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depnepanbHOE TOCYAAPCTBEHHOE OFODKETHOE 00pa30BaTEIbHOE YUPEIKICHHE BBICIIETO
o0Opa3oBaHUs

«TOMCKHIA T'OCYJIAPCTBEHHBIN YHUBEPCUTET CUCTEM YIIPABJIEHUS
N PAAMOIJEKTPOHUKN» (TYCYP)

YTBEPXJAIO
IIpopexkTop no yueOHoii padore

II. E. Tposin
«__» 2016r.

PABOYAS IPOTPAMMA YUYEBHOM TUCIUIITAHBI

«OCHOBBI (PU3UYECKON U KBAHTOBOM ONITUKH

YpoBeHb 0CHOBHOII 00pa3oBaTe/IbHOM POrpaMMbl bakanaBpuat

Hanpasaenue noarorosku 11.03.02 «Mn¢poKoMMYHHUKANMOHHbIE TEXHOJOIHH U CUCTEMbI CBSA3N»

Hpoduap «OnTHYECKNE CUCTEMBI U CETH CBSI3U»

®opma 00yueHust ouHas

DaKyabTeT PapvorexHuueckui

Kadgeapa CBepXBBICOKOYACTOTHON M KBaHTOBOM pagnorexHuku (CBYuKP)
Kypc BTOPOI CemecTp __ueTBepTHIi

Y4eOnblii n1an Hadopa 2016 roaa.

Pacnpenesnenue pabouero BpeMenu:
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1. | Jekuun 42 42 4acoB
2. | JlaGopaTopubie paGoTnI 16 16 4acoB
3. | lpakTa4yeckue 3aHATHS 44 44 4acoB
4. | Kypcosoii npoext/padora (KPC) - - 4acoB
(ayauTopHas)
5. | Bcero ayiMTOpHBIX 3aHATHH 102 102 4acoB
(Cymma 1-4)
6. | W3 Hux B MHTepaKTUBHOM dopme - - 4acoB
7. | CamocrosiTesnibHast paboTa 78 78 4acoB
cryaeaToB (CPC)
8. | Bcero (0e3 3x3amMeHa) (Cymmas,7) 180 180 | yacos
9. | Camocr. paGoTa Ha NOATOTOBKY, 36 36 4acoB
caavy 3K3aMeHa
10.| O0mas TPyAOEMKOCTb  (Cymma 8,9) 216 216 | gacos
(B 3a4eTHBIX eJUHULIAX) 6 6 3ET
3auer nuddepeHIUPOBAHHBIN____ YETBEPTHIN ceMecTp
Tomck 2016
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Paccmorpena u onoOpena Ha 3acenanuu kadeapsl
npotokot Ne 5 OT « 22 » 12 2016 1

JIner corjiacoBaHui

PaGouas mporpamma cocraieHa ¢ yuetoMm TpeboBanuii denepanbHOro ['ocymapcTBeHHOTO
00pa3zoBaTenbHOIO CTaHIapTa BhIcIero npodeccuoHanbHoro oopaszoBanus (PI'OC BIIO) no
HanpasieHuto noArotoBku 11.03.02 «HPOKOMMYHUKAIIMOHHBIE TEXHOJIOTUN M CUCTEMBI
CBsI3W», yTBep K aeHHOro [Ipukazom Munobpuayku Poccun 06 mapra 2015 T.
perucTpanroHHbIil HoMep 174, paccMOTpeHa U yTBEpIKJCHA Ha 3aceJaHuu KadeaApsl  «  »

2016r.,

MPOTOKOI Ne

Pazpaborunk _IIpodeccop kad. CBUuKP [lTanmapos B.M.
(IOMKHOCTB, Kadeapa) (moanuce) (®.11.0.)
3aB. kapenpoit CBUYuKP [Tapanrosuy C.H.
(moxnuce) (®.1.0.)

Pabouas nporpamma coryiacoBana ¢ (haKyabTEeTOM, TPOGUITHPYIOIIEH U BBITYCKAIOMIECH

KadeapamH.
Hexan PT®D [Tonosa K.IO.
(moanuce) (®.1.0.)
3aB. npodunupyromieit
kadenpoit _ CBYuKP apanrosuu C.H.
(nmoanuce) (®.1.0.)
3aB. BhIMyCKaroen
kapenpoit  CBYuKP [apanrosuy C.H.
(moanuce) (®.1.0.)
IKCIEePTHI:
TYCVYP, kad.TOP, nom. C.U.Boromomnos
TYCYP, xad. CBYuKP [Ipodeccop A.E. Mangenb
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1. Heau 1 3a7a4M TUCHUILIAHBI:

enpto mpenomaBaHusl MUCHMIUIMHBI SIBISETCS TIOATOTOBKA CTYACHTOB B OO0JacTH
(GU3HYECKUX MPUHIUIIOB (PYHKIIMOHUPOBAHUS COBPEMEHHBIX OMTHYECKUX, ONTOIICKTPOHHBIX H
HEJIMHEHO-ONTUYECKUX FJIEMEHTOB U YCTPOMCTB.

OcHOBHOM  3a7aueil  JUCHUIUIMHBI  SIBJIICTCS M3YyYEHUE OCHOBHBIX  IIOJOKEHUU
(GU3UYECKON W KBAaHTOBOH ONTUKH, 3(P(EKTOB B3aUMOJCHCTBUS H3JIyUYCHUS C BEIIECTBOM,
OCHOBHBIX IPUHIUIIOB IOCTPOCHHUS IPUOOPOB M CUCTEM ONTUYECKOH 00pabOoTKH HH(OPMAIHH.

B pe3ynbTare uzydeHus HaCTOSIIEH JUCHUIUIMHBI CTYJICHTHI MOJydaT 3HaHUS, UMEIOIINE
HE TOJIbKO CaMOCTOSATEIhHOE 3HAUYCHUE, HO W SBISIOMIMECS (PYHAAMEHTOM JUIS U3YUCHUS psijia
MOCJICTYIONUX CIHEIUAIbHBIX TUCHUIIMH W MPAKTHYECKOW pabOoThl CIICMAIMCTOB B 00JIacTH
OITUYECKOH CBS3H.

2. MecTo aucuunjannsl B crpykrype OOIL:
JucriumnauHa no Beidopy b1.B.JIB.1.1.
3. TpeGoBanus K pe3yJabTaTaM OCBOCHUS AUCHUIINHBI:

[Tpouecc u3yueHus: AUCUUILIMHBI HAIIPaBJIeH Ha (OPMHUPOBAHUE CIEAYIOIIUX KOMITETECHITHI:
— TOTOBHOCTh K M3YyYEHUIO HAyYHO-TEXHUYECKOM HH(OpPMALUK, OTEYECTBEHHOIO U
3apy0OekHOro onbiTa o TemMatuke npoekrta (I[1K-7);
— CIIOCOOHOCTH MPUMEHSITh COBPEMEHHBIE TEOPETHUECKHE U IKCIIEPUMEHTAIBHBIE METObI
UCCJIEIOBAHMS C ILENbI0 CO3/JaHUS HOBBIX MEPCIEKTHBHBIX CPEJICTB DIEKTPOCBS3U U
unpopmaruku (I1IK-17).

B pesynbprate u3ydeHus JUCUUIIIMHBI CTYACHT JOJIKECH

® 3HaTh:
- OCHOBHBIE 3aKOHBI U COOTHOULIEHMsSI BOJIHOBOH ONTHUKH, KBAHTOBOM ONTHKU M ONTHUKH
OrpaHUYEHHBIX cBeTOBbIX IMy4uKkoB (ITK-7);
- OCHOBHBIE 3aKOHBI U COOTHOLIEHHS] BOJHOBOM TEOPHUM HANpPAaBISIOLUIUX ONTHUYECKUX
crpykryp (I1IK-7, TTK-17);
- OCHOBBI (PU3MKH B3aUMOJICHCTBUS CBETa cO cpefoi n HennHelHou ontuku (I1K-7);
- TIPUHIMIIBI TIOCTPOEHUS, OCOOEHHOCTH M XapaKTEPUCTUKU MHTETPaIbHOONTUYECKUX U
na3epHbIxX 31emMeHToB u npudopos (I1K-7, [IK-17);

®  yMeTh:
- 00bsACHATh (uznueckne >PPeKTsl, Jexamue B OCHOBE pabOThl ONTHYECKHX,
BOJIHOBO/IHO-ONITHYECKUX U JIa3epHBIX 3yieMeHToB U ycrpoiicts (I1K-7, [IK-17);
- IPUMEHATH Ha IPAKTUKE HM3BECTHBIE METOABI IKCIEPHUMEHTAIBHOIO HCCIEN0BAHUS
BOJIHOBO/IHO-OINITUYECKHUX U ONTORJIEKTPOHHBIX 1eMeHToB U ycrpoiicts (I1K-7, TIK-17);
- BBINOJIHATH PACYETHI, CBS3aHHBIE C OINPEAEICHUEM I1APAMETPOB M XapPaKTEPUCTHUK
ONTUYECKUX, BOJIHOBOJHO-ONTHYECKMX W ONTHYECKMX KBAHTOBBIX KOMIIOHEHTOB U
yerpoiicts (ITIK-7, TIK-17);
- TPOBOJUTH KOMIBIOTEPHOE MOJEIUPOBAHUE U TPOEKTUPOBAHUE ONTUYECKUX,
BOJIHOBOJIHO-ONTUYECKUX M ONTHYECKMX KBAHTOBBIX 3JIEMEHTOB U YCTPOMCTB, a TaKkKe
UMETh MPEJCTABICHNE O METO/1aX KOMIBIOTEPHOI onTUMHU3aluu ux xapakrepuctuk (I1K-
17);
- TIOJIb30BAThCS CIIPABOYHBIMU JAHHBIMH MO ONTUYECKUM MaTepuajaM U 3JeMEeHTaM Mpu
OPOCKTUPOBAHUM  ONTUYECKMX W ONTORJIEKTPOHHBIX  MPUOOPOB,  COMOCTABIISA
0COOEHHOCTH XapaKTEPUCTUK TaKUX MarepuanoB u snemeHToB (I[1K-17);

e  BJAJeTh:
- HaBBIKAMH YTEHUS U M300paKEHUSI CXeM ONTHYECKUX U JIa3e€PHBIX MPHOOPOB U CUCTEM
Ha OCHOBE COBPEMEHHOM AJIEMEHTHOM 0a3bl ONTHUKH, BOJTHOBOIHON M KBAaHTOBOU OMTHKHU

(TTK-17);
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- HaBbIKAMU pacyeTa, MPOEKTUPOBAHMS U KOMIIBIOTEPHOI'O MOJEIMPOBAHUS ONTUYECKUX
Y JTa3€pHBIX AJIIEMEHTOB M YCTPOUCTB paznuuHoro HazHaueHnus (I1K-17);
- HaBBIKAMU NPAKTUYECKOH paboOThl C J1a0OpaTOPHBIMH O0pa3laMH ONTHYECKHX,
BOJIHOBOJIHO-ONITUYECKMX M OINTHYECKMX KBAHTOBBIX JJIEMEHTOB, C ONTHYECKUMH U
Ja3epHBIMU PUOOPAMHU B ¢ KOHTPOJIbHO-U3MEPHUTENbHOM anmapatypoit (ITK-17).

4. O0beM TUCHUILUIMHBI U BUAbI Y4eOHOH padoThI

OO0miast TpyA0€MKOCTh AUCIUIUIMHBI COCTABIISIET 6 3aUE€THBIX €IMHMII.

Bunx yueOHol paboThl Bcero CemecTtphbl
qaCoB 4
AyIuTOpHBIE 3aHATHS (BCEro) 102 102
B tom uncne:
Jlexnuu 42 42
JlabopatopHsie pabots! (JIP) 16 16
IIpakTuueckue 3aHITHA 44 44
CamocrosiTejbHasi padoTa (Bcero), B TOM 4mce: 78 78
N3yuenue matepuana JeKIui 32 32
[ToaroroBka K KOHTPOJILHBIM PabOTaM 22 22
CamMocTosTenbHOE N3YYeHHUE OTNIEIbHBIX TEM 24 24
ITonroToBka K 3K3aMeHy M caya SK3aMeHa 36 36

Bun npomexxyTouHOM aTTecTanuu (3a4er, 3K3aMeH)

JuddepenunpoBanHblii 3a4er

O61mas TpyI0eMKOCTh 216 216
3a4yeTHbIC SAUHUIIBI TPYIO0EMKOCTH 6 6
5. Conepkanue TUCHUILINHBI
5.1. Pa3gennl AMCHUILIMHLI U BUABI 3aHATHH
Ne HammenoBaHue paszena JUCIUITHHBL Jlex. JIab. Ipaxkr. CPC Bce- ®opmupy-
3aH. 3aH. ro eMble KOM-
/o
qac. neTeHuuu
(1K)
1 Baenenue 1 - - 2 3 IK-7
2 OCHOBHBIE TIOJIOXKEHUS (pU3HUECKON 7 4 ] 20 39 K-7. TIK-17
OINTHKH ’
3 OnTHKa OTpaHUYEHHBIX CBETOBBIX 4 4 4 D 24 K-7. [TK-17
IIy4YKOB ’
4 OCHOBHEIE ITOJIOKEHHS KBAHTOBOI 6 i 4 12 2 K-7. TIK-17
(hM3MKH ¥ KBAHTOBOW ONITHKH >
5 [IprHIUIBI TOCTPOCHUS JIA3EPOB U 6 i 6 16 28 K-7. IK-17
00J1aCTH WX TPUMEHCHHS >
6 PacmpoctpaneHue cBETOBBIX BOJIH B 3 4 3 16 36 K-7. TK-17
MaTepHAIbHBIX CPeaax ’
7 B3aumopelicTBus cBeTa ¢ (PU3MYECKUMHU 6 4 3 20 13 K-7. IK-17
OJISIMUA ’
8 DeMEeHTHI HEIMHEHHON ONTHKH 4 . 6 16 26 TK-7, TIK-17
Wroro: 42 16 44 114 216
4
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5.2. Conep:xanue pa3iesioB TUCUUIIMHBI

Ne
n/n

HanmenoBaHnue
pasaena
JUCIHUILTHHBI

Copaep:xaHnue paseia

Tpynoem
KOCTh
(uac.)

