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1) 3HaTb:' coBpeMeHHbIe HayqHbre Aocrr.rxeHrs (VK-l); coBpeMeHHbre Mero,4hl
I'IccJIe/IoBaHI'I{ vt nuSopirtaquoHHo-KoMMyHl4KarluoHubre rexHoJrofuu (OIIK-l); coBpeMeHHhre
MeroAhI I4 TQXHOJIOTUI HayqHoft ronauygl4Kalluu Ha rocyAapcrBegHoM rr r4HocrpaHHoM fl3brKax
(yK-5, IIK-l); Merorhl Hemaueftuoft onrlrKu vr ra^:epuoft creKrpocKonvr4 (lIK-3, 1IK-S);
coBpeMeHHhIe MaTeMaTLIqecKEe MeToAbI AIIfl alclartr3a Snsuuecrr4x npoqeccon (IIK-4);

2) yuerri KpI'IrI'IqecKu MbIcJIt4rb pr reHepr4poBarb HoBbre tr1ekr npr4 pemeHnrl
I'IccJIeAoBareJIbcKlIX u [paKTVqecKLrx 3a!lalc, nnaHr,rpoBarb r,r pemarb 3alLa'qlv (yK-l); co6crseuHoro
npo(peccuoHaJlbHoro H JILIqHocrHoro pa3Br,rrux (YK-5); cauocrorreJrbHo ocyqecrBnrrb HayqHo-
vccJleAoBare.I[bcKylo AeflTeJlbHocrb B coorBercrnyrorqefi npo$eccnoualruoft o6tac7ju c
LIcnoJIb3oBaHueM coBpeMQHHbIx MeroAoB I'IccJIeIoBalprs. H Iau(foprraaqproHHo-KoMMyHr4KarlzoHHhrx
rexHoJlofl4ft (OIIK-l, IIK-3); IdcroJlb3oBarB coBpeMeuHhre MeroAbr r{ccJreAoBaHr,rfl 11poqeccoB
nsarzuo4eftcrlll4g KorepeHTHoro otrTllqecKoro rz3JryqeHrt c BeulecrBoM u MareMaruqecKpre Mero.trbr
(rIK-1, fIK-4, nK-5);

3) B"rraletr: cnoco6nocrbro K KpLITI4qecKoMy aHanu3y r{ orIeHKe coBpeMeHHbrx Har{Hbrx
AocrlIXeHI4fi, renepupoBaHl4ro HoBbIX ugefi rrpu pemeur{r{ rdccJreloBareJrbcKt4x Lr npa6Tr.rqec1r.rx
3a4aq' B ToM r{I'IcJIe B MexAI'IcqI4nJIHHapHbx o6racrsx (yK-l, IIK-5); roroBHocrb rrpr4MeH{Tb
coBpeMeHHbIe MareMarl4rlecKl4e MeroAbr rrpr{ aHanr{3e rrpoqeccoB Jra3epHoft (fusrar<u, xnaHronoft
onrl'IKI'I, $o'ronuxn v JIa3epHhIX HauorexHonoruft @K-a); cnoco6Hocrr rrccJreAoBarb
(fyn4airlenraJlbHble csoftcrna BelqecrBa (nK-3); cnoco6nocrbro rrJraHr{poBarb r{ perxarb 3ar,"v
co6creeHHoro npo$eccrroHaJrbuoro rr rr4rrHocrHoro pa3Bkrrprx (yK-5).

4. CTpyKTypA I,I COAEPXAHI,IE AI{CUI4IIJIIIHbI
O6rqat rpy4oeMKocrb AI4cIInnnI4HbI cocraBr.rrer 3 sauerHbx eAr.rHr4rlrr, 108 qacoB.
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1. Ocnrosnr ne.nuneftnofi orrrrrKrr. HerunefiHo-orrrr{qecKr.re s3aHMonefi,crsus cBera u
BelrlecrBa. llprapoga uelzneftHo-onrllqecKr4x snreuufi. Knaccu(pr4narryrs, Helranefiso-orrrr{qecKr{x
s(p(perron. Ilonrpusaqufl AI4oJIeKrpr,rKoB B nocroflHHoM 3[eKTpr.rqeqKoM noJre. flolrpusaqHr
I43orponuoro AIagneKTpIzKa B cBeroBoM noJre. Branrr,ro4eficrBue r4HTeHcr4BHhrx sneKTpoMafHr.rrHbx

BOJIH o nenusefinofi cpe.qofi. fenepaqux nropoft rapMoHr,rKr{. Ycros[e (fasoaoro cr,rHxpoHr43Ma.

Cratu'{ecKuft u Ausavuqecr<ufi e(p$err Keppa n Helzueftnofi cpeAe. Kepponcrax
carrao$orycprpoBKa. Oasonas caMoMoAyrrrlus cBeroBoro r.r3rytreHr.rr. PacruupeHlre crreKTpa

(ferratocercyn.E,Hblx HM[yJIbcoB e HeruHeftr-rbrx cperax. Kouupeccvts na3epHbrx rdMrryJrbcoB.

2. fln,ilenne Sn.navreHTallrrrr B renepaqurr cynepKonTrrHyyMa rrprr pacnpocrpaHeHr{rr

Jra3eplrblx IrMrIyJrbcoB B neruueftuofi cpe4e. feHepaqur cylepKoHTuHyyMa nprd

pacilpocrpau<iutrkr na3epuoro r4MrrynbcHoro H3nyqenurfl. B KoHAeHcr{poBaHHbrx cpeAax. @agonas

caMoMoAyJlsnlufl lI sJIeMeHTapHat Teopr4r cneKTpanbHoro yrlupeHr,rfl cBepxKopoTKr4x Jra3epHbrx

HMnynbcoB. Fleruuefiuoe BoJrHoBos ypaBHeHr,re Anr olrrcaHr{r flpoqecca $unaueHTarlr4r4 na3epHoro
I,IMIIynbca. IzIsMeHeHne ifoprrarr v c[eKTpa r4M[yJrbca npu $znauenraqzu. Oulauenraqus
llMnynbcHofo Ia3ryqenl4r n ra.:oo6pa3Hbrx cpeAax. Arlroc(fepnrre npnJroxeHr4r MorrlHofo

$err,rrooexyHAHofo Ll3nyqeHr,rs. OunaueHTarJLrA na3epHoro rr1'.{Ka, KaK r,rcrorrHr,rr cyrrepKoHTr{HyyMa

AJrr sKoJrofrrqecKoro MoHHTopr4Hra.

