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L{erunra ocBoertru /tucrJu
Be[[ecTBO]\{) .f,BJrreTcr Soprrnzpona
Szszxu B ycJroBrrrx kruTerrcu
nsauuo4efi crBtru Jra3epnoro r43Jr
Hayr{Ho-ECOJreIoBaTeJrbcKax 

KaApo
Focotrz.

3a1auu Kypca:

- cQopuzpoBarb y acrr4paHroB
Hayrrubrx Aocrr.rxenrzft e o6racrz ra3e

- AaT6 OcHoBHhre [paKTrz
Jla3epHoro Lr3JrrreHr4{ c MeTaJrJraMrz.

- c@oprr,rzpoBarb u
perrreHrrz 3aqaq nasepuoft Sz:zxa.

2. MECTO AI4CIIn[JrI,IHbI B
B uacroxulee BpeM, o6nacrr

a TexHoJroruqecKoro aHCTpyMeHTa n
uonefri c Berr[ecrBoM)) Aaer ocnoBy
Suszru, crrcTeMarr{3zpoBauo rrpr
a3Jrfrenr4r .,\annax,4lrcqr4rrJrr{Ha
OIIOII rroAroroBKar aqrnpalroB ro
KypcoM ueo6xo4uuhr KaK B r4ccJrelro
HarrpaBJreHzft na":epnofi rexur,rru. LIst
6a":oar,re rroJroxenlr.a na-:epnoft Qaszxu,

3. KOMIETEHIII4I,I OByqA

B pe3yJrbrare ocBoeur4.B n
cSoprvruponaubr cJreAyroqpre KoMlereH

YK-l cuoco6nocmro K Kpr4rr{
AocTr4xeur4ft, reuepapoBaHr4ro HoBbrx I
3aAall, E TOM qtacJle

y K-2 ',o"ou1,Tjffil::.ffi:;qr4cle MexAI,rc)qI4[Jrr4HapHbIO, 
HZt

I,rcrIoJIb3oBaHLreM suauuit n o6nacrrz
yK-s cnoco6uocrbro rrJranlrpoBarb

Jrr.rqHocTnofo pa3BrlTr{f, ;
OIIK-2 foroBHocrb K npero

lporpaMMaM Brrcruero o6pasonauza.
B pesynrrrare ocBoeur{, ALrcrlr4rrJ[{

peyJrbrarhr o6piasonarux:

futrri MexaHr43Mbr norroilIenrfi
coBpeMerrHbre Haytrubre Aocrr{xennx (y
I43JrrreH?reM; [pr.rHrlr{[Er Jra3epHoro IIpe(

l.
IIHbI (ruroRyns) <Bsazuo4eftcrsue Jra3epnbrx nolefi c

:": 
*::"11,T,"-" t:-T"o 14 KoMrerenqzft n odractu nasepuoft

O CB OEHTIfl AI4CIIZTIJITIHbI

IO PA3BUTTIfl MCTOAOB U CPEACTB, OCHOBAHHbTX HA

:::::::::ov, 
cnoco6crBoBaurze crauoBlreHuro 6y4yrqaxneo6xo4zurrx rrrfl. ycneru'oro p*"rrruu-;il##;

cleqLranbHhre TeopeTl4qecKze 3HaHru c yrreToM [ocJrelHr4x
)Hbrx Bo3Aeftcrriuit Ha BerrlecrBo:

HaBhrKrr B MoAenr4poBaHav npoqeccoB nsauMoAeft crBLrfr
reKTpr4KaMZ 14 fionynpoBoArrr{KaM}r;
o [paBr{JrbHoM [pr4MeHeHVr4 [oJrrreHHh]x 3HaHI1I' [pr4

CTPYKTYPE OIIOII BO
c[oJrb3OBaHLrr JranepEoro I43nyqeHz.f, B KaqeoTBe HayqHoroTorHHo pacuaprercx. Kypc <BsaraMoAeftcrnue JranepubxrlocJreAyrouefi pa60rrr c[eqrranr{cra n o6nacrz na^repuofi
BIIs.fl, [pr4Hrlr4[br v llpaMepbr rrprzMeHeHrm Jra3epHoro

K Ar4crlrrlJrrlHaM ro nrr6opy Bapuarr4Bno[ qacru
Hocrr{ <Jlasepuar Szsuxo. 3uaHax, Sopur.rpyenarrercr<ofi pa6ore, TaK kr AJur rruxeuepubrx paspaOoror 4nr:eHI{e MarepHaJra B paMKax Kypca yql{TbrBaroTcq, KaKrI c oBpeMenubre TeH.4 e HL\Lrkr AauH ofi o 6rracrra Hayxr4.

OC
IUEIOC.fl, OOPM}IPYEMbIE B PE3YJIbTATE
EHI,'JLAprcrlr4rrJrr4Hbr

MMhr acnr4paHTyphr y BbrlycKHrdKa Ao.[x]rhr 6urr
V:

aHaJra3y v orIeHKe coBpeMeHHbIX HayrrHhrx
rrccJreAoBaTeJrbcKr.rx a npaKTEqecKr4x

b I4 OcyqecTBJrrTb KOM[JreKCHhre r4ccJreA OBAHLTfl.,B TOMIIeJrocTHOro cr4cTeMHoro HayqHoro MzpoBo33peHrzjl cn n SarocoSuuuayxn;
14 perrrarb saI;a-tu co6crnennoro upo$eccr{ouiurbHoro rI

rr AeflTeJrbHOCTIr IIo ocHoBHhIM o6pasonareJrbnbrM

ooyraroquficr .uoJrxen AeMoucrpr{poBaTr cjreAyroqr4e

Al.Iccuna\vr4 gHepil.rH Jra3epHbrx nolefi nl); sSSexrur vr frBrreHprl, uHAyrIvpoBaHHBre

Irpu pelreHLrrr

BeruecTBe;

Jra3epHbrM

METOTBI I4
r4r Berrlecrna (VK_2); coBpeMenHhre



TexlroJIorI'I'I HarIHoft K.MMyHI4K aL\r4u HarocyrapcrBe'HoM 
14 rrHocrpa'HoM .,r3hrKax (yK-5, .IIK-2);

