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o6yuaroquMr,rcs Mero4on c6opa uu(loprr,ra4r.ru lro narepuoft (fuszrre. 3Ha-{uremHoe BHr.r I4E B

1. IIEJILT OCBOEHLTfl AVTCJII.TII.]rrIrrbr
I{enrro ocBoeHl4.f, Ar.rcrlr4nnr,rHbr (r,roayu) <Jlaaepuax $usnra> j'rBJrrelct

3. KOMIIETEHUIIU OEyrrAIOIrIEfOCfl, OOPMI,IPyEMbIB B PE3yJIb
o c B o EHvrfl IvtgI,IrIJII4HbI

B pe3ynbrare ocBoeHrls nporpaMMbr acnupaHTypbr y BbrrrycnHrzrKa AoJDro:{br

c(f oprvrzponaHbr cneAyrouue KoMnereHrlr4r.r :

yK-1 onoco6nocrrro K Kpr,r'rrlqecKoMy aHanu3y

Aocrr,rxeHr.rfi, renepupoBaHr4ro HoBbrx ngeih npu perxeHrzrz

3aAaq, B loM Er4cJre B MexALrcrtr4nnr4HapHtrx o6lac'rxx;
yK-5 cuocodnocrbro rrJTaHr,rpoBalb r.r peurarb sara'ltu

JII4TIFIOCTHOTO pa3BrrTlrf ;

0eHI4e

XKypce OTBO.4LITC.g Ha paccMoTpeHI{e BolTpocoB npaKTI,IqecKOIc) npI4MeHeIIus Teope'lI4

METO.IIOB.

Jla:epnar rex.HI,IKa I,r na3epHble reKHoJrorrrr{ r} Hacrorrqee BperMs rpoHr4Karor ,Bo Boe

ill4cno orpacreft npoMbrrrrneHHocrlr, rrzpoKo Hcnonrsyrorc.fl B Ha.]EHr,rX lrccJle Ltflx.

Coqeranue B eAHHoM KoMrrJreKce na3epoB Lr KoMrrbrorr3poB, rrprrMeHeHrre nldi roros
MaTeMaTI4qeCKOrO MOAenr4pOBaHr4S rrO3BOJr.s T CO3IaBaTb yCTpOrlCTBa u pa3paoalbrBaTb

Tex H o JIOrI4kr C y HI|IR AlbHbrMr,r T exHr,rqe cKI,IMr4 X ap

2. MECTO AI4CIInIJII,IHbI B CTPyK
B uacrosuee BpeMtr o6lacrr [crroJrb3oB

I4 TeXHOnOrr4r{eCKOrO r,rHCTpyMeHTa TIOCTO.flHHOv 4rrw tyJ rYrwu r a lr\rw r v,annu

ocHoBy Anfl nocre4yroqefi pa6oru cneqaanlrcra n o6racr r rasepnofi $jr:unu,
cI4CreMaTI4sI{pOBaHO rlpeAcTal}nfl,fl. npnHlil4rrbr 14 npr{Mepbi rrprzMeHeHr4rr Jra}epHoro }r3nyl{eHr.rs.

fiauual 4lrcqunnrlHa flBrrflercfl. o6.f,:]aremHofi Aucqunrranoft napuarunuoft Lracrrr OIIOI
rloAroroBKr4 aclupaHToB rro HarrpaBJreHr{ocrr4 <Jla:epna-a $u:raro. 3uataun, $opurapyerrure
ueoSxo4urrarr KaK B rrccneAosarem,cKofi pa6ore, TaK u 2.nt HHlKeHepHbrx rrl'
IranpaBneHr,rfi raaepnoft rexuuxr,r. Irlsroxeunre Marepr.rana B paMKall Kypca yqr4TbrBare'r KaK

rloJloxeHu.fl na:epnofi $usuru, Tarc t,t coBpeMeHHbre reHAeHrlr{n IaHHoit oltactn Ha;yKu.

ATE

6srrr

14 0ueFrKe coBpeMeHr{brx HbIX

rrccne,AoBareJrbcKr.rx r{ nparK'rr4 X

co6crnennoro npo$ec)cr4oHitrr

OIIK-1 cnoco6uocrr caMoclo.urerbHo ocvuecrBrqrb EavqHo-r{ccJreroBa.TeJr.h,cKvro

AetreJlbHocrb B coorBercrByroqefi npoQecouonarsuofi o6racrz c ncroJrb3oBirHr.reM conpena{lnurrx

MeroAoB r{ccJreAoBaHux ra rzH(popMarlr4or-rHo-KoM

IIK-1 fororlHocrb vcnoJrb3oBaTb coBp

nsaulro4eficrnr4r KofepeHTHofo orrrrrqecKoro r,I3

IIK-3 cnoco6nocrr rrccJreAoBart Syn4a
KofepeHTuoro Ll3nyrreHn.f, MeroAauz Hellaueftno

IIK-4 roroBnocrb npr.rMeHflrb coBpeMe

npo{eccoB na:epuoft $usuxtt, Ksauroso,fi orrrr,rKra

IIK-S roroBrrocrbro r,rctroJrb3oBarb coBpe

TexHoJror[fi n paslraqHbrx o6racrsx ]FrayKI{ r4

r,r3MepeHr,rr, rr,ro4n Surau[rc u o 6pa6 orny Mareplr

B pesymrare ocBoeHl,I.f, AI4cuI{il[I{Hu o6yrarrqr4r4cs AoDKerr AeMoHcrprzpoBarb cJreA}r:orrlr4e

p$yJrbrarbr o6pasonaHr.rx :



1) 3nalr: coBpeMeHHbre HayqHbre Aoorr.rxeHr{fl (vl{-l); coBpeMeHnbre
uccnenoBal{ufi u Iau(fopnraql4oHHo-KoMMyHrzKarltzoHHbre rexHolorru (OnK-l); coBpe
MeroAbI 14 TexHoJIorI{I4 Hayr{Hofi xovuyHuKalllru r{a rocyAapc'TBeHHOM I{ r4HocrpaHHoM
(yK-5, l1K-1); MeroAbI ne.nunefinofi olrrrdKr,r u rasepHofi crreKrpocKorrr{r4 (lfIK-3,
coBpeMellHble MareMarl,IqecKue MeroAbrr rnt{ auuil4sa (fusuuecxux trrpoqeccon (lIK-4);

eToAbr

HbIC

bIKAX

HOfO

yriHo-

CKIIX

EH'Tb

OBATb

Llu

VC
IrcIIoJIb3oBaHIzeM coBpeMQHHbrx MeroAoB rrccneAoBaHufl. u nn$opunaquoHn:o-KoMMyHrl HHbIX