®opmupyemble
KOMIIeTeHIIUH
(1K)

Bsenenue

3amauu Kypca. MecTo AUCUUILINHBI B yueOHOM
npolecce.

1

I1K-7

OcCHOBHBIE
THIOJIOXKEHHS
(hm3nIecKoit ONTHKH

VYpaBHeHust MakcBeiia AJist TU3JIEKTPUIECKON
cpenbl. MaTepuanbHble ypaBHEHUS. Y paBHEHUS
TPaHUYHBIX YCIOBUH. BolHOBOE ypaBHEHUE.
[onapuzanus ceeta. [lonspruzanoHHbIE HIIEMEHTHI.
OTtpakeHue cBeTa OT IIOCKOH rpaHunbl. [TomHOE
BHYTPEHHEE OTpakeHue cBeTa. KorepeHTHOCTD
CBETA, MOHATHUS IPOCTPAHCTBEHHON U BPEMEHHOM
korepeHTHOCTH. VIHTepdepeHnns u audpakims.
Judpaknust cBeTa Ha IEPHOIUUECKUX CTPYKTYpaX.

7

I1K-7, IIK-17

OnTuka
OrpaHUYCHHBIX
CBETOBBIX IYYKOB

IlonaTne yrioBoro cmekTpa IUIOCKMX  BOJIH.
[TapabGonuyeckoe ypaBHEHHE TEOPUH AUPPAKIUH.
I'ayccoB cBeroBoit my4ok. IIpeobpazoBanue Oypbe u
¢unbTpanusi  peryisipHBIX  BOJHOBBIX —TONEi B
ONTHYECKUX CHCTEMAX.

I1K-7, IIK-17

OCHOBHEIC
MTOJIOKCHUS
KBaHTOBOH (pH3UKH U
KBAaHTOBOH ONTHKHU

[loctosinnas [lnanka. KopmyckynsapHo — BOJIHOBOM
Tyanu3M. BeposTHOCTHas TpakTOBKa BOJIH J€
Bpoitns. CooTHo1eHus HEONPEIEIEHHOCTEH.
YpaBHeHHE [lIpeaunrepa. Tl'apmonnueckuii
ocHWIATOp.  B3amMopeiicTBue — M3MydeHHS  C
aTOMHBIMU ~ cucTeMamu. MHAaynupoBaHHbIE U
CIIOHTaHHBIE MePEXObl. Koadhpunnents
OlHITeiHa. MexXaHu3MBbl YIIUPEHHs CHEKTPAIbHBIX
JIMHUWA. YCWJIEHHE CBeTa B CpelJax C HWHBEpCUEH
HACEJIEHHOCTEN.

IK-7, IIK-17

[IpuHUIUNIBI
[IOCTPOEHHUSI JIa3€pOB U
00J1aCTH UX
MPUMEHEHUS

OTkpeIThie pe3oHaTophl. Pesonarop ®abpu - Ilepo.
AKcuanbHbIe U TIONepeuHble MOABL. JI0OpOTHOCTh U
gucio0 BO30YkIaeMbix MoJ. Twumbl konebGaHuii B
OTKpBITOM pe3oHarope. [azoBble nasepnl. OOmas
XapaKTEPUCTHKA. OcobOeHHOCTH ~ KOHCTPYKLIUH
ra3oBbIX J1a3epoB. JIazepsl HA MOHHBIX KpHUCTaIIaX U
crexinax. CoOBpeMEHHbBIE TBEPAOTENBHBIE JIA3€Phl.
BonokonHble 1a3ephl.

I1K-7, IIK-17

Pacnpoctpanenne
CBETOBBIX BOJIH B
MaTepHaJIbHBIX Cperax

PacmpocTpaneHue cBeTa B HAaIPaBISIOIUX CTPYKTY-
pax. [InanapHble 1 KaHaJIbHBIE ONTHYECKHE
BOJIHOBOJIbI. MaTepuaisbl U 3JIEMEHTbI HHTETPAJIbHOMN
ontuku. CBsi3aHHBIE ONTHYECKHE BOTHOBO/IBI.
PacripoctpaneHne CBETOBBIX BOJH B IEPUOINYECKUX

CTPYKTYpax.

MK-7, IIK-17

BzanmopaeicTeus
CBeTa C PU3HUCCKUMHU
MTOJIIMH

DeHOMEHOJIOTHYECKast TEOPHs IEKTPOOINTHIECKOTO
addexta. JInHEHHBIN 1 KBaAPATUYIHBII 3JIEKTPOOTI-
Traeckre 3(PHEKThl. DNEKTPOONTHIECKHE
MOJYJISITOPEL. AKYCTOONTHYECKHH 3P DeKT.
Judpaknus cBeTa Ha aKyCTHIECKUX BOJHAX.
Pexxumbl mudpaxnnn Pamana — Hara u Bparra.
AKyCTOONTHYECKHE MOYJISITOPBI M A€(IIEKTOPBI.
dotopedpakTuBHBIN 3D PeKT. MexaHN3MBI
TpaHCIIOPTa HOCUTENEH 3aps10B.
DoTopedpakTHBHBIE MAaTEPHAIIBL.

IK-7, I1K-17

DIeMEHTBI
HEJWHENHON ONTHKU

[Monspuzarus AUAIEKTPUKA B SJIEKTPUUECKOM IIOJIE.
Cpenpl ¢ KBaJpaTHYHOH M KyOMYHOW ONTHYECKON
HEIMHEWHOCTbIO. YPAaBHEHUE HEJIMHEHHBIX BOJIH.
HenuneiiHo - onrtudeckue Mmarepuansl. ['eHepanus
BTOpoli rapMoHWKH. CaMOBO3JIEHCTBHE CBETOBBIX
Iy4ykOB B HEIUHEWHOHW cpexe. Bpemennole u
MPOCTPAHCTBEHHBIE ONTUYECKHE COJNUTOHBL [Ipyrue
HeJIMHEHHO-onTHYecKHe P PEKTHI.

IIK-7, TIK-17
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5.3 Pa3geanl

JUCIUTIHHBI

H MCOCKINCHUINJIMHAPHBIE CBA3H C oﬁecneanammuMn

(mpeapiaymumMmn) U odecneynBaeMbIMHU (MOCJIEYIOMUMH) TUCHUTIHHAMUA

Ne HanMmenoBanne o0eceYnBarOInX Ne Ne pa3nenoB JaHHOW AMCIUTUTAHBI U3 Ta0I.5. 1, A1 KOTOPBIX
/i (mpenpinynmx) u 00ecTIeYNBaCMbIX HEO0XOIMMO U3yUeHHE 00SCIIEUHBAONTNX (TIPEIBIYIINX) U
(mocneAyIomuX) AUCITUTUTHH o0ecrieynBaeMbIX (ITOCTECIYIOIINX) TUCIUIIIINH
1 [ 2] 3 | 4 5 | 6 7 8
IpeamecTBYONINE IHCHHIJIHHBI
1 Maremaruka + + + + + + +
2 dusnka + + + + + + + +
3 Wnudopmartnka + + + + + + +
4 DJEeKTpOMAarHUTHBIE ITOJISL I BOJIHBI + + + + + + + +
5 Beenenne B npoduins «Ontndeckne + + + + + + + +
CHCTEMBI U CETH CBS3HY
Mocaenywonue TMCIATLUIMHBI
1 OCHOBBI ONITORJIEKTPOHUKH U + + + + + + +
BOJIOKOHHOM OITHKH
2 OnrTryeckue HaNpaBISIOUINE CPEbl + + + + + +
3 Onruueckue nuppoBbie + + + + + +
TeHeKOMMyHI/IKaHI/IOHHI)Ie CUCTCMBbI
4 OnTo3eKTPOHHBIE U KBAHTOBBIE + + + + + + +
pUOOpPHI U yCTPONCTBA
5 BoO0KOHHO-ONITHYECKHE YCTPOUCTBA U + + + + + + +
CUCTEMBI TCXHOJOI'MYCCKOI'O HA3HAYCHU ST

5.4. CooTBeTcTBHE KOMIIETEHIUIi, GopMHPYeMBbIX IPH W3YYEeHUHU JUCHHUILINHBI, 1 BUI0B

3aHATHH
Ilepeuenn Bunpl 3ansTHI @®opMbI KOHTPOJIS 110 BCEM BUAAM 3aHITHH
KoMIeTeHIui [ J Jla6 | TMp. [ KP/KII | CPC
IK-7 + + + - + BricTynnenue Ha cemuHapax. Omnpoc Ha
nabopaTopHbIX padoTax. Jud. 3auer
IK-17 + + + - + BricTynnenue Ha cemuHapax. Omnpoc Ha
naboparopHbix paborax. ud. 3auer

JI — nexuus, Jlab — naGoparopusie pabotsl, I1p — mpaktuyeckue 3ansatusi, KP/KII — kypcoBas
pabora/mpoekt, CPC — camocrosiTenbHas paboTa CTy/1eHTa

6. Metoab! 1 (popMBI OpraHu3anuu 00y4eHust

I[J'ISI YCOCMIHOTO OCBOCHHA OUCHUILIMHBI TIPHUMCHAIOTCA Pa3JIUYHBIC O6pa3OBaTeJ'II>HI>IC
TEXHOJIOTUHM, KOTOpbIE O0ECleuYMBalOT JOCTHXKEHHE IUIAHUPYEMbIX pe3yiabTaToB OO0Yy4eHUs
COTJIACHO OCHOBHOW 00pa3oBaTeNIbHOI MporpamMme, ¢ y4eToM TpeOOBaHUM K 00beMYy 3aHATUH B

UHTEPaKTUBHOHN Gopme.

7. JIabopaTOpPHBIH NPAKTHKYM

Ne paznena HammenoBanne mabopaTOpHBIX padoOT Tpyno- IIK
JVICIUTIITHHBI €MKOCTb
(uac.)
2 HccnenoBanue andpakimyud CBETOBOTO Iydyka B Cpele C 4 IK-7, IIK-17
NEePUOIUUECKON MOLYIISIIMEN TOKa3aTells PEJIOMIICHHS
3 HccnenoBanne »Q@QeKkTUBHOCTH BBOJA CBETa B IIIAHAPHBIH 4 IK-7, IIK-17
ONTUYECKUI BOTHOBOJ
6 HUccnenosanue NIPOCTPaHCTBEHHOI'O CaMOBO3ICHCTBUS 4 IK-7, IIK-17
CBETOBBIX ITyYKOB B HEITMHENHO - ONTHYECKOH cpenie
7 HccnenoBanne  mepuoguyeckux  (asoBBIX  JJIEMEHTOB, IK-7, IIK-17
(opMHpYEMBIX HEKOT€PEHTHBIM H3JIydEeHHEM B KpUCTaJIe 4
LiNbO; ¢ ¢poTOouyBCTBUTEIHHON TOBEPXHOCTHIO
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8. IIpakTHyeckue 3aHATUA (CEMHUHAPDI)