3. Ooronnrre KprrcraJrJrbl. Kraccu(fuxaqur $orounux KpncranJroB. O4uolreputre,

AByMepHbIe 14 TpexMepHble $orouurre Kpr,rcraJrJrlr. MexauusNa (foprvruponaurzr Soronulx
3arlpeueHHbD( 3oH. Poru 4e(perton e $orouno- Kpr.rcrannuqecKr4x crpyKTypax. @orouno-
KpLIcraJInI{qeoKI{e ycrpoftcrna. Ooroslro- Kpr.rcrannuqecKr.re BoJroKHa. Knaccn(fura\H*
Xaparc:repucrl.IKl,I Soronuo- Kprrcr€rnnrrqecKr.rx BoJroKoH: MoAoBbre, AncnepcuoHHbre,
gHeprerllqecKlle u cneKTpirnbHbre xapaKTepr4crr4Klr. Ooronno- Kpr.rcraJrJrurrecKlre BoJroKHa c

3anperleHnofi gouofi: Bpsrroncxr,re BoJroKoHHbre cBeroBoAbr: 2D -$oroHuo- KpncraJrJrr.Frecxr.re

BOJIOKOHHbIE OBETOBO.IIbI.

4" HelruHeftHas olrrrna BoJroKoHHr,rx cBeroBoAoB. Helranefino-onrrzrlecKrze fipoqeccbr B

BoJIoKoHHbrx cBeroBoAax. Borurono4lroe yc?rneHr..re e$$errunHocrra Henuneftno-orrrr.rqecKux

lpoueccoB B BoJroKoHHbrx cBeroBoAax. @asonas caMoMoAynilIrrfl vrg[ryrrenr,rs B BoJroKoHHbrx

cBeroBoAax. lhusnIle Allclepcu]r Ha HeJrr4Hefinrre nporleccbr BoJroKoHHbrx cBeroBoAoe. @a3osat

Kpocc MoAyJIfrIII{s HM[yJIbcoB B BoJroKoHHbrx cBeroBoAax. HerrrpexnoJrHoBoe cMerrreHr4e BoJrH.

Bunyxq4eunoe rou6ranaquoHHoe paccetHl,Ie (BKP) r43nyqeHlrfl B BoJroKoHHbrx cBeroBoAax.

Buuyx4euuoe pacceruue MaHAemruraua-BpunJrrogHa B BoJroKoHHbrx cBeroBoAax.

PacnpocrpaHeHlle yJlbrpaKoporKrix r4MrrynbcoB B BoJroKoHHbrx cBeroBoAax. Haraqra s o6racru
uoptvla:rrnofi 4r4cnepcuu. Haraqra n o6lacrpr alroirralrsofi Ar,rcnepcnr.r. fenepaqrzx

cyrIepKoHTIaHyyMa BoJIoKoHHbrx cBeroBoAax. Herzueftuue cnoftcrna SorouHo-Kpr4craJrJruqecKr.rx
BoJIoKoHHbrx cBeroBoAoB. lracnepcuoHHbre csoficrea HeKoropbrx Mr4KpocrpyKTypr,rpoBauuhrx

(foronuo-xpkIorttrrllqecKl4x BoJIoKoHHbx cBeroBoAoB. feuepaqur cynepKoHTr{HyyMa B

BoJIoKoHHbrx cBeroBoAax. feuepaqurc cyilepKoHTuryyMa n MC-nonoKoHHbx cBeroBoAax,

llMelouero ABe AnI4HHbIe BoJrHbI Hyreuofi Ar.rcnepcr4ra. HenraueftHo-orrrprqecrue csoftcrna @K

BOJIOKOHHbX OBETOBO,IIOB.

5. Bo;lotcoHHble JIa3epbI. llpuuqnn pa6oru BoJroKoHHoro Jra3epa. Arrvnnrre BoJroKoHHbre

cBeroBoAhl. PesoHarophr BonoKoHHbrx Jra3epoB. HenpeprreHbre BoJroKoHHbre na3ephr. Bonoxouutre
na3epbn Ha ooHoBe BbIHyx.4eHHoro xou6r4HarlnoHHoro pacce.sHufl. vrsily-rrelryr.s. OAnoKacKaAHbre,

MHoroKacKaAIIbIe v cocraBHbre BKP na3epbr. Bororonsrre BKP-na^:epu co cttyuafinoit
pacnpeAeJlennofi o6paurofi cB.rr3bro. ?Iunyrscnbre BoJroKounrrfi na3epbr. MeroArr flonyqeHuf,



I{MnynbcHoro I'I3nyqeHLIr BoJroKoHHbrx Jra3epoB: MoAynrq[r Ao6poruocrr,r, aKTr.rBHafl, Lr rraccuB1as
oI{HXpOHI43aIII4' MOA BOJIOKOHHOTO ila3epa, r4clroJrb3oBaHae 3epKanbHofo Hacbrrqarcueroc_rr
nonynpoBoAnlI4KoBofo rorJlorl4TeJr.s (SESAM). MeroAu KoMneHcarlurr Ar4cnepcuoHHoro
pacnnblBaHlle I4MnynbcoB BoJroKoHHbrx na3epax. flpusueuHrre KoHAeHcaropbr Ar4crrepcr4r,r
rpynuOnoft cl(opocrl4. Peruero.rHHfi rcorr,rnencarop Ancnepcr4pr rpynnosoft cKopocrr{. Kounencarop
Al'Icrepcuu rpynnonoft cKopocrl{ Ha ocHoBe ranrepSepoMerpa Xup - Typuya. Kou4eucaroprr
Al'Icnepcull rpyrnonoft cKopocrl,I Ha ocuoBe qupnrpoBaHnrx 6perroncxufi 3epKan. Crcreua
BoJIoKoHHo-ottrrl{qecKI,IX reHeparopoB cyrrepKoHTt4HyyMa. Ycunesue YKI,I n BoJroKoHHbrx na3epax.
Bolot<ounrre na3epbl B TexHoJlornu. OHsraqecxze npoqeccbr rrpla o6pa6orre MarepuiuroB
JIa3epHbIM u3JryqeHl,Ieu. Mero4rr noBepxHocruoft lasepHoft o6pa6orKr4. flprzryleueHr.re BoJroKoHHhrx
niBepoB AJrr cBapxr{, cBepJrenr,r x u o6pa6 orKa MarepnanoB.