TexHoJlofufi (OIIK-l, IIK-3); uclroJlb3oBarb coBpeMeHHbre M€T,oAhr raccJre,4oBaHrrr flpo {eccoB
nsaulro4eftcrBus. KofepeuTHoro olrlrqeoKolo 143[yqeHr..rr c BerrlecrBoM I4 MareMarr.{qecKrde
(IIK-1, tIK-4, |IK-S);

3) Blalerr: cnoco6Hocrblo K KpllTurrecKoMy aHanr.r3y H orIeHKe coBpeMeHHbrx Ha

rK-s);

2) Yuerr: Kpx,rrr.rrrecKr{ MbrcJrr,rrb H reHepr4poBarb rrroBEre vren nprd vtu

I4ccJIeIoBareJIbcKt4x I,I flpaKTlrqecKr,rx 3tt,Aaq rrnaHr4poBarb r,r pernarb 3al\aqr4 (]rK-1); co6cr
upo0ecczoHaJlbHot'o I,I JII{uHocrHoro pa3Brdrur (YK-5); cauocror:TeJrbHo ocyilIecrBnrr,b
I{ccneAoBarenbcKyro AerreJrbHocrb B coorBercrnyroqeft rrF,o(becczonallHoft o6l

.IIbI

IIHT,IX

AocrI'IXeHI'Ift, renepupoBaHl4ro HoBbIX uaeit npu perxeHI4r.r ccJre,AoBareJrbcKr4x rzr npaff,rr4
3a4a.{, B ToM ql,Icre B Me)KAlrcurzurr4HapHbrx o6.nacr-sx (YK-l, tIK-s); roroBHocrb rrptr
coBpeMeHHbIe MareMarl4rlecKl4e Mero,qbr nptr aHur!rce npoqeccoB ira3epFrclfi Qn:unz, x BOII

olrrI4 KI'I, (porouunu v nalepHblx HaHorexHolorufi (IIK-a); cnoco6uocl, ncolre
(fyH4auenraJlbHble ceoftcrna BerllecrB€r (ilK-3); croco6uocrbro rrnaHlrpoBarb r4 perxarb
co6creeHuoro npo (p e ccrzoHilJulHoro r4 Jrr{rrHo crHof o pa3Brrrr.rr (yK- 5 ).

4. CTpyKTypA rr c oAEpxrAHI4E AI{CIII4[IJIr,rHbI
96tII- rpyAoeMKocrb ALIcqrI[JILrHr,r cocraerser 3 3aqerHbD( eAr{Hr4r]:br, 10E uacon.

Br.l4r,r yue6roft pa6orrr,
B KJItOq i?.fl CaMOCTO.STeI] 6 ttyrc

pa6ory acnlrpaHroe

OcHoeH neluneftsofi orrrr{Kr4. flsrenr4e
SurarrleHrarllrr{ B reHeparltan cyrrepKoHTr.rHyyMa
IIpI,I paclpocTpaHeHr{r,r Jra3epHbrx r.rMrryJrbcoB B

ueruHefinoil cpe4e. OoronHue KpurcraJrnbt.
Henpruefinas onrI,IKa BonoKoHHbrx ctseroBo,4oB,
Boroxonnrre na3epbr. HerltreftHas Sororura
HaHocrpyKryp. Jla:epHoe oxna)KleHLre, nJreHeHr.re

CHI,I' ATOMAMI,I.

Oorouura caMoopfaHr43yroq[xcs HaHocrpyrryp
Ha 6zouuuepanbHbrx o6rerc,loe n rrx
6r.ronnzueruqeoKr.rx aHaJrofoB. flrauauzuecxar
roronpa(pufl r,r orrrrrecKr.re Novelty (funrtprr.
A4anrnnua.a orrrooJreKTpoHHbre crroreMbr CMAPT
- fPI4A MoHuropr{Hra $usnuecrux uolefi
o6rerros.



sS$exron. fJlonrpzsaqu{ AIloJIeKrpI4KoB B rocrosHHoM sreKqpr4rrecKoM rro.[e. floff a\ufl,
Ll3orponlloro AIrgneKTpIrKa B oBeroBoM rroJne. BgaunroAeficrBr.re r4HTeucr.rBHbrx 3JretKTpo bD(

BOJIH c ue:ruuefiuofi cpe4oft. feuepaqnr nropoft rapMoHr4Kr{. Yc,noene Sasonc,ro cr,rHxpo

Craruqecrnft v 4raHanarzuecxuft eSQercr Keppa n Herraneftnofi opeAe. Ke

1. Ocnoerr nelunefinoft orrrrrKrr, Heruuefino-orrrr.rqecKr{e 83ardMo.rleficlet,ts c

BelrlecrBa. flpupo4a selusefrno-ollrrdlrecKr.rx qereHuft. Knaccra(ptiKar\vfl. ueluseiiuo-otrra

cauo(forvcr4poBKa. Oa:osas caMoMolyn,rqur cBeroBoro r,r3n1zqsHur. PaLcuupenue c

(pev'rocer<yHAHblx I4MlynbcoB s Herl4HeftHbx cpeAax. Korr,rnpeccu.rr na3epHbrx rtrMny.rrbcoB"

2. flntep.ue QuraueH'raquu B reHepaqrrr cyrepKoHTrrrrlyMa rrpu pacrpoc'rpa
Jra3epHblx rrMrlyJrbcoB B neluHefinofi cpeAe. fenepa.qux cylepKoHTr{HyyMa
pacnpocTpaHeHlzl{ na3epHoro LlMnynbcHoro r{3Jryr{eHlrr B KOHlIeHCrlpOBaFrHE,rX CpeAax,

caMoMoAyntillLIfl. vr sneMeHTapHaf, Teop[s crreKTpeubHoro yrrr4peHrrs cBepxKopoTrfl,rx

aMlynbcoB. Helvnefinoe BoJIrIoBoe ypaBHeHI{e AnJr onr4caHr,r-s npoqecca ftularvlerrraUr4rr.n
I{Mnynbca. I4sNaeueHue Sopnru u creKrpa vMnynbca npIa drrzlaueHraqrau, (tulanl
LIMnyJIbcHoro Ll3ryqeHus n ra:oo6pa3Hbrx cpeAax. Aruoc$erpuue npr4Jro:KeHrrr Mo

$enrrocexyH,4Horo Il3[yqeHl4q" @unarrren'rarJLrg.na3epHofo rr1^{Ka, KaK r,rcror]rHr{K ey[ep
AJI.,I 3KOJIOTUqeCKOI'O MOHT,ITOpT{HIa.

