3oHara na [poBo/{r4Moc1, rIpU Koero ce npH406lrna Bb3Mox(Hocr 3a
3AXBAUIAHE

Ha eJrer(.IpoH.
Ourypa 5.15 npeac.raBJ'Ba efrepreraq'a cxe]\{a lla npeAnoJrafaeM[,

xereponpexoA. TA e uocrpoeHa r{a 6asata rra eJreKTprrlrecKure v

onrrrqecKl4Te csofictsa Ha clloeBere or ZnS r'r Cu2S mpxy

noAnoxKa c npoBoAtllr clofi or SnOz'

CTl,KIIEHA
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@uz. 5. t 5 Errepzemu,;nr r",,l:,1;:f#;;;'#Ti"iuta cmpvrcmvpa - snot

Ef - Hlino ua tDePl'tt't

I4seecrHu ca rpl4 McroAa 3a rlollyqaBalle Ha exeKTponyviluo$opr:

L lJpovznane Ha crauAapreH 
, 

nyvuuorlop or 
- 7"t'

rieilpure)t(aBalq enel{TponyMlIHecueHTHII ceofic'rsa B Me'[Ha co:r' MeAra

ocraBa [o ftoBtpxHocfl'a noA r]opuara Ila Me'[eH cy:r{luA'

Z. llottpnnaHe tlpc3 IraKyyMHo ll3llapeHue na (roroLryvuuotfop r't

KaroAonyMnHcxilop or ZnS c lreA' 3raro I4nI4 cpe6po nprz craftna reMne-

parypa'. 
o6orar.seaHc na ZnS B c1{ec o'r Mn' Li' co s arrraoc$epa or I{2S'

npra reMneparypa 950 + I l 50oC Ao floryrlaBane sa L'i'S l]o [oBtpxHcrcrra'

3aroea ycnoBfiqra Ha cHHTe3' npl4poAara !I KorulqecrBoro npl{Meclt e

or roJItMo 3HaqeHlle. 3a norvqasaue na Ao6pn eneKTpollyM14HecIIeHTt{I'I

Marepr4arr4 e neo6xo4nvo .a,o6anqHe Ha rrpllMecli B l(pl4cral]a' ]laPeqenu

ar(Tr{BaTopi'1 l{ KOaKTI{BaTopI4'

AKruBaropule npeAcraBrtBar IIpIrMecI'I' Kol4ro 
, ^tl:ltt"Out

r{3.rrrrr{Barejrr{n perov6nnalluonHr{ ueHTpoBe B KpI4craJIHara peruerxa' Toea

ca raKa HaperIeHI4Te IreHTpoBe Ha cBereile It npeAcraBnsBar ceo6oAnlt

eHepferrHHI'I HI4Ba B :a6paueHara 3oHa IIa ocltoBHoro BeruecrBo' 3a 7r'S

aK'rnBaropn Morar Aa 6sAa'r eAHoearc:ll.lJl4 np-l4Mecu' IlanpuMep Ag*' Au"

Mn*, Cut, ,n o"y"un"ntl"r" Mrrt', (lu2', Fezn n Cd2't- EAHoeareHrnlare

aKl I , IBaTo l ) t {B 'b i lPeKr ' , lpa lJ I14( i i lHTCCi4d ' ,H3t i r iecKI ' , i t t x l iM i ' , iqecx} tcso i ;c rsa
c:b3.[aBar roqrfi eAHaKBu cneKTpanl{u ItBuIrlI Ha I'I3flbLIBal{e' Tosa Mo)Ke Aa

ce o6rcnu cbc cxcl1c'rBo'ro Ha 3aptAure HM'

3a riolloSprilallc iizi €jieKTpojllir'll4IJccIIeHqL{Ta KbN4

eneKTponyMrlrrot'[oplr t:e tlptlSaul l'l l(oaK'ruBalopu' Tlxnara polrs npn

t28 l 1 9



r{3rpax,{auero Ha KpucraJla e cJIoxHa, Ocnosnara IIM saAaqa e ga uo4o6prt
pa3TBoprrMocrra Ha aKT[rBaTopa u.4a KoMrreEcrrpaT noJlo2Kl,ITeJilrrrye 3apfiEr4.

BzAtr Ha aKTl4Baropa r{ KoaKTHBaropa, TrxHoro KoJII*IecrBo I,I

cborHolrreHr4e onpeAeJI{T ceKTopI{Te Ha H3rbqBaHe Ha

eneKqpoJryMr.ruofropa. Hanpnaep JrerupaHero na ZnS c Cu crsgana cuulo

rrcJrbqBaHe c MaKcrlMyM npn I = (455 + 460) nm fl 3eJIeHo l{3rbvBane c

MaKcr{hr).M npn 1,: (510 + 520) nm.

Bnac.rnero na ]V[n n ZnS uopaxga xbJmoopaHxeBo I,[3JrbqBaHe c MaK-

cl.rlvryl\{ npu l,: (580 + 590) nm.
flpn ruegproarre Ha AByBarIeHrHI,r fionn ce Ha6mogarar 4na e(fexra:

Br3HIrrKBa B53MO)ru{OCT 3a IB[btIBaTeJIeH qpex0.q Ha [pI{MeCH[Te eHepFe-

TIltqHtI HUBa Ha BHeIq)eHnTe iAOUlu !I HaCTGrIBa rr3MeHeHI{e Ha pA3nOJIOXe-

HI'IETO HA CJIE(TPOHUTC B EHCPT€TTIIII{TE. H}IBA HA OCHOBHOTO BEIIIECTBO.

Tara nanpruep BrreceHr{Te npr.IMecllr Cd'- r,rgMecrear IrrIKorI Zn atotwt ot

Kpr.rcfturHara peulerKa saZnS n BoA{T Ao crecHeuue na sa6panenata 3oHa.

Tosa or cBor crpaua cb3AaBa ycJIoBI{JI 3a [pexoAI,I, I{3JIbqBaIW{ (poron*t c

rro-roJrrMa AbJrxr{Ha Ha BbJrr{aTa flopaAfi no-M€UIKI{s eHepraeH [pexo.q.

llpuuecrare or hrln2* BoAtr .{o orMecrBane Ha cneKTbpa Ha I43rbqBare KbM

KbcoBbJrnoBara My qacr. flnyaanenrunre fionu Mn2*, Fe2*, Co2*, Ni2*, Cu2*

o6pasynar Hr{Ba Ha [orJrllrlaHe r ZnS, cBbp3€url{ c qpexoAa Ha eneKTpoHlt

Ha Hr{Bara Ha caMI{Te fionr.r, I4grt.IBareJIHLITe lrpexoAu ca Bb3MoxHu caMo

HaHT4BATAHa rrpr{MecHrrre fionu (IVIn2*, Fe2*, Cu), goxar:o 3a Co2n ra Ni2* ce

na6moAana raceHe Ha eJreKlpoJryMl,Ineclleurryr-rrra s ZnS.
Hafi-m4poxo npfinoxeHr4e,,HaMr.{par rrp?xoBIrAHI{Te rryunuo{opu ua

ocnoBara Ha cbeAl{HeHuqta A'^B'', C rsx ce flocrllra H3rbqBaHe B IlrllpoKa

o6racr or Br{AHMLII cneKTbp or cI,IHbo Ao xbJITo H3JIbtIBaHe. Trannqen

npe,qcraBr,ITeJl Ha rpynara eZnS.

Cr4rpxanzero ua Cu Karo aKrr,rBarop Bap[pa B rpaHrrIILITe or 0,05Yo

xo 0,02Yo. ?lguenennero Ha KoHrlenrpaqfif,ra ua Cu uognonfiBa [poMrIHa Ha

c[eKr:bpa Ha H3JISqBaI{e.
ZnS Moxe Aa rrMa ry6r.rna r{JIII xeKcaroH€IJrHa peluerKa B

3aB?rctrMocr or reMrreparypara. flpra reMrreparypa no-HrrcKa ot (1000 -

1500)'C, s sasr4cr4r4ocr or cbcrara rra [plrMecnre, ZnS nnaa xy6lrvua

pelrrerKa, a HaA Ta3I{ TeMleparypa - xeKcaroH€IJIHa, CtotserHo t

KpHCTaJrr{Te, CrirHTe3r4paHr{ Ilplr TeMuepaTypa IIoA TeMnepdrypa wa [pexoAa,

3arra3Bar rcy6nuyara crr crpyKTypa, a re3I,I, cI,IHT$I,IpaHI,t rrpu [o-BI{coKa

TeMneparypa, npu4o6nnar xeKcE[oHtuIHa crpyrcrypa.
flpn cuecnauero Ha KpIltcraJII{Te c pa:riu{vua crpylcrypa Moxe Aa ce

floflyqu opamiKeBo K3JIbaIBaHe, I(oeTo IIpu ,qpyfr.r ycnoBnfl e rpyAHo

[ocrnxr{Mo. Enexrporryrraanooopnre c ry6ryHa crpyKTypa ce. orJrr{rraBar c
lo-BI,ICOKa f,pKocT I{a cBeTeHe.

Oco6eH r{Hrepec [peAcraBrurBa nerrirpaHero sa ZnS c Cu. B
eJreKrpoJryMlrnoQopa MeAra ce HaMr{pa B cbcrorHHe ua cno604ua Qaea
Cu2S, gucnepcHo pa3[pe.qeJre'a B rlenr.rs o6e\a. Cso6o.{Hara Qasa Cu2S e
neo6xoAr,rua 3a eneKrponyur.rao$opa no4 $opuara nu peroor6nrnaqlroHHu
I{eHTpoBe Ha eJlelopoJrytvfHlreclleHrF{t, ocnryprBarru4 3eJreHo csereHe. B
TE3N qEHTPOBE MEATA E EAHOBAJICHTEU fiON, P€BIOJIOX(EH HA M'CTOTO HA
AByBaJrerrrrrr.ur Zn a xpracranHara perrrerKa.

Me.{ra ce xBfiBa aKTrrBarop [ocpeAcrBoM cnoco6nocrra cu .{a
o6pasyna n ZnS uponogxrqr{ BKJrroqBanr{rr no4 Sopuara na Cu2S.

flpu ronqenrpa\ufl. Ha Me.q or 0,010h xo 0,2yo up€r3r[rrHr{ KoaKTrlrBa-
TOpI'r B npoqeca Ha HarprBaHe MeATa ce HaMr.rpa B cboTofrrue Ha erHoBa-
nelTHI'I fiOtttt cu*, pa3[oJloxeHH B5B BS3JII,ITe Ha KpI,ICTUIJIHaTa peluerKa Ha
ZnS, Tosa ca qerrrpoBe, ocurypsBarqlr 3eJreHo 

"eeriHe. 
paareopnuoc'ra na

cu2s a ZnS npu T : 900"c e wag 0,2o/o, CJreAOBarenHo rlrJroro KoJrr,FrecrBo
MeA e ro.q Qopruara Ha rBbpA pa3TBop Cu2S, pasnonox(eH paBuoMepHo
Mex.4y vacrrqrare ZnS.

IIpu axruna4nfl. Ha ZnS c Mn npra reMleparypa r-rag 600'C
npoqecl,ITe ca HanSJIHO aHalOrHrIHU.

flpu oxJraKAaHe Ea Kprncr€ura ener<rponyranno$op 3aroqBa
p:rpyrxaBane Ha rBbpArrr pa3TBop Ha Me.qra, roem 6n H3MerrrrJro
enercrpoJryMrrHecrleHTHHTe Uy cuoficraa. llpr rcna pa3rraAaHe ce o6pasynar
rIo-cJro)KHIt CTpyxl'ypr4 na cu, Kor{To ce oKa3Bar ueHTpoBe Ha cnnHo
H3TSTIBAHE.

