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1. IIEJIII OCBOEHI/.fl,IU TIJII,IHbI

I{e,m,rc ocBoeHr.rs Ar,rcqpruJr}rHbr (rr,rogyra) Hafl, (faeuro rBJrrercr ocBoeHrre

$urure. 3na*ruremHoe BHtr4MaHLre Bo6yuaroquMr{cfl Mero4on c6opa un$oprvraqvlzr ro na3epH

Kypce OTrloAr4Tcs r{a paccMoTpeHr{e BorrpocoB

METO.IIOB.

KOfO nllrrMeHeHr{f, TeopeTilqecKrrx

Jlasepnax rexurdKa r,I Jra3epHblre rexHoJrofr4r.r B Hacrot BpeMf, [rpoErr.rKaroT Bo Bce ooJrbrrree

lrr.rcJro orpacnefi [poMblrlneHHocrrr, u]rpoKo r{crroJrb3 B HAYqHhIX T4CCJIE]-IOBAHI,IfX.

Coqeran[e s eAr{HoM KoMnneKce na3epoB u rrbroTepoB, rrpr{MeHeHLre MeToAoB

MaTeMaTr.IqecKoro MoAerrr4poBaHr.rfl no3BoJrrroT ycrpoftcr.aa z paapa6arunarr
TexHoJIO tI{I{ C yHI4 KanbHbIMLI TeXHr,IqeCKI,IMI4 XapaKTe

2. ]\{ECTO AI4CIIUIJII,IHbI B CTpyKTypE O TI BO
B nacrosllee BpeM.f, o6lacrr ucrroJrb3oBantrs. r olo v3nytleH?rr B KaqecTBe HayqHoro

pr TexHoJroMqecKofo krHcTpyMeHTa rrocTorHHo paculr Kypc <JlasepHar $Hsuru 4aer
ocHoBy AJrs nocne4yroqefi pa6orrr crerlrraJrrzcra e o6racrz lasepnofi $urulcll,

npvMeHer{r4_f, Jra3epHoro r,r3nyqeHr{f, .cncTeMaTr.r3trpoBaHo [peAcTaBnrs [pprHrlr4rrbr r,r [pr,rMe

[aunax,nu.rcquflnr.rHa flBrrflercfl. o6ssarertHofi Ar4crlun uoft napuarunnofi uacrn OIIOII
noArorolBKv acnvpall toB rro HarrpaB JreHHocrlr < Jla^aepnaa

neo6xoAnubr KaK B r.rccneAosarenrcrofi pa6ore, TaK

rca>. 3nanux, $oputrpyeMlre KypcoM

AJUr r{HxeHepHbrx pa3paooToK AJUr

HalpaBJrroHr,rft rasepuofi rexnuru. TlsroNeHrre Marepr{ana B Kax Kypca yq[TbrBaeT Ka]( Oa3oBbre

rloJloxeHrrjr lasepuofi Susur<u, TaK r[r coBpeMeHHbre reHAeH u !;aunofi. o6nacru HayKr.r.

3. X:OMIIETEHIII4?I OByTIAIOIIIEIOC.fl,
cf c B o E FIvrfl I.vtcU-I,III JI lrHbr

B pe3yJrbrare ocBoeHr.rr rporpaMMbr acrrvl

c(p oprrazpotBaHbr cneAyrorq[e KoMrre'reHrluu :

I,IPYEMbIE B PE3Y.IIbTATE

y BbrrrycKHr{Ka AoJrxr{br 6trls

yli-lt cuoco6nocruo K Kp[TL.IqecKoMy aHanr..r3y u orIeHKe coBpeMeHHbrx HarrHb]D(

Aocrl{xeHuft, reneprzpoBal{ulo HoBbIX u4eft npu perxeHr,r}r accJreAoBzrreJrbcKrax I,r [paKTr4rrecKrzrx

3a4a'u, BloM qr4cre B MexIu{cqulnr,rHapHbx o6lacrax;
yK-it croco6nocrblo rIJIaHLIpoBarb r,r perrarb sa1alrw co6crnennoro upo$eccproHaJrbHofo r4

II4qHOCTlfl OrO pa3BLITI,Ifl ;

OIIK-1 cnoco6uocrs caMocrotreJlbHo ocyqecrBrsrb Hrayqrro-rccneAoBarenbcKyo

AetreJlbttocrb B coorBercrByroqefi npo(feccrloHaJrbHoit o6naqu c r4cnoJrb3oBaHr.reM coBpeMeHHbxx

MeroAoB I,IocJIeAoBaHut u uwSopMarIrroHHo-KoMMyHr.rKarIHoHHbrx rexHonorraft;
rltrl-lt roroBHocrb LlcnoJlb3oBarb coBpeMeHHbre MeroAbr r.rccJreAoBaHr,rfl rrpoqeccoB

nsazruoAefi crBvrfl. rorepeuruoro orrrl,IqecKoro I43JIyqeHIIs c B eulecrBoM ;

IIXi-3 cnoco6nocu l4ccneAoBarr $yn4aiueHTaJrbHbre ceoficrBa BerrlecrBa c [oMorublo
KorepeHlHoro I,I3nfIeHI{t MeroAaMr.r HeJrrzHeftuoft orrrtrrr{ u lasepuoft crreKtpocKoTrkrpri

IIII-4 roroBHocrb npllMeHsrb coBpeMeHHbre MarpMarr4rrecKr{e rvreroAbr rrpu aHaJrr,r3e

IlpoUeccoB lasepuofi tfusuru, xsaHtosoft oIITLrKr.r, SoroHrar4 14 na3epHE,x HaHorexHoloruft;
ilXl-s foroBHocrbro ucrloJlb3oBarb coBpeMeHHrre udro4u nasepuoii lpzauru r.r Jra3epHbrx

TexHoJlollu.ft n pauvtqHblx o6lacrgx HayKIt I,r rexHr4KI,I, BKJrroqa.f, EbrcoKororrHble olxrlrqecKyle
rl3MepeHl[rt, l,lo4I,I$rarcaqurc ra o6paSorry Marepr4anoB, JroKarlraro, Jra3epr{yro MeAr.rrlrrHy yr )\p.

B petylrrate ocBoeFILIrI Al4cllulrnraHrr o6yrarorquficx 4orxeu AeMoHcrpr.rpoBarb cJneAyroqlre
peyJrbrarbr o6pasonaHr,rr :



1) harr: coBpeMeHHbIe HayqHble Aocrr{xeHrr (VK-l); c)oBpeMeHHbre MeroAbr
uccneAoBaHut u. ranSoprraaqrloHHo-KoMMyHuKarIr4oHHhre rexHoJrorur4 (OIIK-1); coBpeMeHHr,re
MeroAhI I4 TexHonorxzl'I HayqHoft tcotul,tyntn(alJr4u Ha rocylapcrBeHHoM 14 r,rHocrpaHHoM r3hrKax
(yK-5, nK-1); MeroAbI nenzHetinoft orrr,rKr.r u nasepuoft crreKrpocKonr.ru (lIK-3, IIK-Ii);
coBpeMeHHbIe MareMarl,IqecKrle MeroAbr I'ns. anuru3a Qusuuecrux [poUeccon (IIK-4) ;

2) Vuers: Kpurur{ecKu MrIoJII,ITr Lr reHepr.rpoBarb HoBbre LrAeLr rlpu pemeHrrr{
I'ICCJIe'4OBaTeJIbCKI4X 14 [paKT[tIeCKI,IX 3AIiAq rrJraHr4poBaTb r,r pexraTb sa,\aqu (yK-l); co6creeuHono
upo(peccr'roH€lJlbHoro Ir JII4qHocrHoro pa3Bl,Irrzx (YK-5); carrlocrorreJrbHo ocyqecrBnrrb HaytrHo-
I'IccJIeAoBarenbcK)'Io AetrenbHocrb B coorBercrnyroqeft npo(feccrzonalruofi o6lacru c
klcnorb3oBaHl'IeM coBpeMeHHbIX MeroAoB r4ccJreAoBalnfl. vr zu$opuaqrroHrlo-KoMMyHr..rKarluoHHbx
rexHoJlorlaft (OnK-l, IIK-3); I{crloJlb3oBarb coBpeMeHHbre MeroAhr rrconeAoBaHr,rr npoqeccoB
neaurrro4eftcrBvlfl' KorepeH1r{oro ofirl,IqecKoro I{3flyqeHr,r.f, c BenlecrBoM z MareMarr,IqecKr,Ie Mero.abr
(IIK-1, fIK-4, nK-5);

