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1' {ucrqlrn.{raurr, BnJrrcq€IrHbre B nporpaMuy BcryrrrrreJrbrroro ucrrlrranrls no
cnerv{llcrlunfl rrrre B acnxpaHryl}y

1.1. O6rqa"t $uszrca
1.2. TeopefuqecKar Susuxa
1.3. Acrrpo$r.r3r{Ka
L4. I,IccnegoBaHr{r crpyx:ryphr r,r cBoftcrB yrnepolnbrx HaHoMarepr.ianoB
I '5. Kore6preJrbHbre crre*'rp'r r(o're'cr{poBa'Hofo yrnepoAa r4 sa'oyruepoAa
crrerlKyllcl.r no $asure KorrgeuczpoBanxoro cocrof;sr{.fi

2. Coge,pxa{rue yve6n"r* l{""rt"or""
2. | . <Otiuas @nsrEru, <TeoperuuecKaf, $usurar>, <Acrpo$rrura>
Tetru (nonpocu)

l ' flonlnrzp o ro'redarenbHoM ABHXeHHH. ceo6o4xrre r.r BLrHrxAeHHhre rore6a*ral,ypaBHeHLIe role6auiafi. Kos$SrauHeHT 3aryxaufir, .iiorapg$ir,ru.rec6gil AeKpeMeHT3aTyxarffIls. PesoHaHC.
2' cnoxerrple xone6ag'fi oA'oro HarrpaBJre'H.rr w B3ar,IMHo rreprre'Arrr(yJ'rp'brx

ro-rre6anafi. Euenr.rs r.l @arypu Jluccaxy.
3' ocllosrr MoJlel(yn4pno-Knneruqecrofi rcopNn ra3oB. pacrpe,uerenrax EoarqMa'a,

Maxcse-ilna . crarucrtrxa Maxcnerla-Fomquana. onur ilIrepra.4. Axygltq*.Kl4e BoJrHhr rr HX Klraccu$uxaqnfi. ypatHeHue nrocroft arycru.lecroli
BOJTHBT, c.Kopocrb a ArfirHaEOJrHbr. ynllpasnyrTtr ge4exrocKollur, rorrrorpa$ux.5' oc'ioB'Bie IIoHfiTH,I TepMorHHaMr{KH. flepeoe Earraro TepMoAr{HaMr.rKH, erofrpHMeBelrr{9 K H3onpoqeccaM B r{AeaJrbHoM ra3e. fpasur ,r}oq"*"ou. Be.rHbrfi
mr{raTeJrb rlPpBofo poAa.

6' Ten'nonl4e MaIIrHHbr' I{rlxrr Kapno. KrA r{aKna Kapuo. I{rA peanBHbrx rerrrroB'rxMAIUHH.

7 ' Buy4reuBxr 3Heprnt repMo.ql{IlaMuqecxoft cr{creMbr. Teopeua o paBHoMepHoM
pacnpe!:e"[eHtrIl'I SHeprI'Itr Iro cTenelrsr'I cso6ogu. Klaccu.recrarr reopu{ TetrJroeMKocrl{ra3oB rr rnep4ux TeJr, rpaHr{qhr npr{MeHHMOCTT Teopru,r.8' flepnoe, FTopoe I{ Tperbe Harrara repMoAr{HaMraxa. flonsrue o6 snrponu' r{ eeH3MeHefttI'IE B TepMo,4I'IHaMatrecKHX lrpoqeccax. Cratficrr.r.recKr{e r{ TepMoAnHaMfisecK'e
(p opnaynapoe{<a iI HaqaJra.9' SsrerH*s nepe'oca B MorreKympuori Qasure. 3arossr xn0sysuu,TennonpoBo.4FrocTH rr BTI3KOCTA r,r Hx aHajrr,r3.10' 3axo's Kynona' Hanprxeunocrb l{ nore'rilaaJr gireKTpocraTr.rqec*oro nofir rorreq'oro3ap'sra' IiraSllvecxoe u:obpaxeHne 3reKTpocrarxqecKux nonefi . cnssr HarpsxeH*ocr'rI xorelr{I4a{a' Jlpunqran cyreprio3nrir.iu norefi. 3nerrpocrarr*;;;; reopeMaOcrporpa;qcxqro-faycca, ee op"""**"re K pacrrery nolefi.

