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MATEPNA]IO3HAHUE B MIIKPOEIIEKTPOHTIKATA.

. yBo.[

Ilraro egna o6racr Ha rrayKara [r rexur,rKara He ce pa3Br,rBa c raKrrBa
l CMnOBe, KaKTO elercrpoHEKaTa n Ilpem{ Bcr[lrKo MrrKpoeJremporrr{KaTa.

OcHonnnre eKcnroaraur{orrrrg xapaKTep}rcrnKu Ha eJIeKTpoHHr,rre
yorpoficrna, TaKr{Ba Karo crerreH Ha EHTerpaqrur, 6lpsogeficrnue,
oeJIeKTrIBHocr, Qorouyrmu{TerrHocr, HaAeXAIrocr - 3aBHctr or rlrlcrorara,
Jrer[parrero, ge@eronocrra, cbBMgcruMocrra u Karrecrrom na o6pa6orxa ua
MarepuaJrrfle. Pa.:nnqrna acrreKTr{ r{a re3fi rrpo6rreMn aa HaMeprulr
rrpr,IJlox(eHr{e B EacrortrIoro noco6ne.

flpegnoxenrre ra6oparopnu yflpaxHeHr{r BbB Broporo npepa6o'reno
r,r AorrrJrxeHo H3AaHHe ca upoMeuenr{. Bcrrterre 15 yupaxnenfrA ca
pa3AeneHs Ha Tpil vastw'.

I. florynponoAnnKoBr.r MarepEirJII,I (Jia6oparopnra y[pa](HeHHrI or I Ao
6)

Il.Opralnwrul Marepfi,ttrfi B Mr.KpoeneKTpouuxara (Jla6oparopnn
yrrpan<nenna 7 u 8).

lll.Cnoere B Mrrr(poenercrpoHuKara (Jla6opatopnu lmpaxuenur or 9
nu I 5).

I{ornre ynpaxmeHwr BbB BToporo rr3gaHue ca1,8,9,15.
I(olerrnrrr u3Ka3Ba oco6ena 6rarogapnocr Ha cr. H.c. KpW

Muxafiron Ko.[enqos 3a oxa3anoro crAeficrsue rrpra rrsrorB.frrero ua
ru6rr;rilroprul ynpaKHeHr{r 3,7 n 8, KaKro r{ Ha AorI. Mr,rruca locnoAnnosa ga

ttrno,c I rroro H:rorBrHe xa naSoparopno yupaxHenne 5.
lrJxrnl lt0 ynpaXIIeHlIJITa e noBeqe OT Bb3MOIKIIEII 3a IEnbJIHeHUe IIO

{rrrc lr c/lnrr y,ro6eu ceMecrbp. flo rosu Haarr{H cryAenTtrTe Morar crropeA
ttltrxrtyrunmrc cH r,rrrrepecn rr Bb3Moxnocru Aa ns6epar reMlrre Ha
ne(llrrtr4xrr rc yrrpa)KrtoHrrr, Konro tpx6na Aa npoBeAar.

| l  r  t t l t . iurcnlrc Ha pa6ora rpr6sa Aa ce
crdrtrrrrrtt tfrxtln cncrlurlr{qgrl fipaBr{rrauv3rrcruBaunt 3arona B Haqarloro
fff lrfilonrnst|r()lo oa npr,rJrox(eHrr r{HcTpyrr@rr 3a pa6ora c Hai4-
fftf f (rrrrlilrrnc xtru Hru rr.r pcaKrlrBr.r, efler$ponarpeBaTsJrur.r ypeAtr [r fytanxu
o|iu cl1{: llllll l |l r([to

lllrclutrlrotrrro l)r'KonoAsrBo e u3rorBeHo or aBTopcKE KoJreKrI,IB.
()r/lclrrrnrr lru(xrpnloglrrx yupax(Heulrrr ca [oAforBeHrr or aBTopI{Te, KaKro
crc/l[lt.
Jlrr6opnlopru.r yrrpaxHcrrnr 1,2,3,8,10,12,13 - .qoq. a-p. lvlumcaPbcoBcKa
Iln6oprrrr4lrnr yrrpaxrrerrr.u 4,6,15 - AorI. 4-p. Banenrr.rtr BuAeros
Jln(xrJxrrrrprru yrrpaxucrrur I l,l4 - frr.ac. Ilmorurra fopanona
llrrfxr;rarrrprrt) yrrpaxrrenr4e 9 - rn. ac. Pp,reH HopaaHon
ffrr6olrirrtrlrrroyrrpa)KrrcJrue 7 - r.rux..feoprn,{o6puxon



frt,rtl:

I,IHCTPYKTJJ/II4

3a rexgilKa Ha 6egonacnocrra n
H3HcKBaHrrq npn .ra6oparopna pa6ora

n3mp.IIHe C xIltMI,tqeCKn pa3rxnarrJr.r BerrIeCTBa _ c
HarpeTII COmrI,I pa3TBOpu E c pzt3IHrIHH OpfrrlrlltrrHlr

- MATEPUA]IO3HAHNE B MUKPONIEKTPOHNKATA.

(t.3a6paytna ce Aa ce ocraBrr 6es HadrnoAenne KaMr{Hr{Te, B Kormo ce
pa6orr,r c Jrecno 3arIaJII{MI{ BerllecrBa.

7. 3a6pawxna ce Aa ce ocraBfiT B orKplIT cbA necHo l,I3traprBaqn ce u

Bb3nJraMeHrIBau$ ce TeqHocTa.
8. 3a6paura ce Aa ce r,BxBrpnrr L4Jrv ,r3rrxBur B cbAa 3a orrra.qbltrl

KaKBuro n Aa 6uno peaKTIIBrr, a cbIIIo xaprlafl, uapllaJrr.r r4JrL4 Buta,

HaMoKpeHI4 c 6ensnn, ra3, rfilr,qp.

III flDernaln[ llreprlr nDu Dadora c rucslrnHu. arxarfi H ,[Dvrrl

t)a 3 s?rcuau[r TeqHocrH

l.Kouqerrpupanlrre KllceJrnHa I{ uIKaJIu, uouagafirul B6pxy Koxara,

npeAu3Br{KBar r{3raprHe, IroBpexiAar Apexr.ITe n o6ynnure, 3aroBa rtpll pa-

6o'ra c rsx e ueo6xo,qulao ,4a ce B3eMar [peAna3HI'I MepKrI.

flpenunanero Ha KHceJruHI4 n Apyru pa3arlq4aqlr rerlHocrll Aa ce rrl-

rn)ptuBa crc cu$on, Karo Ha rbpnoro Ha IrMIIIero, or Koero Iqe ce qpeJurBa,

cc nocraBr Ka) ryKoBa 3arryruaJrra c ABe orBepcrux. B eglroro ce fiocraB.fi

r1rr,6a ntn $oprua Ha 6y<ea "fI", a B Apyroro '- rpr6a nrn $opua na

6yr<ua "l-". EgnHua'r rpafi ua ll-o6pa:nara 'rpt6a ce nycxa Ha 4blloro Ha

rnuurcro, a ApyrI,IJIT, cna6AeH c IrIurIKa, B rtprleMHrtKa. Btnuruugr xpafi na f-
()()l)it']lrara rpr,6a (rofiro e IIo-A5nbr oT BtTpeuHHx) ce cleglruttsa c ryMeHa
r.l'\'lllll, C nOMOlqTa Ha KOTTO Ce C'F3AaBa HaJUIraHe Bbpxy TeqHOCTTa Ha

I  r r  l ( ' \ r t l !  c l ) r .

llpa nuueue na cuSona ul[rlxara ce pa:x.na6ra n 6asHo ce BKapBa

I r. r,l\'\ ri c'bAa c TeqlrocTTa, AoKaTo TeqHocTTa npeMllHe B rtpl{eMIrLIKa.
lllrrr npexscrane Ha flpeiruBaHoro IIII4nKara ce ctfrra n cra$our,t ce nr-

n , r .  r , t  { ) l  i l tH IUeTO.
I lprr pabora c 'reqHocru, pa3txAaIIdI,I KayqyxoBara 3aI1)'TIIulrIKa,

r l , lerrrr.r  rprr6rra ga 6tAe cnoen c runuQ.
.' l lpc,'1rr /la ce Harlee KnceJILIHa n 6yrnrrra, a, rx rpt5na Aa ce [ocraBl4

'|.l r( rrrilr|lrt|o M{cTo. llpel" HiIm{BaHeTo e geo6xoAnrro Aa ce [ocTitBtT
I r.ilt t,r lr | \ rrt c il l.t pTrKitBI{tIU.

I I'irrlrcirr/tAHero Ha KprceJrllnara c BoAa qpeAH3BIrKBa HarptBage Ha

l).lll[rtl,t. ||()clo e rOnXOUa IO-TOJUIMO, KO]IXOTO pil3TBOpbT e nO-

h i l l l l l ( ' l l  l l ) l l l ) ; l l l

I lprr t rrce l,rrrc nir orpHara Kr{ceJruHa c BoAa e ueo6xoAuuo Aa ce BJII,IBa Kllce-

trrr,rrir nr,rr rt(ulala, a ne o6parno. BrusaHero Ha KuceJrLIHara BbB Bo,qara

rllr()lr;r i(ir crana rra rbuKa crpy.{ npll par6tpxnane. Pa:6rprcranero ce u3B'bp-
lrr,l ( r.(' ('r'r,r(Jlola up'6qre. CrArr ne'rpr6na Aa ce 3a[y[rBa cbc 3allyruzulKa.

I llrr 1scyr4o11il r,r HeBHI{Marenua pa6o'ra Mo)Ke Aa craHe lI3npbcKBaHe Ha

t,rl)r'rur{ l),r rrrol) na Kncerr.rHara, xofito [peAI43BI{KBa l43rapsHe.

rrpoT[BOnOXapHUTe

l. Bml,roxuocrr.r 3a
KnceJrHHr{, OCHOBH,
BerrlecTBa.

2. BrsMoxnocr
IqecTBa.

3a l{3raprHe [pI{ 863[JraMeHrBaHe rra 3a[:uMTenHlr Be-

3. Br'gMoxnocr or eKcrrJlo3rrt Ha crbcreHr.I ra3oBe, us6yxnunw Berrlgc'Ba,
cbAOBe C HarpflBarr+r ce TerrHocTr.r, pa3TBOpu, ra3oBe I1I Ap.

6.

5 .

orparxne c rasoo6paan', TetrHr,r I4nr.r rBbpAH BerrrecrBa [prr Hec[a3Ba'e Ha
npaBr{JrHr{r{a sa paOora c rrx.

Ygap or eneKrpr, qecKrr roK [pr{ He[paBr{JrHa pa6ora r'nr.r He}r3rrpaB'ocr Ha
enercrpr4qecKr,rre MarunHr.r, nplr6opr,rre" eflex.rpnreaKr.rre npoBoAHLrq[.
Blsrraox'oc'r 3a rrop{3BaHe }r HaparrrBaHe c.bc c.r'bKrro np' Hec[a3Ba'e Ha
npaBHJIaTa 3a oTBaprrre lra rr.rHrrre.ra, npH M[erre Ha cbAoBe, Upu
nocTporBaHe Ha anaparypa fi .r.rr.

II O6urH npaenra

l. Bceru cry.qeHT n ra6oparopuxra e Anr,xeH Aa 3nae Aa,qeuara
fincrpyKr{r,I'.

2. Crrpygnuxbr Ha na6oparopwra e AJrbxeH Aa 3gae pa3[oJroxeH?rero
Ha cpeAcTBaTa 3a IaCeHe Ha fioxap, noxapr[,tTe cr{flra,rlr, anTeqKaTa E
Aa yMee Aa nr non3yBa.

3. llpn pa6ora c KaKBoro r{ Aa e HoBo BerrlecrBo cry,aenTbr I [lr6)r<eH Aa e
Ao6pe ocseAoMen 3a Bcr{rrKHTe cuoficrsa rra roBa BeqecrBo, 3a Aa npe_
AorBparr,r eBeHTyanno HerrlacrHr{rr cnwafi .

4. flpe.qr 3a[oqBane Ha ]roBa aaluru ptKoBoAHTeJr_fiT Ha rellrara ra
Iz3FOTB.rr nrrcMeHa [r{cTpyKur,Ur 3a oxpaHa Ha lpyAa, c KOSTO Aa Ce
3arro3lliul'l'BcI4qKE cryAeHTI'I' KorITo ce BKmoqBar B HoBara 3aftaqa.

5 lJcn'rxu 6anxu u ruu[rera c peaKTr-rBpr rpx6ra ra 6t1ar cna6.{enu c
cTHt(cTr4 c yKa3altue Ha Ha3BaHlIeTO Ha peaKTnBa I'I HerOBalA
r(o'qerirpaur4r. orpouHare BeuecrBa rpa6ua Aa ce rli*ffT 3aKlrorre'H B
cneuuaneH urr<aS n orAeluta cral (craa :a orpoou).
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llplr norra4arre Ha Kr{ceJrnHara B6pxy Koxara e Heo6xoAr{Mo nocrpaAa-
Jrofo Mro'ro 6rpso 4a ce rr3Mr{e o6nmrc c BoAa r,r cJreA ToBa Aa ce [ocraBlr
r(oMnpcc or 30Yo pa3rBop oT Ha,rpr{eB 6urap6onar:.

4. Pasrnapruero Ha K€IlrreBa ocHoBa Ha cryAeHo, a Ha HarprreB xr{.qpo_
oKnc - c ropeqa Bo.qa ce cbqpoBoxAa cbc currHo [oBLlIUaAaHe Ha reMne_
purpuru. Pa:rnoprr Kwrru u rrpbcr(a HaoKoJro, 3aroBa nprr pa3TBaprne Ha
urKarnr4 ocnoBr{ e sa6paueno Ia ce pa6orw 6es npecrr.urxa ,r ryMeHv pbKa_
svqn. Hco6xoAr{Mo e oqure Aa ce [peAla3Bar c oqrura, a Jrrlrlero _ c qt,t'r.

llpu onprcruaHe Ha Ko)Kara e neo6xoAuruo Mrcroro Ha [opa]Kgnr,rero
6tpso ga ce I,IsMrIe cbc cr{nHa flpyr BoAa. Blpxy r{3ropegoro ce 11ocraB_g
KoMlrpec or pa3peAerr pa3TBop Ha orlerHa K[rceJrr{Ha. O.nrre ce [poMuBaT c
AByrrpoqeuToB prBTBop ua 6opua Kr{ceJrnrra.

5. Pa6orara c rerrr,rBu (necno u3fiapnrafiryr ce) revHocrra Moxe Aa ce
r'r3BbpruBa caMo B KaMHHa, cbc 3arrlrrr'lr ryMeHrr pbr(a'lrq' ra owura. llpr.r
pa3ru{BaHe IIa raKLIBa pa3TBopu I43rrHcrBaHero Moxe Aa ce lr3BbprrJn caMo
cneA HeyrpaJlld3A\fifl" Ha pagilfraffa retrrrocr. Kncernsr.rte ra 6pourr ce
HeyTp€uu.r3rrpaT c iurKanl,r, aMoIUrKbT _ C Kr4CeIIrrHa.

6.llpr' neyrpaltr3arrylfr. Ha K'cerr,Hr' c aJrKaJrr{ lr obparuo - Ha arr*aJrlr c
KI{cerlIHH, e Bb3Mo)KHo I.I3KI'IIUIBaH€ ImI{ Ilt3ITpbcKBaHe Ha rerlHogffi, 3aroBa
IIpn npoBexralre Ha orlepaqll{Ta, cBbp3arra c Heyrpi}Jrrcaqrllfi, pa3TBoptrTe ce
HaJMBaT Ha HeforreMH r]opSHH Lr cJreA 3aBbprrrRarre Ha pearuIrrf,Ta ce npn6anr
cJrerB2rrlara IIopqE . Tpr6na ga ce pa60ru BHr.rMareJrHo a Aa He ce ,{:bpx}r
DraBaTa Ha,4 TeqHOCTTa

T.3anarpcennre HrH o6pa6o'crrN KoHrreHrpnpar{}r pa3rBopra ne rpx6oa
Aa ce H3Jrr{Bar B KaHiurr.r3arlrlrrrra, .l-I,fi Kal.o pa3rx(Aar..lpr,6nrc. I.leo6xoAr,rrrro e
BbB BCrKa la60paroprr oKoJro MI{8KHTC .rra HMa Crrorrr.riurcH cr,4, r rofiro ce
u3Jrr{Bar orpa60reuure pa3'r'Bopl4, KoH r() OJrc/l 1I)Ba Ce rr3xBbDJrrr B
cflequaJrHa rMa Ha ABOpa.

S.llpegz rr3r*rcrBar{e Ha pa3nrrara pa3rx/Iaua rerrHosr rpr6ua 4a ce
onpe.qenH KatKBo e pa3Jlrro - ocHoBa r,rjllr KHccJrr{rra, q xa ce I,r3rrHcr[ cirMo
cJreA HeyTp€lJrlr&qu.a.
I'Ig'rucrraHero ce I,I3BbpInBa cJreA Karo ce cJro)r(ir-r. ryMelrn pbKaBl{qu pI
r€tfiourl{, a n crqnafi, qe ce orAen-f,T p€BtxAaIq}I .a3oBe -- c fiporr.rBoriBoBa
MacKa. rlapverara cq)meHo crbKrro ce cr,6rpar He c pbrre, a c [oMorrlTa Ha
qETKA I{ JIONATA.

Pa6orara c Qrryopono4opo,{Ha KHceJ[{Ha r,r3r,rcKBa orr-1e [o_roJrrMo BHr{_
MaHHe. flpu nonagaue na $nyopoBoAopoAHa KHceJrnHa Bbpxy Koxara r,r
ocooeno rroA rroKTr,rre npeAIr3BnKBa cnmrn 60rxn r.r rpyAHo 3apacrBar{u
PAUU. IIpu B,WIIIIBaHe Ha napu oT KI{ceJI[IHaTa ce Bb3naJI,BaT ]I}TXaT9JIHIITe
opraHr{ !I ce noBpexrat sr6fire. Hgqncrnanero Ha cGAor}ere or Kr{celr4Hara
Moxe Aa ce lr3BbpruBa caMo B KaMr{Hr,t u ce paborrn c ryMeHr.r p6KaBr{r{u.

1r)(:,rl)a,[iulolo rurcro rpx6ra Aa ae H3Mr,re c6c 9I,IJIHa CTpyt BOAa I{ Aa ce

I rr !(:r'ilBrl KoMnpec or 5o/o pasrrop Ha co.Ea'

Ilpo.qta>rolrennara pa6ora c 6nxpolrlHa cMec rpu)^{Ba pa6oreunx c

Itc'| Jtil rneAa Ha Ta3It TeqHocT KaTO Ha UeUO 6esnpeAso. Ho ocBeH ocTpETe

rr r':u)rrruq, 6lrxpounata cMec Moxe Aa nplt.Inlil'I cbqo re)KKo xpoHuqecKo

,)tl)iulrlre c noppr(gHr,re rra BbTpeIIrHlITe TbKaHU. 01 6uxpotrnra cuec Tpr6na

'r:r lril:rllM He caMo Koxara, a cblrlo !r ApexrITe u o6yurnre'

/la ne ce 3aKpnBar cbAoBere c roperytl pzt3TBopl{ cbc 3arryEuulxt{, rrft

h i r l ( ) l lpnoxJ IaXAaI Ieaecb3AaBaBaKyWI4BbHIuHoToHulmra} IeMo}KeAa

i ()BC/\e Ao cqyIIBaHe Hacl>Aa.

Ct4orere, cl.{bpxalrlu pa3TBopI'I or ocuoBtl, Aa He ce 3arBapf,T cbc

( r'l,KJretIu 3aIIygIaJII(II.
EesonacHocrra ua pa6orara 3aBvcI'I MHoro or tlr'tcrorara Ha

tlcitrcrHBuTe. 3arona e ueo6xoAEVO peaKTI{BI{Te Aa ce IIa3tT qI'IOTII: Aa IIe ce

f|\ |ccRa'I.3anyuanKl{TeHaruruueTaTa,AaIIeaeocTaB'TIIILImgTaTaoTKpl,rru,
,(it rrc ce BpT,ua H3JnrlIIHO KoJlnrrgcTBo peaKTllB O6parno B IIII,IIU9TO, OT KOeTO

(. I i  ]c' l  o.

!l I lrrcltnaru*r ]repru ra pa6ora c e.[ex'rDoHarpesaterHu vDe'[H

I I lpcnn BKJIroqBaHe na npu6opa rpx6na Aa cs qpoBepu I{3npaBnocrra

\r\. 'r()jlilllHtra Ha npoBoAHI'Iqi'ITe I'r Ha IlHypa, c'6eArlgfBalq npra60pa c

\ l  J r r '  , \ ; l  I  i l
.l;rfipaulua ce r3no[3BaHeTo Ha npu6opa c [oBpeAeHa lr3onal{',u, [po-

rr. r.ilrr,r rori rtpg3 Kopnyca na npN6opa, c llcKptlull4 KoHTaKrtI, o HarptBau

I  i  t l l r r l l r t r l l l l l l (

. ' l l k t t ( ) ' t l t i l l l e ro l ' tu3Kr lo r rBaHeroHaf lpeKbcBaq l r re I ' rUe[ceJ I I {Tece

r.[r.lililn,t \ c/tltara (a.acHata) plxa. IIpu roBa rltBara pna rpx6ra Aa ce

tr.;,.rr r.r r rr,p(ra r,rnu e gxo6a. 3a6paruna ce BKJIIoIIBaIIeTO Ha eflerTpoy-

l'( ||rrr' I || t.trhllil pr,ra. BxruovnafreTo Ha npu6opa B MpexaTa ce n3BT'pluBa

r.r|lt o ||til'|lll,t,, rrllrl6oprt Ce IIooTaBt KbM ItrHypa, a cJreA TOBa ce BKJIIOqBa B

rlx'.,rr;r llptt tt trctttouranero Ha npr'r6opa Haft-nanpeg Ilruypbr ce lr3KlrrollBa

"t r|lx',lilt;1. il ()Jt(ril lOBa Cg OTKaqBa !f OT IIpUOOpa'

I l;.,rttoltltcuctlllO MO)I(e Aa Ce BKIIOqaT TOJII(OBa eJIeKrpOHarpeBaIeJIHI{

il|lil(r0l)u, 'tc 't rlxtla'la MoqHocT Aa He rlpeBrlurl AOIryCTHMOTO HaTOBapBaHe

|Lt r.,rcrtlx)ltlxlrlo,rlHTe. flpu ueu:ntnneHl{e Ha ToBa I{3lICKBaHe MOXe Aa ce

nlr(';rf rf rnhir rroNall (nponoAlruql'ITe u{e ce Harpetr I'r trIe ce 3aflurul rrxnarra

fr frr.f .rf l|ilt 1 l;rtt:t<rporexHl4Kbr AaBa yKa3a'fiwa 3a roBa, rorfl<o npu6opu Iqe

I  r r . ; t , l  t  l th  l l (  I ' t ( ' l l  l l  Cr t l lOBpgMeHHO.

I f ftrrrxrt cllol$poHarpeBareJlull npu6opu rpx6na Ea crofl"r Ha

. l l ( r ( ' (  t i l l r l l ' l l l t  l l l l t ( ' .
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5.Axo no BpeMe Ha HarptBaHe Ha orKpar xorJroH cbAbr c pur3TBopa ce-
cqynr{ u 3ajree [roqara, rpt'sa orHarriuo Aa ce rr3Klrroql,I KornoHsT, CJreA
TOBa Aa Ce CBTUIU C\A.bT, A KOTIOHa Aa Ce AaAe Ha peMoHT.

6.He rpz6na Aa ce Ar,px(ar or(ono HarpeBarerrr'Te upn6opn Jrec'o 3a-
nalrr{MH BeqecT3a.

7.3a6paHeno e BKrrorrBauero r{a enerffponpu6opa, aKo Bb3A}4(br B
noMeIrIeHHgTo cbAbpxa 3anaJrprTenHr{ Iir3oBr{ wru fiapr4.

8.A6coruorno e sa6paneuo Aa ce ocraB.sr 6es na6fio.ueH'e eJrersp'-
qeorr,r HarpeBareJrHr{ npu6opa.

v flDe,unarH' Meprcn nDu Da6ora c nDeaHn orponu n orDonHH neuecrsa

l.Bpe4nnre r{ orpoBHr{Te BeulecrBa Mor.ar Aa 6.r,4ar rnrp4ra, Teqrln pr
raroo6pa:nrn. Te uorar Aa Aeftffnysar Ha qoBeiuKr,ur opraur{3bM npr{
BAHItrBaHe, IIpu HenocpeAcTBeHo rrorraAane Bbpxy Kox(aTa u rrpr,ir BbTpeurHo
npl{eMaHe. TxxHoro n'rsgeiicrnne Moxe Aa ce norBrl BeAHara
(6rpso4eEcrraurn), Kalo 6ensol, xeKcaxroperaH r.r Apyrpr opraHr{trnr,r
ptt3TBOplrTeJrr4.

2.llpu pa6or:a c TBbpAH rr reqHr4 orpoBnr{ BeulecrBa .rp.s6sa Aa ce
pa6orn c ryMeHH p6xaBr,nlu, qsrrro 3ApaBlrHa rrpeABapr4't.eJrno e npoBepeHa.
cne4 pa6ora p'bxaBuur,rre oe r{3Munar c BoAa rllrr{ oi,olBereH pa3TBoprrreJr I,r
oe flocr{lBaT oTBbH !r o'r'B'bTpe c TzurK.

3.flo epeue Ha pa6ora rpx6ua Aa ce cJreAr.r orpoBnoro BerrlecrBo .qa Hc
no[aArre Bbpxy Apex]rre u oco6eHo Bbpxy pbrtaBxrlure.

4.Heo6xoanuo e pa6ora'ra c urraHoBa cbeluHerulr{ Aa ce rtBbprrrBa cbc
cneqlr;InHH xura'fkr n Kbpla. llpeAu sanoqBaHe Ha pa60ra c re3H cbeAlrHe-
ru.ra, rpx6ra .qa ce flperureAar orKpr{TI,ITe uacru Ha pbrlgre, KoI{To He ca
3aKpr{TH c ryMenrr pbKaBr,rql. B clyrai qe rro rrx rrMa panrrqKn pr Apacro-
rr{H14, Te rpx6na Ia 6T lar 3aKprrrr.r c qerr.tpn croq Mapr.{ v Aa ce o6stasr c
rrJrsTeH 6EHT. Cre,{ CBlprUBaHe Ua pa60rara npeBpBKala Ce cHeMa caMo c6c
cyxr{ pbrle. Ipra c,rpnraue Ha orpoBH}r Beu{ecrBa B xaBarr roi rpx6na 4a ce
nocraBr,r Bbpxy roJr.rrM Sunmpen rracr a Aa ce [oKprre c Ilapuzu, crra64eu c
orBop 3a qyKqero. llpn pa60m c ql{arroBH cbeAr,rHeHr,rr pbuere ce Mwrr Lrrrr4 c
Kr4cJropoAHa BoAa, mru c 1% pasrnop Ha KaJrr{eB rrepMaHranar.

5.llonexe K€urrreBr.rrrr rlr{arr}rA ce pa3Jrara or BcriqKr,r Kr.rceJrnHn c orAe-
rrflHe Ha Mrroro crlrJrHo oTpoBHr,rr qtraHoBo.qopo4, npu pa6or:a c nero rpa6na ga
ce IlpeycraHoBll KaKTo B KaMr{Hara, TaKa r4 B 6nusoc:r Ao He, BcrKaKBa pa6ora
C KI,ICOILIHH Ill KHCeJMapI4.

6.Bcuqrr,r flpeAMerr,r, Kotrro ca l.norpe6xnaHLr npe3 BpeMe Ha pa6orara
no yKa3aHr,re Ha pbKoBoAr{TeJrr Ha laboparopuara, rpx6ea 4a 6l4ar o6pa-
6oreuu c pa3TBopr,r, pa3plrrraBaq' orpoBuTe - caMo cJreA TaKaBa o6pa6orxa
Moxe Aa ce r{3Mlrrr c MHoro ooga. HanpuMep 3a orcrparurBarre Ha ur{a_
HOBI{TC C:bEAI{HEHI,I'I MOXE AA CE I43IION3YBA EAI4H OT CJTEAHHTE PASTAOPU: 2O/O

8

' ' , , , ,
I rl" o pil:l 't BOP Ha XeJIe3eH CynSar.

7'I'pt6na Aa ce 3arIoMHH, qe )KHBtlKbr, oJloBoro I'I apcelrbr ce

rr,lll)yrlrzlT B opraHlrgMa, npeAlr3BlrKBafixlr cle,4 I'BBecrHo BpeMe re)Iffo

\  |  r ( ) l t l l ( locKo o. IpaBsHe.

\ | lltlrrlrralrtu ueDrn npu Da6ora c 6vru;rr<u. ntlnu crc cructenu rrurn

| l  r  ( .rrr |cl tH ra3oBe

| .Ey'uannure:rpx6na Aa ce [a3flT B cflequilnno uoMelqeH]Ie-

2.3a6paHeno e Aa ce ocraBtr 6yturrlrre 6rn'rso Ao panuaropwre, Ao

rl)vf H rriu peBarennu npzbopvr rurv Aa ce Abpx(ar lra cJIbHIre.
j.[Ipr na:ene BbB BeprI,IK:lJIHo rroJroxeH]Ie 6yunrure rpx6na Aa 6r4at

r.lr([)crrcilH B OTAeJTH]I rHe3Aa, 3a Aa He [a"[HaT.

4.llpu npenacflHe LUuI [peno3Baue e ueo6xoAuuo Aa ce nasflT or

lc,rc'r'nHc'ro Ha crlbHqeBlt JI6tIu.

5.3a6paueuo e Aa ce yApfi c rryK, Klroq r{JrH l(pyrn npeAMeTU KaKrO

nl);r urir.'r'aKa H tIbJIHa 6yrtlJlKa.
(r liylurrure rpx6ra Aa ce rla3tr a6cornorno qucrl'r. Aa ce cneAu Aa ne

rrrrll;lllttltl lt'bll BeHTI4JIa A-III B ryI!{eHI{t npbCTeH Ha CT'AbpX(arqI'ITe KUCIIOpOA

r'\ t r lrrr r\,ril'trmHu IrnI,I MI{HepalHn Macna, 3a Aa ce us6erHe Bb3Moxnoro I'tM

'  .r \ l  { r lr l, l l  I Jl; lMCltrIBaHe I{ OKCIUIOAITpaH€.
' 

I i'rn r.t.ttt .r ua 6yrunrara Aa ce orBl'IBa 6asno u BI{I4MareJIHo.

x ,r [,t rc cJIeAu Aa HtMa nponycKaHe Ha ra3Ta or BeIrrHlIa I4Jrl'I or orBo-

t",r r,r t,\ ilrril\:r'ilr, a cblrIo oT I'tt3olrpoBoAaTe, MapKytIII're I4 cbeAHHIirTeJIHHTe

r l ' r  | , t r

'r I ll'rr tlnrpr,3BaHe Ha Bo.{a B'bB BeHTUJIa I'uIlI peA}Kropa Ha oyryJlKara

f r.fr.f f r,{n,ur(.t() ,'(il oe }r3BbpllBa CaMO C ropeua BOAAIIIIkI napa. 3a6paneUO e

r. . r i l  r i l , r t r\ rr, l I l l l l) l(c)KeHl{ IIpeAMeTlI IIJIII OTKpHT nnaM:bK.

it lt , r|r;tit tllt ttox<ap 6yrruxr'ile rpx'ta Aa ce noJrr{Bar c MHoI'o BoAa,

r , r  l l  r .  l l  r r , {  l  l l ( '  l l : l l ' l ) r lBa I IOTO I {M.

| | l,r I'r'r(ril,t('lrocl r pa60rara e neo6xoAuuo Ha 6yluxara Aa ce noc-

r,r irr  lx t \rrr, | .  r . :rrrr l :r i ixata ce 3aKpe[u Ao6pe c xruo'I .  cneA ToBa BeHTH-

il.r r. r,ilr,r||rr t!,ltilt(), t(il'l-o HeroButr MaxoBI'IK ce 3aBbpra cpelqy qacoBHI'I-

r"rt,rr.l I t11(' rh;r hor itttt MatioMer"bpbr 3a Bucogo IraJUIraHe Ha pg4ylqTopa

r,'r,r., l.trl)1 ,11(. 1ll 1il'tit n 6yr14;1fara, C ilOMOIqTa Ha peryn14paq14Jl BeHTIIJI

t.r rr \r r.lnlnrr rrco6xoAuluoto paboruo H€lrltraHe Ha ra3az .{aBaHo or

| , , ' t  . l  r , r  |  |  r l  r l  L l  I  l , l  \ t  l l  I  loMO' l 'bpa  3a  HI ' ICXO UaJf t faHg.

| ' (.r trr'rlritcnoc't rt pa6ora'ra tIpeAL I'I3IlomyBaIle Ha laea e neo6xo-

ilrr.,, ,, , t \r,r'ilrr|tl)o:i allilnl43 Ha ra3a r oyru.nrara 3a HeroBaTa I4AoH-

' r .  r r r t d  | ,  i l  |  i l l t ! ( , t  l r : t  i l y t H l l f a f a .



13.fasrr n 6yrarucara ce r,BloJr3yBa HarZ_MHoro Ao ocrarbqrroH;uurraHe B Hero Ee [o_MaJrKo or 0,5 _ I arrr,roc$epa, a or 6yrumrr,rre,HanbJrHeHlI c arlerrrJreH r'r[r{ BoAopo.{, He rro-H]rcxo or-1,5 - 2 arrvroc$epu.
14.[a ce rroMHt4, ve 6y'nrm<nre ,loxgucauucbc cr,rH rlBrr, ce nbJr'rr cKlrcnopoA,cxrbJrrrIB.f,T-czrMorurr(,crbMno3elreH_cBo.qopoA,c6xlqnxrr.r

6 n naryruc "Meran" - c Meran, a c qepBen qnar c xaQawr Harrpequrl llanrfitcur,r 6.q.[ uaArrac "agor" - c tt3or.

| | | | l'; l' lI /tJI 03 HAHil E B MWKPO EJI EITIEOEUKATA

Jla6oparopno yupaxnernre }{b I

OKAqECTB.flBAIIE NOBbPXHOCTTA HA TIOJII,IPAHI4
TIOJTYNPOB OAHI,IKO BII TIJIACTIIHLI TIPEAI,I

TTPOBEXAAHE IrA TEXHOJIOInTIHTI OIIEPAUIIIT

lla nony.ranane Ha KarrecrBeuu upu6opz rr l{HTerpamru cxei\d[ ca Heo6-
\(r,,tuMu eAHopoArrr,r flJracrflHrn c noBbpxuocr, Bbpxy Korro rrrrMa ge$erru n
r,r^ri,l)otBaHl{.x. Hsucr<narrux'ra KT,M KarlecrBoro [I napaMerprlTe Ha rIoA-
'ro21i11111'9 Bce noBeqe ce yBe[HqaBar, :r6fi raro:

pa3MepLITe Ha OTAenHITTe eJIeMeHTH ce HaMaJUIBaT;
' rroBHr[a3a ce creneHTa Ha l{HTerpaq[r.

Cr,croxnlre:ro Ha rroBbpxuocrra ce xaparoeprr34pa c HepaBHocrI4Te,
hl)llcliulllol'O CLBIpIIIeHCTBO Ha nOBbpxHOCTIIUTe CJIOeBe u CTe[eHTa I{a

'lrrl*rxoxnrunquara lnlcrora. Or npalumrara o6pa6orxa Ha rroBbpxHocrra
r,ur{cu rre caMo crpyrcrypara, cBofcrsura Ha orJraranlnre cJroeBe u eJIeKr-
IIII'I('CI(H XAPAKTEPIATHKII IIA EJIEMEHTI{TC, IIO U TfXHATA Bb3NPOU3BOAI{MOCT,

h;trlc0'l'll0To I{ IIeHaTa ila rOTOBIITo H3A9JIIIUI.

I lcnlocxocrnocrra u HerraparreJruocrra cnnno BJIrIttr B6pxy KarlecrBo-

f r, rr;1 ,rr"r"r" B [poqeca $oTonurorpa$vfl, a rrpv gll$ysr,rara, fionnara
il\iltjlitilrArII{.fi It e[I,ITaKCrurTa Ce [OJryrIaBa IBKpUBTBaHe Ha reoM€lpuqllHTe

'lx )l )u u I r1l r{3rorBeHl,tre crpyrTypu.
('.rrc.r1 rr.rexanuwra o6pa6orKa B TbHbK fipr{rroBbpxHocren cJroft Bbpxy

I,r,r torfl(iua ce noryTraBa HapylueH cfloft, B KoEro I4Ma Kpl{cranHllr Hecb-
ir.llil('lro|Ba, KoHTo BJIr4urT Bbpxy npoqecr.ile Ha elll{TaKcuaJilrrl' pacTe)K,

||'fr,xr[rxlr BpeMeTo IIa XI4BOT Ha HOCI,ITeJII'IT9 HA 3apflA, nOBI,UIaBaT yTeq-
.IIIII' I()I(OJ}C II B KPAftIIA CMETKA BJIOIIIABAT XAPAKTEPIICTI'KI{TE HA I,BTOTBE-

' I t r r '  i l l ) i l 601)14 K cxeMH.

I l,rplrrre'rpare Ea rrJracrrrulrre lr TexHr{Te AorrycrnMrr 3IraqeHI,It aa AaEe-
,mr  n  r . r t t ; l i l t l a  1 .

l lprr u:lrornxne na upu6opn ce r{3noJl3yBa roAuara, T. Hap. paCorua
r r|'.ilt.t il,1 lrJracTIlIHaTa. orqurafiru TpyAoeMKocT-fa I{ BI,IcoKaTa cToftHocT Ha
,'ilr'p,il1il)r rir no nolFoToBKaTa Ha B[coKoKaqecTBeHu ffIacTI{Ha c
l{ r,r|rlrt'x ilr;t fioBT,pxHocr, HtKoI{ BapI{axrI,I BKIIIorrBar Hecl4Merp[rrHa
,'{'1,,r(,orhir ril crpilHr{Te. Blpxy Heo6pa6oreHara crpaHa ocraBa crpyKTypHo
rr'rlropuill)un orofi c Ae6enlnla 5-10 pm, KoftTo nprlTexaBa reTepHll cBoficTBa,
: r' il(rl ril,lrta lrapu II la3oBe nopa,{u cEnHo pEI3BI{TaTa noBbpxHocr. cneg ra-
rr{rprl);lnc rra (an[nApr.rqHara rloBbpxuocr ce o$oprvrxr 6asoslttr Ia .4o-

I r .  | | i l t | ( ' i l i l t ' ' l  C D e 3 .
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4onvcr rrr*l .qe6e;runara. !rq! +)< +)\ + t< +r< + r5

4onycx l(5rvr AbnNrjuara Ha 6asost r cpes, mm
q""*"" 

"" 
A""-r a"r*

Ilonyc4 xlna gurxnHara Ha .uonbJrHl{TerH[c cne?

22 32.5 425 5(
+2.5 + t 1

I l l l 8 17.5 20
+ l + 2 0 +') .

.urocKocTllocT. um 7 7 55555 5555
rteIIaDaJreJlHocT- um I I J I
NoJlr49ecTBO pe3KLt, OpOII 3 3 3
Konuqecrno Ha 3aMbpcrBarJlt4 qacrurJrt r"pxy ,rnacrrn-
na'ra. 6oor"r i 0 l 0 10
UTKJIOHEHH' OT OPHCIITAIIH-f,TA + l + l + l +'l
t paAy{;M

Sasor'.r cpe3 ce ''pzrBr{ 3a opuerrraur{r Ha rrJracrr{Hr{Te rrp' [poBe]r(-
AaHe Ha Soronurorpa$nq, a AonufirgTenHr,rTe cpe3oBe ca sa o6o:naqaBar{e Ha
rpucranorpascKaTa Opaerrrarlurr Ha ruracrr4HETe vr rwrra npono4urvrocr ($lrr.
l . l ) .

o
i l l

Ust
;

a) cwnaTuit p -TI4n npoBoAuMocr (l I I ), yrcKoptBa peaKlll{tra Ha pa3raraHe Ira

6) cunu4ufin -- t"., npo"oo"rocr (tOOi, H2U2 u clsgara 4o6pe pa3TBopI'IMn

u) cwttugufi,n-rHnrpoBorlrMoct(f lf i, 
KoMIUIeKcH lra cbeAI4HeHHtTa Ha HtKoI'I

r) cr.uuqrafip - rrn .rpo"oorru* itooi. 
t*T' or I u II rpyna'

5a oTcTparurBaHe Ha cneAr4 oT
Mer€urH or I-II rpyna ce npHJrara K[IIIeHe B CfpHa Kr4ce.irr4Ha nnr.r o6pa60rra n
cMec Ha c4pga Krrcenr{Ha r,r BoAopoAeH npeKr{c r4Jrr{ coJrga Kr{ce!:lraua ullzOz.

Meramrr.rre Eoun cc orcrpzrrurBar qpe3 [poMr4Bane B Kr,rceJrHnrl (asorfla.
crpHa, corrHa), a oxacru_s.r cloi - B.bB BoAeH pzt:TBop na' Snyo_poBoAopoAua lr.Lreslrprna. Clea o6pa6orKa B Kr{ceJrnua ruracranr,rre ce upo_
rlf'Bar B Teqaura,uerl0Ha:r'rpaHa BoAa. rrlscymaeaue'o craBa ua qeurposyra.

3a 'il'crorara Ha nJIacrLIHIrrre Mox(e Aa ce cr,Alr ,,o Haqn'a Ha oMoKptr-
Hero raM c Bona. Illrcrara crrJrrrqr4eBa noB:npxrrocr e paBnoMspuo xa4po$o6ua

't')

Ta6ruqa 1.1

XraMz.recKoro [or{ucrBarre Ha cll-
JII4IIH9BHT9 ruIaCTI,IHrr npgAIlI TCXHOJTO-
rralrfir{Te npoqecu BKrrK)qBa o6pa6on<a.

Oprarrzururue 3aMbpcrB€turrr ce
orcrpanrBar nprz o6pa6orKa B Kr4r{ru
pa3TBopr.rrer (rpux;roperaneH, ToJryoJr,
H3onponruroB cnr,rp:r, o6pa6orKa B cMec
HA BOAOPOAEH NPEKI{C, AMOHfiK IT
Aeft oru.reirpaua BoAa npn 75 "C-80"C).

BoAopoAnmr [peKr{c ce ptrJrara
HA Kr4CnOpoA H BOI.A, KtrCJIOpO.4bT

oKr{cruIBa 3aM[pcrrBal{}nrTa oT opraHlFreH
I{ HeopraH}rqeH npolrsxoA, a NIITOH

\ L I I I' !' I I,'U I O 3 HA HUE B MNKPO E]IEKTPO HNKA TA

,, r{, t;llir cc cl6npa B eAHa - ABe ToJIeMLI xanxrz. IIpn 3aMrpcf,Bagfit or
,r unntl{ 6poar ua KanKLITe e foJI{M.

liorrr'po;r Ha r(aqecrBoro cJreA norlricrBaHe Molr(e Aa ce Id3B:bprun c MUK-

l , r h()n 
'iar'r'r,pclsaulr-rrra 

ce BIrxAar Karo cBgrJIH TotIKu Bbpxy ruuen $on.

tlemupucoudoe Lnemod i& u3rilep6awe Ha cbnpomutneuue
llollrulu BI4coKr{Te cH MerpororlFlHll

rr"h,ttillcJlH l{ npOCTOTal'a B KOHoTpyKIIIU{Ta Ha
f f r\r(l)rt't cJilraTa afiapa'fypa TO3I' MeToA e
,r" t\tilrJr naft-urrpoxo [pI,IJIoxeHIre B
r.rlx)!;r'ropiliIra lr [por{3BoAcTBeHa npaKTI.IKa.
flpc;[ruc'r.I]zr ca HeroBarayHprBepcfiHocr,
n t .  r \ t { ) r f l l00 ' l '  3a r{3MepBaHe Ha
, | | (' t il | ( l)r'r tt r ro ro cb[poTr{BJIeHI4e Ha TIOJTjIpOBOA
rulnr lc r(iucr'o n o6euuo cbcro.,IHrle, TaKa I4 Karo
, r{riuur c'rpytfl'}?I4. IlprlnqurlrHaqerlrpl,{cou- @ur'I'Z

!, , rr lttt Mc1'oA e [oKa3arr Ha onr. | .2. Blpxy IIo-

rl r.l, \ l ro("I'r'il na r{3MepBarlrul o6pa:eq ca pa3noJlox(enl{ B e.4ga JInHLIS Ha paBHI{

l,.r rr rr))lrrr o/(rra or Apyfa rre'rnpl coItAI,I. Ipes rpaftm,rre colrAr4 ce [po[ycra
t r|t.tlrlr'tc(:1(l4 'r'oK, a Iue)IgD/ .4Bere Bbrpemnn ce I{3MepBa [oreHIIrIa]rHa

i " l  I  l l l h , l

l;r rro.rry6e3npaeH o6pa3eq, Koraro d, l, h > 5', cner1l{SuqHoro cb[po-
rr n r, r r(. ( (' l.r:lrf HcJItIBa 1Io $opuynata

.  t  ,  p :2nSU/ I

ll 111,,s11 rrrrcara o6n<noBeHo ce a3MepBar o6pa:uu o orpaHlrqeHll pa3Me-

dq' . fr , ' rr '  1r '( icJrnHaradu p€t3croflr l l { .ara luh ca cr,tr3MepI{MI' I  c MexAy-

.,i { r, ,r., r,, |,il( r'o'lHIIe s. 
'forana 

e neo6xoAuuo Aa ce oTqI'ITa BJIWIHAeTO Ha

r tixrrrr r , rr.r otlpilleqa. Buexga c€ rofipaBbqelr MHoxo4TeJI nrn Sopr"rylara
(l), r.e. p : 2rcSFU/l. @yxruuara F sanrcu

r . or usbopa Ha rparrl{rlHure ycJIoBI{fl, Ilpll

,, 
i " 

*oplro ce flpoBer(Aar uslrlepnaru'rxm. llo-

I ,1, .1t'tlt nogpo6na lnr$opuaurlr Moxe Aa ce

; ' l  l l l ' l  l l  L ,  nonyqannrareparypa[ l l .
l l  t l  l l  \ l - . -  , -

. t,|.V [,/ V ' )1o- B risrcor cr1"]€rr,r e no-y4o6no coHAHre
' I v v | '"t4 Aa ce pa3norarar no Bt,pxoBcrc Ha KBa,4Dar.

l r /
.t " Tor ge npo[ycKa rlpe3 coHAlITe,

o6pa:ynarqu eAHa or crPaHI'ITe Ha

KBa,4para, IlalrpuMep I u 2, a

, Hanpe)KeHllero ce H3MepBa Ha con4r 3 s 4

(Snr. 1.3).
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r]UBA 1 NOTWIPOBOIIHNKOBU MATEPUAJIN

I4gqlcmnauero craBa no Qoprtrynara

()\ U zES
\ - /  D = - = -, -  t  

-  
z_J l

rlerupucongoBrlurr METoA ce lrcnoJr3yBa 3a r{3MepBaHe na cneqr,rdrruo
cblporr,rBJrenrre B rrrapoK Au€ruzrloH (104.5.103 O cm).