Ne| Pazpmen aucuumnauHsl U3 TemaTyka IpakTUUECKUX 3aHATHIH Tpyno- Komnerenuun
Tabn. 5.1 €MKOCTb [K
(uac.)
1 | OcHOBHBIE OJ0XKEHUSA ITonspuzanus NI0CKUX CBETOBLIX BOJIH. 8 IIK-7, I1K-17
(U3HYECKOH ONITHKH Wnrepdepenuns u audpaknys ceera.
2 | OnTHKa OrpaHUYEHHBIX OrpaHu4eHHBIE CBETOBBIE ITyUKH. 4 IIK-7, IIK-17
CBETOBBIX ITy4YKOB IIpeo6pazoBanue Oypre B ONTUUIECKUX
cucreMax
3 | OCHOBHBIE NOJ0XKEHUS MHaynupoBaHHBIE U CIIOHTAHHBIE 4 IIK-7, IIK-17
KBaHTOBOH (hU3UKH 1 nepexopl. MeXaHn3MBbl YIIUPEHHS
KBAHTOBOM ONTHKH CIEKTPAJIbHBIX TUHUN. Y CUIIEHHE CBETA B
cpellax ¢ MHBEPCHEN HACEIEHHOCTEM.
4 | TIppHOMATIBI TOCTPOCHUS AKCHaJIbHBIE U TIOTIEPEYHBIE MOJBI 6 IIK-7, IIK-17
J1a3epoB M 00JIACTH X OTKPBITHIX ONITHYECKUX PE30HATOPOB.
MIPUMEHEHHS JloO6pOTHOCTH ONTHYECKUX PE30HATOPOB H
YHCII0 BO30YKIAEMbIX MOJI.
7 | PacnpocTtpanenue cBeToBbIX | JMCIEpCHOHHOE ypaBHEHUE IIIaHAPHBIX 8 IIK-7, TIK-17
BOJH B  MAaTepHalbHBIX | ONTHYECKHX BOJHOBOAOB. Pacuer
cpenax K03()(DUIIMEHTOB CBSI3U B CHCTEMAX
CBSI3aHHBIX ONITHYECKHUX BOJHOBOJIOB.
8 | BzaumonelcTBus cBETA C XapaKTepUCTUKHU IEKTPOONTUYECKOTO U 8 TIK-7, TIK-17
(bU3MYECKUMH TOISIMU aKyCTOONTHYECKOTr0 3(h(HEeKTOB,
3NEKTPOONITHYECKUE U aKyCTOONTHIECKHE
MOJYJISITOPHIL.
9 | DneMeHTH HETUHEHHON dotopedpakTuBHBI 3P ekT. BpemeHnHble 6 [IK-7, I1IK-17
ONTUKH XapaKTepUCTUKU (HOPMHUPOBAHUS U
penakcaryn GoTopepaKTUBHBIX
pEIIETOK.
9. CamocrosiTesqibHAs padoTa
Ne | Pasnenst Tematnka caMOCTOSTEIBHOI PabOoThI Tpyno- Komme- KonTtpons
1/ | JUCHUIUIMHBI U3 (Oemanuzayus) €MKOCTh TEHLIUU BBITTOJIHEHUS
m | Tabm. 5.1 (uac.) IK paboTsI

1 | Beenenue. M3ydeHne TeOpeTH4ecKoro MaTepuana. 2 I1K-7 Jud. 3ager

2 | OcHOBHBIE N3yuyenue TeopeTuueckoro Marepuaia. 20 IK-7, BricTynnenus Ha
I0JIO>KECHHUS IToaroroBka K NpakTU4eCKUM MK-17 ceMuHape.
¢busnyeckoii onTuku | 3aHATUSIM (cemuHapam). [lonroroBka k Otuer o

nmabopaTopHOii pabore. nabopaTopHO
pabote. dud.
3auer.

3 | Onruka M3yuyenue TeopeTnueckoro Marepuana. 12 [K-7, Brictymnenus Ha
OTrpaHUYEHHBIX IToaroroBka K mpakTU4eCKUM MK-17 ceMUuHape.
CBETOBBIX ITYYKOB 3aHATHAM (ceMmuHapam). [loaroroBka k Ortuer o

nmabopaTopHOii pabote nabopaTopHO
pabote. qud.
3ayer.

4 | OcHOBHEIE W3ydenune TeOpeTHIecKOTo MaTeprana. 12 IK-7, BricTynnenus Ha
MOJIOKEHUS IToaroroBka K MpakTUYECKUM TK-17 cemuHape. J{ud.
KBAaHTOBOH (DM3HKH U | 3aHATHAM (CEMHHApaM). 3auer.
KBaHTOBOU ONTUKHU

5 | Ilpunnunsl N3yuyenue TeopeTuueckoro Marepuaa. 16 TIK-7, BricTymienus Ha
ocTpoeHus Jjla3epoB | IloaroroBka K MpakTUUECKUM MK-17 cemuHape. dno.
u obmactn HX | 3aHATHAM (CEMHHapam). 3auer.
IIPUMEHEHHUS

6 | Pacnpoctpanenue N3ydenune TeopeTndeckoro MaTepuana. 16 IK-7, BeicTynnienust Ha
CcBETOBBIX BOJH B | [ToAroToBKa K MPaKTU4EeCKUM MK-17 ceMuHape.
MaTepHalIbHBIX 3aHsATHAM (ceMuHapam). IToaroToska k Otuer no
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cpenax nabopaTopHoii pabote nabopaTopHO
pabote. ud.
3ager
7 | B3aumogeiicTBus N3yuyenne TeopeTuueckoro Marepuana. 20 IIK-7, BricTyniienus Ha
CBETa C IToaroroBka K NpakTU4ECKUM [K-17 ceMUuHape.
¢du3mIeCKUMHI 3aHATHAM (cemuHapam). [ToaroToska k Otuer 1o
TTOJISIMH nmabopaTopHOii pabote nabopaTopHO
pabore. qud.
3ager
8 | DnemeHTHI W3ydenne TeOpeTHIECKOTO MaTeprania. 16 MK-7, Brictymnenus Ha
HenuHeHo! onTuky | IToaroroBka K MpakTHUECKUM [K-17 cemuHape. dno.
3aHATUSIM (CEMHMHapam). 3auer.

10. IIpumepHasi TeMaTHKa KYPCOBBIX IIPOEKTOB (pador)
KypcoBble npoekThl (paboThl) y4eOHBIM IJIAHOM HE MPETyCMOTPEHBI

11. BaanbHo-peiiTUHrOBasi cucTeMa
METOJUMKA TEKYIIEI'O KOHTPOJIA OCBOEHUS JUCHUIIIMHBI

OcymectBisiercs B coorBercTBuu ¢ IlojiokeHHeM o moOpsiAke HCNOJIb30BAHUSA
PETHHIOBOM CHCTEMBI /ISl OLIEHKH YCIIeBAeMOCTH CTYAeHTOB (mpuka3 pexropa 25.02.2010
Ne 1902) u ocHoBaHa Ha  OallbHO- PEUTUHIOBOM CHCTEME OIICHKH YCIIEBAaeMOCTH
neiicrByromiedt ¢ 2009 r., koTopass BKJIOYAeT TeKYILIHMI KOHTPOJIb BBIIIOJHEHUS 3JIEMEHTOB
o0beMa IMCHUTUIMHBI IO AJIEMEHTaM KOHTPOJIS € MOJBEACHUEM TEKYIIero peiTuHra (pasuen 6).

IIpaBuia ¢opMupoBaHusi MATHOANIBHBIX OLEHOK 3a KaX/AYyI0 KOHTPOJbHYIO TOUKY
(KT1, KT2) ocymiectBusieTcsi IyTeM OKpYTJIEHUS BEJIMYUHBI, PACCYUTAHHOM 1O (hopmyIie:

KT (Cymma _6annos, mabpannas k _KTx)*5

x= ,2_

Tpebyemas cymma 6anio8 no 6ambholi _ packiaoke

Ilocne okoHuUaHMs ceMmecTpa CTyIeHT, HaOpaBmui MeHee 60 OamnoB, cuuTaeTCs
HEYCIIEBAIOIINM, HE MOIy4YMBIIUM 3aueT. CTyleHT, BbINOJHUBIINH BCe 3alllIAHUPOBAHHbIE
JadopaTtopHble padoThl, U T.A. U HaOpaBmui cymmy 60 u Oosee GayuioB, MOIy4aeT 3ayer
«aBTOMaTOM.

Ta6auna 11.1 Pacnpenesienust 6a/ui10B B TeueHHe ceMecTpa

MakcumaneHeId | MakcumanbH | MakcuManabHBI
. Gamr Ha 1-y10 b1l Oat 3a 1 Gamn 3a Bcero
DnemMeHTHl y4eOHOI
KOHTPOJIbHYIO epUOJI nepruoJ MEXIY 3a
JIeATEeIIbHOCTH
TouKy ¢ Havana | Mexay 1KT u | 2KT u Ha koHerl | cemecTp
cemecTpa 2KT cemecTpa
Ilocenenue neximit 16 16
TecToBbIl KOHTPOJIb 30 30
BrimonHeHue 1a00paTOpHBIX
patop 20 20 40
pabot
Kommonent
7 7 14
CBOEBPEMEHHOCTH
HToro MakcumMym 3a
y 16 57 27 100
nepuoa:
Hapacrawommum uTtorom 16 73 100
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Ta6auna 11.2 ITepecuer 6ayyIoB B OLIEHKH 32 KOHTPOJIBHBIE TOUKH

BaJjibl Ha 1aTY KOHTPOJIbHOH TOYKH Ouenka
> 90 % ot MakcuManbHOH cyMMBI OayutoB Ha gaty KT 5
Ot 70% no 89% ot makcumanpHOM cyMMsbl OayuioB Ha paty KT
Ot 60% no 69% ot MakcumanpHOM cyMMbl OayuioB Ha paty KT
<60 % oT MakcMMaJbHOM cyMMBbI OamoB Ha gaty KT

N (W~

12. YyeOHO-MeTOAMYECKOE U HH(POPMALIMOHHOE o0ecnieYeHre JUCUMIIHHbI

12.1. OcHoBHas JuTEpaTypa

1. B.M. lllangapoB. OcHOBBI (hU3NUUECKON U KBaHTOBOW onTukH. — Tomck: Tomck. roc. YH-T
CHCTEM YTIP. U PATUOAICKTPOHHKH, [ DIEKTPOHHBIN pecypc]: yueOHoe nocodue- Tomck: TYCVYP,
2012. - 197 c. Pexxum nocrymna: http://edu.tusur.ru/training/publications/750

2. llTannapos, B. M. OcHoBbI (u3nueckoit ontuku: YueOHoe nocodue [DneKTpoHHsbIi pecypc] /
[MangapoB B. M. — Tomck: TYCVYP, 2013. — 190 c. — Pexum nocryna:
https://edu.tusur.ru/publications/3739

12.2. lonoiHuTE IbHAS JIUTEPATypa

1n. M.bopH, 2.Bonbd. OcHoBsl ontuku. M.: Hayka. 1970.855¢. (5)

2. ASlpus, IL.IOx. Ontuueckue BoJHBI B KpucTamiax. - M.: Mup, 1987. - 616 c. (5)

3n. B.M. [llaniapoB. BoOKOHHO-ONTHYECKUE YCTPONCTBA TEXHOJIOTUUECKOTO HA3HAYEHUS. —
Tomck: Tomck. roc. YH-T cucteM ymip. U paanodiekTporuku, 2007, — 185 c. (50 3k3.)

4n. C.M. llanaapos, B.M. llanaapos, A.E. Maunens, H.W. Bypumos. @otopedpakTuBHbIe
3¢ (HEKTH B 3JIEKTPOONTHUECKUX KprcTauiax. — ToMmck: TOMCK. roc. YH-T cucTeM yIip.
panuosnekTponuku, 2007. — 241 c. (64 3k3.)

12.3. IlepedeHb METOAMYECKUX YKA3AHUI 110 NPAKTHYECKHUM 3aHATHAM H J1a00paTOPHBIM
pabdoram

1. [Hangapos, B. M. Hccnenoanue qudpakiuu CBETOBOTO MyYKa B CPEJIE C MEPUOIUIECKON
MOy ISIIMEN ToKa3aTens mpeaoMiIeHus: MeTtoandeckue yka3anus K 1adopaTopHoii padote
Juist 6akanaBpoB HanpasiieHus 210700.62 "MHpOKOMMyHHUKAIIMOHHbBIE TEXHOJIOTHH U
cuctembl cBsi3u" (mpoduiib - "ONTUYECKHE CUCTEMBI U CETH CBsI3U") [ DIEKTPOHHBIN pecypc]
/ IManpapoB B. M. — Tomck: TYCVYP, 2013. — 7 c. — Pexum nocryna:
https://edu.tusur.ru/publications/3701

2. llannapos, B. M. UccnenoBanue 3¢ pexkTUBHOCTH BBOJA CBETA B IUIAHAPHBIA ONTUYECKUIN
BOJIHOBOJ: MeToauueckue yka3zaHus K 1abopaTopHO# paboTe /Ui 6akalaBpoB HAIIPaBIECHUS
210700.62 "MHPpOKOMMYHHUKALIMOHHbBIE TEXHOJIOTUHU U CUCTEMBI CBA3U" (Ipoduib -
"Ontuyeckue cucTeMsl u cetu cBs3u') [Dnexrponuslit pecype] / llangapos B. M., Kymr I'.
I — Tomck: TYCVYP, 2013. — 11 c. — Pexum gocryna:
https://edu.tusur.ru/publications/3703

