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0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
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AHHOTANMA

Kypc "®wusuka TBepAOTENBHBIX M BOJOKOHHBIX JIa3epoB" MpeaycMaTpuBacT ynIyOlIeHHEe U CUCTEMaTHU3aluio
3HAHUH (U3UKH TBEPAOTEIBHBIX U BOJIOKOHHBIX JIa3€POB.

3amaun Kypca:
* 1aTh CTYJCHTaM HEOOXOJUMbIE 3HaHUS (PM3UKH TBEPAOTEIBHBIX U BOJIOKOHHBIX JIa3€POB;

* c(hopMHpOBaTh y CTYJECHTOB CKJIOHHOCTH K CaMOCTOSITEJIbHOMY PEIICHHIO 3a7a4 (DPU3MKU BOJOKOHHBIX
J1a3epOB aHATTUTHYECKUMH U YUCIICHHBIMH METOAAMU;

* CcrocoOCTBOBaTh CKOpPEUIIEMY BOBJICUCHHUIO CTYJACHTOB B pPa3paOOTKH, BBITIONHSAEMBIE B 0a30BOM
OpraHHu3aIUu.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJACHT JI0JDKEH:

3HaTh:

OcHOBHBIE THIIBl JIa3€pOB U HUX I[PUMEHEHUS; IOAXOAbl K ONHUCAHUIO B3aUMOIEHCTBUS H3Iy4EHUS C
BEILIECTBOM; CIIEKTPOCKOIIMYECKUE CBOWCTBA OCHOBHBIX AKTHUBHBIX CpPEl, HCIONb3YEMBIX B BOJOKOHHBIX
Ja3epax; MEXaHM3Mbl YIIMPEHUS JUHHUU IIE€PeXofa B Pa3lIMuHBIX Cpelax; CIOCOObl OMMCAHHS AWHAMHUKU
JIA3€pHOTO M3IyYEHUs, OCHOBHBIE AUHAMHUYECKUE YPABHEHMSI; METOJBI CO3/IaHNUA MHBEPCUM HACEIEHHOCTEN B
aKTHBHBIX Cpelax Ja3epoB; BIMSHHE U CIOCOO ONUCAHUS LIYMOB B ONTHYECKUX YCHIIUTENSX; ONTHKY
rayCCOBBIX IIyYKOB, ONHMCAHHE KauyecTBa IydKa Ja3epHOrO H3JIyUYECHHs; NEPEXOAHBIE MPOLECCH B Jia3epax,
penaKcalMoHHble KOoJeOaH!s; MEXaHU3MBbI MOTY4YEHHs YIbTPAKOPOTKUX MMITYJIbCOB B JIa3epax; HEIWHEHHbIE
3¢ deKThl, BO3HUKAIOLINE B BOJIOKOHHBIX JIa3epax.

VYMeTs:

PaccuuThiBaTh IapamMeTphl pe30HATOPOB BOJOKOHHBIX JIA3€POB; MOJEJIMPOBATh YCUIIEHUE HEIPEPHIBHBIX U
VMMITyJIbCHBIX CHTHAQJIOB B ONTHYECKOM YCHIIUTENE; U3MEPSTHh CEUYEHHUs MOIVIOLIEHUS U JIFOMHHECUECHLUN B
BOJIOKOHHBIX CBETOBOJIAX, JIETHPOBAHHBIX PEKO3EMEIbHBIMU HOHAMHU.

Bnaners:
MeTogamu MaTeMaTuyeCcKoro MOIEIUPOBAHUSI.

OcHOBHOE coJepxaHHue Kypca U3JIOKEHO B CIEAYIOIIUX pa3aesax:

. O030p OCHOBHBIX THIIOB JIA3€POB.

. Bsaumoneiicrsue uzinydenus c pemecTBoM. CIIOHTaHHbIE U BBIHYKICHHBIE [1EPEXO/IbL.
. CriekTpockonusi akTUBHOM CpeJibl.

. YcuieHue U nonIoNIEHUE B aKTUBHOM Cpejie

. JIazepHas renepanusi.

. Pe3oHaTopsl TBEpAOTENBHBIX U BOJOKOHHBIX JIA3€POB.