3. @oronnt,re KplrcraJrJrbl Kraccz(fzxaqnr So:ronuux Kpr4c'rannorB. O

AByMepHLIe [I TpexMepHble $oroHnrre Kpl4crannbr. Mexauu:rl,r rfopuzltonannx

5. BolorcoHHble Jra3epI'I. flpuHqran pa6oru BoJroKoFrHoro Jra3epa. AKrtasnr,r(l soroKb

T4

ECKI4X

I,I3MA.

IlcKatr

reKrpa

EHIII,I

npLr

BA5

bx
ofo
IJLTfl

ofo
yyMa

]OAax.

AAX.

ECKIIX

trpolleccoB B BoJIOKoHHsIX cBeroBoAaK. Oasosarr caMoMoAynflr\prfl v3rryqe]Fru.f, s soJroKilnHrrx
cBeroBoAax, BmasHI4e Ilucnepcun Ha HeJlrrHefiuue [poqeccbr BoJr,oKoFrHb]f,: clBeronoAos, Oa.soeas

Kpocc MoAyngql,Ifl l4MlyJrbcor| B BoJroI(oHHbIX cBeroBolax. He'rupexnoJrHoBroe cMerrrelllae BoJrH.

Brmyx4euuoe rov6uHaqzoFrHoe pacceflHne (BKP) pr3nyqeHrzl B BoJroKoHHbrx

BuuyN4enuoe pacceflHue MasAensuraua-BpznJrrooHa B BoJroKoHHbrx

PacnpocrpaHeHl{e ynbrpaKoporKr4x r{MrrynbcoB B BoJroKoHHbrx cr}eroBoAax. Haxaqra u
uopltalrnoft Aucrlepcu[. Hara.rxa e o6racru auorrlalrnofi Ar,rcnepcr4m. [-'en

cyrIepKoHTHHyyMa BoJIoKoHHbrx cBeroBoAax. Herznefiuue csoiic'rsa Soronno-xprrcraJlJrrd
BonoKoHHbrx cBeroBoAoB. lracnepcuoHHbre cnoftcrsa HeKoroplbrx Mr{KlpoorpyKTypupo
(fotouno-rprIcraJIJIzqecKLIX BoJIoKoHr{hrx cBeroBoAoB. feHepaqu.a cyflepKoHTr{H €tB
BoJIoI(oHIlbrx cBeroBoAax. feHepaquro cylepKor{TrrHyyMa s MC-soroKoHHbrx cBero I.dX'
LlMeloIqero IBe AJII,IHFI e BoJrHbI nynenoft Ar{cnepcr{r4. HlelurteiiHo-orlr4rrecxne csoftcrda @K

BOJIOKOHHbD( CBCTO]BONOB.

)HHbIE

cBeroBoABL PesoHaropbl Bono oHFIIIX na3epoB. HerpepunHbre BoJroKor{Hbre Jra3epr,r, Bonox(utrvIUbuAbl' re3uflillUIJbr buJru UHtsl-blx Jra3epOIJ. flerlpCpblBHble BOJIOKOI{HbI9 JIa3epIrL SOJIOKpHHbI€

na3epbl Ha ocHoBe Br'IHyxAeHHoro nont6r,rHarlrloHHoro pacce{Flrrtr lenys:enzq. OaHoracxdrnrre,
MHoloKaoKaAEbIe v cocraBFrbre BKP na3epbr. Bolorosnrre BKP-nasepu co clyuaftHoft
pacnpeAenesnofi o6patrofi cBfl3EIo. tr4unymcnbrre BonoKonnrrfi na3epbr. lyleroAsr [onyqeHr4t

3a[perleHHbrx 3oH. Foru, 4e$erron e cporo

Kpkrcrann[qecKr4e ycrpoficrna. @or:onno-

XapaxrepuorrrKr4 (foroHuo- Kpvcrannr4rrec
gHeprcTr.rnrecKr4e u crreKTpaJrbHbre xapaKTepuc

3anperleFrHofi soHoft: Bperroncrue BoJroKoHHbr

BOJIOKOHHbIIe CBeTOlBOAbr.

4. Ilenuneitnas orrrrrKa BoJroKoHHbrx c

BoJroKoHnbrx cBeroBoAax. Bolnono4noe ycrr



I,IMnynbcHoro r.r3nytretfrr.Lf, BoroKoFrHbrx na3 epoB :

cr{HxpoHr,r3arl}rs MoA BoJroKoHHoro na3epa,

nonyrpoBoAHr.rKoBofo rorroTr.rTers (sESA
paclnblBaHrre I,IMnynbcoB BoJroKoHHbrx JIa3e

rpyrrroBoft cropocrl{, Peruero.rHF,rft rounencaro

Ar4crrepcru rpynuoaoft cKopocrr{ Ha ocHOBe rr

Ar.rcrrepcuIl rpymronoff cKopocrr,r Ha ocHoBe

BOJTOKOHT{O-OITr.rqeCKr4X feHepaTopoB cyrrepKoHT

Boroxonuue na3epbr B TexHoJrorprr4, Crnsuq

na3epHbrM rr3nyqeur4elr. MeroAtr rroBepxHocrHo

na3epoB Anfl cBapKta, cBepJreHr4tu o6pa6orKa M

6. He.nunefinas Soronurca HaHocrpyK
crpyKTyp. OdreNaHas KpllcrannuqecKatr crpyKTypa: oHepferrrqecxzft crreKTp nocurenefi salpn4a n

o6reue rp cocrosuufi onex:rpor{oB n gHeprervuecxojft soHe
o6reunoffi rerz.recrfifi cneKTp Lr rrJroTrro,cTb r:ocCossufi
uocurereft xsaHroeofi qMe I4 KgaH'roBble Hvrru. KBailTossre
TorrKV rr [norHoclb cocro.f,Hufi elexrpouoe. 3
Ar.rgrreKTpr4qecKrzx Marepr{anax. Cno6cunbre gK

sKcprroHbr (ercuronrr (Dpenxenr). Bnnnnue $op
Hocnrerefi 3apflp.a. O4HouacruqHbre cocro.fi Hr.rs