3. Kanmy, A. B. UccnenoBanue nepuoanyeckux (pa3oBbIX 3JEMEHTOB, (GOPMUPYEMBIX
HEKOTepEeHTHBIM M3JTydyeHHeM B Kpuctaiie linbo3 ¢ poTouyBCTBUTENHLHON MOBEPXHOCTHIO:
MeTtoauueckue yka3aHus K JabopatopHoit padote i 6akanaBpoB HampasieHus 210700.62
"MH(pOKOMMYHUKAITMOHHBIE TEXHOJIOTHH U CUCTEMBI CBsI3U" (TTpoduib - "OnTudeckue
CUCTEeMBI U ceTu cBsi3u") [DnekTponHsblil pecypc] / Kanmry A. B., lllannapos B. M. —
Tomck: TYCVYP, 2013. — 8 ¢. — Pexxum goctyma: https://edu.tusur.ru/publications/3702

4. langapos, B. M. UccnenoBanue mpocTpaHCTBEHHOTO CAMOBO3/ICHCTBUS CBETOBBIX ITyYKOB B
HeJIMHEeHO-onTHYecKol cpeae: Metoanyeckue yka3zaHus K JabopaTopHoit paboTe aiis
6axanaBpoB Hanpasienus 210700.62 "NHboxkoMMyHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBbI

CornacoBaHa Ha noptane N2 9455


http://edu.tusur.ru/training/publications/750
https://edu.tusur.ru/publications/3739
https://edu.tusur.ru/publications/3701
https://edu.tusur.ru/publications/3703
https://edu.tusur.ru/publications/3702

cBsi3u" (mpodmib - "ONTUYECKUE CUCTEMBI U CETH CBsI3U") [ DNEeKTpOHHBIN pecypce] /
[Tangapos B. M., Kapnymmn I1. A. — Tomck: TYCVYP, 2013. — 15 ¢. — Pexum nocryna:
https://edu.tusur.ru/publications/3704

5. B. M. [llarmnapoB. OcHOBBI (pr3HUECKON U KBAHTOBOM ONTHKH: Y4eOHO-METOIUYECKOE
OCOOME MO MPAKTUYECKUM 3aHATHSM U CAMOCTOSTEIBLHOU paboTe sl CTYICHTOB
cnernanbHocTH 210401.65, [DnekTpoHHbIH pecypc]: yueonoe mocodue- Tomck: TYCVYP,
2013. —57 c. Pexxum pocryna: http://edu.tusur.ru/training/publications/2888/

13. MarepuaJibHO-TeXHHYECKOe oOecriedeHue TN CIUIINHbI:

Jlabopatopun kadp. CBUuKP, B ToM 4umcie, croenuanu3upoBaHHAs J1abOpaTOpHs
«Omnroanekrporukn» (ayn. 3296), a Takxke naboparopum apyrux kademp PTO.
Beruucnurensnas adoparopust (ayn.337 6) kadeapsr CBUnKP oGopynoBaHa mepcoHaTbHBIMU
KOMITbIOTEpaMU, OOBEIMHEHHBIMH B JIOKAIbHYIO BbIUUCIUTENbHYIO ceTh Kad. CBUuKP c
BEIXOZIOM B Internet.

14. MeToauueckue PEKOMEHIAIUHU IO OPraHu3aluy H3Yy4YCHUA TUCHUIIIMHBI

OO0beM yacoB, MPEAYCMOTPEHHBIX YUEOHBIM IUJIAHOM ISl U3YYEHUS JUCIHIUIMHBI, I0-
3BOJISIET OCBETUTH TOJBKO KIIFOUEBHIE MOMEHTBI M PACKPHITh 0a30BBIC TOHSATHS TPU YTCHUHU
nexkuuii. IlosToMy mnpu peanuzauuu OporpamMmbl CTYAEHTHl JIOJDKHBI JOCTaTOYHO MHOIO
paboTath CaMOCTOSITEIPHO Kak IIPU TOBTOPEHUHU JICKIIMOHHOTO Marepuaia, Tak © MpH
MOJATOTOBKE K JaOOPAaTOPHBIM 3aHATHSM M BBIIIOJHEHUH CAMOCTOATEIbHOU paboThl. [l
obecrnieueHrs 3PPEKTUBHOTO YCBOCHUS CTYACHTAMH MaTEpUAIOB TUCIMILTUHBI HEOOXOIUMO Ha
MIEPBOM 3aHSATHH CHAOIUTh UX IMEpPEUYHEM BOMPOCOB, KOTOPBIC MOMJIEKAT U3YUCHHIO, CIIHUCKOM
OCHOBHOU U JIONOJHUTEILHOUN JTUTEPATYPHI JIsi CAMOCTOSTEILHOU PabOThI, TEMAaTUKON 3aIaHUN
JUTSL CAMOCTOSITEIbHON PabOTHI.

J1st TeKyIero KOHTPOJIS yCIEBAEMOCTH M MPOMEXYTOYHOM aTTECTAI[UU HCIOJIb3YETCS
TECTOBBII KOHTPOJIb 3HAHMIA.

JIeK1IMOHHBIE 3aHATHA KEJIATEIbHO MPOBOAATCS C MPUMEHEHUEM MPE3EHTAINH, a TaK Ke
JIEKIIMOHHBIX JIEMOHCTpAIMi. DTO CYIIECTBEHHO YJIYYIIaeT JMHAMHUKY JICKIIUA U CIIOCOOCTBYET
JAy4llieMy YCBOGHHIO Marepuana. Ha nekuusax HeoOxomumo oOpamiaTh BHHMaHHME Ha
OCOOEHHOCTH MIPUMEHEHHUS PacCMaTPUBAEMOI0 MaTepHalia B TOCIEAYIONIUX Kypcax, a TakKe B
Oynyieit mpodeccuoHaNbHON AESITENFHOCTH.

10
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ILE. Tposin
«_» 2016r.
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1. BBenenune

®onx onenounslx cpeacts (POC) sBuseTcs NMpUIIOKEHHEM K pabouel mporpamme

JUCHUITIINHBI «OcHOBBI

(U3HUECKON  ONITUKI

U TpEeACTaBIsgeT co00H COBOKYIMHOCTB

KOHTPOJIbHO-U3MEPUTEIbHBIX MaTepHUaaoB (TUIIOBbIC 3a7aud (3a/laHusi), KOHTPOJIbHbIE PalOTHI,
TECTBl W Jp.) U METOJIOB HX HCIOJIb30BAHMS, MPEIHA3HAYCHHBIX JUIsI MU3MEPEHHUS YPOBHS
JOCTHKEHUS CTYICHTOM YCTaHOBJIEHHBIX PE3yIbTaTOB 00yUEHHS.

dOC 1o agucHUIUIHHE

HCIIOJIB3YCTCA IMPU MPOBCACHHUH TCKYHICIO KOHTPOJIA

YCIIEBAEMOCTH U IMTPOMEKYTOUHOMN aTTECTAI[UU CTYICHTOB.
[TepedeHp 3aKkpeIICHHBIX 3a TUCIMILUIMHON KOMITETEHIIUM MTPUBE/IeH B Tadimie 1

Taoauna 1 — [lepeyeHb 3aKpenJieHHbIX 32 JTUCHUIUIMHOW KOMIIETEeH Ui

Kon DopmyMpOBKa

KOMIIETCHIIUHU

Jrtansl GOPMUPOBAHUA

KOMIICTCHIIUHA

I1K-7 TOTOBHOCTh K

Hay4YHO-TEXHUYECKOMN
uH(pOpMaIINU, OTCYECTBEHHOTO U
3apy0eKHOTO OITbITa 300

TEMATHUKC IMTPOCKTA

H3Y4YEHUIO

Jlo/’keH 3HATh OCHOBHBIE 3aKOHBI M COOTHOIICHUS
BOJIHOBOH M KBAaHTOBOH OINTHKH, ONTHKH OTPAHUYCHHBIX
CBETOBBIX Iy4YKOB u TEOpHH ONTHYECKHUX
HAaIpaBIISTIOLINX CTPYKTYP; OCHOBBI (07632041
B3aUMOJCICTBUS CBETa CO CPEIOM M HEJIMHEHHOU
ONTHKH; TIPUHIMIBI [OCTPOCHUS, OCOOCHHOCTH U
XapaKTepUCTUKHU HHTETPATbHOONTUYECKUX U JIa3€PHBIX
3JIEMEHTOB U IPHOOPOB.

Jomxen ymersb 00bACHATH pusnueckue 3¢pdexTsl,
JIeKaIlye B OCHOBE pabOTHl ONTHYECKUX, BOJTHOBOIHO-
ONTHYECKUX U JIa3EPHBIX 3JIEMEHTOB M yCTPONCTB;
MPUMEHATH Ha NPAaKTHKE U3BECTHBIC METOIBI
9KCIEPUMEHTAILHOTO UCCIIEJOBAHNS BOJTHOBOIHO-
ONTHYECKUX U ONTOIIEKTPOHHBIX 3JIEMEHTOB 1
YCTPOMCTB; BHINIOJIHATEH PAcUeThl, CBA3aHHBIC C
OTIpEeZIeTICHUEM TTapaMeTPOB U XapaKTEPHCTHK
ONTHYECKUX, BOITHOBOJAHO-ONTUYECKUX U ONTHYECKHUX
KBaHTOBBIX KOMIIOHEHTOB M yCTPOWCTB.

JlokeH BJageTh HaBbIKAMH YTCHHS W H300paskeHUS
CXEM ONTHYECKHX W Ja3ePHBIX MPHOOPOB U CHCTEM Ha
OCHOBE COBPEMEHHOM 3JIEMEHTHOW ©0a3bl ONTHKH,
BOJIHOBOJIHOM M KBAHTOBOM OIITHUKH.

I1K-17 CIIOCOOHOCTh MIPUMEHSATH
COBPEMEHHBIE TEOPETUYECKHE U
AKCIEPUMEHTAJIbHbIE  METO]IbI
VCCIIEJOBAHMUS c LENbIO
CO3/1aHUs HOBBIX
NEPCIIEKTUBHBIX CpEICTB

AIIEKTPOCBSI3U U UHPOPMATUKU

JloJ1:KeH 3HATH TIPUHIMITBI TIOCTPOCHNUS], 0COOCHHOCTH 1
XapaKTEePUCTHKU MHTETPATbHOONITHYECKUX u
ONTO3JIEKTPOHHBIX 3JIEMEHTOB U MIPHOOPOB.

JoJkeH yMeTh HPOBOJHUTH KOMIIBIOTEPHOE
MOJICIUPOBAaHNE U  TPOEKTHPOBAHUE  ONTHYECKUX,
BOJIHOBOTHO-OIITUYIECKHUX U OTITORJIEKTPOHHBIX
3JIEMEHTOB M YCTPONCTB, a TAK)Ke UMETh IPEACTaBICHHE
0 Merojax  KOMITBIOTEPHOW  ONTHUMHM3AIMHM  HX
XapaKTEePUCTHK; TT0JIb30BATHCS CIIPABOYHBIMU JTAHHBIMHU
M0 ONTHYECKUM H JIa3epHBIM MaTepuajiaM M 3JIeMeHTaM
OpU NOPOEKTHPOBAHUM ONTHYECKMX U JIA3€PHBIX
npuOOPOB, COMOCTAaBIISISI OCOOEHHOCTH XapaKTEPHCTHK
TaKUX MaTEpPHAJIOB U 2JIEMEHTOB.

JloJzkeH BJIaJleTh HaBBIKAMHU pPacdeTa, MPOEeKTUPOBAHHUS
U KOMIBIOTEPHOTO MOJEIHPOBAHUS ONTHYECKHX U
OTITO3JIEKTPOHHBIX AJIEMEHTOB M YCTPOHCTB Pa3IMIHOTO
Ha3HAUEHWs, HABBIKAMH IPAKTUYECKOH paboTBl C
71a60paTOPHBIMU o0paszmamu ONITHYECKUX 17§
BOJIHOBOJTHO-ONITHYIECKHX HJIEMEHTOB, C ONTUYECKUMH U
Ja3epHBIMH  TpHOOpaMH M C  KOHTPOJBHO-
U3MEPUTENIBHON annapaTypoi.
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2. Peaqu3zanus KoMneTeHuu

1. Komnerennusa ITK-7

[1K-7: TOTOBHOCTh K H3YYEHHUIO HAY4YHO-TEXHHYECKOW HH(OpPMALUMU, OTEYECTBEHHOIO U
3apy0eKHOT0 OTBITA TI0 TEMATHKE TPOEKTA.
Jns popmupoBaHUs KOMIIETEHIIMH HEOOXOAUMO OCYIIECTBUTD Psi/l ATAIOB.

Dranbl GOpMUPOBAHUS KOMIETCHIINH, IPUMEHIEMbIE JJII STOTO BUIBI 3aHATHI U UCIIOJIB3YEMbIC
CpEIICTBA OLIEHUBAHUS MIPEJICTABICHbI B TA0IHIIE 2.