3) B.uaaern: cnoco6uocrblo K KpI4TLIqecKoMy aHan[3y r,r orIeHKe coBpeMeHHbrx Har{Hhrx
,{ocrl{xeHl4fi, reHepupoBaHl'Irc HoBbIX ugeit npu pelIeHI4I4 I4ccJreAoBareJlbcKr4x r4 [paxTr,rrrecKr.rx
3a4a.{' B ToM ql'Icre B MexAlrcllurrnr{HapHbrx o6racr.sx (yK-l, nK-5); foroBHocrb nprzMeHflTb
coBpeMexrHble MareMarl4qecKlle MeroAbr Trptr anuwl3e npoqeccoB Jra3epHoft (pr.rsurra, rnaHronoft
oIrrI4KI'I' lporonuru v Jla3epHhrx HaHorexHorornft @K-a); cuoco6uocrr r4ccJreAoBa.'b

$yn4arrleru'raJlbHble csoficrsa BelrlecrBa (lIK-3); cuoco6nocrbro rrJraHrzporBarb r{ perrarb 3a*aei.Lr
co6crnerur,cro upo(feocrrorraJrbHoro r.r rr4rrHocrHoro pinBr4Trrr (VK-5).

4. C:TpyKTypA I,I COAEPXAHI4E AI{CUI4IIJII{HbI
O6.rqiu rpyAoeMKocrb AIIoIII4TIJII,IHbI comannaer.lsaqerHbD( eAr4Hr,rr{br, l08.racoe.
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4 6 I7 Tecruponauue

2. HeranefiHas oil'rlzKa BoJroKoxrHbrx cBeroBo.rloB.
Bor,orouuue nutsepbr. Hemauefiuas Qorouvrna
HaHoc'rpyKryp. Jla:epHoe oxJraxAeHpre, rJreHeHr4e
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l. Ocuonr,r ne.nurIeftnofi onrl{Krr. Heruueftso-orrruqecKue s3auMo,4eficrnus cBera }r
BeIIIecrBa. llpupo4a nelunefiuo-o tITI,IqecKI4x ssreHtzft. Knaccrz(p uKaL\Lrfl, Henuneftno-otrrr4rlecKrrx
e(fQexron, lloupusaql4t AI{oJIeKrpI{KoB B rrocrorHHoM oneKTpuqecKoM rroJre. florxpr,rsaqux
I{3orponHoro AI4gneKrpI4Ka B cBeroBoM [one. Baauvo4eftcrBkIe rrHTeHcvBrrbrx gneKTpoMarHr{THbrx

BoJIH c nemlnefiuoft cpe4oft. fenepaqur nropoft rapMoHr4Kr.r. Ycnos.ne d asonoro cr{HxpoHkr3M:a.
CratIE re,cxllft vI 4IaHaltzuecrr,Ifi e(|Serr Keppa s HeruHefiuoft cpeAe. Kepponcriu
cairao(fottycI4poBKa. @asosa.f, caMoMoAynrrlr,rfl cBeroBoro u3ryqeHur. Pacrur,rpeurze c[eKrl]a
Seutoce,rcyHrHbD( LIMrIynbcoB s uenzHeftHbx cpeAax. Komnpeccrafl Jra3epHErx rdMrrynbco3.

2. f,Blranlre Qu.laueHTalufi B reHepaqu[ cy[epKoHTr{H}TMa rrpn pacnpocr,paHeHr.]r[
Jra3epHb'Ix rrMnyJrbcoB B utuuueftnoft cpeAe. feuepaqzx cynepKoHTu1yrya [p1a
paclpoc'tpalJelJnv JreBepHoro IdMnynbcHoro r.r3JryqeHr,rr B KoHAeHcupoBar{Hbrx cpeAax" @a^soniu
caMoMolryJlflL\vs. V gJIeMeHTapHat reopus cleKTpanbHofo yrrr4peHr4r cBepxKoporKr4x na3epHEx
LIMTIyJIbc;oIl. Hem'ruefiHoe IloJIHoBoe ypaBHeHve AIrs. onncaHvls.rrpoqecca $znair.reHraqlrv na3epHor"o
I{MrIyJIbc;a. ZsNaeueHze c[opurr u crleKTpa r4MnyJrbca npa $unarraeuraquu. @unauenraqlu
LIMnynbc'Hofo v3nyqeHut n rasoo6pa3Hbrx cpeAax. Arnaoc(fepurre ilprznoxeHrrr MorrlHolo
(feurocexyHAHoro LI3nyqeHLIt. OzrraneH"rarJus.na3epHoro nrrKa, KaK r4crorrHr{K cynepKo.HTr4HyyMa

AJI' sKon.OruqecKoro MoHr4TOpr,rHra.

3. (DoroHurre Kp[.IcraJrJrbl. Knaccu$uraqur (foroHuux Kpr4crannoB. O4noiraepHrre,
ABWepHbIe I{ TpexMepHble Qoronnrre Kpr{crannbr. Mexauugu (foprtrr,rponaurzr Sorounrx
3arlpenleHrlbrx 3oH. Ponr 4e(fexlon n $oronno- Kpr.rcraJrnr4rrecKr,rx crpyKTypax. @oronno-
KpI'IcranJIrIqecKLIe ycrpoftcrna. Ooronuo- Kpr.rcrannprqecKr.re BoJroKHa. Knaccu(pura\ufl..
Xapaxrepn crl{KI'I cpororruo- KpllcrturnuqecKrrx BoJroKoH: MoAoBr,re, Akrclepc[oHHbre,
gHeprcTl,ltqecKue u crIeKTpaJIbHbIe xapaKTepvcrllKl{. Ooronno- Kpr.rcralrJrr4qecKr4e BoJroKHa c
3arlpeqeirHofi gonoft: Bporroncxue BoJroKor{Hbre cBeroBoAbr: 2D -Soror{Ho- Kpr4craJrJrrrqecKr4e
BOJIOKOH]IIbIE CBETOBOJIbI.

4. .tlellureiinas orITHKa BoJroKoHHbrx cBeroBoAoB. Heluuefiuo-orrrr4qecKr4e npoueccbr B

BoJIoKoHlirbx cBeroBOAax. Boluono4noe ycr4neHr,re eS(fer<rrzeHocrn nelusefiuo-onrr.rqecKnx
upoqeccoB B BOJTOKOHHbTX CBeTOEOAaX. oa3Onas caMoMoAynflrJlrfl tv3rryareHr,rr B Bo.lroKoHHbrx
cBeroBo.n,ax. BnraflHLIe Avrcnepcvv IIa HeJrr.rHeftuue [poqeccbr BoJroKorrHbrx cBeroBoAos. Oa3osa-f,
Kpocc MoAyntq[t LlMnynbcoB B BonoKoHHbIX cBeroBoAax. LlertrpextoJrHoBoe cMerrreErr{e BoJrrr.

BrrHyNAr:nuoe xovr6uuaqvloHHoe paccef,Hrze (BKP) nsryqeHvrfl. B BoJroKoHHbx cBeroBoAD(,
Brrnyx4r:nuoe pacce.aulle MauAemrurairra-BpurJrrogHa B BoJroKoHHbx cBeroBo.4il(.
PacupocrpirHeHlle yJlbrpaKoporKl{x aMnynbcoB B BoJroKoHHbrx cBeronoAax. HaKa.rKa n o6nacru
uoptr,tanruofi .4l4cnepcul{" HaKa,rKa s o6racrz aHoirlalruoft 1ncnepcuu. feuepaqzx
cynepKorlrlzHyyMa BoJIoKo,trHbx cBeroBoAax. Heruuefinrre csoficraa r$orouHo-KprrcraJr.rruqecKrrx
BonoKoHIrbD( cBeroBoAoB. [ncnepcuoHHrle cnoficrna HeKoropbx Mt4KpocrpyKTypr,rpoBaHHbrx

Sorouno-xpIacrtlJIJILIqecKI4x BoJIorKoHHbx cBeroBo.4oB. feHepaqnx cynepxoHTuryyMa B

BoJIoKoHIIhlx cBeroBoAax. feuepaqraro cynepKoHTr{HyyMa e MC-soroKoHHbrx cBeroBoAax,
I'IMeloqello ABe AJII,IHHbIe BoJIHbI Hynenoft Ar4crrepcuu. HelzuefiHo-onrrirqecxne csoftcrsa OIC
BOJIOKOHIIb]X CBETOBONOB.

