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PilCC.\l()TpCH&l 151 ()ﬂ()(’)pCHll Ha 3aCCJaHuM Kil(i)ﬁlpbl
nporokot Ne 66 ot « 20 » 4 2018 1
JINCT COI'TTACOBAHU A

Pabouas mporpamma AUCIUIUIMHBI COCTaBJICHA C y4eTOM TpeOoBaHUHU (enepaabHOTO Trocynap-
CTBEHHOTO 00pa3oBaTeNbHOTO cTaHaapTa Bhiciiero oopazoBanus (CPI'OC BO) no HampaBiieHHIO MOATO-
toBKH (crenuanbHocTh) 12.03.03 doronmka u ontouHdopmatuka, yrBepxkacHHoro 03.09.2015 rona,
paccMoTpeHa u omobpeHa Ha 3acemanuu Kadempsl DI «  » 20 ropma, mpOTOKOI
Ne

PazpaboTuuk:

3aBeyrOIIHiA Kaeapoi NeKTpoH-
HbIX proopos (JI1) kad. D1 C. M. lllanapos

3aBenyromuii odecrieunBaroen kag.
oIl C. M. llangapos

Pabouast mporpaMma qUCHUIIIMHBI COTJIacOBaHa ¢ (paKkyJIbTETOM U BhITyCKaromel kadenpoii:

Hexan ©@OT A. 1. Boponun
3aBenyromnuii BeITycKaroIen kag.

OI1 C. M. [llannapos
OKCIEPTHI:

IIpodeccop kadenapsl AMeKTPOHHBIX
nipudopos (DI1) JI. H. Opnukos

JlotieHT Kadeapsl MEKTPOHHBIX MPU-
6opos (3I1) A. U. Akcenos
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1. lean u 3aga4n AUCHUTLIHMHBI

1.1. lleau TUCUMIIAHBI
dbopMHUpOBaHUE y CTYACHTOB CIIOCOOHOCTH K aHAJIM3Y 3a/a4 Mo pa3paboTke, SKCIUTyaTalliid U HUC-
CJIETOBAaHUIO BOJIOKOHHBIX JIA3€POB HAa OCHOBE M3YYCHHS CTyJCHTaMU 0a30BBIX (U3NYECKUX MPUHIIUIIOB
(YHKIIMOHUPOBAHHUS OCHOBHBIX DJIEMEHTOB BOJIOKOHHBIX JIA3EPHBIX CHCTEM, a TAaK)KE TOTOBHOCTH CTYJICH -
TOB K MAaTeMaTUYECKOMY MOJICIIUPOBAHUIO (PU3UYECKUX MPOIECCOB, ONMPEACIAIONINX PaOOTy BOJIOKOHHBIX
Ja3epoB, U HX MCCIEAOBAHUIO Ha 0a3e CTAaHJAAPTHHIX IMAKETOB aBTOMATH3WPOBAHHOTO NMPOCKTHPOBAHUS U
CaMOCTOSITENILHO pa3pabOTaHHBIX MPOTPAMMHBIX MPOTYKTOB.

1.2. 3amaum AMCHMIIIMHBI
— H3yYeHHE OCHOBHBIX METOJOB M IPHEMOB peallM3allMi BOJOKOHHBIX JIa3€PHBIX CHCTEM,
paccMOTpEeHHE KOHKPETHBIX THUITOB BOJIOKOHHBIX JIa3€POB, METOJIOB MX pacyera, MPOCKTUPOBAHUS H TIPH-
MEHEHHS B TEXHOJOTHYECKUX U U3MEPHUTEIbHBIX CHCTEMax

2. Mecto mucuunimnebl B ctpykrype OIIOII

Jucuumuinaa «Bomokonnsie nazepsr» (b1.B.JIB.1.2) otHocuTcs k 610Ky 1 (BapraTHBHAS 9acTh).

[TpenmecTByOIKUMH AUCHUIUIMHAMHU, (GOPMHUPYIOLUIMMH HadalbHble 3HaHUS, sBistoTcsS: OnTuye-
ckas ¢usuka, OcHOBHI (hoToHUKH, Pu3nKa, OU3NKa KOHIACHCHPOBAHHOTO COCTOSHHS, DU3NIECKHE OCHO-
Bbl KBAHTOBOM U ONTHYECKON HIIEKTPOHUKH.

[TocnenyomumMu TUCHUIUIMHAMY ABJISIOTCA: 3allUTa BBIMYCKHON KBaJM(UKALIMOHHOW padOThI,
BKJII0YAsi MOJITOTOBKY K MPOLEAYPE 3aIUThl U MpoLeaypy 3auThl, [IpuOopsl KBAaHTOBOM 3JEKTPOHUKH U
($hOTOHUKH.

3. TpeOGoBaHus K pe3yJbTATAM OCBOCHUS JUCIUIIMHBI

[Tpouecc n3yueHus: AMCUUILIMHBI HANpaBjieH Ha (POPMUPOBAHUE CIEAYIOIIUX KOMIIETEHIUH:

— IIK-1 cmocoOHOCTRIO K aHaTN3y MOCTaBICHHOMN 3a7jaull UCCle0BaHUM B 001acT (DOTOHUKHU U
ONTOUH(OPMATUKHY;

— IIK-2 rotoBHOCTBIO K MaTeMaTHUYE€CKOMY MOJEIUPOBAHUIO IPOLECCOB U OOBEKTOB (POTOHUKHU
U ONTOMH(OPMATUKH, UX UCCIIETOBAHUIO Ha 0a3e CTaHJApTHHIX MAKETOB aBTOMATU3UPOBAHHOTO NMPOEKTHU-
POBaHUS U CAMOCTOSITENILHO pa3paboTaHHBIX POTrPAMMHBIX TPOAYKTOB;

B pesynpTare u3ydeHus: IUCHUIIIMHBI 00YyJatOIUNACS TO0JIKEH:

— 3HATh 33J1a44 UCCJICIOBAaHUN B 00JIaCTH (POTOHUKHU M ONTOMH(POPMATHKH;, MOJIECTH MPOIIECCOB
1 00beKTOB (DOTOHUKHU U ONTOMH(GOPMATHKH; CTaHAAPTHBIE MMAKEThl aBTOMATU3UPOBAHHOTO MTPOEKTUPOBA-
HUS

—  yMeTb aHaJIM3UPOBATh MOCTABJICHHYIO 33/1a4y HUCCIIEOBAHUN B 00JJaCTH (POTOHUKH U ONTOUH-
(dbopMaTHKH; MOAETUPOBATH MPOLECCHl U OOBEKTH (DOTOHUKH U ONTOMH(OPMATHUKH, UCCIIEAOBATh UX Ha
0a3e cTaHJapTHBIX MAKETOB aBTOMATU3MPOBAHHOIO MPOEKTHUPOBAHUS U CAMOCTOSITENIbHO pa3padOTaHHBIX
IIPOrPaMMHBIX IPOAYKTOB

—  BJIaJeTh CIOCOOHOCTHIO K aHAJIN3Y MOCTABJICHHOMN 3a/1a4l UCCIIeN0BaHU B 001acTH OTOHU-
KU U ONTOMH(OPMATHKHU; TOTOBHOCTHIO K MaTeMaTHMYECKOMY MOJEIUPOBAHUIO MPOIIECCOB M OOBEKTOB
($OoTOHUKN U ONTOMH(OPMATUKH, UX UCCIEIOBAHUIO HA 0a3e CTaHIAPTHBIX MAKETOB aBTOMAaTH3HMPOBAHHO-
rO IPOEKTUPOBAHUS U CAMOCTOSITETILHO Pa3pab0TaHHBIX MTPOrPaMMHBIX MTPOAYKTOB

4. O6beM IMCUMIJIMHBI M BUABI Y4e0HOI1 padoThI
OO01ast TpyI0EMKOCTb JUCLUUILUINHBI cocTaBisieT 2.0 3aUeTHBIX €IMHUILIBI U IIPECTaBIeHa B Ta0Iu -

%Zgﬁilﬁa 4.1 — TpynoeMKOCTh JUCUUILIMHBI
Bunpl yueOHO 1eSITEIBHOCTH Bcero yacos CemecTpsl
8 cemecTp
AymutopHsble 3aHATHS (BCETO) 34 34
Jlexknuu 16 16
[IpakTrueckue 3aHATHS 18 18
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CamocrosTenpHas paboTa (BCero) 38 38
[ToaroroBka K KOHTPOJIBHBIM paboTamM 16 16
IIpopaboTKa JTEeKIMOHHOTO MaTepuana 14 14
[ToaroroBka K MpakTUYECKUM 3aHATUSAM, CEMUHApaM 8 8

Bcero (0e3 sx3amena) 72 72
OO6mmas Tpy10eMKOCTb, 4 72 72
3aueTHnie EanHAIIEI 2.0 2.0

5. Coneprxxanue I1MCUMILTHHBI

5.1. Pa3aesnl AucHUIIMHBI M BUALI 3aHATHH
Paznensl AMCUUIIITMHBL U BUABI 3aHATUI PUBEICHBI B Tabmwmie 5.1.
Tabmuma 5.1 — Pasgensl IUCIUIUIMHEL U BUIBI 3aHATHHA

