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r. UEJrI{ OCBOEHIII l.ilu\t4lrJrr4Hbr
I{erruz ooBoeHrrr llucuuflnr],'r,r (rraoaynr) <Bsar.rMorefc,rsr4e .rra3ep]rr,rx II

JI
BellrecrBoM) flBrqerct {roplauponaHlze y acnl4paHlos suauuft r.r KoMnereHqzii n obr
Qzszrz B ycnoBrrrx krH'reHcr4BHoro pa3Bu1tufl. MeroAoB rr cpeAcrB, oc*'o
nsanl'IoAelzcrBI{a Jla3epHoro rI3JIyiIeH?u c Belrlec'rBorra, cnoco6crBoBaHl,Ie craHoB.IIeH 6

H

,4ytr{zx

HA

HayqHo-I4ccJreloBarenbcKl4x Ka,4poB, neo6xoAlaurrx Infl ycnerrrHofo pastBrrrrg1
Poccuu.

3alauu Kypca:

14 OUr3HKe CoBpeMeHHbIX

r,rccJIelIOBaTeJIbCKlD( I{ I]

npoSecr;u<r

I{Ot4

- c(foprrlzpoBarb y acrzrpalToB crrequaJrbHbre reoper,[trecKrze 3Harrr4, c yqeroM
Hayqr{brx AocrHxeHr{fr s o6racu na3 epHbrx no:4eft cr suir ua. B eruecrB o ;

- ,4arb ocHoBHbIe [paKTkIqecKI'Ie HaBbrKr4 B MoAenrrpoBaHrrr{ ]flpoqeccoB B3ZLI4
na3epHoro I43nrrelFII'Ifl C MeriuIJIaMZ, Ar,{3Jlet(TprrKalMr4 r4 [onynpoBoAHrr.Karvrrl;

- c(poprunpoBarb rlpelcraBneHI4e o npaBkrJrbHoM lpr.rMeHgHar4 [oJr]n{eHHbrx
perrreur4 r,r 3aAaq lasepnofi $usur<v.

2. MEC'IO A}ICIII4IIJII4HbI B C'T]PYKTYPE OIIOII I}C)
'B nracrosruee BpeMt o6nacrt IdclroJlb3oBaHrrr na3epHoro r.3nyqeH[4s .B Karrec,r

lI TexHoJIOrZqecKofo I'IHOTpyMeHTa rrocrorHHo pEtcrllap flercg. Kypc <Bsaunao4efrcrerz
norefi c BerrlecrBoM) Iaer ocHoBy An, nocne.qyrorqefi pa6orrr creur{aJrr,rcra B

Qrasuru, cplcreMarlr3rlpoBaHo rlpeAc'aBnrrfl np'rrrlrurrbr ut [pr4]\,epbr rrllr4MeHeH',
I{3nrIeHrIt' flan[etr, ALIcIIIaIJTI4Ha orHocarcr K llr,rcqurrJrr{uaM no n;r6opy Bapuar'r
OIIJOIII rroAroroBK] acnvpalroB rro HarrpaBneHHocrz <Jla^:epnar ft,zsr.rKa). 3uauza, f,oKypcoM ueo6xoAzlrbl KaK B I{ocneAoBarelrcxoff pa6ore, TaK rr Anr r4HxeHeprFrbrx
HarrpaBneHmfi ra:epnoff rexszr<n. IrlsrorKeHr4e Marepuarra B paMKax Kytr)ca
6asosbre rroJloxeHrzra nasepuoft $usuxu, TaK Ir coBpeMeHHbre,reHllerfrlzr.4ann.fi

3. KOMIItr]TEHIII4I,T OBYTIAK)IIIEIOCfl, OOPMI4PYEMbIII B PE:}YJ{
O C B OII H IIfl JUICIII4IIJII,ITIbI

B pe3ynbrate ocBoeHr'-f, nporpaMMbr acrrr4paHrypbr y BbrrrycKHt4Ka ,Ao
c Q oprra upoeaHbr cneAyrcrque KoMrrereHlJlrr :yK-l cnoco6uoc:rrro K KpHTr4qeoKoMy aHannsy
Aocrnxenr4fi, reuepupoBaHr4ro HoBrrx vgeft rtpu pelreHr4rz
3a4arr, B ToM qvcne B MexAI4crIkrrIJrLIHapI{bIx o6laclxx;

yK-2 cnoco6Hocrbro tlpoeKTrlpoBarb Ir ocyuecrBJrrrb KoMnrneKcHbro HccJrs.rl
qI{cJIe MexAI4cII[[JrI4r{apHbIe, Ha ocHo]Be IilenocrHoro cr4creMHoro H&yr{Horo Mr{po
r4crroJrb3oBa'r.eM gHau'ft e o6-[acrr4 rrcropnilu $unoco(f Lrrr Hay.oLr.,yK-5 cnoco6uocrbro rrJraHr,rpoBarb r.r pe,,rarr, 3ara'u co6crnenHoro
Jrr{qHocTHOfo pa3BI4'rr4.{;

OIIK-2 roronHocrb K npeno4anarelrcrofr
nporpaMMaM Bbrcrrero o6pasonanzx.