6. He.nnnefiuas {oroHurca HaHocrpyKryp. Snepreruuecnr.rfi crreKTp HaHopa3MepHbrx
crpyKTyp. O6irerunas KpLIcraJrJII{qecKas crpyKTypa: gHeprerr{qecKr.rft c[eKTp socureleft 3apflg1a B

o6tenae Kpl,IcraJlnl{qecKofi crpyKType, [JrorHocrb cocrosuufi gneKTpoHoB B gHepr.ernqecrofi gone
o6reuuofi Kplicrannll.{ecKoft crpyKTypbr. 3neprerzqecxrafi crreKTp n nJrorHocrb cocro.sHr4ft
uocurelefi 3?tpflra B oAHoMepuofi usorraponauHoft xsaHronofi flMe v KBaHToBbre HLrru. Knauronsre
TOTIKI'I I{ nJlotfHocrb cocroflHufi enexrpoHoB. 3ncuronntre cocrosHu B noJryrrpoBoAHrrKoBbrx r{

.4I'IsneKTpIrqeoKHx Marepl,Ianax. Cno6oAnble sKclrroHhr r.r gKcraroHbr Banre-Morra. CeggaHnrre
gKcI4ToHbI (erccuroutr @peurenr). Brusuue (popnau HaHoqacrr.ru Ha gHeprerr,rqecKyro rroAclrcreMy
nocnrcleft 3apflILa. O4no.racrrarlHble cocroflHrzfi B HaHoqacrr4rlax cJroxHoft $opl6r. [ny.racr:nuuae
(encuronuue) cocrotHll-fl B HaHoqacrpruax c HenpaBr,rlrnoft reouerpraeft (poprrarr. BnHsHEe
orpyNatoqeft cpeAbl Ha sHepreruuecrzft crreKTp gKcr,rroHoB B HaHoqacrr.rqax.
Husrosuepreul4qecKat orITLIqecKar nerrauefiuocrb xr4Arr{x HauoKoMno3r.rrHbrx opeAcrB Ha ocuoBe
HaHOqacTIrrI.

7. Jlasrepnoe oxJralxAeHl{et rlJreHeHue v y[paBJreHr{fl aroMaMu. ,{onneponcroe u
3eeMaHoBcKoe oxJIDKAeHlIe aroMos. OcraHoBKa r{ rrJreHeHr{fl aroMoB: AonrtnepoBcxze JroByrrrKrr,
MaTHPITHo - olrrl4.IecKue noBylrKu n cuzuSoBo oxJraxAeHrre. Jla:epHoe oxJraxAeHr,re Hr,rxe ypoBHt
orAarlu. OxuaxAeHLIe aroMoB Ha ocHoBe ceJreKTr4BHoro no cKopocrsM KorepeHTHoro rrJreHeHr4fl

HaceneHHocrlt. I,lcnapureltnoe oxnaxAeHr.re aroMoB. @rasuKa xoJroAHbrx aroMoB u ee
npunoxeHHf,. OAsorcolrnoHeHTHas rrna3Ma. Bose - 3fiHrurefiuoscKar KoHAelrcarlr,tr aroMa.
Arounsrft Jlasep. Arouurrfi $oHrau r4 aroMHbre qacbr. Arol{nas orrrnKa. MeroAu nocrpoeHu{
SJIeMeHToB &ToMHbIe OIITTIKLI. VnpaueHlae aroMHbrMr.r nyqKaMr4 c rrcrroJrb3oBaHr.reM.

Marepnanrnrrx crpyKTyp. YnpaereHrae aroMaMr{ nr{KaMrz c tlcrroJrb3oBaHr.reM crarr{qecKr,rx
SneKTpuqecKI'IX lI MarHI4THbx noleft. YnpaueHue aroMHhrMrz nyqKaMr.r rrpu floMorqra na3epHoro
I43JIf{eHI4s. Arouno-onrl4qecKa.s Hanonr.rrorpa$uu. Hanolurorpa$ux rrprMoro ocaxAeHus.
Hanolvnorp acput na pe3ucre. AroMHas HauolepbeBas rr4Torp a$ux,

8" OoronuKa caMoopraHn3yrorquxcfl HaHocrpyKTyp na 6nounHepaJrbHbrx o6rercron n
nx 6uo*ruurelr'rqecKl'Ix aHaJroroB. Mop$olorun u $usuKo-xr4MrzrrecKrre xapaKTepprcrrrKr4 cnr.rKyJr
rly6oronoAHblx creKJI.flHHbIX MopcKI,IX ry6or. Ponr $oroHHo-Kpr{craJrJrprqecKrrx ceoficrs clr,r1yJr H
uydororoAHbx MopcKZX ry6or< B npoqecce nx lrera6onlr3Ma. Herurnefiuo-onrr{qecKlre cnoftcrsa
cnl{Kyn rly60xonoAHblx creKJlflHnbrx MopcKr{x ry6ox. BuouranaerprlqecKoe MoAenr4poBaHr.re
6noculuxarsoro HaHoKoMno3r.rrHofo Marepuana cnrzKyJr fCMf. 3olr-rem rexHoJrorun
xrlMl{qecKoro MoAeJILIpoBaHLIt 6uouuueparbHhrx HaHoKoMrro3rrrHhrx Marepr,raJroB n HX