Taﬁ.lmua 2-9Tanbl (l)OpMI/IPOBaHI/Iﬂ KOMIICTCHIIUHA U UCIIOJB3YEMbIEC CPEACTBA ONCHUBAHUSN

CocraB 3HaTh VYMeTh Bnanets

Conepxanue OcuoBHble  3akOHBI ¥ | OObsicHAT,  ¢(u3ndeckue | HaBplkamMmum  9TeHHMS |
COOTHOIIICHUS BONHOBOH W | 3QQeKThl, Jexamme B | H300paKeHHS cxeM

3TaIloOB KBaHTOBOM ONTHKH, ONITUKH | OCHOBE paboThl | ONTUYECKUX H JIA3EPHBIX

OTPaHUYCHHBIX  CBCTOBBIX
ITYYKOB n TCOpUU
OIITHYCCKUX

HaMpaBJIOMUX CTPYKTYP;
OCHOBBI (DM3UKH B3aUMO-
JICHCTBUS CBETA CO CPeloi
U HEIWHEWHON  OITHUKHU;
IOPUHUUNBL  MOCTPOECHHS,
0COOEHHOCTH M XapakTe-
pHUCTHKH HUHTErpanabHO-
ONTHYECKUX u
ONTOAJIEKTPOHHBIX
3JIEMEHTOB M IPHOOPOB.

ONTUYECKUX, BOJHOBOJHO-
ONTUYECKUX U Ja3epHBIX
3JIEMEHTOB U YCTPOMWCTB;
NIPUMEHATh Ha [PAKTUKE
U3BECTHBIC METOJbI KCIIE-
PUMEHTAIBHOTO
HCCIIEI0BAaHUS JIA3EPHBIX U
BOJIHOBOJHO-ONTHYECKUX
JJIEMEHTOB U YCTPONCTB;
BBINOJIHATh pacuerTsl,
CBSI3aHHBIE c ompe-
JENEHUEM MapaMeTpoB U
XapaKTEPUCTHK
ONTUYECKUX, JIA3EPHBIX H
BOJIHOBOJHO-ONITUYECKUX
KOMIIOHEHTOB U YCTPOKHCTB.

mpuOOpPOB © CHCTEM Ha
OCHOBE COBPEMEHHOM
3JIEMEHTHOH 0a3bl ONTHKH,
BOJIHOBOJTHOM ONTHUKH U
JIa3epHON TEXHUKU.

Bunp! 3angaTui

Jlexuun.
IIpakTuueckue 3aHATUSL.

JlaboparopHbie pabOTHI.
IIpakTudeckue 3aHATUS.
CamocrosrenbHas paboTa
CTYJICHTOB.

Jlaboparopublie paObOTHI.
IIpakTuueckue 3aHATUSL.
CamocrosrensHas paboTta
CTYJICHTOB.

Hcnonb3yembie
CpeacTBa
OIICHUBAHUS

3agaun.
Hud. 3ager.

Bagaun.
OdopmiieHrE  OTYETHOCTH
U 3aIuTa J1abopaTOPHBIX
pabor.

ammra
pabor.
Hud. zager.

mab0paTOPHBIX

OO1u1re xapaKTepUCTUKH MTOKa3aTeNeil 1 KpUTeprUeB OLIEHUBAaHHsI KOMIIETEHIIMH Ha BCEX
JTanax NpuBeeHbl B Tabaue 3.

Tabauna 1 — O0mue XapaKTepUCTHKH NMOKA3aTeJeH M KPUTEPHeB OLCeHNBAHUSA
KOMIIETEHIIUH 110 3TANIaM

Ilokazarenn u 3HaTh YmMmeTh Bnanets
KpUTEpUU
OtinyHO  (BBICOKHIA O6manaer ¢aktndeckum u | OOmagaeT nuamnazoHoM | Kontponupyer — paboty,
ypOBeHB) TCOPETUICCKHUM 3HAHUEM ]3 TIPAKTUICCKUX yMeHHﬁ, IIpoOBOAUT OIICHKY,
npezenax nu3ydaeMoi | TpeOyeMbIX ISl Pa3sBHTHSA | COBEPIICHCTBYET
o0jacTH ¢ TIOHMMAaHHEM | TBOPUYECKHUX pemeHuni, | AeUCTBUS paboTEhI.
TpaHUI] TPUMEHIUMOCTH. abcTparupoBaHus
po0JeM.
Xoporito (6a3oBbIi | 3Haer ¢axtsel, npuHOUnel, | OOnamaeT AHANa30HOM Beper oTBeTCTBEeHHOCTS 32
YPOBCHB) MPOIIECCHI, 00IIne MPAKTHICCKUX YMCHHH, 3aBepIIcHHE 33134 B

TMOHATHA B IpeACIax

TpeOyeMBIX ISl pelIeHUs!

HCCJIICAOBAHHNH,
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n3y4aeMoi 00JIacTH.

00J1aCTH HCCIIETOBaHMS.

OIPCACIICHHBIX HpO6J’I€M B

npucrocadiInBaeT cBoe
HOBEJCHNE K
00CTOSITEILCTBAM B
pemeHnH npodIeM.

VYIOBIETBOPUTEIBHO
(TTOPOTOBBIN YPOBEHB)

Oomamaer
OOIIMMHY 3HAHUSIMH.

0a30BBEIMH

OoOmagaer OCHOBHBIMH
YMEHUSIMH, TpeOyeMbIMU
JUISL  PEUICHUs] TPOCTHIX
3a7a4.

PaGoraer mpum mpsmom
HaOJIOICHUTL.

DopMyJIHPOBKA MMOKA3ATENEN U KPUTEPUEB OLICHUBAHUSA TAHHOW KOMIIETEHIIMHU [IPUBEECHA B

Tabymue 4.

Taﬁ.lmua 2 — Iloka3aTenn u KPUTECPHUHU ONCHUBAHUA KOMIIETCHIIMH HA 3Talmax

IMoxa3zarenu n
3HaTh YMmern Buanern
KpUTepUHU
3HaeT OCHOBHBIE 3aKOHBI W | YMeeT OOBACHATH PU3NKy CBo6oaHO BiageeT
COOTHOIIECHHUS BOJHOBOW W | pabOTBHI ONTHYECKHUX, HaBBIKAMH YTCHUS U
KBAaHTOBOI ONTHMKM, ONTHKHU | Ja3epHBIX U BOJHOBOJIHO- U300paXKEeHUS CXeM
OTpaHUYEHHBIX CBETOBBIX | ONTHYECKHX JIEMEHTOB U ONITUYECKUX U JIa3ePHBIX
My4KOB, TEOPUH ONTHYECKUX | YCTpOMHCTB; IPUMEHATH npuOOPOB U CHCTEM Ha
BOJIHOBOJIOB M PE30HATOPOB; | METOIBI X OCHOBE COBPEMEHHOU
OTu4HO OCHOBBI (U3MKKM | dKCIEpUMEHTAILHOTO 9JIEMEHTHOM 0a3bl ONITHKH,
(BBICOKH B3aUMOJCHCTBUSL CBETa CO | HCCICAOBAHUS; BHINOJIHATH | BOJHOBOJHOH ONTHKH U
YPOBEHbB) Cpefioi M HeNMMHEWHOH ONTUKHU; | PacydeThl IO ONPEAEICHHUIO JTa3epHON TEXHUKH.
TPUHIUIIE] MIOCTPOEHHS, | HApaMeTpOB U
OCOOCHHOCTM M XapakTe- | XapaKTepHCTHK
PHUCTHKH ONTHYECKHX, | ONTHYECKHUX, JIA3CPHBIX U
MHTETPATbHO-ONTHIECKUX W | BOJHOBOJHO-ONTHYECKUX
JIa3epHBIX 3JIEMEHTOB U | KOMIIOHEHTOB M YCTPOMHCTB.
pHuOOPOB.
Ilonumaer cBsA3U MEXKIY YMeeT BBIOJIHATD IOUCK Bunageer HaBbIKaMu
Pa3NUYHBIMH HOHATHSIMH B uH(hopMaLUK B 006JaCTH paboTHI ¢ IUTEpaTyPHBIMH
obnactu Gpuznveckon u OTITHKH U JIa3epHOI UCTOYHUKAMH,
KBAHTOBOM ONTHKH. TEXHUKH, UCTIOJIB3Y CBSI3aHHBIMH C
Xopouo [ToHMMaeT IPHHIUIIBI PEeCypChl OT€YECTBEHHBIX U | ONTHYECKUMHU SIBICHHSIMH.
(6a30BbIii MOCTPOCHUS ONITHYECKHUX, 3apyOeKHBIX HCTOYHHUKOB.
YPOBEHbB) BOJIHOBOJHO-ONTHYECKHX U YMeeT caMOCTOSITEIIEHO
JIa3epHBIX 3JIEMEHTOB U BBIOMpATh METOBI
prOOpOB. pemenust 3a7a4 B 00J1acTi
(u3MIecKoi U KBaHTOBOM
OIITHKH.
v [laer onpeneneHnss OCHOBHBIX Ymeet paboTath co MoXeT KOPPEeKTHO
HO:;::::SPH_ MOHATUH B 00JIACTH ONTHKH. CIIPaBOYHOH JIUTEPATYpPOH; TIPEACTaBHUTh
. €eT MPEeCTABIATh HHPOPMAILINIO, CBSI3aHHYIO
(noporoBhIi g]e\;yanng cBoeH paboTel. | ¢ o?ngqecng’n !
YPOBEHE) SABJICHUSMHU.

CornacoBaHa Ha noptane N2 9455
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2.2. Komnerennus INK-17

[1K-17: cnocoGHOCTh TPUMEHSTH COBPEMEHHBIC TEOPETHUUECKHIE M SKCIIEPUMEHTAITBHBIC METOIbI
MCCJIEIOBAHMUS C 1I€JIbIO CO3aHMsI HOBBIX MEPCIEKTUBHBIX CPEJICTB AJIECKTPOCBSZH U

WH(pOpPMATHKH.

st opmupoBaHUS KOMIIETEHIIMK HEOOXOMMO OCYIIECTBHUTH Psifl STAIOB.
Oranbl OpMUPOBAHUS KOMIETEHIINH, IPUMEHSIEMbIE JJIsl STOTO BUJIbI 3aHATUH U UCIOJIb3yEeMbIe
CpeACTBa OLIEHUBAHMS, IPEACTABICHBI B Ta0IHIIE 5.

Taoauna S-Iranbl GopMHUPOBAHUS KOMIIETEHIMH W UCII0JIb3yeMble CPeICTBA OlleHUBAHUS

CocraB 3HaTh YmeTn Brnaners
Coneprkanue OcHOBHBIE 3aKOHBI U | BEIIOnHATE pacyetsl | HaBbIKaMu MPOEKTHPOBAHUS
9TAIIOB COOTHOIICHUS  KBAHTOBOH | XapaKTCPUCTHK IA3CPHBIX H | M KOMIIBIOTEPHOTO

ONTUKU U BOJIHOBOW TCOPHU | BOJHOBOJIHO-ONTHYCCKUX MOJICTAPOBAHUS
HAMPaBJSIIONIMX ~ CTPYKTYP; | YCTPOMCTB; MPOBOJUTH | ONTHYECKUX U  JIA3€PHBIX
XapaKTePUCTHKH KOMIIBIOTEPHOE MOJCIHPO- | DIEMEHTOB W YCTPOWCTB
HHTErpaJbHO-ONTHYECKUX M | BAaHHE M MNPOCKTUPOBAHHE | PA3IUYHOTO Ha3HAYCHHS,
Ja3epHBIX  JJEMEHTOB U | Ja3€PHBIX, ONTHYCCKUX ¢ | HABBIKAMH  HPAKTHICCKOU
pudOpOB. BOJIHOBOIHO-OITHYECKHIX paboTel ¢ 1abOpPaTOPHBIMHU
pudopoB; UMeTh | oOpa3uamu ONTHYECKHX,
MPE/ICTABIICHHE O METOJaX | BOJHOBOJHO-ONTHYECKUX U
KOMIIBIOTEPHOI Ja3epHBIX  3JCMEHTOB, C
ONTUMH3ALMU UX | ONTUYECKUMHU MPUOOpaMH U
XapaKTePUCTHK; KOHTPOJIBHO-
MOJIb30BATHCS CIPABOYHBIMU | U3MEPUTEIBHOMN
JAHHBIMH TI0 ONTUYCCKUM W | ammapatrypoil.
Ja3epHBIM MaTepualiaM
3JIeMEHTaM npu
MPOCKTUPOBAHUU JIA3EPHBIX
Y ONITHYECKHX MTPUOOPOB.
Bune! 3ansTuit Jlekiuu. JlabopaTopHBIE PaOOTHL JlabopatopHBIe PaOOTHI.
[MpakTuyeckue 3aHATHS. [MpakTUyeckue 3aHATHS. CamocrositenbHass ~ paboTa
CamocrositenbHass ~ paboTa | CTYIEHTOB.
CTY/ICHTOB.
Hcnonbs3yembie 3amaun. OdopmieHre OTYETHOCTH | | 3ariuTa 11a60pPaTOPHBIX
cpecTBa Hud. 3auer. 3aIuTa nabopaTopHBIX | paboT.
pabor. Hud. 3ager.
OILICHHUBAHUA

OO011re xapakTepUCTHKH MTOKa3aTeNneil 1 KpuTepueB OLIEHMBAaHMs KOMIIETEHIIMH Ha BCEX 3Tamax
IpUBE/IEHBI B Tabnuie 6.