Heycrofivneocrra Ha Cu e ZnS BoAr.r ,qo cryAeuo crapeeHe rra
eJreKTporryMl{noQopa fiprr HeroBara eKcrrJroararlurr. Toau Qarr ce l{3p€r3.rrBa
B IPOM{HATA HA CIIEKTbPA HA U3JTbIIBAHE - C TEIIEHI,IE TIA BPEMETO CE ilO'B'BA
qepBeHo r,I3JTbarBarre c MaKcr{MyM upll },:670 nm.

flpn crygenoro crapeeue flpoMrrrrara Ha rBbp,u.r, ptBrBop He ce
cbcrol{ B orAeJr{He Ha nprlMecure B orAeJrna rBbpAa (para, a caMo B
TrxHoro cbcpeAoroqaBaHe B HrrKoH qacrH Ha Kpr,rcraJra. Tona
cbcpeAoroqaBaHe e npeAr,IMHO no rroBbpxHocr'ra Ha KpHCTaJra.
Cr,4rpxaruaero ua Cu s ZnS He Moxe Aa rrpeBurrru qpeAenHara cr{
p€BTBOpI4MOCT, KOf,TO 3aBIlrCI{ OT TeMIIepaTypaTa Ha C[rrTe3.
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@uz. 5. I 6 3aeuct*vocm Ha uHmeHsueHocmma Ha ceemeHe om

m eJun ep atnyp am a Ha c uHm e3

Orarypa 5.16 npegcmnJltBa 3aBl{cl{Mocrra I{a Illrreu3l4BHocrra Ha

cBereHe or reMneparypara Ha cl{Irre3 ilpII pa3rl4qHll KOHUeHTpaufilr na cu'

B na-raffrns eTan Ha oXJIaxAaHe I{a KpucTaJIa CuzS ce HaTpyIIBa B

geQerrure Ha KplrcrilIHara pemerKa B IIeJTI{I r"ry o6eu' Tora rogu 'qo

HapacrBarre Ha tpxocrra' CleA sacrarqaHe Ha BbrpelIJnnre ge$erm 3arroqBa

"Jrpy""u"" 
Ha CuzS no rroBbpxHocrra Ha Kp'craJra' a roBa BJIorIraBa

rpKocrra Ha eJIeKTpoJryMI'IHecqeEII[s- Toea xnneuue ce na6ruo4ana rrpn rro-

.fpxocrra Ha rcJrbyBarre ce BJInte u or .qrleneKTpllqnlrre cJIoeBe B
ereKTporyMhHecqeHTHaTa crpyKTypa. OcHosHoto [pe.era3HaqeHr{e Ha
lPle[eKTpuqHHTe cJroeBe e E3oJraqnrra Ha KprrcraJr[Te Ha
eJleKTponyMl,Iuo$opa, MexaHr{rrHoro nM $urcupaue B cJro.f, 14
npe/qna3BaHeTo I4M oT MexaHI,tEIHI,I n atuoc(peprUl BnwIHLtt.

llgucreaur,rsra rcbM Ar,re;reKlpr{r{Hr,rre cJroeBe ca oco6euo crpor}r no
OTHOIUeHLIe Ha npo3paqHOCTTa I{M BbB Br{Ar{MaTa qaCT Ha crleKTbpa,
go6pam aAxe3lrs KbM cpeAHETe cJroeBe, BrrcoKoro npo6uuno Hanpexeulre pr

Ap. Cnoftctrara Ha .qlreJreKTpuquus ctroit ca or roJrrMo 3uaqeHue 3a
pa3upeAeneHl4eTo Ha Hanpe)Io{reJrHrls. rra( MexAy cJroeBeTe IIp}I noAaBaHe
Ha Ha[pexeEr{e B eJreKTpor}iMrrHecrleHTrrara clpyKTypa.

Cnosr ZnS uMa no-rorsMo cbrrporaBJrenr{e. Brpxy Hefo [a,qa
fongMa qaCT OT. BbHIUHOTO HaUpeXeHUe.

Heo6xo4uuo e eryHuin or eneKTpoAr,rre Aa e c 4o6pa npospauHocr r{
Ao6pa a,Axesltt{ KbM crbrreHara noAJroxKa. 3a qenra ce rlB[on3yBar oKcr,r,qu
Ha pa3JImHa MeraJrrr. klswcxna]guxta ca ocHoBHo K6M TexHr{Te iblrguqHr,r I4
orrTr{qecKr u ap aMeTpr,r,

B ene6lp6vryMrrHecr.IeHTnrrre crpyKrypu nafi-rurnporo [prrno]KeHt4e
ca HaMepIuII,I cJroeBere Sn2O. Cnoco6uocrra My Aa ce erlBa ro [paBrT
y4o6eu 3a cloeBe c pa3n[rlxa rexHoJroflryr uuto6paxenus.

E t
a -  - + l
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@uz. 5.17 3aeucuMocm Ha cneKmtpa Ha usnrbtrldHe om Cu KoH4eHmpaqua

Or,rrypa 5.17 uorasga BrIlIfHLrero Ha KoHueH"Ipaqurra na Cu

cueKTbpa Ha u3JIbqBaHe.

1 --e-

€v

<Duz, 5.18 3oxna cxeMa Ha ereKmpuvilume cbcmotHun Ha eJreKmpoHume s
nezupau ZnS

BreegsHr,rsa s ZnS-HLrre Kpprcrann Me.qeg [pr.rMec cb3AaBa
aKqe[TopHI{ Hr[Ba, 3a pa3JILIKa or KoaKTlrBaropHrrre nplrMecl{, Koltro
c53AaBar.{oHopnr,r HraBa B 3a6paneHara 3oua Ha Kprrcrarra. Ha Qnr. 5.18 ca
neo6pasenlr Al,rcKperHr,rre eHepreTr{rrurlr HHBa B 3a6paHeHara 3oua, Te3r,r
HIIBa ce o6Pasysar B HapyrueH]r Mecra Ha KpucriurHara peruerKa sa ZnS-
HI,Ifl KpLIcraJr. B axrnnnr4Te ZnS rryrr,rnno{opu ocBeH o6r,rrcroBeHr{Te
AoHopHLI nzna (mllrra - I ra 4rn6oxu - 2 na $rar. 5.18) tr yJIoBKI,I Ha
eneKrpout4 (nlnrxra - 3 r grn6oru - 4 na Snr. 5.18) ce c63AaBa ronru 6pofi
AONbNHETEJIITI,I IIOKAJIHI{ HI{BA. OTIOBAPf,IIIU HA IIEIITPOBETE I{A

E, , i.t elt

J * t

r32
133



JryM[HecrIeHII[S, Te3H Hr{Ba MofaT Aa 6bAaT KaKTo e,qI',IHAq}l,H) 'rAKa Yr

cucreMa or ocrroBH?r (5) r'r re6yneHll cbcro{Illlt (6) na rpttaueclleHrlrE I

qerrrtp. B sa6panenara 3ona ce HaMRpar ar(qelrropHplre Ywea (7),

cb3AaAegr{ or MeAHI,rt oruc. CneqnaJllro 3a Itdn npnaec Y ZnS lrpx1re ya ce

or6elexu, qe HeroBoro ocHoBHo HI{Bo e pa3[oilo)r(eHo BbB BzulerrrHara

3OHa, a nts6y4euoro - n :a6paHeHara 3oHa, T,e. AocTarbqHo or,4aleqeHo oT

qpoBoArulara 3oHa, KoeTo o6ycnanx u oco6enocrnTe B rIOBe,4eHI',IeTO Ha

errersrporryMrrno(poprme, nerrpaHn c Mn.

s.6 cBPbxrrPoBoAl{ry rr cBPbxIrPoBoAflIIIU CJIOEBE

Cnprxnpoao4[Mocrra e raKoBa cbcrotHrre Ha BeqecrBom, upn
Koero eJreKTpr{rlecKatrr roK [peMHHaBa npe3 nero 6es saty6a, t.e.
ereKTpr{qecKo cbrrpor[rBJleH?Ie orcbcrBa. Moxe Aa ce rBbpA]I, ue ua.ft-

cbBpeMennrrre a[aparyplr c qyBcrBureJlnoct 10'24 C).cm ne per]rcrpl'Ipar
H€UU4rI{e Ha eIeKTpI4qeCKO Cb[pOTLTBJIeI{[e B CBpbXnpOBoMITIO CbcTofHI'Ie.
3a cpannenne rpa6na Aa ce rlocoqu, ue cneqn$nvnoro cbnporITBJIeHrIe Ha

e,qr{H or nafi-go6purc u^poBol[mqu cBpbxrrlrcrara Me,q upn reunepurypa 4,2

K e or [opcAbKa na 10-" O.cm.
Caprxupono4llMocrra e orrpltra nper 1911 r. s XoraHA[.{, s

ta6oparoputra rro cBpbxnucKl4 reMneparypll Ha Jlafi.qencrns yr{I4Bepcurer

or Kauepnrnr-OHec (nocnrcn Ha Ho6enoBa Harpa,qa 3a BTerIHtBaHero Ha
xenuft). I{ecre,qsafiKu 3aBuclrMocrra Ha eJleK'rpuqecKoro sbrlpornBJreH}re Ha
MeTalrr{Te or reM[eParypara, toiz oTKpI,IBa, se upfi TeMnepalypa orono 4 K
cbrrpoTlrBJreHlrero Ha ]KHBaKa BHe3a[HO ]Iilqe3Ba I{ He MO)Ke Aa ce IBMepI{
flpu BcfiirKlr AocrlrrHaru TeMnepalypu, Io-MaJIKLI or Hef,. Baxno e Aa ce

or6efiexn, ve cbnporuBreHEero rfiqe3Ba He nocreneHHo c HaMaJrf,BaHero
Ha reMrreparypara (rrnnuno 3a Merzulr{re), a prsro, cxoroo6pa:Ho. Ha Sur.
5,19 e 4prrBeAeHa 3aBl,tcl,IMocrra Ha eJreKrprFlecKoro cBnporLtBJIeHEe or
TeMrreparypar4 lr3Mepeua ot Kauepnuur-Onec. Buxga ce' qe Iul4)Iarrara Ha
[pexoAa or rropM€urHo B cBpbxrrpoBoAtlqo cscrotuue e CaI\4o 0,02 K.
Teuueparypara,. ilplr Kotro o6paeeqrt upeMlrHaBa B cBpbxrrpoBoAtlqo
c1'cTotEue, ce HapFIa KpI{TIIFIHa TeMuepaTypa n ce O3HaqaBa c Tc'

1o-5f)

13 llt T, K
tDue. 5. I 9 3aeucuJnocm ua eneKmpuvecKomo cbnpomusreHue om. me*nepa-

mypama

llostrt BeAHara ce ycrauoBrBa, qe cBpbxnpoBo4r{Mocr [pl{TexaBar'
peAuIIa Apyill MeTiurr{: oJroBo, xatait, unp/t:ft, anyuvntuia, :flIuo6vfi.ra 4p. llo-
KbcHo rs e oT4pLITa It B MHoro clJIaBI{ I{ r{HTepMer€IJIHU c:I,em:f{eflxfl., a qpe3
1986 r. - rd B eAnH HoB rurac Marepr{anu - oKcrrA 14 cBpbxpoBoAnr,rqu.

cDuz. 5.20 Cxetwa Ha eKcnepurteHma, dorcaeaau4 omcbcmntemo Ha
eneKmpuvecko cbnpomueneHue npu meunepamypu, no_uucxu om T"
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|  |  rrL |r ' \ ' (r l l  cKcl lepHMeHT' AoKa3Bau{ orcr}crBaero Ha eneKTp}'qecKo
l,i,rrr reritde rpll TeMlreparypl{, flo_Miulxu or Tc, e rlr4pKynHpaHero Ha

,'| ;.r rrrYll'lrq roi( ro 3aTBopeH npoBoAlrlrK IIp]4 H3Krror.rBaHe Ira 3axpaHBaHe-
rrr. (lxcuara Ha eKcfrepl{Mer{Ta e noKa3AHa Ha {rar. 5.20. Ma,rtx coJreHoHA
ol cBpr,xnpoBoArrrq Mareplran e cr,eAr4rreH c eneKTpl|recra 6arepru c
[oMouITa Ha.qBa I(JI]Oqa - BRHUeH H B:brpeu]eH. COleuolr4rr e norolreH B
c6A C TeqeH xelufi (ripnocrar), a 

-fc 
ua Mareprr€ura e ro-for-sMa or

TeMfleparypara Ha KrzneHe Da rertrrri, xewfia (4,2 K), rranparr.rep Tc ila o:ro_
BOTO e 7,2K. Koraro no coJrerrolrAa reqe 'r'oK, rofr c's:4ana MafarHo rro.te,
KOETO CbII{ECTBYBA A B NPOCTPAHCTBOTO II3BEH KP'TOCTATA U KOCTO MC')(C AA
ce peFr'{crpHpa. B naqanoro Ha eKcnepuN{eHTa BbHUJT-IH'r KJIIOTT e 3arBopeH,
a B'brperfHr{rr - orBopeH. rlo coneHou4a ilporr,rqa roK, 3axpaHBas or 6are-
pnnra- cteg l'oBa RbrpemHurr Krroq ce 3arBap-f,, a BbHrrrsiaflT ce orBapr.
colenor'r4rr e AaAeH "ra Krco". B o6r.rxrroneu'Te npoBoAHrruu nopaAr4
HilJluqplero I{a cbnpori'tBjleltHe 1()I(6T, peclleKT[Brro MafHHTrroro nojlc, 143-
qe3Ba rrparirr4{ecKr,r MHI.rroBeHo. rlplr coleuon/I or onoBo nJru llpyf
cBpbxnpoBoAsnx c Tc > 4,2 l< rvlirfrrHTHoro florre rrpoAbnr(aBa Aa c6rllecr-
nyBa Heol,paHr{qeHo A'bjrr.o, cleAoBaTejrrio eneKTpHqecKIr.l. ToK cc nBtDr<v1
rro cBpbxlpoBoAHHr{r,rre 6es sary6u. Er<cuepnveurT,r e rrpoBexAaH KaKTO OT
Kanlepnnar-OHec, TaKa u or ,r{pyfr{ ,ra6oparopau, Karo B HrKoH cnyqal4
perHcrparllr{Ta Ha MaftrHT}IOTO iloire e [poAbJrxaBaJIA froBcrre o1. foAr]Ha
6e: sa6erexuMr,r r,r3MeHeHUr.

Ocsen or reMneparypara cBpbxflpoBo;(nr\,tocrfa ce pa3pyltaBa or
IJTICOK},I IIJI:bTHOCTI4 HA TOKA I{ 01 BI,ICOKII CTOfHOCr'N HA BbI.ITXHO MATHHTHO
ncre. 