onrl4qecKl4e xapaKTepvIcrvtKn. 2D u 3D reouerpuqecKne HaHoKoMno3lrrHbre r.r Marep[aJrbHbre
crpyKTyphl 4rra (poroHurH, 6LtoueALIqI,IHa, Karanr.r3a u cop6tlut Euoczlu(franaqrza B xr{Bbrx
CI,ICTEMAX I,ICNOJIb3OBAHI,IE KJIOHIIPOBAHHbX 6ETXOS CI,IJIIIKATEI4HOB,



crpyKTyphl r'JIt QoroHI'IKu, 6t4oMeAl{qaHa, Karurvsa u cop6qllr. Buocnrur(pzrcaqrar B xr.rBbx
CI.ICTEMAX I,ICNONB3OBAHI4C KJIOHI,IPOBAHHbIX 6ENrOg CI.IJII4KATEIIHOB.

9' luwtLtuqecKafl ro"norpa0nfl rI onrurrecKrre Novelty QH;rrrpnr. AAanrusHafl orrrr4Ka.
,{uuarrau'recKa[I ronorpa$ux. llpoqecc u:azuo4eficrBr4r AByx nnocKrcx BoJrH Ha .4r.r'aMr.rqec*rzx
roJlorpaMMax r Sorope0parcrunHbx KpIzcraJIJIax. flepe4arouHaf, xapaKTepvcrr,rKa orrrrrqecKoro
Novelty Qunrrpa. oco6euuocru (fyHr<quonzpoBaHr.r.rr orrr.rqecKprx novelty Qunrrpon.Husxo-{acrorurrfi I4 BblcoKoqactourufi Novelty Sunrrprr. flonoconoft Novelty Sunrrp. Novelty(fwrtprt, ocEtoBaHHbIe Ha LIc[oJIbsoBaHr4]r rBJreHr,rr (faHuura r Sotope$paKrr{B'hrx Kpr{crannax..
(DyurqnonaJlr'Hble novelty Oumrpu 4nr o6pa6orru uso6paxenufi Ha ocHoBe eQsercm (panunra.
Brrcorco'Iacro'rHble KoppenflIll,IoHHbre novelty Sranrrprr peanb'oro BpeMeHr4.

10' Aranrrnnaq onrosJreKTpoHHbre crcreMbr CMAPT - IPI,IA MoHrrroprrHra
$lBu'recrcnx uo.nefi o6rexros. Jla:epnar AlrafHocrr4ra. IrlHrenJreKTyanbHhre pacnpeAeJreHghre
I'I3MepI{TeJIbHEIe cllcreir'lu CMAPT - |PI4A MoHLIropLIHra $usuuecrux nonefi u o6rer<ron.
TouorpaSuqeoKl4e pac[peAeJle'Hble BonoKoHHo-onrr.rqecKrre L*Mepr{TeJrbHbre crEcreMbr nnfr
peKoHc'rpyKIII4I'I pa0ilpeAereHllS CKanrpHbrx H BeKTOpHuX $ra:ravecKr.rx noneft. flporxNeHnsrft
BOJIOKOHHO-O[ITI4qeCKI4o I{3MepI4TeJIbHbIe IftIHVM Ha ocHoBe OAHOBOJIOKOHHbX MHOTOMOAOBbIX
zurepQepoMerpoB vI Mero.4bl a4aurunuofi rpocrpaHcrneuHoft Sururpaqzu. MeroArr
MynbrarIJreKcI4pOBaHI'It BonoKoHHo-Orrrr,rgecKr.rx r.r3Mepr4TeJrbHbrx r.r3Mepr.rrenbHhrx nuuuit B
CMAPT - |PI4A cl{creMax MoHI'IropI4Hra. llpocrpaHcrBeHHoe MyJrbrr.njreKcr{poBaHrae. vruosoe
MYJIbTI,IIIJIEKCI4POBAHI4E. CNETTPAIbHOE MYJIbTI,INNEKCI{POB A:FIVIE.

5. OEPA:}OBATEJIbHbIE TEXHOJIO|I{I,I
flpone4euze JIeKIII'IoHHbIX salxruir o6ecneqeuo cneqlranr,r3r,rpoBaHHbrMr.r ayrr4TopusMLr,

o6opy.qosaHHh'lMrl KoMnblorepaMu Lr gneKTpoHHbrMr.r npoeKTopaMr.r, qro rro3BoJrrer corrpoBoxAarb
rrreHrre lexqzfr AeMoHcrparlaefi rountlorepHbrx crafi.4os.

B paura>i neKIIrIoHHoro Kypca llcnoJrb3yrorcr raKxe eJreryrcqlre rexHoJrorlrr.:
r KOUUI;TOTEPHbIE C]/.,MY IIflIT]r.'r_ JIA39PHO-I{HAYIILIPOBAHHbIX IIPOqECCOB;
o TexHonorus upo6leuHoro o6yueuux (case-study). rlpra paccMorpeHarc BorrpocoB

npaKTl'IqecKoro [pI'IMeHeHLI{ paccMorpeHHoro Teoperr4rrecKoro MarepLraJra, ucrroJrByerc{ ArraJror
co cTyAeHTAMUHA [peAMer Bo3MOXHbrx cnoco6on pexreHr.rr nocraBJreHuoft saAaqu;

o Bcrpe'qz c yqeHbIMI4, pa6oratoqurran s o6racrfi rasepHofi Su:rErcu u rasepuofi
AI,IaTHOCTIIKLI.

