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ABSTRACT

Study program in 11.04.04 Electronics and nanoelectronics

Course title: Fiber optics

Basic part of Block, 5 credits

Instructor: O.T. Kamenev, doctor of physical and mathematical sciences,
Professor of the General and experimental physics department, School of Natural
Sciences of Far Eastern Federal University.

At the beginning of the course a student should be able to:
GPC-1, the ability to understand general problems in the subject of
investigation and choose methods and facilities of solving the problems.

Learning outcomes:

SPC-15. Readiness to provide technological effectiveness of products of
electronic technics and processes of their production, to estimate economic
efficiency of technological processes

SPC-23. Ability to master skills of development of educational and
methodical materials for students on separate types of educational occupations

Course description:

The purpose of the discipline - study of the most important physical
processes, phenomena and regularities, propagation of optical radiation through
dielectric waveguides. Principles of fiber optics are discussed in detail. Teacher
gives students a task for the upcoming laboratory work. Hence, to be prepared for
the work students have to study the recommended literature.

Main course literature:

1. Tsukanov, V.N. Fiber-optical technology [Electronic resource] / VN
Tsukanov, M.Ya. Yakovlev. - M .. Infra-Engineering. - 2011. - 640 s.
https://lib.dvfu.ru:8443/lib/item?id=Znanium:Znanium-519912&theme=FEFU

2. Physical fundamentals of fiber optics: study guide / A.V. Strekalov, N.A.
Tenyakova. - M .. ITs RIOR: SIC Infra-M, 2013. - 106 p.
https://lib.dvfu.ru:8443/lib/item?id=Znanium:Znanium-309267&theme=FEFU

3. Aktsipetrov, O.A. Nonlinear optics of silicon and silicon nanostructures
[Electronic resource]: monograph / O.A. Aktsipetrov, |I.M. Baranova, K.N.
Evtyuhov. - Electron. Dan. - M.: Fizmatlit, 2012. - 541 p. - Access mode:
http://e.lanbook.com/books/element.php?pll_id=5255.

4. Malomed, B.A. Control of solitons in periodic media. [Electronic



resource] : . - Electron. Dan. - M.: Fizmatlit, 2009. - 190 p. - Access mode:
http://e.lanbook.com/books/element.php?pll_id=2258.

5.. Landsberg, G.S. Optics: a manual for physical specialties of universities
/ Moscow: Fizmatlit, 2010. 848 p.

http://lib.dvfu.ru:8080/lib/item?id=chamo:670162&theme=FEFU

Form of final knowledge control: exam.
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AHHOTAIIUA

PaGouast nmporpamma «BosiokoHHas onTuKa» pa3paboTaHa Jjsi CTyJIeHTOB 1
Kypca Maructparypbl HanpasieHus noarotoBku 11.04.04 «DnektpoHuka u
HAHOXJIEKTPOHUKa» B cooTBeTcTBUM ¢ TpeboBanussmu OC BO mno panHOMU
CHEIHATbHOCTH.

JucrunnHa «BoJlokOHHAS ONTHKAa» BXOAUT B JUCHUILIMHBI 1O BHIOOPY
BapuatuBHOU yactu moayinsa b1 ¢ konom b1.B./IB6.

O6miasi TPyJOEMKOCTh OCBOCHHUSI JUCHUIUIMHBI COCTAaBISIET 4 3a4eTHBIX

enuHunbl, 144 dac. Y4eOHBIM IUITAHOM MPEIyCMOTPEHBI J1a0opaTOpHbIE PabOTHI
(36 gac) u KCP (36 uac.), camocrosTenbHas padoTa crymenta (72 4ac.), B TOM
yucine 36 uvac. J[ns moAroToBku K 3k3aMmeHy. [ucuunnuna peanmsyercs Ha 1
Kypce, B 1 cemectpe.

Heab: wu3ydyeHue BakHEMIIUX (U3MUECKUX TMPOLIECCOB, SIBICHUUH WU
3aKOHOMEPHOCTEH, pacnpocTpaHeHus ONTUYECKOTO U3ITy4YECHHUS o
JUAJIEKTPUYECKUM BOJIHOBOJAM.

3axaun:

1. dopMupoBaHue y CTYJEHTOB 3HAaHUM 00  OCHOBHBIX (PUBHUECKUX
NPUHLIMIIAX Nepeaavyd HHPOPMAIIMOHHBIX CUTHAJIOB 10 BOJIOKOHHBIM CBETOBO/IAM.

2. DopMmupoBaHUE y CTYIACHTOB 3HAHWH O XapaKTEPUCTHKAX BOJIOKOHHBIX
CBETOBO/JIOB.

3. opMmupoBaHUE y CTYACHTOB HAaBBHIKOB pacueTa M IKCIEPUMEHTAIBHOTO
UCCJIEIOBAHMS TApaMETPOB M XapaKTEPUCTHK OCHOBHBIX THUIIOB ONTUYECKHUX
BOJIHOBO/IOB.

4. ®opMUPOBAHUE Y CTYJICHTOB HaBBIKOB Pa3pabOTKH Y4eOHO-METOANYECKUX
MaTepHaJIOB JUIsl CTYJEHTOB IO CHCTEMaM BOJIOKOHHOW ONTHUKH.

JInst  ycremHoro M3y4eHHs JMCHMIUIMHBI «BOJIOKOHHas onTuka» y
oOy4Jarommxcs JOJKHBI ObITh CHOPMHPOBAHBI CIEAYIOIIUE MpeIBapUTEIbHbIC
KOMITETEHIINH:

OIIK-1. CrtocoOHOCTh MOHUMATh OCHOBHBIE MTPOOJIEMBI B CBOEH MPEIMETHOM

00J1acTH, BBIOUPATh METOJIbI U CPEACTBA UX PEIICHUS



B  pesynbrare

dbopmupyrorcs

HpO(beCCI/IOHaJILHBIC KOMIICTCHIINH.

CJIeIyIOLIUE

W3y4ECHUS

0OIIEeKyIbTypHBIC/

JAaHHOW  JAMCUUIUIMHBL Yy  OOyYarommxcs

obmenpodeccrnonambHbIe/

[1IK-15 T'oToBHOCTH 00OECIIEUMBATH TEXHOJIOTUYHOCTh M3JCIIHUIN 3JIEKTPOHHOU

TEXHUKU H

IPOIIECCOB

ux

H3rOTOBJICHUS,

OLCHMBATb JKOHOMHYCCKYIO

3(1)(1)CKTI/IBHOCTI) TCXHOJIOTHYCCKHUX ITPOLICCCOB

[IK-23 CrocoOGHOCTE

OBJIaACBATb

HaBbIKAaMU  pa3pabOTKu  ydeOHO-

MCTOJUYCCKHUX MATCPHUAJIOB I CTYACHTOB 110 OTACJIBbHBIM BHIaAM y‘—Ie6HI)IX

3aHITUU

Koa un ¢popmyanpoBka

Jtanbl GOpMHPOBAHUSA KOMIIETEHIIMHU

YPOBEHD)

KOMIIeTeHIM U
IIK-15 I'oroBHOCTE | 3HaeT OCHOBHBIE METOABI 00ECIIEYEHU TEXHOJIOTHYHOCTH
obecreynBaTh (6a30BBIM | M31ETMI HA OCHOBE BOJIOKOHHOW ONTHKU U MTPOIIECCOB
TEXHOJIOTUYHOCTh  M3JCITUI YPOBEHb) | HX H3TOTOBJICHHUS.
JJICKTPOHHOW TEXHUKH U |YMeEeT
IIPOLIECCOB ux | (mpoxaBuH | IIpuMeHATH METOIBI 00ECTICUeHUS TEXHOJIOTMYHOCTH
W3rOTORJCHMS,  omeHuBaTh | Y P M3CIUI Ha OCHOBE BOJIOKOHHOM ONTHKH
YPOBEHB)
3KOHOMHUYECKYIO
3¢ (HEeKTUBHOCTh
TEXHONOTAIECKIX Brnaneer |HaBbikamu oOecniedeHUsT TEXHOJOTUYHOCTH M3CIHIA HA
BBICOKHH |OCHOBE BOJIOKOHHOM ONTHKH M TIPOIIECCOB X
MPOLECCOB ( por
YPOBEHB) |U3TOTOBJICHHUS.
3HaeT Meroauky pa3paboTKy y4eOHO-METOIMYECKUX
TK-23 CriocobroCTS (6a30BBIl | MaTepUANIOB MO YCTPOMCTBAM U CUCTEMAaM BOJIOKOHHOM
OBJIAJIEBATh HaBBIKAMH | ypOBEHb) |OINTHKH
pa3paboTku yuebHo-
METOIUY Ymeer
AAYCCKUX  MaTCpHaJloB (UpoBHE Pa3zpabarteiBaTh MeTOAMYECKUE YKA3aHUS JITIS1
JUISL CTYJICHTOB o | \1POA 1ab0paToOpHBIX paboT MO CHCTeMaM BOJIOKOHHOM
6 TR ONITUKHU
OT/CIBHBIM BUIAM YHEOHBIX | (o)
3aHITUH -
Bnageer |HaBbikamu pa3zpaOoTKu METOJIUYECKUX YKA3aHUM IS
(BBICOKHMH |J1abOpaTOPHBIX padoT, a TAK)Ke y4EOHBIX TOCOOUH MO

CHCTEMaM BOJIOKOHHOM ONTHUKHU




I. CTPYKTYPA M COJEP)XAHHUE TEOPETHYECKOM YACTH
KYPCA
JlekKnMoHHbBIE 3aHATHS HE MPEAyCMOTPEHbI

Il. CTPYKTYPA U COJAEPKAHUE NIPAKTUYECKOM YACTH
KYPCA
JlabopatopHsie padoTsI (36 1ac.)

Paznen 1. JlydyeBoii anaiu3 ontudeckux BoJHOBoA0B (OB) (12 yac.)

JlaGopaTopHnasi padora Ne 1. [lorepu u3iaydeHusi B kBapie (2 4ac.)
«XBocte» Y® u WK mnornomenusa. PenneeBckoe paccesnue. llpumecHoe
norjoueHue. «OKHa» IpO3pavyHOCTH.

JlabopaTtopHasi padora Ne 2. CUMMeTPpMYHBIA IUIAHAPHBIA BOJIHOBO/.
BoJiOKOHHBIE CBETOBOABI €O CTyNeHYaTbiM npoduieM MNOKa3aTessi
npeaomiieHus (CIIB) (2 gac.)
3akon Cuemnmyca npumenutenbHo Kk CIIB. Kputnueckuii yron. Knaccuduxanus
Jy4eil: HaNpaBJsiEMble M BBITEKAIONIUE. YCTPOWCTBO BOJOKOHHBIX CBETOBOJIOB
(BC) co crynenuatreiM mnpodwuiem mnokazatens mnpenomieHus. OcoOeHHOCTH
3akoHa CHemunyca npuMenutenbHo kK BC. Knaccudukanus nyyeil: HarpaBisieMble
Y BBITEKAIOIINE MEpUINAHATbHBIE U KOChIe. TyHHETUPYIOIIUE JIyYH.

JlabopaTtopuasi padora Ne 3. J/lucnepcusi B BOJIOKOHHBIX CBeTOBOAAaX (2
qac.)