(SKcx.IToHHbIe) cocrorHr,I.f, B HaHorracrr4rlax c

onpyNarorqeft cpeAbr Ha gHeprerr,rqecKrr

HusxosuepretuqecKall orrrr4rrecKar neluueiinoc
HaHOqacTr,r{.

7. Jlarepuoe oxJruilAeHrre, rrJreHeHrre

3eeMaHoBc n. OcranosKa lt nJIeHeHLIf aroldoB: Aorrnlleprf,BcKue rloqyurru,
MarIltI,ITHo lz cz:ruSono oxJraxAeurae. JlasepHoe oxnaxAefure Hr4)Ke jponHr
orAaqu. O ocHoBe ceJIeKTr4BHofo lto cKopocrsM I(orerpeHT'Horo rrJr€]HeHu.fl

HaceJIeHHoorr4r. Izlcnapurelrnoe oxnalr(AeHI4e

npl{JroxeHflr. OAuoxovnoHetrrHar rrJra3Ma. B

Arorrrnuft .rra3ep. Arounrrft SoHran r{ aroMHbr
gneMeHToB aroMIIbIe oIITrlKr,r. Ynpannenze
MarepHallurrx crpyKTyp. V'upanlenue aroMa

sneKTpr4qecKrrx 14 MarFrrrrHbrx noleft. Vnpauen
I43nyqeHu{. Aroruno-oIITr4rrecKa{ HaHonr4Totp

Hauorurorpa$ur Ha pe3rrcre. Arounas HaHolep

8. OoronuKa caMoopraHrr3yrouluxcrr Ha

ux 6uouuuerr{rrecKr{x aHaJroroB. Molr$o:rorza
rry6oxonoAHbrx creKn-f,HHbrx MopcKr.rx ry6ox. Po

rry6oronoAHbx MopcKr4x ry6ox B rrporecce I,Ix

clrrrKyJr uy6oronoAHbrx creKJrflHHbx MopcKpr

6uocunzrcaruoro HaHoKoMrIo3I4THoro Marepr{

xl4Mr4rrecxoro MoAenupoBaHr4r 6raoltuuepals
orlTklqecKIre xapaKTepLrcrnKr. 2D u 3D reorr,rerpIarrecKue HaHoKoMrro3lrrHure ir Marepr{arrr)Hbre
crpyKTypnl 4:rr Qoronzxr.r, Sraoue1trIJvtHa, KaraJrrz3a u cop6rlu:1. Buoculra$nrcaqz.a B xrrBbrx
cl,rcreMax r{cIIoJIb3oBaHIre Knor{[poBaHHbrx 6erxos cr4nr4Karer4Hol].



cTpyKrypbr Ars ooroHr.rKr{, 6r4oMeAr,r1lr4Ha, K

clrcTeMax Illcfl onb3 oBaHr.re KJroHr.rpoBaHrrbIX 6enK

9. /{unanruqecKafl ro.norpaQns u orru
[unalruvecKar foJrorpa$ux. llpoqecc B3aLrMo

roJrorpaMMax n Sotope(ppax:lr,rnHbrx Kprjcrann
Novelty SrEmrpa. Oco6eusocru $yurcqu
Hzsxoqacrorurrfi lr BbrcoKoqacro,rnuft Novelty
(funrrprr, ocHoBaHHbre Ha r4crroJrb3oBar{urr rBJIe
OynxquouaJrbHbre novelty $unrrpn pn o6pa6
BucoxoqacrorHbre KoppenrqzoHHbre novelty $u

10" Aganrnnnar orITo3JreKTpoHHbre crrcreMbr CMAPT - IPI4A uonHlolpunra
Qu:nuecrclrx nolefi obrercron. Jlasepnar 4u
I,r3Mepr.rrenbHbre cr4creMhr CMAPT - fpl4n
Toir,rorpaSuqecKue pacflpeAeneHHbre BoJroKoH
peKoHcTpyKrIHr4 paclpe.4eneHar cKrlJrrpHbrx r.r

BOJIOKOHHO-OnTr4qeoKI4e l,I3Mepr4TenbHbre JrrrHH

unrepQepoMerpoB u MeroAbr a4alrunHofi
MynbTLrnneKcr4poB aHLItr B OJIOKOHHO -OfrTr4 trecKr{

CMAPT-- |PI4A crrcreMax MoHrlropr,rHra. llpo
MynE,Tr4nJneKcrrpoBaHue, Cuer<rpanbHoe MyJrbrr.rfl

5. OBPA3OBATEJIbHbIE TEXI{OJIO|
flpone4eHze JreKrIr4oHHI;rx zaus.rufr. o6e

o 6opy4onaHHbrMr4 KoMrrbrore paMn tr oJreKrpoHH

lrreHue lerqufr AeMoHcrpaqreft xounbrorepHbx
I| parvrxax neKrlr.roHHoro Kypca ucnonmyror
o KounrrorepHbre cnvrynflrfuurnzuepHo-rrH
o Texuonolzs npo6neuuoro o6yueuux

npaKTurlecKofo rrpllMeHeHl{tr paccMorpeHHoro reoperr.rqecKoro MarepLlara, r4orroJrbsyet*u 41"-o1
co cry/{eHTaMr{ Ha npeAMer Bo3MoxHr,rx cnoco6o

o Bc:rpequ c ytreHbrMu, pa6oraroqutru
ALIaIHOCTLIKIL

6. OrInHorrHbrE CPEACTBA lIJrfl TE
TIPOMEXYTOTIHOTI ATTECTA
Ar{cqu[JrtlHbr vr yqEEH
CAMOCTO.fl TEJIbHOII PABOTbI A

a) IlepeveHb BorrpocoB Arq recrrrpoBaHrr
1. JhEnefino [onspu3oBaHHoe r,r3JrfreHr,re

HarpaBnflercr B nurepSepouerp Maxa_I_{eH4ep
nonyBonHoBafl nnacrvluxa, 6es norepb [oBopar{a
6ml pasuocrb rrJrerll, .{To6br Ha BbrxoAe znrep(f
nopflAKe no nonro?