5. llonorcoHHble JIa3epbI. llpzHqrau pa6oru BoJroKoHHoro na3epa. Arrzeurre BoJroKoHHbre
cBeroBoAbl Pesouaropbl BonoKoHHr,rx Jra3epoB. HenpepunHbre BoJroKorrHbre na3epbr. Bonorountre
na3epbl Ha ocHoBe BblHyxAeHuoro xolt6llHaqr.roHHoro pacce.llHvrs. v3nyqenur. O4noKacKaAHbre,
MHoroKaOKiIAHbIe u cocTaBHble BKP Jla3epbr. Boloxonsrre BKP-naseprr co clyuafiHorfr
pacflpeAene:nuoft o6patnoii cBt3blo. Zivrnymcnbre BoJroKonurrfi na3epbr. Mero4rr rtoflyqeHr.lfl



I'IMnyJIboHoro u3nyqeHuq BonoKoHlHbIX JIa3epoB: MoAyntIIIzt Ao6porHocrr.r, aKTI,rBHas. vr ilaccvtB1a1
0I'IHXpOHI.I3aIIIIf, MOA BOJIOKOHHO|O lra3epa, ucnonb3oBaHr4e 3epKanbHoro Hacbrrqaroqeroct
nonynpoBOAHI4KOBo|o norJlorllTen.fl (SESAM). Mero4rr KoMneHca.rlr4r4 Arzcflepcr4oHHoro
pacnnhlBaHI4e IzMnynbcoB BoJIoKoHHbIX na3epax. flpzsruennrre KoHAeHcaropbr Ar{clepcupr
rpynnonoil cKopocrl4. Peureroqnrrft r<ovnencarop Arlcnepctarr rpynrronofi cKopocrr4. Kouueucarop
Al4crlepcruI rp)mroBoft cx(opocrll Ha ocHoBe unrep(pepoMerpa Xup - liypuya. Kon4encaroprr
,4l'Icllepcuu rpynnonofi cKopocrll Ha ocHoBe q[prupoBaHurx 6pelroncr<uft 3epKan. Czcrelra
BonoKorIHo-orITI'IqecIfl'IX reHeparopoB cyrlepKoHTr,rHyyMa. YcuneHrae yKZ n BoJroKoHHhrx na3epax.
Bolororusle na3epbl B TexHoJIorItIa. Ous[qecKze npoqeccbr rrpu 96pa6orre MarepuanoB
JIa3epHbIM [3ryqeHl'Ieu. Mero4rr noBepxHocruoft rasepuoft o6pa6orKr4. flpuvreHenr4e BoJroKoHHEx
na3epoB AJrr cBapKr{, cBepJreHr.rt u o6pa6orKa Marepr.ranoB.

6. fle'rrunefinaq Sorouurca HaHoclpyKryp. 3neprerravecxuft crreKTp HaHopa3MepHbrx
crpyKryp. O6reusas KpI4criuIJILIqecKa.fl crpyrTypa: oneprerr,rqecxnfi crreKTp uocureleft 3apflra B

o6teve .KpllcrilJrnkIqecroft crpyKType, rnorFrocrb cocro.sHzft gJreKTporroB B gHeprerzqecKofi soHe
o6teuu0fi Kpl'IcranJllrrecKofi crpyKTypbr. 3uepreruqecxuft cneKTp u rrJrorHocrb cocro-f,Hrrfi
nocnreleft 3apfl.Aa B oAHoMepHofi Iasorr4ponauHoft rsaurosoft f,Me 14 KBaHToBbre HvffH. Knanrosrre
ToqKI'I H rlJlorHocrb cocrotHufi slerrpoHoB. 3rcuronurre cocrorHr.rrr B rronylpoBoAHt4KoBbrx t4

AI'IgJIeKTpt4rIecKI,IX Marepllanax. Cno6olnble gKcr.rroHbr r{ gKcr.rroHbr Banre-Morra. CsggaHHrre
sKcl{ToHltr (encuronu (Dpeunenx). Bn[sHze (foprr,ru HaHoqacrr,rrl Ha gr]epre)TuqecKyro rroAcr.rcreMry
nocrarenoft 3apflAa. O4novacruqHble cocro.f,Hr,r.f, B HaHoqacrr{rlax cnoxuofi (poprr,rr. ,{nyuacrzuuae
(erczronrrue) cocro-flHl,It B HaHorracrnrlax c HenpaBr.rlrnoff reoverpuefi $opvru. BilasHue
oxpyNaxlqeft cpeAbl Ha enepreruvecrufi cneKTp gKcr.rroHoB B HaHorracrr4ual(.
HusroeHeprerl4qecKatr orIT'LIqecKat Helzneftnocrb xrrAKr4x HaHoKoMrro3r.rrrrbrx cpeAcrB Ha ocHoBe
HaHOTIaC'ru4tI.

7. Jl[asepnoe oxJra)KAeHrre, rlJreHeHr.re u y[paBJreHrrfl aroMaMrr. ,{onneponcr<oe pr

3eeMaHollcKoe oxJIaxAeHLIe aroMori. OcranosKa 14 rrJreHeHr.rr aroMoB: AorrnnepoBcKr.re noByrrrKr.r,
MarHI4THrO - orITI'IqecKI4e [oBylrKn u cusu$oBo oxJlaxAeuue. JlasepHoe oxnaxAeHr,re Huxte ypoBr]t
orAaqn. OxnaxAesl'Ie aroMoB Ha ocHoBe ceJreKTr4BHofo no cKopocrflM KOrepeHTHoro rrJreHeHri:{
HaceJIeHHocrI'I. llcnapureltHoe oxnax4eHr.re aroMoB. Ouguxa )(oJroAHbrx aroMoB u ee
npl4noxeHllt' O4uoIcontnoHeHTHat nJIa3Ma. Bose - 3ffnrurefinoscxa{ KouAeHcauu{ aroMit.
Aroirluuii na3ep. Arousrtft $ouralr LI aroMHbre qacbr. Aroruuas o[r]r,rKa" Mero4u nocrpoeHr4-rr
SJIeMeHToB aroMHbre o.tITI{Kr.I. Ynpannenue aroMHbrMr4 uyqKaMV c r{crroJrb3oBaHueM.
MarepuannHbrx crpyKTyp" Vnpaueuue aroMaMr{ n) {KaMr{ c r4crroJrb3,oBaHr4eM crarr4qecKrlx
SneKTpI{qeoKI'IX v MarHI,ITHbx noneft. Ynpanneuue aroMHbrMr4 nyqKaMr..r [prr noMorqr{ Jra3epgoro
LI3nf{eHrIt, Arovno-orlTllrlecKafl HaHonr.rrofpa$uu. Hauolzrorpa@zr nprMoro ocaxAeHr.rJr.
Hanorurorpa$ut Ha pe3rrcre. Aroruuas HaHonepbeBa.rr Jrrrrofp a$ut.