Ilerr ua yuDaxnerilrero

,{a ce lrsnrpuu BxoArrrl KonrpoJr Ha crrJrl{rlpreBll ruracrrlHu.

3atan[e sa na6ora
l. flo nocoqeHa Konrperrra peqeura 3a floqrlcrBane Ha cr.LmlrlrreBrr

IIOJrylpoBoAHr.rKoBrr IIJIaCTT.IHT4 Aa Ce tr3Btplur{ X}IMI4qeCKO IIOqnCTBaHe.

2. .{e6erutrara Ha [JracrnHr.rre Aa ce rr3Mepr4 c rdrlr,rKaroprro
ycrpoftctro n 5 ro.ilc{, 4 or xonro ca no uepz$epwrra (parnonoNenu na
Kpbcr Ha 3 mm or Kpar u enna s cpeaara).

3. I4uaircu rpeABI,IA 3ailap'euma B reopeTl{t{rryre 6enexr<ra MapKLIpoBKa
Ha cr{Irl{ql{eBu wtacTrrHm, Aa ce onpeAeJUIT TanIIbT Ha npoBOAtIMocT I,r
rplrcrarorpa$cKara opuerrrarlur.

4. I4snomyrafira trerr.rpncouAoBa ycraHoBra FPP-5000, Aa ce
H3BbpIUar CJre.4HLITe rr3MepBaHr{JI:

_ TIIII UPOBOAITMOCT;
- cnequSr.nro cbrrporl{BJreHr-re.
IIpn nsuepnanuxra ce r43norr3yBa r{HerpyKr.Iurra 3a pa6ora c FPP-5000.

Merorr.rqnu vKa3annq la llgnlflHeHue ua vupaxHeHudro lt
TI3rOTBflTIC HA NPOTOKOJIA

B uracuen BH.q Aa ce AaAe orucar{ue I{a BbHruHI{f, Br{A Ha clrufl{uneBure
[[acrnrrr{; 6pofi n nng gederra, ua6ruoAa.BaHr,r rroA Mr{KpocKo[; A:trrH]rr€ or
rlBMepBarre Ha Ae6eJruHaTa; Tana Ha npoBoAr,rMocT; Kplrcruurorpa$crara
oprreuftulu u cnerg,rQrunoro cb[porr,rBrreur{e.

3a'[a.flr ra caMocrosreilua na6ora
Karo E3uoJByBare nocoqeHara AoubJrHr{TeJrHa Jrrrreparypa,

3arro3HaftTe ce c Apyflr MgroAu Ba onpeAerrrne Ha rr4na Ha [poBoAnMocr rr
cnegnr[uvnoro ct[porr,rBJreHr,re Ha noJry[poBoAHHKoBr{ Marepnuuru.

Br,uDocu la rcoFrDo.n u cattonotrrorosra

1. IIpu KoI{ qpoqecu ce rrory {aBa 3aMbpctBaHe Ha [oJDmpoBoAHIrKo-
sI4Te ruracrnHlr?

2. Kars[ ca H3ucKBaHH-rTa KbM [3noJr3yBarrlrre 3a uorrncrBane xuMu-
uecrur pearcrraur.l?

3. Kax ce KouTpoJrr{pa qncrorara ua nonrpxnocrra?

Vl t I) f U U I 0 3 I I AHHE B MLIKPOEIIEKTPOHUKATA

.1 Kirrpo BJIHIHIIe oKa3Bar npl'InoBbpxuocrlrllTe srpylcrypul{ Hapyue-

lrrjr B noJIynpoBoAHnqI'ITe Bbpxy KaqecrBara rla roroBllTe npn6opu?

5 (' rarsa qen ce o$opurr 6arosn{t u AonbJIHareJIHI{Te cpg3oBe?

JIIITEPATYPA

t l'olry6cu, B. m., Heiraepenne 3nelcrpoAoB 4" gouAos"ron Mero'uoM

"llano.qcrat na6oparopux*,7971'r' XXXMI N 4' ctp' 459-65'

.) lia'rarurlt, B. B., KonrpoJrl uapaMerpoB [oJry[poBoAHIIKoBbIx Mare-

l)HiurnoB, M., Con' Pawo'1976'
I l)ocaAo, JI., Ousruecxar 3reIcpoHI'IKa I'I MIrKpo3neKrpoHIrKa'

M.,lhrcur. ux., 1991-



TJIABA I NO,ilYNPOBOTILNKOBN MATEPNNIII

Jla6oparopno yupaxHenne .lfo 2
frporBflBAHE HA AEOEKTU II OrIpEnEJr.f,HE HA

OPI4EHTAIII/Ifl TA HA rIoJrvrIpoBoAHr4KoB lI rurACTr{HI,r
KoHrlenTpaquxra Ha [pr{Mecr,rre rr fiJrbrHocrra Ha crpyrcryp'lrre

aeQelcru Bnntl'r cbrrlecrBerro Bbpxy eJreKTporrpoBo.qlrMocrra Ha
[ony[poBoAHnKoBnre Marepuar[, Tosa oflpeAeJr.rr r43uc:(iBa]dl:r''lra, KOrmO Ce
[peA{B.rrBaT K6M qUCTOTaTa r{ Kpr{cTa[HoTO LlM CbBlspllle]rcTBo.

9pes penrreuocrpyrcrypeH a*ur'r3 e ycra'oBeHo, qe pa3rofloxeHr{ero
Ha aToMrlrTe, o6pasynaqn KplrcT€ura, ce xapaKTeplr34pa c nepHoAr,rqHocT
craxynnocrra or roqKl,r, cborBercrByBarrrl,r Ha p:rgrloJroxenl{ero Ha orAcJr-
HrTTe aroMr{, o6pa:yna npocrpaHcrBena peruer:ia. Blsrure Ha pe[rerKara
Morar .qa ce rpy[upar Karo EAerrrr.ItIHrI [apaJreJIHI{ paBrrr{HH, a pa3croflHvirra
MCXAY T'X LI PA3NONOXEHI'ETO HA ATOMHTC 3AB[IC'T OT OPHCHTAIIIIfiTA HA
paBHuHaTa B tplrcftlJrHaTa pertreTKa.

3a Aa ce orruue B3aI.rMHoro pi*[oJroxe'I,re na paBHLIH[Te B Kp'crilna,
ce rBnoJl3yBar pa3JIrltrIIH KoopAI'IHarHu cllcreMH, qnrlTo ocH ce Hapnqar
xpucmnorpaQcxu. 3a onpeAenrHe upocrpaHcrBeHoro noJroxeHr{e Ha rrpo-
u3BOJIIra pZIBHHrra ce B3ItMar BeJrr.trrr{H}r, o6patnr Ha .qbJr)Kl,rHara Ha orceq-
KfiTe, Korrro ce floJr]qaBar npn ilpecHqaHe Ha Kpucftuorpa$cxare ocrr or
p a B H I I H a r a - l - ,  I , r  = h . k  t .-  xvz

Qur.2.1 eur22

B ry6rvecxara Kpucr€rrrHa perrrerKa ($ur.2.2), orrucuuta c 3 ssan{uo-
rrepnenArrxyJr4pur{ ocu, na[-naxuu aapaBnlaaure (100):(l l0) n (l l l).

Kpucrarurara peurerKa Ha eneMeHTapHure flofiynpoBo.qHrrqn npeAcraB-
N'BA ABE IIOCTABEHI' CAHA B APYrA CTEHHOIIEH'IPII.IHI'I rY6rtUcCrr,r PCUETKI{,
rr3MecreHr{ sa l/4 or Abnxr{nara Ha npocrpaHcrBeHHr Ar{aroHaJr. Bcexr,r arou
e pa3noJloxeH B IIsHTbpa Ha rerpae.q6p, a 11o BbpxoBere ce HaMHpar 4 gpyru
TaKr{Ba aroMlr. B 6nnapnure norynpor]oArrrrKoBr.r c:beA]rueuun 1A3ll5, A2861

rL t, t. t' | | u ( ) t I I A r I A E IJ MA KPOErEKTPAHUKATA

r { ,:i, r r.r r,r c ofillatyraHa or peAyBarryI ce pzrBHLIHr{, cbcrotltr}I ce or aroMr{Te
.f ,f , rf \tr'il t tr r c / u Il (c$alepnr:na peruerxa).

I .rr.;r rlrr)rc>lr,l(ar Kpl{crarlHtfre peluerKH Ha IIAeaJIHHTe MoHoKpI{cr€uI[,

..,rr," lriu ol,nr,pllrella cr-pyKTypa. B ec'recrseHnTe u lI3KycTBeHI,ITe KpHC-
. I rr ( t,ttlc('tlty8aT OTKJIOHSHI,IJI B IIepIIOAITIqHOTO pa3nonolKeHlle Ha aTOMI'ITe,
| ' rr t |, ( (' ilirl)Hrta t c'I'pyKTypHI{ Aeoerru. crpyrrypHzre aeoerrn ca roqKoBI{,

iilr' ilflfl il ilorr1,l)xilocTgn. Kru ToqKoBuTe 4esexru ce oTIIacflT:

r ) r c r,c lrlnc IIa aroM BbB Bb3eJIa Ha peilrerKara (aaranurax);

t:tMcc'r'Balle IIa nptlMeceH aToM;

;l toM'lil cc HaMI,Ipa B MeXAyBb3nOBO [pOCTpaHClBO.
I I u r rci.i r r nlo 4e$errra (ancloxauula) ca reoMerpuqnn HapyIIeHI'Ifl , rcpa-

,. rrr k;u() r.r3McorBalle Ha aroMHHTe paBHI{HI,I B KpI,IcraJIa. fpannqara Mex.(y

, f.nf.f)frfclrillil u .leQOpmnpana qaCT B KpIICTana e lfi4walrl,. OrrnOneunsra n

r |nrrrllr,nrool'ta Ha pa3noJlaraHe Ha aroMnre ce Ha6rnoAanar lra HrIKoJn(o

v. ,r t\,iloMrrH pa3croflHl4t OTAI{CnOKaIIlItTa (sUr. 2.3).

Qur.2.3

l r.x rrr)nr,l)xHocrHure AeOeICrll ce ornactr rpaHI'IuHTe MexAy 3bplla H

b,,.rri..rr I ltrt:.rrc/lutlre oe obpasynar Karo pe3ynrar or IrrIac'rlIrIHI'I AeQop-

l i , r . . . a  i  r l ' l l (  l : U l i l .

I rr t{'rililr'c ,rledrerrn Morar Aa B3al{MoAefcrByBar, nplll Koero craBa

r r. . rr[uilil \'iltilr[oxaBaHe (nanprinrep, KoraTo Mex,qyBb3JIOB aTOM [OIIaAHe

€ ..r,lrrnr',rnr,, lrxcto), HnI{ IrarpyfiBaue. B npoqeca Ha r3pacrBaHe rra IIo-

Ft.rlh,nl' U|lrrrr|lil 'tc KpI,ICTaIM I{'ftXHaTa MexaHIlttIHa o6pa60rra cTpeMex(bT e

cr ti rt,, tyt.tt I\'IHIII,IMaJIHII OTKJIOHeH?IjI IIa aTOMHaTa CTpyKTypa OT lIAe-

r  , . r  r r  I  r | | l t (  l ; l  t t t i l  I ) e l I eTKa .
ll,rll il r\',rctl lr npocT MeTOA 3a [pofiBtBaHe Ha CTpyKTypHH HapymeHl'It

' ..,rril.rr'r rrrrtr) ()LTJIcKTIIBHO eUBaHe Ha [oBbpxHocTTa Ha IIoJrynpoFo,{HIII(O-

r{.r u.'r"rprrr rur. Ilo rosu Mero,q Morar Aa ce orKplIrIT AI'IcnoKaII}rr{, Ae-

1i,, I rr i '.r ,,||.thoBhit, 4uofinur1a, ToqKoBlt aedlgrcrra, BKIItoqBaHI'tt or BTopa

11,. , 
'1, r" u.r ('r' 6arupa Ha pa3ntrrllrara cx6poct Ha eqBarle s o6racrl'rre c

s  .  r , i l i l t  i l  l r ( ' t  l ' x .

Qur2.2
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\ | | I I J' I l_ L', I Q' t t /1 t_t H I i R M H K pO EJI EKTnOHuKATA

Ta6.luua 2,1
l  l  {  ) .  l  l , s (  ) l  l l . i o

l r l
l  l , ,  r i l ' . t r  r u i l  n M o t t t u l

I r " , , , l i l  (  l l , ( ' o o l l

r t l

'lit(rclrcxra: ()r,crantr r{a reqnocrl,rre e B o6eMgn qacru/ml: 3a
I n t.l rrt I r r c ilor r lcc'r'Ra It rpaMoBe, a 3a R:1lceilvt]flwTe B vo.
lr , ' t t111'11111'111,.t t1a IIa KHoeIIHHIITe esyo:l f i -49; H:PO+-85; CH:COOH-99,8;
l l l l r  l 7  l l N O r - 7 0  7 2 .

r\rrirlrorr.r'rrrr.r rMKa Morar Aa ce [oJryqar u ffpu o6pa6orxa ua
Ir,' r\'illx)nollrrHKoBa noBbpxHocT c BIIcoKoeHeprlrEHo cBeTJrr4HHo u3JlbtlBane.
1ilr..1 ,r,,r l)il'rr'orrrBarre cTaBa B MecTaTa c HapyrrreHHr Ha clpyKTypaTa,

' l ,r ' l)\f. lr; l  l l ;t t lMI(It] 'C e I4/:?HT:fl iII irA C TaSU IIpII XHMIIqeCKOTO elIBaHe. BTeSH

, r\,r,il1 ilrcjtciuraril4rT o6pa3eq ce ptBpyrrraBa. Koraro ToBa e HeAonycTr.rMo,
, ' || ilro,ttvtriil 0I]TLITIHH n gn$parqllonrrz MeToAr.r. 3a pa3[uEIHHTe
'i',1\ lll'oltoJulHl(OtlI4 MaTepEiUII{ MO)Ke Aa Ce I,BnOJI3yBa KaKTO BIIAIIMO, TaXa U
rrrrr[rgr;r,rc1lle ilo I43JI'I r{BaHe, qI{rITo ,q6JI:{orHa Ha BbJIHara 3HarIIITetHo
'rlx llrilil:iltit Mc)K/lyaToMHuTe p8cTorHrrrr B Kp[cTiura. ,{uQparcquoHnr.lre
r, r,'.ur r'c 6a:rupar Ha B3aHMoAeficrs[ero Ha TBrpAo eJrercrpoMarHlrTHo
r. | l|..ilr,ut( 0 aToMHTe Ha Kpr{cTanHaTa pelueTKa. Hafi-usyveuure
[r.l1 .rrr1rr,r1t11ll N{eTOAI4 LI3[OII3yBaT peHTTeHOBO LI3I]tIBaHe HIII{ CI{O[
' ',..|,'ilrr 'l|c'r 4u([parcurror{ElrTe MeT0ALI MofaT Aa ce oTKprrrT pa3rHqHI,I
Di r.Dr-l'ril('I('ilrr B cTpoex(a Ha peaJIHHTe KpI{cTEuIu: Ae+eKTlI Ha oIIaKoBI(a,
.rt,.ru, i l |  tt, l l l)yl lBaHe Ha AIICJIOKaUPII{, a CbIIIO 14 OTAeJIHI,I AI{CIOKaIIiI{.

I I n, u t( )c l'r'il r{a Ar{cnoKar{Irl{Te ce onpeAeJr{, Karo ce [pe6po{Bar
lu.r' , n l0 1,'1;19*nu noA Mrr\pocKorl. CpeAHara cyl{a ce H3qplcJrflBa rro

\ ' A /
/ ) 1 \  '

l ,  t ' r , \  r . i l , t  . \  - - "  l ( I , a g T o
It

" , '  t . . , {  | ' r \ th i l  l r  3pLITeJIHOTO I IOJIe HaMnKpOCKOna;

. .  i , l r r l r  , tpH.IenHH I Io]reTa.

r,r r. , I rr r.r r(lrclloKarlrrrrrre Nr=+,K:bAerosenlouraHa3pareJruoro
. * ,  , .  . r - t  u t t r l ! l (  h O I I a  B  C m 2 .

I lt. t rlr I lrrraxlleHrrero
i t , ' ,  L r l r r r r rD{BaHe Ha AeQeKTLITe

r l i  . . ,  ' , , , r r  r r  i t ' ,  S i ,  G a A s ,  I n S b )
I r { ,  |  ,  1' ,r ,1'r  h;t  t i t  t IM OpIlgHTaIIruL

B pa3[i4irHr.I noJrynpoBo.qHr{KoBll

Ea ce onpeAenr4 eAHo3HarrHo

338K nll/A
3-5 min

273-281K /t l t /A
t1r1/B

Qur.2.4
Tarr'r, rn 4ero,4r{cJro*arlrlrrr a H3nvoa'a rroBbpxHogrr4 c*opoc'a rra gII-

tsaHe e 3HarMTeJrHo no_forrrMa, o6pasyrar ce .'MKlr c oqpeAeJreHa {opnaa,3aBr4cerua or KprrcraJrorpascrara opre'Tarl'tr. Hanpr'rurep o""oonu,."orr-HUT. {MrlrrrKrr B Cr{Jrr'rlr{fi c Kp'CT€urorpa$cr<a opuenrarp{ (111) npeac-raBJUrBar rpubrbJrHlr nupaMr.rAr.r rr Bpbx n 4u6our.ruara rra n racr"Hara (4"..
2 4)' trpu Apyra Kpucraaorpa$cra oprre'Taur," Qopnaara Ha ,MKr{re eptt3Jurq'a' llpogurxrareJrHoro erIBEUre yBerr.qaBa pa3Mepa Ha ,MKI,rre, Ho HeBJrrlUIe Ha sopnaara Nrra.

MeroA:sr ce xapaKTepu3upa a HarJreInocr, Ho He Mor(e Aa cerI3noJByBa 4prr lBcneABarre Ha 4eserrn, pa3npe,qeneHr,r c roJUrMa EJrbrnocr.Torana MHoroqucfeur{Te rMKrr o6pasyuai H"nper.lc*rar peneq.

(111)

Pasrnopu 3a flpofiBcBane Ha ArcJroraunu Tafl:l.laua2.7
Crcras Pexnr,r Opnerraqur-

[-epuauuil l-8 min /1 tt/K:[Fe(CN)e :KOH:Hz0l 298-3s3K /r10/
2:3 :25

/111/; /lL0/;

Cnr.uuuit
Pasrnop Ha l{ern 293K

Ctcras Pexrpr Opr,renraqrlr
HN0::IIF:CH:COOH

/100/
3 : l : i 0

buP Ha LrrpT

3oZ p-p na CrO3:IIF > 15 min /111/; /110/
1 : ( 1  + 2 )

3. Anr<alen pa3TBop

p-p r\vrr r,rJrr4 NauH l-5 min /111 /
faauen Apceun4

l i l1/ A
/ 1 1 1 / B

L Pa:rnop PC-l 298K
HN0r:IIF:HzO:AgNO: 2-3 min

3 :1  :5 :0 ,4

l 8



TJIABA I NOJTYNPOBO]IHAKOBN MATEPI4AJIN

3a,4aHue sa pa6ora

l.flnacrrsure, Ha Koltro rrle ce [porBrr AucnoKauuu,.tpx6va npepu
TOBa Aa Ce nOqlICT'T IIO CJIeAHaTa CXeMa:
I4:nap.alaue B pa3rBop cbc c:r,craB NIIaOH:l{2O2:}i2O:l :l :3.
I4tnapxnaue B pa3rBop H2O2:HCi:H2O:l:l:3. llpowrane r
reqaua lefi.ouusnpaua BoAa. Eqnaue r HF:FI2O:l:10.

2. Cluacno ra6luqa I ce npurornr pa3TBop 3a trporBrBaue Ha Alrcno-
Kar\ww. Kourpernalr [onynpoBoAurrxoB Marepr{a;r ce 3aAaBa or Bo-
TCIUI,I.'I ACIICTEHT

3.I{:nonsynaftrcr nrr,rr<pocKofi, Ha orpa3eua clerJrr4:aa ce onpeAenrr
rrJrt THocTTa Ha AucJror(auuETe.

4. Cnen na6ruo4anane $opvara Ha rMKrdre Ha rrporBneHne ce onpeAent
rpucranorpaScKara opneHT a\r4s Ha r,r3creABar{r4Te ruracrr4nu.

3a4:ruxurenuo e trpoMr,rBanero Ha erlBaur.rre nracruur,r c gefiounsnpaua
BO.IIa.

Meroauqnu vrcagaHug 3a Il3nurneune Ha ynDaxnegllero
llpu npm-ornrHe rra anKrlrreu pa3TBop 3a flpoflB{BaHe Ha A}rcrroraur{r,r B

cunut\vrfi. ee Ir3rrrcJrrBa KoJrr.rqecrBoro NaOH, Koero e Heo6xo.urllo sa
rpr{rorBrHe ua 50rnl 30% pasrnop. OrHocrrelnoro reuro rua30oh pa3rBop e
1.16. Ilpeanapr{TeJrHo noqrrcreHaTe ilraervmw ce nocraBrr B qarlra c pa3TBop,
sarprBar ce .qo 50-100oC e npogrlNeurre Ha 4-5 lrr,ruyrr.r. Cneg usraxgaHe or
pa3Ttopa nJlacrlrHr4Te ce r{3Mr4Bar c AefoHrl3l,rpana BoAa, a3cyrrraoar ce Ha
qerrpo$yra r ce na6mo4aBar noA MlrrpocKon.

3a npo.anaeane Ha AricnoKarllr[ B ruracrttru GaAs 3a Kpncrarrorpad]cKa
opr{enrarlur (ll1) n-run npoBoAlrMocr ce na6moganar nr{paMr.rArr, a [p]r p-

KOHyCI1I c Br,pxa HaAoJ'ry.
llpororonl:r 3a orlrrrrane Ha ynpaxneHr,rero c'r,Abpxa:

- oqeHKa 3a rroBbpxHocTTa lta [onynpoBoAHr.rxoBrrTe ilnaaTI4HH;
- p93yJrTaTa oT onpeAeJrrHe TTJTITHOCTTa Ha AnCJlOXaq[HTe;
- pe3ynraTa oT o[peAeJrrHe Ha opr4eHTaur4_fTa.

3aaaqlr la caMocroqrerna Da6ora
3anosnafire ce c Apyrr4 cr,qeorByrlarqr,r MeroAH 3a onpeAenrHe Ea Ae-

$ernrre n KpucraJrorpa$cr<ara oprreHTarrr{r Ha rrory[poBoAHr.rKoBr.r Mo-
HOKp}rCTuH.

Br,nDocu la r<onrpofl r.l ca[ronoflrorosKa

l. Kax ce npo{BrBar AHcrroKauI{E B6pxy noBT,pxnocrra Ha nonyrrpo-
BO,[HprKOB]r nracruur?

2. Kax ce onpeAerr opueHTauu.f,Ta Ha nonynpoBoAnqKoBu nnacrlrrur?

t , ,  t :  t  |  i l  t  t ,  '  r t r  t t l l l l  t t  r l t th l \ ) l iA iK lJ ! )EU!14I4

,, i ,,1'\t,iltlr,r ilt(r/l\c ,][it oc noll)^{H oT ocI'IoBIrI{.f I4 AoIITfnHIr-

i  r \ 1 . l l \ \  (  l l i l l l l lHc l l l l  t l f aC . I .UUU?

L :  |  \ l  \ l l l , l / r l l0 l l l ' tC ' l 'O BICTIIOqBa:

' , | ,r, r l, \ ll( )( l 'tll lla IIOIyflpOBOAHIKOBI'| UnaCTUHII;

r,, r | | r(' t('.1 l tl I l0 I lJlltflto0TTa Ha A,{CJIOKaIII4I{Te'

|  ,  ,1r | , '  r r ' ' t ' | l lc  l ta opI IeI ITaI IntTa.

.JII,,ITBPATYPA

., r rrrr ll I I . l;. A Jlanuruuon, O6pa6o'nca nonyfipoBoAnlr-
, r  I  l , l 1 . r r l . r ( ) r l j  M . ,  B r r cu .  u t x . ,  1988 .

, r '  \ l l  M:t'rcpr,ta-rrnlt, M., Brrcul. nr., 1989'

, I'r.h()li(u(ct lro 3a ynpaxHeHl{fl no xtMI'IKorexHoJIorlItIHI4

*  , r  I  \ l ! r \ l ) ocJ l c l ( l poHuKaTa ,  c . ,  Texunxa ,  1985 '
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CNABA I NONWIPOBOTIHHKOBN MATEPTIAJITI

Jla6oparopno ynpaxneHlre J\b 3
EJIEKTPOJTYMI4HECIIEHTHg MATEPI{ANN H TEXHITTE

CBOI,ICTBA

EneicrponyrranHecrlenTrrr,rre rr{areprr€rJln ca BelrlecrBa, Kouro cBer{T ilp}r
els6yxgaue c erer(rpultgcKo IIoJre. flyne:F'usra Ha erer(rpoJryMnHecrlellllHfiTa
ce o6ycnaur or ABa orAaBHa Ha6moAasaHra e6ex.ra - Ha Jloces n ,{ecrprao.
EnerrpolyruuHecqeHrllrtra npu e$ema na Jloces Bb3HnKBa uoA Aeftcrsne Ha
3aprAr'r, I'rHx(eKTHpaHr{ B kpHcran. To:u nr,r4 cBereHe e 6nno Ha6fforanano ga
nbpBu fibr or rloces npea 1923r. B KpHCT€uru or cr4JrKrIHeB rap6ra4,
n3non3yBarur B Aerer0opHn paAr40[pr{eMHuur.r. flpn BTopr.u e$err cnerrcnero
Bb3HrrKBa B rlrrHKoBocynr[alnu Ape6norcpracrarHH rrpaxoBe, pa3[oJrox(eHH B
AaeneKrpr.rK, uo4 4efrcrnne Ha IlpruroxeHo [poMeHnr{Bo eneKrpr{qHo IroJIe.
Tosa .{srregne e 6wrc Ha6nroAasauo 3a rrbpBr.i nbr or l{ecrprao npes 1936r. u
e r{3BecrHo Karo etbexr Ha ,(ecrpr.ro. Tesn aaa e$ema o6yclanar
MEXAHE3MI'TE HA TPATA BUAA EJIEICTPOJTYMI,IHEC(EHqIIf, - I,IH}I(CKIIHOHHA,
Korro Bb3nr.rKBa B p-n npexoA, BKrrroqeH B npaBa flocoKa, r.r npe4npo6r,rena,
Korro Bb3Hr,rKBa noA 4eEcroue Ha cr4Jnil,I eneKTplrqHr{ rrorera, 6nusrcn 40
Te3r4, npu Koi,rro B63HuKBa eJreKrpr{rreu npo6ur.

O6rcnenuero lr pa3Br,rrl,rero Ha rBJreHr,ura Ha eneKrporryMr,HecueHur{, e
cBbp3aHo c H3noJByBaHero Ha 3HAHAI OT pa3JIlrqHH o6lacra lra $nsurara,
xvlMllt'fa I{ TexHI{Kara - onrHqHI4 LI eneKrplrrlHr.I TBJI9HLIJI B TBbpAoro rtJlo,
$raenxa n x*"'vtfl, Ha ur4pot(o3o'Hlrre cbeAI{HeHr4{, MareplraJro3Ha'r4e.ro,
eneKTporILIKaTa I'I CBeTOTeXT{HKaTa.

Kru enem'poJryM'Hecrle'THlrre Marepr{anl4 nprzHarJrex(ar romrra 6pof
rrpaxoBnAHH nonynpoBoAHI'IKoBH xarKor-eHl'tAlr I.r OKoIIAI,I? I(aKTo I{ MoIroK-
PWCTAJ;;4 Ot A''B " Qr,EllUflE:eITTfl I-I N{OHOKPI'ICTAJII.I 14 TBbPAI{ PII3TBOPI{ UA AI'IBU
crieAHHeHr{r. clsganaHero Ha efierqporryMnneor{eHTn}t r43ToqHurl[ ]ra
cBerrIHHa Ira oQHoBara Ha re3LI Mareppriljflr AonpHHece 3a pa3Br4Tue Ha HoBoro
HAIIPABJIEHI,IE B EJIEI{TPOHI4KATA - OITOEJICKIPOIII{KATA. Ttfi rAr:O ZNS
eneKTpony!{t4uot[opure [pHTexaBar aafi-slcoxa rpKocr Ha cBereHe, Te ca
HilMgplrJrr{ nafi-urrrporo [prino)KeHtrg I{ pa3Br.trne.

I]uuronraar cynsra,q e rur{poro3oHe}r noJryrpoBoAHrx c n-T'r[ [poBo-
ArrMocr c repMruHa mHpnHa na :a6paueHara 30Ha 3,77 ey s onrHrrHa rur{-
puwa 3,64 ev. 3a Aa ce ocurypu e@er.zruo npeo6pasyrane Ha enerrprr-
qecKara eHepfrur B cBerrr{Ha, o ZnS xpncranrrera ce BbBenq{ar cneur4afiHn
fiplrMecr4, HapeqeHr.r aKrr,rBaropr,r. llpuuecnure aroMH Morar Aa 6bAar B6_
BEAEHI' B I(PUCTAJIHATA PEIXETKA EA ZNS KAI$O TIP93 3AMECTBAHE, TAKA PI qPC3

BHeAprBaHe. Mecrara, B Korfio ce pa3nonarar aroMrrre Ha aKU.rBaropa, ce
HapHqar rIeHTpoBe Ha cBerelre. B e,rexrporrynruuo$opllre ce BbBe)Krar Lr
Apyrn npr,rMecu> HapeqeHr4 KOaKTnBarOpr{, Kor{To caMI{ IIo ce6e cu He Mor.ar
Aa npeAH3B[KaT cBeTeHe, HO OKZBBaT CbUIOCTBCHO BJrr4rHae BTrpxy
pa3TBOpr4MOClTa r,r e(lerrnBHocrra Ha BbBeAeHr4r ocHoBeH aKTr4BarOp.
flpr'rvrecare, BbBeAeHr,r r ZnS rrpax, onperenrrr MHoro or ocrroBHure xapaK*

22

^r.t t I tt r tr t trt tttlll ' It trIIIKPOEIIEKTPOHIIRATA

, rr'Lll)t).rllNlHl{e0lleHqHtTa - eMI{CUt, tpKOCT Ha CBeTgHe II

,  |  ' 1  |  t 1  l l l  l ( ' \ l ( ' l  ( ) .

'r,rrr n'r ;u(t r{Baropu n ZnS rqucriulqera ce I'I3[otByBar ene-
',rr I'lt tr Mlt, a rcaro KoaKTHBnropI4 - eJIeMeHTrITe or rpera

'r, ,  i l r ' i l r i l r i r  cHoreMa - AI, Ga, In nnu xanoreHnArte - cl ,  Br,

. l,Ir, \r(' Jil al<rnBaropnuaZnS KpllcraJlqera ce I'I3rlon3yBarpeA-

' \r( il ilr ltr', Tb l,I Ap. Maxap qe cBereHero Ha

' .,'{ , ,r|rrr,rrlrol)H c 't'c3l,l [pI4MeCIl Upu nla6yNgaHe c npoMefuII'IBO

' ., { t .r , | 1, , l(' ilc c(j ol'J'IuqaBa IIo cneKfbpa Ha ]r3JIbrIBaHe Ha cboTBgTII]rTe

ffr ,"' r,,,1,',llrr. tl'it'o'l'BtHero la ZnS elel(TponyMlrHoQopu HMa clJoI{Te

il I I I rrr( r,c'l tlnoro na Cu B Ttx e B rlo-roJlfiMo KorfiqecrBo, mfi xaro

I d I ri , , ", rt l l)(Ult OT eAHa CTpaHa Cb3AaBa I{eHTpOBe ila CBeTeIIe II oT

,g , ', ,rr | , ,rr)l)illyllalle Ha oTAgJIHa Qasa - cuZs, KOfiTO e Heo6xoAur{a

', I r.rr(' rtir cJteKrpoJIyMI{HecI{eHqI'Itra. 3a ctsgaeaHe'ro naT asn Sasa
' , r,,, r. r,t lr l(oJlnqecTBa, clIIIecTBeHo IIpeBTIIIIaBaUIA rpaHl4llata fia

l, rlrtr{,1)illuoc'r' n rrytflaHosopa. Taxa aKo 3a [oflyqaBaHe ua ZnS

[ .  , , " ,  ' l ' , ,p  cc  ' , , , , , " rnAu or  l0 -3  ao  l0ag.a t .Cu ua  lg 'mo l  ZnS,  ro  n  ZnS

' '  r '  \  \r i r tr){ l)() l)r t  toBa KoJluqecrBo Aocrl ' I fa .u'o 3'10* -3 10-' 'g at Cu ua

I lprt trlra uBerbr Ha cBerene Ha cJIeKTporyMllHecIleHTHHTe

.r .il ,i,r ,ilt ',!,ll('l)llilJll4 ce onpeAgnt oT KoJII'IqecTBoTo 'I Tllria Ha BbBe'qeHr4t

1 !.,,' r, rir r'rlrt'I. IHITI{H engKTponyruunooopn cbc GI'IH qBtT Ha cBeTeHe ce

. ,,, rr rl,rt ( r,l(t,l))Kaltl{e Ha Cu or 0,03 4o 0,05 terl'o/o, a c'bc 3enelt -

rr {' i | | .ililtt. ttit Cu or 0,10 lo 0,15 rert'o/o 3a uo'uyuaeaHe Ha

I i,r { ,t\r,Jr.l ltBtr Ha cBereHe ZnS rpncralqera ce aKT[Bl4par cA-

., .'r. ,, ' r'r,, r I u lr (.iii. B ta6nraqa 1 ca AaAegn ocHoBHI4 xapaKTepl4crllKl'I Ha

,.,rr ('rr'rr'l l)ortyMHHooopH Ha HIIO "JIx)MLIHop", rp' C'ranpolol'

L r' r.rt)rtrrrlit i * ,u $npuara "Riedel-de Haen", r'p'Xarr,t6ypI''

3.1

3.2

I l r t I

,  r , . t  l

I  , 1 i l  ! , (  l l

Xu^,ruqecxu clcras Marcuuyu ria

eMucl{t'ra, nm
Pasuep ua

3bDHATA. FM

ZnS.Cu 455 r0-25
ZnS:Cu. Al 5 1 5 r0-25
ZnS, Se:Cu, Al 575 10-2s
'Zn.CdXS.Se):Cu, Ga 650 10-25
(Zn,CdXS,Se) Cu, Ga 6'70 l0-25

cbcraB I$rr ua
UI4NMEHTA

N{axcuuyu na
eMr,rcntra, nm

Pasvep Ha
3bpHara, pm

)neAocHB 5 1 0 28

Mn )reroc14B 586 30
JIEAO914B 455 28

t7.nS:Cu.Mn 6.nelocun 586.455 30
CHB03EJIEH 525

i  

l ,rnt'r 'rccr<u

/  r r S  (  l t t

l ; ' r s  t ' r i
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Brre.qenag' cn n nplruec e ZnS rplrcr:anveTa cb3AaBa aKrlenrop'r.r Hr{Ba,
a KoaKfldBaTopHnTe [prirMecr{, KaTO CI, Br, I, Al, Ga __ AoHopHH HLrBa B
sa6paHenara 3o'a Ha ZnS. Ha sur. 3.1 e AaAeHa 3oHHara cxeMa Ha eHep-
rernqHr4Te cbcrorHr4r Ha eneKTpoHi,rre B aKTr{Br.rpaa Zns. l4so6pasewn ca
AprcKperHnre eHeprerrrrHH Hr4Ba B Sa6pauenara soHa. Tes[ Hnna ce o6pa-
3YBAT B HAPYIIIEHHTC MECTA HA KPI,ICTU}JIHATA PEIIICTKA UA ZNS U B 3HAqIIT9JIHA
creIIeH o[peAenrr etreKrp]IrrHr,rre rr o[TrlrqHnr€ cnoficrsa ]ra zns
KpHCTrUrqera. B arrurnupauure nynar,ftro$oprir ocBeH O6[XnOseHrre AoHopHu
nuna (unnrrr'r 1 u Arn6oxu 2) u yrcswa 3a eneKrpoHr.r (nnurru 3 r,r 4u6oxrn
4) ce crsgauar roJr.rrM 6poft 4ouunuren'r.r JroKiur'vr ."w*a, orroBaprrqr{ Ha
qeHTpoBere Ha JryMI4HeCqeHIIIrf. Tesn Huna Morar Aa 6r4ar raxro eTu:flbl.9r:flu,
TAKA I{ CIICTEMA OT OCIIOBHO 5 r,r Sb36Y.4EHU 6 Cr,CIO'I]fIU,I HA JIJTMTTHECIIEIITHII'I
qeHTbp. B sadpaneuara 3oHa ce HaMr{par }r aKrleilTopr{r,rre nrtva7, cb3Aa"qeHrr
or MeAHr4Jr npuMec. cneqaa.nuo ga Mn llprrMec n ZnS Herosoro ocHoBHo
HHBO e pil3uonoxeHo BbB BaJreHTHara 30Ha, a nre6ygenoro - r sa6pzureuara
3OHa, AOCTaTbqHO oTAaleqe'o oT Kpuur Ha npoBoAr,rMaTa 3o'a, KOOTO
obycnanr oco6enocrra're s [oBeAeHnero Ha eneKTpofiyMr.rno0opnre,
reruDalru c Mn.

Er=3,7eV

O6rlrnoneno exercrporyrusuo$opnnre qacraqlr ce Brpax(Aar B Ar.reJreKT-
pI'rK c troAxoArlqlr Al{eJreKrpr,rvun sary6n. EnerrponyrranHecrleHTHr4J{T cnOft e
06BKy[HOCT OT qaCTr{rIIr c paSJrwrHW pa3Mep}r, Kor{To Aopr,t tIpH 9AIIaKBO
HarrpexeHlle, npl|Ioxe'o Bbpxy Trx, HrIMa Aa rrp'TexaBaT eAEaKBa 'pKOCT
Ha cBereHe - ocHoBeH [apaMerbp 3a AaAen enerffpoq/Mr{no$op ri eJrercr_
ponyMlrHecqen'ren cnofi. Trfi raro pa3qpeAeneHr4ero Ha rrprrJrox(eHoro
HanpelKeHr{e Me)KAy Kpr,rcrarr{ero 14 .qHereKrpr4qHu;r 6r.rnaep c'6rrlo 3aB}rcn or
HeroBIIt pa3Mep, xapaKrepucrl'IKure Ha I'r3JIr,r{BaHero Ha cjro.rr ce [onyqaBar
ocpeAHeHr{ H 3aBlrcaMoc'fr.rre Ha {pKocrra Ha cBereHe B or ar,s6yx4arqoro
Ha[pe)r(eHrre [/ ce onucra c ei(c[epriMeHTaJrHara $opmyna

h,
p = po.e-Jn,

ttr t t tt I lt ' ll l ll l ll l ' t! ttllKI'0EIIEKTPOHil

| , .,. rl 1s,111 rr t tir(io ()'r' lla[pexel{I{erO, a b1 e KoHcTaIITa npu AaAeHa

' ,. I rr 'rt t tt)lil. llo llapaoTBa C yBenllfqaBaHe pa3Mepa Ha TIaCTI{III{Te

.,r , -. , , .\\uul(,,1r()l)il. ,tccrorara I,I npoAbllxuTeJllrocrra ua pa6ora ua

,, ' r, t f , rr rr,rl)ilr\,rot-l,p lta eneKfpoJryMl, HecqeHTHrI;t cnofi e It3MeHeHI{-

, .. | ,. ' n n.l ,rl)ho(rt rra cBereHe c [poMtHara Ha rlecrorara v 
'fo:u 

na-

{,}B' ,r' , il,[, rl ()l ltrl,rlil Ha g[eKTponyuuUO(lOpa Ir KOHCTpyKqVflTa Ha

., t  , { , , t  r ,  I  l l | r1 1111t:11g t lecror l , I  tpKocrra B ce yrelntraBa nponopUno-

.ril,- ,r ri .r' rrl.ll l(' ll it ttCC'rOTaTa V C nOCTOfEeH IIpeXOA KbM HaCI'lII{aHe npH

t*,',i 1, r. , r,,I r /(uarraaonlr, e xoftro ce ua6nrogana Ta3I'I rtpaBa

. l l . f  r  t . . r ,  f r r  i l l , r (  l  l \ lcx(Ay B Uy,SaP'WC1'I  OT fOJIeMHHaTa Ha I IpUIOXeHOTO

ill{i{. r. ,rr, ; kojtt<ot'o no-roJrflMo e npl,IJroxeHoro Hafip€xeHrre U ron-

r, ,r,. . I r,: ,,r (' ro'r.r /I[ana3oH. Ha6ruoaasasoro cHuxaBaRe Ha rpxoctra B

I  d . . r '  r  |  i l . r  r l r t ( ( i l i l l ' l c qecToT I , I e [ peAH3BnKaHOOTHaMa- [eHaTacKopocTHa

. r, ' r 1 I I I ' | | il('o('lrottl IHTe HocI4TeJII4 nopaAu HaMaJItBaHe Ha Hanpe)KeHlteTo

! . 'a  r i  , ' r ' r r r 'p t1 l rC O6lacrn Ha qacTI ' Iqr ITe npu nocrofHHa aMnnuTyAa Ha

.r . . ,  r ,  t t ' , r , ,  r r .unrr l ( )  l taf ipe] I (eHlre { /  n lpxy c lox.  Tp;r6na 4a ce orbelerxu,

,r. . ,r, ri 'rlrr lllt('()Ko e HanpeXeHugTO, TOJIKOBa, IIpLI nO-BI'ICOKI'r qeCTOTI{'

i  o i i .  ! r ,  '  l . r r r . l  \ l , l t \Cl lMYM Ha {pKOCTfa I Ia CSe' feHe B'

1. i l  i l I r , ,  r r . , ta i l tc j i l r i t  pa6ora Ha c.r tof i  rpxocTTa My Ha aBeTeHe B noc-

{ r,}.r. ,r r'.r I rlil l,r t|r()Jrt IIpOqec e H3BeCTeI{ KaTO CTapeeHe I'In[ AerpaAauHt

,  | ,  . . , l ' ' . \ t r l t t r ' c t ( c t t l u ' l l r a ' ' f o n a  c n a A a H e  H a  t p K o c r r a  . B  c  n p e l r e r o  1  e

.{ri , !r { ltlrill l('cll. l(O['10 Bb3III4KBaT B KpI{CTaIqeTaTa, KOfafO Te Ca

r, r,rr I r lcilcr.ur.tcr-o Ha BbHruHO eJIeIffpI{rIHo none. Ilolero B Kp}JC-

ri! r, r' | ,, r\,,lll((lll ' l '[)npa e o6nacTra Ha [oJIOX(TenHI',I{ npoclpaHcTBeH

,,rr  I  r  or  , r 'u f  r , r r r  r r r r t  i  (e lcrnne Ha BbHlr lHoro none.

l. rrr |,rrilr(' /tctpaAaIII4oHHI'I fipoqecu B ejrelffponyunrroQopt'tTe ofl-

{,. ,, .t rl .. .r , rr trr)r,ili l xapirrlppHcTllra - cra6iultocTTa BbB BpeMeTo.

I i , . I  l , r r r  r ( )  t t i l  tpKocrra Ha cBereHe B c opeuero ce noAqHHtBa na

,  ,  r |  | r ,  p l l l tc l l l iu l l la3aBI ' ICI ' IMOCT:

P =  B o
u  1 + t / t " '

r.r'r,t'il[ilil ttpKocr Ha cJrofi, a t0 - BpeMeTO, 3a KogTo rprocrra B

,r,il,'\ r r;l ll1,/2. Cr<opocrra, c Kotro HaMarItBa HailiulHara tpKocr

it r,rrrcu o'r rl4na Ha eneKtpoflyrul*roSopa r'r 6un4epa, or
. l a  a ' . .  r .

r. f.,. , r ' ' ' , I r il.t (rll)yl(l'ypara 14 oT ycnoBvflTa Ha Bb36y)KAaIre Ha

, 
" . . r  1,  , " r r ' , ,  i l ( ' i l l l i l , r  l i l  B He, ' I - -HaIIpet(eHIIe l IqeQToTa.

r '  , ,  '  , r r '  r , '  n , t  r l ) t (oorra c BpeMero ce AaBa H c 6pot  ( I IKJI I ' I  Ha

r,r .  i l  ,  , l  l  l r t . t t ) \ / ) l ( / l i l l l lo l0 HaIIpexeHI4eJ:  y/ ,  K ' I 'AoTO V eqecToTara

n il | ,r, ' il;ilrl)(')ltcllue B xepuu (Hz), a f- BpeMero I{a pa6ora Ha

r r, rrrrrlrt trttofi s ceKyHAn (s). B rosu cnyqafi 3a oI{eHKa Ha

E .
1 -a----e--
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ctaonnuocrra Ha eJrel.Tpotrylr{I{EecrleHTrrr{r crofi ce r.r3[or*yBa 3aB]rc'Moclor BIt[a

(3) A-.100%_.f(x)= 
f (v.t).

Eun'epHr'rre enerqponyMrr'ecrdeHT'r4 CJrOeBe craperr no-6rpso, K.raroce rrs6yr*Aar npr{ rro-Brl'OKr4 qecrorr.(. Axo ce ilocrpo' sanucraMocrra B:f(x)' za qecror'ua 1000 Hz ce norq^raBs yriu"o"*ru rgnBa Ha crapeeuerg($ar.3.2).