2' Kax c noMorllblo Kpllcrartrta nuo6ara Irurvrfl. oAeJrarb Henonrpur3oBaHrplbrM ruanefigo
[ontpl{3oBaHHoe v3JIfreHIiIe cBero,{rlo.4a c IleHTpaltuofi AluHofi BoJrHbr 500 srvr u mupauofi



crleKTpa 30 nrvr? lKaxofi AILIHrI Hyxnro B3flTb ltpncrall? O6brxHoseHnufi H neodu I{HbII4

rloKa3aTenl4 npeJloMneHLrfl. Ha AnLIHe BoJIHbI 500 HHr paBHbr, cooTBeTcTBeHHO, 2,34 u 2,24,
3. B re'reHve KaKoro BpeMeHI,I (no nopx4Ky Benr{rruurr) corurequrrfi oBer Mo)KHo

rronrrpr43oBauntrlr?

4. 'Io xe, AJIfl cBeroAl{o,4a, LI3JIf{aIoilIefo B Jlr4ana3oHe 30 uu c MaKcprMynaov Ha 500 ?

5. Kaxas KoppeJrrrlr4oHHa.s (byurcqua fnay6epa rz3Mepseror B 3Kcrreplr 'e IIo
ua6moAeHuro ( cKpbrrofi nolrpus aq uu>>? 3anucarb BbrpaxeHr4 e.

6. HeAvIaroHaJIbHbIe gJIeMeHTbI Marplrrlbr KorepeHTHocrrl paBHbr HyJrrc. OgHa.raer
qTo oBeT Helonspa3onau?

7. MoNuo JII{ [o BLIAy BeKTopa [rronca onpeAenr.rrb, sBJrflercs ru cBer ][oJr
qacTr.rqHo florspu3oBaunuu? orner o6ocHosarr.

8. Karona AoJI)KHa 6rrm rollquHa KBaprlesofi nracrr.rHKr{, opr4eHTr.rpoBaHHoft (onru KO14

ocrrc) noA ylJIoM 45 rpa4ycoB K BeprldKarr.r, uro6u fopr.r3oHTaJrb,Ho rroJr-fiprr:ioBarrHoe r43Jr

rura.n-can$upoBoro na3epa c 4lznofi BoJIHbr 800 nrvr r4 AJrr.rreJrbHoc'rbro zrr.ruymca 100
BbrxoAe I{3 nJIaCTI4rrKrr CTaHoBI,rnOCb

a) BepTlLrKaJrbHo nonrpr,r3oBaHHb,rM ;

6) nenolxplr3oBaHHblM. [nyupenoMneHr{e KBapua cq}rriarb panu snr,lr 0. 0 1 .

I
q

ta ?To,

/r{gHI4e

pc Ha

no oT'IIot]eHI4IO

K OlreparlHr{ yMHOXeHprr.

10' llora:am, rrro BeKropbl l[Nonca rJrs. npaBorlr{pKyrrpuoft v neaoqnprcyrinpuoft
nonrrpr{3allrru opTof oHaJrbHbr.

1 1. Cxonrrziran BerrlecrBeHHbrMr4 nap

AB)D(MoAoBHfi ceeroAelprrelr'? Oasoear nracrlrH
12. Kax npeo6palyerctr BeKrop [xoHca, x

ocu o:? 3arullrnre Marpr{qy [nrouca,
I 3. Kovruyrarr{BHbr nr.r nouptr3aur4oHHbre

14. MoNno nn npr.rAyMarr ua6op Sason
lonspr{3 arl?roHHoe cocrofl Hr.re npeo 6pas oerrs an 6

15. (a) Kar AolNeu 6rrrl nonrpu3oBaH cB

cocro.flHprfl rronfpr.r3arluu? (6) Karnnr 4olxreH 6t
cocTofl HIIx nonrpl43arluu csera?

16. Kax rr3 rrrracrr{H ,n + , ! "on 
."n,

23
17. .[rluercrcs qerBeprbnoJrHoBbre rrJracrr.rH

BoJrHbr 1064 urr,r. Eyayr nr.r ABe raxrre rrJracrr,rHK

By4er nrr oAHa raKafl nJracrvHKa pa6orart rar<

fapMoHr{KH TOIO Xe na:epa?

18. Cner, iloJlfiprr3oBanHr,rft lunefiuo to x,
Bcex rrerHblx rrJracrllH HarIpaBJIeHbr noA yuoM +
r nefi. KaN 6y4er nonrpr{3oBaH cBer Ha BLr

oAr.rHaKoBo - noA yrJrou f 1o r< ocH x?
19. flya oproroHanbHo nonqpr43oBaHHErx

oAI,IHaI(oBbIe @asonue [nacrHHKLr, a 3areM
nurep$epe nuus? Orner o6ocnosars.

MoFroxpoMaTnrrecKr.tx nrrKa cBeTa ilpoxo,A_{r qepe3

9. [oraNure, rrro 
" 

( 
' ,'*''l,lrl'* lrl' =t oeipasyror, rpynnyrarpr4rlbr"rlu 

[_r* t* ),, | |

c6zeaiorcq Ha gKpaHe, Iiy4e,r lz ua6.rrrcAarbcs



20 . Haftru creneHb nonr{pr43arl un nnfl o4no S orouHoro coc,ro flHvnr.