8. tDoroHIlrca cnMoopraHr.r3ylouuxcq HaHocrpyKTyp ua 6uovruHelpaJrbHbrx o6rercron u
ux 6uon'rauerrlrrecKl{x aHaJroroB. Mop$onorux u QusuKo-xt4Ml4rrecKr.re xapaKTepr{crlrKr.r cnr{Ky;r
rny6oron'orHblx creKil.f,HHblx MopcKI{x ry6or. Ponr $oroHHo-Kprrcri}Jrnr,rqecKr4x ceoftcrs clprKyJr M

uy6oxonorHbx MopcKlrx ry6or< B rlpouecce rax uera6oJrr.r3Ma. Helnueftuo-onrr,rqecKue csofrcrsa
cnI'IKyJI rly6oronoAHblx creKJItHIIbrx MopcKr.{x ry6or<. Braouuverpr4qecKoe MoAeJrr.rpoBaHr,re
6uoculrrca:rnoro HaHoKoMno3LITHofo Marepr{ilra cnr.rKyJr fCMf. 3olr-relr rexHoJrorntn
xI'IMI'IqecKo.fo MCJAeJII'IpoBaHI,II 6uouznepa-nbHblx HaHoKoMlo3r,rrg.bx Marepl{anoB Ir pt.K

olrrl'IqecKr'Ie xapaKTepucrvIKu, 2D u 3D reouerpvarecKl4e HauoKoMrro3lrrHbre r,r Marepr4aJlbHbre
crpyKTypbl 4u.a $orouur<z, 6uouelivIlv*a, Karanrd3a u cop6ryux. Euocrzlu(fzr<aqzx B xr{Bbrx
CLICTEMAX I,ICNOJIb3OBAHI,IE KJIOHI,IPOBAHHbIX 6EIXON CI4JII4KATEI,IHOB.



crpyKTypEr AJI' 0oroHI'IKI{, 6I4oM;,e r4IJvHa, Ka'rurusa v cop6\Lrfl,. Buoczruszraqr.rr B xr,rBrilx
CI4CTEMAX IICIIOJIb3OBAHLIE KJIOHTIPOBAHHbX 6Efi<OS CI.IJIUKATEIHOB.

9' luilavntlecKas ro.norpat[uff I{ orlTlrqecnrre Novetty Qu.urrpnr. AAanrr.rnnas onrr,rr:a.
[uuauu'recKilI roJlol'pa$ur. Ilpoqecc nsauuo4eftcrBrrr AByx [JrocK]r.rx BroJrH Ha lrprHa*fi4secKrrx
ronorpal\4Max n (poropeQpanrunHlrx KpI,IcraJIJrax. Ilepe4aro.rHur xapaKTepr{crr{Ka onruqecKoFo
Novelty (pr'rnrtpa. Oco6ennoclu (fyHr<quouupoBaHvr orrr,rqecKr,rx novelty Sranppon.
Hr'IgKo'IarcrotnHff LI BhlcoKoqacrornuft Novelty fllrnrrpu. Ioloconoff Novelty (punrrp. Novelty
(punrrprr, ocHoBaHHbIe Ha I{c[onb3ioBaHIaLI flBJreHr{fl (fauuura r QoropeQpaKTr.rBHbrx Kpr,rcraJrna)i...
(Dynrqu'cnilrlbHble novelty @IEnrrpu lutn o6pa6orrcu uso6paxenuft Ha ocr{oBe e(pQerra lpauuura.
BrrcoroqacrorHbre KoppeJrrrluoHHbre novelty (fznrrprr peanbHoro BpeMeHrj.

10' AAanrunHaq onrooJreKTpoHHbre crrcreMbr CMAPT - .fpI,IA MoHrrroprrgr.a
Qurr'ruecrctnx no.refi o6beKToB. Jlarepnar Ar{arHocrtlrca. IrlnrerJreKTyanbHbre paclpeAeneHHbre
v3MepI4risJlbHble cLIcreMbI CMAPT - |PI4A MoHLIropIlHra SuszuecKrrx norefi v odrerros.
Touorpa(pI^IecKne paclpeAeileHHble BoJloKoHHo-olrr{rrecK}re r*Mep'TeJrbHbre cvcreMbr r[rfl
peKoHcrpyKIII{[ pao[peAeneHl'Ifl Cl(aJrf,pHbrx r{ BeKTOpHTX SZSZUeCKT.TX nolefi, flporaNenHnft
BOJIOKOHItTo-orr[qecKI4e I'I3MepI4TeJIbHbIe rrn]Hvru Ha ocHoBe oAHOBOJIOKOHHbX MHoroMo.IIOBb]X
uHrep(pepoMerpoB rt MeroAbI a4antznnofi [pocrpaHcrseuHofi Sunrrpaqnra. MeroArr
MyJIbrun,[eKcrIpoBaHI'I-[ BOJIOKOHHO-Orrrr,rqecKr4X rz3Mepr{TenbHbrx r43Me]pr.rreJrbHbrx l]IIiluit B
CMAPT - fPI4A c'oreMax MoHII'opLIHra. JllpocrpaHcrBeHHoe MyJrbrr.rnJreKcr.rpoBaHue. yrnonoe
MYJIbTI,IIJIEKCIIPOI}AHI4E, CNETTPAIb]IOE MYNbTI{NJIEKCI{POBAHI,IE.

5. OEPA3OBATEJIbHbIE TEXHOJIOIZII
flprrne4euue JIeKuuoHHbIX zaus',uit o6ecne.reuo cneqzanr{3zpoBaHHbrMr.r aypu^rop'rflMvt,

ooopy4ona'HhrMl'I KoMrlbrorepa,ru u oneKTpoHHbrMr,r [poeKTopaMr4, qro rro3Bonrer conpoBoxAarb
qreHr'r e ner<quft leMoHcrparlueft xountrorepHbrx claft 4on.

B paivrxax JreKIII4oHHoro Kypca ucrloJrb3yrorcr raKxe cneAyrorq[e rexHoJrort4l4:
o I(ounrrorepubre clrMyJrrrlr4rr Jra3epHo-r.rHAyrllrpoBaHHbx flpoqeccoB ;o lfexnororz-s npo6leunor<l o6yueuur (case-study), llpu paccMorpeHr.rn Borrpoco.B

npaKTl4rrecx:oro [pI'IMeHeH?It paccMorpeHHoro Teoperr.rtrecKoro Marep uraJra,lrcrroJrb3yercs ,{uanof
co cryAettrulMrl Ha npenMer Bo3Moxlrbrx cloco6os perxeHur rrocraBJreHuoft laaauu;

o llcTpequ c yseHbIMI'I, pa6oraroquuu s o6racru rasepHoft $zszrz u ra:epnoii
Ar,rarHocT.LrKrZ.

6. OIIIEHOIIHbIE CIPEACTB A I.Jrfl TEKyIIIE|O KOHTPOJLfl yCTIEBAEMOCTI,T,
rIlPOMEXvToqHroIZ ATTECTAWuT [o r4TorAM ocBoEHlltr
AIdCIInUII'IHbI m yqEBHO-METOAI4TTECKOE oEECIrEqEHI4rl
C:\MOCTOfl TEJIbHOIT PAEOTbI ACIINPAHTOB

a) fl[epeueHb BorrpocoB AJrs r,ecrrrpoBaHrrfl
1' Jllunefiuo noJItpI43oBaHHoe I,I3JIyqeHue He-Ne na3epa c mupr{Hoft cnerrpa 20 Mfq

HanpaBJltercf, B unrep$epouerp Maxa-I-{en4epa. B o4nolr r.r3 rrreq r.rnrrep(fepoMerpa cror4l,
IIoJIyBoJIH'oBafl nJlacrl4ulca, 6es [orepb [oBopaquBaloqair noJrrpr43arluro Ha 90o. Karcori .[oJDKHar6ltrr pa^ruoorb IIJIeq, uro6rr Ha BbIXoAe r.rHrepSepoMerpa cner 6rrrt HenoJrrpr43oBaH Bo BTopoM
nopr.{Ke no nolro?

2' Kan c [oMotubro Kpl{craJlla uao6ara lrvtrvrfl cAeJrarb Henonf,pr{3oBaHHbrM nzHeftuo
floJlf,pl{3ol}a]{Hoe I{3JIfreHI4e cBero.ql4oAa c lleHTpalruofi 4nuuofi BoJrHbr 500 una u uupuuofr



cneKTpa !t0 nu? Kaxoft AJII4HII Hyxuo B3f,Tb rpucraru? O6HxHoeeHsr,rfi u neo6rrrHoseHHr,rfr
rloKa3arerl4 npeJIoMJIeHuflHa AJrr4He BoJrHbr 500 Hrra paBHbr, coorBercrBeHHo, 2,34 u2,24.