Ta6auna 6 — O01mue XapaKkTepUCTUKH NOKa3aTe/ieil 1 KpUTepHeB OLleHMBAHUS
KOMIIETEeHIIUH 110 3Tanam

ITokazaTenu u
KpUTEpUH

3HaTh

VmMets

Bnanets

YPOBEHB)

OTnu49HO (BBICOKHIA

Obnanaer hakTHIECKUMHU
Y TEOPETHYECKUMHU
3HAHMSMH B TIpejiesiax
n3y4aeMoi 001acTH ¢
MOHMMaHHEM T'PaHHMIL
MPUMEHUMOCTH.

OOnagaeT quana3oHOM
MIPAaKTHYECKUX YMEHHH,
TpeOyeMBIX ISl Pa3BUTHS
TBOPYECKUX PEIICHUH,
abcTparupoBaHus IPOOIIEM.

KounTponupyet padory,
MPOBOJHT OLEHKY,
COBEPILCHCTBYET JACHCTBUS
paboTHI.

YPOBEHB)

Xoporo (6a30BbIit

3HaeT (aKTsl,
MPUHIIUIIBL, TPOLECCHI,
o01me moHATHA B

OOnagaer quana3oHOM
NIPaKTU4YECKUX YMEHUH,
TpeOyeMBbIX JIJISl pEeIICHHS

Beper 0TBETCTBEHHOCTH 32
3aBeplIEHHE 3a/1a49 B
HCCIIEIOBAHNH,
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npejieNax u3yqaeMoin
o0acTu.

OIPCACIICHHBIX HpO6J’I€M B
obnactu HUCCICAOBaAHUA.

MIPUCIIOCa0IIMBAET CBOE
MOBE/ICHHE K
00CTOSITENILCTBAM B PEILICHUH
mpobIIeM.

Y 1OBIETBOPUTETHHO O6nazaer 6a30BBIMHU
(ToporoBsIit OOIIMMHU 3HAHUSIMHU.
YPOBCHB)

YMEHUSIMHU, TPEOyEMBIMH IJIs
BBINTOJTHEHHS MPOCTHIX 3a/1ad.

O0agaeT OCHOBHBIMH

Paboraer npu npsimom
HaOJIOEHNH.

(DOpMYJ'II/IpOBKa rokasarejieil u KpUTCPUEB OLICHUBAHHUA ,HaHHOﬁ KOMIICTCHIIMU ITPUBCJCHA B

Tabmune 7.

Taﬁ.lmua 7 — Iloka3zateau u KPUTECPUH ONCHUBAHUA KOMIICTCHIUH

IToxa3zaTenu u
3HaTh YMmerhb Baagern
KpHUTepuu
3HaeT OCHOBHBIC 3aKOHBI M | YMeer mpoBonuth | CBOOOIHO BJaJCET
COOTHOILLIEHHUS! KBAHTOBOH ONTUKHU | KOMIIBIOTEPHOE HaBBIKAMH 4YTCHUSI |
" BOJIHOBO# TEOpPUH | MOJAEIUPOBAHUE u | u3o0paxeHus cXeM
HaHpaBHﬂIOHII/IX OIITUYCCKUX HpoeKTI/IpOBaHI/Ie H&SCpHLIX, OIITUYCCKHUX u
CTPYKTYp; MPHUHIHUIIBI TOCTPOCHUS, | ONTHYECKUX W BOJHOBOJHO- | Ja3epHBIX MPHOOPOB U
OCOOCHHOCTH ¥ XapaKTCPHCTHUKU | ONTHYECKUX JJIEMCHTOB H | CHUCTEM; HaBLIKAMHU
HHTETPAIEHO-ONTHYECKUX U | yCTpONCTB; HMEET | MPOEKTUPOBAHMS i
Ormano Ja3epHBIX SJIEMEHTOB U IPUOOPOB. Hpe):lCTaBJ'IeHI/I? 0 METO/Jax | KOMITBIOTEPHOTO
. KOMITBIOTEPHOI MOJETUPOBAHUS
(BBICOKMI ONTHMH3AIIHH HX | ONTHYECKHUX H
YPOBEHb) .
XapaKTEPUCTHK; JIa3€pHBIX DJIEMEHTOB U
YMEET MOJIb30BATHCS YCTPOMCTB; HaBBIKAMH
CIIPABOYHBIMU JAHHBIMU 110 paboTBl ¢ peaTbHBIMH
ONTUYECKUM U JIa3EpHBIM ONTHYCCKUMH H
MaTepuagaM H dJIeMEeHTaM Ja3epHBIMU TIPUOOpaMH
MPH MPOEKTUPOBAHUHU 31 ¢ KOHTPOJILHO-
OIITUYCCKUX U na3epH1>1x I/ISMGPPITCHI)HOﬁ
puOOpOB. anmaparypoi.
[Tonumaer cBsi3u MeXIY Nmeer mpexacraBienue o | Briaaeer HaBbikaMu
paSHI/I'-IHI)IMI/I IIOHATUAMU B METOAax KOMHL}OTepHOﬁ pa6OTbI C
O6J'I3.CTI/I OIITUKHU U KBaHTOBOﬁ OIITUMHU3AIIUN J'II/ITepaTypHLIMI/I
(1)H31/IKI/I. XapaKTepI/ICTI/IK OIITUYCCKUX NCTOYHHUKAMHU B
Mmeer npencrasieHue o H OIITORJIEKTPOHHBIX | 00JACTH ONTHKH U
MPUHLIMIAX [IOCTPOEHUS JIa3ePHBIX 3JIEMEHTOB U MIPHOOPOB; Jla3epHON TEXHUKH.
X Y MHTETPAITBbHO-ONTHYECKUX YMEET MOJIb30BaTHCS
opom(i 3JIEMEHTOB U IPHOOPOB. CIIPABOYHBIMU JAHHBIMU 110
(0asosurii ONTHUYECKUM U JIa3€pHBIM
YPOBEHb)
MaTepuagaMm | dJIeMEeHTaM
MPH MPOEKTUPOBAHUHU
prOOpPOB.
YMeeT caMOCTOSATENHHO
OHpCHeHHTB METOAbI
penieHus 3aaaq
MIPOEKTUPOBAHMUS.
Mwmeet npencrasienue o Ywmeer paboTath co MoxeT KOppeKTHO
YaoBjaeTBOPH | NPUHIMNAX NOCTPOCHUS CIIPaBOYHOM JIUTEPATYPOU; MpEeICTaBUTh 3HAHUS U
TeJIbHO ONTUYECKUX U JIA3E€PHBIX yMEeT MPEACTaBIATh HHPOPMALIHIO,
(moporoBbIi JJIEMEHTOB M MPHOOPOB, 00 pe3yIbTATHI CBOCH PaOOTHI. CBSI3aHHYIO C
YPOBeHb) OCHOBHBIX IOHSTUSX B 00JIaCTH OITHYECCKUMU
ONTHUKH U Ja3€PHON TEXHUKHU. SIBJICHUSIMH.
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3. Tunu4HbIe KOHTPOJIbHBIE 32JaAHUS

Jlia peanu3aluy BBHINICTIEPEUMCICHHBIX 3a7ad OOY4YEHHUS HCIOJIb3YIOTCS CIIEIYIOIIne
MaTepHuabl:

— KOHTPOJIbHBIE 3a/laHus WJIM HUHBIE MaTepualbl, HEOOXOAUMbIC MJii OLICHKU 3HAHHI,
YMEHHMH, HaBBIKOB M (WJIM) OMNbITA JEATEIbHOCTH, XapaKTEPU3YIOMIMX  ATarlbl
(GbopMUPOBaHUS KOMIIETEHIIMI B TPOIECCE OCBOSHUS 00pa3oBaTEelbHON MpPOTpamMMbl, B
COCTaBe:

KOHTpOJIbeIe 3agavau (TI/IHI/I'-IHLIC) mo J3JeMCHTAPHBIM 3HAHHAM H MNPAKTHYCCKHUM
HaBbIKaM I10 TEMaM:

3.1. TEMA: OCHOBHBIC MOJIO)KECHHS (PU3HUECCKOM ONTHUKH.

3amaua 1.

3anuinTe BBIPAXKEHHUE ISl HAIIPSKEHHOCTH 3JIEKTPUYECKOTO IMOJS IUIOCKOM CBETOBOW BOJIHBI,
pacipoCTpaHsIONMIEHCs B cpeie BAOIb ocH Z, eciau B TiockocTd XOY (a3oBeIii CABUT MEKIY
KoMIoHeHTaMu BekTopa E Baonb oceirt X u Y cocraBiser 90°, a OTHOILIEHHE UX aAMILTUTY]
Emx/Emy=0,5.

Pemenne:
CormnacHo ycloOBHSM 3a/laud, IJIOCKask CBETOBAsI BOJIHA PACIPOCTPAHSETCS BJOJIb OCU Z.

Torna, Ucxo/s U3 TIONEPEYHON CTPYKTYpPBI €€ MOJIs, BEKTOP £ MOKeT pacronaraTbCs JIMIIb B
miockoct XOY u umeer cocrapmsioume £, u E y- VI3MCHEHHE BEIMYMHbI HATIPSHKCHHOCTH

AIIEKTPUYECKOTO TOJISI MJIOCKOW CBETOBOW BOJIHBI BO BPEMEHM U IPOCTPAHCTBE OINpPEAEIAETCS
BBIP)KEHUEM:

E = x,E,_cos(ot —kz)+ VoE,,, cos(@t —kz— 5 . Tockonbky (asoBblit caBur mexay

COCTABJIAIOIMMY BekTopa £ Broms oTHx ocelt paen 90°, a Emy = )E, . TO 3TO COOTHOIICHHE

MNpUHHUMACT OKOHYATCIbHEIN BU:
E=X,E, cos(w - z)+ 7,-2FE, sinf(w - z)]=

Ix - - ' si - -

=5 (X, cos(@ - z)+ 'y, sin(@ - z)]

Takum o00pazoM, paccMaTpuBaeMblii CIy4ail COOTBETCTBYET TIUIOCKOW CBETOBOM BOJIHE C
AIITUNTHYECKOH TONIApU3aIueii, mpuyeM OoJbIlas OCh dJUIMIICA NMapaienbHa ocH Y (ITOCKOIBKY

Emy = 2Emx ).

3agaua 2.

Ha muieHOUHBIM DOJSIPOMI MaAaeT JMUHEWHO IIOJSPU30BAHHBIM CBETOBOW ITy4OK
MOIIHOCTBIO 1 MBT, MI0CKOCTH MOMSIpU3AIMU CBETa OTKJIOHEHA OT HaIpaBJCHUS TJIaBHOW OCH
nonsipousa Ha 30°. KakoBa BenMYMHA CBETOBOW MOIIHOCTH, MPOIIEIISH depe3 MOoIspu3aTop,
€CITM TIOJISIPU3YIOMINNA MaTepuaj 3aKII0YeH MEXIy JABYMS CTEKJISSHHBIMU TIJTACTUHKAMH (JIJIst
crexkna n=1,51), a ¢QpeHENeBCKUMH OTpaXEHUSIMU HA TPAHUIE MEXKIY CTEKIOM H STUM
MaTepuayoM MOKHO MpeHeopeyn?

Pemenue:

YMEHbBIIIEHHE MOITHOCTH CBETOBOM BOJIHBI, MPOIIESANIEH Yepe3 MOIIPOHa, 00YCIOBICHO
B pEANbHBIX dJIeMeHTaX dPPeKTaMu YaCTHUYHOTO OTPAKECHHSI CBETA HA TPaHUIIAX pas3zelnia cpell ¢
pa3HBIMA CBOWCTBAMHM, TIOTJIOIICHHUS CBETAa B MaTepualie CTPYKTYPhI, a TaKKe COOCTBEHHO
MOJISIPU3YIOIIMM JIEUCTBUEM TaKOT'O AJIEMEHTA.

Jns HarmsIAHOCTH TPEACTAaBUM CXeMy JJaHHoro anemeHta (puc. 1.2). Yacrtmunoe

17
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OTpaKE€HHE CBETa MOXET HaOMIoAaThCs 3/4eCh Ha TpaHuuax pazgena 1 — 4 (oTMedeHsbl
crpenkamu). CorjlacHO yCIOBHSM 3a7add, MOXKHO MpeHeOpedb 3PGhEeKToM OTpaKEeHHsI CBETa Ha
rpanunax 2 u 3. [IocKkoIbKy yCIOBUSIMH HE ONpE/IEIeHa BEIMUYMHA ONTUYECKOTO TOTJIOMICHHS B
MaTepuaie MOJsIpouaa, UM Takke npeHeOperaem. B uTore, nns ompesneneHus MNpolIeaien
CBETOBOW MOIIHOCTH YYHUTHIBaeM 3(P(PEKT YaCTUYHOTO OTPAXKEHUS CBETa Ha BXOJHOW U
BBIXOJHOM TIpaHUIAX CTPYKTypbl (rpaHunbl 1 u 4), a TakkKe OTKIOHEHHUEM IUIOCKOCTH
NOJISIPU3ALMH CBETA OT IJIABHOTO HANPABJICHUS MOJSPOHIA. OTPEAesieMbIM 3aKOHOM Maittoca.