Bpems pacnpoctpanenuss nayda B BC. VYmwmpenue wummnynbcoB. JlyudeBas
nuctepeust. Cnadonanpasstomue BC.

JlabopaTtopHnasi pa6ora Ne 4. I'paauentnnie BC (2 yac.)

Jlyuu B rpanuentHbix BC. OnTuManbHblil mpoduiIs ToKa3aTess MpeioMIICHUs.

Jlabopatopnass padora Ne 5. BouiHOBble mapaMeTpbl HanpaBJisieMbIX
Jayueii (2 gac.)

[TocTosiHHas pacnpoctpanenus. [lonepeunsie ¢azoBbie mapamerpsl. [IpuBeaenHas
4acToTa BOJIHOBOJIA.

Jlabopatopuasi padora Ne 6. da3zoBasi W TrpynnoBas CKOPOCTh

pacnpocTpaHenus Jjiy4a (2 gac.)
MartepuanbHasi 1 BOJIHOBOJHAS TUCIIEPCHUSI B OJJHOMOJIOBBIX cBeTOBOAax. O0IacTh
«HYJICBOM» MarepuaibHOM aucnepcu B kBapue. BC ¢ «HyJeBoi»,
«TOJIOKUTEIPHOW» W «OTpHUILIATEIbHOW» MarepuanbHoM aucnepcueid. BC co
«CMEIIEHHON» TUCIIEPCUEN.

Paznen 2. MopoBslii ananu3 peryasipabix OB (8 uac.).
JlabopaTtopuass paGora Ne /. I'paHuubl NPUMEHMMOCTH JIy4€BOIO



nmoaxonaa (2 gac.).
duznyeckass KapTUHA BO3HUKHOBEHMsST Moj. CkaispHoe MpUONMKEHUE IS
cnaboHanpBIsromux BoaHOBOA0B. TEM u LP Mozsl. ['pannunbie yemoBus ()

Jlabopatopuass padora Ne 8. Pemenne CKaJAPHOIO BOJHOBOIO

ypaBHenus s CIIB (2 yac.).
Pemenue ckansgpHoro BoiHOBOro ypaBHenus st CIIB. UeTHble n HedeTHbIE
MOJBI. XapaKTepUCTUUECKOE YpaBHEHUE U ero rpadudeckoe pemeHne. Jlnana3oxn
U3MeHeHus1 (a30BbIX MapaMeTpoB MOJ U yacToTa orceuku TEM monsl. J(namnazon
onHOMOJ10Boro pexuma. Yucino TEM mon. OproronanbHocTH 1 HOpMupoBka TEM
MoJ. Paznoxenue Hanpasiasiembix BoH 1o TEM mozaam B CIIB. MoniHocTh MOJBI.
Yacte wmomHoctTH B cepaueBuHe. Ocobennoctu TE u TM wmox. Ponb
MOJISIPU3ALMOHHBIX TOTTPABOK

Jlabopatopuasi padora Ne 9. Pemenne CKaJAPHOI0O BOJHOBOIO

YPaBHEeHH /1JIsl BOJIOKOHHBIX CBETOBO/IOB (2 4ac.).
Pemienne ckamapHoro BosiHOBOro YypaBHeHusa mui BC. Tunmsr LP  wmon.
XapakTepUCTUUECKOE YPABHEHUE U CBOMCTBA €r0 pelIeHuM. /J(narna3oH u3MeHeHUs
($a30BbIX MapaMeTPOB MOJI U yacToTa oTceuku LP mopl. Jlnamna3on oqHOMO0OBOTO
pexuma. AKcuanbHas W paauanbHas cTpyktypa LP Mox - pacnpenenenue
NoJsipru3alui 1 UHTEHCUBHOCTH. OcHOBHast Mmoga BC Mojbl BBICOKOTO M HU3KOTO
nopsakoB. Beipoxaenue LP MoOabl M KOMMYECTBO BBIPOXKIECHHBIX Moja. OOiee
yucio LP mon B BC.

JlaGopaTopnasi padora Ne 10. Moabl BOJIOKOHHOTO CBeTOBO/Ia (2 Yac.).
Paznoxenue HamnpapisieMbix BoJIH o LP Bomnam B BC. MomtHocts Moabl. YacThb
MOIIIHOCTH B cepaneBuHe. Mexmo1oBas MHTEpPEPEHIMsT U CIEKI-CTPYKTypa
KapTUHBI MEXXMOJIOBOM HHTEep(epeHnn Ha Bbxojie MHOToMo0Boro BC.
Ocob6ennoctu EH u HE wmopa. [lonspusanvioHHble TOMpPAaBKA K CKAJISIPHBIM
noctosHHbIM pacnpoctpanenuss it EH u HE mon. Uurepdepenuus LP mon
onHoro mopsiaka. O TpUMEHMMOCTH TpuOmmkeHus LP Mon nis onucanus
ceeroBoro noiist B BC.

Pasznen 3. Bo3oyxaenue OB. (4 uac.)

JlaGopaTopHnas padora Ne 11. Bo30y:xkneHue BOJTHOBOAOB (2 1ac.).
[Tone Bo3OyxaeHus. [lome Bo3OyxkaeHus B cirydae Tiockux BoiH. KoadduiineHTo
BO30YX1eHus Moja. Bo30yxaeHue TMIOCKMMHM BOJIHAMHU B Cllydae HOPMaJIbHOTO
najgeHus. Tumbl  BO30yX7gaeMblx MoA. Bo30yXJaeHue OCHOBHOM  MOJBI.
Bo36yxnenne CIIB miockumMu BOJIHaMHU B Cllydae HAKJIOHHOTO MaacHUs. THIIbI
BO30yKaaemMbIx MoA. OnTuManbHbIN yroi BBoAa. Bo30ykaeHrne OCHOBHON MO/IBI.
Pasnosxxenune Bo30yxnaromero nosst no LP monam B BC

JlabopaTtopuasi padora Ne 12. Bo30y:knenne BC mjiockumMu BOJIHAMH B



clydae HAKJIOHHOTO najieHus (2 yac.).
Tunsl Bo30ykaaemMbix MoJ. ONTUMaNIbHBIN yroi BBoAa. Bo30yxkaeHne oCHOBHOM
MOJIBI.
Paznen 4. Moposblii anaiau3 HeperyJasipabix OB. (8 uac.).
JlaGopaTopnas padora Ne 13. Boamymenusi OB. Heperyasipubie OB (2
qyac.).
Bo3Mmymienuss kak ~ OTKJIOHEHHS OT HAealbHOro mIpoduias  mokazaTels
npesnomMieHus. MooBbIi aHanu3 Uil HeperyJsipHbix OB. YpaBHeHue CBSI3aHHBIX
Moa. KoaddurmeHTs! cBsi3u .
JlabopaTtopnasi pa6ora Ne 14. YciaoBusi cuIbLHOM U ¢1a0oi cBsi3u Moj (2
yac.).
VYcnoBus cuiibHOM U c1a®oi cBsA3M MoJI. CpaBHEHHUE € JTyYEBBIM MOJIX0/I0M
JlabopaTtopHnasi pad6ora Ne 15. Makpou3rué BC (2 uac.).
OKBUBAJIGHTHBI  Npoguib  MOKazaTenss npenomiieHus  u3zormyroro  BC.
KoadduimenTs! cBsI3u U cBA3aHHBIE MOJBI H30rHYyTOrO BC.
JlaGopaTopnasi padora Ne 16. Mukpou3ruosi (2 yac.).
Muxkpousruosl. Koapounuentsl cBs3u u cBszanHble Moabl BC B cimyuae
MUKPOU3THOOB.

Pa3nen 5. [IpuMeHeHne onTHYeCKUX BOJTHOBOAOB. (4 yac.)

JlaGopaTopnasi pab6ora Ne 17. [IpumeHeHre BOJIOKOHHBIX CBETOBO/JIOB B
cucreMax cBsisu (2 yac.)
Hcrtopust pa3Butus onTudeckux HUHOOpMaMOHHBIX cucteM. CoBpeMEHHbBIC
ONTUYECKHE CUCTEMBI TIepeaaun nHpopmaIuu.

JlabopaTtopnasi padora Ne 18. IlpumeHeHue BOJOKOHHBIX CBETOBOJI0B B
M3MEPHUTEILHBIX cucTeMax (2 vac.)
Metoasl MOIYJNSIMU TapamMeTPOB ONTUYECKOTO M3JIYyUYCHUS B BOJIOKOHHBIX
cBeToBoJlax. Knaccudukaiiys BOJTOKOHHO-ONTHYECKUX JATYUKOB.

I1l. YHEBHO-METOANMYECKOE OBECIIEYHEHUE
CAMOCTOSATEJBHOMN PABOTBI OBYUAIOIIIUXCSI

Y4yeOHO-METOAUYECKOE o0ecrieueHue CaMOCTOSITEIILHOU paboThI
oOydJaromuxcss 10 JUCHUIUIMHE «BOJOKOHHAs ONTHKa» TMPEACTaBICHO B
[Tpunoxenuu 1 1 BKiIIOYaeT B ceOs:

IJIaH-Tpa(UK BBIIOJHEHUS CaMOCTOSATEIBHOM pabOThI MO JIHUCUMILUIMHE, B



TOM YHCJIC IIPUMCPHBIC HOPMbI BPECMCHHU HaA BBIINIOJIHCHHUC 110 KAKJIOMY 3a/IaHU1IO,

XapaKTEPHUCTHKA 33JJaHUN JUIsI CAaMOCTOSITEIBHOM pabOThl 0OydarouIuxcs H

MCTOANYICCKUC PCKOMCHIAIINH 110 UX BBIIIOJIHCHUIO,

TpeOoOBaHUS K

CaMOCTOSITCJIbHOM pa60TI)I;

KPpUTCPHUH OLUCHKH BBIIIOJITHCHUA CaMOCTOSITEIbHOM pa6OTBI.