B pesylr,rare ocBoeHlrfl Ar{crlr4[il,rHrr o6rr
neo\/rLTomr i ^K-^^^^^------p%ynbrarr,r o6pa^ronaHr,rx :

3narr: Mexalru3Mbr rrornorleHrrr u Avrcc
coBpeMeHHbre HayrrHbre Aocrr.rxeurar (VK_l); s
rr3nft eHrreM; n pzHrlr.rnrr na3epHoro npeo6pa3oB
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2);

Yuerr: paccqlrrbrBarb pe)KrlMbr na3epHor
AocrrrxeHr4x rpeSyerraoro s$Sexra; lrJraHr4poB

o6racrn nsaulro4eficrBr.rr Jra3epHbx noleft c ne
reHeprrpoBaTb HOBbre uI]ev ilpu pemeHr{rr uccneA
v p oBaub rI ocyilleL:'r'tsJlrrb KoMlrJIeKcHbIe flccne.{oBalrlafl, I] T,oM
qI4C
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c OAEPXAHT4E Ar4CUUlJrr4 rrhr

JIEKIIIIII
1. Mexaun3Mbr [o.Jro[IeHus r{ Alrccu''aq,nr{ 3Heprrtu B BeruecrBe.
Ontuqecxpre npoqeccbl B MeraJIJIax. Ka.recrseHnajq cxeMa rr,*urrlrrol* ,

rlocneAoBareJlbHocTl{ npoqeccoB norJloqeHr4r cBera kr nepexoAa rrorJrorqgHuoft :rneD."*] u i,,rrrnn.
Flo o -orr'oBseAeuue rB KJraccr4qecKyru sneKTpoArrHaMrrKy
Mr.rKpoxaparcTepr.rcrrrKaMr.r MeraJrJra. .{ucuepcu
nornoqareltnoft cuoco6uocrr4 MeraJrJra npv
Bxlan aHopMarrbHocrpr cKr4H-s$Sexra B noBep
nonyrpoBoAHxmax. OonoeHrre MexaHrz3Mbr o
MexaHLI3MbI 14 nOCneIoBaTeJIbtIOCTb nepeAarln 3
flonsrue o HachrrlleHrrl,I MelK3oHHoro trofJro
3aBl4ct4Mocrb nofJlolqarenrHoft cuoco6nocrl{ rIoJIylpoBoAHr4Ka or KoHrleHrpa)quu cpg6ounux
nocureleft' Kzneruxa (poronos6yN4enza nonylpoBoAHrrKa na3epHoro rz3.rrrrterlrz,{. l}ruLrune

O6qar'lpyAoeMKocrb ArrcqrflrJrr.rHbr cocritB,
lu rx{AHr4t, Ar4cqI{IIJI[IIIbl
naen: 2 3arlerHbx eAaFrurl. 7 2'aaaont.
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4ra(f $ysnonuo-pexolr6I{HaIII4oHHbrx npoueccoB. flonepxnocrrrbre oneKTpoMalnrr{rHr4e

orlTl'IqecKoro [r4arra3ona. OcHosHrre csoftcrea noBepxFrocrruJx gneKTpoMarHuru$rx

crpyKTypa I,I paclpeAeJIeHI,I norefi, ycJroBt4s cyilIecrBoBaHtrl:, Ar{cflepc]nognoe coorlrr
flonepxuocruue IrJIa3MoH-rr nqpr,rroHbr rra rpaHr{rle MeraJrJra c Ar.rsrerKTpr4KoM.

]}OJIHbI

EtoJIH,

IIHE,

AbI

nos6yN4euur lI3B. SSQercrnnHocrr, bos6yN4eHr.rr |ISB Ha perrerKe v
rloBepxHoct'2. Bxna4 feHepaIII4I4 I4 .4llccunaqzu fI3B B rrofJroUeHr4e cBera Hia ro
METAJIJIA.

2. Jlurueftu.bre pexrrMbr Jra3epHolo HarpeBa.

Jlzueliusle pexfl..IMbl na3epHoro HarpeBa. Harpen ilp( crpaHcrBa ,n.non.nuJrror"o
crraAaroqriM o rly6uHofi renlonrrM r4croqHr.r

3aKoHoMepHocrlr. Oco6enHocrr.r HafpeBarrr{.rr M

O6rqar xapaK'trepucraKa Jra3 epHbrx manefi nrrx pe

oAHOMepHOM, AByMepHOM U TpexMepHoM T

nocJreAcrBr4e Jra3epHoro r{Mnynbca, Cnequ$ura
cBepxKoporKr{x na3epHbrx HMrynbcoB. 06
LI3n) {eHr.reM. Tenrosrre erb(lerrrr B KoFrAeH

ulJcpxK0po'r'Kr4x na3epHbrx HMlynbcoB. uo
LI3n) {eHr.reM. Tenrosrre e(f(lerrrr B KoFrAeH

reMneparypnofi rrznerr.rKr4 nprd na3 epHoM n os4eft

TenJra. YpanueHze rerrnorpoBoAHocrr.r; HaqilJrbHo

colpotsoxAarorqr4e lasepnrrfi HarpeB. Teprvronr

TBepAoM oocrosHrala; ar,rSQysuoHHo-xrrMnqecK[
oco6ennoolr,r na3epHofi arrnnarluu npoueccoB

noBelpxHocTr4.

3. He.nnnefturre pelrurMbr Jra3epHolo Har

HelznefiHtre penorMbr na3epHoro Harpe
(foro(fusuruecKr,rMr,r rpoqeccaMr{ rpr4 na3epHo