@ paccqI'ThlBarb pexI4MbI Jla3ep'oro nos4eftc rBLrE HaBeulecrBo, neo.xoAzuhre AJr{'4oc'uxe'I4x rpe6yerrnoro ssQerct a; n'ra'LrpoBarb 14 ocy,uecrBJrrrb Hayuurrfi o*crrepr{Me'r Bo6nercra ssazraoAeficrBl'f, o*'p""'-nonefi c BerqecrBonr (yK-5, orlt-2); Kpzrr,rqecKr. MbrcJrr4rb rrreHepzpoBarb HOBhIe uren npupeureHr4r4 rrccJreAoBareJrbcKrrx u upaKTr,rqecKr4x saraqrrJraHr4poBarbLI pellarb saravr4 (yK-l); [poeKT'IpoBarb Lr ocyllecrBnrrb KoMlJrgKcHbre vccJreAoBaHrr, B ToMqr.rcJre MexALrcrlr4[Jrr4uapHbre (yK_2);
B'aAtnr: MeroAaMkI MoAeJlapoBalrux e$seKToB r,r rnre'uft, rr'AyqzpoBa'HhrMlr Jrarep'brMt4[oJrtMLI B BeIIJeCTBe; MeroAaMI4 OnpeAeJreHr4r orKJrZKa cpeAhr Ha Jra3epHoe nos4efrcrnzro (yK_l,.IIK-2); cntoco6nocrbro [poeKTr'IpoBaTb r4 ocyx{ecrBrsrb KoM[Jre*c'bre r4ccJreAoBa'ur, B ToMqI'cJIe MexrI4cuu[JII4HapHbIe (vK-2); cnoco6lrocrb]o [JIaHHpoBaTb Lr pelrarb 3a*aqnco6crnenuoroupo SeccaonaJrbnoro rr Jrr4 qHocrnoro prBBr4raa ( yK_ 5 ).

4. CTPYKTYPA TI COAEPXAHTIE AI{CqPITIJII4HbI
90tu* tpvooeMKocrb AI4'IILITIJITIH'I cocraBffeT 2 saqerr+^* FTn r'rr ,r, --^^^-

cqr{[Jrr4Hhr
JIEKIII,IU

I. MEXAUTT3M'I NOruIOUIEHIIfl II AIIICUNAq"'I 
'HEPTUII 

B BEI.ECTBE.
Olrz.recKze rtpoqeccbl B _-^_-

ro crreAoB arerrb'o crr{ np oq e cc oB "".,",1[]fflJ;," f ffi;:Hil."#;I;, ffiTX.TL," JBne4enlte B *raccl'tlec*ylo gJreKTpoAl4riauury 
MeraJrJroB. cnssr olrrrqec*l4x nocror'Hhrx cMI4Kpox€[paKTepI4crI{KaMI'I MeraJIJIa' .{rzcnepcuoHHhre coor'orrre'r{r. rlacror'a-s 

3aBr4cr4Mocrb[o'rolqareJl'rofi cnoco6nocru MeTaJIJIa npl{ pa3Jrrzq'brx BrcAax HopMaJrbHoro crzu-ssser<ra.Brna'4 a'opMtulb*ocrla cKl4H-essercta B [oBepxHocrHoe [orJrorrle'r4e. onr'.recKr4e ,,poqecchr BrIoJIynpoBoAHkIKax' ocHos'rre MexaHI'I3Mhr orlTrrqecKoro [ofJrorIIeHI4.,r B noJry[poBoA'nKax;MexauLr3t\4bl r{ fiocJleAoBareJrbuocrb nepeAaqa guepfnr.r. Oco6enHocrI4 Mex3ouHoro rofnouleHr4{.ro'stue o HiIchrIr{eHI{a Mex3oHHoro ,,o",'oule'r4r. BHyrpzsoHnoe rroryrorrle'ae cBera Lr
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'q,nQtpys[oH'o-peKoM6p*raquouurx flpoqeccoB. flonepx'ocr'hre s'reKTpoMarHr4T'bre BorrHbrorlTl4qecKoro AI'Iala3oHa' ocnos'rre cnoficrsa [oBepx'ocrHbrx gJIeKTpoMarHIarHbrx 
BoJrH,cTpylflypa II paclpeleJleHkIe Ilolefi, ycJIoBkIt cyUecTBoB anLrfl-) Arrc11epcuoHgoe cooTHorrre'r{e.llonepxHoclnrre [JIa3MoH-tIontpIrroHbI Ha rpaHrrqe MeraJrJra c Ar.rgJreKTpr.rKoM. MeroAunos6yN4enu't IISB' Sfrsextrzn'ocr' ror6yx4eHzr IIOB Ha perrer*e Lr ruepoxoaarofinoBepxHocra' Brna4 reHepaql4rl u ruccurralJraet rIOB B rrorurorqeHrre cBera Ha [oBepx'ocrr,rMETAJIJIA.

2, Jluueftuibre pelKrrMbr Jra3epHoro HarpeBa.
Jlzuefiurte pexlrMhl na3epHoro HarpeBa. Harpen [pocrpa'crBa 3Kc[oHeHrlr{aJrb'ocrlaAalo,ql'lt c rny6rlroft renloBhrM rlcroqHuKoM. Kpzrepraa-rbHhle [apaMerpbr r,r oc'oB'bre3aKoHoMep'ocrrl' ocooeuuocrl' HarpeBaHI'I{ Marepr{aJra cBeroBhrM rrJTHoM KoHeq'oro pa3Mepa.o6rqar xap'KTepl,crllKa Jla3epHhrx naHefiHrx pexEMoB pa3orpeBa nplr orcyrcrBr.r, TerrJroo6ueua,orHoMepHoM' AByMepHoM u TpexMepHoM TelJIorIpoBoAHocrHoM orroKe TerrJra. TeunoeoetrocJle'ucrBlle Jlu*epHoro LIMIryJrbca' cuequ(pl'IKa HarpeBa ,a ocrbrBau ws. Marepuana fipu neitctsuucBepxKoporKllx na3epHhlx I'MrlynbcoB' o6rqas xapaKTepl{crr4r(a HarpeBa'Htr Jra3ep'brMrI3JIr{{3HveM' Tennonrre s0@erc*r B KoHAeHcapoBaHHbrx cpeAax. ocuonHrre oco6ennocrr,rTeMlelparypnoft xzuervKl. 