F}ETP'EH Fotp.ahlx
- -
— —

PEI Pshlx
A A4 A
1 2 3 4

Puc. 1.2. Cxema mjieHOYHOT0 MOJISIPOUIA.

[Tockonbky KO3 GUIUEHT OTpaXKeHUs CBETa (110 HHTEHCUBHOCTH) Ha TPAHUIIE AUAJICKTPUUECKOM
j )
n— )
—_— 1
9
\n+ )

TO UHTCHCUBHOCTb (I/IJ'II/I MOIIIHOCTI)) npomeauero my4kKa ImpH1 moJIHOM IIPOITyCKaHUU ITOJIAPpOrIa

Cpeabl C IIOKA3aTeIEM IIPEIOMIICHHUA N ¥ BO34yXa ONIPEACIACTCA COOTHOIICHUEM 7 =

6bita Obt paga B, =P, ,-(1-1)(1-1)=1F,, -(1- r)*. Yder moBopota IIaBHOH oOcH

nmojiponaga OTHOCHUTCIBHO IINIOCKOCTH  IIOJIApU3alUKU CBETOBOM  BOJIHBI IIPpUBOAUT 3TO
COOTHOHICHUEC K BUAY:

P, =P, (1- r)* - cos” @, rae 6=30°. Jlns n=1,51 B utore momsyuaem:

1=0,0413; Pyp=1-(1-0,0413)*cos*(30°)=0,9178-0,75=0,6884 mBr.
Taxkum 06p8.30M, MOINHOCTH MpOoMmEAIICro 4€pe3 noJAporul CBETOBOIO IIydKa B JdHHOM CJIy4dac
coctaBiseT 0,6884 MBT.

3.2. TEMA: Onruka OrpaHH4eHHBIX CBETOBBIX IIy4YKOB

3anaua 1.
KpyroBoii rayccoB Imy4ok MMeET MOJYIIUPHUHY HepeTsikku wo=10 mxM. Haiinure nomymupuny
my4yka Ha paccTostHUM 10 M 0T 0071aCTH NMEPETSHKKY, €CIH JUIMHA BOJIHBI CBETa A=1 MKM.

Pemrenne:
I/ICHOJ'II)SyeM BBIpa)KeHI/Ie JIs1 CBSA3HU HOJ'IYIHI/IpI/IHI)I nyqKa B HpOI/ISBOHBHOM CEYCHHUHU C C€ro
HIMPUHON B 0OJIACTH MEPETSHKKH:

2
2 2 22 -[W()
w7 (z)=wjl 1+ — | u cooTHOIIEHHE s MPOJOIBHOTO pa3Mepa MEPETSHKKA Z, = —.
0 2 0
zy )
z2A \‘/2
KomOuuupys ux, momyamm: W(z) =Wl + — | . W, moxcTaBnss crona 3amaHHbIe
T w )
MapaMeTpbl, OJTYYUM w:w0(1+109)0’5=3,2 CM.
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3.3. TEMA: PacnpocTpaHeHHe CBETOBbIX BOJIH B MATepPHAJIBHBIX Cpeaax

3agaua 1.

Haitgurte KpUTHYECKYIO TOJIIMHY BOJIHOBOJHOTO CjOsl Jig Hanpasiasiemod TE3; monbl
TOHKOIJIEHOYHOTO aCUMMETPUYHOIO BOJTHOBO/IA, €CJIM OH IPEACTaBIseT CO00 TIEHKY CTEKJIA C
noKaszaTesieM MpejaomiieHus n;=1,6, HAHECEHHYIO Ha MOJUJIOKKY M3 CTEKJa C IOoKa3areJaeM
npenomieHus nj=1,5. Jlnuaa BoiaHbI cBeTa A=1,5 MKM.

Pemenne:
Hcnonp3ys cooTHouenue (4.3), Hailnem:

1,5 -1
3n -arctg. | —5———
ho— B 1,6 —-1,5 2 3.352n )
kp o 1,62 -1,52 21 0.557

Takum 00pa3om, KpUTHYECKas TOJIIMHA BOJTHOBOIHOTO cjost i1t TE; Monbl paBHA 4,5 MKM.

3.4. TEMA: B3aumoaeiicTBus cBeTa ¢ (PU3HYECKUMHU IOJISIMHU

3amaya 1.
JIuHEHHO moIApU30BaHHAs CBETOBAs BOJIHA PACIIPOCTPAHSICTCS B HAPABICHUH OCH X KpUCTalia

HuoOata jauTus. HailTy BenmMuuMHy M3MEHEHUs TOKa3aTelis MPEIOMJICHUS, €CIU K DJIEKTPOoaMm,
HAHECEHHBIM Ha TPaHM KPHUCTaJUIa, MEPHEHAUKYISpHbIE ocu Z (TOJNIIMHA KpUCTalia B 3TOM
HampasjieHUu — | cM), NOpuiokeHo J3nekTpuueckoe Hampspkenue B 1 kB. Ilnockocth
MOJISIpU3AIIMU CBETa COBMAIaeT ¢ miiockocThio XOY, aiMHa BOJHBI cBeTa A=633 HM.

Cupaska: BennunHbl 0OBIKHOBEHHOTO U HEOOBIKHOBEHHOTO TIOKA3aTeNel MPeIOMIICHUS Ha
JIAHHOM JJIMHE BOJIHBI COCTABJISIOT 2,286 1 2,2; a 3JIEKTPOONTHYECKUX KO3(PPUIIMESHTOB
r13=9,6-10"° eM/B; r33=30,9-10"'" cm/B.

Pemienue:

ITockoyibKy CBETOBasi BOJIHA PaCIpPOCTPAHSIETCS BAOJIb OCH X, a INIOCKOCTh MOJISIPU3ALMU CBETA
coBmaaer ¢ miockocthio XOY, TO OHAa COOTBETCTBYET OOBIKHOBEHHOW BOJHE B KpHCTAJLIE.
Bennunna u3MeHeHMs MOKas3aTelnsl MPETOMIIEHHS 33 CYET JIMHEHHOIO SJIEKTPOONTHYECKOIrO
saddekrta B ciiydae 0OBIKHOBEHHOU MOJSIPU3AIMY CBETA U YIPABISIONIETO AIEKTPUUECKOTO OIS,

MPUITOKECHHOT'O BIOJIb OCHU Z OonpeacisICTCA COOTHOIICHUEM:
1

A,=--n-v,-E
2 ZO 13 3

[ToncraBisiss B 3TO BbIpaK€HUE 3aJaHHbIE 3HAUEHUSI OOBIKHBEHHOI'O IMOKAa3aTeNsl MpeJoMIICHUS,
COOTBETCTBYIOLIETO 3JIEKTPOONTHYECKOr0 KO3((UIMEHTa, 3JIEKTPUUYECKOr0 HampsHDKeHUs |
TOJIIIMHBI KPUCTANINYECKOT0 00pa31a, NOJydrM:

1
An, = —2'—2.2863 9.6-107°-10° = 5,734 - 10~
TakuMm 00pa3oMm, BeTMIHHA U3MEHEHHUSI OOBIKHOBEHHOTO MTOKA3aTesl MPEJIOMIICHHS COCTABIISCT B JAHHOM
ciyyae 5.734-10°°.

3.5. TEMA: DJjeMeHTbHI HeJIMHEHHOW ONTHKHU

3ajmaya 1.
Judpaxnuonnas >¢pdekTuBHOCTH poTopedpakTuBHOM penteTku coctaniser 10%. OueHuTh

BEJIMYMHY T10JI1 IPOCTPaHCTBEHHOTO 3apsina Eg., ecnu pemerka cpopMupoBaHa B IJIACTUHE
HHoOaTa JINTUS TOJIIKUHON 1 MM, BEKTOp pelIeTKH MapaieieH OcH Z, CYUThIBaHHE
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ocymecTBisieTcs uznydenneM He-Ne nazepa ¢ OOBIKHOBEHHOM Mosisipu3anueii, a mepuos
pPEUIETKU PaBEH 5 MKM.

4. TeMbl caMOCTOSITEIbHOM Pa0OTHI CTYIEHTOB

4.1. OcHoBHbIE N0JI0KeHUs QU3MIECKOH ONTHKM

42 OnTtuka OTpaHUYCHHBIX CBCTOBLIX IIYYKOB

43 . PaCHpOCTpaHeHI/Ie CBCTOBBIX BOJIH B MAaTCPUAJIbHBIX CpEaax

4.4 BzaumopeiicTBus cBeTa ¢ YU3MUECKMMH TOJISAMU

4.5. DneMeHTHI HETMHEWHOH ONITHKH

5. Tembl 1ab0opaTOpPHBIX padoT

1. HccnenoBanue nudpaxkiuy CBETOBOIO IIydKa B Cpele C IEPUOAUYECKONH MOIYNsALueh
HoKa3aTessl PeIOMIICHHUS.

2. UccnenoBaHue NpPOCTPAHCTBEHHOI'O CAMOBO3/CHCTBHUS CBETOBBIX IYYKOB B HEIMHEMHO -
OINTUYECKOH cperie.

3. UccnenoBanue 3pPpeKTUBHOCTH BBO/IA CBETA B TUIAHAPHBINA ONTUYECKUIN BOJTHOBO/I.

4. HccnenoBaHue MepUOAMYECKHX (a30BBIX 3JIEMEHTOB, (POPMHUPYEMBIX HEKOI'€pPEHTHBIM
u3nydenueM B kpuctamuie LiNbO;3 ¢ poTouyBCTBUTENBHOM TOBEPXHOCTHIO

6. Jx3aMeHAIlHOHHBbIE BONIPOCHI

TEMA: OcHOBHbIE I10J10KeHHs (PU3UIECKON ONITHKH.

. MarepranbHOCTb 371€KTPOMArHUTHOTO MOJISL.

. BexTopsl, xapakTepu3yomye 31eKTpOMarHUTHOE T10JI€.

. YpaBHeHust MakcBeniia B MHTErpajibsHOH Gopme.

. Teopembl BEKTOpPHOTO aHAJIN3a I CBA3U XapaKTEPUCTUK CKASIPHBIX U BEKTOPHBIX MOJIEH.
. YpaBHeHnus: MakcBemnia B auddepeHuuansaoi hopme.

. MarepuasibHbIE YPaBHEHUS.

. 'paHnuHbIe YCIOBUS JIIsI HOPMAJIbHBIX COCTABIISAIONINX 3JIEKTPUYECKOTO TTOJIS.
8.I'paHn4HbIE YCIOBUS U1 HOPMAJIbHBIX COCTABIISIFOIINX MarHUTHOTO TIOJIS.

9. I'paHny4HBIE YCIOBUS U TAHTCHIHUAIBHBIX COCTABIISIOMINX AJIEKTPUIECKOTO MOJIS.
10. I'paHn4HbBIE YCIOBUS AJIS TAHT€HIUAIBHBIX COCTABIISIONINX MarHUTHOTO TOJIS.

11. BonHOBOE ypaBHEHNE AJIS DJEKTPUUECKOTO U MArHUTHOTO BEKTOPOB.

12. I1ockue BOJHBI KaK NPOCTENIIEe PEIIEHUE BOIHOBOTO YPABHEHHUS.

13. CumBonnueckas popma 3arucH ISl oIS IIIOCKUX BOJIH.

14. PactipocTpaHeHue MIOCKON BOJHBI B TPOM3BOIILHOM HaIIPaBIICHUH.

15. IlonepeyHast CTpyKTypa MOJsl INIOCKUX BOJIH.

16. Ionapuzauus ceeta. HenonsipusoBanHsiid cBeT. HaCTUYHO MOJIIPU30BAHHBIN CBET.
17. JIuneitnas, kpyropas, SJUIMIITUYECKAS MTOJIIPU3ALIHSL.

18. IonspuzanoHHbIe 3IeMEHTHL. JJuXpOu3M U ONTHYECKasi aHU30TPOIIHSL.

19. TlonsipuzaninoHHbIE IPU3MBI.

20. ®a3oBble MIACTUHKH.

AN AW

~J

TEMA: Onruka orpaHH4YeHHbIX CBETOBBIX IIy4KOB

21. IloHsATHE YIIOBOTrO CHEKTPA INIOCKUX BOJIH.

22. [lpubnmxenHoe pemeHne AM(HPaKIMOHHBIX 3a/1a4 Ha OCHOBE YTJIOBOTO CIIEKTPa TNIOCKUX
BOJTH.

23. [lapabonmdeckoe ypaBHEHHE.