6. OIIEHOIIHbIE CPEACTB A TJIN TEKYIqETO KOHTPOJI.fl YCTIEBAEMOCTI4,
TIPOME}KYTOIIHOfr ATTECTAUPIU ilO IITO|AM OCBOEHI4'IAI'ICquilJIIrHhI u yrIEEHo-METOAI,ITIECKOE 

oEECTIETIEHI,IE
CAMO ICTO.fl TEJIbHOIZ PAE OTbI ACTII{PAHTOB

a) IlepeureHb BorrpocoB AJrfl TecTrrpoBaHufl
1' Jkalrefilro ronspu3oBaHHoe Lr3Jryqenr.re He-Ne Jra3epa c mupr4Hofi cnexrpa 20 MfqHanpaB['rerct ]B IlHrep$eponaerp Maxa-I{eu4epa. B oAsou r.r3 rJreq raHrepSepoMerpa crot4r

noJIyBoJIrIoBat nJlacrllura, 6es norepb noBoparrlzBaroqa.f, non;rpr43arlulo Ha 90o. Kaxofi ronxHa6utr pasuocrb rIJIeq, '{ro6rr Ha BbIxoAe zurep$epoMerpa cner 6ru Henonflpr43oBaH Bo BTopoM
rropsAKe no nomo?

2' Kar c noMorllblo Kpl'Icrtlnla nr'lo6ara rvrrnfl. cAenarb Helorspr,r3oBaHHbrM nprneffno
noJItpI'I3OBaHHOe lBJIrreHLIe CBeroAI{oAa c rleHTpanurofi 4ruaHofi BoJrHbr 500 nir,r z urzpuuofi



cneKTpa 30 nu? Karofi AJII4HrI Hyxuo B3rrb rcpucrall? O6rrKnosensuft u neo6ursoeeHHuft
rloKa3arenrl [peJIoMiIeHvIAHaAnHHe BoJrHbI500 nvr paBuhr, coorBercrBeHHo, 2,34 u2,24.

3. B reqerule KaKofo BpeMeHI,I (no nopx4Ky Benuqfluu) corue.rHHfi cBer MoxHo cqr,rrarb
rloJrflpll3OBaUHrUrA?

4. To xe, AJIf, cBeroAtloAa, I43JIfIaIouero B Anana3oHe 30 nrra c MaKcrrMyMoM Ha 500 nvr?
5. Kaxa:r KoppeJItII[oHHaf, $ynrqux fnay6epa r{3Mepf,ercr B 3Kcrrepr,rMeHTe rro

Ha6mo4euurc (cKpbrroft nolrpusaq nu>>? 3anucarb BbrpaxeHlre.
6" HeluaroHaJlbuble gJIeMeHTbI MarpI{rIbI KorepeHTHocrr.r paBHbI HyJrro. OsHa.{aer Jrr.r gro,

trITO CBeT Helonrpll3oeaH?

7" Moxno JrI,I ilo BI{Ay BeKTopa ,{xoHca olpeAeJrrlrrb, rBJrfercfl JrLr cBer noJrHocrbro r.rJrl4
qacrr.rqHo rronfi pr,r3oBannlru ? Orser o6ocuonarr.

8. KaKoea AoJIXHa 6urr tomrll{Ha KBaprlesoft nracrr{HKrr, opr{eHTr,rponannofi (onru.recxoff
ocuo) rIoA ynroM 45 rpa4ycoB K Beprl,Ixa-nn, uro6u roprr3ouTaJrbHo [onrpr,r3oBaHHoe r43jrrreHr.re
turau-cau$I4poBoro na3epa c Anunofi BoJrHbr 800 uu r4 Anr4TenbHocrbro r.rMrynbca 100 $c Ha
BbIXOAE I,I3 IINACTI,IHKI,I CTAHOBHJIOCb

a) nepruralbHo [orspr.r3oBaHHbrM;

6) ueuonxpLI3oBaHHbIM. .{nynpenoMJreHrde KBaprIa cqrrrarb panutrru 0. 0 1 .

( t /),,2 r129. [onalrure, qro Marpr{rlbr sr.rla | . | ,ltl- +lrl" = I o6pa3yror rpynny ro orHoluenuro
[-"* t* )'t 

| | |

K Oneparlr4r{ yMHoxeHr.Is.

10. floxasart, qro BeKropbr fiNouca ;irfl rrpaBorllrpKympuofi v JreBorlr4pKyJrrpuofi
rroJrspr,I3arlutr opToroHanbHhr.

11' Crolrruun BeIqecrBeHHbIMH napaMerpaMra xapaKTepr{3yercfl nponsnomurrft
AB)4ffo,AoBrrft cseroAelraterl? @asosafl nJracrlrHKa? Porarop? Orner o6ocuonarl.

12. Kax npeo6pasyercs BeKTop ,{Nouca, KorAa BeKrop Crorca noBopaqr4B aercfl, Ha 7[ BoKpyr
ocr,r o':? 3anvrrnure Marpr{uy [NoHca.

13. KourrryraruBHhl JII4 noJl{plz3aqr4oHHbre npeo6pa:osanus? Orner o6oqronarr.
14. MoNno nI4 rlpnAyMatr Ha6op (pasonsrx nJracrr{HoK r{nr4 poraropoB, noroprrft .nrc6oe

rroJrfl pH3arrlroHHoe cocrof Hr,re upeo6pasoBbrBaJr 6rr n oproroualrHoe?
15' (a) Kax AolxeH 6trrt noJltpt43oBau cBer, .rro6rr flpor.r3BoJrbuufi porarop He MeH{Jr ero

cocrotHl'It nofltpl{3allun? (6) Kaxuira AonxeH 6rrru porarop, vro6rr oH He MeHflJr rrpor43BonbHoro
cocTorHr,rr [oJrspr43arluu cseta?

15. Kax r,r3 rJracrlrH on L , L23
17. I'Iuexrrcs qerBeprbBoJlHoBble nJracrr4HKr{ Anr r.r3nyqeHus YAG:Nd nasepa c Anuuoft

BOJIHbI 1064 nn'r. Byayr JIpI ABe raKLIe ITJIacTLIHKLI pa6oram KaK oAHa rroJryBoJrgoeafl nracrr4r-rna?
Eyaer nLI oAHa. Talr.as, rIJIacrI4HKa pa6oram KaK rroJryBoJrHoBar rrJracruHKa AJrs rr3nrreHrar aropofi
rapMoHr4Kr,r TOfo xe la:epa?