Terr,rneparypH[,re 3aBr4 cr.rMocrlr [ornoularenbHo
lrofnorleHll"s, cKaqKLI rrornoxleHllfl npu rrraBJreHr.rr4 Infl MerarrnoB rd noJryrrpoBoAHlrKon. ll'enuronar
ueyctoftuuBocrb u cla6ulu3allus. ZuepquouHbre MexaHr.r3Mbr sfi,parH x cssseft" ClcobeHjuocru

lrofnorleHll"s, cKaqKLI [OrnOXIeHLIfl npr rrraBJreHr.rr4 Infl MerarrnoB rd noJryrrpoBoAHlrKon. ll'el
ueyctoftuuBocrb u cta6utu3allr4s. ZuepquouHbre MexaHr.r3Mbr sfi,parrr x cssseft" Oco@eH

uenuseftnsrx enrosoft neycrofiuuBocrrr npr na3epHoil axrvrnaqr," fporJrr..o"appeHl'IycoBc reMneparypuofi sanzcrrMocrr,r lrofJrorqarenrnoit cnoco6flocru
MgTaJTJta. HA neR Onnnrr,rnnpgrrr,rc raErq,2rrpa.qrrrr^Eqnur\F^, -^r.-^o,l.,\,-^ ^-^-

appeHl,IycoBc TeMneparypuofi sanzcrrMocrr,r lrofJrorqarenrnoit cn
MeraJrJta Ha -^ - -'*-(---*- .*--pen. @oprvrr,IpoBaHr.re KBair.rcraqr.roHapHofo, rporpel$ro clox.
rl-.^- ^--^---3xcnoHeuquurbHafl. KI{H'rr4Ka puu'a 'reMlleparypbr. Tepruoxunru.{ecxuft ra,*unrr* froa]rnoao

IHarpeBa o.Kl{cntrcqaxct MeraJtJIoB Ha Bo3Ayxe. OcTroeuHe gKclepzrMeHTaJrbHbre raxouolfepr].oc.ru.HarpeBa o.Kl{cntrcqaxct MeraJlJIoB Ha Bo3Ayxe. OcTroeuHe gKclepzrMeHTaJrbHbre raxorronlepr|,octra.
Kunerzr<a B3aI,IMocEtt3aHHbIX xlrMarrecKr.rx, orrrarrecKlzx u renro$z:luqecKlrx [poueocoB,

4. Jlaoepnoe pa3pyreHr{e rrorJrorqarcqux MareprraJroB.

O6qas xapaKTepl{crllxa MexaHIl3MoB na3epHoro pa3pyrrreHr4rr. Mexapniecnoe
HLI3KOTeMrepArypHOe pa3pyrxeHr4e xpyrrKprx M

Brrcoxoreu[eparypHbre MexaHr43Mbr c yqac
(foprranponanur Jra3epHo-r4HIyrlupoBaHHoro no
Kunerur<a ucnapor'ufl, llo cxoft noB epxHoc tu. I4c
TelrneparvpHar rpaHprrla nepexoAa or HafpeBa K

K ucnapeHr4ro. O4nolrepnar sa1laqa reopvu
uclapeHl{eM. VcranoereHze crallrroHapHoro pe}Kr4Ma. Onpe;lelenue xna:lzcraqdoHapHbrx
rlapaMerpoB. iJasHcl,INaocrb reMneparypbl r{ cKopocrr.r na3epHoro pzt3pyrnenurr or rrlrronrocrt4



cBeroBolo lroroma. BtrrecueHue pacnnaBa
r----- -r Il!,poAlirHaMurrec Kuu MexaHI4 3M Jla3ep]Frof c] pzt3p

5. Conpe*reHHbre rpeAcraBJrenHs ob onr
Oprguqecnue [peAcraBrreHLrfl, o6 onru.recx

yAapHafl r.rolnr.r3aquq. MHoloSoroHHoe rrorJro

ueyclofrutrBocrlr. Terrnosoft MexaHr,r3M orrrr4q

cnoficrga peaJlbHlrx orruqecKl4x MareplriuloB
3aKoHoMepHocrI4 Ia oco6enuocrrl olrrllqecmoro pa3pyrxr3Hr4fl orrltr4qecKz neodrrofr,oAgbrx
cpeA. POnr MI4Kpoueo,{uopo4uocreft B 3apo nofnoueHr.rrr u npo6oe. l\,4tlxfr-rz:lruu
r4ntrqurrpoBaHufl o6teltuoro rorrotueHujrr B

ueycrofiuuBocrb. Crarucru.recKa{ KoHuerrlr4{
flopoloB npo6or.

5. OEPA3OI}ATEJIbHbIE TEXHOJIO|I,II{
Ilpoee4euIae JIeKIILIoHHbIX zansrufi. o6ecrre.reHo cneq[uurr43lrpoBaHnbrr{Lt a.yt\futoltuxwu,

o6opy4 KropaMpr, qro ro3B'Jr"",, .",o1rouf,,r,4uru
qTEHI,IC

B cneAyrolrlr4e rexr{oJrof r.ru:

o l(oulrrorepHbre cr,rMynfl rlr{rr na3 epuo -r4 HAyrIr4p oBaHHbrx [poqeccoB.
o 'Iexnoloru.s upo6neltroro o6yvenux (case-study). IIpu paocrv,rorJoe)Hvt4 aoirpocon

lpaKTI4qeCKOI'O [p.[IMeHeHLI{ ]paccMorpeHHoro reoperuqecKofo Marept?ra)ta, vQnontb3yeTct
llI{anofco cryAeI{TaMvIHa l[peAMer BO3MoxGbrx cnoco6os perreHr4r rroc.ra]tneHHoii:agavz

o Bcrpequ c yqeHbrMrz, pa6o'rarcrqunau s o6racrz rznepnoii Sz:lrru
nr4a|HocTr4Ifl,r"

rulpnrofrv na-n

OIIEHOIIHbIE CPEACTBA AJI.fl TEKY
IrP OME Xy:t OrIHora amn c T,q.

AI4 CIIT4IIJTI,IHbI I{ y qEBHO -ME
CAMO CTOfl 'TI]JIbHOiI PAE OTbI ACIIUPAIITOB]

llepe.renr BorrpocoB AJr.s recrrrpotBaHrrfl
1. Jlzrneftuo nontpll3oBaHHoe rr-?,nf{eHr4e I{e-Ne na3epa. o ilrrpr4}roii ctrerclpa 20 Mfq

HarlpatsJlflerct B uHrep$eponaerp Maxa-I-\en4epa" B oAnorr,r r.rs rreq zur,:p$epoNrerpa crorrr
nonyBonHoBafl [IraarvIHr<a, 5es rlorepb noBoparrr.rBaroqa{ ronrptr3arl]aro Ha 90o. Karcofi 4[:lNna
6rnl paruocrb rIJIeq, qro6rr Ha BbIXoAe uurep$epoMerpa cser 6irrr Herronrpr.r3onan rlo alrcpona
noprAr(e lo n<uro?