O  - 6 0 8 2

A - 400H2

.*.. . . . , tr  - l ,2kEz

r00

lrr r t.tl Lt;,!ll.Ufi,ti B \MKPOEIEKTP

,,F,. ,.' , ;,'r r rr(,jrr.rcl)Ht( - rJrxrlepnH LIJTLI Teqeu uaparfr.ru, ce BrpDI(Aa B
|'|l ' ' ri rr )''!rr l('ll rlllol) !r ce [pocneAtBa H3MeHeHI{ero Ha HefoBu.s IIB{T Ea
.*"...' r {l,r\{rr'r nl)u olrpeAeJreHa rrecrora r,r Hanpe)KeHr{e. Hafi_go6pe ce
{ {i ', n | | ,,rr,l't(. niu)aMe,rpr{Te Ha eJrerflpoJryr\rtrno$op, BrpaAeH B
,.r{, ,,. r, il r I rl)\'lir\/J)a (I Ha $lrn. 3.3), Ko{To ce ocraB.rr B a3Mep}rreJrHa

1 -, r r ll r,lrrrr l .l). l43cneABaHara cTpyrTypa ce c6oror4 or crbKJrena
', '  r ;  . ' . r  r |) .  ul)oJl)a'rcu npoBoArrr l  clof i  (2), bnHaepen eJreKTpoJDrMr4-
.*irr,.'. r { rr)lt ( l), 3auLIreH 6m4epen Al{eflerrrpl{q€H EII,I BaK),T/MHO I43-
n,ri*,' ' I rl,'r('rl,r(cll lroJtynpoBoAHnrcon cnoft (4) r aayrvrr,rru{eBr{ eneKTpoAI4
t,. .  I  r l l ' r ' l ( ' rr l rclo tra tpKocTTa Ha cBereHe -B orrr.  e4. a ueftuoto

.ipoc||rt, ,,r ill)llJtoxerroTo Haupex(eHr{e ilpU AaAena qeomTa CTaBa C
f..,r .ftr.t I.r {)ilHilta trocTaHoBKa, [peAcTaBeHa IIa QUr. 3.4. OCHOSHLITe
i* .{ .r L, ', r;ilrortKin'a ca: tforoyuHor(r4Tell (5) crc 3axparrBarrlo ycrpoficTBo
| . ' rr ,rr ut r;t t ol) 3a lranpexeHl{e crc cborBerHl,Ifl ua6op or cunu Sunrpu

!o\ r. "n r ( r(.l)iuop (l ) sa uo4anaue Ha cr4rrycoBo Hanpex(eHr{e ao 200V c
.! ' r., 'rt, r') l utMopHTeJIr{a KJrerKa (3); npeqnseH r$Mepl4reneH ypeA -

sn.t, .n.r r t \rr ' r  r , l )  l r . tur f t lJrBanoMerbp (6). Moxte ga ce u3TbKHe, qe rpKocrra
*t ,., r,rrr' rt,r .'tit/lcilil cTpyrcrypa Moxe Aa ce [r3MepBa r a6c.e4.(cd.m-2; c
, { . , , *  . . r ,  |  i l . t  r  i l ( . t l l t i u lH3HpaHI , I  f lpKOMepI , I .

7n
i l l
l l r_
U 5

:
o

Qur.3.4

bf  ,1g J i  f  t  i rn,Jrucl tue

lrrrr I llrrtylttttl<l onpeAeJl.age Ha IIBeTa I,r flpKocTTa Ha cBeTelte Ha
r.r.'| ,,rr I r,r,ril!, 1ilil i lcil npax, [ocTaBeH B pa3].Jlo6qgM KoHIerBaTop IIpH
'.x,{,r { .',, ,.tr ir(.(.ro't'r,r H npla I{Be cr:ofigocru na nts6yN4alrloro Hanpe-

lri.,rr .r t lt'r,tiulo ua B - V xapalcrepucrr{KH Ha eneKTporyli,[I,I-

rlrl)ir.rtcrr B orrpeAeneua crpyrffypa, trpr rrecrorr,r or 400 Hz

l'r r nr'nnr lraflpexeuull. I4:uepnanu-ara ce r{3BT,pIuBar Bbpxy
n 11 rn6pugnlr eJrerffpo{ryMlir{eclleHTHlr crpyKTyplr.

Ir r\1('irlriuill''ra ce [peAc.TaBar n ra6nnqa 3, raro croftnocrrare

r I qurrn ]

I

l , |

i
i

h-'.-

l0' 10'

Oer.3.2

3a ,'o-rffcxx secro?u ctra'qarero Ha trpKocrra.B cpanneH'e C y'nB€pcaffrara xpr*a ce m6arx upuereK4'Or},nfioQop' cEC Sejre' rIBm fia 
"u*t*a 

r 
"" 

yroopt* tp-o *ar 
"ua 

a"* eu'cng. Tosa nosroma
#.ffiffi: ffffiJff::":o-^ry::': * *"*p;d;cue'r'rrre cnoeBe ' crpyKrrp' rpn
cm6runocr trpx craq4aprrur r"-f;r""fi#li"t"ffilr* 

tpKoc'rtr trptr ra3{ qecrora 
"" 

.",4, ru-t*t""a

@rar.3.3

fle.ir ua ynDaxHermero
ocnonnar:a qe,' e 3aro3'aBa'ero a pa3nr{q'I{ TI''OB' [paxoBr4,rJlreneKrpoJryM'rHecueHTH' Marepuiurr{ r4 Tex'are ceoficrna n napa,nerpr,r. Tonace nocrura, Ka:ro onpeAe;reuo Kolrr{qecrBo eJrexTponyinuno(:open npax,
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3 a B c a B o r H . e A .
oTrruTa[IE ypeA.

1 . ,  I

c loqrrogT l{o .{eceTa qacT OT CK€lrrHoTo AeJ.IeH[e Ha

, I t | | | t t t B lrrr K?0EIEKTP0HIIKATA

'.! . l l r(  r l ;r  ' rccrorl tara 3aBl,tclrMocr Ha rpKocrra B npu gve
,,, ',r ilr rrlr ull6yx4a.rl{oTo Haqpexenre. Pesynrarrne oT n3-

,,1,, 'pr,1'1 | (rr'i'a6irr.rqa 4. Bts <lcnosa Ha rronf{euure AaHHtr or
rr,r'l('l)riur?t rpaor4r(a'ra B:f(v) (Swr. 3.6) u ce rpaB{r

il 11, , lrt lil ll:ICJIgABaI{e Ha ABa TIt[a eneKTpOJIyMII]IeCqeIIT+It4
r '  |  i l 1 i l i l ( ) 1 i l l l l  n  x n 6 D n , { u a .

(rliB")
.1OO [9/o]

--_-..-----_+
v , kHz e )

$ur.3.7

x [rluxma]

l .  r . l  I  l l1r, ' l  lc.rtr t , i lHe H3MegeHaero Ha _{prcocTra Ha cBereHg B oT
. l, I lrilliloililt.r ]/lnL4 xn6pl4h*tll cTp)/KTypra [pe3 rrSpBaTe ABa

, l', rr uilnno or lt3MepBaru.rra Ha rlpxoc't'ta R ilpu qecrora v:

| | |\ lril re rrc npeAcraBfr rraTa1Iwtua 5, KbAeTo ,{) e navanuara
' r,,,il1r()ilrcilara crt)yr$ypa, a B - tpKocrTa rlo BpeMe Ha

r l" r, r Yl)ll'r'il. Brs oeHoBa Ha nonyqeHnre ,r{arrHtr or

r l i r ,rr ' l ) ' r  : t8zt fpaon-Kara L.rcov"= f(x) (drur. 3.7) a ce

Nl na usnep-
BZHUflTA. U , T B, o'rH. e4 V_

/ ,ttl InB
I 40
2 50

60
4 80
5 100
6 20
'l

40
6 50
9 t60
1 0 180

3.3

6)

Qi r r .  3 .5

Taflmua4

T

Brg ocuona Ha roryrreHrrre AaHHr.r ce uaueffiuilfifrilorre -rrna*ro

f:::l::f);:"T:'11 
lnR:flllyrJ) (@ur 3 5, a). B _ f(t) ( nr 3 5, 6),lnB:f(lnU) (sar. 3.5, r), u ce rpa'rr .ror*"*il' 

"rroi)"iu;T;;;;#Ha _{pKocTTa Ha a3cJreABaHrrTe cTpyRTypa.
LnB

B
OIII

l l

r ' ", r ritr t( l. l  IrOAtI 3a CTaOIIJIHOCTTa

I I rr, r I VNI l.t i lo0lIgHTHti CTp)'I(Typr4.

/ i / / ,  ( I l l l .  C , q

Ha TpaAarluoHHr.rle u

Ta6nuqa.3.5
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l43MCDB
v, Hz L/- 100 v u- 160y

B/,  OTH. en 82, oTH, en.
400
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1200
+ 3000
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6 8000

I 0000
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lJrABA l nonvilPoBuH

l(orrnDolun nnnpocH
- Kaxno rBJrenne e eneKrponyMl{HecrleHr{4rra u Ko,,lxo Br{Aa eJrerffpo-
nyMtrHecrleHq[q ce Ha6rroAara?
- Kaxno e xapaKropHo :a npe4npo6uBHara erreK.rpolyvuHecuenuru?
- C xaxno ce xaparTepr,l3r{par c[eK,rpoJryMr4HeoueHTHHTe Marepr{aJrr4,
u flo-cneqrraJrHo [paxoBnAHure rlrlHKocynrli,r4Hn eJrer{TponyMrlHo_
rlopu?
- .Kar<su ocnoBHrr fipriMecu ce BHacflT B rrpaxoBnAH]rre ener'r'poJry-
rur,rHoSopu H KaKBa e rrrxHara ponr rrpr{ cne.renero?
- Kora eneKrpoJryMlruoSopu ruar nafi-rracoKa.spKocr Ha csereue?
- Kor,r ca ocuoBnr,rre napaMerpu Ha fipaxoBnAuure eJrercrponyrvu,rHo-
$opr,r n Ha crpyrTlpn Ha^rflxnaocHosa?
- Kaxsa e 3aBlrctrMocrra ua rpxocrla Ha cBereHe Ha cnerffporryMr4-
uo$opure oT rrprnoxenoro B636yx(Aarqo HanperreHue?
- Kax srnse lrecrorara Ha e636y)KAau{oro Haflper(eHne Bbpxy
tpKocrra Ha cBerel{e Ha eneKrp on }rr\4nno$op rare?
- Kaxsa e Bpb3xara MexAy cra6r,usocrra rra eneK.rponynruuoQopure
rr rrecrorara Ha npunoxeHoro nrs6yN4auqo uanpexeuue?
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.J l a6oparoPHo YnpalIcuelrrle J\b4

' I t I I'I\ It( I ItII'I'EJIHII TIOJIYIIPOBOAHIIKOBI4 MATEPUAJII[

( C.roene or PbS u gPYrH)

i llll' \4ll'l'clll4allr{ B3aIIMOAeftCTBaT C OnTI4qHoTo JIbrIeHI',le, KaTo

, rr:t[irrtoTlarar peAllua tBrIeEI'tt. Taxnna ca orpaKeHlrero

r ' ,,r'rlrrrtlucrt'f , cneKTpaJlen xoe$ltqueur rr), flpoflycxanero (T,

' , i l . r r (  r { )  ( ( I )  1 4  / ( p .

1 il, )l I t,iltl|lle fo IIa eJIeKTpOMaTHLITHOTO JlbqeHl{e roJItM Iglac

, , r rr|( rllclltl 'f cBOtTa npOBOAI'IMOCT B pe3ynTaT Ha B'ETpeImII4t

I r' ilr Mitrepl4alll4 Ca [OnynpoBoAHI4KOBI't QOrOperuc'ru, Koltro

, , r,il r' l)ll 'tJIHrIeH cbcraB, Ha[pr{Mep CdS" PbS r Ap.
' , r\ ul)()rto/ut!{I(ottl{l{ <[orouync:rrure;ren cnoft Ha 'Dorope3ucropa'

r' 1 | r I r; I r rl) H ollPeAeneHa TeMIIepaTypa, cblqecTByBa KoHUgHTpaqIrt

' r ilil lt()ctl't'cJllt Ha 3Apfl[, n6 !l p0..floToKT'T lra It3JIT'qBaHeTo'

I I, { | )i ) | ()t lyBcrBurerHwl ClOft , renepllpa EepaBHoBecHI'I HOCHTe'III4

I L'lilt('lttpallnx an u ap , xoano [peAr'I3BLIKBaT AonblI{LITenHa

l r  t

Ao = t' /t,(no + Ln\ + aPo(Pu + aP)

,, , "rr( ilr(lll IloJlyllpoBol\tltlK an: apuuattre 6nno'napua reuepa[ruI'

,'.1 { |i) IlolJIl,UlaHe ce HapylxaBa KoHIIeHlpaqI4tTa Ha

, [ | (' troutll'eJllt U ce npoMeHt TI{IIbT Ha [poBoAI'IMOCTl'a'

' r,,1 ll,ll l ' l l lc Ha lt3rlbqBaHeTo oT cno60guu TOKOHOCI',ITcJII'I Ce

r,n r rroAttl4)Kuocr (usuens ce eHeprl'I-flra urr,t) u !{MaMe F'

L r ' . r ( , (  r  r ( o t t r o o 6 a q e c e n p g K p a r t B a 3 a  B p e M e  l 0 - ' ' -  l 0 - ' ' s ' 1 ' e  B

' | ,*nr nc Mo)I(e Aa ce orl(pue Tl ce sa6ens:Ba caMo npr'r Atn6oro

, Il\ Blr Bp'b3l(a Me)Iqy A'bJIroBbJIHOBaTa rpaHl',Iqa HA

r r r()c r H rtlllpuHara Ha 3a6paHeHara 3oHa:

-  1 .236)  - -''' - 
EX

, 'r, l) t ir I 'bS npu Er:0,37 eV uMaMe fu1:3'36 pm'

,l ( rr( r.rtl{lvIOCT'fa Ce CbIIpOBOX'qa OT TplI flBneHI'It:

L I l 1 l | | , l l t i l I I cDaRHoBecw Iuoc } I , r eJ I I , IBc IeAcTB I4eHa [o I -bJ IHaToTo

|ilr' rra lIocl,ITerHTe Ha 3aptA - .4r'I$ysva Ha HepaBHOBecHH

il I ilr'i l 'c ila cneKTpl4qecKo noJle;

.,, r' I I ; I r l I r rr I I a HepaBrioBecHl{Te i{ocI'{TeJlI'I.
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T.TIABA 1 NOJIYNPOBOIIIIHKOBH MATEPUA]IH

B cauna Marepuan re3u fiBJleHrl;t ce olucBar
3aBllcuMocrtr, pa:rpueafix]r pa3illtqHlr Snervuu {BJreHHr.

Kona.{ecrsoro $orona N"(x) xa 4ur6owrua -r e
/ l A /  I  - \

N, 1x) =:11:/ - aNn( . ll)e ̂
ax

E TO 3aB],1rQl'1I OT KOeoIlIqUeHTrITe Ha nofJrbu{aHe cr., Koeot,IuueHTa Ha
oTpa)r(gr{ue R u nonrpxnocTrrara KoHr{eHTparIHr Ha (boToHaTe N0.

llpu AaAeHa KBaHToBa e(bercmBnocr Y (xorrr.rvec.rno HocHTeJur,
reHepr,rpaHr{ npr{ flornr,nlaHe Ha +oToH) reHeparlr4rra rrMa Br.rAa:

8, =Ya(l-u)X
nprn cur(<I,

T.e. npu MaJrr{rr Aeoenlali,u Ha cror Ir Ir MiurKO (1, MOXeM Aa npueMeM, qe

reHepa[rr{Ta He 3aBr,rcu oTr. lIpH roIreM!{ o tr }/ H3I},rlBaHeTo ce rIofJrbIIIa oT
[oBbpxHocTHL$ cnoi4. IIpu roaltta 4uoysuonua AbJr)rorHa Ha Hoc}rTeJrHTe -

no-roJrrMa oT AeoenlrHaTa Ha rlorouyrcTBHTeJrrrr.rr olofi - MoxeM Aa
pa3ureAaiu e crryqiur KaTo paB[roMeprJa roHepa![r.

feirepaqnara Ha Hocr4'l'eJrfiTe rtoA 4eiicrnue Ha E3rbrrBauero
['bpBoHaqanHo HapacTBa nuHefrno, a cneA ToBa /xocTHra lracfiIllaHe, T.e.
Aocrrrra paBHoBecHo c'bclorHue noA geftcrnae Ha perou6rHaqnxra.
Pasrnex4aftxr.r 4nere ABreHvfl, flolyq2si11r" ocnottgoro vrraBHeune ua

droronpoeoAuMocrra:

O,(t / I t la
N I c d - r I E - - ,

n v

A^  , _  Ou ( l  -R )a
. ' t ' t n _ 1 , " - - - h ,  '

kllrv Lo". -- e.Y N,.(p,r, + lt pr p)

I(T,AerO Tn1pl € cp€[HOl'O BpeMe Ha )I(I4BOT Ha'I'oKOHOCIITeIuTe.
I-opuare r43pa3r{ rrr)Ka3Bar, qe $oronpoBoA}rMocrra ce o[pcAeffr or rrcr

napaMerlpa: Koed)uq[eflT Ha o'rpar(eHne, rcoe(ruqueHT rra nomtulaHt:,
KBaHTOBa e$ernrnuocr, rioABnxHocT t4 BpeMe Ha )KrrBOT. fltpnure goa
flapaMertpa 3aBfic r r{ or MaKpouapaMerpare Ha BeurecrBoro - o6pa6orra Ha
[oBbpxHocTTa, 3aM6pcrBarrr,rJr, a cJreABaxlr,rTe TpH Ca CB:bp3aHLr C
nonyfipoBoA]t[r(oRl,rr Marepuan n BrruflA-f Ha Ilporlecr.rTe Ha reHepaur4q.
3aer4cutr4ocrfa rrM or ]" onpeAena cfieKrptr!.rHara 3arr4cr,rMocr ]ta

SoronponoAuMocrra, noKa3aHH na <fr.r. 4.i u (rar. 42. Tlr,pnara $r.rrypa
rroKa3Ba 3aBaclrMocrra rra xoe$llqneHTa lra nofJrr'ulaae o.r eHeprllgra Ha
rfo'rouz're (..e. AT,Jr)KHHara Ha Bbnuara), a BTopara npeAcraBn-flBa
KOe4r4Ur4eHTa rra oTpa)r(eHHe ern f,ynrqnx oT AT,JDr(,rrra,r.a l{a BbJrHaTa-

;il tilt!l B MnKPOEJIEKTPo

Rt%l

80

40

r,r, 1,0 l'4 h.v levl

, l r r r r ' . 4 . 1 $ur.4.2

Lt r'.r, rl)tilc lt l,l T orll{CBaT B3aHMoAeicTBIleTO BT'Tpe B MaTepI{aJIa'

,  r , l  ,u l l \ t l  / t l luxeHHeTO H peKoMoHHaqHflTa '

' ll l\ 'rilr aoBbpxHocrHa peI(oM6aHaUuA, Me'(Ay3oHHa

,.  r r i l r  r  l lo t tou6ngaulut  c ynoBKI4'

| ,.r, i ( ) tril )l(l4BOT Ha eJleI$poHI'ITe e

I
t 

"= N ,.," ,'

,;r pr.rrtoM6iarlaqraouHrlTe IreHTpoBe, a Y' e KoeSI4qIroHTbr Ha

, 
",,,,, 

l,,t,,u,acilI or ed)eKTLBI{o1'o ceqeH14e Ha 3axBar' Tona e cJD^IaR

, ,  l r (  r \ ( )Nl6Hf iaI I I4t .

,,, r\liu\lc foJltluo HHBo Ha reuepaulrt (rorur'r noroK), BpeMero Ha

,  r I t t r l ; l

I
'  

N tY ,

, f r,rili l l 'fi l cTaBa KBaAparl{qna. O6o6rqeHo 3a ABara BIIAa reHepallu{

,! ( tc/(IlflTe npu6nI'I3I4TenHlI H3pa3pl, AaBatqu Bpl'3KaTa ct'c

, r  I  t l ( l l O l ( :

Ar.' * @' Ar-, = J6

,, ,r:r 6.uAar pa3rJreAaHI,M pa3nI,rqHll cJlyqaa Ha HecTaIluoHapHI4

ill)lr lll,{nyJjcHo o6nT'rIBaHe' a crrIrIO TaI(a H }'31\{eHeH!-rero Ha

I I I \1r )L:l"t.a oT TeM[epaTypara. B fioBeqcTo cnrlal4 P.IIldflP.VflTA ttMTl

rl,,n\lcp. Ii4tltl 'rartn e$exr e I43MeHeHI4e'ro lla noABI4)I(HofiTa or

,, , l parluxata 32 u3MeHelllle'To Ha nogBl4xHocrra e AaAeHa- Ha

c pa3nr.rqHH

J Z
J J



p

Icm'lv.s]

l0'

10'

10 '

@orovyncrnnreJrrrrrre Marepr{tulr ce xaparcrep}B,par c BoJrraMnepHI{,
erreprerr{rrHu, crteKrpEumn, qecrorgu, TeMnepaq,pHx cnofi crsa.

I. BonraunepHr,r xapaxreor.rcrraxn.

Jo = Lo* E = 
".N".Y.p.t.!.I '  t r i lU

I o = J o A = e.N,.Y.lt pl.U;
I '  r

Kb,qero A:b.w e ceqer{Hero ua Qoropeurcra, a y:b.w./ e o6eum na
$oropesucropa.

Torasa fion]rraBaMe:

f I I, I, I I I I I I I I I I I I,I T B MNRPOEJIEKTPOHIIKATA

.  r  r l r "  CoU  Q"  
,

{' r(oc(bildueHTbT Ha
,' , r ll:l eIIepfeTUqHI,ITe

.  t r  , '  '  ' t ,  r* r \n r r l  r foropesr, rcropa.

, l  i l ,  r ( ' l ) i l ( ) tHKa e noKa3aHa Ha

0 . "
E [tv]

$rar. 4.5

I  r  t r ' r ,  I  l ) :Ut l tH XapaKTeptIgTnKH.
r rr' ', r|',rrlrrir'l ir xapaKTepI,IcTI,IKa noKa3Ba I'I3MeHeHHeTo Ha

r' ,,,r l ' i l.il;t \ill)aKrepncTuKa rIpI{ o6I6qBaHe c pa3nl4qHa AbJIXI'IHa Ha

,! r.,, I ll.r rrplrrcntra roBa e lrcMeneHfiero Ha ct''Itporl4BJleunero , Ha

rl' , , [ ilr il;t,'tit lrr,pxy $OrOpe3I4qTOpa.

i  I '  r  I r t l l t l l  XaDaKTeD? ICT l tKH .

l' rn!,rr rrrtrpopvaqur 3a l{HeprHocrra Ha rlpouecl{Te LI ce onpeAentr

. ,, r.r l,ur nalrpe)KHTeJlHara qyBcrBl,ITenHocr. flpu rnxeeH yilacrlK Ha

I rr.ilu! r ( \rl)aKrepuc'il,IKH I{MUIMe
r  - r . l

S o = S , " I  t ( 2 r c r " ) ' ] 2 ,

| ' r' ltl)rt AaAeHa r{ecToTa .f, Sro - IIpI4 nocTo{HeH IIoToK lt

,f , , , , r,'[il(" ,r(j npexoAHl{Te fipoq€cn ca c eKclloHeHlluaneH 3aKoH c

r r r l  r . .  I  r ,  t . t l l l i l l i t  T . .

' , r, \ ilr\/rril rlpb3Ka MexAy rl)tscrBl,TenHocrTa Ha $oropesncropa u

illt('l)ttuotruocr. cr'rqenpenrermo rrpl4 nOBI4rrraBaHe Ha
. f. I ', ,l,,rril ilaMaJUrBa tIyBcTBLITenHOCTTa. Ha otr. 4.6 e 'qaAeHa

I I t ,ltl,il it JilI]t{cIrMocT Ha cbnpoTl'tBreHugro Ha TbMI{O'

3a roKoBara qyBcrrurerrHocr

MO)r(eM Aa 3aIII,IIUeM
- l^ u A/i
J ,  = i

o o 4,R. '
KbAero Rt e cuporuBJleHl{ero Ha

TbMHO, R6 e CbnPO'rurBneIII{eTO IIPu

ocBsreHocr, a AR e pzBfiItKara or Rr

u  R o .
flpu nralxz [oroIII{ MaKcI'l-

MzlrrHoro r{aflpexeHl,Ie 3a pa6oTa Ha
'I';r ()c onpeAejrt or [po6I'IBHOTO Ha[pe)I(eHI{e, a npl4 roJreMlr

rl r( l(:.rrfl or AorrycrHMara pa3cefiBaHa MoIrIHocr.

rr v rril H rapaMerbp cneqntluuna roKoBa qyBcrBureJrHocf :

- I ^ A R\- =-=-_===---^ '1s 
o.{ i  o&(& -AR)'

t-l 
/ 

u:consr

l /

l/

I = 1 , + t q = a n . A . E + t  w h\o cn.A.tt  = o o.7 U + no.,Y! { l

Or ananusa Ha ypaBugur{ero ce Br{r(Aa , qe xapaKTepr,Igrurr,rre
ilLrneiruLr. Ha drrn.. 4.4. ca noxa3aur{ $awrwnwx BoJrraM[eprrr{
xapaKTepaclKr{ npr{ pa3Jrl,rqHr{ ocBeTer{ocTn_

U

@nr.4.4

2. Euepretaqnr.r xaDarrepr.rc:ruxr,r.
B AeficrnprrelrHocr rropaAr.r 3aBr{cr{Mocrra Ha BpeMero Ha xnBor
ocBereHocrra r{a nparor{Ka rrMaMe HenrdHeftna xaparrepr{c,Drxa :

( l

' l , r r r  r l  6

60 T'C

l l



aKoraToAR<<R1,

( , _ a / A R  
"  

1 A R
" ' - o R :  ' " * = o = a : .

3a ruyuonr'rre xapaKTeprrcrr4*H cbu{ecrBe'oro e npeo.na4aea'ero HaToKoBHTe lrryMoBe' KolITo-HaM€uuBar c )rBeJrrrqe'r'ero Ha qecrorara, rro ,,bK Brolu cnytaia HaMamBa n {orovyncrnurerrHocrra

IIen xa vnDaxnennero
[a ce rlsyqar oco6enocrure Ha $oropesr.rcrr.rBHnTe

Mareprruurr{, Aa ce r.r3Meprr Sororexruvecxr{ xaparffep r4crt4ovr.

3a4aqlr ra u:uurHenne

l. Onpeaenere riparnocrra Ha rrpoM.flHa ua $orocl[poruB[eHr{eror(aro r{3rron3yBare cJreAHara $opivryna;
K:RT/R<,

2. Onpegenere roKoBaTa rryBc:rBr.rrelnocr rro rircDa3a

'  o4. (4_^R).
3. Onpe4enere cleKTpirnnara qyBcrBr,rreJrHocr rro rr3pa3a

s,=+p^l
'  

f,*

4. Hsrraepere BoJrraMnep'ara xapaKrcp,cr[Ka rra .rr,Mno , ra or]gl.Jro _
r{pr.r MtrHr{MyM Tptt HHBa Ha ocBelerrocT.

Yrcarauuq ra Da6ora
l. tr4s*purere H3MepBarre Ha eraJroHrrr,rr H3ToqHr,rK Ha JrbqeHlre _ B

MoHoxpoMaropa Ir ocBerr{Terr.fl. Onpegenere ornocrireJrHoro
pit3rlpeAerleHlre Ha MoulHocrra. 3a qenra [peABapnTenno uporpefire
paAr,roMerbpa He [o_M;rrrKo or 2 ,raca. Brulnaanaire 

- 
npuqeFrpupiureTo Ha r.r3MepuTeJrHaTa rnaBa.

2. I'Isrraepnauero Ha eJrerfiprrqecrqre flapaMe.lpu ua Soropesuc .rurBlria
cloi raentpruere no V- A cxentara. I,bnlpurere r€MepBaHe Ha roKa
Ha rtMrro lr Ha cBerJro ll onpe4enxftre uaAa nrpxy Qorope3Ircropa.

3 IIpn olpeAenfiHe Ha cleKrpzurHr,rre u eHeprerr{rrn}rre
xapaKltpucruKr{ upeu3qucrere crofinocurr:e KbM npr,IBe.qeHara
orrrocareJrua Moulnocr r{a r{3JrbrrBane cbrJracno pesynrarlrre or r. l.

4. He npsrorapnafirc $orope:r.rcrnBur.rre cJroeBe. Ilsuepuafire 4onanpeNenae 20 V.
5. Zsnrprtere H3MepBaHe 3a ABa nnga $orope3r{cflirBHr.{ cJroeBe _

oJroBeH cynQr.r4 r.r KaAMueB cyn$rar.

raurcocnoiim

I'I' LT' IT.L P I I I A I I N E B MNRPOE]IEKTPOHUKATA

ll1.;rgroclr :la roHrDglr u caMonolrorosra.

I h,rxrrir o upb3xara MexAy ,qe6enusara Ha cJlot r qyBcrBl'ITennocrra?

' llrrrurc JtI,r noBbpxHocrra Ha rloropesncra Bbpxy rlyBcrBl{reJlHocrra

r ro t(itK'bB natrRn?

\ lr,rnrra c Bpb3Kara MexAy llllpl4nara na :a6panena'ra 3oua u

r' I rur(rpajlHaTa qyBcTB[TenHocT.

llpo r orollr'r ctntDxa

I ( )1'1s1v11111,11e napal4erpl4 ua Soroperucrr'rsnlra onofi.

.' lir(ulHUl,I c r;I3MepeHI{Te Aa'l}lu.

I I illulrnra ua oneKrpanHara qyBcrB[TelHocr.

I V-n xapaKreplrcrllKa Ha cBqrJIo n Ha rbMHo.

JII4TEPATYPA

I ll.ru0.rHr,rros, B.A. Ooronponogautue oKI{crIbI cBI4Hqa B

)rcK'tpolruKe, JlerntrpaA, 3Ireprur, 1979.
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TJIAIIA 1 IIOJIynpoBoaHnKoBH tL,4TEpnAjrIII

JladoparopHo yrpail(Henue J\b 5
E JTEKTP OO VLSI.dqHV C ts O ECTBA rr A CnJtr,.rfprfl.

cnnutfuxr e ocHoBa Ha cbBpeMeHHI{Te Kracr4rrecKl,[ noryflpoB oAHLIKoBrr
r{HTerpiurHr4 cxeM}r. ocHosHEre uapaMerpH na co6crseH cuttwwit ca
AaileHU. e ra6rr.rua 5. 1 .

OcnosHn co6crneH cnnnunfi TrLtlu|'nrr rralraMctlrr| Ha coocTBeH cIlJIIIqml IaoIHUa 5.
n"p*t ffi
Arouer noueo T4
ATowa Maca 2E. l
Ihrrxocr (g/cm') 2 .3
Ornocfremu rBererrptwra rDomraevocr t l  o

ArovHa nllrsocr (arlcm") 5.0 x 10"
lllrpuna Ha 3a6paHeHara 3oHa npu 0 K (cV) I .2 l
llltrptrHa Ha 3abpaHeHara 3ona rpn 300 K (cU t . t2
Cneq[d[.ino crnporilgnegxe nplr 300 { (C).cm) 2 .3  x  l 0 '
flognorRocr pn na ereKrpogtr rpn 300 K (cmz/V.s) 1500
floABnxnocr trp lI:t avnKg nDtr 300 K (cm'lV.s) 475
Co6craena xos[e[rpaqxr trtrtr 300 K (cmr) 1 .45  x  l 0 ' "
4qeor{uuetr Ha anoy3Hn Dn Ha enercrpoHu nDH 300 K (cmzls) 34
KoeQHqxeFr Ha AtrOv3Hn Do Ha ,[vnM non 300 K (cm'ls) 3

Csoero IuapoKo pa3[pocrpanguue Karo tronynpoBoArrtrKoB Marepr4an
3a H3rOTB.rrHe Ha pa3JIHqEr.r uHTerpaJrHr,r cxeMH n MylTr,rqnnBr,r MoAyJrrr
C'I.ILIIJT'IT A'bJT>KUI KAKTO HA TONEMIITE CI'I TEXHOJIOTI'IHI,I IPEI'MYIIICCTBA,
T AKA U Ua noAxoArrru,rre eJrgrff poo u3vrqli{vr IlapaMerpa.

l. KnacnQvKaqulr rra ocHoBHEre eireKTpoQu3rrrrHu napaMerpr.r Ha
rofl)mpoBoAHr{Ka

I . 1. Oyngarr.lerrrzrJrHrr napaMe.rplr
1 , 1 . 1 .Ilaparraerpn Ha Kprrcrnlruara pe[rerKa - ourrrorrr{Jr, npocrpaH-

cTBeHa rpyna n KoHcraHTa Ha Kpr{cTaJrHaTa perueTKa:
KprcranHara peuerKa Ha caJrr{qrr e Ky6HsHa, or rr,rna Ha AEaMaHTa,

c:6crol{ ce or rerpae.qpl4, Karo pa3crotHllero MexAy aroMlire e oKoJIo 2,5 A.
1.1.2. llapauerpn Ha eneprerr{qHara 3oHHa cr.pyKrypa:

PA3IIOJIO)KEIII4E HA A6COJIIOTHUTC CKCTPEMYMIT HA BAJIEHTHATA 3OHA N
3OHaTa Ha IpOBOATTMOCT, ttrHpHrra Ha 3a6paHeHara3o[a Eg.

Illr.rpr,rHara Ha 3a6pauenara 3ona 3aBrcu or reMueparypara u
Kpi4craJrorpa{croro Ha[paBneHlre. Terraneparyprrara 3aB]rcrrMocr Ha Eg e
nnnefina

Eg -- Ego - (7,

KbAero ( : 3. I 04 degt, ?- a6coruorrara :reMfleparypa.
l.l.3.Ilaparr,rerpu Ha cncreMara Hocurenr{ Ha 3aprA: co6crBeHa

KOHrIeHTpaqHf, H .4peisoBH [oABr{XrrocT Ha eJreKTpoHnTe pn r.I Ha
Ay[KLITe pp.

I. I I. I' I I I I ('.] I I A H I.I E B MNKPOEIIEKTPOHN KATA

It,r(,( .oJrro.rgo rrgcT (6esupuueceu) nonynpoBoAHuK KoHrIeH-
!t. ."[rrt tr ' i l ; r  eJIeKTpOHI4Te [I  AyIIKlrTe Ca gAHaKBI,I n Ce H3pa3tBaT C

l .  t . u \  t , l t i l

-&

n, = 4.10'o exl"'

t rr'.r()nirlcJrno co6crBeHara KouqeHTparlwfl. vrv'a cuJIHa (eKcnoneH-
rrr. r'l.1 | tilnHotIMocT oT TeM[epaTypara, a oTTaM I{ paBHoBecH}ITe

+".r,tl || tl':lrlr.ilr rra IefHpaH [oJIyIIpoBoAHI{K }rMaT CIIJIHa TeM[epaTypHa
l ' " f r r  f f  \ t r r (  '  

no 'Po=n! '

| | ,l llapauerpr.r, xapaKrepu3l,Ipalqn $usu.recrure flBlrerufl".
i',rrrlrlrr'rto cbnpoTl{BrreHl{e Ha co6crBeH noJIynpoBoAHI{K pi, oTHo-

r.rr nt,r lurcJrcK'rpl{qua [poHrlrlaeMocT t, crreuliQuuua rolrJlonpoBoAHocr

I toltt t;lltli l lla OJIaCTIITIHOCT Ci1, IIII93OOJI€KTpI{rI€CKa KOHCTaHTa dj,

r,,rrff ,r(1( r.tt xoCdlllql,reHT Ha [OI]JIbtrIaHe CL Ua QuXCUpaHa X'LIIoKVIHA HA

.r [r,r r.l. ;(c6acscxa reMleparypa Qa, T0IJII{HeII KoesUqLIeHT rIp]I

. f .  r  ! , f  f . i l i l { r  l t i t J l t t ' a l i e  CpV  AP .
| .r Xaparrepr,rcrtlqHu flapaMerp[

I  . '  I  ocxonHn: BI , I .q r I  KoHqeHTpaqLIt  Ha ocHoBHl i re HocrrreJlu

rr .  r , r l f  r t , r r i t  n, ,  A pp,  cnequ(buqHo cb[porHBJleHue p,  gn{tysuoHttu

f r r.|lil lt il ir iloocHoBHllr ToKoHocllTelu -Ln (na elercrpouH B MaTepl{tur

' ' f  f  ,  r  f f  r f  T n 1, , , (na Ay[Kn B Marepuar or  n- tnn).

| .' .t llapauerpn Ha [pHMecHHTe c6cro-flHl{t: KolrqeHTpa\nn Ha

f,  I , , t ' r r tc  Ni  )  V HA aKI{e[TOpI{Te 1y '7,  eHepfeTIruHO [OJIOxeHI4e Ha

. .  o  ' l  i l i l t  t c  i l l )HMecHl t  H I tBa I I  Ap .

t rrt'rlutlrn.rnara eneKTpolrpoBo.quMocT ce
ar'il{r'lt I l);ulHlt't'e n [oaBIlxHocTI,ITe Ha HOCI,ITeII.ITe:

o=qnpn+qPPt ,

.t r, riltl,, rl [lt, Ca nOAB]IXHOCTII Ha eIeKTpOHHTe I{ Ha AynKI'ITe' a On Ll Op

' .  , r l " ' ro l r l rMocr l {> o6ycnoBelrH cboTBeTHo oT eJIeKTpoHI{  I {  AylKH.

t  r rcrrr r r l l . r ,nroro cb[poruBJreHl{e e p :  116.

I t c,rturr uurpoK TeMneparypeH [rHTepBulJI cileqr0fiqnara

I r r I l" 'l l l)o$o/tl,tMocr o Ha n-TI4n [ony[poBoAHI'IK ce AaBa cbc

r o a . l ,  t l \ l r l t  l ' l i l

o =. n+oi =oo.exp(-#l*," 
".0(-+),\  L n t )  

\  
z n t )

rr ., ,,, ,r, c crreryOl'frua;ta eneKTporrpoBoA]IMocT, onpeAgJleHa OT AoHo-

r--! | ,t r'rrcrlucluvna'ra qpoBoAlrMocrHa co6crBen tronyqpoBo4uttn. Eae

.{,f  '  r ' rr ,r  rA f ioHnsaquq Ha AoHopIrrITe aroMtr, a Ee - Iuupl ' IHara

| | , rr,tr.rrrt'ilil'r& 3oHa. B o6flacrra Ha HucKl,rre reMfleparyplr

orrpeAeJrr or



TJIABAT , NOJIYNPOBONHI4KOBIIMATEPNAJIH

[poBoAIlrMocTTa Iqe 6l4e npe4r.rMHo llpfiMecHa, a npr{ [o-BlIcoKLrTe.
TeMreparypr{ AoMr{Hnparqa ttle 6tAe co6crsenara npoooar.ruocr (Qnr.
5 . 1 ) .

tgtr=fu/'2kT

co6crsfiHir i ;toirrr
F{)}Joill{lrtof T 

i n pl | \teCHa t't pOEOill' Il Oc1' !

i i

S u r . 5 . l
Anaror[qna qe 6bAe r{ 3aBncLIMocrta Ha rrpoBoAr,rMocrra Ha aKrlenro-
peH noJry[poBoAHnK oT TeMnepaTypaTa

YcrosHa,a Kplrrurrna reMfieparypa I" na "npenptrqanero" Ha
IlprrMecHfir [oJry[poBoAnur s co6crBeH 3aBucu 01'KoHqeHTparl[rrTa Ha
npr.rMeca. Konxoro no-BlrcoKa e npr{Mecuara KoHueHTparIpIt, ToJrKoBa
lo-Br{coKa e Kplrrr4qHara reMfleparypa. llonyeunupurrHara $opuyna sa
auy.utIr4trr r,rMa crerHr{-fi BI,I.& :

- ^-"( ro .)t  , = . t t 1 4 , 5 + W -  |  j

xb4ero p e cnequSurrHoro cl,flporuBJrenrre s C).cm.
Ilo4ruxuocrrre Ha eJreKTpoHr,rre a .qyrrKr,rre xapaxTepr,Bnpar

Hacoqenara cKopocr B eneKTpnqecro trorre na $ona Ha xaorusnara
TOIIJIIrHHa CKOpOCT.

Ilpr.r odrrHoBeHx reMneparypr.r rl He MHoro BflcoKlr KoHueHTpaqu[

t,= p,(+) ,
\_r ,/

KbAero c : 2.6 3a n-crurnur{fr. u c : 2,3 sa
IOABI,I)KHO0TTa Ha HocuTeJ1llne nplr T9:300K

3 asu culaocrra Ha noABI4xHo crra or KoHIIerrrparII{.rITa H a [puM eol,rre
ce AaBa c eMurrpr{qnara $opuyna

I

, = ,.|.&)''  ' " \ i / / '

T azw gasucvtMo cr e cbrrlecrBeHa B He eAnop oAHil Te floJryflp oBoAHI{rI}r.

lat t.t'lt l. t() |TIAHIIE B MWKPOBIIEKTPOHIIKATA

I, r.u() lracoqeHara (ApefiQoea) cKopocr Ha rrocr{Ternre B cLrJrHo
. F'.  I ' r |r( ' ( 'Ko nOJte CTit l Ie CpaBHHMa g TOnIIHHIIaTa, HOCHTeJIETe

:, .: : 
' r ,rPc:rr1lr" r{ ToraBa noABr{x(socrra 3ar.uav or HanperHarocrra Ea

I

(  E" \ '
u= a,\T) ,

r" .,x\r l,. E"ce Hapuqa cBpl,xKpuTr.Iqeu. 3a cnrnquft E" - 2kY/cm.
' 

l'{'runc rrocI,ITeJrH "3arp.aBar" \frrara peruerKa, IIpeAaBaftKI{ fi
i0. ,,r r'ucl)r'Hrra cu. Tona BoAn Ao orpaIIFreHEe (naczqaue) na
f ." f,.,t I r.r rl:l llocHTeII,ITe; npfi E > (4 - 5)Eg Ce no[] IaBa ycnoBLIeTO Vmax

r,, f fr f  Ior ' ;rna W -1/E ra or ctorHollrgH]Iero J: oE cJIeABa, qe

', . f  fr , , i  l r ;r  r i l  loKa J He san}tcu o'r E, T,e. nonfraBa ce HacI{II IaHe Ha
,f. , '' r \r r( lruit r il xapaK'repucrura. Be.nnqHllara Vmax e or noptAbKa lla 107

|,1,( hn,r rra Xoa e rarBaHoMarHI,ITrIo sBrlgHue, Bb3HrIKBaIqo npl{
'r.r, I rrro ,lciiC].nue Ha eneKTplI.{eCKO H MaTHIITHO nOJIe Bbpxy nOJIy-
{ir,r,. unrh,l /(a npe4noao)Kr.IM, qe 3a Ll3orponeu [oJIy[poBoAH]IK B

rh",r l,vil.ililt yciloBl{t B npaBobtbJlHa KoopAI{HarHa cLIcTeMa eJIeKTppI-
ri o.,f ,' rt \t;ll llHl'ItOTO IIOJIe Ca C HaIIDaBJIeH[e Ha OCUre X

@wr.5 .2

l i ,  I  r{ ' rr( 'n}Horo IIa eneKTpuqecKo f iol le c Ha[peruarocrZ, i lpe3 tto-

rrr*{" n, '  nrrh()r} o6paseq nog Soprrtara Ha [paBobrbi lHa [JIacrpIHa c

5prr,1 r1,rr.r  l l  n1l<truua roK c rrJrbrgocr Jr. Ha enenrponllTo, ABl,txetrIrt
f fr  '  i , , ,  rr '1,, '1r;1 g116pgcr pnEx B MarHlITHo noJre c l t I tAyKTlIBHocr B , no

'tF.f . .  t ,  t ln( '  l ,AcficrByBa clana F, :  2prEyB", i lPu Koero }IefHoro
,t | i l i l .+. , ,  i l r !( '  e eAHaKBO 3a eJIeKTpOH[Te II  AyIKI ' ITe. AlcO
i { ,  f  . r l  I  r l . r  r r i l  ' l ' oKa j ,  =  o ,warpynBatq [ t r  ce  [o  KpaHlqara  Ha
.,| .r  .  ' ,  i  r  r  r  l lanpatJleHue J' l  o6eMeH 3aptA ct '3.qaBa nofie c
r,r. , i  r  , ,r  t  /r ' , ,  KOeTO ypaBHOBeCtBa TOKa, [pOTI,I i IaU IIOA AefiCTBUe
f,r |  ,  I l r ,snarnarqoro B o6pa3eua eleKTpuqecKo rrone c

P.CI,IJIHIIHfi; PO E



TJIABA I NOTYNPOBOITHNKOBU MATEPNA]ITI

HanpgrHaTocT Ey v cSoTBeTcTByBarqaTa My pa3nr.rKa B [oTeHrIuaJrIITg
MexAy Kpar{rrlaTa Ha o6pa3erla rpeAcTaBJlrBa eoeKTa rra xon. B
o6uur cnyvaft HalperHarocrra Ha e[eKTpnqecKoro [oJre Eu w. e. y,. n,
na Xo.n[/, ce rr3pa3tBar qpe3 c6orHortreHr.r.rrra:

EY = RxJxBz

U, = R,LB'
W

Kb,qero R, e roe$zquenr Ha Xon, I, roJreMrruara Ha
ToKa,[porr{qau1 [pe3 o6paoeua.
3a [pr{MeceH noJry[poBoAHr{K c e,quu Tlrn roKoHocuTeJru
roeQnqnenrrr rla Xor e

/ \ t  -  - -

Qno

R ' o = - "' 
4Po

Tyr ns H po ca paBHoBecun KoHrIeHTparIr{r{ Ha ocHoBHr{Te

ToKouocr{Tenv, a rx e Xon-(parcroplr. Xon-$arToptr orrrrrra Qarcra, ve
pa3fir{trnr,rTe efleKTponr.r B [oJrynpoBoAHr,rKa LrMaT pa3nwqna eneptufl. E
r{ BcneAarBue Ha roBa pa3flnqnr.r BpeMeHa rra peJraKcarlnx r(E) u

ApefiooBa cKopocr v:

I.I' T I'' I, I. I O ] I 1,4 H IT E B M U KPO EII ERTPOHNKATA

I0. . . .r  |  i l '  |  i l {)Jrc xoe$nqueurrr ua Xol e

f r x = -
q

' i r r " . , l '  l l , / l t t ) .
l.r r {r()c'r'rleH noJIynpoBoAHI'IK no:np:ni u ToraBa

^  r  l - b
K-  =  

q4  l+b

Lr r rlurr) MafH[THo rloJte /pnB>>l/ npw HaJII'IqI{e

I  t + .  I  I ' r t l l t ( t l t o / t H M O C T

' ,  l
/ c r = -

q

po - nob' + b2 poB' (po - no)

(po - nob)' + b2 p2 oB' (po - no)

l,'r'rlrrrrlrrcrrrrr: Ha Xol gaBrlctl or KoHTIeHTpaIII{tra vr

*r, rrn.lo(rr r'?I lla roxoEoc[TeJlilTe, 3aroBa qpe3 eoeKTa Ha xoJI Morar

r. ,r' rtrlp(:.tlcJltT Te3I,I napaMeTp*I, KaKTO I'I THIIa IpOBOAI{MOCT Ha

r r . , , r \  i l l {  r t l r } , / l l l  l l K a .

r r .r . ,r  1r,r o c$erra Ha Xolt B53HI'IKBar I ' I  Apyrf i  $l6nunu tBJIeHtrg'

trdrrr 1111;1911 1 OHC'feMaTI{qHHy.AItWaitttLI lpeullcl,l B A3MepBaHLIfTa: HanpeqeH

rrlfu,'r.l'ilr:ilroMarHI{T9H, TepMofallBaH[qeH I4 TepMoMafHpITeH e$enr'

lr1,s,,s.l rr;rroMarHI{THwIT eSeKT ce [3pa3tBa B fiotBa Ha rpaAI{eHT Ha

Itr.,rr l,.tr\l)it|lr B HaIIpaBneH],Ie, nep[eHII{KyJItpHO Ha MaIHI4THOTO IIOJIe I{

n'.,r lr'l)\trllilJlBSHI'IgHI4tr e$er, npe.qcraBJlrlBa BS3HI',IKBaHe Ha Ha[peqHo

.,.. I r Il|rr(.(.Ko rroJle E" nO4 Bb3AeftCTBtre Ha fpaAKeHT IIa TeMnepaTypaTa

. .,/'l'.t r('t(it, a repMoMarHlrrHr'IfiT eoeKT rIoKa3Ba I'I B:b3HrIKBaHe Ha

ffrfff'lf.rr\l)(lr lpaAlrewr 0Tl0y [pI{ ropHI'ITe ycJroBuf - MarHI{THo noJle c

'rf rrrf lrrlf l| u rpaAnenT Ha reMnepaTypaTa dllax. Hait-nalKeH or Te3I'I

.r} r t r (' rcl)MoraJIBaBoMarHpITHr{gr eibeKT, tII'Iero repMo- e.A'H. Moxe .qa

|}fH..r( t , l t | : t Ir ]a |0o/oOr e.A.H. I IaXOJI.
Or crofHocrra Ha

KoeouqneHTa Ea Xol B
Er,rpoK TeMneparypeH uH-
TepBilr MO)K9 Aa ce on-
peAeJrtr: KOHUgHTpaqtrt- Ta
Ha TOKOBLITe HOCI'ITeJIII

npuMecHara I,I coocrBeHa- Ta

o6nacr, eHeprernqHrlflT

cIIeKT6p Ha rIpI{MecI4Te n

rrrEpKrrara Ha 3a6paHeHara

sona ($nr. 5.3).