3. B re'IeHI'Ie KaKoro BpeMeHI4 (no nopr4Ky Berzrlr4urr) comre.ruuft cBer MoxHo crruTarb
rronf, pr,r3t o t] auHrru ?

4. To xe,.4JIr cBeroAl4oAa, I,I3JlfraloilIefo B Ar,ra[a3oHe 30 nu c MaKc]aMyMoM Ha 500 nrrr?
5. Karas Koppenflul4oHHat (pynr<qr,rr fnay6epa r.r3Meprercr B oKcnepr.rMeHTe rro

H a6rroA,eH r,rrc ( cKpbrroft norapus aq nu>>? 3 anucarb B brp ax eHr4 e.
6. Heru'IaroHaJnbHble gJIeMeHThI Marpl{rlbr KofepeHTHocrkr paBHrbr HyJrro. osuaqaer Jrr.r gr,o,

qTo cBel' Henonrpl{3 osan?

7' MoNHo JI'I no BI'IAy BeKTopa ,{xonca onpeAeJrr.rrb, tBJrf,erc,r Jrr.r cBer rroJlHocrbro rdJnr
rracrr4 lrHo nonflpr{3 oBanunu ? Orner o6o cuonarr.

8' Kaxona AonxHa 6Hrr rolIql4Ha KBapllesoft nracruHKra, opr{eHTr4posauHoft (onruuecrofi
oclro) n'o.n; yrloM 45 rpa4ycoB K Beprl{Karrz, uro6rr ropr{3oHTanbHo [orspt43oBaHHoe ra3JrrreHrre
Tl'ITaH-catr([uponoro na3epa c 4nunoft BoJIHbr 800 nnr r{ AJrr.rreJrbHocrbro r4Mnynbca 100 $c Ha
BbrxoAe II3 TIJIaCTUHKI,I CTaI{OBIIJTOCb

a) neptzra.nbHo nonsprrrcoBaHHhrM;

6) neuorupl'I3oBaHHblM. [nyupenoMJreHr,re KBaprIa crrrrrarb pannurra 0.01.

9. lorcaNrzre, qro Marpr{rlhr 
""ou [ '--* .'-),lrl' +lrl' =1 o6pasyror rpynny ro orHorrreHvro

\-fx t|x)'tt rl

K Orrepaq[]r yMHo]KeFrr4r.

10' flloragarl' qro BeKropbl [Nouca AJrr npaBorlrrpKynrpuoft Lr JreBorlr{pKyJrrpnoft
[oJrflpLr3i]IItII4 OpTOrOHaJrbHbL

11' cronrxzuz BeIIIecrBeHHbIMrI lapaMerpaMr.r xapaKTepr.r3yercr npouenonrunri
AByxMoAoBrrft ceeroAelurelt? @agosas rrJracruHKa? Porarop? Orner o6ocHoearl.

12.Kax npeo6palyerct BeKTop flxonca, Kor,(a BeKTop Crorca noBoparruB aercfl, Ha n
ocz o:? ifauumure Marpuqy [xouca.

13. Kourr'ryrarl4gHbl JII4 rIoJIsprI3arIV oHHbre npeo6pa:o nanus? Orner o6ocnonau.
14' VIoNno nv IrplrAwarr na6op Sa^:onrrx rnacrr4HoK r{Jrr4 poraropoB, noroprrft ruo6oe

Ilonrplr3€rrllroHHoe co crorHr{e npeo6par oBbrBzIJr 6u n oproronalrnoe?
15' (a) Kar Aonxen 6url nonflpIl3oBaH cBer, qro6u npokr3BoJrburrft porarop He MeHsJr ero

cocrorHur noJrrprr3arluu? (6) Kaxzrra AoJrxeH 6rrrn porarop, .rro6tr oH He MeHrJr npotr3BonbHoro
co cTosHur tronrpr{3ar{uu cnel a?

16. Karc rr3 rrnacrr.rH ou L , 723
I7.LIverctcfl qerBeprEBoJlHoBhre lrJfacrr.rHxr.r Anr r.r3nyqenzr yAG:Nd na3epa c 4rzuoii

BoJIHbI 1064 nu. Byayr JIII ABe raKLIe [nacrl4HK]r pa6orarr KaK oAHa rronyBoJrHosas nracruuxa?
By4er nu oAHa raKa.fi rnac'rl4HKa pa6orarr KaK nonyBoJrHoBar rrJracrr.rErKa rnr r,r3nrreHua nropoii
IapMoHrrn:a Tofo xe msepa?

18' Cser, nontpl'I3oBasuuft mlnefiHo IIo x, rraAaer Ha crrcreMy r.rs 5 nJracrlru ?v12, npureM oclr
Bcex qerHtbrx rrJracruH HanpaBJreHbr rroA yrnoM *1o r ocu x, a ocv Bcex HeqerHbrx _ no4 yrnou -1,,
rc ueft' Kax 6y4er norspl'I3oBaH cBer Ha BbrxoAe? A ecnra Bce rrJracr[rHKr.r opneHTr,rpoBaHbr
oAr.IHaKoBo - rroA ynrona *1o r ocn x?

19 .,llna oproroHanbHo nonrprz3oBaHHbx
oAr{HaKoBbre (fa"ronrte rrJracrr.ruKr,r, a 3areM
IEurep$epeugnx? Orner o6ocnosarr.

BoKpyr

).
clenaTb nnacrvruxy ;?

6

MOHOXpOMaTr.rqecKrzx nyqKa cBeTa rrpoxoA{T rrepe3

c6uearcrc.fl Ha gKpaHe. Byaer mz ua6lrc 1arbcrl



20 . rlaircn crerr e H b rr o Jrf, p 14 3 arl rlt lrrfl o4uo qp orou H oro co cro flHLrfr ..

21. I(ar r3Mepr4rb rapaMerp Croxca Sr?

22,HapucoBarb ycraHoBKy AJII I,I3MepeHprf, r<ov6uuaqzil [apaMe,rpon Cror<ca g1+Sz.

23. I\st ruc.rrrrrb KoMMyrarop [S r,Sz].
24. coqawrror nr,r rpyrny oleparopbr crorca? orser o6ouronznr.

25.Btrlucrrtlrr, rapaMetpu Ctorca rnfl cocrorHr.rr lvac)+clzro), reHepr4pyeMoro rpu
CIIP uepnofo rllna' Kaxze napaMerpbl Crorca Moryr 6ltrr aslrepeHhr o.nFoBpeMeHHo AJrr srofo
cocrosn.ag?

26, l\oraznb coorHorrreHue So2 =:So2:*So.

27,Haircu cpeAgee 3HaqeHr4e oneparopa S2:(S,S) n o4no(poroHHoM cocro_,rHr,pr.
28, Hafiru KoMMyrarop [S2,S r].

29, IJoraNnre, qro rplr3HaK HeKnaccuquocrr.r Dne)=W#L.t, sr=$. He

8t' G#)"
BbrrronHfl etcfl Anr rerrJroBoro (raycconcrcoro) uslyv entrs..

30. Ihruonnserclr Jrr,r gTor rrpr43HaK Anff KorepeHTHoro zsnyrenzu?
31. F[afirH o6reu KorepeHTHocrLI Anfl r43Jrr{eHr.rr Ar.roAHoro na3epa-yKa3Kr.r c AJrr4Hofi soruH

650 uiu, nupunoff cneKTpa 10 uu, AlraMerpoM nyqKa 3 rrau u 4u$parquoHnoft pacxoAr,rMocrbro.
(3auen'r ilAecb ynoMl{Haeroa lu$parrlr4oHHar pacxoAr4Mocrr?) llpu rcaxoft MorrlHocrr{ ra:epnoft
yKa3Kr{ s oSreNae KofepeHTHocru 6yAer o4nn $orou?

32. rJeuy paBHa P-$yuxqua AJrr BaKyyMa? A Synnqur Braruepa?
33. Karze BeJII'IqrIHbI HaAo rI3MepI{Tb B gKcIrepuMeure, uro6u y6e4u-rlca B HeKJraccurrHocr,rz

4nyx(p or,or+Horo cBera? Hapr.rconarb cxeMy oKcrrepr.rMeHTa.