'foea 
o3Haqatsa, qc AopI4 [l]rr reMneparypr, [o-Hr4cKH or KI]fiTLiqHara

TeMllcparypa, aKo tlo rlpoBoA]ll'tKit ce npoflycHe roli c Il,I'brHocr, Ilo-foJrrMa
or oflpeAexeHa c'rofirroc'r' (f"), u:rn aKo ce Dpr.rJrro)K]r ts.6Hr]]]ro Mafr{Lin{o flore
cr,c cnna, lo-rorqMa or otlpeAeJleHa crofiltocr (Hc), o6paserlbr rrle
[peMulle oT cBpl,XlrpoBoArIIrIO B HOpN{anHo cScTorFIHC.

llpe: 1933 '-. HeMcKr{re r}rr.r:zr1u Maii*rep ra oxce'$e:r4 o'r,KpraBar
HOBO' IIPHHI]'IrII]O BAXHO CSOiCT,BO HA CBP'bXIIPOBOAHI]iUI{TC - HAEaUTHLIfi

AI{AMATHETU3'bM VITLI I43TJIACKBAHETO IIA MA|HI4THOTO NOJIC O'r O6EMA UA
cBptxnpoBoAnura. Aro ce pa3nonoxrr nJr:bren o6paseq (uanprlrr,rep rcrr6o)
or cDp:[,xnpoBoArrrJ Marepnan BbB Bl,Hrrr]ro MaTHHTHO nOne l:l ( Hc u ce rro-
FrltxaBa reMfiepar_vpara 71o 

-f < T'c, rrpu [peMr.rHaBaHe B cBpr,xnpoBoAqrqo
c1,oTosHhe Ma|HATHI4Te cljJtoBII JrvHnv ce H:lrJIacKBar or B'LTpeurHocrra I4
ce crbcrgBar ol(oJlo noBbpxl{ocrra Ha o6pa:eqa. Llzcleleatvxra noKa3Bar,
qe MarHHTrIoro none nporJHKBa caMo Ha ua,rr<a 4r,.,r6oqwna (.rarca Hapeuc_
trara Jlon;louoea 4l:r6o.luHa Ha npoHuKBaue _ ?,,, : 1 pm) , ,ngyrlrpu
cBpr'xrrpoBornul rioB'bpxrrocren r'oK, tror.iro crsraea MarI{llTHO ilOJIe, npo-

Tr{Borronox}ro ila BbHIIIHOTO. llpHtiqAltllallHoTo pa3IIuHlre or HOpManHI4Te

N{9TaJIH He e CaMO B H.qear'lHaTa npOnOAi'IMOCT,4 V B TOBa, LIe B

cBp'6xnpoBo.{Hl'tqfl'te ce RHAyIIapa ToK oT nocroqHHo Mari{LtTHo IIo]Ie'

AOKaTO B KJIaCnqeCI(aTa enelffpoAuHaMl4Ka enel(TpO/IBl',IX(eU(a CI4JIa MOXe 'qa

ce [opoAi4 caMo oT npoMeHnIiBO MarHH',rHO llore.

B'rnpexlt 6ypnoro pa3Birrl4e ua rpu:uxara 14 TexHI4Kara npe3 n'bpnara

noJronr{Ha ua XX BeK tBJIeHI4t'ra, cll6p3aHlt c},c cBpbxllpoBoAl4Mocrra, rro-

paAI{ crroxHocrra ch Abnfo BpeMe He HaMI4pal' cBocro reoperfir{Ho o6rcue-

Hne. EAsa B Halraroro na 50-re roAI4tIlI, Koraro eeue e pa:pa6oren I'1 ycBoeH

B AOCTaT'bqHa cTcneH KBaHToBI4fiT ITOAXOA KbM peAl{qa flB.IIeIlt fl B

Mnr{pocBera, fraHs6ypr n Jlanaay cb3AaBar n'LpBara reoprfl, Aatsaqa

o6xearuo reoperplrlno oliIlcaHlre Ha eKcnepuMeHTaJ'lHltre tfaxrn. llocrpoeua

B6pxy Bt,nHoBala rtpl{po.4a lla eneKTpotla, Ta3I4 Teopnt o6aqe oc'rasa

rfeuon,teuonorl,IqHa, T.e. ont4cBa $ertoveHa cllpbxnpoBoAuMocr, 6es Aa AaAe

o6.rcHeq[e 3auro Bb3HIrKsa roii. floc:reAHt'rnt npo6leu HaMHpa peileHl'le D

MaKpocKonr.rrrHara reopnq lla aN{ep!{I(aHcrtlre $u:nqrl liapAuiin, Kynep ia

Illpufi<lrep. Tr Ilorl)/rlaBa [pI43HaHl4e I(aro eAHo or Hapi-Ao6p[re

nocrrrxenr{r Ha reopc'rllrtnara {ruruxa !l allropllTe l'i ca y4ocroetlu c

Ilo6e.noea HarpaAa.
Cnopeg reopurra EapAui.iu - Kyrrep - illpu$ep, Hapl4alalla 3a Kpar-

Kocr reopgt BKIII, pa:ccilBaHL- ro Ha eJleKTpoltl'lTe or xpllcraJlHara peluerKa

Ha MeraJia rrp]i onpeAeileHtt yclloBl4e Mo]I(e ,4a npra4o6ue cbrnacyBaH BI4li.

Axo xole6asutra or Kpl{crarHara peruerKa ce pa3rne)KAar Karo KBaHTI'I

3ByKoBr4 BIJIHI4, HapetrerrH droHoHtl, yAallbr rla eJreKTpoHa, nt's6yxrgaul

3ByKoBara BbrHa, Moxe Aa ce ltpeAcraBll Kalo r'I3nycKaue ua dloHoH. B cs-

uloro Bpel\re rear role6aurtr rr'a4efictnyBar Ha Apyr eneKTpoll, aKo,To!"1 e c

rrporr4BofionoxelI uMllyJlc ]t crurl, T.e. Apyr erel(TpoH llorJl1]u{a QoHoHa.
llo tosu Harlrn{ eJleKTpou-(louonHoro B3al'tMoreiicrB[e BoAI4 Ao cB'bp3l]ane

Ha eneKrpoHure n Aeoilxn (rara uapeveiila I{ynepoeil 4eoiixu), KoI'Iro "He

uyecrnyna'r" rore6airnqra Ha Kpllcra-qHara peuerKa I4 ce ABI4r{ar 6e: eary-

61,r. B parwxur:e I{a 3oHIIara reop}'It pa3flpeAeneHl{ero Ha Kyneponrzre 4noi-

KI4 rro eHeprlll1 C'blqecrBeHo ce oT.rlullaBa o'l' pa3npeAeJleHi{eTo Ha

eAur{Lrrinr.rre eJIeKTpoHu. floqsqna ce eneprltilaa MexAI{Ha, alrailor Ha
':a6paneuara 3ol{a npl4 IIonylpoBoAlII4qHTe. Ito xnrs1lu nttlr no-tscna. C

noMoLrITa Ha reopl4sra EKiil He caMo ca oSlcuenn Bcuqrll

eKcIIepr{MeHTa,rHn tfarrtr, Ho rrt cl'aBa Morbrll HIIc'fpyN{eIJ'l 3a HoBl4

pa:pa6orxLt.
IlripeTlriu'to roJltN,io c)TKpI{Tfie, yAocroeHo c Ho6e.;rona Harpan.a u

rrpeBT,pHan0 cBp:bxtlpoBoAt4MooTTa OT eK3OTItqeH (hu3l19eH QeuoveH n

ocHona Ha pe/lr.r{a yrtHKaJIHI4 eJieKTpoHHH nprE6opu u ycrpoficlna, ca
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eQercrrrre na ,{Nore$con r "cna6ocmp3aurlTe cBpbxrrpoBoAnuqn"' Te ca
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.{xose$con u cKopo cJIeA ToBa ca ,4ora3irHllt eKc[epI'IMeI{Tam{o' Ocsoren

eJreMerrr Ha rloBerrero oBpbxnoBo,(ullKoBtr eJleKrponru yc,poficroa AEec e

_IlNOsedcoHoBr.rrr flpexoA - ABa ylacTbKa or cBpsxrrpoBo,{flq MaTepu:ul'

["o"""nt crc "cna6a nprsra" - flacrbx cbc 3HaqllreJrgo no-MatlKa

rrJrbTr{ocT rla Kpl,rTurrHurr ToK IluII4 B,bo6trIe oT HecBpbxnpoBoAfiIq MaTepEaJI'

npes rofi"ro Morar Aa ryHemrpar oBpbxrlpoBoAtrusre rroczreJlpl Ha 3apflAa'

tfurrep$epelurnxta rra 
"t*or"re 

tlyrxrrrn ua Kyneponure Anoirs soAI'I

Ao [poTHsaHeTO r{a IIocTorHeH ror 6es cnaA Ha Hanpe)KeH]IeTO AOpI'I Bbpxy

pe3rrcrrrBHllt yqaorbK snE AO CBpbxBtrCOKOrIecrorEa reHepauut Ilpll

flporllqane Ira ilooro.rHerl ToK, no-roJlf,M or KpETKqHu.a 3a "ctla6ur"

fru"**. IMnoro6pofirul ca npuJlo)Kenltxta Ha cBpl)flpoBoAuMocrra u rlo-

"n"tll{*o 
ga';cna6ard' cnpoxnponoAlrMocr' Toqnoro cborHorlreHl{g

MexAy qecro'rara Ha reHepaqus H [aAa Ha HaIIpexeHIT ero Bbpxy

[xoeiQcouoBldt Kouraxr lpec ce I'I3[orI3yBa Karo crauAapr Ha eArTHlrqara

3a eileKrpl{qecKo Haflpexen]Ie - BoJITa' r{yrctrutelnocrra Ha

eirercTplirqecKare xapaKTepEcTuKlr Ha KoIrTaKTa cflptMo BbHIITHO MarH]rrHo

noJre e B ocHoBara Ha pa:pa6orenrre cBpbxrlpoBoAtu{'r KBar{ToBriI

unrep$epouerpu. C rsrura rIoMoIq ce perucrpl{par il3MeHeHH'x Ha

Marrrr{rHoro rroJre or noptAbKa na 10-15 T' 3a cpanneHne Mo)Ke- 13 9e

nocoqu, qe MarHllTrroro 
"on" 

na 3el{sra e npn6nnsrrrermo l0" T'

I4snon:ynarrero Ha raKlIBa rr)fBcrBllrreJlrul npra6oprl npeAocraBt IroBI'I

Bb3MOXHOCTE B pgAlula o6lacrra Ha HayxaTa - reo(lraararara" reoJlofH't{Ta'

6uoQusurara, MeAErrLrI{ara. CKBI4A-''" (Superconducting Quantum

Interference Device) MOraT Aa ce BKItrOqBar II KaTo BOJITMeTpLI - pertrc'Ipl{-

par ce crofinocrl{ Ha Haqpe)KeHllero or rroptAbKa na 10-1s V'

B ererrpoullxam '{xtoseScoHoBl{Te npexoAl'I ce }BIroJI3yBar ualt-

qecro Karo eJIeMeHTI{ ot igq yiryoficma 3a rlp?IeMarre n npeo6pa:yrrure

Ha eJIeKTpoMarHlITHo I'r3JlbqBarre' Vcneuruo ce paspa6omar JlorEqecKlr eJre-

MeHT[r [r KJIeTKI IrzlMsr' a A0PE I{ qem{ MI{IQO[pOqecopHs qilIoBe Ha oc-

ii""*" na ,{xose$coHoBlr Korilarrur' EcrectneHo e Aa ce oqurKB4 xle

aup"rrrpouo.q"oqnr" KoMrrroTpr{ Iqe 3aeMaT IIl'pBo MJIcTo no 6upgoAeficrsue

II Hr4cKa KoIICW[paHa Motr$rocr'

Cepaxnpoeoduaqu om smopa pod' BTCII (eucoxomeunqpamypHu

cepoxnpoeodnu4u)
Eseuerrrure Ha cBpbx[poBoAHl'tKoBara eneKrponr{Ka Morar'[a

pa6orrr, axo ca oxJraAeHu Ao reMnepalrypu' no-HI'IcKLr or Kpltrllrtllrara

TeM[eparypa Ha [3rIoJByBaHI'It cBpbxrrpoBoAtrrl Marepr{afl' crsAaBaHeto u

loMbpxaHero }ra Hr{cKr{ TeMneparypu e eAun roJrrM pa3AeJr or HayKara r{TexHr4Kara. ?lsnecrHo e, qe Karo oxraxAarrla cpeAa ce r€nor3yBarBT.TIHeHI4 ra3oBe c HTI'KH TeMneparypr4 Ha Kr'rrleHe, Kol/rro ce cbxparurBaT BcbAoBe cbc cneq[arrHa KoHcrpyKIIqr, orp€u{uyaBaula ro[noo6uena coKoJrHaTa cpe.qa, HapeqeHr4 rlo HMeTo Ha
cbAoBe. 