. Pe3oHaTopsl TBEpAOTENBHBIX U BOJIOKOHHBIX JIA3€POB.

0 3O LD AW

. OnTuka rayccoBbIX ITy4YKOB.

9. IllymMbI KBAHTOBOTO YCHJIMTEIIS.

10. OcHOBHBIE SIBICHUS TUHAMUKH JIA3€POB.

11. Henuneitnpie 3(h(ekThl B BOIOKOHHBIX JIazepax

1. lean u 3apa4n

Henp AucoMnInHbI
* yIIyOJIeHue U CUCTeMaTH3als 3HaHUH (U3UKH TBEPAOTEIbHBIX U BOJIOKOHHBIX JIa3€POB.

33)13‘-[1/1 JAUCHUIIINHBI
* JaTb CTyA€HTaM HCO6XO,Z[I/IMLIC 3HaHUA (1)I/I3I/IKI/I TBEPAOTCIIbHBIX U BOJIOKOHHBIX JIA3€POB;



* c¢(hopMHPOBATh y CTYJCHTOB CKJIOHHOCTb K CAMOCTOSITETIbHOMY PEIICHHIO 3a/1a4 (PU3NKU BOJIOKOHHBIX
J1a3epOB aHATUTHYECKUMHU U YUCICHHBIMH METOAAMU;

* CIIOCOOCTBOBATh CKOpPEHIIIEMY BOBJICUCHHIO CTYJACHTOB B DPa3paOOTKH, BBINONHSIEMBIE B 0a30BOI
OpTraHHU3aIUH.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
[MK-1 CriocobeH craBuTh, GopMann30oBbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIIBUTaTH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MareMaTHYeCKHe MOAENM Ml  ONMCAaHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH M MPOIIECCOB, OLICHUBATh KAYE€CTBO pa3paboTaHHOM
aHaJIM3MPOBATh Hay4YHbIE MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH NpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCIIEPUMEHTAIBHBIC METOJIbI MCCICAOBAHUN K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
pe3yabraThl

3. IlepeyeHb IUIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs 110 JUCHHUILINHE (MOLY.JII0)

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATB!
OCHOBHBIE THIBI JIa3€pOB M MX NPHUMEHEHHS; MOAXOABI K ONMMCAHUIO B3aUMOIECHCTBUS U3IYy4YEHUS C
BELIECTBOM; CIIEKTPOCKONNYECKUE CBOMCTBA OCHOBHBIX aKTUBHBIX CPEJl, UCIIOIb3YEMBIX B BOJIOKOHHBIX
Ja3epax; MEXaHW3Mbl YIIUPEHUS JIMHUM T[epexofa B PAa3IMYHbIX Cpelax; CIOCOOBl ONMHCAaHUS
JUHAMUKH JIA3€pHOI0 U3JIy4YEeHUs, OCHOBHbIE JUHAMUYECKHE YPaBHEHUS; METOIbl CO3JJaHUs UHBEPCUU
HaceJIEHHOCTEH B aKTHBHBIX Cpellax JIa3epoB; BIMSHUE U CIOCOO OMHUCAaHUS IIYyMOB B ONTHUYECKUX
YCHIIMTENAX; ONTUKY TIayCcCOBBIX IIyYKOB, OIIMCAHHME KadyecTBa IIydKa JIa3epHOI0 HU3JIYyUYCHMUS;
MepexoJHble TpOoLecChl B Jla3epax, peJakCalMOHHBIE KOJNeOAaHUs; MEXaHU3Mbl —IOJYy4EHUS
YABTPAKOPOTKHUX UMITYJIBCOB B Jla3epax; HeJIMHEHbIe 3P (eKThl, BOZHHKAIONINE B BOJIOKOHHBIX Ja3epax.

YMETb:
pacCUMTBHIBaTh  IMMapaMETPhl  PE30HATOPOB  BOJOKOHHBIX  JIa3€pOB; MOJAEIUPOBAaTb  YCHIICHUE
HEIPEPbIBHBIX U UMIIYJIbCHBIX CUTHAJIOB B ONTUYECKOM YCUIIMTENE; U3MEPATh CEUEHUs MOIIOLUIEHUS U
JIFOMUHECLIEHLINY B BOJIOKOHHBIX CBETOBOAAX, JISTUPOBAHHBIX PEIKO3EMEIBHBIMU HOHAMU.