34.Hiaircu rapaMerp rpynnllpoBKI4 (uoprvruponaHHyro KO Bropo.fo nopa4xa) g@ r1t:1

l^\ ^l-\ t t) ,.t)
cocronHrrt ulO)+Bl2)'lol'*lFl'=1. npz KaKoM ycnoBr.rr4 cBer B raroM cocrorur4r4 6yaer
o6na4at, aHTrzrpynlraponr<oft ?

35. Kaxoro nopflAKa AoJIXHa 6rnr nerunelinocrl y cpe.4br, qro6u s ueft Bo3MoxHa 6rrla
f eHeparlilrs rpexooronHoro cBera? 3anprmzre raMr,rJrbroHr.raH.

36. Kar<ze Susu'recruae BeJILIqTIHrI LBMeprrorcs rrpn rrpoBepKe HepaBeHcrea Berra n (fopnae
Knaysepa-Xopua-IILauouu-Xontra?

37. llor<asarr, rITo AJII cBera n 6ernoscKoM cocrorHzra (xorx 6rr o4Hou zr .rerupex),
rrr:L , frt , ,* t't \Y-- _: \a1'b2 t br,a))lvac\,

-J- + * ,*,t.r \(D-. = (or' o) ! bib))lvac\,

fAe at 16l - oneparopbl poxAe nvlfl B nonrpr43arlrroHHbrx MoAax x,y, & r{HAeKchr l,:z
o6osHa'rarcT [pocrpaHcrBeHHble MoAbI, cBer B xax4ofi I43 npocrpaHcrBeHHbrx MoA rroJlHocrbro
HerroJrfl prr3onaH (creueHb no Jrfipr.r3arlrt4 paBHa nynro).

38.IIpz a6colrorrroft ranz6ponre (foto4ereKropoB c noMorrlbro 6rz(foroHHofo rroJrs (no
MeroAy K-numxo) OAI{H I43 AereKTopon nu6upaercs 6oree u}rpoKonoJrocHbrM (narc no yrny, TaK u
no qacrore), uerra apyroft. Karcori r{3 AByx AereKTopoB npr4 groN,r xaru6pyercn?

39'E<>nu 6rr y 4erefi KarIrITaHa fpaura 6rrn Masrnux @yrco c qpe3Brr.raftuo MrrJrbrrd
3aryxaHl'Ir9r4, ua xaroft yron 6u orKJIoHI4JIacb IrJrocKocrb ra.raHraft uocJre KpyrocBerHor.o
IryrelrrecrBrl{ IIo 37ft'waputneur.r? llpo4oJlxr.rreJrbHocrb nyrerrrecrBus.- 365 aneft.



40.Ha xaroft yroJl rroBopaqlrBaercfl. nJrocKocrb xaqauuir Mafr.Hr.rKa Oyro n Caru:r-
Ilerep6ypne sa cyrrz?

4LIla xaroft yroJl rloBopavraBaercfl, nonrpu3arlvrfl, cBera rrpu lpoxoxAeHr,ru qepe3 3 nurrca
cBeroBo,4a, 3aKpyqeHHoro B Br.rAe cnupanu c paAr{ycoM 5 cu u mafoM 1 crra?

42. oner, [oJlflpl'I3oBauurrft mrHefiHo no X, npeo6pasyercs B cocro{Hr,re c ruruefinofi
nonf,pl'Raqneft nor, 45" a) poraropoM, 6) nnacrunxoit )r12. B r<axov cryqae 6y4er 6ollure ua6er
reoMerpalrecrofi Saru? Orser o6ocrosarr.

43, "l o xe, Hairru sa6er reoMerpr,rqecroft Qaslr.
44' Cne't, rloJrf,pl{3oBanHrtfi [paBourzpKyrspuo, rrponycKzrror qepe3 nnacrr4HKy ?"12,

opI{eHTIzpoBaHHyIo olrrl'IqecKoft ocrro noA yrJIoM I K Beprr,rKaJru\ a 3areM qepe3 TorrHo raKyro xe
nnacrl{HKy' opuerrrt4poBaFlH}.Io ollruqecKoft ocrro rIoA ynroM -X K Beprr4KaJrr{. Haircu r.r3MeHeHr{e
reoMerpuq:ecr<oft Qaru.

4 4' c\uesure qyBcrBr4TeJrbHo crb KBaHToBoro MarHeroMerpa.
45, Kar c noMoIrILrc saSOnoff rlJlacrr.rHKrr cleJrarb 500/o cseroAeJrr,rreJrb AJr.f, x- r,r ,.y-

IroJrrpt43i:tuuonulx rrloA?

46' To xe,.4nrt rloJlyBornosofi tl qerBeprbsoruosoft rrJracrr.rHKr.r",{rur uracrunxuXl3?
47. HeuonrpusoBaHHoe I,I3JDrrIeHLIe, [prlroroBJreHHoe r43 x-nonsp]r3oBaHHoro r43nrreHrr{

TelJloBol:o I{crotIHI'IKa (xaN?) rlpolycKalor qepe3 rronyBoJrHoByro nnacrrrrrKy, opr{eHTrrpoBaHHy}o
noA yrnoM 22.5" x x, 3areM c [oMoIrIbIo rIpI,I3Mbr fraua, srrAersrorueft x- u y- rroJrflpr.r3arlr4ro,
HanpaBJIJ{rcT Ha ABa oAHoMoAoBbIX AereKropa (.rro 9To 3Haqur?). Kax r.r3Meprzrb HopMr.rpoBaHgylo
KopperrrrrlrroHHyro Synnqr.rrc g*y? Helay oua 6y4er panua?

48. By4er nI4 ilpo.tIBJIflTbcs. e00exr <crprnoft rroJrrpr.r3arlnv>> rrrflcoJrHeqHoro csera?
49. OnpeAenetrlle Koppentquouttoft (fyHrcquu Broporo noprAKa G+-. Kan ee zsiraepurr?
50. Oupe4enerrre rI cxeMa I,I3MepeHr4r KoppeJrflrlzoHuoft Syunqlrra G(2)*".
51. Yr<aNare ABa He3aBI'IoI'IMIIX HHBapr4aHTa upeo6pasosaH[ft rroJrrpr.r3arluu BToporo

NOPjIAKA IIO IIOJIIO }I OAI{H I1.IJBAPNA]aT qETBEPTOTO NOPgAKA IIO IIOJIIO.
52. Orurn qeroBeK (uaeoneu ero X) yrBepxAaer, qro KorAa 4nyx@oronnrrfi cser rraraer Ha

50-% cner0AeJlldreJlb, o6a tporona BcerAa HarrpaBJrf,rorcs B oAr.rH BbxoA. flpan rz X?
53. Haftru.rre (a2) n cocrofl:nnrl*c)Karoro BaKyyMa,, l0)+cl2), c<<[.
54. lloraNIlre, rrro,qJr.a cxaroro BaKyyMa (a2) ornzuno or HyJrr, a (a) panno Hynro.
55. HaftAra're HopMI'IpoBaHHyro KoppeJrrrlnoHHyro Synnquro BToporo rop.rrAKa g@ B

cocrorHrztr "cxaroro BaKyyua" l0)+cl2), c<< 1 .

56. JHapracyftre cxeMy oKclepl{MeHTa no na6nroAenuro aM[nr{Tyr{Hofo cxarrrr.
57. JFlapucyfire cxeMy eKcleprzMeHra rro na6lroAenuro KBa.4parypHor,o cxarr,rr,
58' 3anurur'Ire npeo6pasoBaHvrs, Bororuo6ona Anfl, HeBbrpox,{eHHofo napaMerpr{qecKoro

ycI4JiI'ITeJIt. lloraxture, gro oHI,I coxpaHrrcT KoMMyrarILroHHbre coorHorrreHr4jfi.
59. l4so6pasure na tfasonoft rnocrocrr{ cJre.4yrorl[e cocrorHrzr oBera
1) cxaroe rro KoopArrHare;

2) c)Karoe no (pa:e;

3) clraroe ro qrcny (porouon;
4) c)r(aroe no Sase r.r KoopAr{HaTe oAHoBpeMeHHo.
60' Kax uolytllTb B gKcrrepl.MeHre 4nyxSorouurrft cner, He rzcrroJrb3yr cnoHTaHHoe

rrapaMeTpuvecKoe pacceruue?