Po- hb'

Qto+ nobl

Ha cMeceHa

, =,figii' 4 
[(;-t']',

f1 -,"),-f1 -,),-[[i - r,'),.l'
\ 2  ) \ 2  / L \ 2  ) lo = %

l 6

[(;-')'] '
Croinocrnre Ha re3u Koe(buuuenTr{ npu pa3nr.rqnfi MexaHr{3MI{
pa3cefBaHe Ha roKoBHTe Hocl,rreJrll ca AaAeHr,r B cneAHara ra6nuqa 5

5.

MexaHu3bM Ha pa3ceftBaHe r c[ s c[r
EoHusr.rpann nprrMecr.r t.93 2 .1s -3t2 5.89
HeylpilnHu rrpr.rMecr{ I 0 I

tKycTr{qHI,I QOTOHLT Ll8 0 .381 U2 1.77

n ilonynpoBoAHHK 1
j'

p norrynponolaar< f-

Axo uonynpoBoAHr{Kbr r{Ma cMeceHa eJrerTpo[poBoAr4Mocr, s cra6o
rlrr,rr.5.3



r]IABA 1 NOJTYIIPOBO]IIIAKOBH MATEPHA]III

3a ro.ruo onpeAeJr{He Ha eHepreruqHxTe ur,lla Ha npnMecr.rre r4
mfipwnara na sa6paueHara 3oHa rpatlurara R,('t') ce uocrporBa B
pagrurIHI,I Ma[Ia6u B pa3rr{rrHr,rre reMneparypHr.t I,rHTepBuurl4. B
o6rracrra Ha r{HTeH3rrBHa ftoHu3arlru rra npuMecuTe ce nocrpo.rrBa

f  3 \  / r \
nlnxr i  l= t la)

\  , /  \ t /

rr oT HaKJIoHa Ha npaBara rwuufl ce onpeAenr enepr[rra na fionvsa-
qur.

B o6racrra Ha [brrno fionasnpane Ha npnMecrlTe, KbAero
MexaHI{3MbT na parceiltaHe Ha ToKoBLrTe Hocr{TeJru He ce upoMeH{,

hR= irl)" \ r )
Rx: const. Tyx $ynr<qurra e ycilopeAHa sa alc\ucara r{ orcrorr
Ha pa3cror- uue ln(Nd-Na) oruex.
. B co6crnenara o6nacr ce [ocrporna rpaSuxara

t '  t \  / , \

l * ln i r . l=  /aL
t  ,  

' \ r I

or .rufiro HaKJroE ce orpeAeJrr mrrpr{Hara ua ea6pauenara 3ona AEO npu
T:OK:

IIen Ha ynpaxgeHrrero

Hsuepnaue Ha KoHrIeHTpaqr,rflTa Ha rrpr{Mecr{, rroABtrxHocr,
onpeAeJr.sHe Tr{na Ha npoBoAr{MocTTa Ha IIoJry[poBoAHr{K, eHepfr{rTa
ua fionnsarlufr Ha uprrMealrre r{ Iutrpuna na sa6paneua 3oua qpe3
eQerra na Xol .

3a.uanne ra Da6ora

1. Pasyvere r{HcrpyKrlurra oa pa6o.ra c r.r3MepBarenHlrre ypeAlr.
2. Vcranonere neodxo,qlluate cTotiuocrlr Ha ror(a Ix *r

MarHr{Tnara rru,EyKqfirr B npes o6paseqa.
3. Onpe4enere ycJroBr{ero 3a r,r3MepBaue /curno nilv cla6o

MarrrHTHo none/.
4. Hanpanere r,r3Mepranr4r Ha Harrpex(eHr,rero na Xon upu craftua

TeM[eparypa rrprr pa3Jrr{cnr.r roroee 1x.

44

t!,t l l; l,u N ro3HAHnE B MUKPOEIW

I llrrracpere HarrpexeHlrero na Xon npn 10 pa3rutlHH

rcMrreparypn, Karo rrpoMeHrre reMrreparypara npes 15K.
r, l l '311l lsrts1e Koe(buquegTa Ha Xon ga BcrKo or pI3MepBaHI{tra.

/  l locrpoftre reMrreparyplara 3aBlrcl{Mocr na rcoe$lrqraeHTa Ha

X o r t .
H (' rroMorqra r{a [porpaMa 3a KoMrrrorbp flpecMerlrere :

:r) cupornurenr{ero fipn orcbcrBue Ha MarHIrrHo uoJle;

6) crnporaulenrlero \pLr rl.alrprurae Ha MarHI4THo [oJIe;

|t) KoHrIeHTpaL\uflTa Ha roKoBrrre HoclITeJrI{,

r) rrponognuocrra Ha o6paleua;

;t) r roAslrxHocrra Ha roKoHocI{TeJrLITe.
() ( )r reMleparpmara 3aB[cuMocr

/ r \
lnRx= / l  -  I" \r)

oilpeAeJreTe:
l) rrrlrpuHara Ha 3a6palreua'ra sona Atr;
6) oueprraara na ftonusaqufl Ha npI,IMecLITe.

l,lrcr lerrunrelrtalna uocranorra

c I cll/l 3a LI3MepBaHe HaIIpex(eHI,IorO Ua XOn;

hl)r.rocTaT;

ncl)o0HaJIeH KOMITrcT:bp,

o6pa:qu.

llpr,r usnrepnane na o6pa:ryr c npaBobrbJlHa $oprraa e neo6xoAutrto Aa
r I rf f rrf oprrT IIH,IX,BZ u reoMgTpHrIHLItr pa3Mep B Ha[paBJIeHIre Ha

u,u rulloro none. MeralHHTc KoHTaKTH Ha o6pa3eqa, [peAHa3HaqeHH 3a

l r\rcl)uaHe Ha e.A.H. ua Xol, rpa6na Aa IlMar MHoro MaJIKa nJrolu, 3a Aa He

ff f rl)r{rtrnaT TOKOBI{Te Jfirr'lr:,zI. llparruvecrlr KaTO KOHTaKTLI Ce E3rrOJI3JfBaT

r.('lirJilrH coHAH, 0IIJIaBHII KOIITaKTI{ C MIIJIKI{ pa3Meplr rura oopasuu cr'c

r rlriililrrilru I,I3pacTbIII,I ($nr. 5.4).



r]ABA I NOJIYIIPOilq,IUINKqBTT MATEPNAJIN

3a nnacrnuu c npol{3Bolna Soprrla HMlr 3rr i l rctrr.rc Mflcroro u
B3ar,IMHoro pa3noJroxenae Ha Kor{Tarrlrrc. 3a otrHxanalrc ua fperurara
oT H3MepBaIre Ea e.A.H. na Xon ce u3rroJr3yBaT o6pas{u cbc
cnequaJraa Qoprua ($ur. 5.5) Hnr.r MoAn$r{uupalr rrcl .HpucouAoB MeroA
($ur.  5.6).

I I I'I' I'PNAJIO3HAHUE B MNRPOE]IEKTPOHIIKATA
'l'orara 

U, - (Ut - Uz + Us - U)/4, Koero I43KrIIorIBa e.A.H. or
rr'r,rKr{ cbnbrcrBalru er[elcrn, ocBen TepMo- e.A.H. or HanpeqHu{ TepMortur-
r'. | | | oM arHI,ITeIr eserr.

MeroruqecrH vrca3au[q sa ulnrrneHfie Ha ynDaxHeHprero u
lilr'o IBffHe Ha nDoToKoJr

Ilrr/ttlHXHOCTTa Ha TOKOBI,ITe HOCHTSIII MO,{(e Aa Ce OupeAenH rlpe3 I,I3-
\r('l)Baue Ha roxa na Xol vrlrv Ha reoMerpl,rquoro Marnr,rrocbuporrlB-
rcrrue. flpn cra6[ MafH[THr.r RoJIera e B curra

AR(B) _ (m ,, rz\z
n(o) 

- \>'xtsu"l '

k r'i(sro pD( e xonoBcxara no.rplorlrooT /p*:a, p^/, a
:

1="1 ,
/x

x:Lro crofinocrrrre rra or ce B3HMar or ra6Jrr4rlara, Aa6erra no-rope. 3a
r'()l)a3eu c xpafinn pa3Mepr,I ce BSBe)KAa H cborBernara KopeKr{rrogga
r l ryr r ruu{ .

lJcr,rqxra r{3MepBauu{ LI H3qHcJIeHI,Ir ce u3BbprrrBar cbrJracuo
ruro'rpvKrlr.rr ra pa6ora c ypeAure r,r c flpurroxHara nporpaMa.

']aaaqrl 
la cannocrosrerua pa6ora

l. /{a ce r.r3rrr{cr[ Koe(burlr.renr'6r sa Xo.u np]r reMrreparypa T: 300K sa
repuanufi, nerr4paH c uu4ufi H aHTr{MoH c KoHrleHTparlflr,r
clorBerHo 2.1023 m-3 u 5.102a m-3, pn:0,38 m2lv.s tn pp:0,18 mzlv.s.

2. B nonynpoBoArrr.rKoB o6paeeq noABn)Knocrra Ha eJreKrpour{Te e pn
:0,38 rnllv.s, a roABalr(Hocrra Ha AynKr,rre e po : 0,16 m"/v.s. Bls
Bbflpocnr{r o6paseq e0eKT6T Ha Xorl He ce Ha6JrroAaBa. KaKBa
qacr or o6s{ara cneqnou.rna npoBoAr{Mocr ce o6ycJraBr or
Aynrute?

3. Cprnnqnes [oJry[poBoAHl/txoB o6pureu c n -[poBo.quMocr LrMa R, :

0,28J0-2 mzlc npu f: 100 K. Karo ce npene6perHe Brrr.rrur{ero
Ha BaJreHTHaTa 3OHa, Aa Ce O[peAeJIn KOHqeHTpaqrI{Ta Ha

eJreKTpoHrlTe. n na Aouoprir4Te npr4Mecr{ B o6pa3erla. Eo: 0,04 eY,
m*n: 9,1.10-" kg.

llupoctt la ronrDol r.r cauonorroronra

l. Kar ce ofipeAenr rlrntT npoBoAr,rMocr Ha rroJryrrpoBoAHnKa
rrpe3 r,r3MepBaHHr Ha e$erra na Xon?

2. Karra e Sn3uqecKara cr,urHocr Ha e$eKra Ha Xon?

l 1 r , / \

ti,t
I

+

+

{}H
@ur. 5.5 gur. 5.6

3a uocregnar MeroA e BaJrr,rAeH !r3pa3br

IJ. =(J,",-IJ,^,= p-l ' - 'B .^w
B ganlrcuuocr or orHorleHl,Iero Ha AllaMerbpa Ha rrlacrr,ruara d w,u

pa3crornr.rero Melrqy corrAure .r ce BbBelr(Aa KopeKrInoHHa $yuxuwx f(d/s)

flpra nocroxnen ToK lr [ocrorHua MarHItrHa rluAyr(ur{r ce H3B:bpIrIBar
rleTlrprr I{3MepBaHr{t npl4 pa3JltrqHo HanpaB[eHI.Ie ]ra MarHr,rTHoTo none H
ToKa [pe3 o6paseqa:

I, + B->U1
I , + B - > U
I, - B-> Ur
I, - B-> U4
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Xon?
6. Kon [apaMerpr.r Ha [oJry[poBoAHrrKa ce onpeAeJrrr oT TeMnepa-

TypHaTa 3aBr.rcr{MocT Ha Koeoilqueura na Xo;r?

JII{TEPATYPA

l. llarnon, JI. lI., Mero4hr r.r3Mepe'rr{ napaMerpoB rrony[poBoAHrrKoBbx
Mareplr€rJuroB, M., I 987.

2. Molgorarlona, M." (Dr.rsrEra Ha noJryrpoBoAHr{rlnre, C., 1g70.
3. 3u, C. M.,On:ura rroJryrpoBo,qHlrKoBbrx npra6opor, M.,lgll.

TJIABA I NOTYIPOTI|,IIIHKOBN MATEPNA.IIN

3. Kor,l Qr.rsnve cKfi frBneHilfl cl,rrt rctBynar. crf crr.a Ha Xon?

4' Kax ce HaMaJurBa rperrrKara qp,o r,r3MepDa]rc ra rarpe)KeHnero naXon?
5. Kax ce oupeAeJrr xoe$aqr.renrrr Ha Xon o.r. u3Mcpenoro e.A.H. H

J I I L I' I I, U I 0 ] I T AHN E B MI4KPOE]I ERTPOH I4KATA

Jla6oparopro ynpaxarerure JIir6

I } }IIIIiPA'TYPIIA 3ABIICIIMOCT IIA TIPOBONI,IMOCTTA /
CbTIPOTITBJIEHI,IETO

ll r;truol.rMocr or enercrplrqecKaTa cr,r npoBoAl{Mocr reJrara ce .ueJrfr Ha
...r {rilrr|l(||l(xrtul,I , n3onaTopl{ I{ c Mex,{uIIHa 4p0BoAr,IMocr. Trrp,4Nr:e rena
t rrr.rr,l nl)()rroAHMocr ca MeraJil,ITe 3a KoI4To rt e or noprlbr(a Ha 106 O-
* 

,1, 
'l'rlr,p[ure 

reJra c M€urKa npoBoArrMocr - tOJ f)-l.cm-I, ca
|t(' rf rt rpfirlH're. Mex,4unna npoBoAaMocT r.rMaT [onylpoBoAHI{IIfiTe.
l .'lrilor(l l);rinpeAeneHrle e cpaBrrlrTeJlHo ycJroBHo. llo-roqHa xlaclrsuxaqlrx
lrt11' ,',', cC llaIIpaBLI IIa OCI{OBaTa Ha KBaIITOBaI'a MexaHI{Ka.

f f rrrcclrro e, qe ererqpoHr{Te Morar Aa 3aeMar Aaclperrrr,r r;;naa Ha
o.rr;'r rn Koraro o6a.Ie aroMlrr€ ca MHoro Ha6mr:o ( uaupnr*aep o
rl,mr r,rjnt;uit pcure'rxa), Te3H HHBa ce " pzt:t1ellBar " H ce nonJrraBar 3oHH or
lr.rlx't.rcrlr rrr4na - Snrypa 6.1.

ro

Onr .6 .1

Axo c/lrra 3oHa He e 3anbJrrreHa, To BbHIrIHoro enerTpr4rrecKo [oJre Moxe
r r,r n r. utciio'rrryBa Bbpxy ererffpoHr4Te, HaM4palqu ce B Her, u Ea wr nprrBeAe
. lnrt,icilNc, Il pe:ynrar Ha TOBa ABLrxeHr{e ce [opDr(Aa eJreKrpr{lrecKn ToK c
l t f l t . r  t t ( ' ( ' l  i  '

I = q.n,

.r. f.'r() {/ c 'rapflAlT Ha ener(TpoHa , /? - KoHqellTpar\krflTa Ha eneKrpoHI,ITe,

.r,rilil \l()l 'l'l 
Aa [peALI3BIIKaT IpOBO.4IIMOCT, lI V6. - TltxHdTA ApeftQOBa

r rr,lh,r r l ' l rrrolsynafirur gn$epeuqnalHvf 3aKoH na Ou, [orfraBaMe

o =q'!d = n.n o,
E

. r ||' t, r lt O IIOABH}KIIOCTTa Ha eJIeIffpOHa.

llgrrr ilotrynpoBo4nuqrare [poBoAlrMocrra e p$y.lrrar or AsLrxeHr,rero Ha

r n r  r l r r i l l l  ! t  / lynKI, I ,T.e.

M



TJIABA 1 IIOTYIIH)IN).TIII.IKOIIII MATEP'NA]IN

a= q .np . , . t  q  P l ! r , ,

rcbAeTo Fnv Fp ca noABmKHocTIITe C',bOTBeTrro fia cjlcKfpoHuTe r{ I0mKnTe, a
n vp caTeY,Hr{Te KoHqenTparryru.
flpr,r co6crneult no[y[poBoAHl,Irpr n: p : ni H TolilBit

o , = q n , ( p , + p ) ,

flo4ruNuocrra Ha HocI,ITelr4Te e cBbp3aHa c .rrxHo.ro BpeMe Ha )IoiIBor,
T.e. BpeMeTo MexAy Ana nocneAoBaTeJrHr,r y\apa h cr(opocTTa Ko.flTo r4MaT.
llocneAnara e cBbpsrura or cBor crpana c ycKopeHr4ero Koero noJr)rqaBar
HOCr{TeJrnTe IIOA AefiCTBUeTO Ira eJleKrplrqecKoro [oJre u BpeMeTo 3a
ycKoptBaHe. Ycroperulero 3aBI{c[ or no;tero E u naaca.ra na socureJrnre m*.

"=_t+m

Or ropno'ro ce BI{x(Aa , qe [poBoAriMocrra 3aBr,rcr4 or Mnoro [apaMerpr.r.
rlaqr or rsx ca reMrreparypHo 3aBucr{Mr.r.

llpr'r rraeralule npoBo.4r4Mo":" ygT: Aa ce u3pzr3n rrpe3
o = q- .n.t.\m .U d ) ,

KbAero I e Arrnnlrnura Ha cso6oAulr.t npo6er Ha HocHTeJtI,rre, a Ad e

cKopocrra Ha xaorr.rrmoro ABlrxeHI{e. llpu ynelnqeHfie rra reM[eparypara
[OCJI9AI{aTa Ce yBeIMrIaBa I/t OTraM Ce IIaMaJItBa IpOBOAI,IMOCT'Ia Ha
METAIIHTE.

Or Apyra crpaua Halruql.rero na geSerm B Kpr,rcranHara peursrKa
(npuruecrut aroMpr, TorrlrrHHr KoJre6aHlrr ) nauanxnar cBo6oAulrr npo6er.
Henocpe4crneno or roBa cJreABa, qe crrJlanare r{Mar no-Br,Icoxo
cbrrpornBneurao or qlrcrr4Te Merurrr - $urypa 6.2.

50ah

I I I I]PHA]IO3HAIIIIE B MUWONIEKTPOHITKATA
'Ieoperr.runo 

rrpu 00K rrpu Msruul]rre tpx6na Aa Hacrbnl'I
r ill)l,xnpoBoArrMocT, Ho fiopa.Fr HaJrIlrrIEe na geQerru u qpl{Mecil B MeTaJIa
| | | | I I iI|U rIMaMe OOTaTtqHO C5[pOTIrBneHLIe.

llpu uonynpoBoAHI,IqLITe e xapalffepuo, rle KorilIeu'IpaqruITa Ha

il( )('H'reJIr{Te 3aBacl{ or TeM[eparypaTa I{ nplr cobcTBeH [oJr]mpoBoAHr{K e

M

n. = c.l3t2 .9-'6 ,

hrr(c'ro T e rerraueparypara B K, E eunpnu€IraHa3a6paHeHara3oHa, K e

hr)rro'raHT'ara Ha EotflIMaH, a c e KoHcraIITa.
flpr,r ualuuue Ha npuMecu, Hafiplduep AoHopHK, I{MzrMe:

o = q.n.p,q,
Mo

n=g, . : f3 t2 .9 -2kr - .

llpu rerrtneparypu na[,2000 K ynenn'rananero rra reMneparypara BoAH

:to ilaruaJltBaHe Ha cBo6oAl{llff npo6er, Ho rIt'K ce yBenI[IaBa KoHIIeHTpau]uITa

r;l nocnreJuTe. floABurmoorra Ha HocHTeJIure EMa BLIAa

P= A.T- "  '

rr,/(c'r'o c[ e rroKtuareJr, oTtII,ITalI MeXaH]I3Ma Ha parcefiuane. o6o6rqenuxr

il rl)it3 3a npoBoAI,lMocTTa e

i l ,  | i l

o =..orl- 
"*ogf4

Axo norapumlyBaMe ropur{r pl3pa3, Iqe noqtrIrrM:

tnc =tn. .o_#

r n R = l n & + *
2kT

Morre ga ce trocrpolt rpa$ma Ha 3aBl'IcuMocrra InR = /(+)
I

NiCu

-  $m.6 .3 .

our.6.2
Ilpra 4ocratr,vuo ltllcru Merirrr[ o * f () uilH p = po.a:l' , Kl;6ero s. e

I

TeMneparypHum roe$uuneHT Ha cbnporr4BneHr{ero .

50 '  5 t



NIABA 1 fiONWIPOBONHNKOBI,I MATEPNANI

flpu nncrn reMneparypr,r npeAn'M'o ce ionr,rsnpar npfiMecr.rre c MtrJrKr{
Hr,IBa Ha alcrkrBarJl'f H TOBa QbOTBercrByBa Ha HaKJTOHa Ua rparluxara n ,ract l.
rlpra noruruaBaHe Ha reM[epar]?ara TrJ[[r{HHara eHeprl,r e Aocrarbqna Aa
ilowuzupa HocarerII,ITe, Tar(a qe Te Aa npeMr.rHar sa6pauenara. 3ota Lr Aa
uo[a"qHar B 3oHara Ha [poBoAIltMOCTra - [onyqasa ce co6crnena
npoBoArdMocr - tracr 2 na rpa$raxara. CneAonarenno :

LE = zk tcB,
e8.65. t0-5 [eV.deg.t]

Ife;r na ynpaxuenuero
Cry4enrnre Aa ron) rar yMeHHe Aa oqpeAen r enerrpo$r.rsr,rvuu

napaMerpl{ Ha rBbp.qH BelrrecrBa' qpe3 E3MepBaHe Ha reMrleparypHoro
I,BMeHeHrIe Ha npoBoAr{MocrTa.

3aAa.rrl ga H3nrruenr.re
1. {a ce lrcMeprr npoBoArlMocrr{.re Ha rpu o6paseua ilpu cr:arisa

reMneparypa.
2. fla ce H3Meprr rrpoBoAr{Mocr'rre Ha cbrqrrrc o6pa,:qra ,'p,, pir3[r4r[rn

Hr{Ba Ha H3MeplrTeJrrrult roK, pa3n{qaBarqu ce cborBerno Z, 4 , g , 16
nbTI{.

3. fia ce n3Mepu qpoBoAaMocrra Ha cbtrIr4Te o6pasqu npu fipoMflHa Ha
reMreparJpara or 15" K Ao craiina.

4. fia ce rroorpotr Avrarparrtw Ha r{3MeHerr[e Ha cb[porr,rBneur{ero s Aa
ce o[pe.qeJrr{ Blr.rIbT Ha MaTepRalrr4Te, oT KOIITO Ca HarrpaBeHi{
o6parqu-re.

Yxa:aulrq ga HtrrbrHenl,re
1. Hsrraepnarrero Aa ce H3B6prUr4 c troMon-Fa Ha rqr{oreHHa rl3Mgpr.rreJlHa

ycranoBKa. llpe4v 3auorrBaue Ha [r3MepBaHero ycranoBKara ce
BaxyyMupa 3a Aa ce ur6erse KoHAeH3arrun Ha BJrara v fa3oBe.

2. LIz;l;repeane.ro no V-A cxeMara ce r{3BbprrrBa cburacHo Surypa 6.4.

MAT E PI4 NI O 3 H AII 14 E B M N KP O E ]I E K TP O HN RA TA

npoAtJIlKzIBa upes 2 rurrryru B npoAbJr)xeHple na 16 MItHyrn.

5. I,lgxrno.rsa ce oxnaxAaurara cl'IcreMa, Ho He ce rBKJrIotIBa

BaKyyMllparlero.

Crltpxanrae na nDororco.na

1. Ta6nr,rqu c LBMeperIIdre crofinocrr'r Ha rpl{Te o6pa:eqa.

2. fiuarpa.;lm Ha :reMrreparypuoro u3Meuelrlre.

3. Pesynrarn or onpeAeJlruero Ha rI'IrIoBI{Te Marep}rturr H rrr4unvI Ha

sa6panenu:re :oul'1.

3alaqn ra caMocroqrerlra Pafora

1, Pasyrere KaK ce onpe,qeJlt reMrleparypnum r<oetfr'ruIaerlT Ha

H3MeHeHne Ha cbnporuBneHrlgTo. Kl4e nallupa nprruloxellue ro3l{

napaMerbp I{ KaKBn crofiuocrn rpa6na Aa uua'

2. 3anosHafi're ce crloBsAeurrero Ha cBpbx[poBo.qlilrqn npfi

noHr,IXeHlIe Ha'reM[epalypaTa.

Br,upocu sa lcoHrDor u caMonoaroronra'

o6.scgere 3aBECHMOCTHTe llprr I{3MeHeHUe Ha [poBoAI4MoCTTa, AaAeIII4

na Qnrypa 6.5.

o

1000

100

10

Jln'reparypa:
1. Crenanemo

Tpar$r4cTopHblx cxeM,
I4.II. Ocuonu reopr{I4 rpau3l'IoropoB

usg. 3neprux, Mocrcna 1988 r.

A i B r-@-_r# riBl
l i -  1 |
{F-* , llo

j u?
Or.r.6.4

3. IIpu r,r3MepBarrero Ha qpoBo.{trMocrra ce rrcrroJr3Ba olruemp, rcofiro
ce BKJrIorrBa B Karrafia I na usuepuremrr,rre 6yrcu.

4. Crcg AocrrlraHe Ha reMrreparypa l0 - 150 K r.r3MepBauero



MAI:EPUAJIO3IIAENE B MUKPONIEKTPOHHRATA

Jla6opamopuo ynpa.mneuae Jte 7

I43CJIDABAHE HA OOTOJIYMI4HECUf, HUI4flTA HA
OPIAH}ITIHI4 TIOJITIMEPHN CJIOEBE

ElelcrponyrulrHeclleHulltra @n) e cBerJu{HHa eMrrcwr, renepr.rpaHa or
perou6nnar{nx ua enelcrporrpr u AWKLT noA Aefictsue Ha erercrprqecKo noJre,
EmtreKnlrpaHfi B JryMrlIHecr{eHTeH [oJryrlpoBoAHltK. TpaAnqr,rouurffe EJI
ycrpoficrra ca nrpa6oreur{ or HeopraHrirqHr.r urrpoKo3ourrlr [oJrynpoBo,qHr.iltrr ,
xaro GaAs , ZnS , InGaAs. Hauocregtr EJI ycrpoficrna, r.r3pa6orenr,r Ha
ocHoBaTa rra cnperHaTl{ nolrHMepu , Bce IloBerre HaMr{pnT lrpr,rJrorKelrne nopaAr{
JrecHoro npor.r3BoAcrBo (cnHres) Ha nonr{Mepa , r.r3noJr3yBaHe B runpoKr4
o6rracrll , HeorpaHr4lleu H36op Ha rlBeroBe r{ Mexarr}rqna rbBKaBocr.

Or cserougmqB€urlrre cilpernarr.r nonr{Mepu (LEP) ylruxa;lua e rpylara
or apoMarnu opraHnr{H[ cbeArrHeur{r. OpraHuurrure [oJn{MepHr4 Mareputul[ ca
c HncbK eirercTpoHen a{rnnurer fi rro ra3u nprqr{Ha floBelrero or rtx ca c p-Tnn
npoBoAr4Mocr. EJI Alrcnneu pa6orxr npn DC noa 5V, uMar Br,tcoK cBerrlrHen
,qo6uB - nan 20 lm/^W, u cpoK Ha cJryx(eHe oKono 10000 h rpr{ .npKoc'r Ha
llgJrlqBane 200 cdlnf .

Cuerlnnara B Te3r{ noJrnMepu ce cb3AaBa or nr's6y4eunre MonoKynH}I
c6crotur.ur. I{reurara eMr4cll{ 3aBlrcu or eueprninara pa3.rr}rKa Me)Kry re3rr
ors6yAeml cbcrotHur{ I,I HopMarrHoro MoJreryrno HlrBo.

OcnoeHu noJrnMepHu MarepuaJrr,r

Mnoroo6pasraero Ha opraHr.rrrnr{ Mar€pnam{ ce c6cror4 or nalbrrHo 7[-
cflperrarr{ [oJrEMepH, rroJTr.rMeprr c xpouoQopr.l cbc creJrerHra utu
loBbpxuocrHn BepHrLr. Cnperua'rulre [oJlnMepn, Karo HoB KJrac vrarepuarfi,
qpl{TexaBaT eJrercrprltqHrr r.r oflTtrrrHa csoftcrea na IlfI E cTpyKTypa Ha
Tpa,{nquoHrrrrre flonlrMepu. Hafi-qecro r{3floJryBaur,rre rronrrMepl{ c rBbpAr.r
MOJreKynu oT BpeMerrHo cBsp3aHH AeiroKiurr{3r.rpaHn n e.rreKTporur ca noKa3aflr,t
na 6nr.7.l

tQf* _{
{O-.J ,,u tt>\t MtrFt-PPV

Qur.7.1

2I,IIABA O PTAIIHIIHH MAIEPNAN I'I B MI4 KPOFJIERTPOHU KATA

Xnlrr.r.*rrr crpynrypfi Ha HsKotl Hafi-'recro n3noJByBaHIr noJIIrMepH

Ikxou or r{x aa Hepa3TBoptIMI{ B TpaAI{I{HoIrHr'r opraHI{tIHr'I

pa3TBopn:reJu. Pa:rnopenare B cneqaam{u pa3rBop[Tc[Il tIoJrI'rMepH Morar Aa

6rAar naneCeHl{ KaTO T5HKU Opragu.rnU CnOene.Te3lr nOnI{MepI{ MOraT Aa 6r'Aar

OKtrCJreHI,r qpe3 xltMl{qeH I{,IIII eJIeICrpOxI,IMKqeH 11poqec. CUH.I eN,tI.tCHr e peZIJII'I-

3npal{a c tl3ron3yBage Ha noJll{napa$enzureu (PPP) n nolraQenwtenBeuulleH

(PPV) . llpes 1990 r. e [ocrrfHara serleno - xr,Jlra eMllcwl B crpyKTypa c

eAHocJroeH r{3rbrlBarq croi or PPV. llpes l99l r. HaMnpa npruroxeHl're

pa3rBopl{M npollt3BoAeH na PPV rorll4Mep oT TIIII MEH-PPV (nonr'r-(2-rvreroxcu-

5-(2-erutwercunorcu4) -1,4-r$enrueuBenuJleH )), uoxasau na Snr7.l , rcofiro

HMA'r.-n p-n ilpexoA r{ e c IIIupEHa Ha 3a6paHeHarasoua2,2 eY.

Marepuanu, ImnoJr3yBaHrr 3a p-Tlrn cJIoeBe

Aporuaren ArIaMrH - N,NI - ,4r'I (3- naerunseHrur)-tl , f6lrrleu:an-4,41 -

Ar,raMrrH (TPD), 11oKa3ag ua $utj.2, ce I'I3rIon3yBa Karo rI'IrIlrrIeH Mareplailrl 3a

IITI- s CTpyKTypn c xeTeponpexoAell [3JIT,rIBaIII CJIOft, 3auIOTO noKa3Ba OTJI]IqHa

Hrr)r(eKr$,rfl Ha Ay[Kr,r u 4o6pa 6aplrepa 3a eneKrpoHr,rTe Ha rpaHr,rqaTa Me)I(Ay

IITL x erercrpoHHo-TpaHcllopTHttt n-rran (ETL) cnofi. ycTofiqllBocTla Ha

BaKJDnTdHO HarIeceHI,I TPD CnOeSe He e MHoro BIlcoKa, Iro ce noAg$pfBa C

BMbKBaHe Ha Apyr HTL rtrexay ITO enerrpoaa n TPD arofl > a I'IMeHHo Ha

3Be3locrpyKTypeH rIotII{zlMrrH ( mTADATA) , noxa:an wa $ur'7,2. fipyrut

apoMaTHlr noJr1aaMllsu c uo4o6pena ycToiqI,IBocT ca uoKa3aHI{ cbIIIo Ha $vtr.l .2.

Marepualu I{3rIoJI3yBaHH ga ETL rl eMHcHoHHH cJIoeBe

MHoro Marept,rtulu 3a ETL ce I43rIoJI3yBar u 3a u3tl6rrBaur oJroft

(llMl).Eaun or HaE-noAxoMqr.rre Mareprrirrrr{ sa ETL i EML e iInyMLIHI,IeB TpI'I

(8 -rr,rnonnuonar (Alq). ocnonnu H3r.ror(BarrHr , Kr,M MaTeppraJrrlae sa ETL

croeBe ca:
- BHCOKa nOABUXHOCT 3a IlpeHactHe Ha 3aptAH;
- Blrcor 3aptAeH atfnrurrer 3a3apflEH.a !ilDKeKIIlIf Ha eneKTpoHll;
- BI,ICOKa eJIeKTpoH[ra noABI'I)KHOCT npl4 IIpeHac,'IHe Ha eJreKTpoHI4;
-.roJttM FonugauuoseH lroreHqlrzur 3a 6[oKnpoBKa npu IlpeHactne Ha

ry[Krr.

Rr^-t-o-.(R 
tX"*'

V T P D \ / V'cH' 
9r"]'uu-p-,.(R o-r-o_*"*p-r-@
% ;-.-" E @-"", cH,,o
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BND

TAZ

Qur.1.3.

BNIONC EJICKTPOJIYMIIHECUEIITHII AIICNJIEU HA OCHOBA HA CNPETHATH
noJrHMepr,r

cserol,rs*qsanlara crpy*Typa Ha eJIeroponyMHHecrIeHTHr{Te Ar.cnJre',
pa-spa60renu na 6arara Ha cnperrrarH [oJtr4Mepn, ce cbcror{ or - eArrH, ABa vJrw
Tpr.r cnofl c Ae6enr,nra rre noBeqe or 0,1 pm , pa3[onoxeHr4 Mexly ABa
eJrerffpoAa. cxeuu:re Ha 3apr.qHa pexonr6r.rnaqru r4 a3JrblrBalle [pr4 Tpr.r rytnr4q$tr
NrHorocrofiHr.r 4r,rcnneiftru crpyrff)pu ca roKa3aHr{ ua Snr.7.4. Mnorocrrofinure
crpyKrypr,r or BaKyyMHo cy6nuurpanlo Hanecegr,r r6HKr4 cJroeBe nooxsas.rr Hafi_
Io6pn cBoficrBa.

MATEPUA.]IO3IAHHE B MUKPOEJIEKTPOHUKATA

T-Bu-PBD

E4rn or uafi-Ao6pzre Murepprawr sa ETL e o*'.rAr,ra3oJr c ABWepEa crpyKrypa

"u !-9u 
- PBD , Hapeqen O}ID,7 rroKa3aH na SnrJ .3 . Crrqecrnyear EepnBsrl

sa OHD-7 or sneegoo6pa3en BlrA, noKa3aHH cruo na 6nr.3.

GX*-re (X'u-XO
<a>"@

2 nuBA OPTAHI4 ITIIN MATEPNAJIH B MHKPo E]IERTPOHNIUTA

{ucn.refinn crpyxrypu c eArlu no.nunepeH urofi

EnercrporryrnrrauecrlegTrr[ EJI ycrpoficrBa c eAr4H H3r6rrBarrl cnoft ce
ctcroflT or crbrJrera noAJro)KKa, aHoA or lrHAr,reBo-KlrJraen oKcrr.q (ITO), -

HaHeceH qpe3 cTaHlaprHa B[coKoBaxyy[{Ha TexHuKa, opraHr{lreH [3rbrIBaIrI
cnoi n Merarreu rcarog (Al, Ca, Mg). llpr eguocnofnara crpyxrypa He Mox(e Aa
ce nocrnrHe Ao6rp 6anauc B 3aprAHara lilD(exqr{t , r{peHacrnero Ha gapflp, w
lo6pa 6apaepa 3a enerrrpoHn I,I AynKI{ s el\dllctrouurul croft.

efleKrpoAH

efleKrpoA14

Or.rr.7.5.

.{ucruefirur crpynTyplr c ABa rIoJIIrMepH[ c.noc

EJI ycrpoftcrna c Anyclofina crpyKTypa (DL) ca c,rcraBeuu or rpo3patleH
ITO ano4, p-rrrrr clofi ( HTL ) , elelcrponuonpenactq n-run crofi (ETL) n
Mera:ren r€roA or MgAg cman. llpu 4nyclofiuure crpymypr HTL uttu ETL
cnoeBere ce Abpn€r u Karo eMlrcLIoHHI{ cnoeBe (ENtr-). HTL nouara c
r'lrxerrr[fiTa Ha .qyrrxrl or ITO I{ rrpeHact nHt(eICTI4pttH]ITe A)r[Kr'I Ao
rpanr{rlaTa Ha Anar:t opritHLrqHI,I cros. ETL, noMara c HH)KeKIII,Itra Ha etreKrpouu
o f f{granHur KaroA Ir npeuact unxelcn4paHlrTe eJIeKIpoHH- PeKoM6Ilnaq[rra Ha
cJreKrpoHl,r r{ Ayrtrs{ cTaBa Ha rpaHruara ue)MY ABaTa oprzIHutIHr'I cllot. Koraro
pcnou6nrauuonllara o6lacr e pa3lronoxeHa Bblpe n ETL rofi nocrunra Karo
IiML cnofi. DL yc'rpoficrBara Morar Aa 6rAar ABa rl{na: DL-E :rlrn ( lTO / HTL
/ IITL(EML) / MgAg) u DL-H rzn ( ITO / HTL(EML) I ETL I MgAg)' Ha
tltut-.7.6 e rroKasaHa eneprnfiuara 3oHHa Al4arpaMa 3a Aoycnofiua DL-E
f lpyrcrypa. Eueprtfinara 3oHHa Alrarpttttla lrJllocrpupa eKBLIBUleHTHocrra Ha

r{rreuTHara 3oua c flonusnpau [orenllrraJr - Ip u 71 3aerlrre ur.rua (HOMO) ,
r\irr(To rz eKBI4BarreHlHOcrra Ha 3oHara Ha npoBoAl4Mocr c eJlel(rponen aQuunte'r
tlrA) n He3aerr.rr€ n' HLrBa- LUMO.

METAJI

ETL (EML)

HTL

ITO

METAJI

ETL

HTL (EML)

ITO

MCTZUI

ETL
EML

rilL

ITO

6
DL-H

@ur.7.4
llpes usrunnam,r:re Aecer roA[Hr.r , rr3cJreABaHero e oplre*TnpaHo B pa3Brr-

Tnero It rplluloxeHuero I{a BHcoKoKairecrBeHr.I rurocKollaHenEir nkrcrrrer4 .
c'pyrcrypara Ha eAHo -- r.r gnycrofrua Aacnneiua rorerKa ca [oKa3aHH Ha

$ar.7.5 .

a
DL-E

TL

Al ,Ca,Mg

/// /// /// /// ///
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7. .6.

Uerr Ha vnparmnerilrero

[a ce rscne4ra $oronyuunecrleHq'rra Ha pa3Jr'q'a noJrrrMepHr.r cJroeBe
HaIIeCeHu Bbpxy cTbKleHr{ no.{llo)Kl(I{.
3aaanue ra pa6ora

l. llognoxxnre Bbpxy, Kor{To ce HaHac.sT rronr4MepHlrre cJroeBe
npe,4BapnTeJTHO Ce rIOqEcTBaT IIo cJreAHaTa cxeMa:
ll:napanaHe l0 rrar.uryrur B pil3TBop cbc cbcrirB NHr:HzOz:HuO:l:l:3;
flpour.rnaue c reqarrla Aefionnsupana BoAa.
PASTNAProTE HA IIOJII,IMEPHOTO CbEAIIHEHHC B CHCII r C'OTHOIIEHI{E
noJruMep-pa3TBopurel I : l.
HaHacrue Ha pa3TBopeHH{ rroJuMep upes qenrpo$yra
Tepuruo lr3c)auaBaue Ha Haneceurr.fl rroJrltMeD
o6nrqna'e Ha cJlo.fl cbc cBerJII,rHu 

" 
puan**a A'JIXIITHa Ha BbJrHara c

)IgrBaq'a JIaM[a. zscfleAna'e lra lr3nbqe'ara e*fiA'fi OT CJrO' qpe3
MonoxpoMarop r.r lnMepBareJrer{ ype.q (nanoaonruemp).

2TJUBA OI'I'AII H'I I ! H MAT'EPI'IAJII4 B MII KPOE]IEKIWHIIKATA

l-xcusaqHa JIaMila; 2-Swrrtp' fipo[ycKaur cBerJIrIHHa eMI'Icu'I c

oflpe.qeJlellaAbJIxuHa"u"*nu'u_x;3-qruI[HApI{lIHaJIeIqa;4-o6rrr.IsaH
oopaseu; Ii- €MrIclI-fI lI3JIbqeHa or o6paseqa;5- MoHoxpoMarop npo[ycKaIrl

Abrr2nr.rglr Ha BbJIIIara ot 200 Ao 800 nm ; 6- (poroelercrponeu

yrunoxlrren-O3V 1 06; 7-usuepnarelen upn6op'

flDororo.nrr sa orqnraHe Ha vfiDaxnennero cr'ubpxa

1. Atlxr,urara Ha BbJrIIara na eMllclulTa' c Kof,To ce o6nrqea cnost'

2. O'rqerenure ctofinocrrn Ha I'I3JIblIeHara eMI{cI{t or cnot'

3.o6pa6orxaHape3yJITaTI.ITeurpaQuuua3aBIjIoItMocTHaTe3pIABeB9.[[!II,1HI4.

BbnDocH la rorrrDon n cailronolrorosra

MATEPHAJIOSIIAEIIE B MII KPOEIIE KTPO III4 KA TA

I{screAsauero Ha Sororyrraanecrleuqr4rra Ha cloeBere
qpe3 oru{Trlara rrocranoBKa, noKa3aHa ya 5w..7 .7

flnacrrmrre ce norrncrsar B pa3TBopa, Karo ce r.r3Bap.rrBar B npoAbnxeHr.re
Ha 10 Mr4H' cneA ESraxraHe or pa3TBOpa il,,acr'H,nTe Ce r]rcMaBar c
AecrlrJrr{paHa BOAa u ce H3cyrrraBar ua qeurpo$yra r{Jra c o6esMacreHa
cal$erra. Paemopeur,r:re [ontrMepx ce Hauaarr qpeg qeurpo$yrnpane npu 2500o6hrnn B rrpo.qbJrxe'ue na 30 cer. cnosr ce r.r3cyruaBa repMr,rqHo ,p" tb.c ;rlpoAbJor(eHr,re na 10-15 r"run.

1. Bsg ocHoBa Ha KaKBu qpoqec[ B noJII{MepHux crofi ce

QoronyrraranecqeHl[4.t u u3[ltlBaHe Ha cBsrrtnHHa euvcva?

JILITEPATYPA
1. Friend R.H., W.C. Greenham, Cambridge CB3 OHE, U' K'

Z. e";lut M. T., M.Inbasekaran, J. O'Brien, W'Wu, Adv'Mater' 2000' 12' pp'
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3. Kolentsov K..M., Ann. Unix
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MATEPI4AJIOS IIAIII,IE B MI.IKINEJIEKTPOEN KAru
2I]IABA OI'TA I I II LI TI H MATEPAAJI 14 B MUWOEJIERTPAHUKATA

Jla6oparopHo yuparnreHNe J\b g

TEqHI,I KPI4CTAJII4
Kpr{cTilnfi. ocure sa MoJreKyJrr,rTe B 1€3I,I KpI,ICTULT4 Ca [apaJIenHI',I, Obaqe Te He

o6pa:yrar orAensll cJIoeBe. ,{r:rrnre Qctr wa MoJreKylI{Te ca fiapalenHlr Ha

oflpeAeneHo HanpaBneHHe, a ueHTpoBeTe rrM ca xaoTI'IqHo pa3[onoiKeHr{'

Tpemra rpyfia reqHI'I KpI'IcraJII'I' pa3nllFlaBatqu ce cr'c cBoHTe rfr'rruvnu lI lrpeAll

BCIIIIKO OUTI,ITIHI,I CBOffCTBA, OA XOJIECTEPHqHIITE.

Brrxuo; Ierynl4Tecapa3noJloxeHlrBc ' ioeBe(r<arrocrraerruurr r , r te) ,
o6a.re .4tlrrure oclr Ha MoJlexyltlrre ca lrapilIerrgn Ha oJIoeB[Te rrJlocKocrfl' a

pa3[oJ Io) I (eHHeToI . IMBf lpeAg l l l l neHacno{HzuIoMIUIHeMaTI4qeHKpI {cTa[ .