2. Karc c [oMou]b]o Kpr.rcranta suo6ara
nonrpl{3oBaHl{Oe pl3nyqeHrze cBeToAAO,4a C UeU
cneK'rpa 30 Hu? Karofi Anr,rFrbr Frynffio ts3rrb
loKa3areJru npenoMJreHnfl.Ha Anr{He BoJrHbr 500 n

3. B 'reqeurre Kar(oro BpeMeHrr (no nopa4
flonrplz3oBannrru?

4. 'I'o xe, AJr.rr cBeroAr.ro!:a, r43nyqarcrqero B

5. Kaxa;r Koppen{quoHHa.f, $ynrqzr fray6epa r{3Meprercr r} eK,c[epriMeHTe rro

6.

na6mo4euzrc ( cKpr,rro fi, no r,tpuza:!.uu>>? 3anu c arr BbrpoKeHrre.



6. He4rzaroHaJlbHbre gJreMeHTr,r Marpr4rlbr
qTo cBeT Henon-r{prr3onan?

7. Moxruo Jtrr.r ro Br4Ay BeKropa f[xonca
qacrr.xqHo flonrpr,r3roBannurra ? Orner o6ocHos arr.

8. Kaxosa AonxGa 6u'm ro"nqr.rHa KBaprlenoft uacurHKt{, opr{eH,rr.Tponannofr (
ocrro) rtoA yrnoM 45 rpa4ycclB K Beprl4Kaluz, .rro6u ropr{3oHran]jHo rronflprr3or}aHuoe
rurau-can$[poBoro na3epa c .4lusoft Bo.]rHbr 800 nu rr AJrr.rrenlbHocrbro t4Mnt/nbca
BbIXOAe IZ3 IIJIaCTLIHKI,I CTaHOBI,IJTOCb

a) BepTr{KarrbHo rron{pLt3oBaHHbrM;

6) neuonxpl'I3oBaHHblM. .{nynpenoMJreHr4e KBaprIa crrrrr,arb panHull 0.01.

9. flonaNr.rrc], rrro Marprrubr "rrc 
( !"*,i l,kl' +lrl' =l o(iparyror rpynry no
\-/ t*)'tt rl

KorepeHTHocru paBHbr Hylro. Osna

olpeAenr{Tb, qBJrreTofl JII4 oBe'r noJrH

neBounz

npo

K Olepaurrr4 yMHoxeHkrr.

10. fnoxa:am,, rrro BeKTopbr /]Nouca Anfl npaBorlrrprlrnrpuoft ur

lonspu3arlutr opToroHanbHbr.

I 1. cxorur<rarvru BerqecrBeHHbrMr4 rrapaMerpaMr.r xapaKTepu3yerc,

yrspnofi

bIt4

7[ ]]OKpyf

ft tnroSoe

Hrrr efo

AByxMolloBrrii cnero4elurelr? Oasosas rrJracrr.rHKa? Porarop? Orner g6ocgoBarr.

12. Kax npeo6pa:yerct BeKTop [NoHca, KorAa BeKTop Crorca roBoparrkrBae,rc{ H

ocu o:? 3anr.rurzre Marpr4rly ![xronca.
13. Kolrruyrarl'IBHbl nil nonflpv3arluoHHbre npeo6pasosaHufl,? Orser o6ooHosirrb.
14' Moxtno nu [pLIAyMarl na6op (fa:onrx rnacrrlHoK rzJ]u4 poraropoB,

rronf prll3 arIr4oHHO e CO CTOfl HV e npeo 6pas oBbrB aJr 6rr n oprorosannno e ?

poTa:fop He

MeHrn npo BoirbHofo

15. (a) Kar AolNen 6rrrr nonrpr{3oBaH cBer, .ro6sr lpora:nolrnrrft
cocrorrHr,r.f, nonspr43arlun? (6) Kaxuu AonxeH 6rrrn porarop, .rro6iu or{ He
cocTorrHlzr rrontpr{3arluu csera?

16" Kax r.r3 rrrracrr.rH on + ^ ! "o"n*b 
rrnacrr4HK , L,

2 3 ----'-'--J 
6

[7. Llrvrerorct qerBeprbBoJlHoBbre r]nacrr.rHKrr.r An.f, r.r3nyqeHzr yAG:Nd Jra3epa c a]ruranofi
BoJIHbI 1064 nu. Byayr JII4 ABe raKl{e rIJIacrprHKr4 pa6orarr KaK oAHa noJryBonHou* n.lrurir"nu?
By4er JIIZ oAHa ra.r.al rIJIacrLIHKa pa6orarr KaK nonyBoJrHoBar rrJracrlrlrKa AJrJ{ r'3nrr{enf n iuopor
rapMonrzKr4 TOfO lxe tazepa?, Jrd-5gP4.!

18. Cner, [on-f,pr.r3oBauHsrfi mlueftHo uo x,
Bcex rrerHblx rIJIacrIlH HanpaBneHbl rroA yfnoM +
r< nefi, Karc 6y4er rroJrrpr.r3oBaH cBer Ha Bbr

oAr.rHaKoBo - rroA ylnonr *1o r ocu x?
19. [na oproroHanbHo [onrprz3oBaHHbrx M

oArrHaKoBbre (fasontre rrJracrr.rHKr.r, a 3areM c
uurep$epe ngw? Orser o6ocHoearl.