Perva4 'w nMEl(J Ha cBot KoHcrpyloop '{roaporu

Ou1e or orKpr{BaHero Ha cBpbx[poBoAr,rMocr.ra npes l9l I r. sanoqnarbpcene Ha Marepu:urlr c no_BrrcoKa Kp[Tnrrr{a TeMneparypa, llpnMerlrJlHrrre cBprxnpoBoAHrrrlu e ueo6xo4uuo Karo oxJraxlarrla cpeAa Aa cer.r3noJr3yBa re.re' xerufi (rerr.rneparypa Ha KrrrreHe 4,2 K). Xenzrr eeJreMeHT, xoEro e cna6o pasnpocrpaHeu. ArrraocSepuar, 
"urZfyr< "ug"p*uegaa 104 Yo xetuia, fiopaAr.r KoeTo ce Ao6.nsa or 3eMHr,{, rzra, KbAeroKo'qe'rpaqr4sra My e | '4%. Tosa ocKb[rna rBbpAe Mr{oro r,r3[or3yBaHeroMy Karo oxna)KAaqa cpe.qa, Ho B Ta3tr o6lacr Ha reMrreparypr.ne rofi e

HC3AMCHIM.

3a ctNaleune, ,qbJlro BpeMe Hl,tro rlpaKTr,rKara, HHTo reopldrra Morar
Aa Aa*ar Hf,KaKBH ''pe.{cK€..a'}r,3a roBa, B KaKBH Marepvurr4rpx6na 4a ceTbpca cBpbxrrpoBoAr{Mocr-c 

.[o_BrrcoK' Kp'r'rrrr{Iz reMfieparypr{. flo nrrrua no46opa ce crr{ra 4o 23,4 K n cregnuenuero Hb3Ge.'3u;o; orrg""u_HeTo Ha BrrcoKoTeMnepaTypHa cBpbxqpoBoMMocT B eAr,fir HoB Knac MaTe_puarr4' a nMeHIro cnox(Hl{Te MeraJIHlI oKcr{.qu' orBapt HoBa crpaHnnlla BbB
Qu:arara lr oqepraBa uJapoKlr [epcleKTr.rBa qpeA TBbpAoreJruara eneKTpo-nura' To noSBOUBa Karo_oxJraxAarqa cpeAa Aa ce il3rroJr3yBa rerreH a30T(renaueparypa Ha Kr4rre'e 77,2 K). Te.*ru.{r';or e eAr{H or uarr_enrauure rnafi-'Iecro IrrcnoJl3yBaHure I,I B .qpyr' o6lacruHa HayKara , Tex'r.IKara xJra-
MJreH areuT, B arrraocQepHr.l, Bb3Ayx cb.qbpxanr,rero Ha a3or e lran 70%o.E4rzn rurr'p reqen a3or e 15 - 100 ni" ro-""rtu or JrlITbp reqeu xenrafi.

Orxpunanero Ha_BlrcoKoreMneparypHara cBpbxupoBo,quMocr craBa Br.r3cJreAoBareJrcrara na60paropnr ua supuara IBM n prounnxoH, tmer_\apux.flpes ecenra na 19g6 r. Ee*ropq z Mronep 
"y6""_y;;;-rrif,"orocro6r4enue 3a orKpHTr.r cBpbxrlpoBoArrr{KoBrz csolcrsa B cucreMara Ba_La_Cu-O. T,rxHata pa6ora [peAH3Br,rKBa prAKo cpeqaHa H3cJre,qoBareJrcKa ax_Tr4BHocr B M'oro na6opar:oprau ',o qeJrr{, cBflT kt sa KparKo BpeMe Kpr.rr'q_Hara reMleparypa e "Bptr4tuura,, or 20 sa 120 K a paslr,rvrua cbe,4nHeH?r{ orKrraca Ha cno)KHr{Te Mer{,r'r4 oKc,'.q,n. Kpr,rnara na Sur. 5.21 nmocrpupaeBonrcqr{{Ta Ha Aocrr'rxr'lMrrre Kpar,'rr'H TeMrreparyp{ nln apeuero. Tpx6-Ba Aa ce orSelexn, qe peAr'rqa c.oe*r4*e'Lr,- or ro3t Knac ca 6uttn cu'resu-pa*v tr ''o-pa'o, Ho eABa cllcTeMaTlrqmtTe [3CJIeABaFIr.rx ua Ee^nopq uMtolep AoBexAar Ao orKpr,rBa'ero 

"u """ooor"".r"-ilr.r;;;;";;;TiAt4Mocr (BTCTI), 3a Koero re ca yAocroer, 
" 

n"[H:HfJffi::obxrpoBo-
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BaKaHrIuu tO .u 3a[6rHenr4 H B paBlulpIre ,Cr-ttto ce o6pa:ynar Cu-O
tsepnrn [o ocra b. Tosa e opropou6uuua $a:a (a<>b<>c), Korro e
cBpbxflpoBoArula.

9i -  Si-Cqtr.

Y-Bq-Cu-0

1968

1987
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@uz. 5.2I Eeonro4un tra oocmuetflmume KpumuqHu mewnepqmypu (I'c) no
20OuHu

B reqenue Ha eAHa, ABe foAr4HH cneA orKpHBagero Ha Eelnopq z

Mrolep ca cItHTe3'IpaHI'I TpIl HoBII Marepualla c reMfieparypa Ha npexoAa B

cBpr'x[poBoAtluo cbcro-rHue uau 7 7 K'.
- YBazCuOr-"c Tc.90 - 95 K,
- RizSrzCazCu3Oslv.c Tc. 105 - i.10 K'
- TlzCazBwCu:Oro**- c Tc. 120 - 125 K.
Bcrl.rKu re ca cbc cJIoxHa I(plrcrzulna crpyKTypa or TIl[a Ha

MHO;OC1OfiHI{TS USpOBCKHTI{ }I cBOficTBaTa 6\I cA CI{JTIIO 3aBI'lCI'tMpI oT

Krrcnopo.4HOTO ctll,Ep)[(aHl4e. Blupexu Hafi-HtrcKI'ITe cu Tc, cucreMaTa Y-

Ba-Cu-O Ce HaJrara KaTO Hafi-llecTo I{3[On3yBaHa IIOpaAE TOKCI{qHOCTTa Ha

Tl s cncreN,raTa Tl-ca-Ba-cu-o il ilopaAn lpyAHocTr{Te rlo IlBOnupaHeTo Ha

$arara (2223) B clrcreMara Bi-Sr'Ca-Cu-O.

cnofi crnara Ha Br{coKoTeMneparypHtrre cBpbxllp oBoAHllKoBLI BTCII-

MarepI,IaJrLI, Mofar Aa 6r;1ar pasrneAaHl{, Karo 3a rIpI{Mep ce B3eMe

MoHoKplrcraJrtr YBazCu:Oz-x, roirro e Aocrar:br{Ho 4o6pe Ir3freH I{

npeAcraBrsBa I{HTepec c upI.IJIoxeHwITA eLr. Ha $nr. 5 22 e noKa3aH

crpoexbr IIa KpllcrzrlHara peluerxa Ha ro3lt MarepHaJI. flpueua ce, qe B

h?lrcraila yba2cu3o7-x; Bp:b3KI4Te Ca qacro fton H r'r or rl{na Ha Bpb3Kr4Te B

rcpr{cr:rna NaCl. EnenaerrrapHara KJrerKa Moxe Aa Ce pa3fnexla Karo

cbcTaBeHa or qerI,IpE paBHI{HI',r cU-o, rr eN,Uy KS}'ITO Ce pa3lloJlaraT aB€

paBHrrHrr Ba-O u eAr{H aToM Y. BaNHa ponr B cTpOeXa Ha I(pucTaJIHaTa

p"-atnu LrMa fioHbr 
t'to. Tof onpeAent cburecrByBaHero Ha ase 6a3n c

pa3rlrvHu csofictsa. tlpu t- - 
,i; ..". B ctcraBa iBurcoror-", fronrr 

irIO

orcr,crByBa I{ paBII}IH}lre 
'cu-'"o ce npeBpbular B paBHrIHI'I or M€AHI{

aroMr{. Tora e rerparoHanna 0a3a (a:b<>c), Kotro Irc upotB{Ba

cBpbxrrpoBoAflIqn cBoftcrBa. ilpra x - 0, r.e B c'bcraBa YBazcuzoz-*,BCI{qKH

EJ iq

@ a o

@ v

O O

@ue. 5.22 Kpucmanua peutemKa tn yba2Cujo7.,

Xaparrepno 3a roBa cbeAraneune e, qe opropow6n\uara $ara uoxe
Aa cbrqecrByBa c o[peAeneH 4e$ruur Ha Kficr-lopoAa, r.e. x(]0. Hecrexlro_
MeTplirlHocl'Ta 3aB|,lAId OT ycnoBr.rrrTa Ha cuHTe3a U /'Opl,..l MOXe ,qa ce pefy_
Jrr4pa, Ha[pr{Mep qpe3 HarprBaHe B KucnopoAr_ra aruocr}epa 14 p{3Ko ox_
naxAaHe. Ha Sl,tr. 5.23,a e noKa3aHo cbAr,pr(aHr.rero Ha Klrcnopo [, 7-x Karo
rpyurrlrzr Ha TeMneparypara Ha narprrBaue, a ua $ur. 5.23, 6 - 3aBwcw-
MOCTTa rla pa3Mepr{Te Ha eneMeHTapHara r(JrerKa or KoJrr{qec'rBoro Kr4cJro-
poA, hnrccrpupa_rq-a npexola oproporra6r,rrrua - rerpar-onaaNa <pasa.

qb,",i t l .s

6.0 6.1 6.8 7- y

al) Cl'bitbpxnilttcio Ha Kxcropo 7-r, 6) 3runcrrvocr Ha pa3Meprrc na ejtet elt-
Karo d)yix([r oT TerrilcpilTyplra TrpHara xncrx:l oT KojlrlecrBoro
ltit ltrfPrBaHc (ilcnopoa

@ue. 5.23
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crg'rpxanaero Ha KrcnopoA B p€rtrnex(Aanra-g Kpucriur cburecrBero
B|tLrfl.e HA elexrporpuruqHr4Te My ceoficrsa. Ila sur. 5.23 ca [oKa3aHr] 3a-
BHCUMoCTTT Ua CnellusuvHoro eneKTpurrecKo cB[porHBJ]eHr4e p OT TeMrre-
parypara T npz pa:naqrira crofHocrr{ Ha flapaMefi,pa x. llpra 40craTbvno
BI4COKI{ TEMNEPATYPIT KPIACTAJIT,T IBA2CU3O7-" I4MA MCT'IJIHA IPOBOAI.IMOCT.
llpu nonuxaBaHe IJa reM[eparypara, B 3aBl4cr4Mocr or crofinoctzre Ha x,
ce lr3BbpuBa [pexoA l4nr{ B .4HeneKTpuqecKo, tIJIr{ B CBpbxlrpoBoll.rrqo cT,c-
TosHHe. 3anvcuuocrea Ha Kpr{Tr4rrHara reMleparypa ,16 

or Kacnopo.4Hrrs
ge$nqur n e npeAcraBeHa Ha Sur. 5.24. Cnope4 aBropr{re Moxe Aa ce ro_
Bopi4 Aopu 3a.qBe opropou6uqun Qasn - opropo^.l6n.rHat c Tc : 90 _ 95 K r,r
x:0-0,25, Koraro ca 3anbJrHeHu 50o/o - 100% or BaKanrIr4r,rre t"o, 

z
oproporra6ravnallc Tc = 55 - 60 KHx: 0,25 -o,45,Koraro ca 3anr,rgegLr
[o-MaJIKo or noJIoBI,IHar^ saxaHqltu ttto.