CrrOesere B xoJreCTepr{qHr,tTe TeIIIIH KpI,ICTIIJII{ Ca TbIIKI{, MOHOMOIIeKyJI'pHI4'

Bosr<a uolexylra uMa [JIocKa rou$nrypauus, a oprauril{Hara Me-TI2lJIoBa rpyfla

cH:epa3lrof lox(eHarr?.d f invBlrr locKocfia' f lpuraxanaxonlpurypar+txua

aToMI{Te B MOJreKyJIIlTe cJIeABa, qe Ea[paBneHI{eTo lra AbJIfrITe IIM OCH B:bB

BCeKn cJreABarrl CnOfi e 0TKJTOTIeHO Ha OKOIO 15 brJlosu rPalyca B cpaBHeHI',Ie c

npeAr.IuIIII{' Cnofi. Tesu oTXnoHeHLIt ce cyMI{paT no uejll{'( o6eu sa BeIqecTBOTO

lr roBa Bo,(H .{o o6palynane Ha cnllpailHa MoJreKyJrHa crpyKrypa B

xoJrecTepHtlHl4t TeqeH KpI'ICTaJr'

o6qorocBorcTBoI IaBcI ] t t IK I IT I { I I0BeTeqH} IKp l {cTaf l r , reAeo i r ro ro
upeqynBarle Ha cBgrJII'{Hara' Ap}'Fo cnoftcrro e B'bpreHero Ha rnocKocrta Ha

IIoIItpI,I3aIII4t.
Ha i . i - ro teuusrKI IacBeI I IecTBa,cb IqecTByBauI I {BTeqHOKpI ' , ICTanHo

cbc.rorHr4e, ca apoMaTHlt.I.e cbe,IlaHeHll,{, cbAbpxaun 6engonnr'r tApa, (o-p''IAKO

ce cpeuar arul$aruunrlreqrloKpl4cluurulI BeilIecrBa-

Hajluci,rero B TeqHr{Te Kp?IcTaJIH Ha AanelloH nopsAbK B OpI'IeHTaUI'Iflfa lla

MoI IeKynI4TenpeAu3Bl IKBaaHl {3oTpo i l }L f iBeneKTpl {qecKuTeI , IMar I IuT l t I4
ceoftcrr4 flpllcblql,I 3a TBt,pftITe KpIIcTanI{. Tyx o6ave, 3a pa3nlrl(a oT TBl'pAl,lTc

TeJra clrJrr{Te Ha MexAyl\[oJrgKyJIIIO B3a[MOAe]rcTBI',Ie ca 3Haall4Telno no-cla6n'

Eueprr,rrra Ha Aeoopr,'raquf Ha rBbpAUTe KpI'IcraJII{ e M€uIKa' 3aroBa rtxlrara

MOrreKyJItpHa crpyKrypa JIecHo MOt(e Aa ce [poMeHI{ noA Aefiorsueto Ha

gJIeICrputItIO I{ MarBI,rrHO nOJIe C HeIOJItMa MOTqHOGT' 3a npOuxua ua

crpyKTypara ca AocrarbqHr{ c6nlo raxa reMrleparypHlt xore6arlr4x t4ltu

r"*Urrt.r"" n:ssgeiiCrnlu Bbpxy TeTIHI'ITe KpI4CT:uIfi CrpyrTypunre npoMclll4

rIpeAI,i3BIrKBar I{3MeHeHI{e Ha o[Tltr{lrl4Te cnoficT ea Teqsoxpl'lctiuttuTc

, 'op^""e$exrr,roTIIpoM'HaBopI4eIITaI-u4JtTaHaMoJIeKyJIuTenpeAQ,raBjl ' lBa.I '
r43MerreHHe B cTellerrTa lra Ilpollycl(alle ]I OTptBtBaHe Ha cBeTJII{lIata u Asofrtttvtrr

flpeqyflBal{e Ha rlBe'ra.

Haft-ronnr,toilpIilIox{eHpleI{aMr,IpaTI{eMaTI,IqHI.ITeTeqHHKplto'l'zr,ru'Ilptl
rrpr{Ialafle Ha eJreKTpr4rII{O rroJle B:b3Hl'IKIIiUlIlTe B TflX eIeIOpoonTI4tlna cdlotcl'll

ce r{3rrotByBar n Ancnleiiuara rexHuKa. ocnen T paAr.r[UoHIIOTO Ilpl',lJlox(cllrlo'

rcaro4r$poura ,6yr<eeu l lnMarp I4r IHI ' I ,u4c I rJ Ie I ' I 'BeJ le rcpoHl l r l re r rpuor lp t l
TerrHoKpI4crarHI'ITe Al4clrlreu HaMHpar IIprIJIoxeH[e I4 B Apyr[ o6racnr:

B rcpan na 1g ner ca orKpr4Tr{ BelrlecrBa, qar.rr.o crofrcrsa I{a B:brperrlHaracTpyKT)?a B reqHo cbrBl5pA'4 rena. raxora *??H: :i#ffJtrr#"Jffi,,t ;::ffJ##:"#;Kpr{crzuu. Berqecraaragopnrara";;;:;;ff ';:,#ff 
:;:ilJffiH3,il"Hffi :n"Xff#J'l;crporo opl{enTupaHu r4 npr{Ter(aBar r.Hap. Aare;er{ nop.f,AbK. .Ie.ilil.rre 

16pucTailuca BerIIecTBa, KOIiTO
cBoficrsara 

" 
*ru r"oro"t"T|" #rt#reMreparypHr'I 

ycrloBut t'pil"^uuu"
Knacu{nraqz_ara Ha reqnr4Te Kprlcr€ua e npeAnoxena or JfeuaH. Cnope4'rasa xnacu$raxaq'r rerrHr.rre KpLrcTaJIr' Ce pa3AenaT 'a Tpri r'la : cMe*rrlr.r'H,HeMarprquu H xoJrecrepl{rrHu, troKa3aHa ua drar.g.l _

ffiffi€iffiLM) il K'
l-uelrarrqeH 2_cMemr,r.reg 3_xoaecrepnseH

-. Te ce paiJr'rraBar ro cBorire 
*d;;'rrt;" 

H rpeAr{ BcaqKo orrraqHr,cnoficrsa. Pasnaxr.ne ce or{peAemrr or crpyrffyp ara rrM. Cuercryi.rroro

ffiffi"0*"'Jl:"J;lt 
3a ubpBl{ ntr e Ha6moAaBa'o B carryHr{re ( o'yr a

MorreKy'rI{.*0",""ou,[1uj;TJ#T,THX"}.*,ff X?##ffi ffi:fiTtrocrE u o6pasyear croeBe c eAHaKBa 4e6em.rua, 6lrrtsrca .qo Ab.rrllcaHara HaMoJ{eKynr,ITe. Tesll r.nap. cMeKTWrr{H cJroeBe Jr(pa3cro.'H'e. Mo.nercyrnrme cJroeBe 
" 

'"ar"rr*r,t"tar 
e'qHH .'aI ilpyr Ha eAIlaKBo

UO.qBruI(HI{ }I JIECHOr""*npr-u ;il;,; rm* t _#:n*1;*"xidffi;
BHcoKa. T.r rpx6ra aa 6r_Ae ral:aB2,qe Aa ce Hapyun Bp63Kara Me)r(Ay peroBere,a M.JreKynure' pa3nofloxe'lr ua 6fi.rsKo p*"'a-*a, Aa ocraHar cnrp:aur.r. AxoBpbsKara Mexqly MoJre*yJr]rre B orxen.r{, c.nofi e uu"r*uo ,*.d"r*, ,oBeuecrBoTo B rrpeAerll4Te Ha cJror ce AT,pxH na'fo .qtsyMeprra r-e.rtroct. rlpuflo'rD*aBa'e na TeMneparypara ''oApexAunr'o u cJro, cc yBe,r'r{aBa. B u_{xou'TeqHH Kpr{cr€ul{ rroA MHKpocKou ce Ha6lroAana j\rr.l(pocrpyr{Typa BbB Br,rI HaHHITIIOI' Taxr'rna BelqecrBa ce orHacrr K,r,M rr)yrr'r.. lrilcMaT,q'Irre TeqHI4

6 l
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MATEPNAJIUIAIIHE B MHKPOEJIEKTPOHAKATA

- UIBTOMOoI4JIHATA IPOMI{IIIJIEHOCT. Cb3AAAEHU CA I{HAI.IKATOPI'I, KOI.ITO
pa6orrr npr{ reMneparypr4 40o c u qruoro apMarypHo ra6no na
asrolro6ma Moxe Aa 6nge:aueueuo;

- aHarrofoBrr ,{I4CrureI{ - lpoil3Ben(Aar cg reneBu3.p' c rrnocKl{ eKpa'u;
- ONTUEIHII NAMETU;
- rrpeHocnMr,r [opTaTrrBHrr KoMnroTpr,r.
I'lscnegsanvtxra upoBgAe'rl c noMorqra Ha e*c,,epuMe'T€ur'H TeqHo-

Kprlcr:lJrlrrr KIIeTKI'I [oKa3Bar, qe HatllltHbr Ha I43rorBtHero ]IM e or cbruecrBeHo
3HAqEH,'E I-{ B PEA}Ir{A OJT*AW MOXE AA OK,,KE OTPI,IqATEJIIIO B.''I{'H,'E B'PXY
rpafiunr pffiyJrrar. Ero gaqo rflxrra.ra TexnoJroru, rprrlsa Aa 6r,Ae rroArtr,rHena
Ha eAuH ocHoBeH qplrHrlr,rn - Aa ocl]IryprBa onrrrMaJrrrnu cra'wutu c BpeMeTo
ycJroBur sa Ha6nro4eur{e Ha H3fraBaHoro.aBJreHuc.

Karo uarepu€Ill 3a crbruIenrrrc raHeJrE o6zxuoneno ce I{3[oJr3yBa turKzlrrHo
crbKrlo c BprcoKa crefieH Ha paBHr,rrrHocr n rnaAKocr. ?IgracxnanHrra KbM
rloBbpxHocrra Ha [aHeJrrire, c Korro KoHTaKTyBa reqHllrrr KpHarurn ca Aa 6rAe
6es Mexanrsur{ }tspex(AaHnfl. kr Ea e xr.rMrrqecKu qxcra. Tarir a rptlna Ea 6n6e
Tr x npeAr{ HaHacrHero Ha npoBoArrr{ure r.r op'errr'parqr{Te cJroeBe. krua
MeroAIIKa 3a fioqncrBaHero Ha c'rbKIIeHLrre [aHerrH or opmHI,Frr.ILr n MexaHlrrqHr{
3aMbpCflBaHUrI, COJrr4 r{ Ap.

llpu nponexgaHe Ha pelprrla eKc[ep'rMerrrtr, cBbp3aHr.r c r.r3fraBa'ero Ha
naxor eserru ts TeqH-dre Kplrcriull{ u .rrxHoTo [paKTr,rrrecKo [pr4JloxeHr,re B
I',rHAHKarOpIrara rexHr,IKa, e neo6xoANrrlo HalpeqHo Ha reqgoKpr4crarus.r cnofi
Aa ce npuiroxrr ereKTp[rrHo none. 3a ra3lr rleJr Bbpxy BbrpeuHara floB,bpx]rocr
Ha crr,KJrerilI llaHeflu, o6pa"syoaula eKcllepr,rMeHTlrmari- KJrerKa. ce HaHac,
IIpOBOArrqo [oKpr{T!re. Taxa KIlerrara flpeAcraBflflBa rlrocl,K KoHAeH3arop,
r{ulfro ereKTpoI\Id Ca npo3parrHr.lTe flpoBo.qruu cJroeBe Bbpxy ABeTe naftertur, a
,qHeJrercrpr,rrcsT e TerrHlr.flT KpucT€lJr.

llpoepavnuxt qpoBoArul cnofi rpx6na Aa orroBap, Ha cJreAHrlrre
u3HOKaHr{rr: Ea uua Ao6pa a.{xesru K6M noBrpxrocrra Ha crsKJreHLITe tr:urgJrr{,
{a e c BlIcoKa npo3par{Hocr LI [poBoA'Mocr, Aa e MexaHlFrecKrr 3Ap€lB r4
rfr'rruvecr<r,r ycrofivun. Taxr,rna cnoftcrsa [prirre)r(aBar cJroeBere or Inzo/Snoz.

{pyr naxen eneMeHT Ha KrerKara e oprre'Tnparqr,rrr cnofi. Heroeoro
qpeAHa3Har{eHEe e qpu AapelffeH KoHTaKr c reqHr.rr Kplrcrtur B orcbcrBHe Ha
BbHruHo (enercprwno riJrr{ MarrrHTHo) nore, Aa 3aAaBa onpeAeneHa erteKrpo,[Ha
OPICIITAIIruI HA TEqHOKPI{CTTIJIHU'TC MONEKYJIH. MCTOANTE 3A HAIIAC.HC HA
OPIIEITTI{PAqH CJIOEBE NAfi.O6rqO CE AEJUIT IIA IBE KATETOPT,II4: BAKYYMHII [I
HeBar(yyMHr{. Baryyunr.rre MeroAn ca floAxoArrrlr,r l.r c$en.nan" np" rr*u"*"ro
ua opr,rentlrparrlr{ cnoeBe Bbpxy MaJrKr,r nJrourfi, KaKRu.r.o 0a re3u na crbKrreHHTe
nalreJrr4 Ha. KJrerKHTe, a HeBaK)ryMHHTe - Blpxy n0-l.oJreMH nJrorr(r{ (nauenrlre ua
urtpoxoQoprrrarHr4Te rerrHoKpucraJ'ilr 4llcnleu). l(;r'*l opr,rcHTr,rparq crofi e
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2 ftrA,&4 OPIAH H'IHN MATEPUAJIN B MWWOE]IEKTPOH UKATA

n3[oJr3yBaH HaKJTOHeHo r.rsn'apea Sio. HanacrneTo My B:bpxy noBbpxHocTra Ha

cTbKlreHrrl.e [aHeruI e ocbIIIecTBeHo flocpe.[grBoM BaKyyl(E]Ire MeToAK -

HaKiloHeHO r.r AsOfiHO Lt3IIapeH11e. 3a OnruMusupaHe Ha npoUeca na Anofinoro

r,r3[apeHrre e paspa6oreu porall[oHeH MoAyn, [ocpeAcrBoM xoftro

e,ryroBpeMeHgo n 6ee npe6bcBarre Moxe Aa ce ocsnlecTBr,r rrbpBoTo lI BTOpOTO

n3flapeHlle Ha SiO. HanacqHero c uoMoufra Ha Mo.4yna Ha opllegrutpaull{ cJIoeBe

or Sio ce xaparcrepH3upaT c BHCOKa CTerreH Ha eAHopo.(HocT no IItJIaTa cn

nnou.
Onpe4eneu rl{rr opLIeHTaqurI Ha reqHoKpI'Icr€IJrH[Te MoneKyrln e

rrocTrlrHaTa I{ qpe3 }T3IIOJByBaHeTO Ha IrOB5pXHOQTHO aIcIuBHI'I BeIIIeCTBa GAB),

Lecithin er HTAB ftexadecy trlmethylammonium bromide). Trxuoro orJlaraHe

B TbHbK CnOfi mpxy nOBbpXHOCTTa Ha CT6KJISHET9 naHeJIu e OCbIqeqrBeHO qpe3

CJIEAHLITE HEBAKYYMHII METOAII :
- 3a[hrrBaHeTo Ha K[sTKr,ITe CTABAC TeqeH KpLICTIUI, n roftro e pa3TBopeH

B MuuIKn KoJrIlFIecrBa (orono 0,1 rerr. % ) Lecithin unr'l HTAB' B

flpoqecaHa3[III6JIBaHeBbpxynoBspxHocTTaHacTbKJIeIIuTe[aHeJII,Ice
clara cnoft or fIAB, roirro e r[r,rrnrecrur aacop6npaH H e B AI{HaMIIqHO

paBnoBecfl e o TeTIHI'II KpI{CTaJI' ;
- cTsrureHuTe flauenn ce noTanrT B cnupTeH pa3TBop Ha Leoithin zuru

HTAB, cJreA Kosro ro3l{ ptBTBop ce naHact Bbpxy rtxHara

roBbpxHocr [oapeAcrBoM qeHTpy$yra.

llpu trlon:raNa I{a KJT9TKIITe MeNqy cTbKrreHIITe IIaHe[u ce [ocT€lBtT

p*.q"n"i"n, ( o6nr<noreHo or re$noH ) r,rnn lruxpoc$epu. ilanelure ce

3aJrenBaT gAI,IH KbM Apyr C JI9III{JIO. PaSAeIpITelLIre n JISIII4JIOTO rp.a6na ga ca

X H M u q e c K I { H H e p T H I , I c l ] p ' M o T e E I H I l t r K p l I c T i I n , A a H e o T A 9 J I j I T n p } I
TeM[epaTypHara o6pa6orxa BetqecTBa, KorlrTo Aa BJIOIUaSaT OpI4eHTaqIt{Ta Ha

MoneKy[Lrre My, HeroBoro BpeMe I{a xllBor, npoBoAllMocr ll Ap' Ocnen rora

IeIrI4JTOTO rpr6na Aa OCI4rypgBa H X9pM9THTIHOCT Ha KJIeTKHTS 3a ,IIT,IIT,T nepLIOA

oT BpeMe. PagC:rOsruerO MeXAy CT6KJISHIIT9 [aHenI'I B eKCIIepKMeHTaJIHLITe

ruIeTK[ceonpeAsn'oTcIIeKlp'IJIHETeHMKpIIBLIHanponycKaHecIIoMol[mHa

$opuylara
d: (n/2) [ (rr r) / (?"r-tt ],

KT,AeTO n e 6porr Ha MaKclrMyMflTe MeXAy ABe cTOfiHOCTII Ha AbJIXUHaTa Ha

cBernl{Hnara nurna }"1 u }"2.

Hsl'uarauero Ha opnerrTr.rpaqoro AeftcreHe Ha TbHKItTe Cnoene Sio,

l{aHeceHLI no MgTo.ua Ha I{aKJIOHeHOTO I't3[apeHlre Bbpxy HeMaTHqIIHTe reqHH

r(pr4cTaflr{ MBBA, TNI 132 ra E5, uorassa, qe BIIA:b1'Ha 3aAaBaHaTa oT TC3II

cnoeBe opraeHTaqr.rr 3aBr{cr.t oT brbJra Ha I{3[apeHHeTo I,r ct e. B nllrepoa.rla
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MATEPUAJIO3TUEI4E B MURPOEJIERTPOHURAT A

-00 < g < 600 :arasanara oT cnoeBe SiO opaenraqr.rn e6es npe4nowrrano Ha[paBJreur{e.

TKI c norreBr4 eserr ce cbcrori or reqHoKpuorrur'a KJrerKa c [oJreBr,reQeKT C TbEKLT efieropoAHpr cefMeHTI{ Bbpxy

ff H;ji#:y:*:""::$.;;ft .,JJ#*Tffilffi l-.ffi :ff##;tro orpaxareJreH Mero,4, K€tKTo e noxa3auo rra 6ur.g.2

2MABA OPTAIIUTTHU MATEPHAilN B MUKPOENEKTPOHURATA

-60u < cr < 700 cnoerere SiOMoreKyrrc xoMoreHHo c npeArroqr.rra'o 
""ffiffiXllt 

'Tx"H',|#ff#
IIeptIeHA]t KyJurpno Ha paB H HH aTa Ha r43[apeH ].re.

_70" < a < 750 cnoerere SiO ne sa4aoar 4eerm4paHa opr4euTarlnr.-75o < a < g5o cloener" SiO^"MoneKyrrr{ HaKrroHeHoxoMorenHo, *"ooo*lf#jTm;:H:*;,;TffiTpaBHu'ara Ha rz3[ape'He, r{ br6Jr Ha }raKJroH B HETepBaJra ic a g = ii;flponegeHrare lrgcJre,qBanl{, Ha B.r&urHuero Ha prrTBoperrnre BTCqHI4' KPI,ICT'UI NPTIMECrI BbPXY OPUCHTAIII{fiTA HA TEqHOKPICTAIHI,ITEMoJrexyJrn, 3aAaB€ura or rouorpa$wfita .Ha 
TlbpAorpr{craJrnara noBlpxHocr,IroKa3BaT, rre H!UII4qI{enpeAno.ruraHo'o,'u*uil""Xx;Tff*:t#"ll,u1l#",#"""u,|Jffi q""T

cn)ry€u rra JIeTInTHH !r Ao HaMaJIrBaHe Ha eEeprnrTa Ha c{e[JreHr4e.
MexanusrM na Aeficrnne Ha reqHorp[cranuun 4r.rcnnefr

flprauqnu Ha AeficrsHe ua uenrs6y4eu n nt:6y,{eH TCTIHOKpI4CTaIIoH

r{HAr{KaTOp
Btrpenruure cTeH[ Ha TeqnoKpHcTzrmtaTa KIIeTKa ca cneIII4ajIHO

o6pa6orerur, 3a \a ce rroJlfrIl eAHopoAlro rloApex.4aHe Ha reqno4p[cranHl4Te

MoJreKyJrrr Ar<o npe4aar& v 3UlHaTa [aI{eJIa ca MoHTI4paHI{ eAI{a cnpfMo Apyra

,rog 
";o 

900 ( r<-oero onpeAeJrr no^pe)KAarreTo Ha KplIcT€ulutue uorercy.uu ) ce

Ir3BbpIIrBa porarlufi Ha 90" rrJIH ycyKBaue Ha MoreKylHI4Te oca'

llorrpuar,lpauara cBerJMHa BrI[3aIqa B KJrerKara qe ilocneABa porauutra Ha

Kp'crirJrHoro rroApelK[arre Ha MoreKyrnre. Cnea Karo e 3aBbprtHa na 900 o'r:

KJIeTKaTa, [oJI4pI,BI.rpaHaTa cBeTJII{Ha IIIe MHHe JIecHo [pe3 BTopI,Ifl [oJI'pE3aTop'

CBeTJrrrHaTa Ce Bp:brrla [pe3 KIeTKaTa, OTTTOBO Ce 3aBT,pTa na 90u ll MLIIIaBa IIpe3

nTJpBI{rI noJItpI,I3aTOp lCru na6rnoga:rem.

IIer Ha vnpaxnelilrero

I4rrraepuane [apaMerpl{Te Ha reqHoKpl{cralleu LIHArrKarop'

3ananue!a-pal69ra

1. I{srvrepraae KoHcyMaUI{.uTa Ha IT HAI{Karopa.

2. I4sruepnaue BpeMenara Ha IrarIeFIe I'I raceue Ha I'IHAI'IKaropa'

Excuepr.ruenra.nna nocrauonxa

I . 3a ugm,nueul{e Ha sa;Lalra 1. Onnrrara fiocrarloBra e AaAeHa Ha Slr' 8'3'

MexAy 3axpallBafleTo ua yc.rpoftcrnoTo 3a [poBepKa Ha HaJI]4LII,le 3a KoIITaKT H

reHeparopa My BKrIIOgere aIyBcrBIlreJIeH aMnepMerbp c:brllacHo cxeMara Ha

Sr.rr.b.:. Llt*"p"t" Ko'cyMaql4nra na ycrpoficrBoro o rl 6es nrpaAeu rr'Al4*arop-

Ltv.Iz.LIs,4ucJlere KoHcyMaIIIt-era Ha unAuxaropa Ix no $optuylam

Ir<: Ir - Iz [PAl
3a ugnrmrenne na auau'ru 2 ce nsnolsyna cxeMara ra$ena na $llr'8'4'
flocrase:re Allcruler B AT,p)I€TeJLa BT'pxy KoopAI{IIarHala MacuqKa Ha

BpeMer!3Mep[TenFloro ycrpoficrno lr nogaftte Ha[pe)KeHLe U:3V c qccrora F32

tL. n"tt,o""re cra6wuasnpaHllt roKol43rlpaB'rren, 3axpaHBalq ocBerl4rerlHara

rJepTI4KaJreH

nol'tpr.r3aTop

\\ -./
-t'-t-_-

xopn3olrlafleH
nonqprz3aTop

Kn€TKa c no.nenu e$err

oTpaxaTeJr

tsepTHKa_neH
nonrprr3aTop

KJ]ETI{A XOPH3OHT.UICH OTPa)(ATOJI

nonrplt3arop

@rrr.8.2.
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MATEPEAJIO3IIAHNE B MEKPOEJIERTPOHITKAIA
NIABA 3 AIOEBEBMIIRPOEJJEKTPOHUKATA

Jla6oparopuo yupaxorerure Jlb9

MHOIOCJ'IOfu II4,II}InJIEK'TPI'IqHV,C}ICTEMH

EAna ot oclroBHure 3anarlu npu cb3AaBage rra oIrrIlFrHlI eJreMeHTI4 e

LI3TOTBSHe Ha CI'ICTeMI4, KOIITO qpOIIyCKaT OIIpeAeneHa qaCT OT CueKTbpa Ha

eJrerffpoMarHHTTruTe BbrHpI H OrpaHuqaBaT [p9MI{HaBaHSTO Ha,4pyra qacT-

Cnercmp Ha eJIeKTpoMarHLITrrr{Te BbJnrfl
1m- l0rkm* lo3mm=106um-1olnm
1Hz- 1o{kHz-1o4MHz-10 I GHz

!lq.Ab''lt{ YBlltllt

VT7V77T1 ?,WI
*nrt,

7?7nV:7m
PaAr!.dr.efisrlitl

eAeffppilarHurHu
n0^eta PelllrsHcsl,r lbllt

lwr. vl
v///l/{/{rr', f t r' t.t'. t /, t 

" 
t f A

rraMna' vcranosere cBerJrr{rr'oro rrgrHo Bl,pxy Hrr(ofi or cerMerrFr{Te.CsETrHHnoro [erHo H3axparrBarrraBXoAaHa;Jffi:';'#.#]ffi:fr 'i"*"Hl""ffi"tff:Hf,l*
HarrpexeHrre Ha $o:royrvruoncurenx. Bnnroqere BpeMerr3MepnreJrnoroycrpoficrno. Brruo.rere ocrlr{Jrocrorra H My rro&ai4re nr:6yxgan{ cargar.Ornopere 6neugara, 3arqrrraBar\a BXoAa Ha Qoroyuuoxrzr"*. ilr*"p".,[peAHr{rr r.r 3a4}ljd,fl. $ponr ua cr4rHaJra or soroynGro)I(r4TeJrr.

B!ptt'g
c!9T{l1tgi

Wl

l - ur.rrpocron MEa-T,T:11"**"*{a naMna,
3 - $oroe.nerrpoueH yMJrorromen; 4_ noriynpospavno ofJreAri.Jro;
5- uepHa ryrza; 6_ cra6wrusrEpaH .rooo*rrpu"rlr"n;
7- nacorororrron cra6a.nr,rsarop; g_ npeuelrsuepr.relno ycrpoftcrno;
9- TKI4; 10_ xoop,quHarua Macilqxa.

3aAaqu la caMocrosrqilHa Da6ora

l. Kar< ce Ae0n'Hr,rpa BpeMero Ha 3arraJrBaHe rr BpeMero Ha 3aracBaHe ?2. ooprr'rynr'rpafire npegrnr,rcrBara rra Teirnorpr4criurrrI4Te prr{Allr6aroDrd.

Brnpg_cr.r-la rconrporr H caMonoarorosr4
1. Kaxrn BeqecrBa ca reqHr_ITe npr,rcralr ?
2. Koa re{ur Kpr,tcrrurlr HaMrrpar nafi_rurnpoxo npznoNeuae ?

JII{TEPATYPA

1. Mailer, H., L.Likins, T. Taylor. Appl. phis.Len 18, i05. 1980.

1 0 0 k m  1 m m  1  m

1,5!io', i,H,:* ry,YF
1 mm 1 pm 100nm 1 nm
300 GHz 3.10t1 3.10'5 3.10',
1,241A3 1,24 1,24 1,24.1e

1o.l,r iffi;:
i'ji..,* Erepsq xa 'boroe W (e\4

KprcJIopoAHoTo c}I cbAbpxa514e I.I Moxe Aa ce IIojI}ry14 AopI,I tII,IcT rr,I'ran, IIpu

tr3rrapeHrreTo Ha npax6ofipaSeH TiOz IIO eneICpoHHO-JIbrIeB MSTOA CbCTaBbT

Ira Lr3ToqlrnKa ce lI3MeruI .qo TiOr,ez, a ra3oBara $asa ctgr'pNaTiA2, TiO r Ti'

flpeOAOlgnaneTo Ha Te3lI TpyAHO0TI,II ATaBA B!3Mo)IgIO qpe3 I,I3IIOn3yBaHeTo

Ha pear$trBHo r,FrraperuIe B Kr{cJropoAHa cpeAa. Konr.r.Iecrsoro KI,ICJIOpOA

rpx6na Aa 6bAe B onpe.qeJler{}I rpaIIlrlryr, 3arr{oro B IlporllBeH cnyqaft ce

rroJr]^raBar HexerlaHr{ esercm. flpll ne40cmrttruo Ko[I'IqecrBo - He[bJrHo

oKIlcJIeH}fe, a npu uo.roJI,IMo - [oKa3aTeJI'T Ha npeqynBaHe n nIsTEocTTa

HaMaJUrBar [opa,qrl eneprrafuua 3ary6u, AbJlxarqu ce Ha MHoroKparlrrrre

CTIJIKTTOBSHE1 Me)KAy qaCTI{III{TS B ri13OBaTa Sa:a. Ta-:r'r OIITI4M;UTHa O6naCT e

2-3,5. rc4 Ton. 3a u4eHr:ra$n4lpaHe Ha croeBere ce r{3rroJ*yBar MeroArITe

nn$pavepaeHa cneK-rpocKollnfl LI ila3epHa enlincoMerplla. E!.rra qpl{Meprla

crreKTporpaMa e noKa3aua na Slrr. 9.1. -flcso ca rr3pa3eHn a6cop6uuonnure

MaKcr,{MyMr{ wpu 440 u 250 cru-'. llor<asatefltT Ha [peqyIIBaIIg 3aBLIcLI oT

TeMIIepaTypaTaHaIIcAJlo)Iff'aTaI{AoIIt'JlrIHTeJIHonpoBeAeIIaTaTepMIlFIHa
o6pa6orra (ra6lrua 9. I ).
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MATEPUAJIO3HAHNE B MNKPOEJIEKTPOHI4KATA

Tadrnqa 9.1.

Teruneparypa Ha no,{JroxKara Co 25 J J U 350 400 450
floragaren Ha rlperryrrBarre Ha
cJroeBe or TiOr nnu 550 mm

1,93 ) ? ) \ ) 2,6A 2,70

Our.9. I

Brpxy trora3areJlt Ha npeuynBaue oKa3Ba BlruflH*re w3xognrvrrrr
MaTepr{utJr H KHcJropoAHoTO C6,46pr(aHr{e B:bB BaXWMHaTa KaMepa IIo BpeMe
Ha r,I3rapeHrdero. Ha $wr.9.2 ra $nr.9.3 ca noKa3aHr4 0606rqenr,r orrr4THr4
pe3yJrrarr{, K:bAero M e uoueplr Ha lBrrapeHlrero, a n - [oKa3areJI{T Ha
[peq)rflBaHe.

I ]IABA 3 ,, AIOEBE B MNKPOEIIEKTPOHTIKATA

$unrupa, Kotro ce n36upa B 3allrcr4Mocr or x(eJlaHara clrexrp€lJlHa

xapaKTepr.rcTI{Ka.

flpyro npunox(eurle Ha MHorocJrofinn 4NelerrplrqHIl clrcreMu e

HaIIpIIMepHaHaCfiHeTOHaIOKpIITI{eB:bpxyBbTpeuIIaTaIIOBl'pxHoCTHa
enercrpll.lecKfi KpyIIIKu c Ha:KextaeMa )KIlqKa. I{enr:a na roBa rroKparlre e Aa

flporrycKa BI,I,e.IMara cBerJlrrHa H Aa orpa3flna nHSpauepBeuara. IIo tosz

Haqr{H ce noAo6pxsa e([ermrnocrra Ha KpyIITKI'ITe. Llplewwaat dlrurmp 6u

rpr6nalo Aauwaxapalcepucrllxara, [oKa3alra ua Snr. 9.4.

@5

Onr .9 .4 .

Qur.9.2 $ur. 9.3
Konrpenro [p]rroxeHlte Ha Ar4eJtercrpuqnn cJroeBe or SiOz r.r TiO2 ca

uBsrur.rre KoA4paqn Qrunpu 3a Blr,qr{r(oHu 3a qBerrro ueo6paxeuue,
I{ne*uur KoAnpa'I $r,urrup e orpa3rBaru ,urep(ropeuuen Sran*p, H3rorBerr
Bbpxy orrTruHo crbruIo. floxpzrnero e "ilapr3arro', lta HBuut{, Karo [r4punara
rra r{Br4qr{Te sranrp FI Ha HeIIOKpUTTU-a rlac'r' c c/trraKBa. peA}ryagero na
cJroeBere c BLIcoK a HI4cbK lloKa3arcJr ilil ill)crrytiliafle Ha cBerJrvRara r4
TrxHara 4e6e.uuua 3aBrrcn or Kor{crpylc.Hr}ua,r.ir oxcMa lla uspa6ornaHe Ha
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3a nonyqasaHe Ha xapaKTepHcrr{Ka, 6nugra,(o r'IAei}Jrr{ara, Morar Aa ce

r{3rroiByBaT MeTaJloArerreKlplrtffH I4 AI{e[eKrprIIIII norpurru',llpr't

MeT€lJroArreJrercTpr.rrrHuTe noKprltTErr cxeMaTa ce cT,cToI{ oT TprI cloa - MeO-

Me- MeO. MeNguunrarr MeTAJTeH CnOi Tpr6oa Aa 6rAe CHJIHo npoBoAI'IM

MeraJr, a AebeJl[Hara My,{a ce uo46epe raxa, qe Aa ce ocrlrypfi [poflycKaHero

Ha cBeTnr,rHaTa oT BrrA[MaTa o6JIacT Lr oTpiDr(eH1re'ro ua r.ru$paqepBeHaTa.

Karo rarrs MaTepilzUI Mox(e Aa ce Irr3noJ6)tsa cpefpo" a AH9ISICTpLIqHIIT9

cJIoeBe TiO, ocl{ryptBar Sa.sonoro cbilIacyBarro II aHTHpeoneKTopHrr

cnoEo:rga.
llpubrursrrerHr{Te /Ie6enErrrr MOraT Aa 6rAar ngqucnelll4 OT cJIeAI{I{Te

3ABI{CT,IMOCTI'I:

X o
d, = ::- - tu AfieneKl'fiKa'' 8 n

.  1 . o  I  . { n . - n " l  - - - - .
al" ---r-.-arclgl " '" 

l-3a MeraJI;'  2  k  " [n , - r  r . to /

a, = 3!- - 3aAfi erelcrpg*a,' 8 n

Kb.IIETO:

q e roe$r.rqraeHT Ha IlofJrblrlaHe Ha AueneKrpl4ilHuJt crofi;

k - roe$nqzenT Ha nourbrqaue Ha Msrara;

l,o- pasrneNgaHllrr o6xBar Ha AIJIxI4HI4Te Ha BIJIHPITc;

rle - roe$lql.lelrr Ha ra3a B 6aJIoHa;

^t--****-*r\

\



n3 - Koe$nql{enT rra CTbKJreHr,rJr 6alOn:
d 1 - ge1etunaHa l['erercrp'rr t*ra arofr ,pa3noJro)r(eH Ha[_O,'{3o .uo

HAKCXAEMATA )KEKA;

d2- ge6ewnana naeramrlrr cnoi:
d3- gelennna'a A'eneKrplrrluu-r cnofi, Hafi-orAa.ne.re' or )KaqKara.
?1s.r[creHr,rre rro ro3n na.rr.rH Ae6efir,rnu ca or nopflAbKa na 120-160 A

3a pa3Jrr'ilrHr.rre croeBe. 3a 4a ce nonyq' )KeJraHara B cJr)ryarr xapaKTepr.rcrr{Ka
flprr r'r3noJr3yBane caMo Ha ArrerreKrprlrqHlr cJroeBe (Sioz u Tio2), re rpxlsa aace HaHeCaT IIO CJreAHaTa cxeMa:

CJUBA 3 , CJIOEBEBMNKPOEIIEKTPOHNRATA

3a,uaune ra pa6ora

l. 3anosHafi-re ce no.{po6no c qerl{pllcnofHara crpyKTypa or nptrMep
" 4lay er.lfcl" Ha lporpaMa'TF_calo".

flococste 3a KaKbB Tuil onrfiqen eJIeMerIT ce orHac{.
Pasrre.qafrre MareprrzlJrnre, or KoLITo e n3rparsna arpylcTypara I4
TexHuTe uapaMerpn.

2. Orfiuurtsupairre crorBerHure orrrrilmu troKasarentr Ha c'rpylcrypara
ot r.l .rpes rroAxoAtr4{ [poMeHrI Ha pa3[uqHI'ITe uapi]Merprl Ha
rcrpaxlalsrte t Mareptr:lJrl{.

3. Ao6anEre HoBLI cJroeBe or pa3rr{qul,I Marepuius KbM Beqe
orrr{Ml{3upauara crpylcypa - 5, 6 cnoft.

Pasnecarafire nogpo6uo BclrtlKll Bxol[il] rauua s Kpa.firur
pe3yJrr:nu no t.1, r.2, t.3.

4. 3auosHaftre ce c [plrMep "D-mirror.tfd".
llocoqere pa3[rIKrITe c Berre pa3rne.4auux " 4layer.tfd". Orpasere
KaKbB e rfi'trana onrrlqullr eJreMeHT, 3a Kofl-ro oe orllac.a.
PasrneAafite nogpo6no ltsrpilx.qaulllre upyKlypara Mareputlnu
14Tfr){HATaUOCJIe.[OBarenIrocT.
HsseAere Ha neqar BcI{tIKlr BXoAHI'I AaHHI I{ pe3yJITarI'I or r.4'

5. I{snrpuere orITI{Mr{3aqI{t Ha crpyKTypara or t.4 s nocoxa Ktv
fiEeilJJ.flLlfl. BapI{aIIT 3a CbOTBeTHHt OtrTIIIII€H eJIeMeIIT.

Pasne.raraftre uorfreHlrre p$yJrran{.
Memoduqecnu yKaSanun 3a a3nbnfleuue Ha ynpuncHeHaeml)
C nporpaunara cucreMa "TF-calc' ce pa6oru KaKTo c Bcqno nprilrolrtenlre noA
Windows.

Crap'rupa ce uporpitlr,ra "TF-calc".

llorussa ce npo3opeq

(L*o"!-s,o.\ '2' ( 2' \
\ 4 '  4  " )  ; ' o ' l ; s i o " : - r i o ' z ) '

KbAero l,':800 nm,
),": 1000 nm, n - 3 ao 5

-Ilpes msn KoHcrpyKt{rrrfl Mo,r(e Aa ce noryqa qponycraHe BbB
BHAwMana o6nacr go 80-85%, a npu l, : 900 _ 1000 nm _ noa l5ol0. Tona
loKpr{T!!e, orJroxeHo rrpxy xon6a c'c cnerl'nlr'a KoHClpyKrI[.rr, yBeJrrrlraBa
cBETJMHHHIT AoOrB Ao 10-13%.

ffDorDauna cacreua r,TF-calc,

llporpa.rrlHam c'creMa "TF_calc" e rlpe'nasnaserra 3a u3cJreABarre Ha
uHorocnoftru'r Anererflpuqrfr crpyrcrj{pn, Kor{To ce ',,tron33yBar B omr{qHr{
eneMeHTrlr. Ta uo4Arpxa 6a:a.qansr.l 3a ocHoBr,r [I MarepuaJDr, H3rpax4arr{u
unorocnofinure crpyKTypr.r.

llpoelcraNtrr ur6upa Heo6xoAaruara roH$mypaqru, cneA Koero
3aAaBa xeJraHara ilocJreAoBarem{ocr or MaTepr.IiuII{ r.r rexHoJlonrrrrHl4
flapaMerpr,r. Cnea zg6op aa $ynxqfi, 

..A'g.1r"r:, 
"e 

.rooyr*a, p"ryo*r" ,ucIIeIfIptUIHaTa xaparqepqcTrrKa Ha Cb3AaIeHaTa CTpyrffypa, KOrlrTO ce
v3Bex,qar n ra6rurqna $oprrla, a c6rqo raKa v. B rpa$uven BLrA.
oHarne,{rsa'ero Ha pe3yJrr:rrr.rre e MHofo noJre3'o, rrfi raro [oMara Ha
[poeKraHTa 3a anairE3r{paHe Ha fioq reHr{Te pe3ylTaT!{ r4 3a no
HaTaTbruHoTo onTr,rMu3rrpnHe Ha rr3rpaxAaHaTa cTpyrclpa.

OrAemrn Moruernu or pa6orara c nporpaMara ca npeAcraBeHu B
pa3Ae[ "Mvrolglvecr<u y:rla3atna 3a lr3rrLrt]Ienue Ha y[pa)KHesne.ro,,.

ller Ha vnDarrcreHqero

3anoeHaBa'e c unorocnofiElr AneJreKrp'rrr rH oucreMrr, Kolrro HaMnpar
npruoxeHrre B pa3IIIIsHu oTITEqHH eJleMerrTx.
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MATEPNA]IO3HAHNE B MNRPOEIIEKTPOIIHKA'IA

orxr.uero ce 3aAaBa BHAbr Ha [3rpa)r(AaHa.a crpy*rypa. cne4 n:6op
UA TOU6UHAI{H'I OT MATEPI{AJIH I,T 3AAABAHE HA TEXHIITC TEXHOJIOruFIHLI
IIapaMerplr

ce H3BsprUBa ali,urlr3 c ns60p Ha $ynrqux "Run" or rJr€rBHoro MeHro r{
[ocJreABarrl us6op ua "Analyze"

AIOE BE B MHKPOEJIEKTPOHHKATA

u rparfrvna $opua

3a.uaqn ta caMocroqreraHa Da6ora

1. llpeAcrasere rpaQuxa 3a crIeKTpaJIHa xapat(I'epnc'l'HKa Ha
pe$nerrop, Karo anilrllr3rlpare cneKqpanltara xapaKrepucrura o1'

Qur .3 .

TJIABA 3
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2.

J .

[e0nrapafue KaKBo npeAcraBnrBa roeenqr.reura E&qpeqyrlBaHe. B r<ofi cnyraft xoerfnqneura Ha [pcrrynBaHe e rlo _
roJrrM H r roft e tlo -M€urbK or eAHHKrIa.

Crunesupafire uuoroclofina crpyKrypa, Ha 6aza Ha
MaTepI{€ImITe OT pa3UreAarrr{Te fipHMepr,r, 3a riBroTBrHe Ha
OITI{qEH QUrrrrP 3A NPONYCK;UIE HA BHAIIMATA CBCTJII{HA I{
oT pa3rBaue ua auftpavepBeuara.

NJABA 3 CIIOEBEBMUKPOEJIEKTPOHIIKATA

Jla6oparopno ynpaxlrelrue J{b10

I{3MEPBAHE TIA CTIEKTPAJIHI'I XAPAKTEP}ICTI'IK}I IIA

CJIOEBE I,I CITCTEMA OT CJIOEBN

cnoenere B MI4KpoeJrercrpouaKaTa ce H3rroJr3yBaT B pa3JII{tIHII Cn)r'qal4 u

Ce rr3rOTBflT IIO pZI3JII{IIEI,I MSTOAI1. CnOpen 11p1t11O]KeH14eTO CPI CJIO9BST€ ce

H3[OJr3yBaT B K0HcrpyKqr{rrTa r{a rroJry[poBo.qrr'rK0Bu ]I XI6pI,IAIII{ eJIeMeHTE'

Karoo rr npr{ MrrKpoMoAynr{. B .ract oT cJryqarlTe Te3I4 CIOeBe U3II6J1HqBaT

orrrprqrrr{ 6yo*u"". Moxevr Aa pzBrne.(aMe fIffKoJrKO rpynn $ynxquu'

I'3NbJIII'IBAHI,I OT CJIOEBETE.

1. flpocnernaBarqn rroKprlrTHr, H3rro[3yBaHr4 3a floAobpfiBalle pa6orara ua

$oronpneuura4l 14 HA OnTnrrHr4 eneMeI{TI{ tlpe3 H€lI\{iIJItBaI{e

KoeSI{IIEeIrra Ha o'lpilxeHl{g .

2. Orrrnsrnr rroKpr4Tlu [r3llbJrrurBatqE synxqr,ru na sr.Urr:pu liJllt ofJIeAaIIa

npa $oronpueMHl{q[ , JIa3epI{, AHCTIJIeU rr ApyrH'

3. EUervlerrm B I4HTeIptUIHaTa OITUKa 3a AtreneIffpI4rIHI'I BT'JIHOBOAH'

AHCnepcHI{ crlcreMr4-

4. Cneqranrcl,rpaul{ OyHKTII'IH - HanpllMep 3a floArprBaull{ eJIeMeHrIr c

O[TLtqHa IIPO3PaqHOCT'

Or apyra crpar{a, crroeBere Morar Aa ce IslacnQluupar u cilopeA

tfnsravecxure cv [apaMEIpI'I rrJM rro MeroAa Ha noJlytlaBaHgro I{M'

Cuopeg $nsnuecrrare cu napaMerpfi Te Morar '{a 6r'Aar MeraJrHn'

[onylpoBoAHuKoBr4 u.wleneKTpr/FrHw.YIT:pul'5|e BI,I,4a HtMlIpaT [pI4IIO]KeHLIe 3a

r,r3rpax,qiHe Ha orT[rqHU eJreMeHTr,r. ,{r.renercrpnunllTe B Hafi-OoUIt4rI CJI]qafi

ca olrrltquo flpo3parllrn ( n sanrcr'ruocr or ttpl4Mecr4Ts Morar Aa ca c

Srunponu cnoicrna). flonynporogul'IKoBllTe cJIoeBe cbrqo ca npo3paqull B

3aBr,[cHMocr or [IupnHara Ha 3a6paHeHa'I]a 3oHa It nponycKar B pa3m4qeH

crreKTpnleH o6xnar. MeTarurre cJroeBe npI{HII}IIIHO Ca Helpo3paqHl'I IIopaAH

nanHqllsTo Ha cBo6o.AHr4 eneKrpoHrr, Ilornbularull B IIIIlrpoK cneKTpaneH

o6x6aT. B rrmOrO T6HKLI g119eBe O6aqe Te 9T'IIIO Ce n3nOJI3yBaT rar:O $rln'rpn'

I1pr,r uo-roleMl4 ,qe6eJrHHI{ Ts ce r{3rloir3yBar 3a ofJreAaJla'

Cuoenere Morar Aa 6t'4ar uonyrasauu uafi-qecro tlpe3 BaKyyMHI{ rI

xr{MgqecKa MeroALt. Carunre MeroAI{ Ha [onyqaBaHe BJIHtgr Br'pxy

cTpyKTypaTa Ha cJIOeBere I't oTTZIM Bl,pxy ourl'rqHlltre I{M CBOTCTBa'

Ocnonnure oIru{rIHrI flapaMerpu Ha cJloeBere ca cBbp3aHI'I c

KoeSIrqLreHTa Ha npeqyflBaHe (rofiro e 3aBncI'IM or AbJDKI{Hara na ouuara )

n ne6err4muta Ha cJlot. EqHa ot uai-qecto r'BMepBar{r'ITe xapaKTepLcrI{KH e

Koe$I4ql{errrbr Ira qporrycKaHe Ha cJIo{ v$iJcH.a eJreMeHTure'

Pa:npocrpanerrr{gro Ha cHorr Jlbtrr{ B IIOJIyIIpOBO,ilI}IqUTe Mo)I(c Aa oc ollHlllc

naft-o6qo c ypaBHeHI{rTa Ha MaKcyeJI 3a eJIeKTpoMarIII4'I1l(tl\) llojlc' il

IIMCHHO:

1 .