''pu 
Jra3epHoM nosAeficrnzrE. TeuroupoBoArrocr'bre MexaHr.r3Mhr orBoAaTerIJIa' vpanueuze re[JlonpoBoAHocrlz; Haqanbuoe u rpa'EqHhre ycJroBar. Tepnaa.recrue eS6er*r,corpolloxAal{)rrJl4e la:epuuft HarpeB. TeprraouexaurqecKr4e e$Serurr; (lrasonrre repexoAhr BTBepAoM coqfoflHl{I.; aur$Sy:noHHo-xrIMLIqecKI'Ie tBJreHrrf,; gMr{cc}roHHbre flpoqeccrr. ocnosHrreocooerrnocrl{ JIzBepHofi an:runallr4r{ npoqeccoB appeH'ycoBcKofo Tprna. Jla^:epnoe nJraBreHrzenoBepllHocT}r.

3' He'nunefi nrre pexnMbr Jra3epHoro HarpeBa, TenJroBas Heycrofi vnBocrb.
FlelzueffiHrre pexuMbl na3ep'oro HarpeBa. o6parHrre cBr3rr MexAy orrrrrqec*r{Mr.r vrsotosrasavecKl{Mll flpoqeccaMu rrpu JIa3epHoM HarpeBaHar4 MeraJrJroB r4 non]rypoBor'rrKoB.TeuueparypHble 3aBrICI{MOCTpI llorJloularenrHofi cnoco6noc rvr pr xoe@$zqzeHToB OoreunorotrofnotrIeHl{'fl' cKaqKrI [ouIOIrIeHI{fl'npn [JraBJreH]rI4 AJrf, MeranJroB LI rIOJrynpoBoAHr.rKoB. TeurosasueycrofiuuBocrb n cta6unu3arll{r' zHepqzouHhre Mexa'r.r3Mbr o6parurx cssseft. oco6eH'ocrauenra'efisrx pexI.MoB HarpeBa u rennonofi ueycroft.rzBocrr{ rrpr4 Jra3ep'oft arr'naqldr4 fipoqeccoBappeHl4ycoBoKofo TvIr'a' Bruasupre reMneparypHoft gaeucr4Mocrr.r [orurorrlarenrHofr cnoco6uoctzMeraJlilil Ea efo lasepurtfi pa3orpeB. (Dopuupona'Lle KBa3r{crarltro'apHoro nporperoro cJror.SrcuoserunaJrb*afl' KLIHeTTIKa pocra rleMneparyphr. Tepuoxunazqecr<'fi MexaHr43M Jra3epHoroHarpeBa oKl,cJltrooluxc'f, MeTaJIJIoB Ha 

"ofarxe. 
o*rosHrre gKcnepr,rMeHTaJrb'hre 3aKorroMep'ocrr4.Kvnetzrca B3auMocB.g3aHHbIX xl'IMr4qecKrrr[, onrr"arKrzx t4 renrosusugecKr4x npoqeccoB"

4. JlarepHoe pa3pyueHr.re [orJrorqamruux Marepr{aJroB.
o6uas xapaKTeprdcrr'rKa MexaHr43MoB na3epHoro pa3pyrrre'u.fi. MexanuqecxoeHI'I3KOTeMrIepalrypHoe pa3pylrreHl4e XpyrrKr{x Marepr4anon. XnuHqecKrre MexaHr{3Mhr piBpylreHus.Brrcoxo:reuleparypHhre MexaHI{3MbI C yqacrrzeM IICnWeHLrfl. llonxpzrouHrrft MexaHrc3Msoputlp'cranux JIa3epHo-I4HryqI4poBaHHOfO noBepxHocrHoro penre$a. Jla^:epnoe r{clapeHr{e.Kzuerrarca llcnapeHl{'f, nnocxoit ,,oBepx'oc tu. r4cnape'r.re B BaKyyM ]r cpeAy c rporr.rBoAaBJreHrreM.TevneparypHatt rpaHI{IIa [epexoAa or HarpeBa K racnapeHr.rro. Tenno@ r,.LrKa,'epexoAa or HarpeBaK I4crIatr)eHI{Io' o4nouepuar safta-"a Teopl{t4 TeurorrpoBoA'ocrt4 o Jra3epHoM HarpeBe c,nc,'ape'EeM' YctaHoereuae crauploHapHoro pexr{Ma. onpe4eneuze KBi}3Lrcrarrrro'apHhD(rlapaMerpoB' 3aszcuMocrb TeMleparyphr I{ cKopocrr,r Jra3epHoro pa3pyrle'rrr or rrJrorHocTr4



cBe'oBoro rloroKa' Brrre*renze pacrrlaBa zs6rrroqHrrM AaBJreHr{eM rrapoB rz3 JryHKrr.fin4po4zna'nru'recKafi MexaHI'I3M Jla3epHoro pa3pyrleH's. 3axonouepHocrr4 pa3Jrera rrapoB.
5. conpenre'Hbre npeAcraBJr enus olonrnqecKolr npodoe npo3paqHbrx cpeA.(Du:zqecxue [percraBJleHl4t o6 on*qecrou npo6oe prAeilrbHhrx 

Ar{oJreKTpr{KoB. Irasuuuasy*ap*as' ,o*prsarrufl. MHOrOsoroHHOe 
',ourorrleHr4e. 

po* B'ME. 3nerrp'*r'aMuqecKr,reHeycrofivzrocrlr. Tenrosoft MexaHrr3M Orrrr4qecKoro upo60r peaJr'Hhrx cper. onrr.rqecxrecnoficrna peiulbHblx olrl{qecKl'Ix Marepr{aJroB Lr norprrrzft. ocgon'rre gKcrreprrMe'TaJrbHbre3aKo'oMep'tocr'I a oco6erutocrll onrl'qecKoro npo6o.a u pa3pyrxeH'r olrr.rrrecKr4 HeoAHopoftmxcpeA' Po'ru Ml4KpoHeoAuopo4nocteft B 3apoxre'r.rr4 norJrorrleHLrr vr npo6oe. MexaHusrarrr4HrrIJnnpoBa*nfl o6reuHoro [oDIorIIeHI4t B [epBo'aqaJrb'o upospauuofi cpe^e. Tennona.sneyctoftuzBocrb' cratzcrz'recKat KoHllenqvr o[Tr{qec*oro npo6ox. pasuepu afl. gaBucuMocrb[opo]roB npo6ox.