1 1' Marnmrnqe none' I4ugyr<qnx L Harrp.f,xeHuocrb Mafnlrrnor.o rrors. fpa$uvecroea:o6pax'eHHe MarHI'ITHrx uo-nefi. Cnmr MarntTrroro B3ar{Mo.qeficrufis (Aunepa u
_ Jlopenqa). |Ipp.inrlxrr cylepno3rdrlr.r}r Margr4Trrbrx noreft.12' flolxpurre v HenoJlflp'ble AI'I3''KTpI{KH. lloxxpusaqr{Jr .$.rsJreKTprrKoB, BeKTopnoJltprcatqHll' {uolerrpr'rsecKiul fipoHrarlaeMocrb H Boc;;pfiHMq11Bocr'.

Cerneto:,n,rKTpHKI,I, n{crepe3uc
13' MarHutnrie cnofic, na Beu{ecrBa. oc'oe' Teop}ra wra-, trapa- u $epporuar*er'sMa.MarHur:lia;r nponl4uaeMocrb rd BocnpuxMqxBocrb. Marnutriurfi' rr.crepe3r{c.flpnvene nlle SeppouarHernnoB.14' N{aru:ar:Hog noJle roKoB' Saron Fuo-canapa-Jlannaca. 3axou rroJrHoro roxa. DuepnugrerTpl4rrr3cxo4o rd Marur,rrnoro noleft ,15' Knaccu'lecKtu reopu{ 3Jt:erTpoilpoBoAnocrr-r MeraJrJroB. 3axoHu oua n .{xoyrx-JIeHila B ullrellpanrnoft lt au{lfiepexquamnofi froprue. rloHsfl.re o cBepxupoBoAr.rMocrr.r,

BhrcoK0Tel\{treppTypHarr cBepx1lpoB0,utrM0cr6,
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16. Ocnor4: gonnofi reol)Iau TBepAoro rela. PerueHr.re ypaBHenux lgpe4ugi.epa ,{nfi
sneKTpoHop B KpHCTanne, aguadarnoe npu6nuxeHHe. 30nrr 6pur.nloeHa.

17 ' 3rte.rrplouarHl{TH€ul IEIIAyKI{Hn. tr{Hrerpa-irrnarr H aerssepeHqr{anrHas $opuu 3aKogasreKqlclMafHxruoft rrHliyriqr-rH @*pul*". flpaeNno Jleuqa. carvroungyxqua.
I{ugprrnB4ocrb. rlpunaen:eHue 3a*oHa sneKTpoMar*r{rrroft r.rHA/KrIHr4.18' flOrHas cucreMa ypanuexnft Maxcserrra raK ooodrqesue ocuoBHbrx 3aKoHoB
3ne*4)OMa4'err.r3Ma. cno60anoe ItreKTpoMar'r.ITlroe 

''oJre.19' -- Slelcrpp*aarHr{T'hre .B'JIH'I "* *lacc*Qtrxaqux, r4gar{eune n pergcrpaqa.E.
YpanHeuae nlocxoft 3JleKTpoMarlrutHoft uon"", ra ee fiapaMerpbr. Oueprrax Bon'br.
Bexrop Yupna.

2a' I'Lrrcp4epenqru cBera H yciroBr.rff ee ua6nmAesus. MsroAbr sabmcAeHux
uureptpepe4{IllTH B onrHKer-(6u:eprana u 6anpusnaa iDpeue"rrx, MeroA CInra). ycronu.s
max H mdn SaprHHu uHrcp$epenrlun.