2 .

J .

4.

2 .

J .

1
a .

1
I .

BruDocu ta rcontDo;r u cauono.{roronra

Kaxno npecraBJrsBa crpyrffypa or lrnorognoftrul
AITS}ICKTPIIIIIIII CJIOEBE 3A IIPI{JIO'KCHIIC B OITU,IqIIH E.IIEMCIITH.
Kaxsu Marepr{iurn ce r1rc[oJr3Bar B crpyrTypr.rre rro r. I u c xaKBo
Ce XapaKTepl{slrrpaT.
Or rarso 3aBncr{ nocJreAoBarefl]rocrra Ha Marepr,ralr.rre rrpu
$oprrupane Ha MHorocflotnr,r 4r.renerrpxqHrr crpyKryprr 3a
OIITHEIIIU eJIeMeIITLt.

Kaxsa e cfiercrp:rJlnara xapaxTepncrr{Ka Ha r{Aezuruu, orrrr.IqeH
Srurrrp.
Kaxno e [pegua3HarreHrrero Ha nporpaMa *TT_calc,, 

r{ KaK ce
pa6orz c nea.

ffDororo;rrr cratDxa

Onncanae Ha unoroclofina AHeneKTpnqHa crpyKTypa 3a
npruIOX(eHIIe KaTO OIITIIFI9H eJIeMeIrT.

fladr,rxa 
Ha cneKTp€rJrHara xapaKrepncrrrra Ha r4qerureH orrrr.rrreH

$rurmp n pe$nerrop.
floapo6no [puJroxenrre Ha BcrrrrrKrrr pznrteqaraut,r BXoAHrr AaHHI,rH H3xo.qHu pe3yJrrarr4 or 3aAaulrero :a pa6om or r. I ao r.5.
Auanras Ha pe3yJrrarare 14 r{3Boar.r.

JII4TEPATYPA
Ptconcra, M. M., (D. 14. Oralanon, Ma.repnanosnarrue B
MurpoeJrercrponr.rrara l4sAauue lra TV_Co{rna, l99g r
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____%|

B o6qnx cryrar,r eJrerffponpoBoAlrMocrra o.(ro), 4aener4raunara e(ro) Huarnranram p(al) npo'Hr{aeMocr ca a'r,r3'rpo[Hr4 Berrlrrru'vr 14 0e fl,,r*arTercopu oT BTOpH EJrr4 rro-Britcor pel.Ilprn onpefleJreHr{ orpocTrBarrwrrop'ara cr{creMa ,{oBe}K{a AO CJreArroTo pe'oeH,ne 3a pa3fipocrpa'e'r'e HaBsJIHara IIo ocTla Z.:
/ \

E = Eoexpidt l  r -11
\ v,/

ce yAoBoJrerBop.sBa oT cJreArroTo ycJroBve:

-. -2 . OIt^ Ut, = FErltaEo -, 

;
Koero Moxe Aa 6rle npeAcraBeno qpe3 omr{rrrrrare trapaMerpr,r Ha cpeAar4
KoMrrrreKceu xoe$uqaenr: Ha [petryrrlarre

n  = n - t u .
Orq,rmftrra, qe KBaAparBT Ha cKopocrra Ha cBer:rrauara BbB BaKyyr[ e

c'=(^poeo)-',a cb'uo TaKa u o6crosreacrBoro, qe B o[Tr4rIHrIr Ar{ana*olr
noBeqero rronyrrpoBoArrr{KoB' Marepv'ru r.Mar cra6a uarunrnr cnoficrna
(p*1), cborlrolueHrrero MexAy rJra'Ha.f, rro^uBareJr Ha ,,peqyfiBaHe n u
rJIaBHr''t no^a3areJr Ha no.or,IllaHe k, or e.(Ha grpaHq rr Ar.reneKTpr{rlecr(ara
nporlrlrqaeMoar €1 I'I eJleloponpoBoArrMocrra c, or Apyra, yc,roB'rero. npr{eMa
CNCAHH' BHA:

c =(n-i t) '  = e, - i  o = e, - i l . . .
€oa

HJIH CJIeA p€t3.{eJlf,He Ha peaJIr{I{Te r{ r{Mail4HepHuTe rIacTE Ce noJryrraBa
n ,  _k ,  =e , (a t )  I

2 n k =  o  = " , b ) l '
6 o @  " " )

Tp< e(o) e KoMrureKcHa-ra ArreireKTp'Frr{a .poH[qaeMocr, B Korro rroaHzrJrorurr ra n r,r k e1(o)-e peaJrHara qacr, a e2(rrl) _ urrrarnHepHara.
Bnx14a ce, se n u k, ot eAHa crpa.Ha, ^i), 

"r,or 
Apyrq eAHaKBo nbrrHoo[I'ICBar MaKpoaKolI4rIHr,ITe, o'-l{rlecKr4 csoficrna ua MarepI4aJIATe,

xapa*Tepu3r'rparyn BalrMoAeficrBnero HM C eneKrpoM.urHTHETe BbrrH' r.rnonrl;rrlanero Ha cpeAara. Iluafru npeABHA rosa, neo6xoAr{Mo e .4a cer.BBe,qaT $Oprraynme, cBbp3Biu4' fn fioMex.qy r{M, a }rMerrHo:
.  z t  ( *

n = L + _ l _ _ : - - - T d @ ,
ft "o (o. _ dr".

,  z @ " r

r i  0r.  Q,,-

\NABA 3 CJIOEBE.PMUKPOEIIERTPOHNKATA

Cruacno Soprtlynar:a n Moxe Ea ce v3.+wcrta rrpfi IrpoI'I3BonHa qecrora

c06 B trHTepBUUra oT nyJra-,4o oesrpafiuocr I4 GJIeAOBaTeJIHO IIa OCIIOBa Ha

H3BecTeHcI IeKTbpHaI Ion Ibu IaHeMoxo. {ace I lBqI [cJ I I4c [eKTp i lJ IHI r f lT
rroKzBaTeJr Ha npeqylBane il o6parno. flo noAooeH HarII4H MOraT Aa Ce

Harru1gaT H obgrgomeg*ta, cu"pi"atrgn n' -k' = er(a) u Znk = er(at),I'I Te ca:

e(r,) = (n' - o'\" ='. +l#**'

e,(ao) = Q'*),. = -zg-'i:@:a'
7r 'o a- - a)o

TesracrorrtolueHll j lcaI{3BeoTII}IKaTocboTIIouIeHI{l IuaKpauep.
Kporum u IIoA pzt3JrrrrrH?r $opull ce I43IIOJI3yBaT IIIIpOKO B oIIrI{tIIMTe

I{3MepB€IHnt.
Pa:6upa ce, npu uaA&HO Ira cBerJrunara Bbpxy o6paseua ro 3a cpeAara

cneABa \a cg p€BHIe)KAar cfl)4lilrlTe Ha orpax(eHl{e' [ofJlbrqarle vI

npeMl{HaBa}re' flpll resr'r npoueclr ce IIo[]llaBa rloJlf,pH3upaHe Ha cBerrlnllara

B piIBHUHara Ha rIaAaHe H neprleHAl{KyntpHo Ha lrell'

Koe$ruueHarbr Ha orpar(enrle nai-o6qo ce onpeAent or !I3pa3a
I

R= :or, ,
t tAn

f

a rcoe$ugnenmr Ha rporrycKaHe t =:f@ '
'  l tun

Ha rpaurua'ra,pas1erfra\agBe cpeAl{ c pa3nutlHll [oKa3areJru Ha

npeqylBaHe nr:l r'r tr2=II, C€ noJlrraBa pa3AeJItHe Ha na'{alqara-"1-TiT"

oTpa3eHa u flpetlyrleHa' A,uruuryArre Ha na,(arrlara E u oTpa:enara I

B6JII{acacBlp3uIHlIcb|6IIaHaIIaAaIIequHaIlpeqyuBalreq..qpe3

,ota =-ppoff, diyr'= o 
l

ron = eeo#+d, dtuH =ol

Sopuyrra:re ua OPenen:

f ' s  = -

r  !  E ( p - p " ) ,o; = -&*ei'"

KbAero p It s cboTBercTBlBar Ha llnocKocTra Ha naAarre I4 Ha flJlocKocrra

[epnenAnKyJlf,pHa Ha He.fi. flpll r'rsno4a Ha re3n ypaBueuut e npe'4noJloxeno'

qe MarHI,ITHaTa IIpOHIITIIaeMOG-r Ha opsAlTre e [r1: [r2:1'

B cnytaure Koraro n2 > k' ,'r'e' 3a o6lacrute or cfleKrbpa' B Ko]ITo

[oKa3areJltr Ha fiornbulaHe g MEulbK B CpaBHeIUe c flol(a3arert Ha

npesynBaEe, r{ rplr Abtlnsrra Ha BbrrHara b}', (ruaero ^r='/0,' v [r-

rrrl{pll}Iara na :a6panenara soua), urtaave
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MATEPEA]IO3IIAHNE B MNKPOENEKTPOTIA KATA

R=frl.),
\ n + 1 )

flonexe roe$uryreurur Ha olpill*eHr'e Ao q'TepBzura r00 -r50 cna6o saBracu

:;tflbrra 
Ha naAaHe, o6'xuoseno ce npraeMa, ue R npu 70 e paseu na R npr

u H To3r.I brbn ce lr3[on3Ba naft-qecro.
or eHeprerl'rrr'rr clo6paNeur,rr qecro BMecro noKa3areJra Ha

nomGulane N ce rt[on3Ba r<oe(paqueurtr Ha flonrbulaue fi.:

"=?9"  
=47

C A

Axo n2 > 13, r.e. P%)., , ro B o6lacrra Ha r4sMerreHrre Ha
Irpo3parlHocrra o' 0-fr*n1 lo l01r,o xoedr.rqraenrrr Ha orp€rl1erure R ra
rlorJr:r'rrJaHe t cacB.bp3ldu cbc cJre.qHoTo cborHorueHr{e:

,  =Q-R) " - *
7 _ R2 e,2on

llpll cnyvafi Koraro [our6rrJanero Krrogrr K6M nyJra , cbrnacHo 3axorra
3a 3ana3BaHe Ha eHepn4rrTa I,IMaMe

R : 1 -  t
Korato cJro.rr, riJM o6pa:eqrr _ cpeAara, rauar Ae6ennna d crr.rsne_

pnMra c Abll:.CfrHara Ha BbJrHara, u ce na6mo.qara uurep$eperqr4rr, rrMaMe

@m. 10.1
Or ropnara Kaprnrra cJreABa ,qe ofiTr,rqnara Ae6ennHa Ha cno.fl e

2(2,,,_t _ ),,,)
Koraro'MaMe cnofi *pxy [oAtro)KKa, 4e6ennru.rre, roe$lrqr,rerrrure ua

rrperrjmBaHe r{ rrorrrlIrlage ca pasnuqHrr, Eopa,q]r $a:onre,re pa3Jrr{Kr,r uqecrorHara 'qrrc[epcr{r Kaprr,rHara ce ycJrox(HrBa fi ce nplularar
r4repaqrroHrrn rp oqe.qypu.

B peAnrrla cJrfra' c''ehrbpr,T Ha npo[ycKa'e (orpaxenne, nornuqane)
ce H3rron3yBa 3a r{3cJre.4Bar{e Ha caMaTa cpeAa _ BeuIecTBo, a He 3a
TexHoI.IecKo r4lHJro)r(eHHe. IIo rogu cneK.rap Mo)Ke Aa ce arn:a sa
eHeprerl{qHHTe IIHBa I{ 3a KoHIIeIrrpaIII4tra Ira pa3rnqlru flpr{Mecrr, Kaxro rr 3a
crpyKTypara Ha BeqecrBo:ro. Tasn o6racr or cns*.rpaJr'r,rre r,BMepBaHu_{ ce
Hapuqa cneKTpocKorrurr.

CNABA 3 CJIOEBEBMUKPoEIIERTPOHNKATA

IilsneAnarreto Ha creICrpPITe Ha rpoflycxarle I{ orpaxgnue Moxe Aa

6r4e usrspureHo c rroMor{ra Ha cueKrposorortlerpu. llpruepna ouTIlFIHa

$rr. 10.2
Tofi cr,qrpNa I{3TorIHI'IIIE Ha cBerJIHHa - l: 2 - npeBKJrrorlBaren Ha

JraMunTe; oflreAulJra - 4; pa-:narqrr{a [plr3Ma - 5; rorr.rneHcupaq[ 6neu4r,r - 6;

MoAyJlarop - 7 couxponno cBrbp3an c upeBxrloqBarqo ofJIeAaJIo - 8; orrrnulnt

npmopg - 9; o6pa:un - 10; onruveH Aerexrop - I l '

cnermanara [peMr{HaBa lrpe3 IIpH3MaTa 5 U MoHoxpoMHwtT ilbrl npe3

MOAynaTOpa ce paBAeJrr Ha r.BMepr.freJreH Lr oflopen. Pa.sAernneTo cTaBa c

rroMorr{ra Ha npeBKlrlotlBatrIoro orilgAaJlo 8. B Aererropa oe opaBHfiBa

3aTI,IxBaIIeTonpe3ABaTaKaIIa[aI{aKoeAIIIIWITeB!3I0|x,ToApyrH-ffnoKa3Ba
fiporrycKarrero ua o6paseqa' I'Isno;rsyoanero Ha eAI{H I'I3TorrHHK I{ e'{HIr

AeTer(rop ynecHirBa cr4MeTpnpaHeTo Ha KaH€rIIUre. IIpu I{3IIOJB)IBaHe Ha

c[euI4aJIHrI [pucraBKLI Ha Mtcroro Ha 10 rr'roxe ,{a ce I{3MepBa H

rcoe([nqnerrrur Ha orptDKeHLIe.

IIe.n na YnDaxnenuero

CryAenrprrc Aa ce 3arIo3HiuIT c MeroAr,r.re 3a rBMepBaHe Ha oflTuqHrrre

c r l e l c r p a J r H u x a p a K T e p u o T I l r K I , I H a T b H K I 4 c J I o e B e u I ' 3 I I o l B B a H e T o H a
cuerrpo$oroMerprl sa ra3n IIen.

3a.uaqlr la llsnrlHeuue

1.3auosnafire ce c 6fiotcosara cxeMa I'I onruqlrara cxeMa lla

cuerrpo$o'roMertp.
2. PasrleAafiTe prBlr,rirHn o6pasqu Ha noKplITI4f LI r}I IIOATO',I'RC',l'c lil

rEMepBaHe. floArorsere 3a u3MepBarle o6paseu Q,6c ceqctlHc lto'MilJll(o

OT CEqEHI'IETO HA OIITI'TTIEfi'I JIbtI.

3. Ilsrrtepere crreKTpzurHaTa xaparrepucTnKa Ha cnocBc lrr,l)xv lhl'p;lrl

rroAJIO)KKa. onpe4enere crreKTbpa Ha troKplilTl,tgro n tla tlo,tultl)tilll rl

4' Llsrvrepere Q[eKTpaJIHara xapaxrepl'IcrltKa Ha eJrac'r'Htlllo ,,lxc'lotlp'l'lll'

noKpI,ITIre B pa3nllqHrr ctreKTp€IlrH[I o6lacln Ortpcnutctt' tt(r\ill tt'r

uporrycKaHe I4 crp:bMHocr.

cJreAHnir cflyqau B Kaprr{Hara Ha 4ponycKane _ Sur. I 0. I :
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5. I{srraepere cneKT'pa Ha rrponyc*ar{o rra o6paseq, Karo cBaJrrrre
3aBHCLTMOCTTa OT Srbna Ha nanaHe Ha Jllqnre.

6. onpeaerere cnercrbpa Ha fipolycxaHe Ha ABe orrr'tr'I{ cucreMr4.
Hsnrprrere r.I3MepBaHe Ha fiponycKaueTo Ha cucreM]tre.

7. I'Isllepere crreKr:bpa Ha nporrycKaHe Ha rrpoBoArrrlo [orpr{Tne.
8. Onpe4enere xoe$uqrlenra Ha orpaxerrlre [pr4 AonycKaHe, qe

xoe$uqaeurur Ha nonrbrrlaue e l,5yo.

Yraranras sa pa6ora

llpe.qu pa6o:ra ce ganosuafire c r4Hcrpy.Kqr.rr4re 3a pa6ora 14
Texur{qecKoro orurcaHr,re na cnexrpo$oroMerprrre UV VIS rz IR71.

lloAroroere cnerrpoSoroMerprrre:a pa6ora, Karo rlr sKrfio.rn,re 10 _
15 uuuyrr flpeAr,r r.r3MepraHe. llocranere 6nanrczre 3a H3MepBaHe Bbpxy
rrJrorep{Te xaro MapKr4pare lIo3n{rrrra 3a rlerrpupaHe. 3anr,rruere Hr{Bara Ha
100 % npolycKaHe u ttapxupafire Harr€uroro Lr Kpar Ha BbJr'oBara cr€[a.
cnerrporraerpare pa60rrr cbc cKaJra Ha BbJIHOBATe qr{CJra [OpaAu
lr.mefiuocrra Ha cslrJara. {uNaHara r{a BbJrHara 0e o[peAeJrr B 3a3r{ctrMocr
oT KOHCTaHTaTa Ha )peAa H e

t =L .
v

K'6.I{ETO }" C A6JINITHATA HA BT'JIHATA,V E BbNHOBOTO III{CTO. A K - KOHCTAHTATA
Ha ype.4a.

l{pu padora c MzurKH o6pa:qa cerreuuero Ha orrurqurrr ltu rpx6na 4a e
rro-M€urKo or o6pareqa. 3a ragu uen ce r.r3ron3yBar KopLrrHpaqn 6aen4n. rlpu
IOATAB'IiETO ilM AA CE BHI4MABA CbUI}]TE AA 6INAT EAHAKBH I4 E,IHAKBO
[o3r,rur4oHr4pa[u 3a ABUrA Karrara. ]lsnrpurere I43MepBaHe C pa3JrmHn 6nengu
r4 orrr{trreTe pe3ynTaTr{Te

3a onpe4enxne cleKrpanuara xapar$eplrcrtrxa Ha nponycxaHe B
3aBHCAMOCT OT srbjra Ha naAalrg Ha cBerJruHara n3noJr3yBafire rnrpAa
loAJrolKKa. l'Isrvrepeauero Aa ce r,r3BbprrrH IIpH [poMrHa Ha brbJra nper 5
rpaAyca.

Brnpocn la rornDon H canlononroroeKa

Kaxna rpx6na Aa e xapaKTepr4crrlKara Ha [ponycKaHe Ha ABa cflo.a TaKa,
rre pe3yrraruara xapanTeprrcrr{Ka Ha npo[ycr(aue Aa 9 or 500 lo 700 uu.

3a uonyuanaue na uo-Ao6pu (frurrponr.r ceoiicrsa npu nauorocnofino
floKpr{Tr]re roeouquexrrT Ha 3aTr,rXBaHe B CJrOeBeTe nar<T,B rpl6sa.qa 6rne?

Moxce nu Aa ce [oJr]tr{r,l $lrmpou cdlcrr. ur cJroeBe, Kor4To He ca
c:brJracyBaHlt no Ae6enuna e AbJl)r(r4Hara rrer lr,.lurar.a?

Itoe$lrquerrruT Ha IrperrynBarrc na no/uroxKara Bnlu{e nH Bbpx)/
onTr/rrIHI4Te CSOftCrga na norpnrucro?

r]IABA 3 9NOEBEBMTIKPqENEKTPOH'IKATA

flporono.nrt cralnxa

Onucarermr'r pe3ynrarH IIo BcflKa eAHa or [ocraBeHHTe 3aAa!I]l'

llpe4cTanm ce 14 fi3MepeHI'ITe c[eKrpaJIHI{ xapal(lrepl4crlrKl{Ha ncrr<a

XapaKTepIIcTI'IKa Ce O[peAeJItT MI{HLIMyMbT 14 MaKcI{Myl\{bT Ha npolrycKaHe Ic

3a KOtr .[t!rI)KI'IHa Ha BbJIHaTa ce oTHac-s'

flocoqgar ce u o6pa:uure, 3a KoI4To ce ornacqr ISMepBaHlIflTa I4

ycrloBntTa Ha I,rcMepBaHe.

JII,TTEPATYPA
1. TexHlrqecra AoKyMenraura na cnerrpotlroroMerpn UV VIS 

" ryl
2. Yxanon K). OrrrprqecKl'Ie cBoficrBa [ony[poBoAHI{KoB Hayra

M.1987 .
3. @yprr'ran III-A Tomocnofinrte orrrlrrecKl{e [oKpbITHrI

"MarruuocrPoesPre" ,M '1977 '
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Jladopamopno ynpalc*euile lft I t

I{3CJTEABAHE HA BAKyyMHO OTIOXEHIT TbHKr4
CJIOEBE

Ttnrcu cJroeBe or MerzIJrH, nonyqpoBoAH,rlr.r n, A'eJrercrp'u' HaMrpar
rOJI'MO NPI4JIO)KEHIE B MHOIO O6IACT.N HA IIAYKATA, TEXHI'IKATA U
npoMrrlrrJreHoTo [poa3Bo.{CTBO.

VcrnrpurencrByBane ua o6opyananero, MqroArire r{ cpeAcrBara 3a
I(OHTpOn na csoficrsara I{a cJroeBere no BpeMe Ha orJrara^Ire, Avarra3}nr.T Ha
nppIJIOng:IMOCT Ha BaK)fyMHUTe M9TOIH 3a [OJryrraBarre Ha TbIrKr{ CJrOeBe BCe
noBerle ce yBelErlaBa.

Ornarauero Ha BeulecrBara BbB BaKyyM Moxe Aa ce pa3rJrexqa Karo
H{KOJTKO nOCJIOAOBaT9JIHO IrpOTr4tIa[&I pa3irr.rwu qpo{eclr, a rrMeHHo:

- [peMr,rHaBaHe Ha BsqecrBoro or KoHAeH3HpaHa Qasa, Ko.rro Moxe Aa
6r,4e rstp,qa HJrr{ Teqna, r ra:oo6pasua;

- IlpeHacfiHe napl{Te Ha BerqecrBoro Ao noAJIO}KKara IIDn noHr{}KeHO
HUUI'ITAHS HA rA3A;

- KOHAeH3arIwa Ha [apr,rTe Ha BerqecTBoTO IIpU AOCT[raHe Ha
no,r(Jro)r(KaTa.

Teprr,ruwro:ro n3rrapenr{e BbB BaKyJA4 e Mero,q, r<ofi,ro ce xapa*Tepr.r3rrpa
c qpocrora I{ BI'IOOKI{ cKopocrll Ha orJrarafle, Ho trprr Hero cpaBHI{TeJIHo
TpyAHO Ce OCr{rJprBa Aocrarb{ra Bb3npor{3BoAr.rMOCT n CnOfrCrnara Ha
cJroeBere, oco6eno np}r BeqecrBa cbc cJroxeH cbcraB. Mgroart ue
no3BoJItBa I'I3rIapeHI4ero Ha rpyAHo TonI{MH Ma?€pl4aJrrlr, a orAeJl.trHero rra
eApE qacrr'rqll B npoqeca Ha orrraraHe (oco6exo npr4 Ar{eJrerffprru c Hr,rcKa
TOIJrOIpOBOAHOCT) e npnvuHa 3a [orBrBaHe rra [oBbpxrrocrHr.r getpercru u
HapyrueHrr{ B cnoeBers. Beqecrnoro, Koero rrle ce r.BnaprBa, ce uocraBf, B
rraren. Trmnr.rre ce urpa6ornar or rpyAHo rorrr4Mr,r MeraJrr,l (W, Mo, Ta),
oKr{cr{ (SiO2, AlzO:), rpa$ar, 6open mrpua. 3arpmanero trM ce
ocbrrlecrB.rlBa fiptKo r4Jrlit urrAHpeKrlro nocpeAcrBoM p€t3Ill{rlHrll cuoco6r,r.

Ocneu gxoyneB HJrrd LrrrflyKur{orreH HarpeB 3a u3napeHr,re rvroxe Aa 6tAe
r{3[on3yBaHa r{ eneKrpoHHa 60u6ap,uuposKa- 3a ra3r,r rleJr noroK erercrpoHz
ce ycKoprBar B eJreKrpwecKo rrJrr{ MarHurHo fioJre c eHepfurr 5 - l0 ke v r.r ce
Qorycnpar B6pIy floBbpxHocrra Ha r43napfleMvrfl. Marepr{tu. IIpu
CTbJIKHOBEI{HETO TOJUIMA qACT OT KICHETUqHATA EHEPTHJI CE NPCBPbulA B
TOrurHHHa. Trfi raro eHeprvltra ce npeAaBa or 3apeAeHH qacrnru{, Tr Moxe Aa
6rge xorqenrpupaHa caMo Ha noBbpx'ocrra Ha Marepr.rana, augfiapvfferxt
ocraBa npu Hr{cKa :reMneparypa. Toga e T.Hap. ereK.rpoHHo_JlbqeBo
[3rrapeHl'Ie. llsnon:yna ce 3a fioJrrraBarre Ha cJroeBe or MerarrE a
unorocnofoin AHeJrercrpr4rrHlr cl,rcreMH. tlpC: yrrpan-rrrBaHe KoopAHHarr/r.re [I
nHTeH3I'ITeTa Ha eJreKTpoHHr,rr cHor.r R rrpoc.rpaHcTBoTo MO)Ke Aa ce
snsAefrcreysa Bbpxy cKopocrra Ha nl)ortoca H pa3npeAeJreurrero Ha

IIJTbTHOCTTITTe Ha IroToKa. oxnax,4aHero Ha TIIreJIa no BpeMe Ha oTJIaraHeTO

npaKTtIqecKH [3KlIOrIBa BepotTHOCTTa 3a 3aMSpctBaHe Ha cJIoeBeTe oT

t*"* MarepI'IilJI. KaroAnom pinnpaluBaHe cs qpuilara HIaBrro 3a

BetrlecrBa, KOI{ro }rMar BLTCOKa TeM[epaTypa Ha I',I3[apeHI'Ie n cpaBHHTenHo

III{CKO HaJUIraHe Ha fiapuTe.

Eneprnma, neo6xoAuua 3a orAenffHe Ha aroMrl or [oBbpxnocrra Ha

I.I3IAP{BAIIOTO BEIIIECTBO, CE IOry^IABA HE IIO TEPMI'TqEH IIbT' A B PE3YITTAT HA

6oru6apgupane Ha BeIIIecrBoro, I{3nbJIILIB€uqo poJltra Ha KaroA' c

fionnsupauu Moner(yJrlr ,ri t*rpr"n rag. KaroAtr, uMalrl pa:rrruna,$opua (n

3aBr4clrMgcT OT KoIIcTpyKIIIrItTa Ha auaparypara), ce II3pa6oTBa OT

pa3nparlrBarru Marepr{aJr. 3a auoA cJTyxar 3a3eMenlrre MeriuIHlI qacrlr Ha

KaMepara LrJtx AbpxareJl{T Ha noAlloxKnre' Pagcrormleto Mex'qy

"o"ntpo""t" 
e or I ao 12 cu. Karo pa6oma cpeAa ce 

"tl:TH* ll:pt""
r€r3oBe(uaf-neueapron).Han'f l raHeroHara3aBcl ' IcreMarael0'- lu"Torr
(1 .33  -0 .13  Pa) .

floloxnremrrei,orru,ueo6xoMuu3apas[paIIIBaIIeTo,ceIIoJIyqaBaT

B pe3yJrrar na Tneelq pa3ptA' 3apeAenr'r:re fionu Ha lIHeprHHf, ta-3'

neo6xogrnw 3a pzBfiptlluBiure, ce ycKoptBar B erelcrpEtlHo [oJIe IIo nocoKa

HaKaroAa,yApffceBHeroI{'orAasafrKlleHeprllfiTacun36l'rBarqacrrldl'I'
OrAenenme or Karo.{a aroMlr I{JII{ MoJIeKyJIlr Aocrl{rar [oBbpxHocrra

Ha lrogo)KKara H KoHAelr3upar Bbpxy Ee.l noA tfoprvram na rrutlc cnoft'

Ocuoanara xaparcrepncrl'IKa, olpeAeJlflqa flpol{3Bo'4lrrsJlnocrra Ha

pa34p€uuBauero, e roe$uuneHTtr Ha pa3trpaluBalre S'S' pareu Ha 6po{ Ha

aroMllrre, pa3[palueHl4 uoA Aeficrsuero Ea eaus fioH' Toi sasEcI'I Or

eueprnflTa-Ha ftona, HeroBara Maca, brb;Ia Ha rlaAatre' a raKa cbrqo or

Mar€puuula Ha KaroAa, TeMleparypara ]t cbcrotHHero rra uoBbpxHOCTra My'

ilpeAnarraepeaoro BbBex'qaHe Ira peaKIInoHHo crroco6en ra3 B pa3[-

pulrrrBalqara cpeAa 3a I{3MeHeHIIe cnoficrsara Ha cJIOeBere ce Hapuqa

PEAKTI,IBHO PA3NP2TNBAHg. fIO TOSN HAqHH CE NOJryAIABAT OKCEAII' HI{TPI'IAII II

rap6u4u c ?IHTepeaHlI 3a Hayl(ara I't ITpaKTIiIKara csoficrsa' B ganucuuocr or

HaJlflraneroHapeaKTuBHI'rlraso6pasyoaHeroHacbeAl'IHeHI4eMoxeAacraHe
Ira KaroAa, B rIJIa3Mara I4IIT4 Ha IroAJIoxKara' Konrpcrnrryr rnn cr'eAl{IIelIHc'

Kogro ce o6paryna, 3aBIjIcIl KaKTo or rlpouelrrHoro cbAbpxtlllne Ha aKrrnllllx

ra3Bpa3[p tu t rBa l l laTaa ' r r rocsepa,TaKaI toTBeJ i l l rquHaTaB* , t to l tc . tc t t i t
qpIrBeAeHO IIOJI9, KOeTO Ce OupeAeff ilOCneAnlns HaquH:

E ' =  
u  

, ,p.a

KT,Aero d epascronnero KaroA-aHoil'ap - HafltraHsro lla lil'lll

Csoficrra Ha r-bHKHTe clloeue

flaparvrurpme I{a rr'HKETe ciroeBe clJltcc't ttcll(l ( f lil r tll'l'r'r ''l

AII€IJIOII{EIHIITE IIAPAMETPI'I HA MAOI'IBHI'ITC MAI'CPUIUIT{
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CsoficraaTa Ha cnoessre 3aBucrr rrpeAll Bc]rqxo or crpyKTyp ara nM;ycJIoBId.rITa Ha [oJlyqaBaHe E KOHIeH3aIIHT.
Hafi-aaNrurre rexnoJroruFrntr Qarropu ca:- TeM[epaTypa Ha rroArrox{KaTa;
- cKopocT Ha r{3[apeH]re HJrr{ pa3nparuBaHe;
- cTeIIeH Ha Bar(yyMa;
- cbcTojlHlre Ha [oB6pXHOCTTa Ha noAJIOICT(aTa;
- cneqrQuvur,r csoftcrBa Ha u3nap.,reMlur MarepuirJr.
Onpegelnne Ha crpyrffypara rl xr.rMurrnss

CJIOEBC

cqellnellueTo Ha cJrof c noAlo)KKaTa. BenFIuHaTa Ha aAxe3LtoHHATA3ApABII'dA

3aBIltCI'I He CaMO OT BI'IAa IIa Bpb3KaTa Mexly TeJIaTa' KOIITO Ca B (OIITaKT' IIO

r{ or Mero.qa na nsuepnauero fi-

A,{xegnonHara 3ApaBHHa ce orrpeAen.r or

P : F-F' '+LF.

KbAeTO P e rarnepnanoTo Ha llparoIrKa 3HaqeH]Ie Ha aIxe3lIoHHaTa 3ApaBI'IHa;

F.'- cueruenne'ro Ha pa3AeJlturara rpauuua (cnofi - uo'qnoNra);

F ' - c r o i l H o c r r a u a M e x a H r T I I H L I T o H a n p e x e H l l t ' H a M a J I t B a I u u
3HAqCHI,IETO HA P;

AF - nonpanxa, orqlrraqa Herorrsocrr4 Kotro ce Buact qpe3 MeroAa

Ha n3MepBalre.

Ha npaxrma 3a u3MepBaue Ha P e ueo6xoAnr"ro pa3pyIIIaBaHe Ha aAxe-

3NOHHII' KOHTAKT.

P - npr:roxena KbM KolrraKryBarTurre reJla cl'ua;

P* - uauepranara B npo{eca Ha pa3pyluaBarle cnJra;

S - rurorq Ha piupymenrlr KoHTaIff'

Cunara Mor(e Aa 6r,Ae pasr[sHo ITpHJIo]fieIra Kr'M lroBbpxHocrra -

[epneHAnKyJltpHo LIJTII qpe3 ycyKBaHe' E$eruunua u JIecHo octruecrBllMa e

MeToA'4KaTaqpe3HaJUImHeBT'pKy[oBbpxHocTraHacJlofiHaJIe[KaBaJIeH'ra-
Tr{Kco, !I I{3CneABaHe [poqeca Ha orAsIItE€'

IIpn uncxo 3IrageHI'Ie Ha aqxe3ttara cuJlI{Te ca Ban4epna:IJrcoBl{ -

aroMrlTe Ce pa3rnexlar Karo or'I3l{tlecrut a4cop6upaH[I Bbpxy floArloxKara'

AxonpnKoHAeH3aI{4JlTaceflolyqaBaxl ' IMI' IqnaBpb3Ka'ToraBaal[xe3l ' IoH-
Hlrre cI,IJIH Oa rIo-roJIeMU U CTaBa BT',npoc sa xeuocop6urar'

AAXe3HflTaMo)I(eAacgLI3MepI{Iralpe3onpeAeJl'Hecr4IIaTa[pI,IHa,4pac-
KBiUre Ha cJIOfl, I43IrLITBarIe Ha IIBTpI{BaHe' yJITpa3ByKOBI',I BU6paIIHI'I'

HanPexeHI'ra

HeeasucHN{oo. rHat I I l IHaHanoJry r laBaI leBcI4qK[ IT 'b I IX1IcJ IoeBece
naMr{par B cbcro.anue Ha BbrpeIIIHo HalrpexeHlle' Hanpexenlura Morar Aa

6rlar csrlBaurn (r. e. cnom ce crpeMl4 Aa ce pa3pyull napaJleJruo Ha

roBbpxuocma) n pasrrraurr (cnoar ce crpeMl{ ga ce cnnna)' O6uoro

HanpexeHl{e B cJlot o e cyr{a oT:

outru. - BtHIJTHO IIplIno)KeHH Ha[pexeHn'I;

orep. - TepMI,tqITE lraupexeHllJ{;

o$rP. - BbrpeIuHI{ Hanpex(eHlll:
Fomrur.+orep.+oBbry..

gper paunuul{ TexuorloruqH[ cnoco6n o6rqoro Ha[pe)KeH[Ie Mo)Ke Aa

6'rae cne1eno Ao MtrHnNryNI' 3a usuepnaue Ha HanpexeHlltra Moll(e Aa ge

r43nol3yBaT pil3JluqHu M9TOALI:
- orSBaHe Ha TbHKa floAro)KKa;
- peHmeHoBll MeroAI'I - qpe3 ollpoAentHe npoMsHara B napaMerpl'rre Ha

KpIlcTaiIHaTa perilerKa;

CbCTAB HA TbHKIITC

Barcyyruuo oTJroxe'lrre rbHKr cJroeBe ca Hafi-qecTo ,,oir]rKprcTilJr'rr,Ho Morar Aa 6r4ar arrrop$rrr{ r{ Mono4pr{cr€urHr,r.
flonrfllETo "crpyrrypa" ce prBUreXAa B pa3nr,r.rrrlr acneKr,r. Or eAlracrpana roBa ca Qoprvrara ,n p:BMepr.rre Ha eJreMerrrapHara KnerKa r{

:.HffiiH ;",.ffi #:I#n;*"LJH:lJ;,ffiJfi*h 6op"u'a "
Hafi-usnolsyBilrrr{Te MeroAr{ 3a lr3cneABaHe Ha crpyrTypara caeJreKrponHa lr penTrerroBa 4r.rSpaxqa.,r H npocBerJr_flBarrla eneKrpoHHaMnKpocKoIIHt
Hs6oprt Ha Mero.4 3a oqpegeJrrne Ha xr{Muirn afr e:;craB Ha TbHKI,rcJroeBe ce oqpeAenr oT rilrKoJrKO yCJroBH{:
1. Korlrsecrno Ha Ma.rep*rara.
2. O6pa6orrara, Ha Korrro rpa6ra Aa ce [oAJroxlt cJrorr.
3' cnoficreaTa Ha eneMenTr{Te (upauec unrd ocHoBeH rounonenr),
. rfor.ITo pa3perrraBar r.r3non3yBaHero Ha MeroAa.
4. HanusHa alaparypa.
5. Crofi-nogr Ha an rJrllrca.
B.cnurcn rlr3rrorrcyBaHr{ METo,4r{, qyBcrBurgrur,r xbM M€urKH (rrarmpo-rpa:ranu) KoJrr,FrecrBa, Morar Aa 6r4ar pa:geneglr Ha cne.qHrire Kareropun:
Murcpoxuur.rvur-r. Tesu MeroAr. r{3}rcKBar o,,peAe'umr{rr eJreMeHT .qa6r4e pasrnopen. trIsuepnaua{ra ce qpoBexAar qpe: noJLqporpaQcru, ro_nopfiMerpr.rrlEn II ,4pyrH MeToAU.
Cnerrpocronclal - MaccrreKlpoMerpar, olrr,rrrrra E penrr.eHoBaeMucrrBHa c[eKrpocKo[r{rr, Heyrpo'Ha aKU.{BarILH, ,u"$pur"p""rracueKrpocKom.ur.
Mr.rrpoo6euul{ - eJrerspouua MuKpocor{Aa, peHTreuoBa Murr.rcoura.

MexanHqnn cnoficrna

Adxesun
A.qxeslfira e eAlrH or ocHoBHHTe rfar,olpn, oupcAenrurp KaqecrBoTo HHaAex(AHOCTTa rra cfioeBere. T-{ ce crc'ro}-r Br,r} Br,3rr,rr(BaHe Ha Bpb3Kr{ MexAynoBbpxnocTHrle croeBe Ha pzBHOpOAHH .rRl,p/{n uJtH .requr{ rena (unn Qasu),Kotmo ce HaMI4par B cbnpl,rxocuonclruo. AJtxcruara ce onpeAeJl;l or
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- eneKrpoqHa gr.rSpaKq[r.

E nerrprrrecxo cbnporuBJreHr{e Ha TbHKtr qrroeBe

@ar .  1 l . l

Ctlporueleuuero Ha qacr
oT cJrot c npaBobrbnHo ceqerrue,
r,r3MepeHo B nocoKa napaJreJrHa Ha
noBbpxHocTTa, MOXe Aa ce l43pa3r,I
xano R:p.l i d.b.
Aro / : b, rorara R -p / d . R (eur.
I 1.1). 3arona cb[port4BJrexr{em
(uapeueHo Jrr{croBo ctupouannenr.re)

Ea eAr,rH rua,Apar or cJro.{ 3aBr{cu He
oT pa3Mepa Ha KBaApaTa, a oT

.qe6enr.rnara.H:nepnaceBoMoBe"r,.:ffi ;0T;"J:rrff#*"ff ;:"T;rJ
3a cpzlB"Biure Ha cJIoeBe' 3a rexEoJroruqeH KoHTpoJI B npoqeca Ha orJraraHe.
I4euepnanero craBa no qer4pucogAoB MeroA.

Teuneparypnnm roe$nluetrr Ha cbrporr{BJreHrrero (lXp) (a7) gaBa
OTHOCI{TEJIHOTO N3MEIIEHIIE HA AoCOMOTHATA BETHTIUHA HA CbNPOTI,IBJIEHHETO
fipu llsMeneuue Ha reMueparypar4 K6.qero Tt > T > 72.3a AocroBepHo
oqpe.{eJUrHe EM' A7 Q8, ueo6xo4uur.r MrrHnMyM 3 usrvrepnarurx npn pa3Jrr,rrrHrl
reM[eparJpr.r.

Ilelr Ha ynDarfireu[ero

[a ce pasrne4ar r{ r*Meprr }rirKor{ rrapaMerpr{ Ha rr,H*n Ba*yyM'oor-
JIoxeHI'r cJroeBe or npoBoA'qlqll, pe3rlcrlrBHn lr AHeJreKTprIqHrr Marepl{an[
Bbpxy piBIn{qH}r no,4Jro}KKlr.

3aranr.re sa padora

I . [a ce na6rno4anar rbnKr,r cJroeBe or npoBoArrq[, pe3HcrHBH H rr ALre-
IlercrpHrlHu MaTepu€urll> oTJroxeHr,r Btpxy pa3rnqHr,r IroAjrorKa.

- CPTTa.JT,
- CTBKJIO,
- KepaMr{Ka,
-curWr f t .

2. flo uero.qa Ha JreHTara Aa ce [poBepv a0xe3vflTa Ha pirJrrFrunre
cJroeBe H AA Ce AaAe KaqecTBeHa ouefiKa

3. Ha uerapucouAoBa ycraHoBxa Fpp _ 5000 lta ce u3Mspu Jrr.rcroBoro
crnpoTItBJIeH[Ie 3a pa3[urrHrrTe cJIOCBC.

4. C noruouua Ha ypeA u - step no Mc.r.o/(il rra HnAuKaropHara rrura ce
r,r3MepBa 4e6ernruara Ha cJocBcrr.
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5. Cneg usuepBarle Ha R" ra na Ae6eltntlara Jla oc n'llncllll

oueun(lra.troro cblrporuBJleullre ga cllocBcre o r pil'lJlHrlllll

MaTepHiuln.
6. 3a cnoene or arytvrl{Hnfi n rumenxpoM c pa3nl{uua ;lc6cttrltra

nocrpofire rpa$lrvna 3aBIltcI'IMocr Ha Rs or 4e6emurara'

7 . fia ae I,ffiMepn cb[poruBJrenrre Ha rbHKocJIoeH p$ucrop rlpl4 TpI4

pa3JILrtIHI,I TeMneparypn I'I or fioJryqeunTe AaHHTI Aa ce usqucnn TKP'

ErcneDumenra;rna nocTaHonra

3a Aa 6rAe Ilg[bJIHeHo 3aAal{Eero, ca neo6xoAnuu:

- MrrKpocKon,
- qerupucon,4oBa ycraHoBKa FPP - 5000,

-ypeA0-s tep ,
- ypeA 3a I{3MepBaIre Ea cbnpoTl{BreHrre' - - -
- uelq c peryJrl4pyeMa reMfleparypa no 200oC'

IBTOTBflHC IIA IDOTOKO.

flpegu IrpoBexgalre Ha I{3MepBalrutra BcI'rqKI{ cJIoeBe ce rtoqucrBar B

oprauldlleu p€l3TBopure[ (eranor, aIIEToIr, I'rsorrporruuroJr) u ce uecymaBar B

naprrTe Ha pa3TBOpI4rgJUr'

Ilpu onpeAenxne lra aAxe3ntra ce rrcnoJl3yBa rnrco' To ce 3aJIeIIBa KbM

rroBbpxHocma Ha clrot L4 c,rel,ToBa c p-fl3Ko ABI'IXeHrre ce or'reJUI Arxe3lltra

KarlecrBeHoceoxapaKTepu34paB3aBritcI{MOCTOTTOBaVIMaIIv'cJIeAHorcJrot
;;;;;;;"t"' IIpu cm6u aAx$I/roHHE Bpl'3Krr crrotr ce orAent c rflKcoro'

I,Isuepnanvro na RS cm-na c6ilIacuo I'IucrpyKqlrtra sa pa6ora c ypel FPP -

5000, a nplr otrpeAen fl.ne Ha Ae6ennuata Ha orloeBe - ypeA a -step' 3a

"a*""n""*"to 
ou rrp ocBeH npl4 CraimareMllepaTypa cbnpoTxBJIeHIIeTO Ha

pe3[cruBHlrt cloft ce rBMepBa olqe upu 120 n 140'C'

llgrornqHe ua nDoroxor

B nracuen BHA ce npeAcraBt nocleAoBareJlno IIeJII{tr o6eu or

rr3Bbpmeflara pa6ora, cGorBgrtro ctc 3aAannero'

3aaaqrl la camocroqterHa Da6ora

3anosnafrre ce cbc cbBpeMeHHrrTe MeroAlI 3a u3cJIeABaHe Ha rt'HKrr

cJIoeBe, usnoneylaft xr'l flocoqeHara Jll{Teparypa'



MATEPNA]I O3HAHNE B MUKPOEIIEKTPOII H KA'I'A

BruDocu ga rcoxrDor

l. Or xarsu Qarcropra ce or{peAeJrr aAxe3r4rr.a rra rbHKrzTe cloene?
2. Kaxsu ca uafi-naxnrnte r43lrcKBaHr,rr KbM .rbHKHTe rlpoBoA.,rrqu, pe3'_

crHBHLt H AaeJIeKlpfiEIHI{ cnoeBe, a3non3yBajir{ B Mnr(poeJreKTpo-
Hnxara?

3. Klae ce rrrc[oJr3yBar clrnuqtrAHure r6HK]r croese?

JIHTEPATYPA

l. 3an.qepna, A., Me.roArr aqanyrsa nonepxuoc.refi ,M.,Mup, 1979
2. Kypnocon, A. tr{., Marep}ranJrbr, M., Btrcru. urxona, l9g9
3. Maficcelr, Texrroronr.s .roHKtrx rureHoK, M., Coa. papro, 1977 .

I]IABA 3 AIOEBEBMI'IKPOENEKTPOHURATA

JlafloPamoPao lnqu'cueHue llb 12

.III{TJIEKTPWIHILCJIOEBE OT SIO2 LI SIsNa

B rexsoloru.nra Ha I{3rorBtue Ha IlonynpoBoAHr{KoBI{ npra6opu n I4C

Ar{eJIeKrp}ItIHI{Te cJIoeBe ItsrrIJIHIBaT pa3JInqHLI {rynxuuu' ?lenolsyear ce

KaTO MacKa 3a JroK€urHa ansysna u ionna IIMIIJIaIITaIIWI Ea nerllpallll4

npnMecu B nony[poBoAHI4KOBara [oAJIOxGa, 3a I',I3onauEt Ha eJleMelrrlrre B

I4C eAEH or Apyr I'I Mex'{y HuBar'a Ha MeraJrl{3auw$,3a fiaQvBaIrI'IJI noBbp-

xnocTTa Ha cTpylcrlptrre' flBflBAT ce eAI{a oT ocHoBHUTe KOMnoHeHTfi B

MOC-npu6oPure.