BIIAJICTh:
METOJaMHU MaTeMaTH4e€CKOTO MOAEINPOBAHMUS.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 O030p OCHOBHBIX THIIOB JIa3€POB 4 5
B3aumogpeiictBue W31y4CHUS c
2 BEIL[ECTBOM. CronTaHHble u 4 5
BBIHYKJICHHBIE TTEPEXO/IbI
3 CreKTpoCcKOnHs aKTUBHON CPEJIbI 4 5




4 YcuileHHe W NONIOIIEHHWE B AaKTHBHOMU 6 10
cpeze
5 JlazepHas renepanus 6 5
6 Pe3onaropst TBEPIOTEIbHBIX u 6
BOJIOKOHHBIX JIa3€POB.
7 Pe3onaropst TBEPIOTENIbHbIX u ) ) 5
BOJIOKOHHBIX JIa3€POB.
8 OnTHKa rayccoBbIX MyYKOB. 2 2 5
9 [ITymMBI KBAHTOBOTO YCHIIMTES. 3 3 8
10 |OcHoBHBIE SBICHUS JUHAMUKH J1a3€POB 3 3 7
1 Henuneiinsle 3¢dexkTsl B BOJOKOHHBIX 5 5 5
nazepax
Nroro gacos 15 45 60

HO,I[FOTOBKa K 3K3aMCHY

60 gac.

OO01mas TpynoEMKOCTh

180 ygac., 4 3au.en.

4.2.

ConeprxaHue UCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. O630p OCHOBHBIX THIIOB JIa3€POB

1.1. OcHOBHBIE 3TaITbl Pa3BUTHS KBAHTOBOH 3JIEKTPOHUKH

1.2. O030p OCHOBHBIX Ha CETOAHSIIHHWIA JI€Hh TUIIOB Ja3epOB: aKTHBHAs cpefa, KOHGUTypamus
pe30HaTopa, AJMHA BOJIHBI U3TYUYCHHS, PEXUMBI paOOThI, IPUMEHEHUS

2. B3aPIMOI[€I>iCTBPIe HU3JTy4CHUA C BCIICCTBOM. CrnoHTaHHEIC U BBIHYKACHHBIC IICPCXOAbI

2.1. CnoHTanHble U BeIHYKACHHBIE Niepexoasl. Koagduunents! DitHmTeiina. CedeHus nepexonon

2.2. q)OpMYJIa IInanka JAJI TCIJIOBOTO U3JTy4YCHMUA. HpOCTpaHCTBCHHaSI " BpCMCHHAasd KOICpCHTHOCTH

H3JIy4YCHUA

2.2.  KpantoBoMexaHWUecKass HMHTEpIpETalMs CIOHTAHHOTO  M3JIy4eHUss aroMa  (CBS3b
k03 hunmenToB DUHINTEHHA C TUIOIBHBIMA MAaTPUYHBIMU 3JIEMEHTAaMH )

3. CriekTpocKOIusl akTUBHOM CpeJibl

3.1. CnexTpockomnusi akTuBHOU cpenbl. OMHOPOAHOE U HEOAHOPOAHOE YIIUPEHHUE JIMHUI NepexooB,
¢dopma nuHKMN. CrieKTpaibHbIe TEPMBI aTOMOB, TIPaBHiIa 0TOOPA TSI N3ITy4EHHS

3.2. Jlucmepcusi moKazaTelsi TpEIOMIICHHS akKTUBHOW cpenbl: (opmyna Jlopentu-Jlopenua,
coorHomenne Kpamepca-Kponura, ko3 duunents: 3enpmeepa

3.3. CnexTpockomnusi aKTUBHOW Cpeabl BOJOKOHHBIX JazepoB (aktuBaropel Nd3+, Yb3+, Er3+,

Tm3+)