21' flrft;paxgiux cBera a ee nu,qnr. flpuxqnn nofireuca-(Dpenern, :ouu opeHenx.
o6l-scHeHI'IB 4nQpaxqlra csepuvecroft vt nnocxoft BolrHbr Ha oc'oBe :oH @peaera.
fln$parrraqnsag perrerxa.

22' 
- 

EcTerlrspnHnria n noJnlpl{3oBairnrif cner. Bsrrr rroJrf,p}Barlus. 3aron 6prccrepa.llonxprasatgpu Tr aHaJlu3arophr, noJryreHr.Ie rloJrflpr,r3oBaHuoro cBera. ctenenr
fiomprrsiuapr n3,Ty.reHnq, 3aKoH Manroca.

23 ' {tcnepqiaa cBera. Hoploralruax I{ agoManluas Ar{cfiepcnx. <Dopnayna Koruu. ocHonrr
3neKrpoirrHofi reopura AncnepcHH.

24' ^ I4:'ny'tarplb*as- v rlol.tlo.uaren'Harr cfiocoGnocrs ren. A6co:rrorno rrepHoe rero.
^ - 3axgir'i:I(upxroSa, Cre$ana-6onrqvalra, BHHa, Sopuy.rra flnama ra ed ananrag.25' llocr;malru creqlraJlbHoE reopuu orHocr{reJrbnocrn. flpeoopa:olla111fr Jlopeuqa.Pen'sruBntcrqKHft 3aKoH cJloxeglat cxopocrefi. ocnonr*re KHHeMarHqecKue H

Au HaMrrq(lcKFe cneIcTBH' H3 TeOpxpI oTHOCICTeJILHOCTLI.
26. -. Keairrrnple ceoficrna cBera. Ooroessexr H ero aagrr. Ouurrr r{ 3aKoHbr Croterona.Ypanneulre $fiHrnrefi na. KpacHax rpaHlrqa $oroeS$erra.
27 ' ftinr:rcs4 Ae Fpoftnr o BoJIHoBhrx csoftcrsax Mr,r*poqacrr,rq. cooilro'renu.f,

EeonpeAe.rreltrHocTerl f eftsen:6epra H HX aHaJrH3.28' flocry'natrrr 6opa. Teoplt{ Bolloponoro6iroro aroMa no Bopy. 3arouonep'ocT' BaroMnbr:{ anqrTp_ax. (Dopirayla Earslrepa. onurrr @panra u repua.29' Yparlneurle lllpem*rrepa. Bo.r'oaa-fl Syr*riur x ee cnoftsrna. cran4apr'hre ycroBr's
r{ KBauroBarr4e. Oneparophr B KBaHTonoft ntexalrsre.30' llorurrue o noJIHoM na6ope KBaIIToBbrx rr'cer. crpoeuue cno)K'brx aroMoB.SnertpoHublg rplrruH t4 noArpyIIIIbr. llpuri4un lTayuu. flepuoguvecKafl cHcreMaxrirMHqecKl!{x pneMeHTOn MeH,{ereeea.

31' Maxp0'laorHlla B rrorenll,Eanuroft sue. Tyuuemnsrft e$$em, flpnuepg npos'fie'HsrynHenbt{c'ro o$(f ema.

?? 3aroulr cqxpa*eu'-r r Su:uxe H HX cBr3b c c[rMMerpr{eE upocrparicrBa H BpeMeHr,r.33' ocuonunrq xapaKrepncTnK' aroMHbD( {Aep (sapxa, Macca, Mexa'r{qecxgfi uoueur,uarHurHtirii qoueur' pa3Mep [rpa). Xapaxrcpraatr*u rAepxgrx cn"u. Dueprux cBfi3r{.
{e$enr }{acc4.