6r' Kar lolyull'ITb B sKcnepuMeHTe cBer c aHTr4rpynuzponroiz, r4orroJrb3y.f, cnoHTaHHoe
rrapaMeTp lrqecKoe pacc exnne?



6) Bonpocbr K sK3aMeHy
1.,.{afire olpeAeJrerrue Qras,vecKr{x [poqeccoB ,,puBoArrrlvx

cpeAe.

2" oxaparcrepzsyftre crleKrp r3ryqeHr4r Jra3epHoro (furaueHla u o6rncuuro, or qero oH
3ABIICI4T.

3' 9ro cnynfi4T npu'ruuofi Bo3HLIKHoBeHr,rr r<onu.recrofi eMvccun rrcJryqeHr{, ,,plr
(f nnar,rernaquu?

4' -llpzne4zre ilpl4Mepbl, rAe Mo)r(er r{c[oJrb3oB utbcfl. Lr3flyqe'r,re
Bo3HriKaouee rrpu (punaueuraqr4rr Jra3 epHbrx LrMnyJrbcoB.

5. /]afire olpeAeJreHue $orounoro KprzcranJra.
6. Karue rrpoqeccbr npr{Bolrr r o6pasoeanuro

$oronurx xpucra-nnax?

7. laine oupeAeneHr.re 4e$enra n SoroHHor'r Kp'rcranJre.
rrcrroJrb3oBaHux 4e(peKToB B $orounrx Kpr4 craJrJrax.

llpune4ure rpr.rMepbr

8' fiairte xlaccz$urallurc (porouno-rprrcraJrJrrrqecKrrx BoJroKoHHbx
IIO'CHI{TI} II3MEHEHIIEM KAKI,IX IAPAMETPOB MOXHO IIOMEHSTb IIX CBETOBC TYI\VE U
xapaKTepracruru?

9' Kaxuna r[IrIoM Hemtneftuocrrz onpeAeJrrrorcr nenrzneiiuo-onrrrqecKr{e csoffcrsa
BOJTOKOHIIIx cneronoAon?

10' Vro cJIynfl'IT nplauuuoft BoJIHoBoAHoro ycuneHnfl, sQ(perrzeuocru nerzuefruo-
onTr,rqecrirlx rrpoqeccoB B BOJIOKOHHbx cseroso,4ax?

1 l ' lK KaKI4M e(f$errau rpI'IBoAI4r npoqecc Sasonofi caM.MoAynrqlrr' r,rMrrynbcHoro
r,I3Jrr{eHilr B BOJTOKOHIIrX CBeToBoaax?

12' I{arcue nenunefiuo-olrrllqecKrle npoqeccbr ua6lroAarorcfl B BOJroKoHHbrX cnerono4ax?
13' oxapamrepusyftEe 3aBl4cI4Mocrb cneKTpaJrbHbx zsr{eHeHzff r} paclpocrpaHaroqeMc, rro

BOJIOKOHTIOMy CBeroBoAy JIa3epHoM I4MrryJrbce or Ar,rclepcHoHHbrx [apaMerpoB cBeroBoAa.
14' K'ar< BJII{'IIor ArlcnepcuoHHble cnoftcrea Mr4KpocrpyKTyptrpoBaHHbrx (porouHo-

Kpr{cTanJrr4qecxux BOJIOKOHHIx cseronoaax?
15' oxaparrepuryftre npkIHIII4nbI, 3aJloxeHHbre B ocHony pa6orrr BoJroKoHHbrx na3epoB.

flpune4Ia:re nplzMepbl rconcrpyxqzfi BoJIoKoHHbx na3epoB u KaKr4e neri4pyroque npr.rMecrr
[cloJlb3yto:fct AntI aKTI'IBI{pOBAHLrs.Marepr{ana cepAIIeBHHbI BOJTOKOHHOTO Cnrerono4a?

16' o6tgcnure npkIHIII4[ pa6oru BoJIoKoHHoro BKP-narepa. Kaxue rr.rrrbr BoJroKoHHbD(
BKP-na:epoB Bbr sHae're?

17. KarcHe MeroAbr r,rcnoJrb3yrorafl Arrfl. [orytreHils
rasepon?

18' R'ar<rze MeroAbr l{cnoJrb3yrorcr Arrfl KoMrreHcarlrir{
AIIITeIrH()CTI{ LIMTIyJIICOB B BOJTOKOHHbX laSepaX ?

19' c)6rscuure, KaK MoxHo [onrrr{Tb ynbrpaKoporKrre MoulHbre rrMrryJrbcbr B BOJTOKOHHbD(
Jra3epax.

20. Kaxze npoqeccbr Ha3brBarorc, upupo4Hoft
onpe4elrroTcx?

21. tl'o o6ycnannunaer (forouHuo-Kpr,rcranJrr4qecKr4e cnoftcrsa
creKJrflHHr,x ry6orc?

22' Kax uagsrsalorcf, TexHoJIorI{Id Koll4pyroque npoqeccbr B Nunofi [prpoAe r.r KaKoBbr rrx
eOgIvIOXHOCTU?

23' r{ro raKoe ApIHaMI4qecKat ro.norpa0za? Karr.rnu Suszvecrul,rr npoqeccaMr{ oHaolrpeAenf,erc{ u r.qe Moxer 6urr zcnonrsosaHa?

r o6pasonaunro $zlaueHTa B

cynepKor{rr4HyyMa

3anperleHHbrx cocroruuit ptlx $orouon n

cBeToBOAOB U

Ar,rcllepcuoHHbre

r{MrrynbcHoro r43JryqeHzf, BoJroKoHHbrx

Ar{cllepcuoHHofo yBenuqeHfirr

or4oMrzHepalusetqueft u qeM oHr4

crrr4Kyn MopcKr{x



24\ 9ro taxoe Novelty Sznrrp 14 qeM onpeAeJrf,rorcr ero xapaKTepr{ cruxu?
25;' Karcofi e0$err Ha3blBaercr e$Sexro^a QaHHranra rr KaK or{ MO)Ker 6brrb

Arr.rr co3Aannr Novelty Qr.rlrrpon?
IICIIOJIb3OBAH

26' Karue cllcreMlr Ha3blBalorct BoJroKoHHo-orrr4qecKrEMlr CMAPT - fpI4A cucreMaMr.
MoHI'ITollI{Hra $usu'recr<ux nonefi LI KaKI4e rrpr{Hrlr.r[br 3iuroxeHbr n zx ocuony?

27. Kaxue rrr''hl BoJroKo'Ho-olrr4qecKI4x Aarq[KoB ear,r ugnecrHrr?
28' r{ro raKoe [porflxeHHat BoJloKoHHo-olrr,rqecKar u3Mepr.rre,nbHar lruuus? Kaxme

IpI'IHIII{IIbI 3BJIoXOHbI B ocHoBy MynbTI4nneKcIIpoBaHLIt BoJIoKoHHo oIITr4qecKr4X naTqkrKoB B
BOJIOKOH HO - OlTzqrecKyro H3Mepr{TenbHyro ruznuro ?

29, alrxcuute [pr{Hrlr4nhr AorrrnepoBcKoro r,r 3eeMaHoBcKoro
ATOMOB.

30' Kaxuuz cuocooarraz MoxHo 4o6urucx oxnaxAeHr'r aroMoB rrrdl*e ypoBHr orAa.r[?31' flpzne4ure [pI4MepbI 
''paKT,oqecKofo 

,uc,,o'r'3oBaHvrfl. Jra3epHo.o MeroAa oxJraxneHr'
ATOMOB.

32' vto leNur B ocHoBe flBJIeHI'I.fl KBaHToBo-prBMepHoro KB€rHTorBaHkrfl g'eprerrrqecKr,'x
yponneft'?

33. llpune4ure [pr.rMepbr Hkr3Kopa3MepHhx
oHeprerr4rr(:cxufi crreKTp uocarenefi 3apflAaB Hr,rx.

34. oxapaxrepusyfire gKcr4ToHHbre cocrorH .,r B norynpoBoAHr4KoBbrx
MaTepr{ilrax.