_ o)
e = 2 g 2 g
) z g g 2 ]
. 3 8 s 20
Ha3zBanus pa3zienoB AUCHUILIMHBI > ® e o D 2 =
= 2 S 5 0 S E
Q. < SR QU =
SRR
8 cemecTp
1 BBenenue 1 0 2 3 IIK-1, IIK-2
2 B0oJIOKOHHBIE CBETOBOIEI 3 4 9 16 IIK-1, IIK-2
3 DneMeHTBI BOJIOKOHHOTO Jiazepa 4 4 9 17 [IK-1, TIK-2
4 XapakTepUCTUKH BOJIOKOHHBIX JIa3€pOB 4 5 9 18 [IK-1, IIK-2
5 BoniokoHHBIE TPOMBIILIEHHBIE JIA3€Pbl U UX 4 5 9 18 [IK-1, ITIK-2
MIpUMEHEHNE
Hroro 3a cemectp 16 18 38 72
Hroro 16 18 38 72

5.2. Conep:xanue pa3aejioB IMCHUILIHHBI (110 JIEKIIASIM)
CopeprkaHue pa3aesioB TUCIUTIINH (TI0 JIEKIUSIM) PUBEICHO B TabmuIie 5.2.
Tabmuua 5.2 — ComepkaHue pa3AenaoB TUCIUILIKH (TI0 JICKITHSIM)

-y L =
= g4 =
3 s 5
g 25
HaszBanus pasznenos CopeprkaHue pa3aesioB TUCIUATITAHBI (110 JIEKITHSIM) zF &5
5 2 5
S 8 =
e o 2
= S
8 cemecTp
1 Beenenune [IpenMet nuctunuHel U ee 3aaaun. CBA3b JUCLHU- 1 TIK-1, IIK-
IUTMHBI C IPYTUMU pazfenamu Gpu3nku u GOTOHUKH. 2
Hcropust pa3BUTHS BOJIOKOHHBIX JIa3€POB.
Htoro 1
2 BosokoHHBIE BonokoHHBIE CBETOBOABI VI CUCTEM OIITHUYECKON 3 TIK-1, IIK-
CBETOBOJIBI CBSI3M Y BOJIOKOHHBIX J1azepoB. [Ipodrn mokazaremns 2
npenomieHus. [ eomeTpudeckas OnTuka BOJTOKOHHBIX
CBETOBOJIOB. DJICKTPOMArHUTHAS TEOPHs BOIOKOHHBIX
CBETOBOJIOB KPYTJIOTO ce4eHusi. MO/Ibl BOJIOKOHHBIX
CBETOBOJIOB.
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Htoro

3 DnemMeHTsI AKTHBHpYIOIIME IPUMECH I BOJIOKOHHBIX CBETOBO- 4 IK-1, TIK-
BOJIOKOHHOTO J1a3epa n0B. ®oToMHyLIMPOBaHHbBIE OPIITOBCKHE PELIETKH 2
[I0Ka3aTelis IPEJOMIIEHUS B CBETOBOIaX. AKTUBHBIE
BOJIOKOHHBIE CBETOBO/IbI. CXEMbl HAKAYKH AaKTUBHBIX
cBeTOBOJOB. OCOOEHHOCTH BOJIOKOHHBIX CBETOBOJIOB
KaK yCUJIUTEIbHOHN Cpelibl.

Hroro
4 XapakTepuCTUKH Jla3epsl Ha OCHOBE CBETOBOJIOB, JIETHPOBAaHHBIX Nd3+. 4 IIK-1, TIK-
BOJIOKOHHBIX JIa3€pOB Jlazepsl HA OCHOBE CBETOBOJIOB, JISTUPOBAHHBIX Y b3+. 2

Jlazepbl Ha OCHOBE CBETOBOJOB, JIETUPOBAaHHBIX Er3+.
JIa3epsl Ha OCHOBE CBETOBOJIOB, JIETHPOBAaHHBIX
Tm3+. JIa3eprl Ha OCHOBE CBETOBOJOB, JIETUPOBAH-

HbIx Ho3+
Hroro
5 BoJsiOKOHHBIE [Tpomykiinust OTeUeCTBEHHBIX U 3apyOeKHBIX KOMIIa- 4 IIK-1, ITK-
MIPOMBIIIIJICHHBIE J1a3ephbl | HUH, IPOU3BOIAIINX BOJIOKOHHBIE Ja3epsl. JlazepHas 2
U UX IPUMEHEHUe peska. Jlazepnas cBapka. JlazepHast MapkupoBKa U
rpaBupoBka. Jlazepnas MmukpooOpaboTka. JlazepHas
unTepdepomerpusi.
Hroro 4
Hroro 3a cemectp 16

5.3. Pa3nenbl JMCUMILNIMHBI M MEKIMCUMILUINHAPHBIE CBA3H ¢ 00eceYnBAKIIMMH (MPeAblTyIIUMH)
U obecneynBaeMbIMU (MOCJIEYIONIUMH) TUCHUIIMHAMHA
Paznenbl qUCHUIITUHBL U MEXIUCIUIUIMHAPHBIE CBSI3U C 00€CTIeYMBAIOIIMMHU (TIPEABIAYIIUMU) U
obecrnieunBaeMbIMHU (TTOCIIEIYIONUMHI ) AUCITUTUIMHAME TPEICTABICHBI B TabmuIe 5.3.
Tabmuna 5.3 — Pa3aensl AMCHMIUIMHBL U MEXIUCITUIUIMHAPHBIE CBS3H

Ne pa3nenoB qaHHOUM TUCHMIUIMHEL, 7151 KOTOPBIX
HEO0OXOAMMO M3yYeHUE 00ECTICUMBAIONINX 1

Hanmenosanune iCHumImH 00ecTeunBaeMbIX THCIUATLIIHH

1 2 3 4 5
[IpeamecTByromue TUCHUTITUHBI

1 Ontuueckas Gpusuka + + + + +
2 OcHOBBI (DOTOHUKH + + + + +
3 ®Ousuka + + + + +
4 ®du3nKa KOHJIECHCUPOBAHHOTO COCTOSIHUSA + + + + +
5 ¢>f13I/IHeCKI/Ie OCHOBBI KBAaHTOBOM U ONTHYC- N N N N N
CKOM DJICKTPOHUKH

[Tocnenyromume TUCIUITITUHB

1 3amuTa BRIMYCKHOMN KBaTH(PUKAITTOHHOMN
paboThI, BKITIOYAs TIOJTOTOBKY K MPOIEAYPe + + + +
3al[UTHI ¥ IIPOLEAYPY 3aLLUTEI

2 TIpuGopbl KBAaHTOBOH AJICKTPOHUKH H

- - + +
(hoToHUKHN

5.4. CooTBeTcTBHE KOMIIETEHIIMIA, (OPMHUPYEMBIX PH U3yYeHUH TUCHHUILUIMHBI, U BUA0B 3aHATHI
CooTBeTcTBHE KOMIETEHIUH, (POPMUPYEMBIX MpPHU HM3YUYEHUH IWUCHUIUIMHBI, ¥ BHJIOB 3aHATHA
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npezcTaBiIeHo B Tabmuie 5.4.
Tabmuma 5.4 — CoOTBETCTBHE KOMITETCHIINHA, ()OPMUPYEMBIX MTPU W3YYCHUU NHUCHIUILIAHBI, U BUJAOB 3aHS -

TUH
§ Bunnl zanstuit
=t . )
5 = S
5 o & g DopMbI KOHTPOJIS
= Q v .
= = < =
g e, s
~ = ©
ITK-1 + + + Konrtponrhnas pabora, Tect, OT-
YeT M0 MPAKTUIECKOMY 3aHSITHIO
[1K-2 + + + KonTponsnas pabora, Tect, Ot-
YeT 10 MPAKTUYECKOMY 3aHSTHIO
6. UnTepakTBHBIE MeTOABI M (GOPMBI OPraHU3aALMU 00yYeHH s
He npenycmorpeno PVYIIL.
7. JlabopaTtopHble paGoThl
He npenycmorpeno PVYIIL.