5. OEPA3OBATEJIbHbIE TEXHOJIOII4I4
rposeAe'He JI.KIII{'HH'IX sa'grni4 o6ecue.reHo cleqvanr{3r{poBaHHbrMt4 ay*u.top'rflM.,o6opy4onaHubrMr{ KoMrlbrorep aMn Lr gJreKTpoHHbrMlr npoerTopaMLr, rrro rro3BoJr.ser corrpoBoxAarbqreHrre lerqufi AeMoucrparluefi rounuorepHbrx clafr4on.
B pavxax JreKrII'oHHoro Kypca fic[oJrb3yrorc.rr raKxe cJreAyrorq'e rexHoJrorr4r.r :,r KOMTTIOTEPH'IE A'MY IIfrIJULIJIA3EPHO-LIHIYqIPOBAHH'IX ,,PO'ECCOB.
'r Texuoro*r upo6neunoro o6yuenzx (case-study). rlpu paccMorpe'r4'r BonpocoB[paKT]AqecKoro IIpI4MeHeHU'S paccMorpeHHoro TeoperaqecKoro Marep vraJra, ucrroJrb:tyerc{ ArzaJrorco cryAeHTaMI'I Ha npeAMer Bo3MOXHbrx cnoco6os peruennf rrocraBJreHHofi:a4auu.o BcrpeqH c yqe'hrMu, pa6oraloqnrrau s o6racrz nasepuofi Sz:unr.r pr nasepHofiI[arHocTIrKr4,

6' OTIE FTOqHbIE CPEACTB A FttsrEKvrrlEro KoHTpoJUr yCTTEBAEMOCTtr{,
IIPOME}ITYTOqHOTZ ATTNCTAIII4I,I fIO I4TOTAM OCBOE HUfl
TNCL\NNJINHbII4YqEBHO-METOAI,IqECKOEOEECTIETIEHI4E

CAMO CTO.'ITEJI'HOIZ PAE OT'I ACIII{PAHTOB

Ifepeveur BorrpocoB AJrff TecrnpoBaHufl
1' Jlzneftlro roJItpI'I3OBaHHoe l{3JrrreHre He-Ne Jra3epa c muplrHofr cnexrpa 20 MfqHa''paB'mercs B autep{epolrerp Maxa-Llenaepa. B o4Horr,r u3 rrerr unrepoepoMerpa cror{rnoJIyBo'IIHoBas nnacrrrura' 6es norepb noBopaql4Baroqar noJrspv3arl nro Ha 90o. Karcofi AoJrxHa6rnr pa:Hocr' rIJIeq, '*o6rr Ha BbIXore unr:ep$epoMerpa cner 6r'r Herroffpr{3oBa' Bo BTopoMnoprAKe uo nonro?

2' Kax o rloMolrbro Kpl'Icruulna Hzo6ar a ilLrrufl cAenarb He[oJLflpr{3oBaHHbIM ruHefiHorIoJI-[pI'I3OBaHHOe I'BnrreHI4e CBeroAr{oAa c 4eHTpalrHofi Aluuoft 
"orr"ri 

500 nrra u tnupuuoitc.'eKTpa 30 nlnr? Karcofi AJII.H'I HyxHo B3.srb npucra-nn? o6'x'oeeu'rrft v ueoormnoseHHrrftrIoKa3ar'eJII'I [peJroMJIeHpIfl' HaAJIIzHe BoJIHhr 500 Hna paBnbr, coorBercrBeHHo, 2,34 u 2,24.3' B reqeHrle KaKoro BpeMeHIr (no nopr4Ky-Ben'quHrr) corue.r'rrfi cBer MoxHo crrr4TarbIIOJIf,pH3OBaHHI,IU?

4' To xe' AJI' CBeroAkrora,z3nrrarcuero B rr{a[a3oHe 30 uu c MaKCr4MyMoM Ha 500 rna?5. Karcas Ko
Ha6nroAe'nr nooo"lto#;ffir#"""YTffirrr" -;n"#*to""ttu 

B eKcrleplzMeHre ro



6' HeAuaroHaJIbHhIe gneMeHTbI Marplrubl KorepeHTHocrr4 paB'hr HyJrro. osHa.raer Jrr.r oro,.ITO CBeT He)noJlrprl30nau?

7' MoNgo JIt4 tlo BIIAY nertopa lxouca olpeAeJrurb, rBJr.rre rcfl .rpr cBer [oJr'ocr'ro rrJrr4qacrrrrruo rroJrrpr43oBauHrnrt? Orner o6ocuosaru.
8' Kexona roJIXHa 6rttr romql4Ha KBapqenoft uracruHKpr, opLreHTapoBaHHO[ (onruuecrofiocrrcl) ,'oA yuloM 45 rpaaycoB K Beprl{Karu, uro6rr ropr43o'TaJrbHo noJrflpr,r3oBaHHoe r{3Jrr{e'Heruran-canoHpoBoro Jla3epa c Alzsofi BoJIHbr 800 Hu r4 rJrrrreJrbuocrbro r4MnyJr6ca 100 $c HaBbIXOAe H3 TIJTacTICHKI4 CTaHOBlrJrocb

a) neprrrzurbHo [oJrrprrcoBanHhrM;
6) nenonxpLrc oBaHHbIM. lnynpenoMJreulre KBapqa cqLrrarb pannrlrr 0. 0 1 .

9. ,{or<aNrare, rrro Marpurlbr urou[ , 
).1/, +lrl, _ 1 ^E .