35' lKaK enzser reoMerpllqecKaJl Sopua HaHoqacrr4rl Ha eHeprernqecxuft cneKTp uocurenefi
sapx4a?

36. Kar BJrr.r.f,st oKpyxaroqa,
Hano.ractuqax?

cpe4a(naarpraqa) ua gHeprerr4qecxzfi cneKTp gKcr4ToHoB B

37' I{erra onpeAenf,e'rcf, H}I3KonopofoBa.rr orrrl4qecKar nemrneftuocrr
COAEPXAilII4X HAHOqACTI4II'I H3 ALUEKTPI' TIECKIIX MATCPU,'IOB.

n) CalrocrofiTeJrbHafl pa6ora ac[rrpauTa
cauoctorreJlb'as pa6ora acnr4paHToB BKrroqaer caMocro-f,TeJrblroe 6onee

ocBoeHrre Marepr{ana, paccMorpeHHoro o6sopuo B paMKax neKrlr.roHHbx gaun:ruit,
l. 3'arcoucrno c HayqHbrM[ nepuoAr4qecKl4Mr,r ugraHuflMLr no Mero,rlaM

cyrrepKoHTr.rHyyMa B BOJTOKOHHbX CBeTOBO.TIaX.

2')?lzyuevne MeroAoB Mynbrl4[neKcl4poBaHr4r BoJroKoHHo-orrrr.rqecKax r{3Mepr4TeJIbHhDi
nuuuit n C MAP T- f plrnA crr creM ax Mo H r4ropr.rHra.

3' JZryveHzs npI{HIII4na ynpaBJIeHrIr aroMHbut4 [yqKaMra rz HaHoJrr4Torpa(fuu.
4'li'4zyueuue TexHolorzfi [po'3BoAcrBa 6uouttrueruqecK'X HaHoKoMrro3rrrHbrx

6zouznep,zurbgbrx crpyKryp.
5. I4syreuze HoMeHKJrarypbr (p oronuo Kpr4 cranJrr{qecKrzx BonoKoEr.

Jla3epHofo oxnaxAeHrrf

HaHocrpyKryp H oxapaKTepr{syftr.e

H lr{gJreKTprzqecKrrx

feTeporeHHbrx cpeA

rny6oxoo

IeHeparlr4rr

7, YITEEHO-METONI4qECKOE

AI,ICT{ZIIJIII HhI ( JIA3E pHA-fl
n I4HOOPMAIII4OHHOE OEECIIEqEHI,IE

OI,I3I4KA)

a) ocHoBHaff Jrrrreparypa:
1' [ra$parIIrIoHH€uI orIrI4Ka a HauoooroHr.rKa [3nexrpouurrft pecypc] / Eesyc E.A., Buxon

[.A.,,{ocrco.rroBr{q JI.JI., Konaren A.A., Kornap B.B., Hanznaon A.f., rlop(fupren A.fI., cxzAaHoeP.B., coft{rep B.A., cra(feer c.c., XouuHa c.H. - M. : OI43MATJIvrr,2014._ 60g



2. Pacrponaf, gneKTpoHHas Mr4KpocKo[[,
[3nexrpronurIft pecypc] / no4 peA. y. Xy, X.JI.

Anr HaHorexnonoruft. Mero4rr r{ rrpr4MeHeHr4e

Yaura ; nep. c aHDr. - 2-e usl. - M. : EI4HOI\4.
2014. - 6Cl0c.

3. KoppenprpoBaHHbre Qorouu u nx
M. :<DZ3MATJII4T, 2014.- 168 c.

npr..rMeHeHlre [SnercrpoHHuii pecypc] / Cauapqen B.B. -

6) gono.rrnrrreJrbHafl Jrrrreparypa:
1' @ugutca KoHAeHczpoBaHHoro cocro.f,Hzrr l3nexrponuuft pecypc] / EafiHos IO.A.,

Ky:ueqcrn B.M, - M. :EI4HOM,.M.- M. : @Z3MATJIr4T,20i3._ 293 c,
2' A.4aurunur,Ie oilTuqecKl{e crlcreMhl KoppeKrlrzu HaKJIoHoB. pesoHaucH as. ararrr'rBHas.

orrrr'rKa [3.nexrponnufi peoypc] / IIIaHun o.vl. - M. : Texnoc@epa, 2013. - 2,96 c.
3' ozgrn B.C. JleroxoB - xrl3Hb B Halxe [Suerrponuuft pecypc] / IIoa pea. E.A. pr6ona,

T.fi. Kapy, B.7I. EanuKrrua - M. : OZ3MATJII4T 2012. _241c.

n) nporllanaMHoe odecneqenue u I{nrepHer-pecypcbr:
bre4E.fpynrraBrrquclHrerrlrroftrouorpasuu,LIuc.rutyr

TeoperrrqecrcoE u [pr4KnaAHoli Uexauzxz, Honocu6rrpcK, pOCCUs.

8. M.dTEPI,IAJIbHO.TEXHI,IqECKOE OBECTIEqEHIIE AIICqUIIJIIIHbIflpnueneuue MynbruMeAIafturx upeseuraquft vr KoMrrbrorepHbrx cuprynx4uit
o6ecne'rltsaerct npoBeAeHI{eM sausrufi B yxe o6opy4onaHuux MyJrbrvMeAuiHula
o6opy4onaur4eM ay.qilroprrflx na$e4pu @ulIM.

.ftlr o6ecneqeHl'If, rpoBe.4eHI'I t' naloparopHbrx pa6or r.rMerorcr KoMrrbrorepHbre KJraccr;r
ra$e4prr OuIIM v cnequaJrrr3r.rpoBaHHbre y.re6no-nayrrHbre na6oparc;puu, o6opy4onaHuue
coBpeMerlHsnu o6opyAoBaHrleM AJrt Jrffiepnofi Auarnocrr4Kr4 BerrlecrBa r,r z3yqeHlrr n6epHo-
r{HAlrlnprcnaHHbrx npoqeccoB (ta6. I07 _3, |07 a_3, 419 _3, 123 -3\.



Pa6a9ras' uporpaMMa AI,Io{uTIJILIHrI cocraBneua B coorBercrBr,ru c rpe6onanuflMr4 O;OC BO no
HarlpaBJleHprrc 03.06.01(DusuKa I'I acrpoHor,Iu{ I{ HarrpaBJreHHocrr.r (npo$znro) ro4roromu
<busura

Pa6ouyro [porpaMMy cocraBrzJr

PeuenseHr
(npe4crannrenr pa6oro4arelr)

llporpalrrvra paccMorpeHav o406pena Ha 3aceAaHnra raQe4prr ou
flpororor Np /t[ or .f.P6:y'( rom
3aseAyrontrafi rcaQeapofi A.parclzgglA

(okro,

(oZo, no4nzcr)

Pa6o'rar ilporpaMMa paccMorpena u oAo6peHa Ha 3acer'"vn
HanpaBneHz.a 03.06.01@raszKa u actpoHoNaus r.r HanpaBJreHHocr}l

0nsnria

Ilporonc,n Ns y'35 ot
llpe4ce4areJrb KoMlrcczlr

yre6uo-naeroAr,rqecKoft rcoruncczu

(npo([ulro) no4roronxv Jlage,pnas

Apaxeffu C.M,

Pa6o.rafl [porpaMMa o4o6peua ua y.re6uuft ro4

Ilpororo n sace4anvrs. raQe4pu J\b OT roAa

3ane4yoqraft na(pe4pofi

Pa6o.ra"fl rrporpaMMa oAo6pesa na yve6Huft ro4

flpororon sace4alils. ra$e4pu J\b foAa

3ane4yrorquft r<a(f e4pofi

JIITCT IIEPEYTBEPXNEHIIfl
PAB OIIE IZ IIP O IPAMMbI AI4 C UI,ITIJII,IHbI

yue6unft ro4Pa6o..rafl, rrporpaMMa oAo6peua na

flpororo.u 3aceAaHus, rcaQe4prr Ne

//

(mecro pa[oru], AoJlxHocrb, @lIO, no4nuc-r)

3aneAyrorquft r<a(f egpoft

OT

I