8. IIpakTuyeckue 3aHATUSA (CEMUHAPDHI)

HanmeHnoBaHue npakTHUECKUX 3aHATUIA (CEMUHAPOB) IPUBEACHO B Tabuiie §.1.
Tabmuna 8.1 — HammeHoBaHME MPaKTHYECKUX 3aHATHHA (CEMHHAPOB)

L Y =
I -
3 =
Z = 5
HaszBanus pasnenos HanmMeHnoBanue npakTUueCKuX 3aHATUN (CEMUHAPOB) z - =5
: X
> o =
a e g
= o
8 cemecTp
2 BonokoHHbIE PacnipocTpaneHue CBETOBBIX BOJIH B BOJIOKOHHBIX CBE- 4 IK-1, TIK-
CBETOBOJIBI TOBOZAX 2
Hroro 4
3 DnemeHTsI DJeMeHThI BOJIOKOHHOTO Jla3epa 4 IK-1, TIK-
BOJIOKOHHOT 2
OJIOKOHHOTO JIa3epa Hroro 4
4 XapakTepuCTUKH DHepreTu4ecKkue U BpeMEHHBIE XapaKTEPUCTUKH BO- 5 IK-1, TIK-
BOJIOKOHHBIX JIa3€pOB JIOKOHHBIX JIa3€POB 2
Hroro
5 BonokoHHBIE W3meputenbHble U UHTEPHEPOMETPHUUECKHUE CHCTEMBI 5 IIK-1, TIK-
MIPOMBIIIUICHHBIE JIa3ephl | HA OCHOBE BOJIOKOHHBIX JIa3€POB 2
U UX IPUMEHEHNE Hroro 5
Hroro 3a cemectp 18

9. CamocrosiTesibHasi padoTa

Bunasl camocTosiTenbHOM paboThI, TPYAOEMKOCTh U (hOpMUpPYEMbIe KOMIIETCHIIUN MTPEICTABICHHI B

Tabymite 9.1.
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Tabmuma 9.1 — Busiel caMOCTOSTENBHON padOThI, TPYIOEMKOCTh M JOPMHUPYEMbIE KOMIIETCHIIUU

- o
2 z E
Q ==t
o Q O =
Bunnr camocTosTeLHON & > 0O
HasBanus pasnenos z 7 &5 @OpMBI KOHTPOJIA
paboThI B s 2
= a =
& o 2
= S
8 cemecTp
1 Beenenune [TpopaboTka JIEKITMOHHOTO 2 TIK-1, Tect
Marepuaia [IK-2
Hroro
2 Bonokonnsie cBeToBOIbI | [ToAroroBka K mpaxkTude- [IK-1, Kontponsnas padora, OT-
CKHM 3aHATHUSM, CEMUHA- I1K-2 4eT 10 MPAaKTUYECKOMY 3a-
pam HATHIO, TecT
[TpopaboTka JIEKITMOHHOTO 3
MaTepuana
IToaroroBka K KOHTPOJIb- 4
HBIM paboTam
UTtoro 9
3 DnemeHTs! BOIOKOHHOTO | [ToaroroBka k npakruye- 2 |IIK-1, KonTposnbHas pabota, OT-
nasepa CKHUM 3aHATUSAM, CEMHUHA- [K-2 YeT 110 IPAaKTUYECKOMY 3a-
pam HATHIO, TecT
[IpopaboTka JIeKIIMOHHOTO 3
MaTepuana
[ToaroroBka Kk KOHTPOJIb- 4
HBIM paboTam
HUtoro 9
4 XapakTepuCTUKH IToaroroBka K nmpaxkTu4e- 2 |IIK-1, KonrtponpHnas pabora, Ot-
BOJIOKOHHBIX JIa3€pOB CKHM 3aHATHUSM, CEMUHA- I1K-2 4eT 10 MPAaKTUYECKOMY 3a-
pam HATHIO, TecT
[TpopaboTka JIEKITMOHHOTO 3
MaTepuana
IToaroroBka K KOHTPOJIb- 4
HBIM paboTam
Hroro
5 BonokoHHbIE IToaroroBka K mpaxkTuye- IIK-1, KonTposnbHas pabota, OT-
IIPOMBIILIICHHBIE JIA3€Phl U | CKUM 3aHATUSM, CEMHHA- [K-2 YeT 110 MPAKTUYECKOMY 3a-
UX IPUMEHEHNE pam Hatuto, Tect
[IpopaboTka JIeKIIMOHHOTO 3
MaTepuana
[ToaroroBka Kk KOHTPOJIb- 4
HBIM paboTam
HUtoro 9
Hroro 3a cemectp 38
Hroro 38
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10. KypcoBoii npoekrt / kypcoBasi padota
He npenycmotrpeno PVYII.

11. PeiiTuHroBasi cucreMa JJisi OLlEHKHU YCIIeBAeMOCTH 00y4aroumuxcst

11.1. banjbHbIe OLEHKH JJIsl 3JIEMEHTOB KOHTPOJIA
Tabmuua 11.1 — banibHble OLIEHKH JUISI 3JIEMEHTOB KOHTPOJISI

. . MaxkcumanbHbIN
o MaxkcumanbHbIN MaxkcumanbHbIN
DneMeHTH! yueOHOH 6asu1 3a mepuon Bceero 3a
6amn Ha 1-yto KT ¢ |  Gamnn 3a mepuon
NEeITENbHOCTH mexnay 2KT u Ha ceMecTp
Hauyana cemectpa | mexnay 1KT u 2KT
KOHEIl ceMecTpa
8 cemecTp

KonTponbHas paboTa 20 20 40
OTyer 1o NpakTUIECKOMY 15 15 15 45
3aHATHIO

Tect 5 5 5 15
Hroro makcumym 3a nepu- 40 20 40 100
on

Hapacratomum urorom 40 60 100 100

11.2. IlepecyeT 6a/1J10B B OLIEHKHU 32 KOHTPOJIbHbIE TOYKH
[Tepecuer OanyoB B OLIEHKH 32 KOHTPOJIbHBIE TOUKHU MpeAcTaBieH B Tabmune 11.2.
Ta6muma 11.2 — IlepecueT 0anioB B OLIEHKH 32 KOHTPOJIbHBIE TOUKH
baynel Ha 1aTy KOHTPOIBHOW TOUYKH Onenka

> 90% oT MakcuMabHOK cyMMBI OamioB Ha naty KT 5

Ot 70% 1o 89% ot MakcuMaabHOM CyMMBI OaiioB Ha aaty KT 4

Ot 60% 110 69% oT MakcuMaIbHOM CyMMBI OaiToB Ha aaty KT 3

< 60% ot MakcuManbHOU cyMMBbI O6astoB Ha aaty KT 2

11.3. Ilepecyer cyMMBbI 02/1710B B TPAAULHOHHYIO M MEKITYHAPOIHYIO OLCHKY
[Tepecuer cymMbl 0alIOB B TPAAULIMOHHYIO M MEXYHApOIHYIO OLICHKY NPEJCTABICH B TaOIuLe

11.3.
Tabmuua 11.3 — [lepecuer cymmbl 0aJII0B B TPAAUIIMOHHYIO U MEXKAYHAPOAHYIO OLICHKY
Hrorosas cymma 6asios,
Onenka (I'OC) YUMTBIBAET YCIEIIHO CAAHHBIN Onenka (ECTS)
HK3aMEH
5 (oTIMYHO) (3a4TEHO) 90 - 100 A (0TIIMYHO)
85 -89 B (ouens xoporio)
4 (xopo11o) (3a4TeHO) 75 - 84 C (xopo1o)
70 - 74 D( )
TIOBJIETBOPUTEIHLHO
3¢ Y ) 65 - 69 Y P
TIOBJIETBOPUTEIIHHO) (3a4TE€HO
y P 60 - 64 E (mocpencTBeHHoO)
2 (HEYROBIIETBOPHTENLHO) (HE Hwmxe 60 6ammos F (HeynoBneTBOpHUTENHHO)
3a4TEHO)

12. YueOHO-MeTOAUYecKOe U MHPOPMANIMOHHOE 00ecTiedeHrue TUCIHIIINHBI

12.1. OcHoBHas JuTepaTypa
1. bormanor A.B., I'omyOenko HO.B. BonokoHHBIE TEXHOJOTHYECKHE JIa3epbl U UX NMPUMEHEHUE
[DnexkTpoHHBIN pecypc]: YuebHoe mocobue. 2 € uzz., ucnp. u gom. — CI16. UznarensctBo «Jlanby, 2018.
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— 236 c. WL ISBN 978-5-8114-2027-8 - Pexxum JIOCTYyTIA:
https://e.lanbook.com/book/101825#book name (mata o6pamenus: 25.07.2018).

2. Aiixaep, IOpren. Jlazepsl. cnonHenue, ynpasieHue, IPUMEHEHUE | HAYYHO-TIONYJISIPHOE U3~
nanue. - M. : Texnocdepa , 2012. - 496 c. (nanuune B 6ubaroreke TYCVYP - 15 9k3.)

3. MHWrnaaroB A. H. OnrosnekrpoHnka 1 HaHOQOTOHUKA [DIIEKTPOHHEIN pecypc]: YuebHoe moco-
oue. — CII0. U3narensctBO «Jlamby, 2011. — 544 c. wi. ISBN 978 5 8114 1136 8 - Pexxum mocTyma:
https://e.lanbook.com/book/95150#book name (nata obpamenwus: 25.07.2018).

4. BpeneHue B KBaHTOBYIO M ONTHYECKYIO 3JICKTPOHHKY [DIIEKTpOHHBIN pecypc]: YueOHoe 1mo-
coome / A. W. Bbamkupos, C. M. Ianmapos - 2012. 98 c. - Pexum pocryna:
https://edu.tusur.ru/publications/1578 (nara obpamenus: 25.07.2018).

5. IMuxtun, Anexcannp HukonaeBnu. Ontuueckas 1 KBAHTOBAsI SJIEKTPOHUKA : YUeOHUK JJIS BY-
30B. - M. : Beicias mikona , 2001. - 574[2] c. kBaHTOBO# onTtuku: YdedbHoe nmocooue / B. M. [llannapos -
2012. 197 c. (manuuue B 6ubmmorexe TYCVYP - 147 5k3.)