21. Kar z3Meprrrb napaMerp CroNca Sr?

22. InapucoBarb ycraHollKy An.l I{sMepeHrzfi rcon6rEnarlnz n ap aMerpo s Cro Kca S 1 + 52.

23. BuqucJrr,rrb KoMMyrarop [Sr,Sz],
24. CoqasJrrrror nr,r rpyilny oneparopbr Croxca? Oreer o6ocnonaru.

25. BH.{ucrrr{rb napaMerpu Cloxca ,\nfl. cocrorHr4r lvac)+ clZrO),
CIIP nepnofo rnna. Karpre napaMerpbl Crorca Moryr 6lrrr rlsrdepeHr,r oAHoBpeMeHHo

cocrognrEs?

26. floxasatb coorHorrreuue So2 =:So2:*So.

27 . Hafttn cpeAHee 3Har{eHr.re oneparopa 52

28. Haftru KoMMyrarop [S2,S r].

29. Iloraxure, qro npr43HaK HerJraccr4

BbITIOJIHT

30. ertutr?

31' rla3epa-yKtr|Krzr c AJrr4rilofi lrlonuu
650 nrra, ruapuuoft crreKTpa 10 Hrr,r, Ar,raMerpoM nyrrKa 3 urr.r pr 4u$paxqnonuoft pacxo4r.r*{rctro.
(3aveu 3Aecb ynoMl4Haercr 4Lr(fpaxqrroHHa{ pacxoAuMocrr?) llpn xaroil Morlnocrr{ naiepnofi
yKa3Kr{ n o6rerr.re KofepeHrHocru 6y4er o4ran (forou?

32"Hetry paBHa P-(fyHxqzx.qnr BaKyyMa? A (pyurqnr BzrHepa?
33" Karue BeruquHbl HaAo Ia3MepI4Tb B oKcrrepr,rMenre, uro6u y6egumcr B HeKJraccrdrrHocrr{

4nyx(foronHoro cBera? Hapzconarb cxeMy DKcne

34.Haftru napaMerp rpynnrzpoBKr.r (Hop

l^\ -r \ | ,') t ,)
cocronHr.r' al0) + Pl2),lol" * lpl' : n. npn

o6ra4am ar{Tr4 rpyn nuponroft ?

35. Kaxoro [oprAKa AoJrxHa 6rrlr neluueftnocu y cpeAbr, .{ro6rr s Hefi: rro:nrornsd 6r,ua
f eHepauv r rpex(f olonHoro cB era ? 3anuumle raMr{ JrbroHr4 aH.

36' Kaxue (fusu'recxue BeTLFIIIHII LrcMeprrorctr rrpu ilpoBepr(e HepatseHorea Berra " 11,,rpre
Knays epa-Xopua-Illunao Hr,r-Xolrra?

37. lloKagarb, qro AJIfl cBera n 6ennoecroM cocrorHzu (xor:x 6lr o4norra us .re'rl,rpex),

.rl, 
= A{utrxbla\)1,",),

ot : f"[,) t u[ u)1l,ac) ,

f ,fI,4e A'rO', - oilepaTopbr poxAeHr4'{ B nonrprz3arlproHHbD(

HerroJrrpr{3 on an (creneHb [onspr4 3 a\w paB]ra nynro).
38. llprz a6comotrofi xaau6ponxe Qoro4ereKTopoB c noMorrlbro 6u$oroHHoro rrorrr{ (no

Merory KnHurr<o) oAI4H LI3 AereKTopon eu6zpaerc.s 6olee ruupoKorroJrocr{brM (Ki}K rro yT'Jty,,TaKn
no rracrore), uena apyrofi. Karoft rr3 AByx AereKropoB npH 3roM xalu6pverctr?

39. lBcnu 6rr y 4ereft KaTILITaHa fpaura 6ur uasruux r:Dyxo o qpe3Bbrrrafino ilramna
3ar)4(aHI4eM, ua xaroft yron 6u orKJIoHI4JIacB rrJrocKocrb xaqauufi rrocre KpyrocBerHoro
nyrelrrec'rBvIs. ro 3Tftnapantenu? llpo4oJrxr{TeJrbr{ocrb nyrerrrecrE}rrr - 365 arrefi.

rAe a''0 - OilepaTopbl pOXAeHI'I,{ B nOntpLI3aIIPIOHHbD( MOAaX X,y, ZL nnp,eXC:rt 1,2

o6osHaqaor ilpocrpaHcrBeHHble Morbl, cBer B rarxAoft r,r3 rrpocrpaHcrBerrrHrbrx MoA noJrH{rcrbro
H grIoJTgnT,T3 oR a rr (crerreHT- TTn rr qnrr e Ar r w w n q prr q urr nn\



40. Ha raxofi yron noBopatrrdnaercs. r
llerep6ypre :a cyrrcu?

41. Hta rarcoft yron noBoparrrzBaercr nortx
cBeT'oBo,4a, 3aKpyrreHHolo B BUAe Crrupzuru c pal

42. Cse'r, rroJrrprr3oBaHnufi mauefino no

rroJrrpr,r3arlnefi no4 45" a) poraropoM, 5) uacr
reoMerpr4qecxoft Sa^ru? Oreer o6ocHoeart.

43. To xe, uafirra ua6er reoMerprlqecrcoft S
44. Cner, lonrpr.r3oBannuft flpaBotlrrpK

opr4eHTilpoBalrHyro orrrr.rqecKofi oclro rroA yfno
nnacrr,rHKy, opkreHTr.rpoBaHHyro onrr4xrecrofr ocr
reoMerpr.rrrecrofi (f a:u.

4 4 . Oueuure qyBcrBr,rreJ rbHocrb KBaHToBor

45. Kax c troMorqbro $a:onofi rnacrlrH
[onrpr,B arluounrrx uoA?

46. To xe, Anf, nonyBo.nuoeoft u qerBeprb

47, HenolxptrsoBaHHoe Lr3JryrreHr.re, ilpv
TerrnoBofo r4crorrur4Ka (xar?) npolycKaror qepe3 roJryBonHoB
rrol yrnoM 22.5" x x, 3areM c floMorrlbro npr.rsMbr haHa, nlr4
HarrpaBJrrror Ha.4Ba o.4HoMoAoBbrx lereKTopa (urcl sro snauur?)
KoppensquoHlryro $ynrcquro g*y? r{evy oua 6y4er panua?