IMpCACTABJICHUIO

o opMIIEHUTO

pE3yNbTaTOB

Ha camocrostensHyio paboTy cTyaeHTOB Mo Kypcy «MHopmarmonHas

ONTHKa» OTBOAUTCS (2 daca M3 Hux 36 dYac. OTBOAMTCS Ha MOATOTOBKY K

IK3aMEHY.
V. KOHTPOJIb JOCTUKXEHUSI HEJIEfl KYPCA
No Koutponupyemslie Kons! 1 3Tamsl OneHOYHBIE CpEeICTBA
n/n pas3aensl / TeMBbI (bopmupoBaHus TEKYIIHA IPOMEXKYTOUHAs
JUCITUTUTAHBI KOMITETCHITHIA KOHTPOJTb aTTecTarus
1 JlyueBoii ananus IIK-15, | 3maer CobecenoBanue Bompocer 1 - 8
onTryeckux BosHOBoOB | [1K-23 (YO-1)
yMeeT, KonTtponsHas CobecenoBanue
pab6ora (ITP-2) (YO-1)
BJIAAEET KonTposibHas
pabora (ITP-2)
3HAeT CobecenoBanue Bonpocsr 9 - 12
(YO-1) CobecenoBanne
Monoshiit aHams [IK-15, | ymeer KoHntponbnas (VO-1)
2 | peryJIIpHBIX ONITUYECKUX [K-23 patora (IP-2)
BOJIHOBOJIOB
BJIa/IeeT KonTponpHas
pabora (ITP-2)
Bo30yxnenue 3HAeT CobecenoBanue Bomnpoc 13 - 17
ONTHYECKUX BOJIHOBOJIOB (YO-1) CobecenoBanue
[1K-15, | ymeer KontponbHast (YO-1)
3 [1K-23 pabora (TTP-2)
BIIaJIeeT KonTponpHas
pabora (ITP-2)
3HAET CobecenoBanue Bormpocst
MoaoBblli aHaIN3 (VO-1) 18-24
4 | HeperymspHbIx IIK-15, | ymeer KonTponbsHas Cobecenosanne
ONTUYECKUX BOJIHOBOMOB | [TK-23 pa6ota (TTP-2) (YO-1)
BJIAJICET KonTposnbnas
pabora (ITP-2)




3HaeT CobecenoBanue Bomnpocsr
(YO-1) 25-28
[Ipumenenue [1K-15, | ymeer KonTponpHas CobecenoBanue
> ONITUYECKUX BOIHOBOJOB | [TK-23 pab6ora (ITP-2) (YO-1)
BJIAJICET KoHnTposbHast
pa6ora (ITP-2)

KoHTposibHBIE  3a7aHMs, METOAMYECKHE MaTepUaibl, OINPEACIAIOIINE
OpoLEAYypbl OLICHWBAHMS 3HAHWM, yMEHMM W HABBIKOB M (WJIM) OIBITA
JESTEIbHOCTH, a TakK)Ke KPUTEPUU M TOKa3aTelH, HEOOXOIMMBIE NJisi OLEHKU
3HaHWW, YMEHHI, HaBBIKOB U XapaKTEpU3YIOIIHEe dTambl (OPMHUPOBAHUS
KOMIETEHIIM B  MPOLIECCE  OCBOCHHUA  O0pa30BaTEIbHOW  MPOTPamMMBbl,
npenacrasiieHsl B [Ipwioxenun 2.

V. CIUCOK YUYEBHOM JIUTEPATYPbHI © UTHOOPMAIIMOHHO-
METOINYECKOE OBECIIEYEHUE JUCHUIIJINHBI

OcHoBHas JiuTepaTypa
(3JIEKTPOHHDBIE U MEeYATHBIE U3TAHUS)

1. lykanos, B.H. BonokoHHo-onTHYeCKass TEXHUKA [ DJIEKTPOHHBIN pecypc] /
B.H. Ilykanos, M. 4. SIxoBnes. - M.: Uadpa-Umxkenepus. - 2011. - 640 c.
https://lib.dvfu.ru:8443/lib/item?id=Znanium:Znanium-519912&theme=FEFU

2. Gusnyeckre OCHOBHI BOJIOKOHHOM oNTHKU: YdueOHoe rmocooue / A.B.
Crpekano, H.A. Tenskosa. - M.: U1 PUOP: HULL Uudpa-M, 2013. - 106 c.
https://lib.dvfu.ru:8443/lib/item?id=Znanium:Znanium-309267&theme=FEFU

3. AkmunietpoB, O.A. HenuHeliHas onTHKA KPEMHUS U KPEMHHEBBIX

HAHOCTPYKTYp [DIeKTpoHHBIN pecypc] : MoHorpadus / O.A. Axkuunetpos, .M.
bapanoBa, K.H. EBTiox0B. — DnektpoH. aad. — M. : ®uzmarnur, 2012. — 541 c. —
Pesxxum noctyna: http://e.lanbook.com/books/element.php?pll_id=5255.

4. . Manowmen, b.A. KoHTpoJib COTUTOHOB B MEPUOJUYECKUX CPEIax.

[DnexkTpoHHBIN pecypc] : . — DnekTpoH. aaH. — M. : ®uszmatiut, 2009. — 190 ¢c. —
Pesxxum noctyna: http://e.lanbook.com/books/element.php?pll_id=2258.

5. . JlaancOepr, I'. C. Onrtuka : yue6HOE mocobue st GU3nIecKuX
cnieruanbHocTel By30B / Mockga : ®uszmariut , 2010. 848 c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:670162&theme=FEFU

JlonmosiHUTE ILHAS JIUTEpPATYypa
(3JIEKTPOHHBIE U MEeYATHbIE U3TAHMS)



https://lib.dvfu.ru:8443/lib/item?id=Znanium:Znanium-519912&theme=FEFU
https://lib.dvfu.ru:8443/lib/item?id=Znanium:Znanium-309267&theme=FEFU
http://e.lanbook.com/books/element.php?pl1_id=5255
http://e.lanbook.com/books/element.php?pl1_id=2258
http://lib.dvfu.ru:8080/lib/item?id=chamo:670162&theme=FEFU

=

Hy6nues, FO.H. Kone6anus u BoiaHb! [ DneKTpoHHBIN pecypc] : yueOHoe
nocobue. — DnekTpoH. naH. — CII6. : Jlans, 2011. — 384 c. — Pexum
nocryma: http://e.lanbook.com/books/element.php?pll_id=683
2. HWmenko, E.®. TlonspuzannonHas ontuka [ DIeKTpoHHBINA pecypc] :
yuebHoe nocodue / E.®. Umenko, A.JI. CokonoB. — DnekTpoH. aad. — M. :

®uzmatiut, 2012. — 452 ¢. — Pexum noctyna:
http://e.lanbook.com/books/element.php?pll_id=5270
3. lanmmapos, C. M., bamkuposa A. 1. BBenenue B KBaHTOBYIO U

ONTUYECKYIO JIEKTPOHUKY [DIEKTPOHHBIN pecypc]: yueOHoe nocodue /
C. M. [llangapos, A. U. bamkuposa. — Tomck: TomMCKHil TOCyAapCTBEHHbBIN
YHUBEPCHUTET CUCTEM yIPaBJICHUS U paanodieKkTponuku, 2012. — 98 ¢. —
Pexxum moctyna: http://www.iprbookshop.ru/13922.

4. barenun, B.M. Jlazepsl Ha caMOOTrpaHUYEHHBIX NIEPEXOAAX ATOMOB

MetaiioB — 2. T.1 [DnexkTpoHHBI pecypc] : yueOHoe nocooue / B.M.
barennn, A.M. boituenko, B.B. byuanoB. — DnekTpoH. gan. — M. :
®uzmariut, 2009. — 542 c. — Pexxum goctyna:
http://e.lanbook.com/books/element.php?pll _id=2668.

5. Aopamouxkun, E.I'. CoBpeMeHHast ONTHKA rayCCOBBIX MyYKOB

[DnexTponHbIil pecypc] : / E.I'. AOpamoukus, B.I'. BosiocTHUKOB. —
OIeKTpoH. naH. — M. : @uzmariut, 2010. — 182 ¢. — Pexum nocryna:
http://e.lanbook.com/books/element.php?pll_id=48281.

Ilepeuenn pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTH
«HTEepHET»

1. T'yproB B.A. OnrosnekTpoHUKa U BOJIOKOHHAsS ONTHKA: Y4eOHOe
noco6we. - [lerpozaBoack: Mzn-so Ilerpl'V, 2005. - 239 c.
http://window.edu.ru/resource/066/65066

2. Hukonopos H.B., CugopoB A.l. Marepuasnbl 1 TEXHOJIOTUH BOJTOKOHHOU

ONTUKH: ONITHYECKOE BOJIOKHO JIJII CHCTEM Tiepeaadyu nHdopManun: YdaeOHoe
nocob6ue. - CII6.: CIIoI'Y UTMO, 20009. - 95 c.

http://window.edu.ru/resource/393/67393
3. Hukonopos H.B., CugopoB A.l. Marepuasnbl 1 TEXHOJIOTUH BOJTOKOHHOM

OITUKU: CIIELNATIbHBIE OIITUYECKHUE BOJIOKHA: YueOHoe mocoodue. - CII0.: CIIol'Y
NTMO, 2009. - 130 c. http://window.edu.ru/resource/394/67394

VI. METOJAMYECKHUE YKA3ZAHUS IO OCBOEHUIO
T CTUTIIAHBI
OCHOBHBIM BHUJIOM aYJII/ITOpHOI\/’I pa6OTBI CTyIICHTOB 110 JUCHUIIIIMHEC

«BoJlokOHHas1 ONTHKA» SABJSIOTCS JJabopaTtopHble padoThl (36 yac.).
[To nucuMIIMHE MperycMOTpeHa BHEAayAUTOpHasl caMoCTosITeNbHas paboTa


http://e.lanbook.com/books/element.php?pl1_id=683
http://e.lanbook.com/books/element.php?pl1_id=5270
http://www.iprbookshop.ru/13922
http://e.lanbook.com/books/element.php?pl1_id=2668
http://e.lanbook.com/books/element.php?pl1_id=48281
http://window.edu.ru/resource/066/65066
http://window.edu.ru/resource/393/67393
http://window.edu.ru/resource/394/67394

B oObeMe 72 bac. Ha BeCh Kypc AUCIUIUIMHBL. J[7s 6a30BOro m3ydeHus: Kypca
HEOoOXOoqMMO Toceniath JjabopatopHble paboThl, paboTaTh € OCHOBHOM
JUTEepaTypoil Mo aucuuruimHe. s yriayOJIeHHOTO HW3YYEeHHS TEOpPEeTUYECKOTO
MaTepuaia Kypca IUCIUIUIMHBI TTOMHUMO BBINICTICPEYNCICHHBIX PEKOMEH AN
HEOOXOJMMO HCIOJB30BaTh JIOTIOJHUTEIBHYIO JUTEpaTypy, VyKa3aHHYIO B
IIPUBEICHHOM BBIIIE TiepeyHe. [|JIsi MOATOTOBKH K SK3aMEHY OIpeielieH MepeueHb

BOIIPOCOB, MPEACTABJICHHBINA B IPUIOKEHUH 2.

VIl. MATEPHAJILHO-TEXHUYECKOE OBECIIEYEHHME
JUCHUATIIMHBI
I[JI)I HpOB@I[CHI/IH 33H$ITHI>1 II0 JUCHUIINIMHC, a TarxkoKC IJId OpFaHI/I3aI_[I/II/I

CaMOCTOSITEJIbHOM pa6OTI>I CTyACHTaM AOOCTYIIHO na6opaT0pH06 060py,Z[OBaHHe u
CIICOaIM3UPOBAHHBIC Ka6I/IH€TI->I, COOTBCTCTBYIOIIHC I[CﬁCTByIOIHHM CaHUTApHBIM
H ITPOTUBOIIOKAPHBIM HOpMaM, a TaK¥KC Tpe60BaHI/I$IM TEXHHUKH 0€3011aCHOCTH Ipu

IIPOBCACHUU y‘I€6HI>IX N HAYIHO-IIPOU3BOACTBCHHBIX pa60T.

HaunmenoBanne
000pyI0BaHHBIX
nomemenuidi U mnomemenuii | [lepeyeHs 0CHOBHOrO 000py10BaHNSA
ISt CAMOCTOSITeJILHOM
padoThI

OnTu4eckuii cTo, CTOWKU Ui TPHUOOpOB — 3 IIT.,
mabopaTOpPHBIE CTOJBI — 6 IIIT.