18. Cner, nonflpl'I3oBauHrrft nznefino rro x, rraAaer Ha cucreMy us 5 rrJracr]rH Xl2,rtpuaeM ocr,r
Bcex qeTHbIX rI.[acrI4H HanpaBJreHhr noA yrnoM *1o r ocu x, a ocv Bcex HeqeTHbrx _ no4 yuov _1o

r ueft' Kax 6yget noJItplI3oBaH cBer Ha BhrxoAe? A ecnz Bce rrJracrr,rHKr.r opneHTr{poBaHhr
oALTHaKOBo - noA yrJrorvr *lo x ocra x?

19 . lna oprorouanbHo rronflplr3oBaHHbrx

o,qr{HaKoBbre (laronrre rracruHKr4, a 3areM
uurepSepeHqurn? Orser o6ocnosarl.

)"
cAeJraTb ITJTaOTLIHK! ; ?

6

MOHOXpOMaTT{qecKux nrrKa cBeTa rrpoxoAsT rrepe3

c6usarcrcs Ha gKpaue. By4er lu na6mo1arbcfl



20 . Haft:tu cre[eub n o Jrfl p r,r3 arl Vr4 AIA ogn o $ oron Ho ro cocro fl:avts..

21. Kax r3Mepr{rb rrapaMerp Croxca Sr?

22.HapucoBarb ycraHoBKy Ars rrcMepeur.rr rona6nsaqu[ napaMerpos CroKca St+S2.

23. BrrqrcJrr.rrb KoMMyrarop [Sr,Sz].
24. CocrasJrrror nr..r rpynny oreparopbr Croxca? Oreer o6ocrosarr.

2l.BrtaufiLlrb napaMerpu Crorca Arrs. cocrornr.rr lvac) + clZrO), reHepr{pyeMoro npu

CIIP nepnoro rl,Irra. Karue napaMerpbr Crorca Moryr 6rrru [sl,repeHbr oAHoBpeMeHHo Anr 3Toro
coctosHIls?

25. florcazatb coorHorrreHue So2 ::562:*59.

27.Haitru cpeAHee 3Haqeulre oneparopa S2:(S,S) n o4uo(poroHHoM cocrosHrpr.
28. Haftiru KoMMyrarop [S2,S r ].

29. floxaxure, qro rpI{3HaK HeKJraccnrruocrr4 DtQ)=&#.|, gk=+, He
gr' G(Y

BbrnoJrnfl er cfl, ilrrfl, TenJroBoro (rayccoecxoro) rnsrryueHr.rr.

30. Brrnonu.f,ercr JrH gror npr,r3HaK Anfl KorepenTuofo uznyteunx?
31. Haftr:r,r o6teu KorepeHTHocrLI Ant u3Jrf{eHr4r Ar{oAHoro Jra3epa-yKa3Krz c Anr{Hoft nonurr

650 uu, uruplrHofi ctreKrpa 10 uru, AplaMerpoM nyqKa 3 nau u 4ra(ppaxquoHnofi pacxoAr,rMocrbro.

(3a'reu 3Aecb yrloMl{Haercr 4n(fparrlr4oHnafi pacxoAr{Mocrr?) llpz xaroft MoqHocrr,r nasepnoff
yKa3Kr,r s o6reNae KorepeHTHocru 6yAer o4uu $oroH?

32. Heir,ry paBHa P-Synrcqua AJu BaKyyMa? A SyHrcqrar Bnruepa?
33. Karcure BeJILIqI4HII HaAo l,r3Meplrrb B 9Kc[epr{Meure, uro6u y6eAarrcs B HerJraccurrHocrrr

4np<(poroHHoro cBera? Hapraconarb cxeMy oKcneprdMeHra.

34.Hafirn rapaMerp rpynrllpoBKl,I (lroprrarapoeaHHyro KO Broporo nopa4na) g@ Irrfl

cocro.f,Hrlr crl0)+ Plzl|"l'*lpl'-1. IIpu KaKoM ycnoBr.ru cBer B raKoM cocrorHrzra 6yaer

o6na4a'rr aHTzrrpyrrnnponxofi ?

35. Karoro rroptAKa AoJIXHa 6srru nerunefinocru y cpeAbr, qro6u s Heft eosldoxHa 6rrna
reuepaqus rpex$ orouuoro cBera? 3anzurprre raMr.rrrbro HLraH.

36. Kar<ne (fusuuecrue BeJII,IIII,IHsI rBMepsrcTcfl rrpn npoBepKe HepaBeHcrna Beua n $opir,re
Knaysepa-Xopua-Illuuonu-Xonrra?

37. flonar:arb, qro AJII cBera n 6erroncroM cosro.f,Hrzu (xora 6rr o4Hou us .rerupex),
,,,* , +,+ ,+ *.r \f - : (aib2 + bt' a))lvac\,

-.+ + * , ,t,f.t \(D: : (,tt'a)X br, b))lvac\,
t&

rAe at ,bt - oneparopbl poxrenlrfl. B rronrpr.r3arllrouHbrx MoAax x,y, & r.ruAeKcbr I,2
o6ogna'ralor npocrpaHcrBeHHbre MoAbr, cBer B xaxAofi ras [pocrpaHcrBgHHblx MoA rronHocrbro
HenoJrsplr3onan (creneHb noJrfl pr43 aqurr paBHa nynro).

38. llpra a6colrcrHoft nanz6ponne Soro4ereKropoB c noMorrlbro 6ra(poroHHoro nonx (no
MeroAy Knsrurxo) oAuH Ir3 AereKTopon nu6npaercg 6olee rxupoKonoJrocHbrM (KaK no yfJiy, TaK H
no qacrore), uerr,r apyrofi. Kaxoft r{3 AByx AereKTopoB npH sroNa Karn6pyercx?