5.7.TEqHII KPIICTA"IIII

B rpar sa 19 ner ca ofipI{TI{ BelrecrBa, quuto cnoftcrBa Ha

BbTpeIrrHaTa cTpyKTrua B TerIHo cbcTorlHl4e ca xapaKTepHII KaKro 3a

TeqHocrlt, TaKa vr 3a rBbp.ryI rela. Taxora cbcro.flHus e Hapeqeuo

naesouoptlno, a BetrIecrBara - TeqHlI KpI,IcraJIIr. Beulecrsa'ra B TerIHo

cbcTo.trHrre nplirexaBar JI€Til4BOCT Ii nprleMaT $opr.aara Ha c'b!la, s rcofiro ce

Hrur{par. B rntpAure KpncraJrll MoJIeKyJILITe ca crporo op[eHTI'IpaHI{ I'I

rlpurelraBar r.H. A€ureqeH nop{AbK. Te'rufire KpLIcTIIJII{ ca Belqecroa, KoI'ITo

fipu AaAeHr.ITeMneparypru ycnoBplrl [pI4TexaBaT cnofictsara I{ Ha TeI]HOCTII

H Ha rBbpAr{ TeJra.
Knacn$urauwflTa Ha revHlrTe KpItcraJIIT e [peAnot(eua or Jlerraau'

Cnope.q rasr,r rnaclr$I,IKaIIWI TerIHrITe Kplrcraflt,t ce piBAeJIar na rplt 'rn[a :

cMeKTr4rrHH, HeMarIaqHI,I u xorecrsplrqHll rIoKiI3aHu na $r'rr. 5.7. I .

ffizffii€:wl
l l l l i i l l l l l l i i i i i i i i l lR I
Ii! Uiliin t b_:s:t,,,

ltl'

i

0 100 20a 300 T,  X

a) 3aanctrNrocl  t la cneuf iOR.l loro
clnporHMcnre (p) of reMIeDdTvpaT[

-0.2 00 0.2 0.4

6) 3anrrclnroct Ha KpnrucHala
rcMneltrrypa 

''l. 
or cToiiriosfiTe Ha t

I

Budoee meqtu Kpucmqntt

L )

q)u7.5 .7. 1 .
I -uetuamuq eu ; 2 -c-uettmuueu ; 3 -xonecmepuqet I

@uz. 5.24

ct<opo cneA HarpyrBaHero Ha .qocrarbqHo eKc[epr{MeHTaJr'kr na",H,t
3a Br4coKoreM[epaTypHaTa cBpbxqpoBoAaMocT ce no.fiBrBaT peAr{rla
o[KcBarrlr4 q reoperHqHu pa.:pa6orrr,r. Bce oqe o6ave He cbqecrByBa
O6UIONPNSTTAT MO/4EN KAKTO B PAMKIITE HA TEOPII.STA EKIII, rArA H I,I3BBH
ne-g. Hafi-qecro ce [pueMa cxBarqaHero, qe cBpr,xnpoBoAfludr{Te HocHTeJru
HA TOKA CA KYNCPONU 4NOftXU, HO }IE OT CJIEKTPOHI{, KAKTO C IIPI,I MCTAJIH'ITE
cBplx[poBoAH]ruu, a oT AynKr,L

Te ce pa:nnqaBar rro cBonre lpmlt.rHa r npeAI'I BcHrIKo onrlrt{Illr

ceoflcrna. Pasrl,Itcrffe ce o[pe.ueJlrr or crpylcr]pa'ra aM. Clrerna'rnoto

ruesouop$uo cbcrotHrle 3a IrrlpBH nr'r e na6moAaBaHo B curnyHl{Te (or ryrc

r4 HaHMenoBaHI{ero cMerMa or rpbIIKlI "canyr"). B taruma KpIlcraJII'I

r.r3TegreHrre MOneKylI{ c BpgTeHoBI4AHa <[opr"ra ca pa3fioloxeu]I napaJIeJIHo

Ea .ubJrn{re cu ocu n o6pasyear cJIoeBe c eAHaKBa Ae6erulna, 6nnsra Ao

.qbJI)IOrHara Ha MoJIeKyJIllre. Te3u r.H. cMeICrI{tlHI'r oJroeBe JIex(aT eAHH Ha4

Apyr Ha eAHaI(Ba pa3cTo{HEe. Morerynnure cJIoeBe B T}Iflrraml',ITe

oMeKruqllu TeqHI4 KplIClalM ca [0ABI4XCHI4 14 .]lecHo ce ilpeMecTBaT

rrapalreJrHo eAIIH clptMo gpyr. Terr'rneparypara na tpa:oeua npexoA B

rraerouop$no ct,crotltll€ e Aocrartquo Bl4coKa. Tn rpxlna Aa 6:sAe raKaBa'

aie Aa ce Hapylll4 Bpl,3KaTa Lier*(Ay peAoBeTe, a MoIIeKyJII{Te pa3nOtlo)KeHI'I

sa 6;rugno pa3crotlllre Aa ocrauar cBbp3al{t{' Aro epr,rxara Me)I(Ay

MoJreKynr,rTe B olAertrBt cloff e qaor]lilHo HapylxeHa, To BeIIIecrBoro B

142 143



npeAeJllrre Ha cJIofl ce 4bpxcll Karo AByMepHa reuHocr' flpll noHraxaraHe Ha

TeMueparypara troApex4auero B cJlot ce yBenuqaBa' B u-mou reqnu

KpRcTaJIrI noA MtlKpocKon ce na6nroAaBa MLrKpOCTpyIcrypa BbB BI',I'4 Ha

,r"m*or.TarrasaBeulecrBaceoTHacf,TK6MlpyrlaraHaHeMarI{lIHLrrereqHLI
KprrcTErJIlr. ocure na MoJreKyJrr{Te B Te3I{ KpIICTaJIII Ca napzuIeJIHI{, o6aue te

nL o6pasyrar orAenHu cJIoeBe' ,{rnrure ocv]gia MoJIeKyJrIdre ca flapaneJrlrr

Ha o[peAeneHo HUIIIpaBJIeEI{e' a uelrTpoBeTe I{M Ca XaoTLrqHO pa3rIoJIOXeHI{'

Tperara rpyrla rerfirl'I KplIcrElJrI{' pa3r[qaBaqn ce cbc cBoltre Smzwnu w

lpeArr BcI{tIKo otITI4qHI'I cnofictna, ca xoJlecrepl, qHlITe'

B rm uonerynlrre ca pa3[oJIoxeHI'I B cJIoeBe (rarro cuercrnunute)'

o6ave 4Urrure octr IIa MOlexyJIETe ca [apilIeJIIIH Ha CJIOeBUTe IIJIOCKOCTLI' a

pa3nojlo)I(eHlleTouMBnpeAeJll{TeHacJIo{HaIIoMIIf,HeMaTI{qeHKpI{cTaJI.

Croesete B xoJlecrepr, ttr{I{Te rerIHI{ KpItcraJII{ - 
ca TrHK}I'

"o"o"on"*V 
lrflprrlt. Bcsra uonexyJla EMa IUIocKa rollQnrypaqux' a

opraHI'IqHaTa MeTI{JIOBa rpyila cHl e pEI3rIOnoxeHa Han vtlll4 BbB

.riro"*o"".u. flpu rarana rconrprarypaqrar Ha aroMPITe B MoneKynlrre cJIeAB4

qe HalpaBreHl4ero Ha AbJIn{Te rrM ocl{ BbB BceKu creABalq cnofi e

oTKJTOHeHo Ha oKoJro 15 rrnosu B CpaBHeHI(e C 11pe,{Hlngut c;1ofi' Tes1a

0TKJIOHeHI{'I Ce cyM[paT no ueJIrLI O6erra na BeqecTBoTO I'I TOBa BOAT',I AO

o6pasynane Ha cul{pam{a MoJIeKyJIIra crpyKTypa B xoJlecrepfl'lHllt reqeH

KplrcTulJI.
O6qoro csoftcrso Ha BcrttKlt rl{ttoBe reqHl4 Kpllcrzrm{ e '4Bolrnoro

upetlyrlBaue Ha cBsrJrunara. ,[pyro cBoficrso e BbpreHero Ha flJlocKocrra

Ha uoJltprBaqu{.
Hafi-roleuusr K,JIac BeulecrBa' cbqecrByBalrryI B TeqHoKpucraJlno

cbcTogHEe, ca apoMaTtrrlrTe c5e,qllffieHr,Iq, cbAbp)KaIIdLl 6ensoJlHl',I rApa' no-

prAKo ce cpelqar alut[atr*rn tequoKpllrcraJlHrr BeulecrBa'

Hannqnero B TerIHI4Te KpI'IcraJII'I Ha Auuleqeg [opt'qbK B

opr{eHTtU[,ItTa Ira MOJIeKyJIUTe rIpeAu3BI{r'Ba aHu3o'rpouus B

erreKTpFrecKrlTe Lr Marr{nTlrr4Te croficrna, IpIICbIIII{ Ha TBbp,qPITe 4pucT{uIII'

Tyro6ave3apa3JII{KaoTTBbpAuTeTeJIac!IJILITeHaMex,qiMoneKyjlHo
reanrrro4elcrBue ca 3IIaiII4T€JIHo IIO-cna6u. Euepruara na geQOpIvIargr na

TBbpALrTeKpIitctt IJII{eMaJIK43aToBaTflxIIaTaMoIeKyIspHacTpylcypa
JrecHo MOXe Aa ce upoMeHL noA Aefictsnero Ha eJIeKTp[tIHO LI MarIr]rTHO

rroJre c HeroJItMa Moryrocr. 3a npouxna Ha crpyKrypara ca '[ocrarBarHlt

c6uro raKa reMrleparypHn xole6auus urn MexaHl'Iqnr elegeficrBl{'I Bbpxy

t"il"t" op""t-". itpy*rypttt" [poMe'n rIpeAIlt3BzKBar H3MeHeHI{e Ha

onr""t"r" cBoficrBa. Btop'"uute e(peru'r or [poMf,Ha B opl'lelrraul{flTa Ha

MOJIeXynI{Te ca LI3MeseEue B CTe[eHTa Ira npouycKaHe K OrpEBtBarre Ha

cBgrJruHara Lr AsofiHoro rpeqynBaHe Ea cBerrllruara'

HAfi rOrrSMO IPI{JIOX(EH}IE HAM4PAT HEMAT'{qHHTE TCqHLI KPIICTAJII,I.
frpu npwtaraue Ha eneKTprr.rl{o [oJre Bb3Hr{K'€urrrre B Ttx eneKTpootrrlrq'I{
eQerna ce r.r3noJr3yBar B AncrJrefrnara rexru'ra. ocseH ,pudu";;oro
npr{JroxeHre Karo qu$ponn, 6yrnenn r4 Marp}rvHu plrcwrcw BelleKTpogHlrre npn6oprE TeqHoKpr,rcrturuLrTe Ar{crrJrel{ Harwrpar np1r;ro)r(eHue
Lr B /qpyru o6lacru:

- asro[4o6r4rHara rrpoMrrrrruleHocT, Cr:gageHu ca r.rHAHKaTopu,
rouro pa6orxr rpr.r reMneparypa 400 C ra qxnoro ;il"ryp""
ra6no na asroMo6ruIa Moxe Aa 6lAe saMegeHo;

- AHAIIOTOBI{ AVIC''rcH _ IIPOI.'3BEXAAT CE TEJIEBH3OPI,I C ruIOCKLI
eKpaH[r;

- OIITINIrIfi IIAMETII:
- np€HOCLTMLI [OpTaTIlIBIrI4KoMIIOTpI,(.

I{scne4rarn-*a, upoBeAeHrr c rroMoqra Ha eKc[eplrMenftrrHrt Tetrflo_
KpI{CT€LII{E KIeTKr4, EOKa3BaT, qe HaqHHbT Ha r,I3rOTBrHeTo IzM e oT
csurecrBeHo 3Haqe'r{e n B pe,qr{rla cJryrrar.{ Mox(e Aa oKa?Ke orpr{qarenHo
BJrrirf,HHe arpxy rqparuur p$yrrrar. Ero saqo rfl(Hara rexHoJrorl,ur rpr6na
AA 6tAE ''OAqI.HCHA IIA EAI{H OCHOBEH NPIIHItrA,, - AA OCI''YPfBA ONTI{M€UIHA
u craounsu c BpeMero ycnoBr{r sa na6nro4enr,re Ha ,r3yqaBa'oro,BJreHlle.

Karo uarepr,rzlJr 3a crbKJleHr.rre na'eJrr{ o6urlroaeHo 
"" 

*nooru"
aJIKaJIHO CTbKJIO c BIICOKa CTeII€H Ha paBHEHHOCT Lt IJIaAKOCT.
IdsmcxsanfifrTa K6M noBbpxlrocTra Ha naHeJII{Te, c KorTo KoHTaKryBa
Teq'H,rr Kpr,rcrErJr, ca ga 6r4e 6es MexaHaqHr.r yBpekra'H, r{ Aa e
xlaMr{qecKr{ qr,rcra. Tarana rpt6aa Aa 6rAe u n 4peAa HaHacrgero r{a
qpoBoArrqqre H opr{eHTr,rparlr,{Te cJroeBe. I,Iua ueroArma 3a rrorrrlrcrBaHero
Ha CT5KJIeHI,IT€ naIIeJII{ OT OpIaHI{qHI{ I4 MeXaHr.IqHU 3aMbpC;IBaHA, , CO;1yt VI
Ap.

flpt't uponex4aHe Ha peAr4rla eKcfieprrMe'Tr.r, cBbp3a'fi C rr3rraBaHero
Ha IUIKOII eserrr.r B TegHI,tTe KpI,ICTzrJtr{ r4 TrxHoTO UpaKTI{rrecKo
rrplrJroxeHne B r{rilpir€Top'ara rexHr*q e neo6xo,ryrao EaqperrHo Ha
TeqHoKprT CTa*'fi crlofi ,{a ce qpnnoxl,r eJreKTprrgno uore. 3a rauE qen
Bbpxy BbTper[uaTa IIoBbpxHocT Ha crbKjreHr{ [aHeJrE, O6pa:ynaqu
eKcuepl{MellT€urr{aTa KJreTKa, Ce HaHac{ [poBoA{rqo norpnrue.' Tara
KJIeTKaTa [peAcTaBJUIBa nJIOCbK KOHAeH3aTOp, rrlII4To erraxrpo4r,r ca
rlpo3paqEnTe npoBoArrqu cJroeBe Bbpxy ABeTe rraHeJrH, a Al,IeJreKTpltKsT e
TeqrII{rIT Kpr{cTaJr.