[-"* 1x )'l'l -Yl = r oopa3ylor rpyrny ro orHorreHr4ro

K O[epaIIHr{ yMHOXeHr.rr.

10. lloxasaru, qro BeKTophr lxonca nrrfl
rroJrrpr8 aur4rr opToroHaJrbHbr.

rpaBoqvpKympnofi u nenoqzpxyrupnofi

11' cr'nsrauu BeIrIecrBeHHbIMI{ napaMerpaMr{ xapa*Tepr.t3yercs npousno*urrft
AByxlv[oAoBrtft csero.4elarenr? oasonar nJracrr4HKa? porarop? orser o6ocnoea*.

12' Kar npeo6pa:yerct BeKTop flNouca, KorAa BeKTop crorca [oBopar{rB aercflHa 7[ BoKpyroclr o:? 3anzurzre Marpr{qy {xogca.
l3' Kon'ruyrarllBHbl nLI rloJlf,pt43arlrrouubre npeo6pa^ro nauux? orser o6o*rona:rr.
'[4' Mox'o JII'I [pI'IAyMarr Ha6op $uso"ur* nourr"ron r.rJrr.r poraropoB, roropufi nrc6oerroJrrp.a3aqr4 OHHOe COCTO.fl Hr.re npeo6pasoBhrBaJr 6rr n oproroua$uoe?
n5. (a) .Kax 4onNeu 6urr rroJrrpr.r3oBaH cBer, .no6rr [por{3BoJrbHuft porarop He MeHrJr erococrottnlla rronrprr3arluw? (6) Karuna AoJrxeH 6rrrr porarop, .ryo6rr oH He MeHf,Jr rrpor{3BoJrbHorococTor.Hrlt IroJrrpr{3arl uu cnera?

16. Kax H3 rIJIacrI,IH on L 
^ 

7 
"r.nrrr 

Trrrr..rrrr u,, .1 ^
2 

,^ 
3 

v{eJroTb nrtacruHrcy _ ?
6

77 ' r4ttetorct qerBeprbBoJlHoBbre rrJracrrirHKrd AJrr n3rryuetkrfl yAG:Nd Jra3epa c 4m.ruoftB.JIH'I 1064 ult' Byayr JrI{ ,4Be raKrle rrJracrra'KLr pa6orarr KaK oAHa rroJryBonHo nan ntacruuxa?By4er 'o' oAHa raKar [JIacrI'IHKa pa6orarr KaK rroJryBonHoBtur rrJracrrr'Ka Anf, rr3JrrreHur nropoftfapMorrr4Kr{ Toro xe nazepa?

18' ceer' nonflpkI3oBannrrft na'eftno ,'o x, naAaer Ha c'creMy rzs 5 rrJracrr.r' ]"l2,rryuueM ocrlBcex qerHr'IX IIJIa.TI4H HarIpaBJIeHbI 
''o'4 

yfJIoM *1o x ocl4 x, a ocu Bcex HeqerHbIX: IIo.{ yuou -lor uefi' Kax 6yaer [oJItpIr3oBaH cBer Ha BhIXoAe? A ecra Bce rrJracrr4HKr4 opr,eHTprpoBaHbroArrHaKoBo - rroA yuou *l o 
rc ocrz x?

1 9. .{ra oproroHanbHo fioJrrprcoBaHuhrx
oAr{HaKoBbIe tpa:onrre [Jracrl4HKrr, a sareM
tturep$epeuqzx? Orner o6ocuonarr.

MoHoxpoMaTrzlrecKrzx [rrKa cBera [poxoAsT qepe3
c6zsalorcs Ha gKpaHe. By4er lz saOnrorulscfl.

2a' Hafttu cre''eHb 
',or-f,p'3arl 

rru Anfl,o.4Ho0oronHoro cocro flH.rfl..
21. Kar rr3Mepr4rb rrapaMerp Cr:orca Sr?
22'HapucoBarb ycraHoB*y AJI' I{3Mepenr{r rcou6uuaqau rapaMerpon croxca Sr+sz.23. Brrqrz:cJrr4Tb KoMMyrarop [S r,Sz].
24' cocran'rtror JII' rpymry oleparophr crorca? orner o6ocuonarr.



25. Bm'auclrrlTb [apaMerprr Cror ae rnx
CIIP uepnoro rr{ra. Karue [apaMerphr Crorcca
cocrosnu.g?

26. lctxwars coorHorrreHue So2 :: So2:+So.

cocrorHrrr lvac) + cl2r0), renepupyeMoro npu
Moryr 6rnr usueperrbr oAHoBpeMeHHo Anf, groro

27 ' Haftru cpeAHee 3'aqeHrre oreparopa s2:(srs) n o4HosoroHHoM cocrorHrdlr.
28. Ha;irru KoMMyrarop [S2,S r].

29' rroxaxnre, qro rIpI43HaK HeKrraccr{qnocrr{ Dne)=ELa$!.t, ro=@r, He8t- G#)"
Bbrrro.rru.f,erc.rr .4rs rerrJroBoro (raycconcxoro) nsny.reHar.

30. Br,rnon'flercr Jr, gror rrppr3HaK.qJrr KorepeHTHoro usnyteuur.?
31' Haffirz o6reu KorepeHTH ocru AIrs' a3ryqe'r,rr AHoAHoro na3epa-yKa3Kr. c .qJrrr'oft sorHrr650 nrrl' ruupz'oft cleKTpa 10 rna, AI'IaMerpoM nyqKa 3 nru u au(bpaxqerouuofi paoxoAr.rMocrbro.

(3averra 3Aecb ynoMrlHaercs auOpaKIIrIoHHar pacxoAr.rMocrr?) rpu r<arofi MorrlHocrr.r na^:epuofiyKa3Kr{ s o6r,erae KorepeHTuocru 6y4er ogzH (forou?
.32. rlenny paBna p-$yHxqraa.qru BaKyyMa? A SyHr<qux Bzruepa?
'J3' Kaxae B.JII4.II'IH'I HaAo LI3MepI{Tb B sKcrrepr{Me're, Eroorr y1egutrcxB HeKnaccrlqHocTr4

4np<$oroHHoro cBera? Hapraconarb cxeMy 9Kc[eprrMeHTa.
:J4'Hainu rapaMerp rpyrnllpoBKr.r (nopir.ruponaHnyro Ko Broporo nopr4na) g(r) tnx

'^t +Bl2), l"l'*l0l'=1. ,,pu KaKoM ycrroBr'r.r cBer B raKoM cocr]o,rHrdrd 6yaer
cocromur CrlU/

o6rta4arr anrlrrpyfl[uponnoft ?