34' 
^ Ecre*rnen[rar H I{cKyccrBeH'atr pa,Arroa*Tr.rB'ocrb. pag'oaxrrnri*re 

FtrArr.
^ - 3*ToMepHoqrH alrsa-, 6ela-, raMMa- pacfiaAa. 3axos panuoaxrr{BHoro pacrraAa.35' ft.gtT:t" pearcqaa. pearu{us Aeire'r4r r.r cr.r're3a aroMHbrx rgep, Suepnix,rep'6rx
., p.u5fi. X.apqxrepacrr{Ka sAepnbrx czl. ,{eaenue,Aep ypaHa.Jb. QyHnar\'eHlrAJrb'bre raanuogeficrBlrfi. 3nerraeHrapriue qacr'uhr n nxnxacca$uixar{I4s. Peax{r{r4 ilanMuoro rrpeBprrrleufirr gJIeMeHTapHhD( qacrrirl. Knapru n
, _ fJrrooulr. Mlerq2u peffrcrparilln sJreMeHTapnbrx rracrr.Iu.
37 ' colsgqua"* c'creMa, o6'{ag xapa*Tepl,Icrrl*a nna'er se^,{Hofi rpynrrEi r.r flna*er-

rr{raHroB. 3axqnna Ke*epa ABHXeHT{fi nJra'er. lIo.sc Kofinepa, obnaro bopru.
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38' filn'o1gFB1 o rlpoHcxox.qe'Hrr rd 3nonrorlun Bcerennofi. pensrroBoe a3Jrrre'r.re,
KpdCHo€, clqellleHre B crreKrpax 3Be3I. MeroAu oripeIeneHr4.f, paccromrufi r4 [apaMeTpoB
3Be3A u acrpoSu:r{Ke, eAr4nr.{qu paccrosHi{fi .

Jla'r'ep a:rypp AJrr roAroroBKr,r
I Xpo46,3I'I,.F. Kygc odrqef $n:uru e 5 r. - M.:Bucruas rnrona.- 2010,2 canerpe'e tr4'8. Kypc o6rqer 6u:nxia n 3-x ronrax.- Bnrcruas rrr*oJra.- 200g.3 fop6are,n $.8., cnar{rrxa JI.i. ougrana rroJryrrpoBor*}r*oB r.r uerannon._ M.:Mera"rrr;rprpx .- l9T 6.
4 JlHnenqen, H.trl. fypc Qusuru f3nexrponnuft

r{3A., cren. - CII6.: Jlanl, Z0IZ. _ 672 c.: nn.
pecypcJ: yvednux / H.M Jlnse$qes. _ 7-e
- (Vve6uNKH AJr.tr By3oB.

vl 80/ -
CneqaaruHa.f,

3arn. c 3rpana.
mlreparvpa). - pexupr Aocryna:
- isBNr 97$-s-si 14-1240-2

3^"j1"":*4. @asrnxa l3reicrpounrd pecypc]: yue6.noco6ue / A.[, ple*rer . - 2-e nsg.,Hcrlp. - C[IQ; Jlanr,20Ag. -,672 
"., "rr, 

_ lVv"Oriuxr,r o* 
"yro". 

Cneqaanrnaxnurepary'pa). - PeNmr Aocryna; http:i/e.lanbook.com/vigw6ook/1631_ 3;. 
" 

r*p*u. _rsBN 978-5-S1 r4_A760-6

2'2' <<Lrct>xeAoBaHae crpyK'rypbl I't cnoficrs yryrepoArrbrx HanoMarepr.rarroBD, <<Kore6a-
TeJrFHhre cneKTpbr K0HA9HCHpOBaHHO|O yrnepoAa H HaHoyfnepoAa)

Teun (uonp{:cu)
1' QrpoeHIae u ocHoBHhIe Susruecxae csoficrBa {urnorporrghD( coe.q[nensfr