I lo.nyvanaue Ha cJroeBe or crrJllrqueB AIloKcllA

Crulecrnyna'r pa3rlurln Mero,4ll :a $oprranpaue Ha cnoeBe or cuJIIlIrlIeB

Ar.roKcI,IA (SiOz): TepMI4qHo oKI{cJIeHIle wa avlrr4r\t4ft' BaKyy\{Eo-TepMfiqHo

n3napeHl{e, Karo.uno pa3npalrrBaHe' xuMl'lrtHo, ornafaHe or raaona $aoa'

aHoAI,IpaHe B pa3TBopI'{ Ha eJleKrporan'r' Hs6oplt Ira MeroAa 3aBllcIT or

npeAHa3HaqeHl{gToHacJIo'ucboTBeTIrIueTa[oTTexHoilorurlHl{'uI{K,bJIHa
I,I3roTB'HeHaI{3AeJIueTo.Hafi-uenon3yBaHl,IcaTepMl{t j , tHooKHcJIeHI{eHa
culnullfi Ir xI,IMI{qHo ornarane o'r ra3oBa {rasa (CVD npoqec)'

1. 
'I'epmruHo orfl{crerlue na cvI;tuuufi

flolyranaaero Ha clIJIIrqaeB AI'IoKcI{A no ro3!I MeroA Mox(e Aa ce

o" ru t " r * t la r r r , toc$epaHacyxuJ I ITBJra ] I (eHKI ' ICnopoArrB:bBI loAHnnapu
(npn arruoc$epso fi rroBlltueHo HarlraHe)'

Cuttur\u*r npllTexaBa ro:rau aQuHurer K'bM KncJropoAa lr oule IIpH

cTarHa TeMnepaTypa B.r,pxy IIoq'{aTeHa ol4Jll{uneBa [oBspxHocT ce o6pa3yBa

rlnl,r cnofi ot SiO, c 4e6elnna 0,1-0,3 nm' flopaAn roBa repMI'ItIHoro

oKHcJIeHI{eHacHJIIIqI4flcell3BbpilIBaIIpIrHaJlr,fq[eToHaTbHbKorncerrcrrofi
nu ,ro""p*"ocTra. XaunqecKl4Te peaKql'ur, oullcBaulu npoqeca n arrtaoc(tepa

HA CYX XIICJIOPOA !I BbB BOAHH NAPI{, IIMAT CJIEAHI'I' BI'IT:

(1) Si + Oz -' SiOz
(2) Si + 2lI2O --+ SiO2 -l-2H2

llo nperrle Ha oKr{cJrrrTeJrnHr flpouec pa3AeJII,ITem{aTa rpaHL{(a Si-Siol cc

, lp" '""*ueAbn6oq[HaHacI4IIJ4III ,{eBaTanoAJlonfl(a.I{perctofuoc.rt t , t , t 'ctt ; t
[JrbrHocr]Ta Ir MoJIeKyJrIroro reruIo Ha Si n SiOz Moxe Aa ce no*a)I(c' !l(' rir

a3DacrBa'e rra oKucJrefl c.noii c Ae6enr4*a d ce roncyuupa cnoii o'l'cttjllllilrlt t

Ae6erLHa 0,44d ($vrc. 12.1)
ErcnepuueuraJlHo, c ll:tll(llt t\' lrlll lr' , I

pa,UiOaICrHBHI{ I'l3OTOnH 0 \'(' | ;ll lr rlrr'llr ' 
'tl

OKI4CJIeHI4eTO npOTHtlA {:l t r'r I t ' l ' i '

4 r . r $ysu l t  Ha  ox l l (  l l l l r ' r r  ' " 1 ' " '

I43pacrBauluf l  cLt t l i i  x t ' t t t  p ' l r  l "  ' r " i  n ik l ' '

rparlrqa Si Si( )' h r x'rl,l 'rrlh r" r " r'r

p l$ysnl  I l i l  l ( l l ( i l { } lxr ' l l l r ' r t '  l l "d I  q ' l
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MATEPIIAJIO3HAHUE B MI4KPOEII E KTPOI I H KA'TA

e Ha 3-4 rropf,,utra no-MaJrbK or ro3r4 Ha xr.rApoKcxirnure rpyrru. llopagn rora.
cnoeBere B npncbcrBue Ha Bo/tFrI llapu I'I3pacrBar c MHoro no-roJUIMa
cKopocT, oTK0TTKOTO B CyX KrrcJropo.q.

Knnerrrara Ha rtpolleca orurcJreul{e wa cunwuuit ce ortucBa c MoAeJra
ta [un n lpoyn, rrpnnoxnM 3a reMreparypeu Auzrna3ou 700-1300.C. Or
Hero cJreAB4 ve 4e6enuuara d uaSiO2 raro Syllrqu, Ha BpeMero ce n3MeH,
IIO CJIE.AHUf, 3AKOH:

JJIAI'A 3 
AIOEBEBMNKPOWEKTPOHILKATA

Ha ropnam Qur' 122 e uoKa3ana 3aBl'IcllMocrra ua Ae6enrnara ua

ct,LJIIIr{[reBIr.' ArIoKcuA ot- 
"""t'"pu"ypara 

I{ BpeMero IIpu oKucJreHue B

ffi;;;; :xru"ir ;ffiT f" tr?"nil:,;"- "ff
oKlrcJreHple, BbB BJIaxe

12.26.
Bspxy cKOpocTTa Ha I'I3pacrBaHe na so2 cbulecrBeHo BJrIItrrne oKa3Bar

creAHr,rre uapaMerpl'I:
a) Ter"rneparypara Ha cl'ullluueBara noAllo)KKa'

Teruueparypam 

'ii*" 
Bbpxy roe$uunenm Ea guSyzus Ha

oKr.rcrrlrrerrr, ,rp" *o"to d : fft) ce ryYty 
Ha Sur'12'3 a e roKa3alra

3aB'IcllMocrra nu"*'"hi'u' uli 6w'tz'3 6-ra napa6onuq*ara Ko'craHra or

TeM[epaTypaTU Opt o*"n"Irrre B Oyx u BbB BJTDKeIT KI{cJropoI'

(3) fp=(,.ffi)"'-',
KrAero A ra E ca KoHcraHTr{ 3a BEAa Ha orncJreHr.re npa raAeua reMneparypa,
T.E. KOPEKIIIiOTTCTT QATTOP, OTIII,ITAIII HAJIfiqEETO HA IIbPBOHAII{IJICH OKI,ICCH
crofi c ae6enrula d;:

(4)  ,=dl  
+td,
B

3a ocuonnoro ypaBueHue (3) ca xapar<repmn ABarpaslrrrHr.r ailWafl:
I ) IIpu MzurKa npoAbJDKr{reJrnocr na npoqeca, Koraro l * r <1 A2 /48.
Olstcrurer.f,r trpeMuHala 6rpso uper oKHcHHr cnofi u JruMlrrupar{

Qarrop qe 6r.qe cr(opocrra Ha xr.rMr{qHara peaKrlr{r Ha unrep$efica Si-SiO2:
(5) a=f<t+,1.

Orsrclenuero ilporriqa rro Jrr{HeeH 3aKoH, a BeJrrrqunara B/A ce Hapuqa
rnrseftna KoHcraHTa Ha cropocrra Ha oKrrtcJreHne.

2)I7pu npoAbJDKrirre[Ho BpeMe Ha oKr{cJreurde, T.e. t>>r u t+r>>,\2749.
c uapacrnanero r{a Ae6emmara Ha cJror MorreKyJrr{Te Ha oKrrcJrlneJur

trpeMr{HaBar rro-Tp-vAHo [pe3 Hero. cropocrra Ha rr3pacrBarre ce Jrr{Mlrrlrpa or
4nQy:nara Ha oKr{cJII{TeJrr npes orrcurax cnofi.
( 6 )  d= (B r t t } .

Orcracnennsro qpcrnqa uo napa6onrueH 3aKoH, a napanavmpor B ce
Haprra napa6onr.rna KoHcraHTa Ha CKOpOCTTa Ha oKKCJreHEe. B na.raroro ua
npoqeca (npr,r rraalra ge6ennHa) u3pacrBaHero Ha cJror or SiOz [porrua no
Jrr{HeeH, a cJreA ToBa no napa6onrveu 3aKoH c [pexoA or e.4r{rrtur Br,rA
ofparrrrEreHlre KbM ApyrE r. llucleurare ctofinoc, u Ha KOHCTaITTITe 3aBHCrr OT
BWIA Ha OKI{CnIlrreJIrI.

6) Kpuc'ranorpaScra opuenrauT t:;;"#:Hffi
6) Kpuc'ralOrpalpsKa uP4eru!q*- - 

__o*rrrriloHHal? 3aBI,ICI4I\{ocr Ha

io"i-"""*ie ce qpo'{B{"' :--"1::TIl,?,T',"*"'u Ha nporl'Fta'e

"*"#ffl.:x:lff"?L###;-"-::.1'rll;g:trffi :i:ffi H#;xfi"ffi ;T'Tffi i#'#ffi l#*;:,x?;J;Tl:in"ilH:#;:i:trffi"l3ir'l?fr;ffi ;;ril:3:"-:Til#H*"ffi r":ff;::##:#:Ttr"fi trffi ; T;'il;*^*" ;:.ff"T*H"ffi,T" i'fioqpe,4eirr or rloBbpxHosrlrara KoHt\€nrvq""'-;-;" 
paBHrHa (111).

3aBrrcu or opr'IeHrauliltra Lr 
-" ^1T:""""1* q,'ne Ha napaoorurqnara3aBrrcl4 oT opueHTaull'rr:^---:- :^ ^*r*o" 

"nnfirue 
ua napa'OIMrIHaTa

ffi""trtotn"O"ouru op*ttt1f"-::" Tl"ftol"ooo- erarr Ha peaKur.rrra.[#'#iff *ffi lil'#Tiffi'^;]**xn;T,:lffi HT.KorrcraHra, AoKorlKoro - ::_-i::::; ""Jr^"t^" 
B/A u B, rlonyqeHl4 Bb3

B m6n. !2] caAaAeIM croimocrn na KoHcraHT

REBRg P C rc
='1g'Pffi
E roF. I

{
E ,
1 l

;
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Tenaneparypa
HA OKICJICHI{E

"c
OpueH'raqr,rr B/A

prn/h
B

vm2/h

la0rm\a l2.l
Ornomenub

R  l p: ( l 1 t ) / : ( 1oo )
A  ' /  A '

900 00)
l l )
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"-e'-

r) Creueu Ha JrernpaHe Ha crrJr'r{u€Bara r,,,u"r""i. 
-

Ha pasAerrarerHara rpaHr-qa si- sio2 ,u"ruouu qpepa3[peAerreHr{e
Ha Jler4pal4l're qpLIMeC[, KO8TO oKa3Ba BJrriUrHrrrtnrae. flo-rucon*." norrq""rpaqrn (HaA t . l o " ;"-rlo#".irlrXXtf ff "ffiff;cKopocrra' Karo creneHra Ha BJTT'IHI{. ce o''peAeJr{ or BuAa Ha qprrMeca,
HeroBaTa KoHqemparu4r H TeMleparypara Ha flpoqeca.

SiFI4+ 02 ---+ SiOz + 2Hz

2. Oraaraue Ha cu.rrnqlreB AnoKcu.rr
C repMnrrrroro oKucJreHue Ha cr,urul1r.rE e cBbp3arronpepait[peAeJreHl4eTo Ha Jrernp€u{r,rTe [pr4Mec[ B 4poqeca Ha H3pacTBaHe HaoKECHT{rr cnofi, xoero BoAr,r Ao o6e4nrnane Ha g,Jrr.rq}reBara rroBbpxrrocr Ha6op n o6oratmane c $oc0op. C"ea Qoprrtnpa"e Ha p-n npexoA[Te Br{coKaraTeM[epaTypa npE oKHcJreHEe IIIe AOBelqe .qo [pepa3rpeAeJreH]re Hanpr'rMecme' B6Be,{eHn r canr.rqaft. flpu nacnnaqux Ha npn60pHTe ut u3,rarJuflMexI0/ HnBaTa Ha MeTirllr{3ar{{{ To3r,r MeToA e HenprcJro)IcrM.
3a Aa ce ns6erurar nocoqeHrrre HeAocrarbrln, ce rtnoJr3yBar pa3Jrr{lrn}r

Hr.tcKoreMrreparypHH MeroArr. B [paKrtrr(ara uafi_rur.rpor<o nprrro*""raHaMr.rpar re3rr, uorI}IB2rrlr{ Ha orJlaraHe Ha cJroeBe or ra3oBa f,a.ea. Te cexapaKTepl*IrpaT c pa3illrrrHl{ )crMrryrecKr'r pea*q',u, Br,r,q Ha I'.,,oJ,"yBa'oro
o6opygnane (pearrop) r{ rermeparypa Ha npoqeca. cnoerere, ornara'Lr rpuHr{cKr{ TeMrreparypn (nog 500"C), ce $oprur.rpar 3a cMerra Ha pearrp, Mexgy ,cumH (SiFIa) a Kncnopo4:

TJIABA 3 CJIOEBEBMNKPOEIIEKTPOHNKATA

(8) 4PH3 + 5O2 -'+ 2P2O5+ 6tI2'

OrnaranerO MOxe Aa Ce oc6u{e0rBl{ npu antocoepEo I'I IrpH TIOHI{x(eHo

HarrrraHe. ocsonHo upe[rMyrqecTBo Ha peaKrlntTa Ha avn;aE C KIICJIOpOA e

H[IcKaTaTeM[epaTypaHanpoqeca,KoeTo[o3BoII,IBaoTJIaraH9HacJIoeBe
Bbpxy afiwr{HueBa Merajrr,r3arlux. creAosaTeJIHO T93II CJIOeB9 MOraT Aa ce

r43noJryrar 3a naclrBalrnt Ha noBbpxnocrra Ha roroBnTe npu6opu u sa

E3OJIaIIH{ MexAy HHBara Ha MeraJrI{3aLpIt.

Apyru MeroALr 3a orlraraue ca cBbp3alrn c llrcnoJryBalrero I{a rro-

BlrooKrlr TeMrreparypn, Hanp. pa3JraraHe Ha re'fpaeroKcllcrflaH (TEOC) npu

700oC n noHlrxeHo lriultraHe:

(9) Si(OCzHs)+ --+ SiOz + orraAHu npoAyKrrl'

flnasueuox[rrlr{qHoro oTnar€ue (IIXO) II03BOJUIBa .{a ce Qopl\',Il'pat

cJroeBe qpu cpztBHr{TeJIHo HncKa reM[eparypa Ha noAJloxKara' Toga ce

nocrlrra 3a cMerKa Ha peaKIIHfi Mexgy ra3oBe B Tneeul pa3ptA' ouaranero

na SiOz nporl{qa IIpu peaKIIE MexIy Sillr r N2O n apronoBa [Jra3Ma upu

reMueparypa 200-300"C ;

SiH+ + 4Nz0 -' Sioz + 4Nz + 2HzO.

3. llrnrepnane,qe6e.nunara na c'noft or clrJruuueB AHoI(cur

Crqecrnyearpa3[I4tlH[IMeToAII3afl3MepBal{eAelelurrararraSiourro
na[-6tps r{ fleceH 3a r{3rrl,JtrreHue e T.Hap. IIBeToBIiI MeTOA, npn lcoftro Ae-

benunara Ha cJror o[peAelrr oUBeTqBaHeTO lty. Ocuorana ce Ha umepSe-

peHuLL :.fia6tna oBerJII{Ha, orpa3eHa or rloBbpxHocrra Ha SiOz u or pa3Ae-

n''.n"u'urpaHl{llaSi-Sioz.3as[c[MocTraMexAyAe6enurta:raH.aoIIaflv
qBeraeAaAeHa sra6n'122. 

Ta6tmual2.2

q"**IlTe orreHblu ce [oBTaptr npffi oKono 0,2 pm' slstnqnafirll

ueJrr4r c[eKT6p or BuoJIqroBr{lI Ao qepBeHI'It rpafi' 3arom e Heo6xo1urutl /ta

ce 3Hae uoptAbrbr na urnepSepenqux (rcoe nopeA e u3pg)KAallsro R

qnerone're). 
tTofi 

"" 
orlpsAeJu qpes ergAeficrBue c 4llyoponolttlpoltttit

KoHcrarrra fla cropocrra Ha ORHCneHl,re na ca.nnunfi 86B BJraXeH Krrclropor

(7)

MeroAr,r uo3BoJUrBa Aa ce Buacrr jrer[prrrl]r npr4Mecr{ B cJrotr or SiO2qpe3 Io6anane Ha xlrlprr,q' Ha cborBer'rrre e'eMeHrH (Bzfis, pHl). Tara ce''on) raBar nplrMec-c'llr{KarHl'I crr,ro'a, r43uoJr3yBar' B [paKTlrKara 3apa3irr{rrur,I qelrz. Hanprrr.rep

ua c-noft or SIOz B 34p4gg!!sqr iI
I{nxr [e6erIaHa Ha cJlot or SiOz, F !l

I"" nopx-
llbx

IIP" nopx- III'" nopa-
A}K

rv* nopr-
.q!K

V- nopr-
II1,K

prxgranoraiPrn 0.030
KaOcB 0-050
CHH 0.080

0.100 0.275 0.465 0,650 0,865

CBETJIOCI,IH 0.1 50 0.300 0.490 0,685 0.900

3EJIEH 0.185 0.330 0.520 o.720 0.930

XbIIT 0.210 0.370 0,560 _oJ2'__ __qf_q9
oparDr(eB 0.22s 0,400 0,600 u, /9u
qepBeH 0.250 0-430 0.625
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qt

Kr{cerrr'a (tiF) ua MaJr6r( yqacrbK or cJror u upeopoxna'e Ha ,,po.,rBe'rlne.qepBeHr,r llpbcTenr4.
cloenEre or sio2._He no3BoJrfBar .4a ce ocbrqecrBlr MacKrrpaHe HanoBbpxHocrra na cwrw+fir npu rol$ysux ua 6op r,l 4or$op np" J"r, 

-"""o 
o,r_

0'15 pm' flocneruoro c*Aara npo6reuu up' H3rOrBrHe na cBrr crpyrcryp[c'c cy6rr'ruEonun pa3Mepr{ Ha erre""rrtnore. rlssecflr' orpanunenuxxapaKTepr{3r,rpar cJroeBere or sio2 or rJreArra TOqKa Ha craoualrsrparqr.rcnoftcrna r4 npx lr3troJ*yBa'ero r{M B KarrecrBoro Ha r*.n'pa[u{ cJroeBe.Mnoro o:-re3rr orpaHuqe'r'rfl ce orcrp€trirBaT c r.r3fiorr3yBa*ero Ha clrJrr{uueBH,orpar (sr:N+)' vcranose'o e, qe Si:N+ ce ,,pnn rara Karo MacKa 3a JroKrurHooKncJreHr{e na cr,unrr{rafi (uanp. npr,r 
"ro_urupn" 

crpyrrypr,r).
II. ffuryvanaHe Ha c.lroeBe oT cr.rJrr{qqeB Hr{TprlA
Hsnonsynar ce MeroAE, ocrroBaru Ha xuMrlqno mnaraue or ra.rona {ta_sa. To ce peaJr*npa 3a cMerKa Ha peaxrlr4rr MexAy crlura' u aMorurK rrpuaruocSepuo H.rurriure rd reMreparypa 700_900.C ̂ , ii;J;;;' 

""'qr{xJropcrrJrarr c aMor{rK npu noHurnerro Hiu'ane r{ TgMleparypa 700-g00"c.Crornetume peaKruu HMar B[rIa:

Macxrpalqnre csoftcrna rplr JIoKilJrHa Earfpua ce oqpeAentr or pa3-

luqnrdre roe$uquenru ua-gnSyrxr HagonopHure I{ aKqeHTopHII flplnMecllt B

cnnnurft I{ AlreJleKrpsqnoro rtoxprrTue' B ra6n'12'4 ca npeAcranenll xoe-

suunermareHaAuoy3u'DHanafi-.IecTol{3non3yBaHl{reBqpaKTuKaTa
JrerEpaIIIII rlpl{Mecu P Si u SiOz nPn reMreparypa 1100"C' '{aHnure ca

opuerrrHpoBbrrHrlr, AOKOJTKO'Io D sasHcu KaKTO OT yCJIOBHtTa 3a [oIJrrIaBaHe

"a 
sior, TaKa lr or re3u, ilpl'I KoI{To ce npooexaa Au$ys"o"*tHffi 

,r. n
tl B

Jlernparq flpuMec D s SiO2, cm2ls nPu
T=lIOO"C

D n Si, cm2ls nPlr T=
1 100'c

B 3,4.10-^' , ?  R  l 0 - ' "

Ga 5,3.10-" 7.r0-'"

P 2,9.10-" 3,6.10-' '

As 6,5.10-" 3,5.10- ' "

Sb 1,2.10' 'o 3.10-"

sio2

(10)
(1 l)

KOHCTAT|TA

^^ ^.r_!lfto + 4NHr -* SirtV + t2Hz,
3SiClrI{2 + 4NI{: -r SigNa + 6HCt;6H,

IlnagnrenoxuMr{rrrroTo oTrrara'e na SilN+ ce ocbrrlecTBrBa rrp' peaK*,r,

;itrffi#oHtK 
B aproHoBa rlrrasMa ltrlpr trpe3 BbBexAaHe Ha cr.rrrarr B

(13) siN4 + NH3 + SiNH+ 3ltz ,(r4) 2Sirr. + N, -- zSiNniju,
Ill.Cnoficrna rra AueJrercrpnqur{Te cJroeBe
3aqnrrmre H rr3onarlr{onuare $yHlggu Ha AneJreKTprlrrrrrHTe clloeBe ceorrpeAeffT OT fiapaMqrpr{Te, xapaKT€pr.r3upalllfi fl4 KaTO lgreJreKTpr{rFr] cIIe_uaQrrro cbnporrrBrreurre, lureJreKrp"u*u nporr"rlaeMocr H .{EeneKrprrHaxrocr. Maxap B Jrr,rrepaqpara.qa ce qptrBexAar KonKperHn croffnocrra uapa3flnqnr,rre napaMeTpu, o.reBr,rAuo e, qe re3u csoficrna auu""* or-Vrnou"_.gra Ha noJDrqraBaue Ha cJroeBere. B ra6l. 12.3 ca aaAenr,r crofinocrnre na oc_HoBHE enerrrlro$usrrnr,r napaMerprr Ha cJroeBe or SiO2 u Si:N+.

YcranoBeno e, 're Sio2 lnta auopona crpyrcrypa, I{3rpaAelra na dasara

IIa TeTpaeApu, BbB BbpxoBeTe Ha KoIITo Ce HaMIrpaT KLICnOpoAHxTe aTOMH' a

B rleHTbpa - cI{rII{I$'[9Bnre. Cnoese're or Si:Nq cBIIIo ca c ar'ropQen crpoex('

IIen na YnDalrurenuero

3auognanarrec[peAHa3HaqeE[eTolIcnoftcrsaraHa.4I,IeJIeKTpII[IIII,ITe

floKpl{Tlrt or SiOz n Si3Na !I r€noJI3yBaHrITe B npaKTtrKara MeroAlr 3a no-

JrrraBarleTo IrM.
rl*eronure orrelrbull ce [oBTapflT [pe3 oKolo 0,2 pm' nrcmowafiru

rlerut cnelcrbp or BI{oneroBlLI Ao qepBeHu-tr rpafi 3arona e neo6xo'4nuo Aa

ce 3uae rroptAbrbr na r'urrepSepeuqn'r (roe flopeA e E3pet(AaHEro B

qnerone're). Toft ce orpeAen'l vper arsgeficrBl4e c Qrryoponoaopoana

Kr{ceJr}rEa (lIF) ua MaJIbK yrracrbK or cJlot u npe6poanaue Ha llpotBeHlrre

qepBelru npbcTerll,I.

3a,{anue ra Pa6ora

l.HaupanerexltMr,rtlecKo[otIlIcTBaIieHaABecuJIlIrII{eBI4IIJIacTzHlI
(n-run, p = 5-10 Ocm) npenn BrcoKoreMreparypeH rpoqec uo

cfiIHAaprrla peqerlra'

2 . f lporeaeteTepMI ,F I I rooKr {cJ IeHI {e f lac l / ,n ru f i ranp l4cJ IeAHI4Te
pe)KI'rMIr:

a) T : 1150'C, t = 30 min' cyx KI'IorIopoA;

6) T: 1150'C, i : 30 min, BTIIDKeH KucilopoA'

3. Oupeaenere Ae6elunara Ha rloflyqeHug cloft or SiOz no UBeroBI4t

MeroA.
4. flonsyBaftKfi I'rgcrpyKlluqra sa pa6ora crc C-V Merbp' cneMere BoJI-

Ta6.rnqa I2.3

l'1!:W'  ' : 1 ; ! -

L I0 ' , ' , - r  l0 ' /
t'o-1J- - -
L t 0 ' - t . 1 0 ' ,

2 .10 " -1 .10

AueneKrprqua rrocr, V/cm



r6apaAnaTa xapaKrepficrrirKa (r.Hap. C_V rpnra) nocpeAcrBoM xE_BAIIIIA COHNA.

5' onpe4elere AueflercTpr.rrrrrara KoHcraHTa xa Sio2 nprr rrcBecfiraruroru Ha corrAara. 3a qerrra zsnoasynafire $opuynara,u ***"r*Ha rulocbK KOnAerI3aTop :

C = €*eoS

rir4ero C e crofiuocrra Ha *urr*rf;ru'B pexr.rM ua o6orarrear,e Hacnnnuft;S - rrJroqra Ha xnBaqnara conAa, fu: g,g5.10_14 F/cm.

ExcneDnnenranra nocranosrca

Teprwrwroro oKr,rcrreHue Ha cr,uflrqu_E ce [poBex4a BbBBr{coKoTeM[epaTyprtr [erqu c npeltr{3en KoFrpoJr r.r JmpaBJrerue HareMneparypara. T.f, ce noAlrbp)Ka c roqHocr +0,5oc n a**l"i sb6-iioo"cna AbJr?{c4Ha 60-80 cm (r.nap. ruaro). B ueqrae rrocrrrBena KBaprIoBa Tpb64B Kotro ce ocb[IecrBrBa npoqecbr. Cnnnqnerare rf,rracr?rHn, 3apeAeHI,I llaruapqon Abp)I(areJr, c rroMorqTa Ha KBaprIoB npbT (uraru) ae [oMecrBar BnJlaroro Ha nerrlTa. rlpes rasopasqpe,qefiErenEaTa crrcreMa ruu rpr6ara cenoAaBa cborBerrll4tr ra:. Koraro HtMa oKl{C,,r{Tenefl fipoqec, e xeJlareir]ronpee Her Aa rerre a3or,3a 4a ce r.ls6erne saurpcxnaHero fr.
IIpz orulcnerue BbB 

.BJrrDKeH *aoopo,q [ocJre.urE T qpeMarr:lBa npe3KBapI{oB 6ap6orrop, s xofiro uslaT e'r1pr,r reMnepar*a 'aA ggoC, nHacltreH c BoAHrir napr4 rrocrbnBa r rpl6ara.
flouanrnurenuo o6opyguaHe r{ Ko'cyMarrrBr{, Heo6xo4r,ruu 3an3lrbJtrIelil{e H8 3ag3r[nTg -

- C-V uemp,
- KZtMuHa c aailwpe.JJlLLr,
- qerrpo$yra,
- CONHA KECEJIZHA,
- Qryoponogopo.ryra KlrceJrrlrHa,
- BOAOpO.4eH IIpeKac,
-- :lMoHHeB XlrlpooKtrc,
- geEorucr,rpaua BoAa.

B mlcnreu Blrn ce irpeAcraBrr KparKH Teoperriqur.r 6elexrn, 3aAarrnero

X"OOr:?mt". 
or lr3Bbpltreuara pa6ora' Ilpanara ce r.r *rErara C-V

3aaaqll ra cauocrosremra Da6ola

1. flocoqere BrrAoBere 3aptq B cl'IcreMara Si-SiO2'

2. Ounuerc Br4Aa Ha rorrrSapaAnam xapaKrepncrl{Ka Hav4eurrl.auI

peaJIHa MOS-crpyrrypa npll r- lr p-rrilI rrpoBo'ryrMocr li
.ro.qrro^.-u. Kou nanpexenr{t Morar Aa ce ofipeAenrr or C-V

rpurara?
4. Kou Apyru .4[e[eICrpI'ItIHI'I cJIoeBe

Mr{KpoeireKrporumara?

Brnpocu sa rourDon

CE I'BNOJT3YBAT B

l. Kofi ,wrgJreKrpl{qen cnofi e e$ern'mua MaoKa 3a noKilJIHa 4n$ysnr na

ranrd s salqo?
2. Kaxno € BJII{tHI{ero Ha grerreHTa Ha JIerEpaEe Ha noaJroxffiara Ilt

neffnara opuelrrallna Bbpxy cKopocrra Ha repMlttllro orracnenue?

3. flpe4noxere rexuoJrortrqen pexrlM 3a lronyraBane na cnofi ot SiO2

c  d :  l pm.

ITI{TEPATYPA

1. Ma:enr, E. 3., O. fl. flpecc', flnanapnaa rexHoJrorlu KpeMHeBbIx

npu6oPor, M.,1914.
2. Eepe:rnu, A. C., O' P' Moqanrnna" Texnonornx I'I KoHcTpy4polalrlle

HHTerpilJIbHbIx MI'IKpocxeM, M', I 983'

3. 3n, C.,TexfloJlorurl CBI4C,M', 1986'
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Jla6oparopHo ynpaxueHrre i\b 13
PE3I,ICTPIBHI4 CJIOE BE

Trrrxocnoftnrme pe3r{cropu H€IMnpar lpr4Jroxeufie r o6:racr:ra na
I.IIITCTPiUIHI,ITE MI]TKPOCXEMI,I. IIPr,r U:rOrN,ArrETO I,IM HAfi-gECOril I{3I{CKBAHIIII CE
IPCA'BfiBAT KbM ''OB'P*'IOCTHOTO C'IIPOTITBJICHI4E HA CJIOEBCTE (Or 10 C) .qOr{rrKon*o KO/[). ocneH pernaue'T'pa'a crofiHocr Ha noBbpx'ocr'oro c.6rr-
porlrBJreHr4e (Rrl e ueo6xoAnMo cJroeBere /Lavr.vl.dr r4 r{LIc6K TeMneparwen Ko_
e$nqueur Ha cbnporaBneH,rero (TKp) uo_naa-,r:rx or I l'"fc. i;;ii"u ou6rgar 4ocrartquo cra6arnrl{, BctKo 'rcMe'eHrre n crofinoqrra Ha cbrrpo-
T[BreHI'IerO C BpeMero ne rpx6ua Aa [peBI{rUaBa /{o[ycrr{Ma BeJr."t,".'a, a
TexHolorl{{Ta 3a r{3rorBrlrero HM Aa O'lrrypflBa ruur<ocloftnu pe3[Icropr4 rra
rrpr4eMnHBa IIeHa.

3a r'r:uonsyra'r4Te Marepr{aJra cnefir'sr,rworo cbqporr4Brenr.re e neo6-
xoALrMo ,qa 6rAe B ,4rrana3oHa 100 - 200 a/cm (p). 3a ruacr{sHnre MerarrHr{
o6pasqu p He Mo)r(e 3'arrr{TeJr'o ,qa lpeBr.r[raBa AonHrur ,,peAen Ha ro3r{
.u{ana3oH. o6eruHr'ne [ofiynpoBoA'r.rryr yAoBJrerBoprBar r{3lrcKBar{r{rra no
cnequ(prauno ctrrporrrBJreHr{e, Ho aMar roJr.,rM orprruarelen TKp.

vnerm*asa'ero ua cneqa$nv}Ioro cblpoTr,rBneHHe B TbHKrrre cJroeBe
Mox(e Aa 6rge pesynrar or cneAuure,BneHr{_rI:

1. forruo pascefinane Ha [poBoArtqr4Te ereropoHr,r ntpxy clofruara
noBtpxHocr (eQexr ua @yrc _ 3ou4xarluep), o6ycnarxrqo agrroup"r"rr"o
Br.rcoKo cneqlrSr.runo cl,fiporlrBJreHrre r{ HHcbK fKF. ga au 

"a 
.,poru" ,oa"

e$el.., cnoar rpx6na Aa 6rAe MHoro rbHTrK, a roBa ro [paBH MHor.orryBcTBr4TeJreH rGM ycnoBrrfiTa Ha OKOJTHaTa cpela.
2' Marepraanbr Mo)Ke Aa fiMa npuMecr' lr ae0ercra B 3Ha{rrrcflHo no-

rOJISMO KOJII,FICCTBO, OTKOJIKOTO C TTEO6XOANUO 3A TEPMOAIIHAMI4IIHOTO
paBrroBecrre. Tosn $ar<r BoAr{ .qo Br{coKo cneqa$zvno ,rrrpor""rr"rr"" 

"uzcrr TKP.
3. [ny$a:Hr.r cncreMrr (ueranorepaur{rr',r c,.oeBe urr{ cJroeBe or .r.rra

"Merar - AaerIeKTpr'rK"). B rxx qpoBoArrrlrlrrr crofi nce e,qHo e ,,pa3rnopeH,, n
,qr{eJleroprlrKa u Qr.lsu.recrara 4e6ellrua Ha cJlorl e fio_ronsMa or.4e6elanara
Ha npoBoArrqux cttoit.

4' llopecru crroeBe (cnoene c MturKa urrnocr) - Harrpr4Mep cnof or
Merar c MUUrKa. rrJrcrnocr. orplrqarenuoro r4M CeOftcrso e orpsara
oKlrcJrfleMocr [opaAr.r roBa, qe rrMar roJrrMa rroBr,pxHocr. llpu ,qo6pa 3aulr4Ta
OT OKHCNCHI,IC TE3A CJIOCBE rIMAT BI,ICOKO CNEqU(IUUNO C.I'NPOTI'BJIEHI,IE, HRCbK
TKP u npuenanasa cra6r.rHocr.

5. flonynenperlcHarpr croeBe. Tc cc lrananpar n "oc.rponoB,t erar'it
Ha pacrex(. llpocrpaucrnoro Men(Ay "oc1.pi)n,rc.ra.r.n" oar.ypnuu Heyrpanpr3r{_
paHe Ha [oJrons{TeJrHr4-rr TKP or Merzullilrl,c ''oc.r.por;.lera". 

B rein-cnoeue
cbqeoTByBa oIIacHocT oT arnoMepartur.

6. Muoroclofinu cucreuu Trnm cnoft c noIoNCHTeJIeH TKP n glrcro

cnequ(pr.runo cbnpollrB'reulle ce orlara ntpxy no-ge6en clofi o orplllrarerleu

TKP u BI{coKo cnequ0uqno cbnporllBJreHrre' Karo pe3ynrar Ha roBa

cbalerarlue ce flon]qaga cnof c BucoKo cneur'trpnuno cbuporl'IBrreHl,ze v Htrctr

t*' 
,. Honr'r rcpncranHx crpy^rypil' Ifurou Marepn'utrll4 B mnrr cloft-o6pa-

3yBar HoBr4 KpI{crulJIHrr ttpy*yp" Tesu crpyxlDn o6uxnoseuo uMar or-

HocpITeJIHo BI4coKo cueqn0r'r'rgo cb[po-TI{BJIeHne r'r nr'rqsr TKP' Hafi-

rcBecreu npllMep 3a raKlIBa crpyrrypl'I e B - Ta

EAuH or uafi-4o6pure Marepl'IaJrx.3a ll3rorBlrl{e Ha TbHKocrtofinu pe-

3l{cropu e HllxpoMbr, 
"i"to"rq 

ce or 80% ELIKeJI I4 20% xpou luu c 4o6anru

;;;;;;;;ui" (er, cu, Ne)' obraxnoneno re3lr crloeBe ce nollvqaBar qpe3

ornaraHe BbB BaK)ryM' Iexnuqecxute u3IrcKBaIrI4fl' KoI'ITo rp'r6na Aa ce uMar

upeABI4.{ qpl{ non)qaBaHe Ha re3u cJIOeBe' ca:

- TeMneparlpa Ha lroAJrox(ara;
- oKncrqBanero rro BpeMe ]Ia orJlarans rpr6na Aa ce peryfl[pa qpe3

lrMeI{eHI{e Ha ocrar6qHoro HaJUIfaHe Ha ra3a u cKopo9TTa;

- roryIenl{qr c'irofi'rpx6na Aa ce orrptBa op" t"tn"pirypa 250-300'C

s o6uKuoseua arntocSePa'

flonyraeanero Ha cJroeBe or IrI{xpoM c roquo cborHolileHfle Me]KAy

III,IKeJIaI,IxpoMaecBbp3alrocTexHo[o|UqHI,ITpy,{HocTI{,[po'I3Tllqalqu[pe.
Al,r BCI'rIKO OT 3HarrI'ITelHAtapa3IrWKA MexAy HaJltraHero Ha naprrTe uM BbB

BaKylr{. 
'l'arna;rl'r e e,ryIn or uaii'urnpoKo IB[or3yBaIrI{re pe3llcrrrBrru Mare-

plraJM B TGHKocrtofrHET€ xrn6pnAun uHTerpanHII cxeMI'I' Tofi e rpy4uo rortl4M

MeT€uIHnplrHaAJIex(I4KbMT.Hap.BeHTr4IH[IMgTaJIIl,KoI{ToIIpIIHarpf,BaHeB
anrvrocQepa Ha KECrIOpo.[ I{nI{ npu aHO'U'HO ors{crleHl{e o6paeynat 3'4paB' 34-

uu{TeHoKc'IAco'n".."'.o""n"n'p*'"cnoic'rna.floroslrHaIILIHHaIIeroBa
ocHoBa Moxe Aa 6lge nsrorne Har\flIrurarraclrBHa qacr ua Xtr4C'

Tas.ralrr BT,B Br4A Ha rrJHKIi cnoeBe ,nMa pa3n[rIHI{ KpuoraJlrill M'AI4-

$nxaqnn, a orraM rI pa3nwIHI4 enerrpotpnrr'rqHu csoftcrna 
Ta6ruqa l3.l

,'l
lin

illl

Ttntr cnofi
Ta c nr'rcxa

NJI6HOCT

TaN
Cnoffcrsa

Macunen
MCTAJI

Trntr cnofr
o-crpyKrypa

T'usrx clofr

B-crpyxryPa

Terpa.roHaJIIla
TeTparoHaJIHA

orK
xeKcafo-

HAJiHAKpucranna

gH*;;"
oln(
165

ouK
l o t 6 1 2 15

Cnequifnauo
ct'IIpoT]IBJIeHIIe

10-" O.cm
i3 2 5 - 5 0 180 - 220 1000 - 5000

200 -
300

+1000 .t10C f100 +100
TKP 10* /.C t-3800
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o-Sa3ara e o6EKHoBeHara o6eMHo qenTprrpaHa crpyr$ypa, auaJrofr{qHa

i,iXrJdio-" 
cvrr;r'u.n Marepruu. Irhra uncro .n.q"O 

"unl r""plr"*rn"" 
"

TaHranosu cJroeBe c MaJrKa rulbrrrocr c€ [oryt13s31 npll loHu]r(eHofra[pexeH'e Ha KaroAa n [oB]rue'o Hiutra'e Ha paS0rnux rag. Tax,eacJIoeBe I,IMar 3HaqlITeJrHo no_HlrcKa IrJIbrHocT or 
'.-. r.^EDa

crnvtcrme n *E^va^hE^ _ 
MaauBHAfl MeTAJT r{ nopecra

;y#T: ;::":"^r:1" leroneyr{ o6ra€r{, 
" ;;;;';;" ;;';.#ffi';yffij:: j:"":{::1:1""cra6wr'urrp;;;;;;;";;6ffi ;;;#;

lfr Hil;;"_H yy::l _6_,r.o ro : r o irr c t;& ; ;ffi;'"*H;
i,f;tfn1."j:,"j".:.u".p^To.ilpo,*;";;;'id;:r",;;ilj jTTTlif,T
*3jjjii ; "9::: ::,-":- ;"; " ;G#ffi:'#;'"1*i#f iH' ;

nNz * 6pofi a3orlrl{ MoJIeKyJI}r' norlaAaurfi Bbpxy eAunuqa Iuoru 3a

"ot"":Tff[?rrocr sa rc6r.rBaue, npu6nnrrrerrHo eAr{r{uqa npu $rasu.reora

aAcop6uuq.

IIe.l na vnpaxnenuero

,{a ce otnoNar rbuKlr pe3[or]rBHI'I cJIoeBe or raHTaJM cbeAI'IHeIrI4tra

My c lucnopoAa I'I a3ora lr Aa ce H3Meptr rexulrre elerrpo$nonunt't

napaMeTpH.

3aAanne ga Pa6ora

l. lloAroronxa Ea noAJIoxKIlTe or crfar rtpeAu orJlaraHe na clofi or

TaHTZIIIOB OKCI{HIII'IPI'IA'

2. klsy'rlvaue I{HcrpyKqwITa sa pa6ora c BaIryWHa ItucraJlaul,rt

A4OOVL.
3. 3auosHaBaHe a MaccleKrpoMerp!{qHa alaparypa "Qvadrovak Q -

200".
4.Pear rusHopa3npa luBaHsHaTaHTaJIBcpeAaHaaproHI4a3oT-Tex-

IToJIOWFIITI{ ycnoBl4t'

5.HsuepraueHanoBbpxHocrHorocbnporl{BireHl'IeIIpurpHpa3nr'rrlHfl
TeM[eparypr4, or non]qgHl'rre Aarrnlt La ce I43t[IcrI4 TKP

('revneparypeu xoe$r'rqnen'r Ha cbnporl{rrtenrlero)'

ExcneDxuenra'nna 
nos:ranonxa

3a Aa 6lAe u3nbJllteno 3a1aHl{ero' ca neo6xoalltrlra:

- BaKYWHa HHoraJlauut A400VL'

- MaccrteKfpocr<orrlrsHa ycrauoBKa Q - 200'

- MI{KpocKOn,
- tlsrup[colrAoBa ycrzlHoBKa FPP - 5000'

- rerq o p"t1t"py"*u reMneparypa 'qo 200/"C'

MeroAtauuu yo*u"- 3a [3[bJIHeHI{e Ha yrpaxHeul{gro I{ u3rorBgse

tt" 
"o"frixil"ntrrenHoro noqncrBaHe Ha c}rfiuroB}rre rroArro)rffr4 ce r{3BrrpruBa

B opranl{rleH pa3TBoprlTeJI u lr3cy[raBane na uen'rpo$yra'

l4eivrepnanero Ha rloBbpxHocrnoro..cbflporlrBJleHl, e craBa c:suracno

"".tpv*u"oa 
sa pa6ora c ypel FPP - 5000'

3augqucJlgsaflerraTKPocBeHIlplrcrafirraTeMIIepaTypacT'[poTI,IBne-

HueTo Ha pe3I,IcTI,IB}iI{' clofi ce LBMepBa olqe ilpn 120"C r,r 140.C'

npHMecHTe TIABaT OT OCTaTbqHlt, ra3.
flpr.r parupaureaHe na Ta r aruoc$epa Ha aprou r{ Kr.rcnopoA Mo)Ke Aace [oJr]^r]r TazOs - Ar{eJre.Tprqeu cnofi c orJrr{rr*Ilr csoficrBa 3a 3aurr{Ta,enel.Tpurlgc(a rfioJraur{r, ranr<ocnofila r(o'AeH3aropr4. ycnen**,r ca c6qo'ra*a o,',nTUTe 3a rl*noJl3yBaHero My B onTrrKa.ra npz r,r3rorBr'e ua nea6-cop6uparqa uuorocnofi
Hsucxnamwxr.;ff #iil:Hffi ,HHfl?"r"rerrlroceo6rer<,{arar

npll Jrerupa'e Ha TarrrturoB'Te CroeBe c a.sor. Tarrrzuroulrsr 
-""rp"o 

"
oKI{cHItrpIr'q' noJryqeHr'I qpe3 peaKr}rB'o pajlpallrB aHe, MMa-r o.rJrnq'L xa-paKrepficrlrKa :a cnoftrr,di6./"^c;,";#;#,i"":ls:kff##fi#ffi #,J:l?#::ure0-B yclonnxra Ha orJraraue Ha Te3r.I a3orHr{ cbeAl{Heu}rrr clu{ecrByBaT.HAP. IUIATO' KbAgTO C'''POTHBNEEIIETO HA CTIOfr U HCIOBI,I,T TKP gE 3ABI4C,ToT rulb?HocTTa Ha a3oTa B pa3npiurlBaulHf, ra3, KOeTO e eAHO roJrrMoTexHoJroryrqHo llpeHMyruscreo. Bprsrara MexAy nJraroTo rE TKp ce orrpe_rera or peAr4ua $arropu _ pa3prAnr..rJr ras, TeMneparypa Ha rroA,roxKara,HalpexeHlre Ha pa3nparrrBaue. Hgsr',,uraroro,, 

", 

-o6p*yu;-;;""

CnOeBe qpllt [O-HtrCKIlrTe HaJU/iIaHUn Ha a3OTa u6n'sKri oo 
"ron*"o"r*re npu no-B'coKtr 

""-Jil:T ;;f*"o"crnK!r,Hu$opnraqr,.ar:a sa o6pa:yraurro ou iG-oro,, 
3as,ncu a or KoHcrpyr(_\r4ara HA aflaparJpara, rrefrnare Bb3MOx(HocTr.r, KaqccrBo a cacraB Ha r.r3_noJnyBaur,rre ra3oBe. Epoar ua asoTHHTe 

"onlnyr", 
a4cop6rtpam,r rrpxynoBbpxHocrra, e nporropqt,rorraJreu Ha orHorrreJlnero Ha 6por aronna aapfol{oRtr MoneKVJru:

uN,=  "N:  ,K6AeTo
o.nA,

nN, e 6poit a3oTHrr Mojrer(ynr4, a4cop6uparrn ln,l)xy lto/(jtoxr(ara Ha eAr{HrruarmoIq;
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I{:rornsne na nDororoa

B nacuen BI{A ce orql'ITa H3[bJrrleHr4ero Ha BcrKa or flocraBeHare 3a-
AaqH or 3a*arrwgto, or6elrgnar ce r.BMepeHHTe r{ r{3q'cJre'n nap;IMerp'.

3a.uaqll ta caMocroqrelHa Dabora

3anosuafi.re ce Li c lpyfn rexHoJro[4u 3a rtoflyqaBaHe na cloftuu pe3]rc_
T0pH.