6. Hukonopor H.B., [llannapos C.M. BonHoBogHast oToHMKa [DNeKTpOHHBIN pecypc]: Yueo-
Hoe mocobue. — CII6. MzmarensctBo CIIGI'Y HUTMO, 2008 — 143 c. - Pexum pgocryna:
https://e.lanbook.com/book/70835#book name (mara obpamenus: 25.07.2018).

12.2. lonosiHUTeIbHAS JIUTEPATYpPa
1. Spus, AMHOH. Onrtudeckue BONHbBI B Kpuctaimiax : Ilep. ¢ anmn.. - M. : Mup , 1987. - 616 c.
(nanumuue B 6udanorexke TYCVYP - 3 5k3.)
2. 3Bento, Opanwo. [Ipunnune nazepos : [lep. ¢ auri.. - M. : Mup , 1990. - 558 c. (Hanuuue B
oubmmoreke TYCVYP - 3 3k3.)
3. Xaken, ['epman. Jlazepnas ceeronunamuka : [lep. ¢ anrn.. - M. : Mup , 1988. - 350, [2] c. (Ha-
nuyne B onbmoreke TYCVYP - 4 7k3.)

12.3. YueOHO-MeTOAHIECKHE ITOCOOUS

12.3.1. O0s3aTeibHbIE y4eOHO-MeTOAHUYEeCKHE M0CO0Us
1. BonokoHHbIE na3epsl [DNEKTPOHHBINA pecypc]: MeTtonuueckue yKazaHus K MPaKTHYECKUM 3a-
HATHUSM U 110 camocTtositenbHol padote / H. Y. Bypumos, C. M. [llangapos - 2018. 29 c. - Pexxum nocty-
na: https://edu.tusur.ru/publications/8301 (nara obpamenus: 25.07.2018).

12.3.2. YueOHO-MeTOAMYeCKHE MIOCOOMS 1JIsl JIMI € OTPAHMYEHHBIMH BO3MOKHOCTSIMH 3/10POBbS U
MHBAJIMI0B

Y4eOHO-MeTOqMUECKNe MaTepratbl ISl CAMOCTOSTEIBHON M ayTUTOPHOW paboThl 0Oydarommxcs
U3 YHCiIa JIUI C OTPAaHUYCHHBIMU BO3MOXKHOCTSIMU 3/I0POBbSl U MHBAIMIOB MPEAOCTABISIOTCS B (OopMaXx,
aIaTITUPOBAHHBIX K OTPAaHMYEHHUSIM UX 3/I0POBbSI M BOCIIPUATHUS HH(DOpMAITHH.

JI1s1 JIMI ¢ HAPYIIEeHUSIMH 3PeHus:

- B (hopMe INIEKTPOHHOTO IOKYMEHTA;

- B IIeYaTHOW (hopMe YBEITMICHHBIM MIPUPTOM.

JIJ1s1 JIMI ¢ HAPYIIEHUSIMH CJIyXa:

- B (hopMe IIMEKTPOHHOTO IOKYMEHTA;

- B reyaTHou (opme.

JL1s1 1M1 ¢ HAapylIIeHUsIMM ONIOPHO-ABUIaTeJLHOI0 annapara:

- B (hopMe AIEKTPOHHOTO IOKYMEHTA;

- B IeyaTHoOU (popme.

12.4. IIpodeccuonaibHbIe 0a3bl JAHHBIX U HH(GOPMALIMOHHBIE CTIPABOYHBbIE CHCTEMbI

1. Ilpu u3ydeHHMH TUCHMIUIMHBI pPEeKOMEHAyeTcs oOpamiarbcst K 0a3aM JaHHBIX, MH(OpMaIu-
OHHO-CIIPaBOYHBIM ¥  IOMCKOBBIM cUCTeMaM, K KotopbiM y TYCVYPa oTkpeIT JocTym:
https://lib.tusur.ru/ru/resursy/bazy-dannyh

12.5. Ilepuoanyeckne u3IaHus
1. KypkoB A.C., luanoB E.M. HemnpepriBHBIC BOJOKOHHBIE JIa3epbl cpeaHeii momuoctu // KBan-
ToBas aekTpoHuKa. — 2004. — T. 34. — Ne 10. — C. 881-900.
2. BacunbeB C.A., MeaseakoB O.U., Kopones N.I'., boxxkoB A.C., Kypkos A.C., Inano E.M.
BookoHHbIE pemeTKH MoKa3aTess MpeJoMIeHUs U uxX npuMmeneHus // KBantoas snekrponuka. — 2005. —
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T.35.—Ne 12. - C. 1085-1103.
3. JImanoB E.M. Bonokonnsie nazepsl // YOH. — 2004. — T. 174. — Ne 10. — C. 1139-1142.

13. MartepuajibHO-TEXHUYECKOE o0ecnedyeHue TNUCIUILINHBI U TPpedyeMoe MporpaMMHoe
o0ecrneueHune

13.1. O0uue Tpe6OBaAHUA K MATEPUAIBLHO-TEXHUYECKOMY U IIPOrPAMMHOMY 00ecrie4eHnIo
AUCHHUILIMHBI

13.1.1. MaTepuaJbHO-TEXHHYECKOE H IPOrPaMMHoOe o0ecnedyeHne ISl JICKIIMOHHbBIX 3aHATHH
Jlns mpoBenieHus 3aHATUH JIEKIIMOHHOTO TUIIA, TPYIIIOBBIX M MHIAWBUYaIbHBIX KOHCYJIbTALIUH, TE-
KYILEr0 KOHTPOJISL U MPOMEXKYTOUHON aTTECTALMU UCTIONb3YyeTcs yueOHasi ayTUTOpUs ¢ KOTUUECTBOM I10-
CaJIOuYHBIX MeCT He MeHee 22-24, 000pyaoBaHHAs TOCKOM U CTaHAApTHOW ydeOHO# mebenbro. Mmerores
JIEMOHCTpaIMOHHOE 000pyI0BaHNHE U yUeOHO-HAITIIIHBIE TOCOOMS, 00ecIeunBaroIie TeMaTHIeCKUe Uil-
JIIOCTPALIMHU 10 JIEKLIMOHHBIM pa3jieiaM JTUCIUIUINHBI.

13.1.2. MaTepuaJibHO-TEXHUYeCKOE U IPOrPaMMHoOe ofecnedyeHne VI NPAKTHYEeCKUX 3aHATHI

Yyebnas madoparopus

yueOHas ayIMTOpHsl 111 IPOBEACHUSI 3aHATHI PAaKTUYECKOro TUIA, ydeOHas ayauTopus Ui Mpo-
BEJICHUSI 3aHATUHN J1a00paTOPHOTrO TUIIA, TOMEIEHHE AJIi KypCOBOTO MPOEKTUPOBAHUS (BBITIOTHEHHS Kyp-
COBBIX Pa0OT), TOMEIIEHHUE ISl IPOBEICHHSI TPYMIIOBBIX U MHIUBUIYATIbHBIX KOHCYbTAIHNA

634034, Tomckas obmactb, . Tomck, Bepmmmauna yauna, a. 74, 110 ayz.

Onucanue UMeroIerocs 000py10BaHUs:

- JJaboparopHsbie cTeHbI (6 MmIT.);

- 3mepuTtenbHble TpUOOPHL;

- locka MarHUTHO-MapKepHasi;

- Onruueckas ckambsg OCK-4;

- [Tomemienue ans xpaHeHust yaeOHOTO 000PYIOBaHMUS;

- Kommutekt crienmanusupoBanHoi yueOHOW MebOenu;

- PaGouee mecto npenogaBares.

[IporpamMmmHoe obecnieueHue He TpedyeTcs.

13.1.3. MarepuajibHO-TeXHHYECKOE U NPOrpaMMHoOe o0ecrneuyeHue Jisl CaMOCTOSATeJIbHOW padoThl
Jist caMOCTOSITeNNbHOM paboThl MCIONB3YIOTCA yueOHbIE ayAUTOPUU (KOMITBIOTEPHBIC KJIAcChl),
PacIOJIOKEHHBIE TI0 aJIpecaM:
- 634050, Tomckast o6macTb, T. Tomck, Jleanna mpocrexkr, 1. 40, 233 ayn.;
- 634045, Tomckas obmacTs, T. Tomck, yin. KpacHoapmeiickas, 1. 146, 201 ayn.;
- 634034, Tomckast ob6nacTb, . Tomck, Bepmmnauna ynuna, 1. 47, 126 ayn.;
- 634034, Tomckast obmacTs, T. Tomck, Bepmmanna ymuma, 1. 74, 207 aya.

CocTtaB 000pyIOBaHUS:

- yueOHasi MmeOerb;

- komnetotepsl kinacca He Hike [IDBM INTEL Celeron D336 2.8[T. - 5 miT.;

- KOMOBIOTEPHI MOJIKIIOUYEeHBI K ceTu «/HTepHeT» U 00eCreYnBaroT JAOCTYI B AJIEKTPOHHYIO HH-
(dhopManmOHHO-00pa30BaTEIbHYIO Cpely YHUBEPCUTETA.