48" By4er nr4 rrporBrrflTbcA e(fSexr <crprrroft nonrpr43arlr4

49" OnpeAereuue KoppenflrlzoHHofi ftyHxqzu Bropofo no
50. Orpe4elenue rr cxeMa rzsMepeHrrs Koppenrrlr4oHnoft dlyrrxqnu G(2)**.
51. Yxaxtnre ABa He3aBI{cI4MbIX I4HBaprzaHTa npeo6panosauuft rronflpr43arlua BJ'opofo

noprAKa no rroJrro r{ oArrH t4HBapr,raHT qeTBepTOfO ).

52. OAprn qeJIoBeK (ua"aonelt ero X) yrBep 4nyx$or-onruufi cner ua4laer na
50-0lo cseroAeJrr.rreJrb, o6a Soroua Bcer/(a HarrpaB xo4. I]lpan nux?

53. lHafflure (*) 
" 

cocrorHr.u4 "cxaroro s c<<1.
54. [Iorcaxvre, rrro AJrr cxarofo BaKyyMa yrg, a(a) paeno Hyn]o.
55. Haftgute HopMIzpoBaHHyIo KoppenquuoHHyro Syuruuro Bropo.fo ilopsAKa g@ B

cocro.flHr.rtl "cxarolo naxyyua" 
| 
0)+cl2), c<< L

56. I{apzcyiire cxeMy sKcnepvMeHra rro H
57. IJapucyfire cxeMy oKcnepuMeHra no H
58. IJaurnuru're npeo6pasoBalvfl, Eoromo

ycl4nr,rren.f,. floraNure, qro oHlr coxpaH{}or KoMM

59. I4so6pa:ure na a3osofi rrJrooKocrr4 cne/Iyrcqr4e cocro.f,srr fl. cBera
1) cxaroe rro KoopAr{r{are;

2) cxaroe no (fase;

3) c)Karoe ro qucny $oronon;
4) cxaroe uo $ase rr KoopArrHaTe oAHoBpeMeHHo.

50. KaN nolyruTb B oKcrIepI{MIeHre 4nyx(poronurrfi cBe,r, H€ l{crroJrr,3lrfl
napaMeTpx.rqecKo e p acc e xuue?

51. Kax nolyrlrrb B 3KcnepI4MeHTe cBer c aHTr.rrpyruupoexofi, rrcrroJrb3\/{
napaMeTpr4qecKoe paccerurue?

cn0HTie.r{Hoe

CIIC}HTi]HHOE



6) Bonpocbr K oK3aMeHy
1. .{afile onpeAeneHrae (fnsnuecKrrx rpoqeccoB npr{BoArtuz:x r o6pa^roBaHr4ro rfruaileura n

cpelte.

2. Oxapaxrepusyfire cneKrp rr3nyqeHr4{

3ABI4CIIT.

3. r{ro cnyxo4T npzvllHofi Bo3Hr.rKHo

(funaueHraquua?

4. Ilprlne4nre [pI'IMepbI, rAe Moxer rrcrroJrb3oBarbcf, r43JrrreHr,re cyflepKo]rr4HyyMa
Bo3Hr{KaroilIee npr4 Q zlalrenraqur,t na3epHbx r.rMnyJrbcoB.

5. l{afire orpeAeneHue $oroHuoro Kptrcrrurna.
6. Kanze npoqeccbl nplrBortr x o6pa:onaHzro 3anperleHHbrx cocnor:uufi ,uns doriruon s

(f oroHirtx rpzcralrax?
7. laffire orpeAeJreHr,re 4eSercra B

Izcrro Jrb3 oBanlrx 4e rp eKToB B S orounux Kpr.rcrann

8. [aftre rcnaccuQrararlurc fiorouno-x
rIoscHLITe I43MeHeHpIeM KaKI,IX lapaMerpoB Mo)KHo rroMeHrrb r4x cBeror]eAyrllue u ,lucnepcufruHrre
xapaKTeprrcruxu?

9. Itarrau rI'InoM seluuefino<;rra olpeAensrorcfl uernneiiuo-orrrr,rqecKr4e ceofrcrsa
BOJTOKOHHrTx ceeroeonog?

10. Hro cnyxl4T npItuzHoft rBoJIFIoBoAHoro ycuneHun e(f,fenrnnuocrz neruireftHo-
oIITT,IqeCKHX npoqeccoB B BOJIOKOHHIIX OS erOsonax?

11. K KaKI4M eS(per<rarrl rpI4BoAIzr rpontecc $asonofi oaMoMoAynrruur4 r,rMrr,y'n

H3nrIeHI,Is B EOJTOKOHHTX CSeTOSOnaX?

12. I(ar<ne uellaHefiuo-ollTlIqecKlle npoqeccbr na6mo4arorcr B BOnoKoHHbrx cBero
13. oxapaxrepzsyftre 3aBr4cr{Mocrb crreKTpaJrbHbrx zsN4eHeHzfi'pa'lprocrpa'aroilIeryro, 

',oBOnOKOHHOMy CBeTOBOAy na3epHoM r4Mnynbce oT

14. Kar BJrr4nor Ar{clepcnoHHbre cB

KpI,ICIannHqecKIzX EOJIOKOHHrD< CSeTOBOnax?

15. Oxapaxrepz:yftre ilpr4Hrlr{rrbr, 3aJrox
flpuue4ure nprrMepbr xoncrpyxquft BoJroKoH

rIcIIonb3yIOTCt Anfl aKTI'IBI4pOBaHI4f, Mareprzana cepAueBr.rHbr BOTOKOHHOTO CBeroso,4a?
16' o6r'scnnte [pI4HIII4n pa6orrr BOnoKoHFroro BKP-nasepa. Karr4e TurrLr Bo"]roKCrHHbrx

BKP-.narepoB nbr gnaere?

17. Kaxue MeroAbr r.rcrroJrb3yror'o_f, .[Jrfl rr
ra:epon?

18. Karne MeroAbr r{clonb3yrorc.r ;.nfl
AnIITenbHo cTr{ I4MrlyJrbco B B BO JrOKO HHbD( na3 ep

19' o6r'scHrare' KaK MoxHo nonrrl{Tb ynbrpaKoporKrde Mot[Hbre r.rMrryJrbcbr B BoJroKC
na3epax.