Kprr^e*cr.rpoBa'lroro yrJrepo"qa (Ky) _ aJrMas, rpa$ur, rap6uH.2' Crpoenue v ocHoBHbIe cnoftcrsa HaHo*p'crsurrr.{qecKr.rx yflrepo,qHhrx
cTpyKTypr uanorpy6xu, Qyrnepegbl, HaI{oaJIMa36r. HanoxpucraJrJr'qec*r.re
Soprrtrr yrnepoAa co cMeIIraHHbrnaH sneKTpoHHBrMr,r roriSnrypaqr{.rrMr{,3. CgpyrrypHBre npeBparrrsnnr B yrJrepoAe npu eosAeficrBr{H reMrreparypbr H
AflBJIeHli'fl. OcnonHue [peAcraBJIeHI{.s o $.rcfiepcurl gJreKTpoHoB B 3o6e
Epururrosna Ky.

4' crpyxrypa ro,ne6arenrxoro creKTpa aJrMasa, rpa$nra, rcap6rHa,
H+HoKpHcTaJTJ]nqecKofo yrnepoAa, HHTeprIpeTaIIIIf Kofiedare;6grx MoI B
crfenrpax. Bnzsnae ge$erron u npuueceft sa rconedarenrnrrfi cnexrp Ky.5' Ypanueiraa KJlacc".IecKoro A'cnepcnnoH'oro a'aJrrn3a ,,pE ]I3yreHr.r[
rcqne6are.nrnoro crreKTpa Ky.

6' o0o6eHHocru pacoera onrl,trrecKr.rx xaparT€pi.rcrr{K Ky c rroMofi{b,o
ypaBueHr.rfi @penenx.

7 ' firllcnepcNoNHue cooruolrleHut Kpauepca-Kponnra B 1rccneAoBaHgg
or{Tlrtecxrx xapaxTepr{crlir KV.

I' oduras xapaKTeplrcraxa npndopoB n MeroAoB creKTpoc*onr{E: pe}KHMbr
nporyc*a'r.rr, orpilxe'i{, (:epxalrnoro, 4uQQyeHoro, noJrrroro

^ luyrpeHrrero orpaJmeun_s), xou6nnaqrroHuoro paccefiHr,rs.
9" oQuonr' reopr{H pI Merorhl npo'ere'r,rr KaqecrBeHiloro H Kom{qecrBe*Horo

cnpxtpoQoroMerpuqecKoro a,llaJlr-r3a. <Doprrayna Eyrepa-Eepa. ?Icro.nprys
onruqecxoro I'ISJD/II0H}Ifl, na3epbr - $n:u.iecxae cnoftcrga, Aganr1i3oHhl
r{3{)n{er{Hr, IIpuMeHeHfi e.

10' ocfironu Teoplru omudox n o6pa6or:xe 3r{cfiepfiMeHTiurbubD( AaHHBrx.
Abcomornas H ornocl'treJrbHat rlorperrrHocrb gKcrrepuMesra. florpernnocrr
IIpsMOrO rA KOCBeT{soro r.r3MepeHI,I{.

I 1' flpt'rnqanrr paborrt ocHoBHEIX MexaHlrqecKrrx, Terr,roBblx,
3nqKTpoMafHHTHhrx ,1 onraqecKux npra60por. I{ena ,4ere11g-,r, KJracc
rogHocrl{ upu6opon, Crarucru.Iecxax ourr,r6xa n cnoco6u es pacqera.
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i;l.L}r.eerrtHanocTa3JIcI{HbIes6aIereBonpocI,I3JIaIaeTc.[;ffi

12. PacnpeAeleHrie cnyuar?unx co6urufi (pacnpe4eJreur.re llyaccog4 faycca,
Jlopenqa). Pacnpe4enesre CrrrcAenT4 Mero.q MaJrbrx nr6opor.