20. Hainu crerreHb rronrpr.r3arlkru AtrA o4uo(foronnofo cocro flHvtg.
21. Karc r,r3Mepr4Tb napaMerp Crorca Sr?
22. )lapucoBarb ycraHoBKy An.t{ I43MepeHHr nou6uHaqnu naparMerpon (lrorca Sr+SC.
23. llrr.rvcJrrrrb KoMMyrarop [Sr,Sz].
24. coqas.rrf,ror nr4 rpyr[y oleparopbr croxca? orser o6oouosa*.



25. Bu"rucrurr

CIIJP uepnoro rrdrra.

cocroxnus?

rrapaMerpbr Cror<ca rnr cocroxnw lvac)+ clZ,O), reHepr.rp

Kaxue napaMerpbr Crorca Moryr

26. loxazanb coorHorrreuue So2 =,:S02:*So.

27 . Haftru cpe.qHee 3HarreHue oleparopa S2=,

28. Ilairru KoMMyrarop [S2,S r].

(S,S) e oguo$orouHoM cocrorFraH.

29. lloxaNnle, qro IIpt43HaK HeKrraccuquocrr{ DkQ): fu9fl .:,1, gt< =o,-

Bbrn orH.ser c fl Anfl Terr JroB oro (rayccon cxo ro) uslyu eHLr fl..

30. BrnonHrercr Jrr4 sror npr43HaK Anr KofepeHTHoro zsrylenzx?
31. Haftru o6reru KorepeHTHocrr.r AJrfi r,r3JrrreHrlfl ArroAHor-o na3epa-yKa3Kr.r c Anu;,

650 urra, urupr,rHoft crreKTpa 10 Hu, Ar4aMerpoM nyqKa 3 uu ra 4zrsparqr,ronuofi
(3auena 3Aecb yrroMr{Haercx gz(fparcquoHr{ar pacxoArzMocrr?) llpz xarofi uor
yKa3Klr e o6rerde KorepeHTHocru 6y4er o4raH QoroH?

32.Hettay paBHa P-$yuxuur Anr BaKyyMa? A SyHrcqzx BvlHepa?
33. Kaxze BeJrr.rrrrzHbr HaAo rz3Mepzrb B gKcneprrMeure, vro6sr y6e4u,rrcx rr

4nyx(f oroHHoro ctsera? Hapuconarb cxeMy sKcrrepr4MeHTa.

34.Hainu rapaMerp rpyrrrr4potsKr{ (HopnanponagHyro KcD Broporo nr)r)rAKa

cocro.f,Hrr{ crlO)+ 9lZ),1"1'*lpl'=1. tlpz KaxoM ycnoBr4rr cBer B raKoM cocro.sr

o6na4arl aHTr4rpyrrraponxo ft ?

35, Karcoro nopsAKa Ao.rr)rua 6rrur uerunefiHocrr y cpeAbr, qro6u n nefr
reHepaqur rpexQ o'roHHoro cBera? 3anu nute raMr,rnbro Hr4aH.

36. Karrze Snsu'recrze BeJILIqrIHbr r,x3MeprrcTcr npr4 rrpoBepKe HepaBeHcrBa

pacx

Bern

o[ o npr4

lrFrocTr4

6rrra

e(P) n.rn

wu 6y4er

Knaysepa-)(opua-IJJrarvrouu-Xcurra?

37. llor<asa:rb, qro AJrr cnera s 6enroscKoM cocrorHuu (xorr 6rr o4Horr,r n:
yr' = A[uJ t bl a\)lvac) ,

@i : tol otr t { u)1l,or) ,
IT

rAe al ,bl - oleparopbr pox.4eHufl. B rronrpv3arlr{oHrbrK MoAax x.,y, ar i,r r,2
o6os.uaqarcT [pocrpaHcrBeHHble MoAbI, cBer B xax4ofi H3 npocr]paHcrBegH6rx NroA
Herronfl pr{3 onan (creneHb rronfl prr3 aur{u paB}r a Hylro).

MeroAy Knlnilno) oAI'IH LI3 AereKropon nrr6upaercs 6oree ruupoKonoJrocHhrM (xar no yf,ry, 1un t\^cr^ rrv J I JrJ , La,t\ n
IIo tracrore), ueu,upyrofi. Kar<ofi r43 AByx AereKTopoB npr{ 3ToM ralu6pv:r:c:r?

39' Eclz 6w y .qsrefi KaIII,IraHa i-paHra 6rrr N,rasruur< rDyxo c rrpe3ubrrrar"[ J,ansrt

/ rvrvr 
^@lrlvp.,l e Lv.A :

39' Eclz 6w y .qsrefi KaIII,IraHa i-paHra 6rrr N,rasruur< rDyxo c rrpe3ubrrrar"[ J,ansrt
3arp(aHI,IeM, ua r<arofi yron 6rr orKJIoHLrJIac

rlyrerrrecrBlrfl. no 37 fi. napmlenu? llpo4oJrxr.rreJr
40. lfa rcarofi yron rroBopar{r4Baelc;{ rrJr

llerep6ypre sa cymu?
4LIfa xaxoft yfon noBopaq[Baercr nonsp

cBeToBOAa, 3aKpyrleHHoro B BIZ,4e Cnr4panu c pal.Lr



42. Cner, rontrpr.r3oBanutdi mneffuo no X, upeo6pa:yercr
rronflprrcauueft no4 45'a) poraropoM,6) uracrunxoir)"12. B raxou
reoMerpurrecxoft {larrr? Orner o6ocroBa.rl.