VueOHO-HayYHAS
v KommexT o6opynosanust Newport mist npoBenenus

naboparopust .
1ab0paTOPHBIX pabOT MO BOJIOKOHHOW OTTHKE.
OTITORJIEKTPOHUKHA
. W3mepuTenb MOLUTHOCTH ONTUYECKOT0 M3JIydeHus — 1 1mT.
Kadenpst obmieit u N
. JpaiiBep aist mUTaHUS MOJTYITPOBOHUKOBBIX JIA3€POB — 2 TIT.
IKCIIEPUMEHTATBHOM .
(usuKH CkaunbiBatens ontudeckux BonokoH Fujikura CT-30.

Anmapar Juist CBapKu ONTHYECKUX BoJOKOH Fujikura.
BosokonHo-ontrueckuii peduiekromerp Fujikura
KonmgecTBo mocajouHpIx pabouux MeCT JJisl CTYIeHTOB — 12.

kopmyc L, ayx L440

Yuranbueie 311 Hayunoit | Mono6iok HP ProOme 400 All-in-One 19,5 (1600x900), Core

oubnmoreku JIBOY ¢ 13-4150T, 4GB DDR3-1600 (1x4GB), 1TB HDD 7200 SATA,
OTKPBITBIM JOCTYIIOM K DVD+/-RW,GigEth,Wi-Fi,BT,usb kbd/mse,Win7Pro (64-
donay (kopmyc A - bit)+Win8.1Pro(64-bit),1-1-1 Wty

ypoBeHb 10) Cxkopoctb noctymna B Uateprer 500 MoOuTt/cek.

PaGoune mecta mist JrOAEH ¢ OrpaHUYEHHBIMU BO3MOXKHOCTSIMH
3I0POBbSl OCHAILEHbl JUCIUIESIMA M TpuHTepamu bpaiins;
000pyIOBaHbI: TOPTATUBHBIMH YCTPOWCTBAMHU JUISI UTCHUS
MJIOCKOTIEYATHBIX TEKCTOB, CKAaHUPYIOIMIMMH M UYUTAIOIIUMHU
MalllMHAMU BUJIEOYBEIICUUTEIEM C BO3MOKHOCTBIO PETYJISLINU
LIBETOBBIX CIEKTPOB; YBEIMYMBAIOIIMMU 3JEKTPOHHBIMU JIyIaMU
Y YJIbTPa3ByKOBBIMU MapKHUPOBIIUKAMHU




IIpunoxenue 1

MHWHHCTEPCTBO OBPA30OBAHNS 1 HAYKU POCCUMCKOM ®EJIEPALIN
DenepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEbHOE YUPEKICHHE
BBICITICTO OOpa30BaHUs

«/{aJabHEeBOCTOYHBIN (eepabHbIN YHUBEPCUTET»
(ABDY)

IIKOJIA ECTECTBEHHBIX HAYK

YYEBHO-METOJUYECKOE OBECIIEYEHUE CAMOCTOSTEJBHOM
PABOTbBI OBYYAIOLIUXCS
Mo JucuUILIuHe «B010KOHHASI ONITHKA)
Hanpasiienue noaroroBku 11.04.04 JjieKTPOHUKA M HAHOIJIEKTPOHUKA

®opmMa MOArOTOBKH OYHAS

BiaaaguBocTok
2017



1. Ilna”n-rpa Mk BHINOJHEHUS] CAMOCTOATEIbHON PadoThI 0 JUCHUIIMHE

Ne Hara/cpoxkn Bun Ipumepusbie | @opMa KOHTPOJIS
) BBINOJIHEHUSI CaMOCTOATEIbHOI HOPMBI
n/n
paéoThI BpeMeHH Ha
BBINOJIHEHH e
1. B teuenne IToaroroBka k 36 yac. Cobecenopanne (YO-1)
cemecTpa 71a00paTOPHBIM KonTtposnbsHast padbota
paboram (TTP-2)
2. B Teuenue [ToaroroBka k 36 dac. DKk3aMeH
cemecTpa 9K3aMeHy

2. XapaxkTepucTuka 3aJaHUi UIS  CAMOCTOATEJbHON  PpadoThl
00y4arIIMXCs M1 METOAUYECKHE PEKOMEHIALMHU 110 UX BbINOJIHEHUIO

CamocrosiTenpbHasi paboTa CTYACHTOB BKIIIOYAaeT B ce0si: TOJATOTOBKAa K
71a00paTOpPHBIM paboTaM, MOJTOTOBKA K IK3aMEHY.

[ToaroToBka k J1a0OpaTOPHBIM pabOTaM OCYIIECTBIISIETCS CTYJIEHTOM Iepes
COOTBETCTBYIOIIEH JabopaTopHOM pabOTOi 1O MaTepualiaM, BbIJaHHBIM
MPEINOJIaBaTeNie Ha MNPEAbIAYIIEM 3aHATHM C MCIOJIb30BAHHMEM OCHOBHOM H
JOTIOJIHUTEIBHOU JINTEPATYPHI.

[TonrotoBKy K »JK3aMEHY pPEKOMEHAYETCS OCYIIECTBISATh B TEUCHUE
CEMECTpa HEIMOCPEACTBEHHO TMOCJIE OKOHYAHUSI W3YYEHUS OYEPEAHOM TEMBI IO

BOIIpOCaM, IIPCACTABIICHHBIM B ITPHUJIOKCHUHN 2.

3. TpeboBanuss K mnpeaAcTaBIeHHI0 W 0QOPMIIEHHIO Pe3yJbTATOB
CaMOCTOAITEJIbHOI PadOThI

KoHTposib mOAroTOBKM K JabopaTOpHbIM paboTaM  OCYIIECTBIIAETCS
npenojaBareneM B popme codeceoBaHUs U KOHTPOIBHBIX PaboT.

KonTponbHble pabGoThl 3aBeplalOT H3YYEHHE OCHOBHBIX  pa3JIesioB.
KonuuectBo pabor — 4. Bomnpockl KOHTPOJBHBIX pabdOT MpPEACTaBIEHbI B

MPUIIOKEHUH 2.




[Tpunoxenue 2

MMHUCTEPCTBO OFPASOBAHMS U HAYKU POCCUIMCKOI ®EJEPAIIN
denepanbHOE rOCY1apCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKACHHE
BBICIIETO 00Pa30BaHUs

«/laIbHEeBOCTOYHBIN (eepabHbII YHUBEPCUTED)
(ABDY)

HIKOJIA ECTECTBEHHBIX HAYK

®OHJA OLHEHOYHBIX CPEACTB
N0 JMCHHUILINHE «B0JI0OKOHHASI ONITHKA)
Hanpagiienue noaroroBku 11.04.04 DyiekTpoHMKa 1 HAHOJIEKTPOHUKA

(I)opMa NNOATOTOBKH OYHaA

BiaaguBocTok
2017



MMacnopt ®OC

Kon u dhopmyaupoBka
(poprytp Jdranbl (OPMUPOBAHUS KOMIIETEHIIUU
KOMIEeTEeHIHH
IIK-15 I'oroBHOCTE | 3HAeT OCHOBHBIE METOABI 00ECIIEYEHHUS TEXHOJIOTHYHOCTH
ob6ecIeynBaTh (6a30BbI | M37ETHI HA OCHOBE BOJIOKOHHOW ONTHKH M MPOIIECCOB
TEXHOJIOTUYHOCTh  W3JIeTUi YPOBEHb) | X U3TOTOBIICHH.
JJICKTPOHHOW TEXHUKH U |YMeEeT
IIPOLIECCOB ux | (mpoaBuH |[IpuMeHSITH METOABI OOECTIeUeHUsI TEXHOJIOTMYHOCTH
W3rOTOBJCHMs,  omeHuBaTh| YT PH W3/1eNIMi Ha OCHOBE BOJIOKOHHOM ONTHUKHU
YPOBECHb)
SKOHOMHYECKYIO
3¢ peKTUBHOCTD
TEXHOIOIMIECKIX Bnageer |HaBpikamu oOecrieueHus: TEXHOJIOTUYHOCTH U3EIUN
BBICOKHU |Ha OCHOBE BOJIOKOHHOM OITHUKHU U TIPOIIECCOB UX
IIPOLIECCOB ( pou
YPOBEHB) |U3TOTOBJICHHUS.
3HaeT MeTtoauky pa3paboTKu yaeOHO-METOINISCKUX
[1K-23 CrnocoGHOCTh (GazoBbIii | MaTe o
pPHAJIOB MO YCTPOWCTBAM U CHCTEMaM
OBJIancBaTh HAaBBIKAMU | ypoBEHb) |BOJIOKOHHOM ONTUKU
pa3paboTKu yueOHo-
Ymeer
MCTOOUYCCKUX MaTCpHUaloB (H J— Pa3pa6aTLIBaTL MCTOIUYCCKUE YKa3aHUA IJIA
JUISL CTYZCHTOB no | PO/ 71ab0paTOpHBIX pabOT MO CUCTEMaM BOJIOKOHHOM
0 YTBIH ONTHKHU
OTAENBHBIM BHAAM YIEOHBIX | 0ryopapy )
3aHITUH -
Bnageer |HaBbikamu pa3paOoTKu METOIUYECKUX YKA3aHUM IS
(BBICOKHMH |J1aOOpaTOPHBIX padoT, a TAK)KE yUEOHBIX TOCOOUH MO
YPOBEHB) |CHCTEMaM BOJIOKOHHOW OMTHKHU
No KoHntponupyemslie Koppb! 1 atamnst OueHouHbIE CpeCcTBa
n/n paszensl / TeMBbI (dopmupoBaHUs TeKYIIHiA IIPOMEXKYTOUHAs
JUCITUTLIAHBI KOMITETEHITHHA KOHTPOJITh aTTecTalus
1 JlyueBoii aHanu3 [1K-15, | 3maer CobecenoBanne Bompocsr 1 - 8
ONITUYECKUX BONHOBOJIOB | [TK-23 (YO-1) CobecenoBanue
yMeer, KoHnTponbHas (VO-1)
pabora (ITP-2)
BJIAJICET KonTposbnas
pab6ora (ITP-2)
3HAeT CobecenoBanue Bonpocsr 9 - 12
(YO-1) CobecenoBanue
, Monoserii ananus [K-15, | ymeer KonrponbsHas (YO-1)
ETYJSPHBIX ONITUYECKUX
Peryiip MK-23 paGora (ITP-2)
BOJTHOBOJIOB
BJIAJICET KonTposnbnas
pabora (ITP-2)