39. EcnH 6rr y Aereft KanvITaHa fpanra 6Hn Masruun Oyro c qpilBbrqaftuo uamru
3aryxaHl4eM, ua raKofi yron 6u orKJroHr.rJracb lrJrocKocrb KaqaHlrft uocle KpyrocBernoro
nyrellleorBl'I.f, rlo 37finapmnenz? llpo4oJlxplTeJrbHocrb nyrerrrecrBr4.f, - 365 Auefi.



40. Ha raroft yron [oBopaquBaercfl, rrJrocKocrb raqanufi Ma{THr{Ka Oyro n CaHr:r-
llerep6ypre sa cytrcu?

4l.Ha maroft yron rloBoparrlzBaercfl noJrrpu3arlus. cBera npta lpoxoxAeHr,rn qepe3 3 sr,rrra
cBeroBoAa, 3aKpyqeHHofo B BprAe cfiupanr{ c paAr4ycoM 5 cv u maroM 1 crr,r?

42. Coe't, [ofispl43oBauuuft maneftHo no X, npeo6pa-:yercr B cocrorHr{e c ruruefiHofi
lroJltpl,l3alluefi no.4 45o a) poraropoM, 6) nracru:rtxoir 7112. B rar<ou cryqae 6yaer 6olrme na6er
reoMerpnrrecroft Qasu? Otser o6ouronar:r.

43. To xe, Haftru ua6er reoMerpr4rrecxofi $asu.
44. Cner', nontpl,I3oBannuft [paBoIII{pKyJrflpHo, rrponycKaror qepe3 nJracrr4HKy }"12,

opIreHTI'IpoBaHHyIo otlrl4qecKoft ocrro noA yrJIoM X K Beprr,rKurv, a 3areM qepe3 ToqHo raKyro xe
nJIacrI{HKy, otrtrIeHTI{poBaHHyIo o[TkIqecKoft ocrro noA yrJroM -I K Beprr,rKaJrr4. Hafirur r{3MeHeHr,re

reoMerpr,rrrecroft (f a:rr.
4 4. Ouenure qyBcrBureJrbHocrb KBaHToBoro MarHeroMerpa.
45. Kar c noMolrlbro (fasonofi rrJracrr4HKr4 cAenarb 50olo ceeroAenr,rreirb Arrfl. x- lt y-

noJrrpr.EarluouHrx uoA?

46. To Ne, Ant fioJlyBorHosofi u qerBeprbeorHoeoft rrJracrr.rHKr.r. flra uacruuxu]vl3?
47. HenolrprasoBanHoe LBJTTIeHIe, rpuroroBJreHHoe r43 x-noJrrp]r3oBaHnofo r,r3nyqeHrlfl

TeIrJIoBofo [c]]otIHLIKa (rar?) nponycKalor rlepe3 rroJryBoJrnoByro [JracrHHKy, opr4eHTr,rpoBaHHyro

noA yffIoM 22.5o rc x, 3areM c IroMoIIIbIo npll3Mbr fraHa, suAensrcqeft x- u y- rroJrf,pr43arlarc,
HarIpaBJItIor Ha ABa oAHoMo.{oBbIX AereKTopa (uro 9To 3Haqrrr?). Kax r,r3Mepr{Tb HopMr4poBaHHyro
KoppeJrsrlroHHyro (pyur<qraro gxy? 9evy ona 6y4er panua?

48. By.uet JII{ rpoflBnflTbcfl, e(p$em <crpurofi noJrrpr,r3arlnv>> rnfl. corHeqHoro csera?
49. Onpe4eleHl{e Koppenflquounoft $yHrqran Broporo nopsAKa G+-. Kar ee usuepu6?
50. Onpe4eneH[e I{ cxeMa I{3Mepeur{r KoppeJr{rlnonuoft (fynrqura G(2)**.

51' Vrexvlre ABa He3aBIzcrIMbIX I{HBapr{aHTa upeo6pa^eosaHufi nonflpr43arlfil,t BToporo
NOP.SAKA IIO TIOJIIO }I OAI4H I4HBAPI,IAHT qETBEPTO|O IIOP'AKA IIO IOJIIO.

52. Oruln rreJroBeK (uasoneu ero X) yrBepxAaer, rrro KorAa 4nyx4orounrrft cser rraAaer Ha
50-% cneroAeJII4TeJIb, o6a (forona Bcef.4a HanpaBJrsrorcs B oAr.rH BbrxoA. llpan nu X?

53. HaiiAnre (u') u cocrorHrrr{ o'cxarofo naryyua', l0)+cl2), c<<1.
54. lloraxure, qro AJI"f, cxaroro BaKyyMa (a2) ornuuno or HyJrfl, a (a) panno HyJrro.
55. HafiAute HopMI{poBaHHyro KoppenrquoHuyro SyHr<quro Broporo nop{AKa g@ B

cocrorHnr.r o'cxaroro Baxyyua" l0)+cl2), c<< 1 .

56. HapHcyftre cxeMy gKcnepI,IMeHTa no ua6ruoAeuuro aMlJrr,rryAHoro cl1arr4s.
57. Hapucyftre cxeMy eKcnepllMeHra no na6moAenuro KBaAparypHoro cxar1rfl.
58. 3an.nurvre npeo6pa:oBalnfl. Bororrc6ona rnfl, HeBbrpoxrreHHoro rapaMerpr{qecKoro

ycI'IJII'ITeJIfl. lloxaNure, qro oHH coxpaHfiror KoMMyrarlrroHHbre coorHorxeHlrfl.
59. Llso6pasnre ua Sa":onofi nnocrocrn cneAyrorur4e cocrosHr.rfl cBera
1) cxaroe no KoopAr{Hare;

2) cx€Iroe no Sase;
3) cx€rroe ro qprcry (forouon;
4) cx€rroe no Sa:e u KoopAnnare oAHoBpeMeHHo.

60. Kax nolyuurr B gKcneptaMeHTe 4nyx$oroHnufi cner, He LrcroJrb3yr crroHTaHHoe
rrapaMeTpr{qecKoe paccexnue?

61. Kar noly'rl'ITb B sncrtepnMeHTe cBer c aHTr.rrpynnuponxofi, rzcnoJrb3yr crroHTauHoe
napaMeTpr.rqecKoe paccexuue?



6) Bonpocbr K oK3aMeHy
1. [afire onpeAeJrenue $rasrz

cpeAe.