43. To xe, uaftru ua6er reoMerpr4rrecxoft Qasu.
44. cner' ilonflp,3oBaHurrft lpatsorlr4pKynspHo, nponycKaror rrepe3 il

OPI,IEHTI{POBAHHYIO OIITI,IqECKOft OCrrc TIOA YTNOM X K EPTVKAJII,I, A 3ATCM qEPC3 TO

lnacrl4HKy' opIreHTI'IpoBaHHyIo ollTplqecKoft ocuo noA yrnoM -X K Bepr1aKaJrr4. Haftrn
reoMerpr4rrecrcoft Qaru.

44. Oqenzre qyBcrBr4TeJrbHocrb rGaHToBor
45. Kar< c noMotubro (fa^:onofi nJracrr{H

rronflprrcarlzoHulx uoA'/
46. To xe, Ant rlonyBomIonoft I4 rlerBeprbsornosofi rrJracrr.irHKr4. lrr uracr 

^nn 'htli,
47 ' HeuolapzsoBaHHoe I'3nyrroHrle, [prrroroBJreHHoe r{3 K-rroJrrpr.r3oBaHr{oro foanf"."r"

TeIInoBo|o rIcroqHI'IKa (xax?) nponycKalor rrepe3 nonyBonHoByro ilnacrrlrr{K)/, o,p"."tol;,oBarrHyro
noA yHIoM '2'2.5" x x, 3areM c rloMotublo npl{3Mbr fnaHa, nrr4erurorqeffi x- u y- nonfp"l,uu"16,
HarlpaBnfiIor ]ra.4Ba oIHoMoAoBbIX AereKropa (urn ero 3Har{HT?). Karc r43Mepr{Tb nopr,tlpoular{Hyro
Koppenrqr4on.rryro (fyurcqraro g*y? r{euy oua 6y4er panua?

48' By4er nLI IIpo.sBnfl']tbcfl' e$Ser<r <cxprrrofi lonrpr43arlukr>> rrrfl.coJrHerrno]ro cnora?
49. Oupe4e.neuple Koppenrquounoii Sy*rn"'-. -^-^.--.^ ^ r.
50. Onoelelenve 14 cxeMa rz?Mene'r,Tsr k.r

rrvm $rJIA
50. Onpe4elenue u cxeMa r43MepeHr4fl Ko
51. VlcaNure ABa He3aBr,rcrrMbrrx lrHBap

nopflAKa rr0 [oJrro u oI.LrH UHBApTTAH-] qeTBepTOfO

52' oauu rleroBeK (nasonenr ero X) yrBepxAaer, qro KoFAa Inyx@orroHnrrfi ceelrrararer Ha
50-% cne'roAeJllzreJlb, o6a Qoroua Bcerra HanpaBnrrrcTc.rr B oAr4H Bbrxor. flpan nu X?

53. Haft4zre (a2) n cocroflHLru.,cxarofo naxyyrua', l0)+cl2
54' I-IoraNzre, r{ro AJrr cxaroro BaxyyMa (a2) ornzvuo or,
55. Hafiruzre HopMr.rpoBaHnyro KoppenrunoHHyro QyH

cocrorHr,rrr'oc)Karolo naxyyrrla', 
| 
0)-tcl2), c<< 1 .

56. Hapzcyfire cxeMy sKcrreprzMeHTa no ua6:rrc.4ennro aMlJv. rro"pyrvJyrLv L,^eMy 3Ku'epflMeHTa no HaoJIIO.4eHIIIO aMl
57. Hapucyfire cxeMy 3KcneprzMeHTa rro na6moneHraro xn
58. 3anuruule npeo6pznoBaHnfl, Boroffo6oBa AJu HeB

ycvnrTenfl,. floxaNrare, rrro oHI4 coxpaHrrror KoMycvnrTenfl,. floxaNrare, rrro oHI4 coxpaHllor KoM

59. klzo6pazure Ha Sa^:onofi nlocxocru c
1) cxaroe llo KoopAr{Hare;

2) cxaroe no Sa:e;
3) cxaroe ilo qucny Sorouon;
4) cxaroe rro Sase rr Koop2u.rHare oAHoB

60. Kax uoly.ram B 3KcnepvMeHTe nB
[apaMeTpr,t qecKoe p acc e tuue?IrapaMeTpr,t qecKoe p acc e tuue?

61. Kar nonyu,rrb B oKcnepnMeHTe cBe
IrapaMeTpr{qecKoe paccexnue?

Rnrtttr...t t.oBoupocrrr {.Ilfl .vi4r u r uDr\' rt J.l.irs r y!\rr r\ Ja1 r,w I J
l ' Kaqecrse'Ha.f, cxeMa MexaHn3MOB 14 rrocJreAoBareJr.,Hocrrz ,,poueccoE] n,rr]norrtr"r,"

cBera 14 rrepexoAa rlofJlolueHHofi snepruu B TerrJIo.

B COCTO'IHIIE O

cnyqae 6y,uer

----t.- 
^ 

t^tttt{/ t\,/ z)

rari:yrc xe
13MisHeHr4e

2. csssr orrrr4qecKlrx 
''oc 

oflHHb.o c MrzKpoxapaKTepucrl,I*ar\drr Merrurra.



3. .{ucuepouoHHbre coorHolrreHafl. r[
CilOCO OHOCTIZT MCTAJIJIA NPN PA3NI4IIHbX BI,IAAX HOPM ANbI{O IO CKI,IH

4. Bxlal aHopMaJrbHocrr,r cKzH-eQ$erra B noBepxHocrHo
5. Ocnonuue MexaHr43Mbr onruqecKofo nornorleHr4.f, B

locneloBaTenbHooTb [epe.4arlr4 9Hepfr4r4.

6. ocodeHuocrz Melr(3oHHoro florJrorqe'n'. rloustfi
nolJrotueHI,Ir.