Bo30yxnenue 3HaeT CobecenoBanue Bomnpoc 13 - 17
ONTHYECKUX BOJHOBOJIOB (YO-1) CobecenoBanre
3 [1K-15, | ymeer KonTtposnbHas (YO-1)
[TK-23 pab6ora (ITP-2)
BJIaaceT KOHTpOHBHaﬂ
pa6ora (ITP-2)
3HaeT CobecenoBanue Bomnpocsr
. (YO-1) 18 - 24
MonoBblIil aHaIu3 Cob
4 | HEPeryIspHbIX [IK-15, | ymeer KonTposbHas 0 e;:/e(z)[o:llsaHHe
ONTHYECKUX BOITHOBOAOB | [1K-23 pabora (ITP-2) (YO-1)
BJIaaceT KOHTpOHBHaﬂ
pa6ora (ITP-2)
3HaAEeT CobecenoBanue Bomnpocsl
(YO-1) 25-28
5 [Ipumenenue [1K-15, | ymeer Kontposnbnas CobecenoBanue
OINTUYECKUX BOJHOBOJOB | [TK-23 pabota (ITP-2) (VO-1)
BJIaCCT KOHTpOHLHaﬂ
pa6ora (I1P-2)
IIkaJjia oueHUuBaHus YPOBHA ¢POPMHUPOBAHHOCTH KOMIIETEHIUM
Kon u Aranel GopMUPOBAHHUS KpUTEepHH moKa3aTeJin
hopmyJiupoBk KOMIIETeHIIU U
a
KOMIETEHIIHH
3HaHWe  OCHOBHBIX | YMeer OBACHUTH
OCHOBHBIE METOJIBI
[1K-15 METOJIOB OCHOBHBIE METOIbI
obecneuenms obecrieueHUs obecriedeHUs
| oroprocts 3nact TEXHOTOTIHHOCTH TEXHOJIOTUYHOCTH TEXHOJIOTHYHOCTH
obecrieunBath (6a3oBBIi | M3HETHIT HA OCHOBE . N
N M3eJMid HAa OCHOBE | M3JEJIMil HA OCHOBE
TEXHOJIOTUYHOC | YPOBEHB) | BOJOKOHHOM ONTHKH H ., N
. BOJIOKOHHOW OINTHKH | BOJOKOHHON ONTHKU H
Th U3JCeIui MPOLIECCOB X
5 I3rOTOBICHILL M TOpPOLECCOB WX | MPOIECCOB ux
SJICKTPOHHOH ' W3rOTOBIICHHUSI. HU3TOTOBJICHHSI.
TEXHUKH u IIpumensaTs METOABI | YMEHHE MpHUMEHATh | YMeeT NPUMEHATH
IIPOLIECCOB  HX Vmeer obecreueHus MeTOJIbI 00ecTieueHns | METOABl  OOeCTIeYeHISI
U3TOTOBIICHNS, (nposBuH TeXHOIOMMYHOCTH TEXHOJIOTUYHOCTH TEXHOJIOTUIHOCTH
TBIN i i
OLICHHBATD y wenmii | ma  ochope | NSACHMI HA OCHOBe | M3NeIMit Ha  OCHOBE
YPOBEHB) . BOJIOKOHHOM ONTHKHU BOJIOKOHHOM ONTHUKHU
9KOHOMHYECKY BOJIOKOHHOM OTNITHUKH
10 Hasbikamu obecrieuenust | YMeHHE Ymeer IIPUMEHSATh
3} dexTuBHOCTD Buiageer | TEXHOJNOTHYHOCTH obecrieunBaTh METOIBl  ObecredeHus
TEXHONIOTMHECK | (o cowr | mazemmii  Wa  ocHOBe TEXHONOTHIHOCTD TEXHOJOTHIHOCTH
M . M3JICNUil Ha OCHOBE | M3JCNUH HAa OCHOBE
UX MPOLECCOB 7 BOJIOKOHHOH ONTHKH H A . A N
oBeHD) BOJIOKOHHOW OINTHKH | BOJOKOHHOH ONTHKU H
P fipoweccos MX | m  npomeccoB X | mpoueccos ux
HU3rOTOBJICHHA. H3TOTOBJIEHUS. WU3TOTOBJIEHUS.




3HaHue METOJUKHU | YMeeT
a3paboTku yueOHO- | chopmyaupoBaTh
MeTtouky pa3padoTKH pasp y bopmysp
METOIUYECKIX OCHOBHBIC 3TaIbl
y9e0HO-METOJMIECKUX
3HaeT MATEDHAIOB 110 MaTepHAaJIOB mo | pa3paboTku  y4eOHO-
(6a3oBBIit or g HeTBAM 1 yCTpOHCTBaM U | METOANYECKHUX
[IK-23 yposens) | 7o P . | cucremam MaTepHanoB 1o
CHCTEMaM BOJIOKOHHOU . .
Crioco6HOCTB ONITHKH BOJIOKOHHO! ONTHKU | yCTpOicTBaM u
OBJIAZIEBATH CHCTEMaM BOJIOKOHHOM
HaBbIKAMH ONTHKH
Ymenue Ymeer pa3pabaThIBaTh
paspaboTku PazpabatsiBaTh 6
4eBio- Vaeer paspabaTbIBaTh METOIMYECKHE
y - MCTOJIMYCCKUC YKa3aHUA | njeTomuueckue yKa3aHUs 16} 01
MCTOAMHCCKHX - i 71a00paTOPHBIX | yKa3aHHS Juis | mabopaTopHbIX — pabor
MaTepuaioB poBeHL) paGOT 1o cCUCTEMaM J'Ia60paT0pHI>IX pa60T Ino cucreMam
JUISL  CTYJCHTOB BOJIOKOHHOMN OITHKH o CHCTEMaM | BOJIOKOHHOM ONTHKH
MO OTAENBHBIM BOJIOKOHHOH OTITHKH
BHIaM Y4eGHBIX YMenue VMeeT paspabaTeIBaTh
SAHSTHIA Hagbikamu  pa3paboTku | paspabaThIBaTh METOIHYCCKUX
Braneer | METONMYCCKHX yKasamwuii | METOMMUECKIX yKa3aHUH JUIs
(BBICOKHM | JUIT MaGOPaTOpHBIX yKa3zaHui U1 | 1a0opaTopHBIX  paboT,
M 71ab0paTOPHBIX a TaKke  y4eOHBIX
i paboT, a Takxke y4eOHBIX .
OBeHb) i pabor, a  TaKXKe | HOCOOMH MO cHcTeMaM
yp rocobun Mo - cucreMam y4eOHBIX MOCOOUH MO | BOJIOKOHHOW ONTHUKH
BOJIOKOHHON ONTHKH CHUCTEMaM
BOJIOKOHHOM ONTUKHU

MeToanueckune PEKOMEHIAIUNA, OIIPECACIAIONINE NTPOLHCAYPHLI OICHUBAHUA
pe3yabTaToB OCBOCHHUA TUCHHUILJINHBI
TeKymaH arrecranusi CTyA€HTOB.

KoHTponb Tekylel ycrneBaeMOCTH CTYJIEHTOB peanu3yercs B (opmax

coOeceoBaHUN U paboT, aHanmM3a JIOOPOCOBECTHOCTH U

CaMOCTOATENLHOCTH CTYyJIGHTa TMpU TMOATOTOBKE pedepara,

KOHTPOJIBHBIX
MIOCEIIAEMOCTH
3aHATHM.

Ounenka orBera Ha co0eceJOBAHUM OCYILIECTBJISACTCH MO CJEAYHIINM
KpPUTEPUSM:

OTJMYHO - CAMOCTOATEILHOCTh OTBETOB, CBOOOHOE BJIAJICHUE MaTEPUATIOM,
TBEPAOE
JICKIIMOHHOTO MaTepuaia, 00sS3aTebHON U PEKOMEHIOBAaHHOM JOMOTHUTEIBHON

IIOJIHBIE W apryMEHTUPOBAHHBIE OTBETHI HAa  BOIPOCHI, 3HaHUE
JIUTEPATYPBI.

Xopouo - HEIOCTaTOYHO IOJIHOE PACKPHITUE HEKOTOPBIX BOIPOCOB TEMBI,
HE3HAUUTEIbHbIE OMMUOKK B (POPMYIHMPOBKE KATETOPUM W TMOHSATUM, HEMOIHOE
3HaHUE JONOJHUTEIBHON JIMTEPATYPHI.

YI0BJIETBOPUTEJIBHO - OTBETHl OTPAXAIOT B LEJIOM NOHUMAHHE TEMBI,
3HaHUE COJECPKAHNS OCHOBHBIX KaT€rOPHUI U OHATUN, 3HAKOMCTBO C JIEKIIHOHHBIM

MAaTEPUAJIOM U PEKOMEHIOBAHHOM OCHOBHOM JIUTEPATYPOM.



HeyI[OBJIeTBOpHTeJIbHO — HCAOCTATOYHOC INTOHMMAHHC HWJIM HCIIOHHMMAHHC
TCMbI, HC3HAHHC COACPKAHUA OCHOBHBIX KaTel"OpI/Iﬁ 141 HOHHTHﬁ, HC3HAaHHC
JICKOMOHHOT'O MaTcpualia u peKOMCHHOBaHHOﬁ OCHOBHOU JIUTCPATYPhI.

OuneHKa KOHTPOJIBHBIX PadoT OCYLIECTBJACTCH MO  CJAeAyIUUM
KPUTEpUsIM:

OTJMYHO - TOJHBIE M TPABWIBHBIE OTBETHl Ha BCE IIOCTABIICHHBIE
TEOPETHUYECKHE BOIPOCHI, YCIEIIHOE pEIIEHHE 3aJad ¢ HeoOXOAUMbIMU
MOSICHEHUSIMU, KOPPEKTHast GOpMYITHPOBKA MOHITUIN U KaTETOPHIA.

Xopomo - HEIOCTAaTOYHO TOJIHBIE W TpaBUJIbHBIE OTBETHI HAa 1-2 Bompoca
HECYIIECTBEHHbIE OMMOKU B (hOPMYIUPOBKE KAaTEropuid W TOHITHM, HEOOJNbIINE
HIEPOXOBATOCTH B apryMEHTAIUU.

Y10B/1eTBOPUTEIBHO - OTBETHI BKIIIOUAIOT MaT€pUaibl, B L[EJIOM IPABUIBHO
OTpa)karolue MOHMMAHHUE CTYJEHTOM BBIHOCUMBIX Ha KOHTPOJBHYIO pabOTy TeM
Kypca. JlOmyCKarOTCS  HETOYHOCTH B  PACKpPBITUM  YacTU  KaTEropui,
HECYLIECTBEHHbIE OIIMOKM MaTeMAaTUYEeCKOro IUIaHAa MpU pPEIIEHUH 3ajad,
HEIpaBWIbHBIE OTBETHI HA 1-2 Bompoca.

HeynoBiieTBOpUTEJIbHO - HENPAaBUIbHBIE OTBETHI Ha 3 U 0oJee BOIPOCOB,
OOJIBIIOE KOJIMYECTBO CYIIECTBEHHBIX OIIMOOK.

IIpomexxkyTouyHasi aTTecTaUMs CTYICHTOB
[IpomesxyTouHas arTecTauus MPOU3BOAUTCS B (hOpME IK3aMeHa.

OueHoOYHBbIE CPEACTBA IS IPOMEKYTOYHOM aTTeCTAlNU
Bonpocsl k 3x3ameny CobGecenoanue (YO-1)

1. Tlorepu uznyuenus B kBapie. «XBocTel»y Y@ u UK normnomenus. Peneesckoe
paccesinue. [Ipumecnoe nornomenue. «OKHa» MpO3PavYHOCTH.