flpo:pa'rur,rar npoloAsru cnofi rpx6na Aa orroBap, Ha cJre.qgr.rre
H3UCKaHT{': Aa uMa go6pa a,4xes[r K5M lroBbpxEocrra Ha crbKrleHllTe
naHeJrr., Aa e c BI,ICOKa np.3paq'ocT ra qpoBo,qfiMOCT, Aa e uexanuqeir<u
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3ApilB H Susnrecrr'r ycmft'rur. Taxusa cnoftcrsa qpHTexaBar cnoeBETe or

In2O3/SnOz.
fipyr naxeu eJIeMeIrr Ha KIIerKara e oprreHTuparrlusr cttoitt' Herosoro

npeAHzBHaqeIII4eeIIpI4AIIpeKTeHKoHTaKTcTeqHI.I'KpI,IcTiUIBoTcT'cTBH€

ti 
"ut*t"o 

(enerrpuuno r{JIu Mzrfirl{rHo) nole ra 3a4aBa onpeAeJleua

gJrercrpoAHa opr4eHTar[u Ha TeqfloKpncr€IJlHuTe MoJIeKyJIII. Melo.urre sa

HaHac.flrre Ha opxerrrr{pawr cJroeBe uafi-o6lqo ce Aentr Ha ABe KareropEa:

EaKyyMHE I{ HeBaKyyrvIHI{. Baryyrfirnre MeroAI{ aa no'[xoAtlqu rr

e$errunru IIpE rraHacsHeTo Ha op[eIIT]IpaIqE cJIoeBe Bbpxy MaJTKH UJIOuIn,

KaKBLTTO ca Tg3rI Ha cTbKJIeHUTe naHeJIIlI Ha KIIeTKnTe' a HeBaJqTJrI\{HETe -

Bbpxy [o-roJIeMLI rlJrolryl (uanelrrre Ha rnnporcoQopuarrrl'ITe

TeqHoKpl{craJlrru gncnnen). Karo opneHfl{pau cnofi e rI3uoJI3BaIt

"uxrro"""o 
I'I3napeu SiO. Hasac.urqro My Bbpxy noBlpxnocrra Ha

STbKJIEHTITE IIAIIEJII{ E OCbEECTBCHO IIOCPEAfl3OM BAKJDIMIil{TE METO'&T -

HztKJroHeHo u AsofiHo E3napelrge. 3a onnnunanpane Ha rlpoueca Ha

.usofrHoro IBnapeHLIe e pa:pa6oren poraul{oneu MoAYn, [ocpeAcrBoM

roirm e,uroBpeMeHgo n 6es npenrcBaue Mox(e Aa ce oc'srrlecrBrr n]pBoro Ir

BTOpOm H3[apeHl',Ie Ha sio. Hauacrncro G roMoll(fa Ha MoAyJra

opnerrTr{paqlr cJIoeBe or sio ce xapaKTepu3llpaT c BlIcoKa cTeIIeH IIa

eAHOpoAHOCT IIO IIflIaTa cI4 rurolq'

OupeAeles rrm opuerrrallfi-f, Ha reallroKplrcrilJlHlrre MoneKyJ[r e

nocTplrHaTaI,Iqpe3I{3IIoJI3BaIIeToHaEoBbpxHocTHoaKTI{BIII{BelqegrBa

lft*j, Lecithin n HTAB (hexadecy tlmethylammonium bromide).

Trxnoro orJraraHe B TbIrbK clofi rtpxy lroBrpxHocrra Ha crbKJIeIr[Te

narreJxr e ocbrqecrBeHo qpe3 cfie.uflrre HeBaKyyMHrr METOAtr :

- 3aITbJIBaIIeTO Ha KJIeTKI4Te CTaBa c TeqeH KpucTaI, n rofrI'o e

pa3TBopen B M€IJrKn KoJII4qecrBa (oxono 0,1 rern' %) Lecithin nnn HTAB'

b ,rpoue"a Ha 3aubJrBaHe Bspxy noBbpxHocrfa Ha crbKrreHure IlarleJlrr ce

clara cJlofi or fIAB, roirro e sn:uuecrul agcop6npan u e B AUIItMI{IIHO

paBHOBeoI{e c reqEEf, Kpl'rcruul.
- crbIcIIeHHTe lrarreJu ce [oraIUIr B culrpreu paJTBop na Lecithin run

IITAB,cJIeAKoeToTo3[Ipa3TBopceHaHacfiBbpxyTtrxHaTalroEtpxHooT
rocpeAcrBoM lletlrpy$yra.

flpnMoHTDKaHaKJIeTKLITeMexlyCT!KIIeHI{TenaIIeJII{ceuocTaB'T
p*.q"r;"o" (o6rxnoneno ot re$non) I4JPI Ml'lKpoc$epu' flanerulre ce

3iurerrBaT eAlrH KbM Apyr c irenllJlo. Pa:AenwtenuTe 14 IeIII{JIOTO rpt6na Aa

ca xEMI{qecKa I{HeprHrl clrp{Mo Termut KpI{CTaJI, Aa He orAeJltr qpl4

TeMrr€paTypHara o6pa6orra BerqecTBa, Kollrro Aa BJIOmaBar opIIeHTaIIE Ta

Ha MofleKyll,rre My, HeroBoro BpeMe Ha xnBor' npoBoAl{Mocr n Ap' Ocnen

TOBa Jrenruroro rpx6na Aa ocllfyp.rrBa r{ xepMeTRqHOCT Ha KIIeTK[Te 3a

ABJrbr rrep[oA or BpeMe. Pascrorgr.rero Menqy crbKrrerrrrre naHem,r B
EKCNEPHMCHTiIJIHIITE KIIETKPI CC OqPCACJI' O{r CrICKTP{IffTATC UM 4PI{BN TIA
qpoflycKaue c rroMoqra ua Qopruynara

d: (n/2). [ (tr l) / (t rL2)]

I(6ATO N C 6POrr HA MAKCIIMYMI{TC MEXAY ASC CTOfHOCTI,I HA N'bTI>'<WETTAHA
cBsrJrr{EHara nt;nta )q uA,2.

I,lsyrananero Ha opuerrrllpauoro 4eficrnr4e Ha r6r{KHTe crroeBe
SiO, Hanecena rto MeroAa Ha HaKlrogeHoro [3trapenr{e Bbpxy EeMarr{qnrrre
rerlHrr xplrcriuM NBB'\ TNI 132 r.r E5, uora.:ra, qe Br4,(br Ea 3a.{aBarrara
OT TE3H CJIOEBC OPNCITTAIIU'I 3A3ECI{ OT brbJIA HA I{3IIAPEHI{CTO }IM C[ C B
r4nTepBaJIa:

-00 < c, < 600 3a,q€lBarrara or oJroeBe SiO opnen:raqra e
xoMorenna 6es npeAuow,rrano Haqpannenr.re;

-600 < a < 700 cnoerere SiO opueHT4par rerrHoKprlrcriurur{Te
MOJTeKyJTI{ xoMore'lHo c [peAUorruraHo nanpaBneHr{e Ha opn'eHraqutr
neplleHlfiKyntpllo Ha paB]IHHaTa Ha ri8rrapeHr,re;

-70u < a < 750 crroeBere SiO ne 3a,4aBar 4e$nnlryaHa
oprrenTauHfi;

-750 < a < 850 cnoerere SiO opilenrnpar reqHorg[criurHr.rre
MONCKYJII{ HAKJIOHCHO.XOMOTEHHO C NPCATIOqETAIIO HANPABIICIIHE JICXAT{O B
paBnrarl.ara Ha r,r3napeHue r,r bfbJr rra HaKJror{ B r{HTepB:ura 300 < 0 < 350.

flpone4eHare u3cneABaun.rr Ha Brrurnraero Ha paMTBopenr,rre B
TEIIHI,If, IqPI{CTAII ITPI,IMCCH BbPXY OPNEIITAII,UTA HA TEqHOKPHCTAJUII.ITE
MOneKyJrE, 3a.qaBaHa or ronorpaQrura Ha rBbpAoKpr,rcrzrJrrrara [oBbpxrrocr,
IOKII3BAT, qE HAIFITII,IETO HA NOJI'PH}I TIPI4MCCI,I BOAII AO O6PrIqArrC HA
[pe,qnoqrrraHoro HarlpaBireHr{e Ha opueHTarIUS npu6mlsnreluo sa g00, a r
c4^Iiu Ha neltrrrun u Ao HiMaJIAaHe Ha efieprurrTa Ha cqerlJlelilre.

Muaaus.tu na dertcmeue Ha meqHotqucmilJura, ducnnefi

TKA c rroJreBu e$err ce cbcror{ or reqrroKprrcrur'a KJrerKa c uoJreBr.r
eserr c r6HKr{ eneKrpoA'r{ cerr{eHTLI Bbpxy BbrpeIIrH'ITe [oBbpx'ocTn,
nocraBeHa Mengy ABa [oJr4pLr3aropa, Kpbcrocaflu Ha 90u, r,r orpaNarsr 3a
pa6ora no orpaxareJreu MeroA, KaKro e [ora3aHo ua fiw.5 .7 .2. 
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c6emJlutto

6epmuKa|reH
nontpu3amop KIemKa xopu3ottmarzett noJTtpu3dmop

ompa:xcumer

@u2.5.7.2.

[Iputrqun ua deticmeue ua ueevs6ydeu u eus6ydeu meq+o*pucmareH
uuduxamop

Brrperunrare creul4 Ha 'realnoKpllcranHara KJIerKa ca cfiel{I4anuo
o6pa6oreun, 3a Aa ce nonyqn e,{HopoAr-to noApex.qaHe Ha rerrHo-

KpncranHLITe MoreKyJIa. Ai<o npe4Hara r,I 3aAuara naHeJra ca MouTLrpar{u
eAHa crrptMo Apyfa lroA tral 90" (xoero orrpeAelrr noApe]KAaHero Ha
Kpr4crarrnl{Te rrlolery:ru), ce LI3BT,puBa porarlrrfi Ha 90u r4nr4 ycyKBaHe r{a

MoreKynHIrre ocu. flonrpusr4pawara cBerJrr{Ha, Bnr3arqa B Krerrara/ule
[oc,leABa porallusra Ha^Kpt4cr.urnoro noApexAaHe Ha uoaeryrute. Cne4
Karo e 3aBbpr.trHa na 90" or KllerKara, rronfiplr3npaHara cBerJll4*a Mr.IHaBa
necHo [pe3 B-ropllf [Iontpn3aTop, Bpbrrla ce [pe3 KJreTKaTa, oTHoBo ce

3aBbpra sa90u u MI4HaBa [pe3 nbpBI,It fiorIaplr3arop xru na6nrogareru.

I
I

5. 8. O PTAHI1IIIHVI TI O JIIIMEPI,I

Enexrponyr,aunecl{eHlrl{tra @JI) e cBerJIl4HHa eMvcnfl , reHepllpana

or perov6raualll4t Ha eneKTpoHll I4 AyIIKL nog Aefic:rnue Ha eneK'rprFlecKo

floJre, r4HXeKTt4pAHV B nyMI{HeCrIeHTeH nOJrynpOBOAHrrK. Tpa,4nqnonnure

EJI ycrpoicrna ca uepa6o:renu or HeopraufiqHrr Ix]ipoKo3oHHI't

ronynpoBoAHnuLI, Karo GaAs, ZnS, InGaAs. Harocle4lx EII ycrpofrcrna'

a:pa6oreurn Ha ocHoBara Ha cllpefHarl{ [orrrN{epl4_ , Bce rloBerIe HaMI'Ipar

npuro)KeHr'le rlopaAl4 recHoTo npol'I3tsoAcTBo (CI'IH're3) Ha noJII{Mepa,

r,r3[on3yBaHe B IIIflpor(I4 o6nacr:r, HeofpaHl4qeH r'rs6op Ha IIBeroBe I'I

MCXAHI'TTIHA I ABKABQCT,

f)r cserousflbqBaullrre cnpefuarlr nonllMepu (LEP) yuuxalna e

rpy[ara Ha apoMarHu opraHuqHl{ c:beAIIHeHI'L{. Opranuvnnre [orI{MepHI{

MaTepHaJrrr ca c HUoT,K exeKTpoHeH a$uHurer 14 IIo Ta3r{ IIptF{IlHa iloBeqero

or rsx ca c p-rlr[ npoBo,quMocr. EJI Auculerz pa6orxr upu DC no4 5V,

r4Mar BrrcoK cBe'rJIIlHeH Ao6r,rn - iraa 20 lmlW, ta cpoK Ha cnyxelle oKono

10000 h npu -t{pKocr FIa il3rlr,qBalie 200 cdim'.

Cserrl4uara B Te3tl ilonllMepl{ ce c63AaBa or elr6y4eniare

MOneKynHu cT,cTorHl.lr. I_{uenrara eMLtcufl 3aBvct4 oT euepriailnara pa3nvKa

Mex4y're:u nr:6yAeI{LI circro.fl tl fi fl H HopMan[Ioro Monery]lno HI{Bo.