7. JBHyrpusouuoe [ornorueHtre cBera rr 3aBr.rcr.rMocrb
nonyrrpoBoAFrHKa 0T KOHrIeHTpaquu cno60rHbrx nocrzrereft .

8. Knnerzr<a Qorono:6yx.qeHrr{ [onylpoBoAur4Ka na3epH
9. floeepxuocrHbre sJreKTpoMarHrzrrbre BoJrHbr orrr.rqecKo
10. Harpen [pocrpaHarBa oKcrroHeHqr4uurbHo cna/Iarc

I,ICTOIIHI,I](OM.

I 1. o6qas xapaKTepr{crr4Ka na3epHbrx ruanefiurrx pe)Kll
renloo6ueHa, o.4HoMepHoM, .4ByMepHoM 14 TpexMepHoM TellJrorrp

I 2. Tenroeoe rocJre.4crBr4e na3epHoro rrMrrynbca.
13' cneuu$uxa HarpeBa 14 ocrbrBaHufl Marepu'ra npu 4eft.rnuu

r4MnyJrbcoB.

7 4. Y paeneHrre rerrJronpoBoAHoc:f[; Har{ar
15. Teprr.ruqecKr{e eQ$erru, conpoBoxA
16" TeprvroMexaHrzrrecrlre eQserrnr; O

4a$SyszoHHO-xr.rMt4qecKr4e rBneHr.r_s; sMrccr4oHH
17 O6nerrJrrr. nDqerr trra\'/rr/

AfrwwJ J.ur\rfl rru-2{.t1Ml1 rrtruKue tBJIeHI,I_s; SMI4CCI4OHH

17. O6pnHbtre cB.s3r.r Mexly orr'qec^r4Mr{ r eo.r.oer.r3r,qec
HarpeBaHlrrz MeTaJrJroB 14 n oJrylpoB oAHr.rKoB.

18. T'enaneparypHbre 3aBzcr4Mocrrr nofnorrlare*Hofr crr
oobeMHoI'O nof notueHl{t, cKaq.KI4 IIO|JIOTTIeH a.f, II

I9. TennoBarr Heycrorlqueocrt u cra6utuz
20. Tepnaoxulazqecxufi MexaHr43M Jra3e

BO3AlXe.

21' Mexanl4rrec*oe Hl43KoreMrleparypHoe pa3pyrxeHr4e xpyrr*:r{x Mar,epr4urnoB.
22. Xutan recKve MexaHr.rsMbr piBpyrxeHr4r,
2 3 . BlrcororeMneparypHbre MexarJr43Mbr c yqacrueM n,arrape*'1tfl..
24. lrompuronHrrft MexaHr.r3M soprr.rzponaHrlq Jra3epHo-r{Hr},rlupoB&r{Ho,fo

pemeSa.

25 . lunpoAr4HaMr.rqecxzfi uexaHr{3M na3epHoro pa3pyrx eHnl.
26. IIasuunafl y Aap:nafl uoHkaarfarfl .
27. Mnoro$oroHuoe rror,JroudeHue.

28' Teu'osoft NrexaHr.r3M orrrr.rqecKofo npo6on pezurbHbrx cper.
29' ofirosHble oKcrleplzMeHranbHble 3aKoH MepHocrr4 r.r ocoeienuocrrr orrrrj oaan..f, ,,1,"6.,o

14 pa3pyrlleHta.rr orrTr4 secKrz HeoAHopoAHbrx cpeA.I,r pa3pyrlleHta.rr orrTr4 secKrz HeoAHopoAHbrx cpeA.
30. MexaHrr3Mbr r4Hr,rrlr4rzpoBaurar o6reun

cpeAe.

Cauocrosre.nr

CaNtocro'srenbHa.fl pa6ora acrII4paHToB BKJrroqaer 6oree n.ri'y6oxoe ocBoer{rae ]\,{41eprziila,
nAcaA,f n'rt.lpuunnn n6', ^^paccMorpeHH olo o 6s opno B par,rxax neKrlrroHHr,rx s anxtnfr..

1. .MexaHrasNaBr rlofJrorqen^fl Lt ruacvffrar\r4rr oHeprur4 B Ber{€c.rBro]



2' llonepxnocr'ble oJIeK'rpoMafHLrrHble BonHbI ollTrdrrecKoro ,qr4alIa3oHa;
3" o6uas xapaKTepr{crr.rKa HarpeBaHr4fl Marep'aJroB na3epHbrM

conpoBoxAaroqve repMrrqecKze s$serrrr;
4' Jlnuefinrte u seluHeftHble pexl{Mbl na3epHoro HarpeBa, TerfJrogrur ueycrofr,ru
5, .IJlasepuoe pa3pyrrreHrre norJrorqarcrru4x MauepuilJroB.

7 . vtIEBHo-MBToAtrqECKoE I{ I,IHoopMAurroHHoE orBE c rrErr l,"lnu
AI4 C UI,IUIV HbI (B 3 A}IM OAE IZ C T B ITE JIA.3 E IDHrIX TI O JIP Z K:

BEIU[]CTBOM>
a) ocnonuas Jrureparypa:

1. SueprerfiqecKr{e napaMerpbr pr xapaKT1. SueprerfiqecKr{e napaMerpbr 14 xapaKT
BbrrrolrHeHzro ;ra6oparopHbrx pa6or no Kypcy (

I43nf{eHr.re[3nexrpoHHufi pecypc] / M. B. Taxca
H.3, Eayrrrana, 207 4.-49c.

, lh^^^-.,-.2. cDasosue paBHoBecr4fl B o,AHoroMrr
yre6noe noco6pre / Byru.r4oposa f'.B. - I(asaHr :

3. (Dagoerre paBHoBecrz, B MHofoKoMrr
rrtto6r'^^ -^^^F--^ t r- -yve6iHoe noco6ze / Eylz4opona f.B. - Ka:anr : I4s4areltcrso KHI4Ily,20114.- I 6gc.