2. Cummerpuunbii mnaHapueii  BomHoBonx (CIIB). 3akon Caemnmmyca
npumenutenbHo k CIIB. Kpurtnuecknii yron. Krnaccuduxanus mgyuei:
HaIIPaBJISIEMBIE U BBITEKAIOIIHE.

3.  V¥YcrpoiictBo BC co cryneHuartbiM mnpoduieM MoKa3aTenas HTpeloMIICHUS.
Ocobennoctu 3akona CHemmmyca npumenutenbHo K BC. Knaccudukarus
Jy4yel: HampaBJIEMble M  BBITEKAIOIIME MEpPUAMAHAIBHBIE M KOCBHIE.
TYHHEJHUPYIOLIUE JTyYH.

4. Bpewmsa pacnpoctpanenuss adyda B BC. VYmmpenue umnynbcoB. JlydeBas
nucnepcusi. Cnabonanpasistomue BC.

5. TIpammentarie BC. Jlyun B rpaamenTtHsix BC. OntumanbHbIA TpOQUIIH
MIOKa3aTelIs MPETOMIICHUS.



10.

11.

12.

13.

14.

15.

16.

17,

BomHoBBIE [apaMeTpel HaIpaBJIAEMBIX Jy4den. ITocrossHHas
pacnpoctpanenus. [lonepeunsie dazoBbie mapamerpsl. [IpuBeneHHas yacTora
BOJIHOBOZA.

@da3oBas U rpynmnoBas CKOPOCTh PACHPOCTPAHEHUS Jyda. MartepuanbHas U
BOJTHOBOJIHASI TUCIIEPCHUS B OJHOMOJOBBIX CBEeTOBOAaX. OOIACTh «HYJICBOM»
MaTepuanbHOU nucnepcun B kBapie. BC ¢ «HyneBoi», «MOJOKUTEILHON» U
«OTpULIATENIbHOW» MarepualibHOM nucnepcueii. BC co  «cMmenieHHO
JIACTIEPCUEM.

Texnonorus wuszroroBiennss BC. KoHTponp KaduecTBa  BOJIOKOHHBIX
CBETOBO/IOB.

MopoBslil ananu3 peryispabix BC.

['panunbl  mpuMeHUMOCTH JydyeBoro mnoaxoxa. dusuueckas KapThHa
BO3HUKHOBEHUS MOJ.

CkansipHoe npuOIUKEHUE ISl CIA0OHAIPBIAIONIUX BOJHOBOIOB. TEM u LP
MOJIbl. [ paHnYHBIE YCIOBUS.

Pemienne ckansipHoro BoaHOBOTO ypaBHeHus st CIIB. UeTtHble 1 HEYETHBIE
MOJbl. XapaKTepUCTUYECKOE YpPaBHEHHE U €ro TIpauueckoe pelIeHHE.
Juana3zoHn u3MeHeHus (a3oBbIX MapaMeTpoB MOJ M 4acTora orceuku TEM
MoJibl. Jlnama3zon ogHoMotoBoro pexuma. Hucino TEM mog.
OproronansHoctT U HOpMHpoBKa TEM mon. PasnoxkeHue HampaBiIsseMbIX
BoJH o TEM wmomam B CIIB. Momuocts Monabl. HacTh MOIIHOCTH B
CEPALICBUHE.

Pewmienne ckansipHoro BosHOBOro ypaBHenuss mist BC. Tumer LP mog.
XapakTEepUCTUUECKOE ypaBHEHHWE M CBOMCTBA €ro pemeHud. Jluama3zon
u3MeHeHUsT (Pa30BBIX MMapaMeTpoB MOJA W dYacToTra orceuku LP Mopbl
Jlnana3oH 0THOMOJOBOTO PEKUMA.

AxkcuanpHas W paguanbHas cTpykrypa LP  wmoxm - pacnpeneneHue
nojsipu3auu U MHTEHCUBHOCTH. OcHOBHasg mona BC Moabl BBICOKOTO M
HU3KOTO TOPSAAKOB. Beipoxkaenne LP MOIbI M KOJWYECTBO BBIPOXKICHHBIX
moz. Obmee uncio LP mon B BC.

OpTtoroHansHOCTH U HOpMUpOoBKa LP mon. PasnoxeHnue HanpaBisieMbIX BOJIH
no LP Bomnam B BC. MomHocTs MOABI. YacTh MOIIHOCTH B CEPJALICBUHE.
MexmonoBasi UHTEpPEPEHIMSI U CIEKI-CTPYKTypa KapTHHBI MEKMOOBOU
uHTEephEpPEeHIIMN Ha BbIX0/1€ MHOroMo10Boro BC

['uOpuansiii xapaktep Moxa peanbHoro BC. Ocobennoctu EH u HE wmon.
[Tonsapu3aliMOHHBIE MOMPABKX K CKaJISPHBIM MOCTOSHHBIM PACIPOCTPAHECHUS
mist EH w HE wmon. UWuatepdepennmst LP monm omnoro mopsiaka. O
npuMeHuMOoCTH npubmmkennst LP mon s onucanus ceetoBoro mosist B BC.



18. Bosmymenus BC. Bo3MyiieHuss Kak OTKJIOHEHHS OT HAEAIbHOTO MPOQHIIs
nokaszarens npeaomsieHus (IIITID). TIIIIT mpu Hamuyuyd HEOTHOPOIHOCTEH,
U3MEHEHUH pajnyca cepaueBunbl U n3rudoax BC.

19. IlompaBka K TIOCTOSHHOM pACHpOCTPAHEHMs] HAMNpaBIIEMbIX MOJ B
Bo3MyuieHHOM BC.

20. Teopusi cBszaHHBIX MOJ. KoaduimeHTH! CBSI3U TpPHU Pa3TUYHBIX THIIAX
HeoaHopoaHocTH BC.

21. VYcnoBus cuiIbHOM U ci1aboit cBsi3u Mojl. CpaBHEHHUE C JIYYEBBIM TOIX0I0M

22. Maxkpousrn6 BC. DOxBuBaNieHTHbIM TpO(UIb MMOKa3aTeNsl MNPETOMIICHHUS
u3zornyroro BC. KoadduirieHTs! cBS3U U cBsi3aHHBIE MOABI M30rHYTOTrO BC.

23. Mertoa urepanuii sl pelieHus ypaBHEHHUE CBA3aHHBIX MO/ B CiIy4ae clia0oif
CBS3U

24. CunbHas cBs3b MOJ. PelieHre ypaBHEHHS CBSI3aHHBIX MOJ B CIy4dae CHIIBHOMN
CBA3U.

25. MHcropus pa3BUTHS ONTUYECKIX HHPOPMAITMOHHBIX CUCTEM.

26. CoBpeMeHHbIE ONITUYECKUE CUCTEMBI epeaaun HHPOpMaIuu.

27. Metonpl MOAYJIALIMA MapaMeTPOB ONTUYECKOTO U3IYyUYEHHUS B BOJIOKOHHBIX
CBETOBOJIAX.

28. Krnaccudukarus BOJIOKOHHO-ONITHYECKUX JaTYHKOB.

OueHovHbIe cpeAcTBA AJsl TEKYyLIel aTTecTalun
Tunosble 3a1a4M 1JIs1 KOHTPOJIbHBIX PadoT

3amava 1.1. PaccuuTaiiTe BEIMYMHY KPUTHUYECKOIO yIia JJisl BOJHOBOJOB C
gucioBbeiMu aneptypamu, paBHbiMH NA=0,1; NA=0,2; NA=0,4 u n;=1,5.

3amaya 1.2. Ha puc. 1.1 noka3zaH HECUMMETPHUYHBIN IUIAHAPHBIA BOJHOBO/I.
KakuMm Oyner KpuTHYEeCKUi yroyl paclpOCTPAHEHHS! CBETOBBIX JIy4eH JIJIT TaKoTro
BOJIHOBOJA, eciv N1=1,49 u n,=1,48?

3agaua 1.3. CKOJbKO pa3 HUCHBITAET IIOJHOE BHYTPEHHEE OTPaKCHHUE
HaIpaBJISIEMBIN  JIyd, pacCHpOCTPAHSIOMIUICS B CUMMETPUYHOM IUIAaHAPHOM
BOJIHOBOJIE IMHOM | CM TOJ YriioM BJABOE MEHBIIMM, 4Y€M KPUTHYECKUN?
[TapameTpsl BOTHOBOA IPUHSATE paBHbIME: N;=1,5, p=20 mxm, NA=0,15.

3agaua 1.4. Ecu npu najgeHuy CBETOBOTO Jiyya Ha TPAHUILY pas3jiesia Ccpel
YCJIOBUSI TIOJIHOTO BHYTPEHHETO OTPAXEHHUSI HE BBINOJIHSIOTCS, UHTEHCUBHOCTD
oTpaxkeHHOro ay4a (l,,,) 3aBUCUT OT COCTOSHUS MOJIIPU3ALMN MTaJAIOIIEr0 CBETa
W CBsi3aHAa C MHTEHCUBHOCTHIO nocieaHero (l,,) CooTHOIeHUsIMH:



_ tg ? (9710 - Homp)

omp™— 2 no (1)
tg° (@, +00mp)
-2
_sin (ena—eomp)
omp™ ~ .5 In01 (2)
sin (0n6+6?0mp)
rac 6?,1(), Qomp - yIJIbl IIaaCHUuA MW IIPCIIOMIICHHA CBCTA. HOJII;B}/}ICB 9THUMHA

COOTHOIIICHHSIMH, PACCUMTANTE, BO CKOJILKO pa3 OCIaOUTCS MHTEHCUBHOCTH 00EHX
OpPTOTOHAIBHO TIOJIIPU30BAHHBIX KOMIIOHCHT BBITEKAIOIIECTO Jiydya Ha BBIXOJC
IJITAHAPHOTO BOJIHOBOAA ynHOM 100 M, eciiu yroi pacrpoCcTpaHeHus Jiyda o paBeH
a) 1,01 o,

0) 200,

[TapameTpbl BoTHOBOAA MPHUHATH paBHBIMU: N1=1,5, p=100 mxm, NA=0,2.

3amaya 1.5. Ha BXOIHOH TOpel] CUMMETPUYHOTO IJIAHAPHOTO BOJHOBOJA
OTBECHO MaJiaeT My4YOK NMapalieabHbIX Jydei (puc. 1.1).

2‘x.:|
[ o

k
L 2 t\\]

b 3

-

Puc. 1.1. Bo36yxcoenue 601H06800a ¢ NOMOWDBIO TUH3L:
1 - konnumuposanuwlll nyuox, 2 - 1uH3a, 3 - 60JIHOB0O.

MHTEHCHBHOCTD MAJJAIOIIETr0 My4YKa MOCTOSHHA 110 MONEPEYHOMY CEYEHHUIO U paBHA
lo, monepeunsblil pa3mep myuka xo = 4p. Ucnonszys coornomenust @penend (1) u
(2), 3anummMTEe BBIpaXKEHUE [JIS1 MOJHON MOIIHOCTH BBEJACHHOTO HAIpPaBIISIEMOTO
U3ITydeHUsl. 3aqady CUUTaTh AByXMEpHOH. Yka3aHue. Heo0XoaumMo UCXOAUTh U3



TOT0, UTO TOJBKO HEKOTOPAsi 4acTh U3IYUYEHHUS], KOTOpas MalaeT HEMOCPEACTBEHHO
Ha 00JIacTh CEp/IIEBUHBI, 3aXBaThIBACTCs €10 M MpeoOpa3yeTcsi B HaNpaBliieMble
Jy4H.