[Tepedens mporpaMMHOTO 0OECIICUEHUS:

- Microsoft Windows;

- OpenOftice;

- Kaspersky Endpoint Security 10 s Windows;
- 7-Zip;

- Google Chrome.
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13.2. MaTepuajJibHO-TeXHUYECKOe o0ecnedeHne TUCHUIITHHBI VISl JIMI ¢ OTPAHHYEeHHBIMU
BO3MOKHOCTSIMHU 3/10POBbSI U HHBAJIN/I0B

OcBoeHUE MUCLUUIUIMHBI JIMIIAMU C OTPAaHUYEHHBIMH BO3MOXKHOCTSMHU 3/10POBbSI U WHBAIUJIAMU
OCYIIECTBIISIETCA C UCTIOJIB30BAaHUEM CPEICTB 00yUEHHs OOILIEro U CIelnaIbHOTO Ha3HAYEHUS.

[Tpu 3aHATHAX ¢ OOYUAIONMIUMUCS ¢ HAPYIIEHUSIMH CJIyXa MPEIyCMOTPEHO UCIIOIb30BaHHE 3BYKO-
YCUJIMBAIOILEH anmapaTypbl, MyJIbTUMEAUUHBIX CPEJICTB U APYTUX TEXHUUYECKUX CPEACTB Mpuema/mepesa-
4yi y4yeOHOM nHpOPMALIUU B TOCTYIHBIX (hopMax, MOOMIIBHOM CUCTEMBI MTPETIoiaBaHus il 00YJatOLTHXCsI
C MHBAJIMTHOCTBIO, TOPTATUBHON MHIYKIIMOHHOW CHCTEMBI. Y4eOHas aymuTOpUs, B KOTOPOUH 3aHUMAIOTCS
oOyyarolyecs: ¢ HapylIEeHHEM CllyXa, 00OpYy/lI0BaHA KOMITBIOTEPHOM TEXHMKOM, ayAMOTEXHUKOH, BUICO-
TEXHUKOMU, AJIEKTPOHHOM JOCKOH, MYJIbTUMEIUIHON CUCTEMOM.

[Tpu 3aHATUAX C OOYUAIOUTUMUCS ¢ HAPYIIEHUSIMU 3PEHUSIMH TIPETYCMOTPEHO UCIIOJIb30BaHUE B
JICKIMOHHBIX U YU€OHBIX ayJUTOPUAX BO3MOXKHOCTH MPOCMOTPa yAaJIEHHBIX 00BEKTOB (Hampumep, TeKCTa
Ha JIOCKE WM CJaif/la Ha 9KpaHe) MPU TOMOIIY BUACOYBETUIHUTENCH 151 KOM(GOPTHOTO IPOCMOTPA.

[Tpu 3aHATHAX C 0OYy4YaIOIIUMUCS ¢ HAPYLIEHUSIMH ONOPHO-ABUIaTeIbHOIO aNnapara HCIOJb-
3YIOTCSl aIbTEPHATUBHBIC YCTPOICTBA BBOJA MH(OPMAIIUY U IPYTHe TEXHHUECKHE CPEICTBA IIpUeMa/Tiepe-
Jnaud yaeOHOM MHGOpMaIUKA B JOCTYIHBIX (popmMax, MOOMIIBHONW CUCTEMbI OOYYCHUS JJIs JIFO/ICH C MHBA-
JUAHOCTBIO.

14. OIIeHO‘lHLIe MaTepuajJabl  METOAUYECCKUE PEKOMEHIAUHU MO OPraHu3alluv U3y4CHUA
AUCHHUITINHBbI

14.1. Couepmalme OLICHOYHBIX MATCPHAJIOB U METOANIECCKUEC PEKOMECHAAIIUH
I[J'ISI OLCHKHU CTCIICHU C(bOpMI/IpOBaHHOCTI/I N YpPOBHsA OCBOCHHA 3aKPCIIJICHHBIX 3a HHCHHHHHHOﬁ
KOMITCTCHITUM HCIIOJIB3YIOTCA OLCHOYHBIC MaTCpHUaJibl B COCTABE!

14.1.1. TecToBble 3aganus

[Tpu moHOM BHYTPEHHEM OTPaKCHUH:

a) OTpa)XK€HHAsI BOJIHA B ONTHYECKH OoJiee IMIIOTHOM cpe/ie OTCYTCTBYET;

0) oTpakeHHas BOJTHA B ONITHYECKH MEHEe TIJIOTHOM CpeJie OTCYTCTBYET;

B) MpEJIOMJICHHAS BOJIHA B ONITUYECKH 0oJiee IMIIOTHOM cpe/ie OTCYTCTBYET;

T') MpeJIOMJICHHAs BOJTHA B ONITHYECKU MEHEee TUIOTHOM CpeJie OTCYTCTBYET.

B BoOKOHHOM CBETOBO/IE TOKA3aTENh MPETOMIICHUS CEPALIEBUHBI:

a) JIOJDKEH OBITh PABEH MOKA3aTelo MPEJIOMIICHUS BHYTPEHHEH 000I0UKY;

0) nomKeH ObITh MEHBIIIE TTOKa3aTeNs MPeJIOMIICHHS BHYTPEHHEH 000JI0UKH;

B) JI0JKEH OBITH OOJIbIIIE MTOKA3aTels MPEeOMIICHUSI BHYTPEHHEH 000104KY;

T') TOJHKEH OBITh MEHbIIIE TTOKAa3aTeNsl MPeJIOMIICH s BHEIITHEH 000I0UKH.

B rpaaneHTHOM BOJIOKOHHOM CBETOBOJIC MTOKA3aTeIh MPEIIOMIICHHUS:

a) He M3MEHsIeTCS B MpefesiaX CepAIEeBHHBI, Pe3KO YMEHBIIAsCh HA TPaHUIlE ¢ BHYTPEHHEH 000-
JIOYKOM;

0) IMIaBHO YMEHBIIAETCS OT IIEHTPa CEPAIICBUHBI K KpasM;

T') IUTABHO YBEIMYMBACTCS OT IIEHTPA CEPALICBUHBI K KPasiM;

1) TJIaBHO M3MEHSETCS BJIOJb OCH CBETOBOJIA.

OcHoBHas Moja BojiokoHHOT0 cBeToBoga HE11:

a) XapakTepU3yeTcsl HYJIEBbIM 3HAUEHHUEM HAIPSKEHHOCTH JIEKTPUUYECKOrO MO B LIEHTPE Cepi-
[IEBUHBI;

0) MakCUMAaJIbHBIM 3HAYEHUEM HAMPSKEHHOCTH DIEKTPUUECKOTO TMOJIS B IEHTPE CEP/IIIEBUHBI,

B) IOCTOSTHHBIM 3HAUYEHUEM HAIPSHKEHHOCTH JIEKTPUIESCKOTO IO B CEP/IIICBUHE;

T') MOCTOSIHHBIM 3HAYCHHEM HAMPSHKEHHOCTH MAarHUTHOTO TIOJISI B CEP/ILICBHHE.

B mnmuHaIpudeckoM BOJIOKOHHOM CBETOBOJIC HE UMEIOT OTCEUKHU:

a) moapl TMOI1 u TEO1;

6) monet HE21 u EH21;

B) mona HEI11;

r) mozna EH11.

BonHoBoHas qucniepcusi B BOJIOKOHHBIX CBETOBOJAX 3aKIFOYACTCS:

a) B 3aBUCUMOCTH MarHUTHOW MTPOHHUIIAEMOCTH CEP/IIIEBUHBI OT JUTHHBI BOJTHBI U3ITYYCHUS;

0) B 3aBUCHMOCTH TIOKa3aTess MPeJIOMIICHHUS CEPALIEBUHBI OT AJTUHBI BOIHBI U3ITyUCHUS;
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B) B 3aBUCHMOCTH MOKAa3aTeJs MPEIOMIICHUSI BHYTPEHHEH 000JI0YKHU OT AJTUHBI BOJIHBI U3ITYUCHUS;

T') B 3aBUCUMOCTHU MTOCTOSTHHON PaclpoCTpaHEHUsI MOJIbI OT JJIMHBI BOJHBI U3ITYYESHHUS.

B akTuBHpYOMUX MPUMECSX BOJOKOHHBIX CBETOBOJIOB JUIS MOJyYEHUS JIA3EPHOUN TeHEepaIuu HC-
MOJIB3YIOTCS:

a) DIIEKTPOHHBIC TEPEXONbl MEXIY YPOBHSIMH HE3aMOJIHEHHOW BHYTpeHHEH f-00010YKM MOHOB
PEIKO3EMENbHBIX AIEMEHTOB;

0) xonebarenbHO-BpaIaTeIbHbIC IEPEXO/IBL;

B) TOJBKO 0€3bI3TydaTesIbHbIE TIEPEXO/IbI;

T') TOJILKO CITIOHTAHHBIE TTEPEXOIbI.