2. Oxaparrepuzyfire creKrp
3ABI,ICI4 .

3, rlro cJryxr4r npHuuuoft

Sunauenraquu?
4. flpune4ure nprzMephr, rAe

Bo3nr,rKarouee npu (pnlaueuraquu
5. ,{aftre orpeAeneHue $orouuo
6. Karae npoqeccbr [pr.rBoAsr K

Sorouurx rpucrallax?
7. ,{aftre onpeAeJreHr.re AeSe

I{crroJrb3oBaurar 4elpeKToB B Sorouurx
8. [airre rlaccu$nrarlruo

NOSCHI{TE I,I3MEHEHHEM KAKHX

xapaKTepr{crraxn?

9. Kaxrau rr4noM neluneft
BOJTOKOHHITx cneronolon?

10. Hro cJryxr{r npuuunofi
onTr{qecKlrx npoueccoB B BOJIOKOHHbIX C

11. K r(aKlrM e$$exrarrl nprd

Ll3Jrrreur.rr B BoJroKoHHrX Cserosolax?
12. Kaxne uenraHefiso-onrr{
13. Oxapaxrepusyffre 3aBvrcu

BOJTOKOHHOMy cBeToBoAy Jra3epHoM r{Mrr

14. Kax BJnrrror Ardcnepcr{oHH
Kpr,IcTilJrJrr.rqecKr,rx BoJroKoHHbIX CBeTOBO

15. Oxaparcrepusyftre [prrHrlr{nbr,
flpnne4rare nplrMepbr xoncrpyxqufi
lrc[oJrb3yroTcfl Anr aKTr4Br{poBaHr.rfl

16. O6rscuure rpr4Hqrfi pa6oru
BKP-uasepoB B,br guaere?

17. Karme MeroAbr r{cnonb3yrorct
nasepon?

18. Karue Mero.rlbr HcrroJr

AJIIZTenbHocTr,I i4MlyJrbcoB B BOJTOKOHHbTX

19. O6r.scuure, KaK MoxHo
Jra3epax.

20. Kar<ue npoqeccbr
onpe4enarcrca?

21. rlro o6ycnannznaer
creKJrffHHbrx ry6or?

22. Kar< nagrrnarorc.f, TexHoJrof?rr4

nognaoxuoctu?

23. r{ro
onpeAeJrseTcs, w

TaKOe Ar.rHaMHgecKat

r.qe Moxer 6rrrr ucnoms ua?

x? Kanuun $usuuecrrun npoqeccaMr{ oua

x fipoqeccoB rrpr{BoArrrlrrx K o6pa:oeaHuro $unaueHTa B

nilsepHoro Sunauenra u olrxcuure, or qero oH

IIr.rKHoBeHr4r xoHnqecxofi gMlrccun r,r3ryqeHrar npu

oxeT r,rcrroJrb3oBaTbc . r43Jrr{eHr4e cylepKoHTr{HyyMa
I,IMnyJrbcoB.

Kpr4cTaJrna.

oopa3oBaHr.rro 3anpeueHHbrx cocrossnft 4lr (foronon n

n $otouHou Kpr.rcranne" flpune4ure rpr,rMepbr

-Kpr,rcTanJrr.rqecKux BoJroKoHHbx CBETOBO.IIOB 14

Ar4Crrepcr4oHHbreMOXHO rroMeHflTb r4x cBeToBe[y\ve Lr

ortpeAeirsrorc.q Henunefiuo-orrrl4rrecKr4e cnoftcrna

HoBoAHoro ycr{JreHr4r s(f$exrunHocru
o

npoqecc $a:onofi caMoMoAyJrflur4r4

nenuueftuo-

HMnynbcHoro

flpoqecchl ua6moAalorc.rr B BoJroKoHHhx cserosoaax?
crreKTpanbHbrx r.BMeHe uuft a pacnpocTpaHarorleMcs no

bce oT Ar4orrepcuoHHbrx rrapaMeTpoB cBeToBoAa.

ceoficrea MrdKpocrpyKryprzpoBaHubrx $oronuo-

3aJroxeHHbre B ocuoBy pa6oru BonoKouHbrx na3epoB.
[rHbrx na3epoB Lr KaKr.Ie Jrer]rpyrculr4e rrpr4Meclr

aJra cepArleBrrHbr BoJroKoHHOrO Cserosoaa?
BonoKoHHoro BKP-nasepa. Kar<ue rr.rrrbr BoJroKoHHbx

Anfl nolyrreHr4fl r{MlryJrbcHoro r43IyqeHus BoJroKoHHbX

AJIfl KOMNEHCAq}IZ AI,ICIIEPCUOHHOTO YBEII.IqEHI,{II

ynbTpaKOpOTKLIe MOIIIHbIe r.rMnynbobr B BOJTOKOHHbTX

npupoguoft buouznepalusageia v qeM oHr,r

Ho-Kpr,rcTanJrlrqecKr.re cnoficrea crrr4KyJr MopcKr4x

rorrIlpyrofiIl{e npoqeccbr n xunoft [pupoAe r,r KaKoBbr rdx



24. r{ro raroe Novelty (fulrrp u
25. Karcofi s$$exr Ha3brBaerct

AJrr co3Aaurzr Novelty (pr.rnrrpon?

26. Karcue crzcreMbr Ha3brBarorct

MoHr,rropr.rura (pusz.recrux noleft r{ KaK

27. Karcue rr,rlhr BoJroKoHHo-or

28. r{ro raKoe rrporflxeHHffr
[pr,rHrlr4[br 3aJroxeHbr B ocHoBy Mynb
BOJTOKOHHO-OnT[qeCKyro u3MepLrTeJrbH

29. O6rscuure npr.rHur{nbr Aon
ATOMOB.

30.

31.

ATOMOB"

a^JL.

yponueft?
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