3amaya 1.6. Pemure 3amauy 1.5 mis ciiydasi BOJJOKOHHOTO CBETOBOjAA (ISt
TPEXMEPHOTO CIIyYasi).

3agava 1.7. B nnanapHblii BOJTHOBOJ BBEJIEH KOJUIMMUPOBAHHBIA CBETOBOM
ny4ok. LleHTpasbHBIM y4acTOK BOJHOBOJAA W3O0THYT. Jlyum, pacmpocTpaHsach B
00J1acT U30THYTOr'0 y4acTKa, MaJaioT Ha TPaHUILy CEpJLEBUHBI U 000JIOUKH IMOA
pa3IMYHBIMM YIJIAMM TakK, KaK I[OKa3aHO Ha puc. 1.2. Paccuwuraiite, Ipu Kakom
paauyce u3ruba R, XOoTs Obl HEKOTOpBIE U3 PACCMATPUBAEMBIX JIy4e€l CTaHyT
UCIIBITHIBATH MOTEPH 32 CUET MperoMiieHus B 000s04Ky. KakoB 3TOT paauyc s
CBETOBOJIOB C ITAPAMETPAMM:

a) n=1,5, p=50 mxm, NA=0,2,

o)n=1,5, p=10 mxm, NA=0,1?
CymiecTByeT JId TakoW paauyc u3ruba, NMpu KOTOPOM BCE JIy4d B 00JIACTH
M30THYTOI'O y4acTKa CTaHyT IPEJOMIISIOIIUMHUCA?

3amava 1.8. J[na nosbieHust 3¢@(HEKTUBHOCTH BO30YKACHUS CBETOBOJAA 4YaCTO
nepej ero BXOAHBIM TOPLIOM BOJHOBOJIA OMEIIAIOT COOMpPAIONIYI0 JTUH3Y. byaem
noJyiaraTh, 4TO JIMH3a pacIojiaraercsi Ha OJHOM OCH C BOJIHOBOJAOM M €€ (POKYC
nomaaaeT B IeHTp BxomHoro Topua (puc. 1.5). Kakumu nomxHbl ObITh (hOKYyCHOE

Puc. 1.2. U302Hymulil 601H0OB0O.
Cseemogble 1y4u NOKA3aHbl cmpeli-
Kamu.



paccrossHue JIMH3BI [ W JguamMeTp KOJUTMMHUPOBAHHOTO ITydKa 2Xg, YTOOBI
MaKcUMaJlbHasi JIOJIsI DHEPrud MaJaroniero M3iaydeHust Obula mpeoOpa3oBaHa B
Harpagsisiemoe u3inydenue? KakoBa 3Ta 105151 ¢ ydeTOM (PpEHENEBCKOTO OTPaKEHUS
OT BXOJIHOTO TOp1a?

Yka3zanme. [Ipu pacuerax xoaddummentoB ppeneneBckoro orpakenus (1) u (2),
MOXHO MPUOIUAKEHHO MPUHATH YroJl MaJeHUs CBETa Ha BXOJHOW TOPEI] PaBHBIM
HYJIIO.

3amaya 1.9. VIHTEHCHMBHOCTh KOJUIMMUPOBAHHOI'O ITy4Ka M3 IPEABIIYLICH
3aJlay MOCTOSIHHA 110 MONEPEeYHOMY ceYeHUIo U paBHa lg. Kakas nons mMomHoctr
ATOTO  Tydka Oylner  mpeoOpa3oBaHa B~ HaNpaBIsieMO€  W3JIy4YCHHUE
c1a00HANPABJISIIOLIEr0 BOJIOKOHHOIO CBETOBO/IA, €CJIM PAAUyC My4Ka paBeH 1,5 cm,
(GoKycHOE pacCTOSHHME JMH3BI - 2 CM, a 4HCIOBas amepTypa BOJOKOHHOTO
cBeTOBO/1a paBHa 0,2, mokasarelb MpesioMIIeHUs cepateBuHbl N;=1,497

3agaua 1.10. Ha puc. 1.6 nmoka3aHo coeuHEHUE IBYX CJIa0OHAMPABIISIONINX
BOJHOBOAOB. B pamkax J1ydeBOro mNpUONMKEHUS, pacCUMTAlTe Kakas oJs

Puc. 1.5. Coeounenue 6011060006
SHEPIUU CBETOBOI'O IMOTOKA MPOHUKACT M3 IIEPBOr0 BOJIHOBOJIA BO BTOPOM, €CIU
BEJIMYMHA OCEBOTO CIIBUTA 4o paBHA HYJIO, a MapaMeTpbl MEPBOTO BOJIHOBOJA
cocTaBIsAOT: P1=50 mxm, NA;=0,21, mapametpsl BTOporo: p,=50 mxm, NA,=0,15.
BonHOBOMBI ~ cuMTaTh  IUIAHAPHBIMM  CHUMMETPHYHBIMH,  HMHTECHCHUBHOCTH
HaIlpaBIsIEMOTO M3JyYeHHUS B TIIEPBOM BOJHOBOJE HE 3aBHCHT OT yIJa
pactpocTpaHeHus Jiydeid. Y 00O0WX BOJHOBOJIOB TIOKa3aTeidb MPEIOMIICHUS



CepIeBUHBI paBeH N;=1,49.

3amaya 1.11. Pemmre 3amauy 1.9 B ciydyae, korma mnapaMeTpbl MEPBOTO
BOJTHOBOJIA COCTABISIOT: p1=50 mxm, NA1=0,21, mapameTpsl BToporo: p,=40 mxm,

NA,=0,21, BemuumHa OCEBOTO CIBHWTa @y paBHa Hym0. CBETOBOABI CUHTATH
MJIAaHAPHBIMU CUMMETPUYHBIMHU.

3amaya 1.12. Pemmrte 3amauy 1.9 B ciydyae, korja mnapaMmeTpbl MEpBOTO
BOJTHOBOJIA COCTABISIOT: p1=50 mxm, NA1=0,21, mapameTpsl BToporo: po=50 mxm,
NA,=0,21, a BenmuunHa oceBoro casura ag paBHa 10 mMxMm. CBETOBOJBI CUHUTATH
TJIaHAPHBIMA CUMMETPUYHBIMH.

3amava 1.13. Pemure 3agauy 1.9 i citydast BOJTOKOHHBIX CBETOBOOB.
3agaua 1.14. Pemure 3anauy 1.10 qms cityyasi BOJIOKOHHBIX CBETOBOOB.

3agaua 1.15. Pemure 3anauy 1.11 nms cityyast BOJIOKOHHBIX CBETOBOJOB.
3amaya 1.17. Iloxkaxwure, 4YTO KOOpAMHATA TOYKH I[IOBOpOTA JUIA
IPAJIMCHTHOTO TUTAHAPHOTO BOJHOBOAA MapaboIMYecKoro Mpoduis 3amacTcs

Puc. 1.6. Coomnowenue memxncoy snemenmom onunvt mpaexkmopuu ayya ds u
9/1eMeHmoM ONUuHbL 801H0600a UZ B TPAIMSHTHOM TNIAHAPHOM BOJIHOBO/IC.

n
CIICTYFOIIUM BBIPOKEHHEM X, = ,0\/ A_; (1—cosa(0)).

3agaua 1.19. Bocnonws3oBaBmuch Bbipakenuem (1.5.3), npsambiMu



BBIUMCICHUSIMH B paMKax MapakCUaJbHOTO MPHUOIMKEHHUS TOKaXHUTE, YTO B
IUIAHAPHOM BOJIHOBOJE Napaloyinyeckoro npo¢uis, ONTUYECKHUE NYTH BCEX
HaIpaBJIIEMbIX JIyyed OJMHAKOBBI M paBHBl nL, rae L - ninuHa BONHOBOAA.
Yka3zanue: CuuraiiTe, AJIMHA BOJHOBOJA KpaTHA MEpUOIY (HOKYCHPOBKU JIyUECH.
[Tpu pacuerax npeHeOperanTe YieHaAMH BBIPAKEHUN TOPSAKA An’.

3amaya 1.20. CBeToBON Jyd pacHnpocTpaHsieTcsl B Cpele, I0Ka3aTelb
X
. n-An—,x<p
NpeJOMIICHUST KOTOPOHM pacrpeleneH 1o 3akoHy: N(X) = yo,
n, X > p
PaccuuraiiTe B napakcHaJIbHOM MPUOIMKEHUN TPACKTOPHIO JTyda MPHU CIETYIOMUX
HaYaJIbHBIX YCIOBUSX: X‘ 00, 0{‘ ,_o —arccos(nz/ny).

3agauya 1.21. [Ilapamerpbl JBYXCIOMHOrO BOJIOKOHHOTO CBETOBOAA
cTyneH4yaToro npoduis cocraBiusior  p=50 wmrkm, NA;=0,21, n;=1,49.
Paccunraiite BenMUYMHY JIy4eBOM W MATEPUAIBHOW JHCIEPCUM I  JTOTO
cBeToBosia Ha jmHax BoiaH 1=0,9, 1,3 u 1,5 (mxm), eciu B KayecTBE UCTOYHUKA
U3ITyYEeHUs] MCTOJIB3YETCS TOJYIPOBOJHUKOBBIA CBETOAMOJ C OTHOCUTEIBHOU
mmpunoi auanu A4/ A=0,01.

3amava 1.22. M3BeCcTHO, 4TO JI YUCTOTO KBapLa HA JUIMHE BOJIHBI 'HYJIEBON
3 ,
aucnepcun" A,=1,276 mxm miapamerp iﬁ paBeH -0,029 mxm*. OueHure c
d’t y
TOYHOCTBIO JI0 WJIEHOB IOpsJIKa Fyel BEJIMYMHY MaTEpPUAIBHON JHCIIEPCUU B
OJTHOMOJIOBOM BOJIOKOHHOM CBETOBOJE Ha JJIMHE BOJHBI /4,, €CIM JJIuHA

cBetoBoja | paBHa / xm, a MIMPHUHA CIIEKTPAIBHOM JTMHUN UCTOUYHUKA AA - 10 HMm.

3amavya 1.23. /[nsg yncToro KBapua Ha JJIMHE BOJIHBI "HYJIEBOM JucIepcun”

3 4
n n
Ay =1,276 mxkm mapaMeTpbl A 323 uAi 324 paBHBI COOTBETCTBEHHO -(),029 MM 7

0,108 MM, [Ipu kaKOoM MMPUHE JIMHUU UCTOYHUKA A4, UMEIOLIETO LHEHTPAIbHYIO
dt
JUIMHY BOJIHBI ~ A,, BKJaJ YJEHOB MOPsAKa ﬁ B MaT€pUAIIBHYIO JHUCTIEPCHUIO

CTAHOBHUTCA CYHICCTBCHHBIM JI KBAPIICBOI'O BOJ'IHOBOI[a?