20. Kaxue flpoqeccbl Ha3bIBaKJTc.a nprapo4nofi 6uorrruuepaluzaryu.efi v r]eM
onpe4elxrorcx?

21. r{ro o6yclauznaer Qo'ronnHo-KprrcranJrr{qecxr,re onoficrsa c11ur(yJr
creKJrrHHbx ry6or?

22. Kar nagrrnatorcfl TexHonorI4I,I Konr.rplrorulle npoqeccbr Er >rueoft npr4poAe Lr

soSI4OXHOCtn?

23' r{ro raKoe AI'IHaMIcrrecKat ronorpa$r.rx? Kar<uur,r Sursz.recxurrau [poqeccaMrj oHa
onpeAenrercs r4 rAe Moxer 6trtl zcnomsosaHa?

I{HbIX

OHI4

MOpCKHX

I4X



24. r{r:o raroe Novelty Suntrp u qeM orp
25. Kaxoft s$Serr HasbrBaercr e(fQerro

Im co3AaHHx Novelty Sranlrpon?
26. Karue crrcreMbr Ha3blBaroro.rr BoJroK

MoHr,rropr4Hra rpasrE.recrux nolefi rr KaKrze npr.rH

27 . Kat<ue rr,rrrbr BoJroKoHHo-oilTuqecKux

28. Vro raKoe [porsxeHHar BoJroKoH

npr.rHrlr{lrbr 3aJroxeHbr B OCr{OBy MyJrbTr.runeKc

BOJTOKOHHO-OtrTr.rqecKyro r.I3Mepr.rTeJrbHylo Jr.[rHr.r

29. (Jlr,scuurce [pr4Hrllzrrbr AorrnnepoBcK
ATOMOB.

30. Karunau cnoco6aruz Molr(Ho 21o6urrc.s
31, 1[Ipzne4r.rre npr4Mepbr rrpaKrrrqecxofo

aTol\4oB.

32" TIro leNur B ocHoBe flBJrenrzr KBaH

yponuerl?

33" llpane4rare rprlMepbl Hl43Kopa3MepHbrx HaHocrpyKlFp u oxapaKreplrsyfre
eHeprerr.rqecxufi cn exrp Hocrzrelefi 3apflAa B Hr.rx.

34. oxapanlepusyftre sKcI{ToHHbIe cocrosHr4q B nonynpoBoAHr4KoBr,rx u AxrsneKTpr{q6cKr4x
MaTepr{anax.

35. I(aN srlaser feoMerpuqecKarl Qopnna HaHor{acrr.rrl Ha or{elpferra.recKr.rff cne6Tp u,rrcp{rerefi
sapx4a?

36. Kax BJII4ser oKpyxarcqar cpe4a(rr,rarpurqa) Ha ogeprer:z.reoxzir cneKrp 3Kcr.rrorroB B
uauouacruqax?

\t'J'L\q'v+q'L vyvAa\lvr*rpvr+a) no, Jfreprl,rl4.Tw(nar ullcKlp 3KcltrolloB B
racruqax?

37. rleu onpeAenterc{ Hll3KorloporoBas orrrr.rsecKa.fl Herr4uefiHoclb fereporeHnbrx cpeA
coAepxarqux HaHolracrr4ubr rz3 Ar4 neKTpuqecKrrx Marepr4 zrnoB.

n) Cauocroq'TerbHaq pa6ora ac[upaHTa

CaMocrosrenl>Has' pa6ora acnlpaHToB BKJrroqaer caMocrorlreJrbr{oe 6oree lnvlooxoe
ocBoeHlze Marepuana, pac B paMKax JIeKqI,roHHbIx saFlflrlzfi.

1' 3HaxoMc'so c secKI,IMI{ Hsra';.Lrtr.'u rro MeronaM reHel)au[]r
cylepKoHTr{HyyMa r} BoJro

2'I4syueuue MeroroB Mynbrl4rlneKcllpoBaHr4r BoJToKoHHO-orrr'qeoKr.x rir3Mepr.rrerrbHb.*
r.nuuft s CMAPT-| PI4A crlcreMax MoHzrropr.rHf a.

3. Zsyvenrafl rIplrHIII4na ynpaBJlel{r4.fl aroMHbrMrr [yqKaM vr. u Era1o.rru,rorp,aSzzr.
4'I4zyuenue TexHoloruft npoll3BoAcrna 6uolrzrrreruqeoKr.rx Ha'oKoMlo3zrHbrx

6zouzHepalbtrbx c,rpyKryp.
5 . zlsy.reHrae HoMeFrKnarypbr $ orouuo Kpr,rcrannv qecKHX BoJr oxor{.

v pIHOOPMATII,IOHHOE OErrclrEqEnun

1. {nftpaxrlr4oHnalr orrrr{Ka n Hauo(foroHprKa

iD

[3nercrpouusrfi pecypc] / Be:yc E,A., ir;ucon

OI43I,IKA>)

[.A., {ocroJroBr'rrr JLJI., Koeanen A.A,, Korrup B.E}., Hanzuon A.f'., rlop$upr,en A.fI., crcu21aHon
P.B., cofiftep B.A., crageen c.c., Xounua c.H. - M, : OI43MATJIIAT,,2014.- 60g

1. YqI]EHO-METONUqECKOE
AI4CIIUIJII4HbI ( JIA3EpHAfl

a) ouronuarr Jrrrreparypa:



orrrr.rKa f3rerrponnrrz pecypc] / Illauran o.r4. - M. : Texsocsepa, 2013. - 296 c.
3. <Dusr.rK B.c. Jleroxog - )Kr43Hb B HayKe [3rexrponnrrfi pr:cypc] / llc,a pe4"

T.il. Kapy, B.I,I. Ba-nuKr.rHa - M. : <DZ3MATJII4T, 2012. - 241c.

2. Pacrponafl gJreKTpoHHatr Mr4KpocKonrls

[SrexrpoHutrrfi pecypc] / noa peA. y, Xy, X.JI.
2014. - 600c.

Anfl HaHorexuolorvrfi. Mer:oIu u trptd FIEHI,IE
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