Ocaoeuu noiltureqtt a McnrcPusJtu

Mnoroo6paenero Ha opranur{rru MarepnaJlfi ce cbcrox or Harr'rlluo 7[-

cfiperHa.Tr,r nonuMep4, no;rr{Mepu c xporr,rosopw c1og cKeJreTFrlI }IJILI

IloBl,pxHocTHI{ Bepl{rl4. cnperHari'tre lloJruMepu, KaTo HOB I(JIaC

MaTepuanr{, npvTexaBaT eleKTpr{rtHr4 H ofiTr4rrHa cnoiicrsa lra IIll tz

crpyKTypa Ha rpaAl4I{aoHIrI;ITe IIonHMepIl. Hafi-qecro I43[on3yBaHLITe

[OnuMepI,I c TBbpAIt MoneKyJllt oT BpeMeHHO cBT'p3aHI4,4enOKanI'I3I'IpaHLI 7I

eneKTpoHLI ca noKa3aIr]4 na r[ur.5.8.1

o te .€{o}* ,{a ts><i&
@-s] ,ru fq'+ MEH-PPV \-\- o 

\ 
-

CN-PPV

o

Qu2.5.8.1.

Xnatu,auu cmpyKmypu tta HtKou ua.fr'uecmo u3notgyeatM nonlLl4epu
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H.fixor,r or rrx ca HepasrBoprrMr4 B TpaAuu[onnr,r oprauur{Hr,r
pa3TBopr.{TeJru. Pasr:roperu,rre B crreUrranHr{ pa3TBopr{Terru rroJrl,IMepn Morar
Ia 6\ilar HaHeceHr.r Karo rbHKr4 opraHllqHH cloene.Tesn [oJIIlMepr{ Morar
ra 6t,Aar oKrrcrlenrl qpe3 xnMr.rrreH r4rr.{ eneKTpoxuMr.rqeH fipouec. Cr.rlrs
eMwcrrr e peuurn3r{pnua c r€non3yBarre Ha noarnapaSeuuaen (ppp) n
nonr,r$enranegBeHnneH (PPV) flpe: 1990 e [ocrrrnara 3erego - x(brra
euvrcrrs. B crpyrcrypa c eAHocJroeH r,r3rbrrBarq clofi or ppV. fipee l99l r.
HaMlrpa fipr{Jroxenr{e pa3TBopr,rM npor,r3BoAeH ua ppV rrojrr{Mep or run
MEH-PPV(nonr.r-(2-ueroncw-5-(2-erunxercunoxcn4) - 1,4- $enrulenne-
uuen)), noKa3au na $r.rr.5.8.1, xofiro r.rua 7r-7r p-n npexoA rr e c unpr{Ha Ha
sa6paneuara sosa 2,2 eY .

Mamepuatu uJttoJByBaHu 3a p-mun croene
AporuareH AlurMlru - N,N' - ara (3- nrernl$enwn)-lI ,l6uSerun-4,4r

- Ar{aMlrH (TPD), noxa3aH ua $tar.2, ce rr3[oJr3yBa Karo rlrnrrqen Marepuan
:a HTL B crpyrcrlp[ c xereponpexoAeH rtnbqBaur cnoft, 3auroro noKa3Ba
orrprqHa r.rrDr(eKrlr{r Ha AynKr.! n go6pa 6apr,repa 3a eleK'rpoHrirre Ha
rpaHrrrlara Me)KAy HTL u eneKrpoHno rpaHcroprHr4s [-rurr (ETL) ctofi.
Vcroft.rmocrra Ha BaKyyr\{Ho HaHeceHlt TPD croese He e Ml{oro BrdcoKa, Ho
ce no4o6pana c BMr,KBaHe Ha Apyr HTL Mexgy ITO enercrpoaa r.r TpD
arrofi, a r{MeHHo Ha 3Be3AocrpyrcrypeH roJrr,raMr.ru (mTADATA), flora3au Ha
$ur.5.8.2. .{pyrn aponlaTHu nonuaMlrrr[ c no.qo6peHa ycroiivr,Bocr ca
roKa3anr{ cbrqo Ha Snr.5.8.2.

Mamepuanu usnorlyaauu sa ETL u eJrrucaoHHa anoese
MHoro Marepr,ruriru 3a ETL ce rr3noJr3yBal r,r 3a u3JrbqBarq cnofi

(EML).Eruu o'r nafi-no4xol{rrrlr{re Marepaa',r sa ETL / EIVIL e aJryrlrlrHr.reB
Tpr'r (8 -Kr{HoJrr{HoJrar (Alq), ocuonHfl r3ncKBaHuq KbM Marepr4urJrr,rre 3a
ETL cnoene ca:

- BlrcoKa [oABr{xHOCT 3a [peHacrHe Ha 3aprArr;
- Br{coK 3apr.qen a{rnrurer 3a 3aprAna HHXeKqr.rr Ha eJrercrpoHr.r;
- BltcoKa eJreKTpoHHa uoABlrxHocT IIpI]I qpeHacrHe Ha eneKrpoH{;
- roJUrM fiouueaqlroueH noreHrrr{aJl sa 6noxuponr<a rrpn npeuacrrre Ha

Ay[K]r.

(l)u,,. 5.8.2

.Yur,ru4nu cmp),Km.yliu tM MamepuaJ'tu sa HTL cnoeee

Egr.lr or Haff-,1o6plr'r'c MalepHa.IILt sa IITL e oKcLI.qfia3oJI c AByMepHa
crpyKrypa ua t-Bu - PIID, IlapeqeH OHD-7, roK€BaH na Svr.5.8.3.
Crqecreyna:r AepHBa'n4 lra Ol ll)-7 or rae:4oo6pa3eH BIt4, troK€tra]Ilr cbulo

ua dur.5.8.3.

CoX'-
<?5\ o

rl

TAZ tltuz.5.8.3.

Xuttu,trtu cmpyKntypu rm orcudunsonuumpua3ott , u3noniyqailusa ETL cnoeee

Budoae eJaeKmltoilyJtluuecqeHmHu ducruteu Ho ocHoaa Hd

cnpe?Hgmu nonu,vepu
CeeroHrllurarqara crpyKTypa Ha eneKTpoJryMI'IHecIIeHTHIrre

AHCUJrer,rr, parpa6oreiru na 6agata Ha cllperlrarl.I [onrIMepI{H, ce cT,crol4 oT

eAraH, .uBa vnv rpr cJIofi c Ae6ennsa He noBeqe or 0,1 pm, pa3flonoxeHn

Mex(Ay ABa eneK'rpoAa. Cxevure Ha 3apsAlla pexou6tEnaqut 14 I'l3rlbqBaue

[pr.r Tpn TvflvqHV rvfirorocltoirut Ancn.nefiun cTpyKTypI{ ca [oKa3aIIi4 Ha

$rar.5.8.4. Mnorocnofinare crpyKrypl{ or BaKyyMHo cy6luuupaulo

HaHeceHt,r T6rrKI,I croeBe rpotBfBtr nafi-4o6pu cnoftcrea.
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@uz. 5.8.4

Cxeaauasapnduapexou1uuat4uautr}nbqqatrcnpuuuozocnot)uu

6ust4reduu cmryKmypu: a) daycnoitua cmpyKmypa c ereKmpoHonpeHacflu4

u3|bqsat4 c.tofi; 6) deycnoilua cnxpyKmypa c dynKonpeHacnul u3tt'bqeaul

cno{t; e) mPucnoilua cnlPYKmYPa'

| I p e s u s u u u a J I I , I T e A e c e T n o A I 4 H I , I l I 3 c n e A B a H e T o e o p l I e H T I , I p a H o B

OA=gI4frerO lI np[nOXeHI'leTO Ha BI'ICOKOKaqeCTB0H]4 IJIOCKOIaH€JIHI4
-lt(cflIle\'

Crpyr<rypaTa lla eAHo - u 4nycloriHa A,,IcnJIeilHa KJ]eTKa ca noKa3aHI4

Ha Ollr '5.8-5. At,ca,Ms

eneKTpoA14

noAnoxKa

eneKrpoA14

o

@ttz. 5 8-5

Ofuill eu.d Ha Hail-qecmo u3norcylailume ducrme{tuu cmpyKmypu Ha ocHoaa

1$ cnpezttdtTlu nonlltutepu : a ) edHocnoilna cmpyrcmypa; 6) deyutoilua

xem epo npe x o du u u3t rt'uuut4 u c mpyKmypa

fiucrutefina cmpyKmypa c edut norailepet c,rort
E,rer<rpoayuuHecqeHTHr{ EJI ycrpoficrBa c eAr{H r43JrsrrBaul cnofr c9

cbcrotr or c1'6Kr'IeHa IIoAlIox(Ka, aHoA or HHAfieBo-K:lJraeH or(crl{ (ITO),
HaHeceH qpe3 craHAaprHa BHcoKo BaKyyMHa rexHnKa, opraHrfqeH I,t3JrbqBaul
crot 14 MeriureH raro4 (Al, Ca, Mg). llpr' eglrocnofruara crpyr<r)?a He
MOX(e Aa Ce nocrHrne 406rp oanaHc B 3aprArrara r{HXeKqI,Lrr , npeHacrHero
fla 3aprA rr Ao6pa 6apuepa sa eJrerflpoHn Lr AynKr,l B eMr{caoHHrr t cIloit.

,{ucwtertna cmp))Kmypu c dea nonumepnu cJrofl
E"rl ycrpoficrBa c ABycnofiHa crpyrrypa (DL) ca cbcraBeHr.r or

rrpo3paqeH ITO aHol , p-rlrn cnoft (HTL) , eneKrpoHorpeHacrtrr n-rr{rr
cnofi (ETL) H MerzureH KaroA or MgAg cnnan. IIpn 4nycloffnure
orpyKT'?a HTL nrn ETl, cnoesere ce Abp)Kar n Karo eMVcr4oHHr{ cJroeBe
(EML) HTL norvara c nnxeKunrra Ha Aynru or ITO H npeHac,
I-rHxeKrrrpaHr,tre AynKH /_to tpaHnuara rra ABara opranrrrqHrl cno.s. ETL
NOMATA C [H)I(CKUI4'T' IIA CJIEKTPOHI' OT METAJIHI,I{ KATOA ,I NPEHAC.'I
I{HXeKrLrpaHn'fe eneKTpoilu. Pexovonnaq{.rrra r{a ereKrpoHH H AynKr{
craBa Ha rpaHnrlara Me)r(Ay ABara opraur4r{Hu cJror. Koraro
pexou6uuaquoHHara o6rracr e pa3fionox(eHa Bbrpe a ETL rofi nocTEnea
raro EML cnofi. DL yc'l'poiicrrara Morar Aa 6t4ar gea rlrna: DL-E run (
ITO / HTL / ETL(EML) / MgAg) n DL-I{ rnn ( ITO / HTL(EML) tETL /
MgAg). Ha Qur.5.8.6 c rroKa3aHa eHeprrfiuara 3onHa AuarpaMa 3a
4nycuoiirra DL-lr cLpyrcTypa. EHeprufiuara gouna ArrarpaMa r4nrocrp]4pa
eKBnBaJIeI{THOCTTa Ha RaJrCHTHara 30Ha c fiouu:r.rpan norelflInan - ro u n
saerr'rre Hnna (t{oMo) , xarcro r4 eKBr.rBiureHTHocr-fa Ha 3oHara na
[poBoArrMocr c crerfipoHeH aQr.rnarer (EA) a Hesaerr,rTe n' utrsa_ LttMo.

METAJI

ETL (EML)

T{TL

110

MElU

ETL
EML

FITI,

ITO

E'fL

HrL (EML)

tTo

DL-E
6

DI--H

D

' l 'L

tTo

EA

FITL

IP

LUryIL

EML

I E

(Do

I
v
Kam,tr

Itue. 5.8.6.
Euepzuthn soHHa 3uqepqJ,ia sa deyctorirn DL-E cmpywnypa.