6) 4ono.rrn[Terr,Has Jrr.{Teparypa :
[" (DvsE']ecKT{e ocHoBbI Jla3epHoff pe:xu To.rrcrr,rx Jrl{croBr,rx N4arepr.{ilJTon l?nekrp<l'ur,rfipecypcl / I{oearee o.B., oovrun B.M. - M. : @Z3MATJII4T, 2013. _ 256 <:. 

L r .--

) flnqw-trtrq rharrrrD2. IIparcuKa npeqr{3uouHoft na:epHoft o
MzleurnrEft M"H., Cauprrxzn JI.f" - M. : Texnoc

3. OzsnKa Br,rcoKr4x nJrorHocrefi sueprzz
@I43MATJII4'1, 20 t3. - 7 12 c.

n) IIporpaMMHoe o6ecne.renue n Zu,repHerLpecypcbr:
1 " http: I I intectrlaser.ru/diodnaya-sborka-visokoy-plotnosti/
Z. bUpl ki_stabi1izirovaql/eidllre_yahyl.

rlr3ny I4EM

lr4.I{bIM

K{raccbr

8. MA TI] PUAJIb H O. TEXHI4TIE C K O E OE E CTIE TIE HI4 E AIilC:IlI4ilJIM
d3AtrIIVTOAEItr C TBI4E JIA3EPHbIX TIO JIT]fi C BE IU E C TB OM)

flpnn'reneuue MynbrvMeAufiurn< npe3elrrarlr4 a KoMrrbrcTepHbrx nayruqzrZ
o6ecnequnaercs. lrpoBereHrreM sa'srufi B yxe o6opy4onaHHbrx M.yilbrrr
o 6 opy4o n au preM ay A;,u-top urx x a$ e4prr C>z lIM.

flnx o6ecneqe'prr ilpoBeAer{ua ra6oparopHbrx pa6or rrMe]orcrr KoMnbrcrTep----'-r""-
rca0e4pu oullM il crelluarlll3upoBarrHbre yve6no-HayqHbre taloparopuu, obopy
coBpeMeHFlun't o6opy4oBaHl4eM rJLt naBepuofi 4uaruocrr4Kr4 BexleclBa rr u3yqe'Lrfl
t4HAyrtHpo'aHHr,rx npoueccoB (ta6. | 07 _3, | 07 a_3, 4 | 9 _3 . 123 _3\.

Hbte



Pa6oqa'fl rlporpaMMa A[cIII4[nr,rHbr cocraBJreHa B coorBercrBr'r{ c rpe6onaH nflMu
(ypoBeHb [oAroroBKr'r KaApoB nrrcureft rnarrE(puraquz) uo HarrpaBJreHr.rrc

acrpoHoMr'r{ u HarpaBJreHHocrr{ (npoQr.rnro) no4roTonrz JlagepHa, abusuKa

xaSe4pu OnIIM

.01

Pa6ouyro nporpaMMy cocraBrrJr

(ouo, no4ur.rcr)

PeqenseHr
(npe4cranutelr padoro4arelx)

!z:z (uecro pa6orrr, AoJrxHocr,b, OZO, noAnlzcu)

Ilporpair.rrr,ra paccMorp enau o4o6peHa Ha sace1aHLrkl

flpororonJVr /;{ or {0i,lf rona
3ane4yrorquft r<aQeapofi

((Dzo,

Pa6oqas [porpaMMa paccMorpeua u o4o6peHa Ha saceraHvu yve6Ho-rr,reroAn.recxofr

HanpaBJreH"" HarrpaBneHuocrrz (npoQzm<l)
Jlasepua"s dusuxa

Ilporoxon Ns /56 or f^ 0G, {! ,oou
llpe4ce4areJrb KoMaccruz

noanucr)

JII,IC T TIEPE YTB EPXNEHI4fl
PAE OqErI IIp orpAMMbI Ar4CUr4uIr,rHhr

Pa6o.ias rporpaMMa o4o6peua ua

Ilpororon 3aceqarrufl, xaSe4prr J\b

yue6Htrft ro4

'A ro1a
3ane4yroqr,rft raQe4pofi C'

Pa6oqas [porpaMMa o4o6peua ua

flpororor saceraltrfl. ra$e4pu J\b

y.re6uufi ro4

3ane4yroqr.rft xa$e4pofi

Pa6oqa-s nporpaMMa o4o6pena na

llpororol 3aceAaHrr.rr rca$e4pu J\b

yve6uufi ro4

./

-/

3ane4yrorqzfi xa$eapoft

or lt rollu
(,//



flporoxor 3ace4alukrfl, xa(p e4prr j\b

3ane4yroqufi r<a$e4pofi

Pa6oqa"s rporpaMMa o.qo6peua na

flporoxor 3ace4ankrs. xa(p e4pu }lb

3aselyrcuufi xa$e4pofi

Pa6o.rar [porpaMMa o4o6peua ua

flporoxor 3ace4a'oprs, xa(f e4prr Jtlb

3aee.qyrouufi xa$e4pofi

Pa5o'lrifl. rrporpaMMa o4o6peHa Ha

flporoxor saceraHtrfl. xaSe4prr J\!

3aeelyrcuzft xaOeapoff

Pa6o.rafl rrporpaMMa o4o6peua ua

flporoxor saceralufl, rca(pe4prr J{l

3ane4yrorqzft xa(f e4pofi

Pa6o.ras rporpaMMa o4o6peua na

flporoxor 3acep.aHws. xa(f e4ptr J\b

3ane4yron1uft raQe4pofi

Pa6o.ras [porpaMMa o4o6peua na /vyqe0Hbr[ foA

yue6Hrrfi ro4

fola

y.re6urrfi ro4

roAa

y.re6ulrfi ro4

roAa

yue6Hufi ro4

roAa

yue6uufi ro4

roAa

OT