Jnst co3maHus COCTOSIHMSI MHBEPCHH HACEIICHHOCTEHW B aKTMBHOM OOJIACTH BOJIOKOHHOTO JIa3epa
UCTIONB3YIOTCS:

a) CTOJIKHOBEHUs 1-T0 pona;

0) HaKa4Ka AIEKTPOHHBIM ITyYKOM;

B) ONITHYECKAsT HAKAYKa,;

T') SJIEKTPOHHO-ABIPOYHAST PEKOMOWHALIMS B TIPEIENIax Y3KO30HHOW 001acTH Te€TepOCTPYKTYPHI.

bparroeckue 3epkaiia B BOJOKOHHBIX CBETOBOJIAX PEATU3YIOTCS:

a) 32 CUET OTPAXKEHHSI OT ATOMHBIX TUIOCKOCTEH KPUCTAILIOB,;

0) 3a cUeT CKOJIOB TOPIIOB BOJIOKOH, OPTOTOHAIBHBIX UX OCH;

B) 3a CUET MEePUOIUICCKUX BOMYIIIEHUH MAarHUTHOM MMPOHUIIAEMOCTH BOJIOKHA;

T) 3a cyeT (POTOMHAYIUPOBAHHBIX PEUIECTOK MMOKAa3aTelNs MPETOMIICHHUS B BOIOKOHHOM CBETOBO/IE.

B cxemax Hakauky aKTUBHBIX CBETOBOJIOB MCIIOIB3YyETCS:

a) TouyeyHoe oOiydeHue C(HOKYCHPOBAHHBIM H3IYYCHHEM Yepe3 MIJIMHIPUIECCKYI0 OOKOBYIO TO-
BEPXHOCT;

0) CKaHUPOBAHME MMyYKa HAKAYKH TTO0 OOKOBOM IMMOBEPXHOCTH CBETOBO/IA;

B) MPUHIIUT paclpeIeICHUs BBOAUMOTO H3TYYCHHS HAKAYKH 110 JJIMHE aKTUBHOTO CBETOBOJIA C UC-
MoJIb30BaHUEM Habopa V-00pa3HbIX KaHABOK WJIHM ABOWHOTO BOJOKOHHOTO CBETOBOJA C OOIIMM MOJUMEp-
HBIM MTOKPBITUEM;

') FeHepalus U3Iy4eHHs] HAKauyKu B CBETOBOJIE 32 CUET KaTOI0JIOMUHECLIEHIIUH.

[TpocTpaHCTBEHHBIN TIEpHOJ] OPITTOBCKOM PEIIETKH, 00ECTICYMBAIOICH CEIEKTUBHOE OTPasKEHHE:

a) MPOMOPIMOHATEH MPOU3BEACHHUIO JJIUHBI BOJIHBI T€HEPUPYEMOTO U3ITYdeHHs U 3(PPEKTUBHOTO
MoKa3aTelist MPEeIOMIICHUS HCIIOJIb3yEeMOM BOJIHOBOTHOM MO/IBI;

0) NpsMO MPOIOPLIUOHANIEH MOJOBHUHE JITMHBI BOJIHBI TEHEPUPYEMOTO U3JIy4YeHHUs U 00paTHO Mpo-
nopimoHalneH 3QPEeKTUBHOMY MOKA3aTENI0 MPETOMICHHS UCIIONB3YeMO BOTHOBOIHON MOJIBI;

B) MPSIMO MPONOPIMOHATEH MOJIOBUHE JIIMHBI BOJIHBI U3yYEHUsS] HAaKaukKi U 00paTHO MPOMOPIHO-
HaieH 3(()EeKTUBHOMY MTOKA3aTeIt0 MPEIOMIICHUS UCTIONH3yEeMOU BOJTHOBOIHOUN MOJIBI;

r) 00paTHO MPOMOPIIMOHAJIEH MTPOU3BEICHUIO JVTMHBI BOJHBI T€HEPUPYEMOTO U3TydeHUs U dhdex-
TUBHOTO MOKAa3aTeJsl MPEIOMIICHHUS UCTIONh3YeMOI BOJTHOBOIHOM MOJIBI.

Hcnonbp3oBaHne Op3rrOBCKUX 3€pKall B BOJIOKOHHBIX J1a3epax 00ecieunBaeT:

a) MHOTOMOJIOBYIO T€HEPAIHIO B IIHMPOKON 00JIACTH CIIEKTPA;

0) a3 pexTrBHOE UCTIONB30BAHNE U3TYICHHS HAKAYKH;

B) OJJHOMOJIOBYIO T€HEPAIIUIO U3IIYUYCHHUsSI C BBICOKOW CTETIEHBI0 MOHOXPOMATUYHOCTH M OOJBIION
JUTMHOW KOT€PEHTHOCTH;

T') UMITYJIbCHBINA PEKUM T€HEPAIIHH.

BosokoHHbIe Ja3ephl HA OCHOBE CBETOBOJIOB, JerupoBaHHbIX Nd3+, Yb3+, Er3+, Tm3-+u Ho3+
TEeHEPUPYIOT U3ITYUCHHE:

a) B BUIUMOM 00J1acTH CIIEKTPa;

0) B OmxHel nHppakpacHoi obracTy;

B) B OKHEH yIbTpaduoeToOBOM 001acTu;

I') B JajbHeH uHppakpacHoil obiaacTu.

TunuyHble BBIXOAHBIE MOIIHOCTH MPOMBIIIIEHHBIX BOJOKOHHBIX Ja3€pOB Ha OCHOBE CBETOBOJIOB,
nerupoBanHbiXx Nd3+, Yb3+, Er3+, Tm3+u Ho3+ cocTaBusioT:

a) necsatku MBT;

0) equHuUIBEI MKBT;

B) eauHUIBI [ BT;
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r) ot enuHuI] MBT 10 enunui kBT.

JIOCTOMHCTBOM TEXHOJOTHYECKUX BOJIOKOHHBIX JIa3€pOB SBISETCS:

a) TOCTaBKa U3TyYEHHS C UCIIOJIF30BAHUEM KOJUTUMUPYIOIINX YCTPOUCTB;

0) TOCTAaBKHU U3ITyYEHHsI C TIOMOIIIBIO BOJIOKOHHOTO Kabenst HeoOxonumon aymmHbl (50 M u 6oee);

B) JIOCTaBKa U3ITyYEHUS C HCIOJIb30BaHNEM (DOKYCUPYIOIIUX YCTPOUCTB;

T') I0CTaBKa U3Jy4eHHsI Yepe3 aTMOoCc(epHbIN KaHal.

Hcnonp30BaHNE BOJIOKOHHBIX JTA3€PHBIX CUCTEM PE3KH HanOOJIee 1e1eco00pa3Ho:

a) JUIsl TOHKUX JTIUCTOBBIX MaT€pUAJIOB;

0) JUIS TOJICTBIX JTUCTOBBIX MaTepUAJIOB;

B) U1 MPpOGUITUPOBAHHBIX MaTEPUAJIOB;

T) JUTSI AIIEBBIX TPOIYKTOB.

Jns1 ma3zepHOM MapKUPOBKH M3/ACINMN W3 IUIACTHKA U METaJlJla HauboJiee 11eJ1eco00pa3HO UCTIOIb30-
BaHUE BOJOKOHHBIX JIA3€PHBIX CHCTEM:

a) ¢ HEMPEPHIBHBIM PEKUMOM T'€Hepaliy U MOIHOCThI0 1 MBT;

0) ¢ UMIYJIbCHBIM PEKUMOM T€HEPAIlMU MPU MTUKOBON MOIIHOCTH Topsiaka 5 kBT, gactore moBTO-
penus ot 20 1o 200 kI['11 1 gyurenbHOCTH UMIYIBCOB OT 10 10 100 He;

B) C HENIPEPBIBHBIM PEKUMOM I€HEPALIMU U MOIIHOCTBIO 1 KBT;

I') C MOHOUMITYJICHBIM PEXHMOM I'€HEepaluy MpH dHepruu umnynbea 1 MxJlx u aurenbHocTH 1
MC.

Jlns na3epHOil MUKpPOPE3KHU MOIYIPOBOJIHUKOBBIX IIACTUH M AJIEKTPOHHBIX KOMIIOHEHTOB Hanbo-
Jiee 1eIeco00pa3Ho UCTIOIH30BAHIE BOJIOKOHHBIX JTa3€PHBIX CUCTEM:

a) BCJIEICTBUE MX KOMIAKTHOCTH, BBICOKOTO KAaueCTBa Iy4Ka U JOCTAaBKHU H3Jy4EHHUS C MOMOIIbIO
BOJIOKOHHOT'O Ka0eIsi HeOOXOIUMOM IJIUHEL

0) BciieACTBHE OOJBIIION ITTMHBI KOTEPEHTHOCTH U3ITYUCHHS;

B) BCJICJICTBHE BBICOKOW CTETICHH MOHOXPOMATHYHOCTH H3ITYICHHUS,

T') BCJIEJICTBHE OOJIBIION IJTMHBI JIA3EPHOTO PE30HATOPA.