35' Karcoro [optAKa AOJIXHa 6utr uenvnefiuocm y cpeAbr, qro6u s Hefr Bo3MoxHa 6urareHeparlus rpexoorolrHoro cBera? 3anzrnure faMr{JrbroHnaH.
36' Kar<ue Susuuecrue B'JILIqTIH'I tl3Mepflro rcfr npv rpoBepKe HepaBe'crna Eenna n $opueKnaysepa-XopHa-lLInuonu-Xolma?

37' rloxasaG' qro AJI.f, cBera n 6eJrnoscxoM cocToruurz (xora 6rr o4lrol,r rzs verupex),\yt :- Alntr t bl al)lvac),
"+ + f ,f,*.r r!D: = (,a1, q) t bi b))lvac),

rAe ol "bf - o[eparopbl poxAeHl{fl B rroJrrpv3arlrro'Hbx MoAax x,y, a HHAeKcbr r,2o6ognaqarcT rtpocrpa'crBeH'hre Mo,4bI, cBer B raN4ofi r{3 rrpocrpa'crBeHHbrx Mo.q noJr'ocrbroHerroJrrpr{3onau (creueHb [oJr.rpa 3arJuupaBua nynro).
3{l' llpr a6conrorsoft r<anz6ponre soto4ereKropoB c rroMorrlbro 6u$oroHHofo uorx (noMero'{y Knrrurrco) .AI4H rI3 AereKTopon nu6npaerc" 6onee uupoKonoJrocHbrM (nax no yrny, TaK r4IIo qacrore), veu apyrofi. Kanofi r{3.4ByX AeTeKTOpOB rrprz gToM ra,rrrz6pyercr?
39t'Ectm 6u y rerefi KarII'IraHa fpaum 6r'r Ma.srunr @yxo c qpe3Bh*rafiuo lra*rv3aryxa'I'IeMo Ha Kaxofi yron 6rr orrno'l{Jlacb rrJrocKocrb lca.rauzft rocJre KpyrocBer'oro[yrelle(]TBl4t rlo 37iz napannelu? rlpoAoJlxr4TeJrbHocrb rryrerlecrBrzr - 365 anefi.40'Ha narofi yroJl noBopa',uBaercfl. rrnocKocrb Ka.raHkrft MarrHrrKa @yxo n caurr-llerep6ypre sa cyrxr?
41'Ha rcaroft yroJl rloBoparrr4Baercs, floJrrpr{3arlur cBera npu [poxoxAeHr.ru qepe3 3 nzrxacBeroBoAa' 3aKpyqeHHofo B BprAe cnhrpaJrpr c panuycoM 5 cv u IIrafoM I Cna?



42' cser' [oJltpLI3oBausrtfi nzHefino uo X, upeo6pa:yerc{ B cocrosur4e c maseriuofironflplreauuefi uoA 45o a) poraropoM, 6) nnacruuxoft )u12. B narona cryqae 6y4er 6o*me Ha6erreoMerpr.rqecrofi $asrr? Orner o6ocHosaru.
43. To Ne, uafiru ua6er reoMerpr4rrecroft Qasrr.
44' ctte\ 

''oJlspl{3oBaHurtfi [paBorll{pKyJrrpHo, npolycKaror qepe3 nJracrrrHKy )"/2,opuellTl{po*a'Hyro o[Tl4'ecKofi ocrrc rIoA yryIoM r K BeprI{K aJrur, a3areM rrepe3 ToqHo raKyro xelJlac:rt4HKy' opI{eHTI4poBaHHyIo onrl4rlecKofi ocrto nor yrJIoM -X K Beprr{KaJril. Hafirur{3Me'e'aereoMerpfiqeorofi Sasu.
44' or:tenare qyBcrBureJrbrrocrb KBaHToBoro Mar'eroMerpa.
45. (.ar< c rroMorrlbro Sasonofi rnacrr.rHKr.r cgemm 50%o

IIOJIfpH3aIITTTOHHbIX MOn?
cBeTO.4eJII{TeJIb Anfl x_ u v_

46. To xe, An, [oJryBoluonofi H qerBeprbsoruonofr [Jracrr4HK{. .{nr ulacr uuxu?v/3?
47 ' Ilenolxpu:oBaH'oe r*ryrre'ue, rprrroroBrreHHoe r. ;-;;;;;.ouurr"oro il3ryqeHr4,TeIIJIoBoro I4croqHI{Ka (xax?) [polycKaror qepe3 noJryBoJrHoByro nJracr]r'Ky, opr{e'Tr{poBa'HyroII'A yDIoM 22'5" x x' 3areM c noMolllbro [ppl3Mbr haHa, nrrgenarolqefi x- r4 y- rroJrrpr.r3arlr4ro,HanpaBJrf,Ior Ha ABa oAHoMoAoBhIx AereKTopa (uro oro 3HaqkIT?). Karc u3Mepr4Tb HopMrrpoBagHyroKoppenrrlrzorruyro (pynrqraro g*y? rlenry oua 6y4er panua?
48' By4er JII{ 

''potBJl{rrcx 
sssexr <cxprrroft rroJrrpa3arl ilu>> r'rfl.coJrHerrHoro cnera?'I9' oupeAeneul{e Koppen{quounofi Synnquu Broporo nop.rrAKa G*-. Karc ee zsnaeparr?50' onpe4ereHlre u cxeMa r43MepeHrrr KoppeJrflrlvorHofi $yHxqau G(2)**.itl' YrcaNzre ABa He3aBrIcLMbIx I'IHBapr'aHTa npeo6pa:osaHrafi noJrf,pu3arlvu BTopororIOPSA]KA TIO IIOffO I,I OAI{H I{HBAP}IAHT IIETBEPTO|O IIOP,AKA IIO IIOJIIO.:i2. Orurn qeroBeK (ua:oneu ero X) yr".p*ou.r, qro KorAa lnyx$orouHuf cnet rraAaer Ha50-% cnetoAe)JlureJlb' o6a $otoua BcefAa HarrpaBJrf,rorcr B oAprH BbrxoA. flpan na X?53. Hafiavre (*) 