3agaua 1.24. MoxHO 1M B paMKax JIy4eBOTO  NIPHUOIMKEHUS
MpOaHAJIN3UPOBATh  MPOIECCHl  PACHPOCTPAHEHUSI CBETa B BOJIOKOHHBIX



CBETOBOJIAX CO CIEAYIOIIMMH apaMeTpaMu
a) p=5 mxm, NA=0,11; n;=1,49
0) p=50 mxm, n;=1,49, n,=1,48;
8) p=50 mxm, NA=0,21, n;=1,49
€CJIM JJINHA BOJIHBI CBETa paBHA /,3 mxm?
3amaya 2.1. B mnnaHapHOM BOJHOBOJE PaCHpOCTPAHSIOTCS JBE IUIOCKUE
BOJIHBI C OJIMHAKOBOHM ()a30BOM CKOPOCTHIO, TaK YTO BOJHOBOM BEKTOP OJIHOM U3
HUX OPHEHTHUPOBAH MOJ YIJIOM +¢, a APYroil - K OCu. AMIUTUTYIbl 00E€UX BOJIH
pPaBHBI, BEKTOPbI HAIPSKEHHOCTH HX JJIEKTPUUYECKHX IOJIEN MEPIEHANKYISPHBI
TIOCKOCTH depTeXka, NPHYEM Yy OJHOH W3 HUX BEKTOp E HampaBmeH K
HaOMromaTeno, a y Apyrod - ot HaOmomatens. Paccuwraiite pacrpeneiieHue
aAMIUTUTYJbI 3JIEKTPUYECKOTO U MArHUTHOTO TOJISI CYMMApHOM BOJIHBI.
3agaya 2.2. Pemmre npeapiaynryro 3agady B Ciaydae, KOIJa BEKTOPHI
HaIPSHKEHHOCTH MAarHUTHBIX TOJIed 00€HWX BOJIH NMEPHEHAMKYJSAPHBI IUIOCKOCTH
yepTeka U HalpaBJIeHbl K HAOII0aTeNIo.
3amauya 2.3. Pemnre 3amady 2.1 B ciydae, Korja BEKTOpPHI HANPSHKEHHOCTH
MarHUTHBIX TOJIEH 00eruX BOJIH MEPHEHAUKYIISIPHBI TUIOCKOCTU YepTexa, MpUuyeM y

—

OIHOW W3 HUX BekTtop H HalpaBJeH K HaOImoAarento, a y JApPyrod - or

HaOJII0IaTeIIs.

3anaua 2.4. Kakue Mozl OyayT BO30yKAaThCsl B CHMMETPUYHOM IIJIaHAPHOM
BostHOBOJIEe iprt V=3, V=5 u V=8?

3amava 2.5. Mznyyenue mimHON BONHBI 1,3 MKM BBOAUTCS B CUMMETPUYHBIN
IIaHapHbIA BOJHOBOJ. Ilokazarens mpenomiieHHs CEepALIEeBUHBI CBETOBOJA PaBEH
1,47; obomnouku - 1,465. Kakue TEM moasl OyaeT HampaBisTh CBETOBOJ, €CIU
MOJYLIMPUHA €T0 CEPALIEBUHBI paBHA 5 MKM? 10MKM?

3agaua 2.6. Otceuka moasl TEM; B cuMMeTprYHOM IJITaHAPHOM BOJTHOBOIC
HAcTymnaeT Ha ajnuHe BoJHbI 1,48 mxM. Kakum Oynetr MomOBBIN cOCTaB BOJHOBOIA
Ha giauHax BojaH 1,3 mxMm; 1,2 Mxkm 1 0,8 MKM?

3amaya 2.7. Ilokazarenp mpemoMiIeHUsT CEPALUEBUHBI CHMMETPUYHOTO
IJIaHAPHOTO BOJHOBOJA paBeH 1,47, pa3HOCTh MEXIy MOKa3aTeIeM MPeIOMICHUS
cepaueBuHbl U obonoukn - 0,003. Kaxoil crnenyer BbIOpaTh MNONYHIMPUHY
CEpIIICBUHBI, YTOOBI HA JJIMHE BOJHBI 1,55 MKM 3TOT BOJHOBOX OBLI
OJTHOMOJIOBBIM?

3amaua 2.8. PaccuuTaiite nocTosHHYIO pacnpoctpanenus Mog 1EMy u TEMy,
BO30YXKJaeMbIX B CHMMETPUYHOM TIUIAHAPHOM BOJIHOBOJE C MapameTpaMu:
n;=1,48; n,.=1,46 , p=50 mxm. JInuHYy BOJHBI W3JIy4CHHUS TPHUHATH paBHOU 1,3
MKM.

3amaua 2.9. PaccuuraiiTe MOCTOSIHHYIO pacrpocTpaHeHuss moabl [EM;s,



BO30Yy>KJaeMOl Ha JJIMHE BOJHBI [,3 MKM B CHMMETPUYHOM ILIAHAPHOM
BOJTHOBOJIE ¢ mapamerpamu: N;=1,48; n,.=1,477 , p= 5.3 mxm.
3amava 2.10. [Tokaxwure, yto HOpMUpoBKa TEM, MOJIBI MOXKET pacCUUTAaHA B

VZ1+W
Buse N= p—z—m .
U m Wm
3amauva 2.11. Ilokaxure, yTo A0 MomHOCTU TEM, MOAbl B CEplLICBUHE
U2
MJIAHAPHOTO BOJIHOBOIA MOKET OBITh paccunMTaHa B Buje 77 =1— — .
Vo@+W)

3agaua 2.12. IlokakuTe, YTO TOJHAs MOIIHOCTh HAIMPABISEMON IO
IJJAaHAPHOMY BOJIHOBOJIy BOJIHBI MOJKET OBITh BbIUMCIEHa, Kak P=Py+Py, rnme

Pr=ny&/u, D (ay)’N,, rae T — o3HadaeT moOylo U3 monepeynsix oceit X um Y,
(m)

a; - M-i1 K03(1)(1)I/II_II/I€HT Pa3JI0KCHUA IleKapTOBOI;’I KOMIIOHCHTBI BOJIHBI B PAO I10

TEM mopnam, Ny-- HopMupoBka TEM, MOIBI.

3anaua 2.13. Ouenure pa3HuIly B (pa3oBbIX CKOPOCTAX OCHOBHBIX TEy u TM
MOJ B CHMMETPHYHOM IUTAHAPHOM BOJIHOBOJE C mapamerpamu: N;=1,48;
n,.=1,475, V=2. Jlnuny BOJHBI U3Ty4YCHUs PUHATH paBHOU 1,3 MKM.

3amava 2.14. OueHure pa3sHully B IOCTOSIHHBIX pacrpoctpanenus 17E, u TM,
MO/l B CHMMETPHUYHOM IIJIJaHAPHOM BOJHOBOJE C mapamerpamu: N1=1,48; n,.=1,47 ,
V=6. JlyiuHy BOJIHBI U3Ty4YEHUsI IPUHATH PaBHOU /,3 mKM.

3agaua 2.15. OueHuTe BEIUYMHY MEXMOJOBONM JAUCIEPCUM B OJTHOMOJIOBOM
CUMMETPUYHOM IIJIJAaHAPHOM BOJIHOBOJIE ¢ mapamerpamu: N;=1,48; n,.=1,475,
V=15, HEeyuTeHHYIO B CKaJsIpHOM NpuOIkeHuu. J[JimHa BoJHOBOAA paBHA 1 M,
JUTMHA BOJIHBI U3ITy4eHUs - 1,3 MKM.

3amauya 2.16. Kakue Moabl OyAayT BO30YKIaThCsi B BOJIOKOHHOM CBETOBOJIE
npu V=3, V=5uV=8?

3agaua 2.17. Mznydyenue NIMHOW BOJHBI 1,3 MKM BBOJWTCS B BOJIOKOHHBIN
cBeToBoA. IlokasaTenp mpenomiieHHs CepALEBUHBI CBETOBOAa paseH 1,47
o0onouku - 1,465. Kakue LP mMoap1 OyAeT HanpaBisiTh CBETOBOJ, €CIIM PAJANYC €T0
cepAlUeBUHBbI paBeH 5 MKM? 10MKM?

3amauya 2.18. Otceuka monbl LP;; B BOJJOKOHHOM CBETOBOJIE HACTyIaeT Ha
niuHe BosiHbl 1,48 mxM. KakuM OyaeT MOJOBBINM COCTaB CBETOBOJIa Ha JIJIMHAX
BostH 1,3 MmxMm; 1,2 Mxm 1 0,8 MKM.

3amauya 2.19. [Ilokazarenbp nOpelOMIICHUS CEPALEBUHBI  BOJIOKOHHOTO
CBETOBOJIa paBeH 1,47, pa3HOCTh MEXIYy MOKa3aTeJIeM MPEJIOMIICHUS CEPILICBUHBI
u o6onouku - 0,003. Kakum crnenyer BbIOpaTh paguyc CEpILEBHHBI, YTOObI Ha
JUTUHE BOJHBI 1,55 MKM 3TOT CBETOBOJ1 ObLT OJTHOMOJOBBIM?



3apaua 2.20. PaccuuTaiite noctosiHHyro pacrpoctpanenus moa LPg; u LPqy,
BO30Y)K/IaeéMbIX Ha JJIMHE BOJHBI /,3 MKkM B BOJOKOHHOM CBETOBOJAE C
napametpamu: N;=1,48; n,.=1,46 , p=50 mxm.

3agmaua 2.21. PaccuuraiiTe NOCTOSHHYIO pacnpocTpaHeHuss Mojbl LPi,
BO30y)XIaeMol Ha JJIMHE BOJHBI [,3 MKM B BOJOKOHHOM CBETOBOJAC C
napamerpamu: N1=1,48; n,.=1,477, p= 5,3 mxm.

3agaua 2.22. Ha BXOAHOM TOpIIE BOJIOKOHHOTO CBETOBOZA BO30Y>KIAIOTCS
Moael LPg; m  LPp;. HampsbkeHHOCTh  dieKkTpuueckoro mojis moabl  LPg;
pacrpernenena B INOCKOCTH BXOAHOTO TopIa 1o 3akoHy €, Fo(R), momer LPy; - mo

3akoHy €, COS@F1(R). IlocTrosHHBIE pacmpocTpaHeHHs MOJI paBHBI [y U fu

COOTBETCTBEHHO. [Momyuure BBIPAYKEHUS ISt UHTEHCHBHOCTHU

UHTEPPEPEHIIMOHHOTO OIS STHX MOJ Ha MPOH3BOJBGHOM PACCTOSHHUU Z OT

BXOJHOTO Topua. YcioBHo npuHuMas, 4to Fgi(R)=F;;(R)=const, mocrpoiite

pacrpeiejicHue MOJSIPU3aliid CYMMApHOTO TOJISl MOJ] B TUIOCKOCTH IMOMEPEUHOTO
T

(Bor = Bon)

3agaua 2.23. [locTpoiiTe pacnpeneseHue noasspu3anuu noist yetnou HEy,
MOJIbI B TUIOCKOCTH MOTIEPEYHOTO CEYEHUSI CBETOBOIA.

ceueHus ceetoBoja npu Z=0 u z=