Jlist mazepHBIX UHTEPPEPOMETPUIECKUX CHCTEM IIETIECO00Pa3HO HCIIOIb30BAHNE BOJIOKOHHBIX JIa-
3€pHBIX CHCTEM C OPATTOBCKUMH 3epKajlaMu:

a) BCIIEJICTBHE BBICOKOM CTEMEHU MOHOXPOMATHYHOCTH W OONBIION TMHBI KOT€PEHTHOCTU U3TY-
YEHUS;

0) BCIeICTBUE IMPOKOH MOIOCH! YACTOT T€HEPUPYEMOTO U3ITYUCHUS;

B) BCJIEJICTBHE MAJIOTO BPEMEHH KOT'€PEHTHOCTU T€HEPUPYEMOTO U3ITYUEHUS;

T') BCTIEACTBUE OOJIBINON UTHHEI JIA36pPHOTO PE30HATOPA.

Jis cuctem na3epHOIl CIEKTPOCKOINUU 1e1ecOo00pa3HO HCIOJIb30BAHNE BOJIOKOHHBIX JIa3€PHBIX
CUCTEM C OpITTOBCKUMU 3€pPKATAMH:

a) BCIIEICTBHE HIMPOKOM MOJIOCH! YaCTOT TE€HEPUPYEMOTO U3ITYUECHHUS;

0) BceICTBUE BBICOKOM CTENEHH MOHOXPOMATHYHOCTH TEHEPHPYEMOTO U3ITYICHUS;

B) BCJIEJICTBHE MAJIOTO BPEMEHHU KOT'€PEHTHOCTU T'€HEPUPYEMOTO U3ITYUEHUS;

T') BCTIEACTBUE OOJIBINON UTHHEI JIA3€pPHOTO PE30HATOPA.

14.1.2. Bonnpocs! AJ151 NOATOTOBKH K NPAKTHYECKUM 3aHATHAM, CEMHHAPaM
PaCHPOCTpaHeHI/Ie CBCTOBBIX BOJIH B BOJIOKOHHBIX CBETOBOJaX
DneMeHTHI BOJIOKOHHOTO Jla3epa
3HepF€TI/I‘-IeCKI/I€ N BPECMCHHBIC XapaKTCPUCTUKHU BOJIOKOHHEBIX JIa3€POB
W3meputenbHble U HHTEP(HEPOMETPHUUECKUE CUCTEMBI HA OCHOBE BOJIOKOHHBIX J1a3€pOB

14.1.3. Tembl KOHTPOJILHBIX padoT

Jaiite onpeneneHre NOHITHIO KKPUTHYECKUH YOI

ChopmymupyiiTe ycIoBUs CyIIECTBOBAHMS HANPABISEMBIX MOJ B CBETOBOJE B IPUOIMKCHHSIX
T€OMETPUYCCKON ONTUKH M B paMKaX AJIEKTPOMarHUTHOW TEOPUH

Yem ommuarorcst TE- 1 TM-Mop1?

YeMm OTIIMYAIOTCS CBETOBOJBI CO CTYMEHYAThIM U C TPAJAMCHTHBIM MPOQPMISIMU TOKa3aTes Ipe-
JIOMJICHMS?

UTo 03HaYaeT MOHITUE OTCEYKU MOJIbI? BCe JI MOJIbI MMEIOT OTCEUKY?

Kakue mMojipl Ha3bIBalOTCS MEPUAMOHAIBHBIMUA? MOJIbI KaKUX MOPSAIKOB (B COOTBETCTBUU C JICK-
TPOMAarHUTHOM TEOpHEH) IIMIMHAPUIECKOTO CBETOBOIA SIBJISIOTCS MEPUIUOHATBHBIMU?
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Yro nmpeAcTaBistoT co00M THOPUIHBIE MOJIBI IMIIMHAPHYECKOrO CBETOBOAA?

Kakue ¢pusudeckue sBieHUss 00YCIOBIICHbI TUCTIEPCUECH, TTPUCYIIEH BOJIOKOHHBIM CBETOBOAAM?

B yeM HpeI/IMYH_IeCTBO HUCIIOJIB30BaHUA FpaI[I/IGHTHI:IX BOJIOKOHHBIX CBGTOBOI[OB?

Kakumu ¢usndyeckumu Gakropamu 0OYCIOBIICHBI ONTHUYECKHUE TOTEPH B BOJIOKOHHBIX CBETOBO-
max?

Kakue maTepuainbl HCTIOIB3YIOTCS B KAU€CTBE OCHOBBI JJIS JIA3€PHBIX BOJIOKOHHBIX CBETOBOIOB?

KaKI/Ie XUMHUYECCKHUEC BJICMCHTHI I/ICHOJII:3YIOTCH JJIA CO3JaHusd aKTHBHBIX BOJIOKOHHBIX CBECTOBOIOB,
MO3BOJISIIOIIMX CO3/1aTh B HUX ONTHYECKOM HAKAYKOW COCTOSHHE MHBEPCHM HaceleHHocTen? Mexny
ypOBHHMI/I KaKOﬁ 06OJIO‘-IKI/I HpI/IMGCHbIX HNOHOB HGO6XOI[I/IMO I/IHI/II_[I/II/IpOBaTI: IJIA 9TOro BHGKTpOHHBIG
MepexobI?

KaKI/Ie HNCTOYHUKHU OIITUYCCKOT'O I/IBJIy‘-IeHI/ISI I/ICHOHBSyIOTC}I IJIA HAKQYKHW BOJIOKOHHBIX na3ep013?

KakoBa 11e;1h MCTIONTh30BaHUs JBOMHONW 000JIOYKH B JIA3ePHBIX BOJIOKOHHBIX cBeTOoBOogax? [Touemy
mro6ast HeKkpyrias (opMa MONEepeyHOro CeYeHUs BHYTpeHHEH O0OJOYKH MPEANOUTHTEIbHEH, YeM KpYT -
mas?

Kax MoxxHO peasin3oBarh 3epKaia B BOJIOKOHHBIX Jiazepax”?

Ha kakoii qyinHe BOJTHBI TPOMCXOJUT OTPAXKEHHUE OT BOJIOKOHHBIX OPATTOBCKHUX PEIIETOK?

Kak co3nmarorcst BonokoHHbIe OparroBekue pemeTkn? OT KaKuX MapaMmeTpoB PEHIeTKH 3aBUCUT KO-
b OUIHEHT OTpasKeHUsI U3TyUeHUs?

OHI/IH_II/ITG HGpGXOI[I:I MG)KIIy ypOBH}IMI/I HpI/IMCCHBIX HOHOB, INO3BOJIAIOIIHNEC peaHI/I3OBaTB COCTOsI-
HUE WHBEPCUHU HACETICHHOCTEH TP TPEXYPOBHEBOM CXeMe HaKavKH.

OHI/IH_II/ITG HGpGXOI[I:I MG)KIIy ypOBH}IMI/I HpI/IMCCHBIX HOHOB, ITO3BOJIAIOIIHNEC peaHI/I3OBaTB COCTOsI-
HUE MHBEPCUHU HACEJICHHOCTEH MIPH YEThIPEXYPOBHEBOM CXeMe HAKAYKH.

OHI/IH_II/ITG HpI/IHLII/IH I[QﬁCTBHH BOJIOKOHHBIX HaSCpOB, OCHOBAHHBIX Ha BBIHy)KI[CHHOM KOM6I/IHaI_II/I-
OHHOM PacCesTHUH.

14.1.4. 3auér

B xakoM cniekTpalbHOM JHana3oHe MOXET FTeHepUPOBaTh U3TyYeHHE BOJOKOHHBIN J1a3ep Ha OCHO-
BE CBETOBOJIOB, JIeTUpoBaHHBIX Nd3+?

Kakoe u3nydyeHrne Hakauky HEOOXOIMMO HMCIIOJIb30BAaTh JJIsi BOJIOKOHHOTO Ja3epa Ha OCHOBE CBETO-
BOJIOB, JiernpoBaHHbIX Nd3+?

B xakoM cniekTpalbHOM JMana3oHe MOXET FTeHepUPOBaTh U3TyYeHHE BOJOKOHHBIN J1a3ep Ha OCHO-
BE CBETOBOJIOB, JICTUPOBAHHBIX Y b3+7?

Kakoe u3nydyeHrne Hakauky HEOOXOIMMO HMCIIOJIb30BAaTh /JIsi BOJIOKOHHOTO Ja3epa Ha OCHOBE CBETO-
BOJIOB, JICTUPOBAaHHBIX Y b3+?

B xakoM cniekTpalbHOM JHana3oHe MOXET FTeHepUPOBaTh U3TyYeHHE BOJOKOHHBIN J1a3ep Ha OCHO-
BE€ CBETOBO/IOB, JIETHPOBaHHbIX Er3+?

Kakoe n3nydeHre Hakauky HEOOXOIMMO HMCIIOJIb30BAaTh JJIsi BOJIOKOHHOTO Ja3epa Ha OCHOBE CBETO-
BOJIOB, JleTupoBaHHbIX Er3+?

B xakoM cniekTpalbHOM JHana3oHe MOXET FeHepUPOBaTh U3TyYeHHE BOJOKOHHBIN J1a3ep Ha OCHO-
BE€ CBETOBO/IOB, JIETUPOBaHHBIX Tm3+?