" 
cocrorHrclr .,cxaroro 

naKyyMa,, l0)+cl2), c<<l.
54. lloxaxvre, qro AJrr cxarofo BaKyyMa (a2) ornu.ruo or HyJrr, a (a) panuo HyJrro.55' Haftnnre HopMI'poBaHHyIo Koppenrrlr4o'Hyro Synrqp*o Broporo noprA*a ge) BcocrorHzr{ o'cxaroro 

naxyyiraa,, l0)+cl2), b<< I .

56' Hapzcyftre cxeMy eKcnepuMefrra no ua6moAeuuro aMrJrrryr'oro cxarLrfl.57. Hapucyftre cxeMy eKcrepr,rMelrru no ua6mo4eur,rro KBanparypHoro clzarr4s..5E' 3arruurure upeo6pasoBa'ufl' Borofto6oe a rrrfl, HeBbrpoxAeHHoro rapaMerpr.rqecKoro
YCI,IJII{TEJI'. II<IXANVTE, I{TO OHI,I COXPAH"I", NO,,YTAIII4OHH'IE COOTHOIIIEHI,I'.59. Vlzo6pazure ua Sa:onofi nloclocrr{ cnelyrou?re oocrorurz.s cBera1) cxaroe no KoopAanare;

2) cxaroe no Sa:e;
3) cxaroe rto qLrcry $orouon;
4) cxitroe no Sase la KoopAkrnare oAHoBpeMeHHo.
6Cl. Kax uonyrprrb B oKcnepr4Menre 4nyx$oroHHrrft

rrapaMelpulrecr(oe paccexuue?
cBeT, He I4CnOJIb3yr 0IIOHTaHHOe

61' Kar< nonyrilTb B gKcnepI'MeHTe cBer c aHTr{rpyunuponrofi, vcroJrb3ys cnoHTaH'oelapaMeTpr,rqecro e pacceruue?

Bonpocrr AJrfl noAroroBKrr K 3aqery1' Ka'recrse'Hat cxeMa MexaHI'I3MoB Ir rrocJreAoBareJrbHocrr4 ,,poqeccoB rrornorrleH'{cBera 14 Irepexo,qa rrorJrorrleuHoft sueprzn B TelJro.
2. cnssb onrlrqec*r.rx nocrorHHbrx c Ml.KpoxapaKTepr.crrdKaM' MeraJrJra.



3' f[zcnepcr.o'Hble coorHoIIIeHI4r. r{acrornas 3aB}rcr.rMocrb lorJrorrlarenrnoficnoco6'OCTr'r MeranJra ,'pu pa3rur{Hhrx BrrAax HopManbHoro cru'-e@ s er<ra.4, Brcrar aHopMrurbHocrr4 cKr{H-ss$erra n rroBepxHocrHoe flofnoqe'rre.5' .tcuonurre MexaHI43MbI orr'rlecKoro nornorleHrrr B noJryrrpoBoA'I4Kax; MexaHlI3MbI rrtrocJreAoBaTeJrbHocrb [epenaqr{ sHepf]ru.
6, Oco6eunocru Mex3oHuoro [orurorqeurrfl.

nofJIOIIIeHLrj[.
flonsrze o Hacbrrrlenr4r4 Mex3ounoro

7 ' BHyrpusonuoe [ornoIrIeHI'Ie cBera u 3aBr'cr4Mocrb [ornoqare6'ofr cnoco6nocrurroJryrrpoBoAHr,rKa or KoHUeHTpaqzz cno60AHbrx nocureneft.
8' Kunernxa soronos6yxAe'rlt [onynpoBorHr4Ka na3epHoro r43Jrr{eHr4r.9' rlonepxuocrHble gJIeKTpoMarHr4THhIe BoJrHbr olrr.rqecKoro AIrarra3oHa.10' Harpen [pocrpa'crBa gKcnoHeHrlr4anb'o cnaAaroqrdM c rny6zHofi Te[JroBbrMACTOITHI,IKOM.

1 1' oorqas xapaKTepl'{crI4Ka JIa3epHbIx ruznefinrx pexr.rMoB pa3orpeBa rrprd orcyr crB*urenlooorrle'a' oAHoMepHoM, AByMepHoM I{ TpexMepHoM TerrJro[poBoAHocrHoM orror(e renJra.12. Teuroeoe [ocneAcrBr.re na3epHoro aMnyJrrca.
13' cnequ$uxa HarpeBa 14 ocrblBa'prfl MarwlraJra npu geftcrnuucBepxKoporKr{x na3ep'6rxr4MnyJrbcoB.

I 4. vpanue'rre re[JronpoBoA'ocrr4 ; HasaJrbHoe r{ rpaHr4 qHhre ycnoBr4r.
[ 5' TepirauqecKr'e sQsenru, corpoBoxAaroqre ra^:epurffi HarpeB.
16' Tepn'roMexa'IzqecKue esQer<*r; sasonrre [epexoAbr B TBepAoM cocro.,rHrzt4;4Zssy:raonHo-xr4M'qecK'e rBJreH vfl; sMtrcc'ro'Hbre rrpoqecchr.
17 ' o'patHble cBt3a MexAy oflT'rrecKl4rraz z $orosusuvecxuMrr rrpoqeccaMr' rrpr4 Jra3epHoMHafpeEaHrIr{ MeTaJrJroB I,r [oJrylpoBoAHHKOB.
18' TeirmeparypHble 3aBrIcI4MocrIa rrornoqaremuofi cnoco6Hocru n rcoeQ6aqne'ToBo6ren'ruoro noruIorIIeHI'I{' cKaqKI'I tlorirorlleHri srrpvrrJraBJre'rl}r Arur MeranJroB r4 rroJryilpoBoAHrrKoB.
1 9. Tenrnonax neycroftquBocrb u cta6unnsarf,Lrfl.
20. Tepuoxuuzqecxprft MexaH

Bo3,4yxe. 
frtYr'1q\r'i1r'rr4 MexaHI'I3M Jla3epHoro HafpeBa oKucnsrcull4xCt MeraJInOB Ha

21' MexaruqecKoe HI'I3KoreMIIepatypHoe pa3pyrrreHr4e xpylKrrx Marepr'aJroB.
22. Xuxru'recKr4 e MexaHrd3Mbr pa3pymeHr.rfi .