Jlurcp,a:rypa Anr noAroronKu
l. Illyneuon C.B. OprsnKa yrnepoAHbrx MarepuanoB.- tlers6rurcx: Meul,'ryprnn.-

1990.
2. Iltrxuir f.fl., Eafir:HHrep E.M., Ilecl,r:r JI.A. Onpele.neuue xapaKrepgrwlpugn_

3Ar\Vtut BiilIeHTHbD{ COCtOrqraE yfJrepora cneKTpocKonr.rqecKHMrd MeroAaMrr.- 4rens6ru{cx:qfTy.- 1996.
3. lBenesron E.A. ?lBaroBcKafi 8.8., I,Isanoscrnfi A.JI. Hano€urMa3hr [r po.qcrBerr-

HbIe yr rrepoir[Hbre HaHoM arepr.rarTBr. - Erarepun6ypr: ypO pAH. _ 2 0 0 g.

4. lur@rzuron I,I.M., x.o6ereea c.[., Ilderraepon tr{.B. ousura r(oHAegcr4poBangoro
cocro.t{Hl.It' SlexrponHa"a crpyrrypa rnepAbrx ren. Jla6oparopnlrfr npaxrtr46yM., M.:
MI,ICIztc.- 2014,76c.-hfJ;p:lle.lanbook.comtbooks/elementphp?pll_id{1696,

3- Ilrxa,na oqe'lrBarrnrr BclryrrrreJrb'oro Hcrrbrrarr'n (o4nn ronpoc)

Terbuo u ue rpe6lror notroJIHHTeJIEHbTx rroscueuufi.
2' l{euou:crprdpyrorcfl r.iryborue 3HaHHrr Ar.rcunnrrnHhr cfl erluarrbuocr'.
3. l{enarorcx o6ocnora:lulre BbrBo,u6r.
4. Orser caMocro-fiTerbxufi, IIpH orBere HcnoJrb30BaH6r 3HilHr.rfl, npuo6perynuue
paHee.:

:

I

I
I

ljeunyxnql-qry:ex{{H fccneztg.pqr:4tc'cg"S 4esrerr}rr"qgra. 
"...1. clreernr Ha rroc'raB'reunrrfi noupoc e olrJrere H3Jraraerc.fi crrc;,eMaril;;;;il;;

nocIIeAoBareJl6HO.

2. lpnao'crp'pyercr yMeHr.re a'aJrri3'poBarb MarepHaJr, o4'aKo He Bce BbrBo.[6r
HocrflT' apryMenruposanHufi H AoKa3areJrrHufi xapaxrep.
3' IVlarepua,r ri3,raraercJr yBepe'Ho, B ocrroBHoM npaBr{Jrbno AaHbI Bce onpenene_
HUXn noH{THr.

i 4' {orryryenH se6ons'rlae Heroq'ocr' np' B'rBo,qax H r,rcnoJrE3oBaHnu TepMr4HoB.
Ilnolt:vo gcrn tf nr,"..A rr,-r rtr, p Lrurr,,^^ -- - ^ - --^ -. ^-- ^ v- - ^ -- -EqBbrKI{ r{ccne4oBareJrbcxofi 4exreJr6nocrr,r.
1. [,onycxaroror Hapyuent;; n
2. Aeuoncrpnp).rorcfl rioBepxHocrHbre 3'a'r.fi Ar,rcr{,4,,nuH c,,erl'aJrbl{ocr'.
3.tr{rrlerorp.fi 3arpygreuurr c BbrBoA{rMrr.
4.OrrpegoneHr,rt H non"fiTr,r{ Aanbr HeqerKo.

lJl,p,utg rqgJrc.qoBarerrbcrofi gexrerrlHocrr.r::-:j:11 :'f-5lY**Y:s:SrucraBJIeHbI cna6o
l M ar:e n uar Ir3rarA erc c '.r'''^.. n F ;;;;;;;*;;=;^ ^-- '-^-:lll_.^p"tTllaraercrHerrocrreAoBarerrlHo,c$urixge@Aenernroft cHcr€MbI srrattr.rfi no AHcrIpInnHHe.

| 2.{oqruenu rpy6sre or:rr6xz B onpeAeJre .aufix H EoHrrr{-,D(.
ii 3. Oreyrcnny.roruasuxgp_jgso_@ 
i
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