Kakoe u3nydyeHrne Hakauky HEOOXOIMMO HMCIIOJIb30BAaTh JJIsi BOJIOKOHHOTO Ja3epa Ha OCHOBE CBETO-
BOJIOB, JIETUPOBAHHBIX Tm3+?

B xakoM cniekTpalbHOM JMana3oHe MOXET FTeHepUPOBaTh U3TyYeHHE BOJOKOHHBIN J1a3ep Ha OCHO-
BE€ CBETOBOJIOB, JiernpoBaHHbIX Ho3+

Kakoe u3nydyeHrne Hakauky HEOOXOIMMO HMCIIOJIb30BAaTh /JIsi BOJIOKOHHOTO Ja3epa Ha OCHOBE CBETO-
BOJIOB, JernpoBaHHbIX Ho3+

JIist pe3Ku KakuX JIMCTOBBIX MaT€pPUAIOB, TOHKUX WM TOJICTBIX, UCIIOJIb30BAaHHE BOJMIOKOHHBIX Jia-
3epoB HauboJee 1enecoo0pa3Ho, B CpaBHEHUH ¢ y1azepamu Ha CO27?

Kakyto MOIIHOCTh TOJDKHBI 00€CTIeYnBaTh BOJIOKOHHBIC Ja3ePhl AJIsl CBAPKU METAIIMYECKUX MaTe-
puanos — MBT mu kB1?

Kakoii pexxum paboTbl na3epa, HEMPEPHIBHBIA WM UMITYJIbCHBIA, HUCIONB3YEeTCS AJs Ja3epHOU
MapKUPOBKH U3JEIHIA?

Onummre JOCTOMHCTBA BOJIOKOHHO-ONTHYECKUX CUCTEM JIa3€PHON TPaBUPOBKH.

OnuimTe JOCTOMHCTBA BOJIOKOHHO-ONTHYECKUX CUCTEM JIa3epHON MUKPOOOPAOOTKH.

Onummre JOCTOMHCTBA BOJIOKOHHO-ONTHYECKHX CUCTEM Ja3ePHON MUKPOMAWKH U MUKPOCBAPKH.
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Kakne 0coOOEHHOCTH KOHCTPYKLIMU BOJIOKOHHBIX JIa3epOB 00eCrieurBaiOT OOJIbIIOe 3HAUCHHUE JIJTH -
HBI KOTEPEHTHOCTH UX U3Iy4CHUS?

Kaxkoii BUJl KOTepEHTHOCTH UTpaeT Hanbosee BaKHYIO POJIb B JIa3epHBIX MHTEPPEPOMETPUUECKIX
cucremax?

Ilo kakuM NpUYMHAM CBOKWCTBO BPEMEHHOW KOI'€PEHTHOCTHU JIA3€PHOIO U3JIyYEHHUS OYEHb BaXKHO
111 ronorpadum?

OnummTe NPUHLIKI ASHCTBUS BOJOKOHHBIX J1a3€pOB, OCHOBAHHBIX HA BBHIHYKJIEHHOM KOMOWHAIIH-
OHHOM pacCesTHUU.

14.2. TpeOoBaHus K OLIEHOYHBIM MaTepPHAJIAM VISl JIUI] ¢ OTPAHUYEHHBIMH BO3MOKHOCTAMMU
310POBbS1 1 HHBAJIH/I0B
s aui ¢ orpaHMYEHHBIMUA BO3MOKHOCTSIMU 3/I0POBBSI M MHBAJUIOB MPEITyCMOTPEHBI TOTOIHH -
TEJIbHBIC OLICHOYHbIE MaTepUalIbl, IEPEYCHb KOTOPBIX yKa3aH B Tabmuie 14.
Tabmuua 14 — JlononHUTENbHBIE MaTepHallbl OLIEHUBAHUS ISl JIMI C OTPAaHMYEHHBIMH BO3MOXHOCTSIMU
310POBbsI 1 HHBAIUIOB

Kareropun Bubl 1ONOMHUTETBHBIX OLIEHOYHBIX @DopMBbI KOHTPOJISI U OLIEHKU
00y4aroLXCst MaTepHasoB pe3ynbTaToB 00y4eHUs

TecTbl, MUCEMEHHBIE CAMOCTOSITEIIEHBIC
paboThI, BOTIPOCHI K 3a4eTy,
KOHTPOJIbHBIE pabOTHI

[IpenMy111eCTBEHHO MMCHMEHHAs
IIPOBEpKa

C napyueHusmMu
ciyxa

C napymenussimu | CobecezioBaHme 10 BOIpocaM K 3a4eTy, | [IpenMyIecTBeHHO YCTHas MPOBEpKa

3peHus OTIPOC IO TEPMUHAM (MHIMBUAYATBHO)
C HapyuieHus MU Pemienne AuCTaHIIMOHHBIX TECTOB,
OTIOPHO- KOHTPOIbHBIC Pa0OTHI, MUCbMEHHbIE | [IpenMylnecTBeHHO AUCTaHIIMOHHBIMU
ABUTATCIIBHOT'O CaMOCTOATCIIBHBIC pa60TI)I, BOIIPOCHI K METOaaMU
ammapata 3a4ery
C orpanunuenusiMu 1o | TecTbl, MUCbMEHHBIE CAMOCTOSATEIbHBIE [IpenmyiiecTBEHHO MPOBEPKA
OO0IIEeMeTUITTHCKIM paboThI, BOTIPOCHI K 3a4eTy, METO/IaMH UCXOJISl U3 COCTOSHHUS
IIOKa3aHUusIM KOHTPOJIbHBIC pa6OTI)I, YCTHBIC OTBEThI o6yan0merocsl Ha MOMCHT IIPOBCPKU

14.3. MeTroauyeckue peKOMEHIAUMHU 110 OLEHOYHBIM MATEepPHaIaM JIsl JIUL C OTPAHUYEHHBIMH
BO3MOKHOCTSIMH 3/10POBbSI 1 HHBAJIN/I0B

Jnis nui ¢ orpaHUYEeHHBIMH BO3MOXKHOCTSIMHU 37I0POBBSI M MHBAJTUIOB TPEAYCMAaTPHUBACTCS JI0-
cTynHas (hopMma MpeoCTaBICHUS 3aJaHUI OLIEHOUHBIX CPEJICTB, @ UMEHHO:

- B IeyaTHou (opme;

- B IeYaTHOU (popMe C YBETUUEHHBIM MPUDTOM;

- B (hopMe INIEKTPOHHOTO TOKYMEHTA;

- METO/IOM YTEHUS ACCUCTEHTOM 33/1aHUs BCIYX;

- IIPEJOCTABIICHUE 3a/laHUs C UCTIOJIb30BAaHUEM CYPJIOTIEPEBO/IA.

JIluam ¢ OrpaHWYeHHBIMH BO3MOXHOCTSIMU 3/I0pOBbsI M MHBAJIMJAM YBEIMUYUBAETCS BpeMs Ha
MOJI'OTOBKY OTBETOB Ha KOHTPOJIbHBIE BONPOCHL. i1 TakuxX 00y4aromuxcsi MpeIycMaTpiuBaeTCsl TOCTYII -
Hast (popMa MpeoCTaBICHHs OTBETOB Ha 3a/1aHUs, & UMEHHO:

- MUCbMEHHO Ha OyMmare;

- Ha0Op OTBETOB Ha KOMIIBIOTEPE;

- Ha0Op OTBETOB C MCIIOJIb30BAHUEM YCIIYT ACCUCTEHTA;

- MIPEJICTABICHUE OTBETOB YCTHO.

[Tpouenypa oueHUBaHUS Pe3yJIbTATOB OOYUYEHHUS JIUI] C OIPAaHUYEHHBIMU BO3MOXHOCTSIMU 3710PO-
Bbsl M1 MHBAJIMJOB M0 JUCLUIUIMHE MpelycMaTpUBaeT MpeocTaBieHue nHpopmanuu B popmax, aJanTH-
POBaHHBIX K OTPAHUYCHUSM X 370POBBS i BOCTIPUATHS HHPOPMALINH:

JI1s1 1ML ¢ HApYIIEHUSIMM 3PeHust:

- B (hopMe FJIEKTPOHHOTO IOKYMEHTA;

- B IIeYaTHO! (hopMe yBEIMUEHHBIM HIPUPTOM.

JI1s1 JIMI ¢ HApyIIeHUsIMM CJIyXa:
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- B (hOpMeE IIIEKTPOHHOTO TIOKYMCHTA;

- B IIe4aTHOU hopme.

J1J1s1 JIMI ¢ HAPYIIEHUSIMH OTIOPHO-IBHIaTeJILHOTO anmapara:

- B ()OpME IJIEKTPOHHOTO JIOKYMEHTA;

- B Ie4aTHoOU hopme.

[Tpu HEOOXOMUMOCTH ISl JIUIL C OTPAaHUICHHBIMH BO3MOXKHOCTSIMU 37I0POBbS 1 HHBAIUIOB TPOIIE-
Jypa OLIEHUBAHUS PE3yIETATOB O0YICHHSI MOXKET TIPOBOIUTHCS B HECKOIBKO 3TAIIOB.
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