2'3 " BrrcorcoreMneparypHbre Mexa*r43Mbr c yqacrLreM r4clapeHr.r.
24' rroxrynronnrrft MexaHI{3M @opr'luponalrr{r Jra3ep'o-r4HAyrlupoBaHHoro rroBepxHocrHorope"ure$a.

2 5. fH4poAr4'aMr'qecrvfi uexaHr{3M Jra3epHoro pa3pyueHr4{.
26. IIaenHHafl y 1apaafl uolu3arJnl :
2lr. MHoro$orouuoe noilrorrleHr.re.
2[i. Ten"rrosofi Naexaurr3M orrrr{secKoro upo6ox peanb'brx cper.
29' ocn'eHBle 

'Kc[ep]lMeHTaJIbHbIe 3aKo'oMep'ocrr' u oco6en'ocrr.r orrrklqecKoro upo6orI4 pa3pyrueHr4.f, OnTr{qecKr4 HeoAHopoAHbx cpeA.
30' Mexaluz3Mhr I{HI'IIII4I{poBauux olreMHofo rofJrolrle'H,r B rrepBoHaqanb'o npo:pa.+roftcpeAe.

CaprocrosreJrbHafl paOora ac[upaHTa
cauocrolrreJlbHafi pa6ora acnupaHToB BKrroqaer 6onee r.riy6oxoe ocBoeHr4e MarepuaJra,paccMorpenHo.O O6ropuo B paMKaX JreKrILroHHbrx saustuit.

1. Mexanasrarr [ofJrorqe Hufl. vr uarcsunarJnr4 ogepfr4]r B BerllecrBe:



2' llonepxHocr'ble giIeKTpoMafHI,ITHbre Boir'br orrrrrqecKoro Arzala3oHa;3' o6m'ag xapaKTeplicr'Ka HarpeBa'rrfl Marepr4ruroB na3epHhrM H3ryqeHHeM HconpoBoxlarcu1r4e repMaqecKue o$$emrr;
4" JlzHefinrre a nenznefiHble pexklMbr nanepHoro HarpeBa, TerrJroBa, Heycroft.rnBocrb;5. Jlasepnoe pa3pyrrreHne rofJrorqarcqr4x Marepr{aJroB.

7' yqEBHO-METOAI'IqE 
CKOE I4 IIHO OpMAruroHHOE OEECTIETIEHT4E

I[cUrilJII4HhI d3AI'I MOAEIZc TBIIE JIA3 E pubrx rro JrE ft c
BEIIIECTBoM)

a) ocuonuafl Jrrrreparypa :
1' 3ueprerzqecKrle napaMerpbl Iz xapaKTeprrcrr4Kr4 na3epHoro r,r3nrreHr:Mero.4. yKiBaHr., KBbIIroJIHeHI4m na6oparopHblx pa6or: 

''o 
Kypcy (r{sMepe'r{e H KoHTpoJrb napaMerpoB Jra3epHoror3irrreHr'ref3rnexrpounufi pecypc] / M. B. TancaHq, JI.H Mafiopon. -M. :?IsAarenrcleo Mfrv Era.H.3. [iayuaua, 201 4.-49c.

2' (Dagonrre paBHoBecl{{ B o.4HoKoMloHeHTHhrx cracreMax [onexrpoHnuft pecypc] :y.re6uoe noc<r6re / Bynu4opona f.B. _ Kaganr : ZsAaremcrno KHZIT y,2014. _ 923' oasonrte paBHoBecvs' B MHoroKoMrroHeHTHhx clrcreMax [onexrpouuufi pecypc] :yreourre uoco6ze / Eynuaopona f.B. - KasaHr : I,Is4a:remcrno KH?ITy,2014._ r6gc.
6) gono.nuureJrbHafl Jrrrreparypa:
1" onsE'recKlce ocHoBbr Jia3epHofi pe:lr<u ToJrcrhrx JrrrcroBhrx Marepr4aJron f3rexrpoHnrrfipecypcl / Kosaren o.8., eonarzs B.M. - M. : oI43MATJIvrr.,z0r3. *256 c.2' rrpaxruKa rpeql{3uonnoft la:epuofi o6pa6orra [3nexrpoHnrd pecypc] / Baxc E.[.,Mrarenrxufi M.H., Canprmzn JI.f. _ M. : Texnoc$epa, 2013. _ 696 c.
3' oas*Ka BBrcoKr'rx rnorHocrefi eueprHu l3nexrpoHurrfi pecypc] / ooprou B.E _ M. :olI3MATJMT,20l3.-712c. r--rr'-J ' YvvrvD u'L - rvr' ;,

n) Ilporp aMMHo e o 6 ecneq en ne w VInr ep H er_p ecyp cbr :
r . http : I I irrtechlaser.ru/diodnaya-sborka-visokoy-plotnosti/
2,,

8. MATEPI4AJIbH O. TEXHI{qE CK O E OB E CTE TIEHI,IE 
AI4 CIII{ IIJII,IHbI

..B 3 A I,IMOAEITC TBI,IE JIA3E PHbIX TI O JIEIZ C N N,q E C TB O M>llpuueHeune MyJIbrI'IMeAafinrx npeseuraqaft n KoMrrbrorepHbrx crruynaqufiooecnequnaerofl npoBeAeHI{eM sausruia B yxe o6opy4onauurrx MyJrbrLrMeAufturrrrao6opyAonaulreM ayAlrropkrrx rcaSe4pu <DulIM.
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