24. T'ayccoB cBeTOBOM IMydoK. OCHOBHBIE CBOMCTBA, M10JI€ FAyCCOBA ITyYKa.

25. Bricmime rayccoBBI MOJIBI.

26. CyTh U IOCTOMHCTBA METO/IOB ONTHYECKOIH 00paboTKH HH(OpMAIIHH.
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27. Ilpeobpazoanue Oyphe B ONTHISCKON CUCTEME.
28. IIpoctpancTBeHHas GUILTPALHS B ONITHYECKUX CHCTEMAX.

TEMA: OcHOBHbIE 110JI0KeHNSI KBAHTOBOH (PM3UKHM U KBAHTOBOM ONTHKHU

29. ITocTostnnas Ilnanka u moctynatel bopa Kak OCHOBHBIE MOJIOKEHHsI, MOCITYKUBIIUE

TOJTYKOM ]ISl Pa3BUTHUS KBAHTOBBIX MPEACTaBICHHMN.

30. Bomnas! ne bpoiiis, nx BepoATHOCTHAS TPAKTOBKA. KOPIyCKyISIpHO - BOJTHOBOH Tyalu3M.

31. CooTHOIICHUS HEOMIPEACITICHHOCTEH.

32. Omeparopsl ©  (U3MYECKHME BEIMYMHBI B  KBaHTOBOM  MexaHuke. lloHsiThe
CaMOCOMPSKEHHOTO OIEpaTopa.

33. CobOctBeHHbIE PYHKINK U COOCTBEHHBIE 3HAYEHUS OMepaTtopoB. lIpuMepsl AUCKPETHOTO U
HETNPEPHIBHOTO CHIEKTPOB.

34. T'apMOHMYECKHUH OCIMILIATOP.

35. VYpasuenwue lllpemunrepa.

36. WngynupoBaHHBIE U CIIOHTaHHBIE mepexo sl Koaduiments DiHIITEHHA 1 COOTHOIIIEHNE
MEXy HUMH.

37. DHepreTuvecKre ypOBHH CBOOOIHBIX MOJIEKYIL.

38. BzaumopaelcTBUE 3JEKTPOMAarHUTHOW BOJIHBI C JABYXYPOBHEBOH KBAaHTOBOW CHCTEMOM.
Kunernueckue ypaBHEHUS IS IByXYpPOBHEBOW KBAHTOBOW CHUCTEMBI.

Tema: HpI/IHIII/Il'lI)I IMOCTPOCHUS JIA3€POB U 00J1aCTH HX NPUMECHECHUSA

39. TloHATHEe OTpULIATEIBHOMN TEMIIEPATypPhl B KBAHTOBBIX CUCTEMAX.

40. EctecTBeHHas MMpHHA CHEKTPAJbHOW JIMHUU. YUIMPEHHE CIEKTPaJbHOW JMHUHU 32 CUET
CTOJIKHOBEHHH.

41. JloNIJIEpOBCKOE YIIMPEHUE CIEKTPAJbHON  JIMHHH. IlonsiTue omHOpOOHOTO U
HEOJITHOPOJIHOTO YIINPEHHUS.

42. Crioco0Ob! MOJIy4YCHUA MHBEPCUHN HACCICHHOCTHU B JIBYXYPOBHEBbIX KBAHTOBLIX CUCTCMaX.

43. IlomydyeHHe MHBEPCHUM HACEJIECHHOCTEH B [IBYXYPOBHEBOM KBAaHTOBOW CHCTEME ITyTEM
MIPOCTPAHCTBEHHOT'O Pa3/IeIeHUs YaCTHUI] C pa3HBIM YHEPTe€TUYECKIUM COCTOSTHHUEM.

44. MHOTOYPOBHEBBIE CXEMBI JIJISl TOCTHKEHUSI MHBEPCUH HACEIICHHOCTH.

TEMA: PacnpocrpaHeHue CBeTOBbIX BOJIH B MaTePUAJIbHBIX Cpeaax

45. IlnanapHbIi ONTHYECKUI BOJTHOBO/.

46. Moapl IUTAaHAPHOTO BOJIHOBOJA.

47. BomnoBoe ypasaenue st TE- Mo,

48. Pemenue a1 mosiei miaHaApHOTO BOJTHOBO/IA.

49. lucnepcuOHHOE YpaBHEHUE TUIAHAPHOTO BOJIHOBOA.

50. MaTepuanbl UHTETPAJILHOM ONTUKH.

51. CBsi3aHHBIE ONTUYECKHE BOTHOBOIEI.

52. PacmipocTpaHeHUE CBETOBBIX BOJIH B IEPUOJIUYECKUX CTPYKTYpax.

TEMA: B3aumoneiicTBusi cBeta ¢ Qu3H4eCKUMHU NOJISAMU

53. DnekrpoonTrueckuii 3hdhexT. DeHOMEHOIOrHUECKOE OIMCAHNUE.

54. «IlomepedHbIit) AIESKTPOONITHICCKUN MOIYIISITOP.

55. Axycroontudeckuit 3pdexr. DeHOMEHOIOTHUECKas! TEOPHSL.

56. Pexxumbl audpaknuym cBeTa Ha akycTHUeckux BonHax. Jludpakmnus Pamana-Hara u
mudpakuus bparra.

57. AKyCTOONTHYECKUN MOIYIATOP.

58. ®oropedpaktuBHbIil 3pdexT. MexaHu3Mbl MPOCTPAHCTBEHHOI'O pa3lesIeHUs] HOCHTENEH
3apsiza.

59. Kunernka 3amycu ¥ peNakcalydd 3JEMEHTApHbIX TOJoTpaMM B Marepuaje ¢
(hOTOBOIBTAMUECKUM MEXAaHU3MOM TPAHCIOPTa HOCUTENEH 3apsa.
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TEMA: DjaeMeHTbI HeJIUHEIHON ONTHKHU

60. TlonaTue HEIMHEHHO — ONTHYECKOW CpeAbl M BENIWYMHA MHTEHCHBHOCTH CBETOBOTO MO,
HeoOXoauMast TSI IPOSIBIICHHUS HETMHEHHO - ONTHYECKUX CBOHCTB CPEIbI.

61. BrlpakeHue IS TUAIICKTPUUIECKON TTPOHUIIAEMOCTH CPEIbI ¢ KBAAPATHIHONW HEITHHEHHOCTHIO
Y BO3MOJKHBIE HEJTMHEHHO — onTHyeckue 3pQeKThl B TaKOH cpere.

62. BeipaxxeHue AJsi AMAIEKTPHYECKON MPOHUIAEMOCTH CPEAbl ¢ KyOMYHOW HEIWHEHHOCTBIO U
BO3MOYKHBIC HETMHEHHO — onrTrdeckue 3PpQEeKTh B TaKOH cpee.

63. IlpocTpaHcTBEHHOE CaMOBO3JCHCTBHE CBETOBHIX IYyYKOB B Cpede C KyOHMYHOH
HEeJIMHEHHOCTHI0. [IpocTpaHCTBEHHBIE ONTHYECKUE COTUTOHBI.

7. MeToan4ecKkue MaTepuaibl

s oOecnedeHus mporecca oOydeHHS U pelleHHs 3a1ad OOy4eHHs HCIOJB3YIOTCS
CJICAYIOIINE MaTepHalbl ISl OLCHUBAHUS 3HAHUHM M XapaKTepU3yIOIIue 3Tanbl (POPMUPOBAHUS
KOMIIETEHIINH ( BCE METOAMYECKHE MaTeprasbl MPUBEIEHBI B I1.12 TpOrpaMMel):

1. B.M. lllannapoB. OcHOBBI (hr3n4ecKoi 1 KBaHTOBOW onTUKH. — Tomck: Tomck. roc. YH-T

CHCTEM YIp. ¥ paMO3JICKTPOHUKH, [ DNEeKTpOHHBIN pecypc]: yueOHoe nocobue- Tomck: TYCVYP,

2012. — 197 c. Pexum noctyna: http://edu.tusur.ru/training/publications/750

2. [llarnapos, B. M. OcHoBBI (hm3rueckoit onTuku: YueOHoe mocodue [DIeKTpoHHbIH pecypc] /

[Tannapos B. M. — Tomck: TYCVYP, 2013. — 190 c. — Pexum nocryna:

https://edu.tusur.ru/publications/3739

3. M.bopH, 3.Bonbd. Ocuosl ontuku. M.: Hayka. 1970.855c. (5)

4. A Slpus, I[L.IOx. OnTtudeckue BOIHBI B Kpuctaiiax. - M.: Mup, 1987. - 616 c. (5)

5. B.M. lllanaapoB. Bo10KOHHO-ONTUYECKUE YCTPOUCTBA TEXHOJIOTUUECKOTO HA3HAYCHHUS. —

Tomck: Tomck. roc. YH-T cucteM ymp. v paanoieKTporuku, 2007, — 185 c. (50 3k3.)

6. C.M. lllannapos, B.M. lllanxapos, A.E. Manaens, H.W. Bypumos. @otopedpakTuBHbIe

3P PEKTHI B TEKTPOONTHUECKUX KprcTammiax. — Tomck: ToMmck. roc. YH-T cucteM ymp. u

pannosnekTpoHuku, 2007. — 241 c. (64 3k3.)

7. Wangapos, B. M. HccrnenoBanue qudpakiini CBETOBOTO IMy4Ka B CPEJIE C MEPUOIUIECKON
MOy ISIIMEN ToKa3aTens mpeaoMiIeHus: MeTtondyeckre yka3anus K 1abopatopHoi pabore
Juist 6akanaBpoB HanpasiieHus 210700.62 "MHPOKOMMYyHUKAITMOHHbBIE TEXHOJIOTUU U
cuctembl cBsi3u" (mpoduiib - "ONTUYECKHE CUCTEMBI U CETH CBsI3U") [ DIEKTPOHHBIN pecypc]
/ IManpapoB B. M. — Tomck: TYCVYP, 2013. — 7 c. — Pexum nocryna:
https://edu.tusur.ru/publications/3701

8. llanmapos, B. M. Uccnenoranue 3¢ (PpeKTHBHOCTH BBOJIa CBETA B IJIAHAPHBIM ONMTHYECKUN
BOJIHOBOA: MeToauueckue yka3zaHus K 1abopaTopHOI paboTe /i 6akagaBpOB HAIIPABICHUS
210700.62 "M'HPpOKOMMYHHUKALIMOHHBIE TEXHOJOTUHU U CUCTEMBI CcBsI3u" (mpodus -
"Ontuyeckue cucTeMsl u cetu cBs3u') [Dnexrponuslit pecype] / llangapos B. M., Kymr I'.
I — Tomck: TYCVYP, 2013. — 11 c. — Pexum gocryna:
https://edu.tusur.ru/publications/3703

9. Kanmy, A. B. UccnenoBanue nepuoanyeckux (pa3oBbIX 3J€MEHTOB, (POPMUPYEMBIX
HEKOTepEeHTHBIM M3JTydyeHHeM B Kpuctaiie linbo3 ¢ poTouyBCTBUTENHHON MOBEPXHOCTHIO:
MeTtoauyeckue ykazaHus K jabopaTopHoii padote /i 6akanaBpoB HanpasieHus 210700.62
"MH(pOKOMMYHUKAITMOHHBIE TEXHOJIOTUH U CHCTEMBI CBsI3U" (mpoduis - "OnTudeckue
CUCTEeMBI U ceTu cBsi3u") [DnekTponHsblil pecypc] / Kanmry A. B., lllannapos B. M. —
Tomck: TYCVYP, 2013. — 8 ¢. — Pexxum goctyma: https://edu.tusur.ru/publications/3702

10. [llangapos, B. M. HccnenoBanre mpoCTpaHCTBEHHOI'O CAMOBO3/IECTBUS CBETOBBIX ITYYKOB
B HEJIMHEHHO-oNTHYECKOH cpesie: MeToandeckue yka3aHus K J1abopaTopHoii padoTte ams
6axanaBpoB Hanpasienus 210700.62 "MHboxkoMMyHUKALIMOHHBIE TEXHOJIOTUN U CUCTEMBI
cBs3u" (mpoduib - "ONTUYECKHE CUCTEMBI U CETH CBsI3U") [ DNEeKTpOoHHBIN pecypce] /
Mangapos B. M., Kapnymmn I1. A. — Tomck: TYCVYP, 2013. — 15 c. — Pexum nocryna:
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http://edu.tusur.ru/training/publications/750
https://edu.tusur.ru/publications/3739
https://edu.tusur.ru/publications/3701
https://edu.tusur.ru/publications/3703
https://edu.tusur.ru/publications/3702

https://edu.tusur.ru/publications/3704
11. B. M. llangapoB. OCHOBBI (pr3NUECKON U KBAHTOBOW ONTUKH: Y U€OHO-METOINIECKOE

MOCOOUE MO MPAKTUYECKUM 3aHSATUSM U CAMOCTOSATEIHHOU paboTe Il CTYICHTOB
crenranbHOoCcTH 210401.65, [DnekTpoHHbIN pecypc]: yueonoe nmocodue- Tomck: TYCVYP, 2013.
— 57 c. Pexxum noctyna: http://edu.tusur.ru/training/publications/2888/
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