,// /// /// ,/, ,//

,1, ,1, /// /// ///
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NPIIJIOXEIII{E }Ib 2
HflKOR OR3I{qHII KOHCTAHTN

FlararaeHosague Ct,rivsorr {ucneno 3l{arrenlte

Cropocr Ha cBerJlr{rlara BbB BaKJryM 2,998. 10"m/s

Saptg Ha enelcrpoua 7 , e 1.602.10-"Kl

Maca na eJrelcrpoHa s norofi nn ),109.10-"'kg

Ornomenr,re Ha saptAa Ha eJreKrpona KbI\4
MacaTa My t/m, 1,759.10n KL4cg
Vlaca ua nporona B rloKoft wP L,673.I0-'',kg

Ornoruenne Ha MacHTe n/m, 1,837.10"

Koucragta Ha lIraHK ,, 5,626.10-" J.s

llpranegena KoHcraHTa ua flranr, PaBHa Ira

tlQn\ h 1,055, lo{4 J/s
Koncranra na Bonuuatr 1,381. 1O*' ,J lK

lLncno uaAroragpo N,A 6,023. 10"/mol

Koscrarrra na @apa,Eeft F 6.649.l0- KVmol

Moneryrrpeu o6eu na ra3a nprr cralrAaprl{a
reMnepalypa I{ IraJltraHe Vo 2,24t.l}2rrilmol
3euno ycroperre o 9,807 m/s'

Maruurna KolrcranTa BbB Bar(yyM Po 1,257.10'Wm

Enerrpuvecra KoHcraHTa BbB BaKyyM e0 8.849.10-"F/m

Enepnu, cborBercrByBaqa xa I eV l e V 1,602.10'"J

llponsae4enne rT npu rcrurueparypa 30C
K 0.0258 eV

A6cornorua reMrleparypa Ha 3aMpb3Barre H€
Bo4ara npu uanxrane 1 atm. Is 273,15 K

155

TIPITJIO}I$IIIIE }Ib 1

cboTllorrrElJ.wfl, MEXny
EAIIHl,ilryr

HflKOII @I{3I,TITHII

MHoxrme.nn 3a o6pasyBaf,e Ha Kparf,Ir eAHEHqrr

l Aunep
I AHrcrprou

:1  kus
: 10{o m: lOa pkm.
= 760 mm He = 101325 Pa
:  1,6.  1O're J
:4,1868 J
= 1 J/Sec.
= x 1 0 e
= x 103
: x  1 0 6
: x  l 0 {
: x l O e
= x 10'12

Arrr,rocSepa
Erenrpon-nonr
Kanopna
Bar

fiara
Kuro
Mera
Murpo
HaHo
IImo
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IPUJIOXEHI{E }lit 3
rrApAME TPI,I HA TEPMAHIIfr , Cntrutl{lnfi Vr
TAJIITEB APCEIII{A

le ,rpo"oa"*ara ro'a, cm-3 lt,o+.totn lz,s. tot' l+,1. tot' I

lgrn 
nareHrnara.goga 

lo,t. 
tots 

lt,oz.to'n ll,o.tot8 |
lE0emunnauaca : l l l l
lHa enerrponra:re 10,22 m 10,33 m 10,072 m I
lHu ry.r*"t" lo,: t - lo,so m lo,so m I

llapauemp I .Je
)

5l

J

GaAs 4

Arouna (uoreryaHa) Macaa. e. m+ 72,6 28,l 144,6

Arouen HoMep l 4

llrtlrHocr, g/cm 5 ? 7 ) 2,'l

)rnocllremra .ryIeJIeKTprIHa npoHuqaeMocr, t 6 t2 1 3
Arouna (rraonerynua) IrJlbrHocr, cm +,4. l0- 5,0.10" 2,21. lo* Ittt

| 10,566 10,543 10,565 |

lenerrpuqecxoto uore V/plu l^, 8 l^,30 l^r 35 |

157

llluprna na ra6palrenara 3oua Eg, eV nplt
f eMneparypa a6comotua nyna ),785 L,21 ,42

lllupuua Ha ra6paneuara 3ona Eg, eV npu
rervrueparypa 300 K J.72 I , t
Isn na sabpanenara sona tie npaB He upan tlpas

Konqenrpaqnx o1, cfii-r npn rcuueparypa 30C
K 2 ,5 .10 r3 l ,5 .1o lo 2 .106

CneqnQuvHo cbflporrlBneHl4e, f).cm npu
reuueparypa 300 K +5 L ) . 105 4. 106
leMueparypa Ha roneHe, -U )37 t420 238

flognraxnoct Ha eJlercrpoulrre pr
Cm"Ay'.s 3800 1300 8500
floAnnxnocr Ha,4yttKl,Ire po cnf N.s 800 500 450

KoeSuuuenr na 4raQysux tra erertponrte Dn
cm'lS 99 ) +

KoeSnqr,reur na yu|ysut ya gynYure Dr,
cm'ls 47 l a

I J
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Ceoficrso flrlerertpuuen clofi Eopcurrtrarno
CTbKJIO

sio SIU2 A1203 Taz0s Tio2

Cnequ6r.rqeH Kaflaqlrrer

C lOapF7cm2 1,2 0,8 t \
, ) \ 2,0

Tanrenc Ha 'brl,ra Ha

AnereKrpvqHl,Ire nry6v.
^  - ^ - 1

t sd . lU  
- 5 t I 8 J l 5

Elerrpr.recxa tKocr
kV/mm 2 4 2 5 0,5 5

.{,nererrpuuna
IIpoHIIIIaeMOCT 5 4

a 20 80 4

Terrlneparypeu xoeQn-
IILIEHT HA KANAIII4TETA

2.10-4a.lo-4loC ? n 4,4 5,0 4,0 3 ,0 5,0

TIPIIJIOXEHIIE J\b 4
CBOfrCTBA HA AHEJIEKTPIIIHITTE CJIOEBE

JIIITEPATYPA

1. flacblHros, B.B., B.C. CoporzH, Marepr.ralu elerrponnofi rexHa-
KLr, M., BLrcrila.a urola, 1989.

2. Cnpauovrrux no gneKTporexHrrrrecKllM Marepr{€uloM.
I0.B. Kopnqror o, M., 3ueproarouusgar, 1 988,'r.2, r.3.

3. lenmux, f.f., IO.A. ErrrrrEes Bnegenue B Teoprlro

flo4 pe4.

ruy6orcofi
oi{r,IgTl(I/t Berqec'r'B. M. Hayra, 1981.

4. Lllauxor, IO.M. BuparqHBaHrre MoHoKplrcrannoB MeroAoM
Bbrrrrr{BaHrr, M. Merarny prun, 1 982.

5. KpanyxuH, 8.B., I4.A. Coxoloe, @ugmo-xuur4qecKr{e ocHoBEr
TexHoJloruu nony npoBoAHr,rKoBbtx Marepr.ra:roB. M., Metanrryprw,, 1982,

6. Ora4:aru, K. Texnonoruc KepaMnqecK[x AtrgJIeKTpnKoB.
IIep. c {rroHcKoro, M.M. Eoraquxasa. M. Sneprux, 1986.

7. Kypnocoe, A.14. Marepualbi, M. Bsrclras umona, 1989.
8. Hurynuu, lI.B. 3nexrpoMarepr4anoBeAenr.,re, M. 1988.
9. Tarpoe, IO.M., B.Q. I-lnerxoe, Texnonornq fiolrynpoBo,qHuKoBbrx

I4 Afign3KTpnqecKrrx Mal'cpnaros, M. Burcural urxona, 1990.
10. Bauroron, A.Il., C.14. fle4ac, E.[. IOxranoe, llolynponoAur.rKr4 c

y3KHMH 3anpeuleHr,rMr.r rJoriaMu, Jl. 1983.
11. Porurrfi, A.f ., B.C. Kpunor, flolyvenne tz csoficrsa

[ony[poBo.qH]rKoBbrx coeguHenvrfi, Tea. goxn. Ml4C n C,, *2, 1987 .
12. lope.lux, C.C., 3.A 6a6uv., JLM. Jlerror, @oplnrpooaur.re

Ml,IKpocrpyxrypr,r n caoft crn Qepparor B flpo{ecce peKpncrzrnJrr{3 aguu, M.
Meu"nypnan, 1984.

13. nonqKos, A.A. Texrronornr KepaMutrecKrix paAr,roeneKTpoHHbrx
MarepuzrnoB, M. Paguo u cBsrn, 1989.

14, Torraanprnorrcrnfi, IO. -f. IreHo.rur,re ceurerogreKTplltKla, M.
Pa,qno n cBs3b, 1984.

15. Tyron, H.M., E.A. ke6on, flonyupono4urrKoBbre rpr{6ophr,
M. Sueproaronar.r:gar, 1990.

16. TexHonorlrrrroHKrlrx [JreHoK,rou I u IL Cnpaaovur{KnoApeA.
Maftccerr, P. fil:ura, [ep. c aHrn. M. Coeercroe paguo, 1977.

17 . [\awunua, 8.C., B.K.CrrpqHH, Manrerponnue pacrrrrJrnreJrbHbre
clrcreMhr, M. PaAlro w csxzt ,1982.

18, Keparralma K3 BbrcoKooruey[opubrx oxr{cJloB, no4 pe4. .{.H.
florry6oapranoBa, M. Merarrryprux, 1977 .

19. XraNalr.{ecrar rexgoJloruur creKJra n cl{TalrnoB rroA peA.
flaeryruxuna M., Merauyprw, 1977.

1 5 8
159



.-T-

20. Poca4o, JI. @fisnsecrcat snercrpouuKa r{ Mr{KposJrerfipounKa, rrep.
c rcrr., M. Bncmar urola, 1991.

21. Apceru,q rarrvtt B Mtrt(po3JlercrpontrKe, [ep. c uurlfi. troA peA.
MopAronu*a, M., Mup, 1988.

22. BucoxoreMrreparypHrle cBeprupoBoAnnKn noA peA. [,.
He.rcona, nep. c alrul, M. Mlrp, 1988.

23. Ee.uopu, H., Mrormep f. JIer<qHs rpu BpyqeHrn Ho6enencrofi
qpeMmr, Vonexn Qrr:uuecr<rx HayK, T. 156, arrn 2, c,r'p.323-346, 1988.

24. Prcopcra, M.M. ,{irceprarux "BJrqqruae Ha AonbJrnnreJlrrrrre
ra3oBl{ obcraBlcr{ Bbpxy enerrposuerurrre csoficrBa rra
Baxy5rurroorJroxeHu rbHKIr cJroeBe ", C., I 9 87.

25. Ourlmos, iD.H.,{orropcna tFceprarga, 1991.
26. @wwnon, (D.H. Koncrpyxrpx n rexrroJron{f, Ha florrynpo-

Bo.ry{rrKoBu npu6opra, C. Texluu<4 1983.
27. Window, 8., Sawides N. J. Vac. Sci. Technol. vol. 4 N2, p. 196-

202,1986.
28. Maeda H. et al. Jap. J. Appl. Phys. Lett. vol. 50 N5, p. 528-540,

1988.
29. Sawides, N., Katsaros A. Appl. Phys. Lett. vol.62, N5, p. 528-

540, 1993.
30. Blakemore, J.S., J. Appl. Phys.53, R 123, p. 383-345, 1982.
31. Ray, B. Spencer P. Phys. Status solidi v.22N2,p.371-373,1987.
32. Bendel, W.L., Petersen E.E. IEEE Trans. Nucl. Sci N S-30, p.

4481, 1983.
33. Petersen, 8.E., Langwoith J.B. IEEE Trans. Nucl. Sci N S-30, p.

4533, 1983.
34. Simon, M., King E., Andersen W. J. Appl. Phys. 52, p.6630,

1987.
35. Westwood, W.D. Waterhouse N. Wilcox P. Tantalum Thin Films,

Academic Press, New Yorlq 1975.
36. Coufts, T.J. Active and Passive Thin Film Devices, Academic

Press, New York, 1978.
37. Yarwood, J. Vacuum and Thin Fibn Thehnology. Pergamon,

Oxford,1978.
38. Tomare uonurcpncrztrrfluqecKlre n auopQnrre rrIIeHKlr, rrep. c

arrn. rroA peA. Kaeuepcr<oro, M. I\[rerp, 1983.
39. Pankove, J.I. In Electroluminescence Topics Appl.

Phys. 17 (Springer, Berlin, Heidelberg, New York 1977)p.8
40- Slottow,IEEE Trans. ED -23,p.760,1976.
41. Okamoto, K. Appl. Phys. Lett. 35, p. 508-511,1979.

42.Mailer, H., L.Likins, T. Taylor. Appl. phis.Lett lg, 105, 19g0.
43. RH. Friend, W.C. Greenham, Cambridge CB3 OFIE, U. K.
44.M. T. Bemius, M.Inbasekaran, J. O,Brien, W,Wu, A.dv.Mater., 12,

pp. 1737-1749,2000

161



OETTFi CBE.ryHtr' tr KIIACtrOtrXA4trff EA MATEPEAJIETE B
MI(POEJIERTPOHtr(4TA.... . ..................4
f iuca 2.- . . . . . . . . .  - . . . . . . . . . . . .

MATEPtrAJIN, EItrOJI3YBAEI{ B ft OHCI"YtrPAHETO EA MTIPODIEXTPOHFq
EJTIMEETtr....,

s.l TBUrOCJrOm,u[EJrDr1}FrmMATEpEArrtr... ...........................99
5.1.1 nPHMEPH3A nPI4IIOXEHLIE HA II,IEJIEKT?HIIHI4 CTIOEBE B OITTUqHH
EIIEME}ITI,I....... .................................... 101

5.2 TbHr&r PE3trcTtrBHU CJIOEBE.................... ........... 106
s.z.tufJt CKBN{UA IGM TbHKOCnOIa:MIE PE3HCTOPH...... ............. 107
5.2.2 nOtryrtABAHE I{ IdCnEIFAI{E IIA TAHTAJTOBI4 CJIOEBE............,.......,................. ll0
5.2.3 BHCOKOOMHI4 KEPMETHI{ CIOEBE.......................... ..................... ll2

5.3 uH.{trEBO-KAJIAEH O[CIIA........,. ...,...,.................... 115
s.4 MAfHUTEtr tr MATHtrTOPEStrCTtrBE i CJIOEBE ._......,......_.
5.5 E.]IEXTPOJryllIuHoooPI{..........
5.6 CBP6XIIPOBOI{HITqtrtr CBPb)ffPOBOA'IIF CJIOEBE.

89

89

t25
127

162 r63