BrnDocu la xourpo;r

1. Kou apyrn Marep*an' ce r'3noJr3)tsar sa'rqrcocno'nra pe:lrcropr'?
2 llggovere Marep';ur 3a pesucTopu c rroB',px'ocrHo c'nporr4BrreHr.re

> 1000 c2lrJ.
3' Kan ce Hacrpofnar runrocnoftuure p$r4cropil? flocoqere pa3nprqHpr

MeTOAr,r H HanpaBeTe cpaBHeHr4e Mex,uv lrx.
4. Or rcaxno 3aBr{cu Ha,rlexAHocrru *ru,r"no"rrofnrrre pesracropu?
5. Ha xarcsu ycKope'lr r{3[araH*n ce [oAnarar r'Httocro'nrare pe3ac-

ropa?

JI14TEPAT}?A

1. Maftccern, Texuonoru.s roHKr{x fineHox, rona 2, M., Cos.paAno,
1977.

2. Nascern, S.,Thin Sotid Films, Itbl3g, p.65, 1989.
3. Laser, D.Jhin Sotid Films 90, 317. tgg2.

JlafuoPamoPnr YnPntcfleHae JYg 14

TIOJIyTIPOBOAHI{KOBTI CJIOEBE or I'IHAI',IEBO-

KAJIAEH OKCI4A

Tesu uonynpoBoAlfl'IKoBl'l clroeBe npl{TexaBar 'u'ne oco6euo BaxHlI

cuoficrna - BlrcoKa rpo3paqHocr BbB Bl{.qrMara ,u 
lttwsl<ara 

"{lT:Yi*"

o6nact n BI{coKa ,o""'p'i"""ou rpoBoAl4Mocr ' Ha 6asara Ha r93LI cBoucrBa

ca paouoo6pa:Hl,rTe lIM rlplt;roxenllfl Karo agrl{crarnt{Hl'I ciloeBe' [po3paqnu

;;"G;;" ; aurupe$nerrop'r roKpplr vn ilpLr rex'orlorlrtra Ha clrb'lreBure

eneMer{Tr{, Tonrrr4'rr'r oanao-u n nrr$pavepne'rr orp'Karelr'I'I noKpETI't'

llpes noc;regru.tre roAItHIr re3lt olroeBe ca cB6p3auu cr'c g:bBpeMeHHLI're

TexHoJIorI4u ru opo"t"oo-uo 
"u 

'0""*"u' ilpeAcrannre 3a npoBoAnMocrra

Ha oKncurtre IronynpoBoAIrI{IPI ce 6azupar Ha 3onHara reoprlt' flpeAuuuo

ftomlurr xapalcrep Ha xr4Ml4qecKure Bpr'3r(Ilt ofipeAent roJrtMara IIJI4pHHa Ha

ffiffi;irari :oua (AE :3,35) t'r cpaBlrllrermo HI4cKara noABl{xl{ocr Ha

HOCI4TCJII{TC B T€3I'I CT'E.qUHCUUT' |IPT'T TOBA AOHOPHI'TE N AKUENTOPHI4TE HI'IBA

Mofar Aa ce c},3'[aA?I'f He ca]do or clpaHuqHl'I IlpvlMecll' HO It or orK'IIOHeHI4fl

B cTexuoMeTpl{qHl{t cbcraB - aHInoHHI'I l'I KaTIOHHI',I BaKaHUHI{',

B r'rHAl'{esu.fl oKouA ce na6nrcAara caMo eneKTpoHHa rlpoBoArlrnlocr' 3a

npoBoAr{Mocrra Ha re3n cnoeBe " :-":i:_ rtq::""
o=po, exp(-ffi

K:bAero Po, e flapunarHoro HaJItraHe Ha KI4cJIopoAa'

ED - eHeprufl ua fioHngaqr'rs rta Aeserrure I4[H BaKaHqI'II4Te;

W - eteprunna o6pasyrane na Ae(beKrure'

x ce onpeAen-fl oT TI'IIa Ha aHI{OHHI{Te BaKaHulIr4'

,Ilouopnr'rre E aKI{enropHI'ITe np[IMeclr Morar Aa 6rAa'r sHeApeHI'I KaKTo

B aHlroHHara , TaKa a B Karl'tonlrara noApQIIJerKa Ha oI(cHAa llpll rona ra-

MecrBalrrr{flT oo*,op"n 
"ptteceH 

aroM rpa6na Aa ce HaMLpa B llo-t11'r()oKil

rpyna Ha neprloAlIqnaru 
"""t"tu' 

orKonKoro 3aMecrBaHI4'I' Kart) t:t: ttrl;t

npeABtIA npeAllMno l4oI{HI'I{ xapaKrep Ha Bpb3KuTe' rreo6xo'qnvto c i'lrr rr\r'l

6nlrsocr e ilot{Hure paAuyclt Ha 3aMecrBauuf, I{ 3aMecrBaulun a'trrrrl lllttt

3aMgc.rBaHe c xarafr aroMHUTepa^r{yc,n 
"u"ro*"o 

gaJn3' , |r il sI \

K sa Sna* ir  = 0,71A. , . . , , i i r-r  rr:r  ' , .r  !  ! ,  , ,  , ,  ' .

llgcneAsagero Ha elerrpoilusuuuure ctltliic:t tt:t rl r ! !r r'

non)mpoBoAHr'IUI'I Kar'o runr',x cnofi 
:^l?l1"tto 

c l)itt rrt'trrtr 
' " " l"

' fpyAIIocrI ' I .EAnaorrtrxsBruLgHlre:rottaoSr<pr') l( i l l r i l t l l ; l l r  
r  r" rr l  ' "

csofic 'rsara uu' Tegu nony[poBoAHHuli HMat ( ' l t  l l l .  l '  r tnr ' '

rrpl4 B3allMoAefrcrsl4ero Ha KoflTo cbc cpc/lit"t t' trl rrr"trr '! 1

o'oaoo""" n o6orarenlt croeRe' f loB' l '>pxl l(x) l l l l t  r ' r l ' I  rrr ]  t t

rrtucop6llpa Karo aKIeUTOp' a BoAa'l'a h;llrt r''rt l '

Ha uoB:bpxHocrcu cnofi '  o6ntottt '  c l l ()( l l l t  l r l  tr . I  t  "
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rBrrenmr oKa3Bar BJrr{rHrle Hafi_Berre na cJlert.t.ponpoBoA}rMocrra. 
Apyrrparcrop e pa:ceEnaueTo Ha rparJlrrlrrre na

onpeAerrr or rexrrudE ;; ;;;':::' "r^'a* MHl{pot(pBcrarrr're, Koero ce

g;d;.:r";;;,d;#i"tfiffiTltl;i|."J,l,ff liT"ff H'ffi ;;;::;cflopeA 11] onpeAeJunqo_ sa .i.aKr4Ba 

"rpyn.,ypo, 
e parccffraner' HanpoMexixyfi,rrnn_{ croi

rpurexaBaTr{ ,roo",orrn' 
oopa3yBarrl ce Ha rpaHlrqara cnofi-uo.qnor(Ka a

Haq'H rpr "'"n, o"o"x::?T,1Fffi :iJ#ilH#1,J:flff:1^H#;
crofi, nognuNHocrra rpx.ra Aa 6rAe ,".*il"p, yBerriqaBa'e Ae6e,ranaraHa cJror ''Ie HapacrBa'il{e Aocrr{r'e nocrorH'a crorinoct. Cnope4 Teopa.sraua Toucru [2] ce npegnara ocHoBHa polrr B noBbpxHoc'Horo pascefinaue gar4fpae cboTI{OrueHHeTO Me}I{.4y,{srrxHnaTa
HocilreJrr.rre Ha 3aprA (L) u4e6enuu *unu 

"nor|.u 

cso6oAHar npo6er Ha
/  r \

At<o d >.R, p -lt - ' '  
L

\ 4d.)

Arco o6a.re d -: t., p *! (t /.)
ztlt* 

t' 
D )' 

KbAero It e nolBl'r)I*ocr Ha Hocarerlure
Ha 3apflA' t-lpu d > 1.20 nm pa3Mepr4Te Ha 36pHara Berre He BJrr.rfirr. Ha
"oo"'Xil:;:.11"":_o:_l-"I*"'oro6.rn"*"d;i;;;;;;;;#

3g:::: .,"-".::::11 * ;;*';;i;";##;,"""";1i;';" "yJITpaBUOnel.OBaTa n BI,InHt,tFT' n6no^_ ^^ ^*: 
-- "vJrr'PvD'r('nqu ts

o^nrnr r. ^n^rry..^ ^3"n1-u 
oblacr ce onpeAenrr orr.oBa, qe B Ta3H

;:ff::,"'3 T'-Tli ::-l1""pu "*'-;,";;fi;;'ii Jiil;'ll"l"'TJ
;#:.:-."?u1:i:::l:Ileupa:cerirau."";;;;;;;;r;.H;*:;;;,y:",npeqyflBaHe Ha cBeTII{}IaTa 32 ctr^ADA
pa3[o:ron<enu", _ ,r,^^_tl3^::^:.1o""" 

or r.rHn]reBo_KiuraeH oxcul e I,gJin::m;:x *, 3gt :i ̂ ":i";;* ffiffi ## j'[ff i"l', ?;
il*:::::::r$::::::l*uuu,'o^nJ";;;fi ###"ffi":ffi :;runpuHara rra sa6paueua.la 3orra

SJfT:':-:^:::-u:^ " 
'l"OpuqepBeHara o6ram ce onpeAerrr

il:frTf:"'i:"-"i:::5::"-. l:.,il*rr' rrpn';;;^ ̂;il;ilffi;
ffiT:li:: :::"::l:.1I*- "u rpo3par{H' rta"'"o""' 

"l;;;#;non)AaBaHe ca pa3IILFlHtt B 3aBUcI,IMoc, o, au, 
i--^" JvJtw,n)rril

frD'Ter(r*nr .EAADA_a 
Jr4crBara, xoutro rpl6nanpI4TeXaBaT CJIOeBeTe, U npriUr0)I(eHlteTo I{M.

f*: t:;l3nol_r]:a:rnre 
npocrH H eBruilnMerorH e xlrApo.m3ara

;: jffi""j1:i,j3il:: jl?t:^.'p'ny"*p,,u..,",u"""ffi il#
]iff_"*y;1"".:'1j:^ce6asupanuoopu*,i';;;,,;;;;;#;J""#,".

I JIARA .I t  l t , l  l l l  l t  \ l l l | l \ ' l  t t  2 t t . " r i l r . , t  I

C ; l o c n c o l ' I ' I H / l n e l l o - K i U l i l ( ' l l  t r h t l t  I  r r  l t  '  '

nucn le i tvu  I Ia I {e rH,  oe  l loJ ly t t i l l i : l l  l l p ( '  r l r  r r {  r '  r r

I{3napeHne B KI4CJIOpOA}Ia aTMo0(l)cl); l  l l  l t ("t f  i l rr ' r l

rIpeAIrMcrBa Ha re3u Me'roAI'I ca:

HHCKa TeMneparypa Ha noAjlo)l(kil l:l
-  B I 3 M O X ( H O C T 3 a O T l I a f a H e  t l a p a B l l 0 n t ( ' l ) l l l l  l t .  l r  I "  r r r r  '  L  ' L  

" |  
|

roJleMrr I1Jlouu;
- necHo nerplpaHe IIo BpeMe Ha orral'allc'l()'
- BI'ICOKaTa npOfi3BOAHTeJfHOgT I{ B1'3llpoH:llto'tll\l(rr I rr'r l" t' rr | 'r

r l i  f ipaBtr  oco6erto f iepc[eKrI ' IBHI{  3a I l ( t lyr l i l l i ; l l l ( '  l l ' r  r r l ' \ ' ' l '  I  r r r r l

npoBoAtul}l noKpr'ITnt.

[pr,r e:rexrponlloJlr,qgBoro I'I3rlapenne I'I3xoAtullltl ' Mal(:l)lli l;l (' ll l r l

c l , A b p x a u g m o l o / o S n o 2 . | l p o q e c t ' r c e } I 3 B b p | . i l B a I I p ] , { | | i l j | ' | | l | | | ( . 1 | ' |

n""oooou ottolo 5. l0a Torr I{ TeM[eparypa rra noAJlottxlllc Ilo/l 250"( l l'

,O'" 
"U-'"" 

METOAIbT CTABA NPI'IJIO)K}IM H 3A IIOJIIIMEPHII NOANO)I(KI4 '

f lpunorryranaHeHacJroeBeol . I tHAI leBo-KaJIaeHoKcl tAqpe3pcaK. l . l , | l l l l ( )

pa3upaurBane ce H3rroJi3],nar KaroAI{, fipeAcraBntBaurn c[JIaB or nn'rluii tt

xanait wnvlIHAHeB oKcllA, 'rlerupaH c pa3nliqHo Ko:IltqecrBo KaJIaeH oxcua [2|

Haf-qecro [pr,lJraraHuTe cboTHouIeHHt Me)KAy Jnzo: u SnOz ca 90.10

rnolTo unr.l 95:5 nrolTo.

TexHo.norraqnu oco6eHocrn npn no"'rvqanage na cnoenere

a) Bnnxnxe na 4o6anennt KrrctopoA KbM aprona rro BpeMe Ha

pa3IIpaluBaHe.

KoJ]rqecreoroKHcJIopoAeHai i -saNrr l , r 'TTexEoJror l ruerrr}arropsa

fionyqaBaHe Ha cJroeBe c neobxoAlttvtl4Te enelffpo{tuaravtll't E OIITUqHI'I

,uof"r"u. lapuraa-nnoro HaJInraHe lra Kl4cnopoAa rpa6ra Aa 6nAe crporo

AO3npaHo H roAAbpxaHo rro BpeMe Ha orJraraHe1'o. I{a {rur. 14.1 ca.[aAeHI4

nOJr)rtIeHLITe eKCIIepIIMeHTaJIHI4 pe3ynTaTI'I 3a BJII{'IIIeTO Ha [apqpIanHOTO

HaJrffase Ha Kr,rcJropoAa Bbpxy cKopocl"Ta lla oTJIaraHe rra cnoene'r'e [2].OT

HA

HA

TA S

i

U

A . l * B

&Jt +++^ 
i 

'-++ 
*' Jr

:

c

:

: lfJf,
:

2  4  6  8 1 0 . 1 0 " 2 . 1 u
17 np4untrn uanzaue frr{lotrl

150

50
orrenrHero Ha Cl ras

(]l SnCla + 2Wo = Sno, + 4p11,.1,
(2) JnCl3+lp1rg 3 Jn2O3 + 6t-tCl

Ilii?rt"::::jlT::-:i]::r' 
pa3rBop Br,pxy , or)c,r(i, r,o/uroxr(a pea^r*rxre

$l#l*::T:13::o' o p"'vn'o" "; ;"-';' ;'';il:;;T:ffiffi""crofi or Sno2 a Jnzo: c ao6pa aa*.s"" ; ,,t,;;;;;;,;;,;;,;;fi,i##T##1

<Dur. 14 l

flpa ne-rrraue Ita KrlcnopoAa no*MaJrKo or 4 10-5 Tolr' o6'nacr A cr

rpa$uxara, ce ilolyqaBar .qey$a3Hu cnoeBe MeraJI I'I MeraJIeH ol(cllA' KoI4To

I'rMaT HKCKO JII'ICTOBO CbnpOTpIBJIeIlUe I4 IttiCKa [pO3paqHOCl- B]'B BI{A}IMaTa
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o6,'racr. IIpa uanarane Ha r(acnopoAa rraA 1,5.104 Torr cropocrra naprr3[paruBa'e 3'aqaren'o HaMaJr{Ba (o6nacr c). ronyuara 
", 

o*"nrrr" ,ruKaroAa I{ B[OCJreAcrBI'e pat[paTrrBafie Ha oKc]4Aa. crnporun:reuuero HacJroeBere e [o-BlrcoKo' Te ca HexoMoreHHA V 6rpro ce flpoMerurr o BpeMero.onnrn'arm'r cnoficrra (Hucro *"touo 
- 

cbnporr4BJre'ue H BrrcoKanpospaunocr) ce rroJryqaBar [pr{ KOnr'.recTBO Ha Kr.rcnopoA4 'TroBaprrlJo Hasona B-
6) BnuxHr.re Ha TeMneparypara Ha rroAJro)Kxlrre rro BpeMe Ha orJraraneHa cJroeBere H rrocJre.[BauJa reM[e_p^arypna o6pa60rxa. flo npeue nu npoq""uuo4Jro)rffr{re ce roAfprBar ao 150-200"c. rlpu ageurrnuurl napaMerp' rlapa3nparuBaHe aaxe3vrlTa B:bpxy cryreu" noArro**n e fio-Jro,,r a u rrp.

Qoronrarorpadcxa o6pa6ot*a-"e .roolruuu n"n-olur"tBeHa Kaprr4Ha. CnoerereAOCTr'raT rpafiru.rte croiinocrr.r na cner{r,r6r,rqHoro cbnpor'B,reHr,re caMo cJreATeMrreparJ{pr{a o6pa60rxa' Ta ce uponexga B nerq, B rHepr'a a'vroc$epa alr.rBb3Ayx.

IIel Ha vnDaxneullero

,{a ce ouoxlr cnofi or HHAI'IeBo-KaJIaeH oKcI'IA qpe3 peaKrI4BHo ptl3lr-

parrrBaHe Bspxy cTbKIIeHLI noAJloxKI'I U Aa Ce IlBCneABar cnoficrnara uy'

3araqu ra Da6ora

1. ,{a ce qpoBeAe IIpeABaprrreJIHa [oAroroBKa Ha craKIIeHH [oAlIoxKH

npeAu orJla.rase ua cnofi B'bpxy rtx'

2. La ce I'r3yr{H llHcrpy*qI,r"tu ti pa6o'ra c BaKyyMHa srrcranauulr B-55

nnr,r A 400 VL-
3. IIo saaaAeH TexgoJlornqefl pexl'rM Aa ce npoBeAe rpoqec 3a

peaKruBHO pa3rIpaIIIBaHe Ha I'IH,U{eBo-KiuIaeir oKcLA'

4. Aa ce I43MepI4 noBbpxnocrl{oro cbrIpornBJIeHI'Ie Ha noJlfreHlrTe

cJroeBe c rrerl'IpucoHAoBa anaparypa'

5. IIo rraeroAa Ha rlerlKaBara JreHTa Aa ce oIIeEH KarlecrBeHo ailxe3llrTa'

6. Ha cnercrpoSoron'rerlp "Specord IIV - VIS" Aa ce aueMe

cneKtpturHaTa xapaKTepl'IcrnKa'

7. Cnoenere g.a ce o6pa6ortr repMuqgo npI'I 3aAaAglla reMfleparypa'

npOA'LJI)I0'ITeJIHOCT I'I CPeAa'

8. Aa ce HanPaBI{ cPaBHe}Me fi

cne.q repMlitlHara o6Pa6otta

pe3ynrarl'I.

anaJllt3 Ha c[eKrporpaMurg lrpeAu u

N NA AE AHAJII'I3IIPAT IIOIYIICHilTC

Ha [oBbpxHocrHoro cbrlporl'IBneHl'Ig

l" [nm]

9. la ce It3IveP{T crofuiocrrre

cJIeA TepMI,[tIHara o6Pa6orra.

Ercnepnlrenrarua nocraHosra

Pexruutr Ha repMaqHa o6pa6orr<a BHac, cbrqecrBenr{ [poMeHr.I H Bo''T,'qHHTe Csoftcrsa Ha cJroeBere. Te ce ornprqaBa.r. c Br.rcoKa npo3paql'crBr'B BrngnMara a 6[rdsKara nuspauepreua o6lacr:, ,,o"ro . il;t;; 
",3onHara r.rM crpy(rypa. Ha Sn_. 14.2 ca [or(a3aHr cnercrpuurnnxapalcreprrcrrrr<u Ha clofi or rruAr{eBo-KajraeH oKcru{ npeAra (rcpfisa l) H cneg(rcpura 2) nporexgane-Ha repM'rrna o6pa6orra. Tesn xapaKreprrcrrrKr.r ceorHacflT 3a CJrOeBe c Ae6enuna orono 5000 A a lrucr.ono cbnporr.rBneHue =10

Q/t].
Onra.ruare ceoficrna r un$pavepreua,ra o6racr ce otrpeAenrr orB[I4.'IHI,ICTO HA CNOoOAHI,ITE HOCIITEJIH. IIPU III.ICI(I,I KOHI]EHTPA.UII NAeJIeKTpoHrr re3a Marepuann ca [po3paqr.ru, a npl r(oHrler{Tpau[", 1f,4-"r;_,[ornbtrIauero r{ orpaxeurrero ce nporBrna.l. , 6:mu<ara uu$paueprenao6nacr n orpiDKeHaero uprEgo6lrnu>rupu*."p ellrsrr,rr /(o Merrurlu,rr. .l,osa 

AasaBb3MOI(HOCT 3a [finorl3yBaHeTo Ea .r.03H uJtocr]c KaTO oTpa3rBauglHnspaueprenn Qr'rnrpn, npo3palrHr.r 3a B H.rlH M a.r.a u rr c r.J r r{ | r ii.
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3a.ua 6tae LI3IrbtIHeI{o 3aAagnero, e ueo6xoAuttlo HtIJII{qfle'l() Ilit

- BaKyWHa wlcralrar\trfl'B-55 umr A400W;
- nutoo, cbAbpxarq 90 unra 85 mol % ZwOtu l0 prna 5 ttlol "" \ttt I

- croMaHeHa 6yn'ma cbc crbcrelr aproH;

- croManena 6prutxa cbc crbcreu KI'IcnopoA;

- qerllp[coHAoBa ycraHoBKa FPP-5000;
- cnelcrpodotouersp "Specord UV VIS";

- MI'IKPOCKOII;

- ileu c peryrapyeMa reMileparypa lo 300"('
- xI{MfiqIII{ pearcTr4Bl4 3a IlOqlIcTBaHO'

Merolnqun vrcasauug la u:rttr''tttte Itlt ltt

H3roTBqHe Ha npoTOKOr

f lp "  noqHcrBaHe Ha u l ' l l ( J l0 l t l l  l t '  l t '  l  r ' ' ' t ' l

ll3[oJt3yBarle Ha pa3rBop or LlzOr ' Nll't( )ll I I t t | !

naprl Ha H3OrIpOuunoB CnI'Ip'l'

tt|tlllrl .

. , r r i  l fFr l  "  l r l t t t

I  l  a ' , 1 r ,  l l l l l l t l l ' r  I



pa6orara Ha BaKyyMrlr.rre lrHcraraunu Aa 3anoqBa crreA BHaMa.reJrHoH3yrraBaHe Ha r{HC'rpyKrIr,rETe KbM Trx.
B upororona aa 6b.qe orpa3en TexHoJrorHqHr4.rrr pe)ftnM, npr roftro eIt3B''pme' npoqecbr, cnercpo*ororpanrara^Ea croeBere u r.r3Mepe'oronoBbpxuocrgo cblporr.rBneHr.re [peAr4 i, cn.A r"p" runara o6pa6orxa.

3aaaqa ta canrocrosrerlHa Dadora

l. Hanpanere cpaBHeHrre (npe4lrucrna H HeAocrarbqa) naex4ypa3IHqHaTe MeTOAH 3a noq/qaBaHe Ha rronynpoBoAr{}lrioBu croeBeoT LIHAIIeBo_KruraeH OKCI{.II.
2. Kax lre o6-qroB6pxHocrH",:j":1JJ:ff"::i#.p":;:,L:+n:ffi ffi ";:CJIOeBeTe OT r{HAHeBO-KaJIaeH OKCTII CIeA TepMr{rrrlara O6pa6OrXa?

Brnpocu ga rcogrDor

L B xaxea cpeAa ce )l3BbprrrBa peaKflrBnoro pasnpaurnane?
2. Karnu ca n3r.rcK3 3auro ; ;;;;ffi "fi3ffihxlrxfiTffi#ffilt'" crroeBere orr4qlrreBo-KanacH oKcrzA cneA TepM[qHa o6pa6or_xa?

JII4TEPATYPA

I . Mr.mocnancrr.rfi, B f(., <Dnrara rBep.i{oro rela, 7 ,crp. l -550, I 9752. prconcra, M M,,Xanaer{ur.I1{";;;;Jquq, ry _ Cogun, teST.3. Coutts, T. J., S. Naseem, Appl. phys. Lett.,46,p. 164, 19g5.4. Jourse, C. C., J. appl phys., i q,p".iz1.'igsl.

JIa6oParoPHo YIlPaxHeHHe Ns 15

14 3T OqHUIII4 3 A JI E f I{ PA rI E HA C I4nI',III r/.ir ttPvr

AIIOY3I,IOHH 14 TIPOIIECI4

,{nQyrrurra e ocEoBeH MeroA 3a QeJIeKTI'IBHo BlBexAaHe Ha KoHTpoJII't-

pyeMo KotlrqecrBo flerlrparq npI'IMec B noJIyIIpoBoAHlIKOBara no'qnoxlta [p!I

Sopuupane Ha p-n npexoA l4rlu rpexoA B KorrqeHrpao-t1'- n$?tJ"ot

To3I,rnpo{ecMoraTAa6r4arsoprr,rylvtpanun-cKpI]tTI4cJIoeBe,p.oofiac' |y\
rrpr,r ArioAHa Ll3onaqwl, 6asu, euurepu I'I pe3l'Icropt 

"ry -6-Torltpunre
npu6opr.l, Aa ce I'I3rorBtr copc r.r 4pefiH, Aa ce nernpa IoJII'IcI'IJII4III{n fiplr

MOC - TexHoJlorl{t:ra. Jlernpaqure aroMl{' KoI'ITo IIoKpIlBar Iur'IpoK

.qnana3oH or KoHuenrpauufl, Morar Aa 6tAar B'bBeAeHH s cl'rrIruufi no

i"tn"""" HaquHI'I, nar-rasnongyBal{Ilrre or KoI{To ca: nudysux ol' xl{MtrqecKll

"atouo"n, 
4u$y:ur or ner4pan oKllc l't 1a$y:ux or: [ouHol'ttvIrLtlaHTl{pau

cnoi. fln$ysvfiTa Qe o6yc.rrana or rolrJrl'IllHoro ABuxeHHe IIa aroMl'ne npn

rraJwvlr4ellarpaAITeHTHaKoHqellTpauun'ra'BrBbpAlITeJIartceoo:bqecrBsBa
[ocpeAcrBoM'rpil oarroBlrl{ Mexalrlr3Ma: IIpflK I{JII',I Kpl'foB o6MeH Ha Mecrara C

ocHoBHI,ITe aToMH, rIpeN'IecTBa[Ie IIo MexA]tsT'3[r]1.flTA'1 [peMecTBaHc no

BaKaHrIHI4Te. Rueprltma, neo6xoAuua ua ]Itacbyn'qrlpaurruI aroM 3a eAI'IHrrqeH

npexoA B I(pt{cranHara pelueTKa, ce Haplrqa eHeprut lla aKTI{BaIII4tr'

,{n{tysrarra Karo MeroA 3a nerrpaue ce I43IloJByBa oc}roBHo npl4 I'l3rorBtHe Ha

l-'#*""" rrprl6opu. 3a enernrenrure ol III r'r V rpyna r 3a cllruqut e

xapaKTepeH'r. Hap. "eaxanql4oHeH uexau[3t'M" ua 4rr[y:ux'

Cxopocrra Ha npoqeca ce I'I3pa3tBa c rloMolqra na xoetfuqueHTa Ha

gusysun /), rofrro e pa3nl{qen 3a pa3n[qllxre npI{MecHI'I aroMr'I Bpr:rara

Mex,uy 1) u renaueparypara e cJle.quara: 
tr

( l )  D = D o e  k '  '

I(bAero 1)0 e croftHocrra sa D npn 6errpafiHo Br4coKa'reMfleparypa' En -

eHepfuflTa Ha aICtLIBauilt' 7- a6comorHa reM[eparypa' k - KoHclaHTa I{a

Eorurnaatr.

,{pyr naparraerbp, xapaKTepl'I3[pau ner4paurl4t npl{Mec' e EeroBara

pa3rBoptrMocr B [oryqpoBoAHl{Ka rIpI{ onpeAeneHa reMneparypa' T'I{ap'

"npeAenHa rBr,p'[a p*iuop"*otr"' 868 Bc.flKa rpyna or ncpr{oAl{qHara

cucTeMaHaii-fon'Mapa3TBopIiIMocTIIMaTHaI,I.JIeKI,ITeejIeMgHTHnopa'uIuaft-
MarIKHt cI4 aTOMeH pal}Iyo.

Ha r!nr. 15.1 u $nr 15 2 r:a npe'lcraBcrtu t'pa(tu'ttlo c'borBerHo

*oeSnu"errt" ua Ar'rQysnl !r npeAenHal'a pa3rBoprMocr Ha HtKorl eJIeMeI{TI'I B

cuttutruit B 3aBl'rcl{Mocr or reMneparypal a'
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"  I

nocT l4 fa  qpe3  TeMnepaTypaTa  t r i t  H t r l ) , n t r r h , t  l r , i l i l t r r  [ r , l  !  i l " !  , r " ,

B I4COKO H i l J r t f aHe  Ha  f l ap } f f e  (U  npu  c t l t i i l t i t  l ( ' u l l r p , l l \ l r . l )  r , , "  r , ,  I  r r r '  r i '  ,

c r ' . ( I l e r o c I { 3 T o a I r I H K a A a c e H a M L I p a u 3 l ' t ' t t T l t t t l r y l t l ( ) l l r l { r t o l r | " t t l r ' r r r t r t ' '  l '

T p a H c n o p T l { p a H e H a I I a p u T e [ p e 3 c b A t l e l o l l J ) c M l l l l : l l ] ; l l l l ; l l ) r r i l t ' r r r 1 r '

a3oT uJIn aproH.

TsuD,[n NtroqHlrqn Ha,{Hdvrtrq

KtN{ rasl{ rpy[a ce oTHacqT MaTepI,IiIJrr.rTe Ha ocHoBal'a llil ,ll.rcril

MeTaJIU, TgXrtLtTe 0KI'ICII, HLlTplrl[yr I{ coJlt{. Haft-usnoleyBaHr4Te ca:

- Eopen arrxHApLIA (B2O:). Eipexrunnoro tr3napeHl{e II8 R2OT 3anoqBa

rpI,I reMneparypa 770-800'C, a Maxcl'IMarHara reMneparypa' Ao

Kotro o6HKHoBelro ce HarptBa, e 1200'C. Ilafi-qecro cs L3noJl3yBa

ruarlasoHtr 950-1 100'C.
- Ooc$open aHxI{ApI'IA (PzOs)' Teuneparypara Ha pI3ToqH}IKa PzO: ce

noA.qbp)Ka B HIirepBiIJIa 215-300'c, r.e. H3non3yBa ce IreIII Cbc 3oHa

3a H3TO!rHI,IKa. flpu no-nucoKl',I TeMnepar)?u PzOs ce lt3naptBa

Mnoro 6'bp3o 14 r,I3TOqHI{KbT Ce I',I3qepnBa sa I(paTKo BpeMe, a IIpE no-

HllcKI,I KojlKqecrBoro Ha IIapl{Te e HeAocTaTbqHo. llpltcr'crBuero Ha

BOAHH napu (P2o5 norntqa napa or arMocoepara) HaMiuIfBa

HaJItraHeTo Ila napltTe Ha PzOs, BCJIeAcTBrIe Ha KO9TO Ce n0lyqaBaT

rro-Hr4cKlr KoHqeHTpaqLIu ua $oc{op.
* Apcenon aHxLtApI4A (AszO) Ilpoqeclr e aHzulorr4qeH Ha ro3u rrprl

nu$ytw. Ha P or P2O5. Teuneparypara Ea H3ToIIHLIKa e 150-210'C'

Or rr;p4are l43ToqHlilru or oco6eHo 3HaqeHI{e ca r- Hap' nnanapHll

r43Tgrrgr,rrlu ua gu$ysut.. Te ca noA Qopvara Ha rrJracTHHH lI Ce pa3noJlafaT

[apaJleJrHo Ha cl4ll]lq[eBara [oAJlOXKa, Ha pa3crofrHne 2'3 mm or Hefi'

MeroArr rrMa pe.{I{qa npeAl{McrBa B cpaBIIeHI{e c Apyrnre cI'IcreMI4 3a

gw$y3un, ilo_Ba)r(HaTe oT Kor,rTo ca: xoMoreHHa rrJrT,TrrogT Ha JlerllpauloTo

Be[IecTBO npl{ clrJrrrur{9BnTe r]JracTrrHlt, KoeTo rroAo6prBa KoHTpona Ha

npoqecal{rIoBI{IUaBapa}IAeMiulaHaroroBl{TecrpyKTypl',I;Br'3npoI{3BoAI'I-
MOCT Ha [poqeca - MiuIKa pa3JIIIKa B cTofiHocTI{Te Ha noBbpxHocTHoro

cbnpoTuBneH}le oT IIJIacTI4IIa Ao IUIa0TI;IHa B eAIIa [apTI,I'4a I4 01- napTH/ta /l()

napTl4,qa; oTIIa[a ueo6xoAr4NtocTTa oT cJIoxHo cMecBalre I,I pefyJlHpallc llll

Hoceu lupa3pexAaqra3, I . I3ToI IHuI I I , ITecaHeKopo3I {o I I t l I4H l lc ' I l )K( . | | l | | | l l .
npOCTOTa Ita CI4CTeMaTa C MaKCI{MaJIHO I{3IIOJI3yBaHe KanallH'lcl i l  l l i l  l l( ' l l l t ' l  t ' l

BCHTIKII JIgfI{paIUu 9JIeMeIITH, LI3IIOIByBaHI{ B npo}I3llo/10'l ' l io'11) l l : l  ( r l ' l l ! l( l l( ' l l l l

[p[6opu, ce [por43Bex,qaT rrnaHapHr,r r.{3ToqHaqr,r ua lll.rtlty'lrlrr ll ttl,tt. t ttt. t t 't

i l rr{poKo ce nplr irara 6opeu Hr{Tpr4I (BN) l( i l ' l l )  l l l l () ' t l t rrr\  r t ,r  r" ' l '

EOpf fOf f r , f fp rA4HLITe I IJ IaCTI IHH Ca U3|OTBCI I I4  O l  l ( ) l x : l tU)  l t ' ( ' ( " r l  r r t  l l "  '  r '

C B ' b p 3 B a U I O  B e q e C T B O  0 o H O B H O  S i O z  r a n u  M a J l l ' l (  l l l ) ( ) l ( ( ' l r l  t ' t r ) i  l l 1 ' '  r r  t '  '  ' t
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v.v v.uJ v.  I  u.  t )  U.E 
Io,/ .J.K.,

@zr. 15. 1 3aBlrcnr,,rocr na roeouqaeu_
rure ua 4u{.yzut Ha akr{emopH}i H Ao_

HopH[ npriMecu n cunaunfr or
TeMnepaTypaTa

@ur. 15.2. pa:rnopauocr 
na npr.rMecHare

aToMti B cuttutluil nplr pa3naqHa
TeMneparypa

- 
Ilpor lra6op Ha xerupautr eJreMeHr 3ao6nacrlr rpx6na'1g- ce uNta npeABaA 

"".ouut 

ll3rorBt}Ie I{a AI{0y3I'roHH}r
c*rn'uir.rr.oe*rqueHr6rHaiugyzur*il#:"Xf 

il?,?:#:"i#tr;";ArreJrercrprqeu aJroft npn $opur,rpalre Ha n*-, A[+y3r.roHHr.r o6nacra.Ilopa4a resu cr,o6porceulu uai-Ba)KHHrrr H ornpr{Mec sa camn*n e oop ror e;;;.;#Tl,#rffifi;:ffi#ffX
rorr{Ma 3a c63AaBaHe ua o6nacra, 

".;";;;;Jrerr{parqa_f, eneueur. fror'"nr roes'u'"", ,,u *6m*a*#y:ffi ;:lffi ffffi"" J:
sopur.rpane Ha rroKzurHrr oliacntp; rA;; ;:#tr#je 

I8rorr3yBa 3a
zsrornsHero ua 

361acru "; 
-.;;;;ioorn,,u", s si ce ocbrrecrB.f,Baqpe3 rerEpaHe c $oc$op, apceH H no_p"Ano c arrrgMoH.I(aro asro.ru^ur.:u r,err4pax{ nprr.. ip^ ,t^rbyrr1ra ce r{3roJr3yBarxHMurrgcKlt cbc,AI{HeHIZr, c"Arprnaq" o a.o"ruuu cr4 /lAAfjHW;- eJIeMeHT.Cuope4 arperarHoro or{ cbcrorHr4e> n noc.rlreMneparypa, 

"rtour*u"r"""r-","1*,j..."',:-1", 
ce HaMapar npr crafiHa

'rBl,p.qr{,TerrHlr 
E"*oooffi.ua 

4n(ryrul (,lra(ly..'alr'ra) uorar Aa 6rAar

{lrSy:uounr.rre 
"p9l:!, 

ce rpoBcx/la.r. l} .r. uap. 4u$ysraomiz rrequnprd reMreparypa 900_1300"C. Crr,",rr",,r,. lcneqlrarreH,uuprnur.n, ce noMecr.Ba.. ,, p,,6,r,.,,,.ir, ::fft#i;";l:i:i#:r"tt:
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ce TpI,r rana BN c H3BeCTHa pa3Ju4Ka B obcraBa, Kosro no3Bor.qBa
npoBe)r(Aa'ero Ha 6)?xa Ar4oy3r.rr c rr,lrpoK TeM[eparypeH r(r.rana3.H. rlpe4r,r
r{3noJr3yBa'el' rlM o0pnourzrprag*r,rre flJracrrzHu ce oK'CrrrBar c r(eJr
oOpasynane Ha r6HbK c.no[ or B2o3, xoiiro Bcbu-(Hocr e a3TorrHr4K Ha re_
rupauur eJreMeHT.

TeqHl,r lttro.rHuun Ha andysnq

TegI,l l,tsroqnr.{qr{ AaBar Bb3Moxffiocr Aa ce nonyqar 4u$ysr,rounu
CNOEBE C }IAJIKA PA3NI'IKA B TIOB'PXHOCTHATA KOHUEHIPA\N,T flPI4 BI,ICOKO I{I,IBO
Ha JrerrpaHe. Hafi-pa:npoc.rpaHeua ca BBr3, pCtr, POCII r.r AsCI3.
Teruneparlpara Ha H3ToriHnr<a e 0-30"c. flporuxnara B Ta3r4 TeMnepary?a H B
[e6wra rra Hoce'Iurr ra3 rlpe3 C',Aqero AaBa B'3MOXGOCT 3a peryJr,4pa'e
r(oHrleHTparprrra Ha napr{Te na Alroysaura B ra3oBara arn.loctfepa. B crqara e
3aAbJrx'TeJrrro nprrcbcrn'ero Ha KacropoA. orAenxqxre ce np,n BT4COKH
TeMneparypr{ Br z Cl araKyBar noB6pxHocrra rra (xrnvn\vfl. Hannillero sa
r(trQJropoA [peAoTBpaTrBa er{BaHeTo Ha noBbpxHocTTa, a cbruo TaKa ynecHrBa
non)AaBaHeTO Ha OKr{C Ha r,r3TorrHuKa [pr.r MexAHHr]nTe peaKuar{.

Pa6orara c reqHr4Te r*ToqHlr(r4 ce 3arpyAHrBa or tparcra, qe rg ca Ko-
po3HoHHI{ A TOKCr,tt{Hrr, KoeTo u3}4Cr(Ba clleql,IiutHll MepKr.r 3a 3a]rluTa.

Ialoo6pauru audvranru

Tora ca cMeclr Ha xlr4pr{Alr Ha cborBerHr{Te erreMeHTr,r (au6opan ts6H6,
$oc$r,lu PHj, apcrrH AsH3) c lrueprelr ra3.

Ha nparrlrxa ra:oo6pa-sHnre r{3Torr'rrqu ce r'3non3yBar 3a nen{paHe Ha
enlrraKcr{zur'n c,'oeBe h M'oro prAr(o r(aro 4r.rrpysraoHHa r,r3Toq'rrrl'.
lnaa'nsr HeAocrar'K, KaKlo ]i np,n TeqHnre yu$yiauru, e 'oJ'Mara r.M
TOKCitrIHocT.

Crurc;roo6nagnr.r ntroqnuqu

Hanocle4r,x Aocra rrecro ce t 3rron3yBa MeroA ua glr(lyslrx or
nerlrrpaHll oKI'IcH - AoIropHI{ I'IJI,' aKqe[Top'It crrrKJla, HarIeceHH Bbpxy
[OAJIOIfl(aTa IIO pil3IIIfIeH HanpfiMep qpe3 xr4Mr.rqrro oTJraraHe OT
ra-:ona Sasa na Sioz c 4o6arxue Ha xr4Api.rA Ha c6orBerHr{, eJreMeHT fiJrr.r
rraHac-&re Ha Teqe' r'{3TOrrHHK na rleurpo$yra (spirr-on diffusion source). B
nocJreAllut clyuafr ce np[rorBr pa3TBop o.r oKHc Ha nen4paqu, npr,rMec,
crrJTlrrll{eBo cbeAuHeHllie sa soprrlrapane rra oK}tcrrH,l K0M[OHeHT (TMos _
TerpaMerlr-noprocnmrr<ar) rr pa3TBOpHTerr. crrolr cc rlarracr ua qenrpo$yra n
cJre.q repuoo6pa6orra npr4 reMncpilr.ypa 200-300"C, np; no.ro
pasrBopareflrr ce rtrraprBa, ce odopvr Ka.l.o c/lrtopolleri {xr,rna.

B npoqeca Ha AH$ysHT B fipnc,l,c.r.Rrlc ua r.r3.roqrinKa nporuqar
creAurzTe peaKrlrrr4:
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MATEPWAIO3HATTwE B MHKaOEnEKTnqHmKATA

IPE6IIA3I,ITCJTHO PABIIA HA IPEACIHATA PA3TBOPI4MOCT HA EIICMCHTA B CI{IUIII4'
IIPH CI,OTBCTHATA TEMIIEPATYPA. OoI,IKHOBEHO NPCAH BTOP}I,T ETAII IIPI'IMEC-
cr4Jrr{KarHoro crbKlro ce orc'TpaHfBa, Ho axo e Heo6xoArdMo $opnrnpane r.ra
crurHo ngr4parrH Aan60r<ra o6racru, To ocraBa H CIY)I(E 3a r{3TOqHr.rK Ha
Auoy3Ht.

csanf,''ero Ha [p'Mec-cull{Karrroro crr*Jro ce,r3Br,pIrIBa 1pe3 eqBaHe
B pa3TBop na HF xucenanra

,{oromcoro B ToBa yfipa,*He']re ce p:Brnex(Aar r,I3ToqHfiqHTe sa
JrerupaHe ya cwrugrtfi npn graQysu.r u csorBerHrl[e peaKqr.rrr uo $opuupane
Ha npI'IMec-cIdIHKarHu crbKJIa, 3aKoHI'ITe 3a pa3[peAe[eHEe Ha Jrempatrtuil
eJreMelrr B Agr6osrrra rurMa.Ea 6rAar o6crxaann.

Ifelr ua vuDaxneHr.rero

3anosuaBaHe c pa3rnqnr.{ fi3lonHr,rqu sa gw$yzuz Ha Jrernparqn
npl{Meclt n cwrwluit 14 rror} {aBaHe Ea cJroeBe oT npr,rMec-crrJruKarHr{ crbrura
Bbpxy cHjrrfqr,reBa [oAJroxKa.

3aranue ra Da6ora

l. Ilsnrprrere xr{Mr{rrecKa o6pa6orrca Ha rr -Irilr cnJrr{uneBa ruragrlr'a
npeAn BrrcoKoTeM[epaTypeH npoqec uo cTiurAapTHa peqenTa.

2. Hanparere cralwrusaryu.a na BN-nnacrr,rHlt [pr{ TeMnspaTypa
1000"C B [poArurNenne na 30 min u aruocSepa Ha a3or.

3. flpose.qqre npeAgu$ysur na 6op or r.r3TorrHr.rK BN npu cJreAHlu
penqM Z: 1000'C, r:20 min.

4. orcrpauere BCC upes euBarre B pa3rBop na FIF u Ha qerrrpucorrAoBa
ycraHoBKa rrcMepere uoBbpxHocrHoro clnporr{Bnerilae Rs.

5. I{srr,lepere KoJrrrqecrBoro BbBeAeH rrertrparr{ npr{Mec no Soprrayna (g).

ErcneDuryenramra uocranonxa

3a rasnsrHerflae Ha 3aAar{r,rre e neo6xo4 vo cJreAgoro oOopyanaue u
KOHC)A{aTr{BH:

- BncoKoreMneparypua netrI, omoMrureKToBana c reapqona rpt6a
Il flpucflocodJreHr{fl rcbM uea - o60py4naHero e noAoouo Ha roBar
orrucarro B y[parrcneHne J\b Ll,

- fa3opuBnpeAeJll{:reJlHa cHcreMa KI,M neu{Ta c Br,3Mo)r(Hocr 3a rro.[aBa-
He Ha:l3OT rr KI,rCnOpoA,

- n3ToqHr.tK ra guSyanr ua 6op,
- qsTnpl4coHAoBa ycTaHoBKa,
- KaMrrHa c aanfipu\wt,
- ueffrpo$yra,

- IIUHCeTa'
- COJIHA I(HCEJIUHA,

- $nYoPonogopoAHa 
lolcelrura'

- BoAopoAeH npeKnc'2

- aMOHI4eB xu,qpooKl4o'

- .{eftorrnsuPana BoAa'

MeroAqqnu vKaraHng la HlrorBqHe Ha nDororora

B uracrraeH suA Ge npeAcraBtr KparKI'I Teoperl'rqnu 6eneNrrl' 3aAarllrero

rr pe3yJrrarvtre oT lr3BbpllleHara pabora'

3a.uaqu ra cawrogroRrernra Da6ora

1. Ikxno npeAsraBflxna fionnara uMnJIaHrdqI{l KaTo MeroA 3a

BbBexAaHe Ha nerllparr\ npulrlec? 
-^^-.OTO ctnpoTnBJregue RS c

2. Kax ue ce lI3MeHt rIoBbPxHocrH

vBenl'taraBa'e -;;;;; Ha 
"peu"Sy:ot" 

rpr eAI{a I;r abula

,""ntpotypu? ^ /1(1 oo t^ailRAril,r{ Ha qnnoBe u uo

3' 3aqo ce I'I3rlon3yBar crroeBe or @CC ga flaclrBar{Hf, Ha qnnoBe

KaKBI{ MeroAn ce SoPrt,tr'rPar?

BrnPocu la rorrPol

1. Kofi eJIeMeHT 6rxre us6paln aa {oprurpaHe Ha n -ru1r o6lacr c

uoB*px'ocrllu *o*#iuil* 
"* - 

]i' : 5'ld0 cur' B p-rvIrl

, "tffffTTn:T"#H*oo^ MarIbK npoqel{r KI'(crIopoA B ra3oBara

, ;m *.;3""#9r#hal"n,rr 
oKr,rc xaro Auovsuoneu ngroqru'<?
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