4. YcuneHue v TOTIIOIIEHNE B aKTUBHOM cpejie

4.1. 3axon byrepa-JlamGepra. Ceuenns nepexonoB. CBsi3b CEUeHUH NOMVIOLICHUS U TIOMHUHECLICHIIH
(treopuss MakKambGepa). CxkopocTHBIE YypaBHEHUS JUIsi WHBEPCHH HACENEHHOCTEW W Ui IOTOKa
(dhotoHOB

4.2. PexxuMbl paOOTHl YCHIIMTENS: PEXHUM YCHICHHS cIa0Oro CUTHala M PEXHUM HACBIICHUS.
UntencuBHocTh Hacwimenus. lym-gakrop ycunurens. UMnynbcHBIA pexuM pabOThl yCHIIUTENS:
3HEprus HackllleHus, moaens Ppanna-Honsuka

5. JIazepHas renepauus



5.1. Meronsl co3manusi MHBEpCHUU Hacel€HHOCTeH. OTKpBITHIE U 3aKphIThie pe3oHaTopsl. llopor
reHepaluy, IOporopas U CTallMOHApHAs HHBEPCHS

5.2. PacmpenerneHue MOLIHOCTH H3JIYYEHHUS [0 [AJMHE PE30HATOpA. 3aBUCHMOCTH BBIXOIHOM
MOIIHOCTHU OT IIPO3PayHOCTH BBIXOIHOIO 3epKajia. ['ayccoB mydok

5.3. OTHOMO/IOBBII 1 MHOTOMOZIOBOM PEXUMBI TeHepallii. YCUJIICHHE CIIOHTaHHOW JTIOMUHECIIEHITUU

6. PezoHaTopbl TBEpAOTEIbHBIX U BOJIOKOHHBIX JIA3€POB.

6.1 Pe3onaropsl c mNpsSMOYroibHBIM H Cc(hEepUYEeCKUMHU 3epkaiamu. Bpemsi xu3HuH QoToHa B
pesonarope. Cnekrp mnpomyckaHus H J00poTHOCTH pe3oHaropa (dtaymona) dabpu-Ilepo

Cemecrtp: 2 (Becennuit)
7. Pe3oHaTOpHI TBEPAOTEIBHBIX U BOJIOKOHHBIX JIA3€POB.

7.1. IlpononbHBIE W TMONEpPEYHBIE MOABI. YCTOWYMBOCTH PE30HATOPOB. Jlazeprl ¢ pacmpencnéHHON
00paTHOH CBS3BI0

8. OnTHKa raycCcoBbIX ITy4YKOB.
8.1 OnTHKa TaycCOBBIX MYYKOB. DPMHUT-rayccOBbl Ty4ku. [IpeoOpazoBaHue rayCCOBBIX ITYYKOB

OIITUYCCKHMU DJICMCHTAMH

8.2 Tlepersikka, KpWUBU3HA BOJHOBOTO (poHTa, TyOMHa (oKyca JmH3BL [IpocTpaHCTBEeHHOE
npeobpazosanne Oypre u popmanmzm ABCD-matpuiist

8.3 Jludpakuust 3pMUT-rayCCOBBIX ITyYKOB OCHOBHOTO M BBICIIMX IOPSJKOB B JajbHEM IOJIE.
[Mapamerps! kauecTBa myuka BPP (Beam Parameter Product) u M2 («3OM-kBaapar», «M squared»).
BonokoHHBIH J1a3ep Kak npeoOpazoBaTesb KauecTBa U3JIyYeHHs

9. IlllymMBI KBAHTOBOTO YCHJIMTETIS.
9.1 Hlyms! kBaHTOBOTO ycuauTens. LIlyMbl BOJIOKOHHBIX J1a3€pOB U yCHIINTENEH
10. OcHOBHBIE SIBICHHS JUHAMUKH J1a3€POB

10.1 PemakcanmuoHHbIe KoyieOaHUS. MeTONbl MOIYISIMK JOOPOTHOCTH W CHHXPOHU3AIUUA MOJ

11. Henuneitnple 3(h(ekThl B BOIOKOHHBIX JIazepax

11.1.HenuneliHags BOCIPUUMYHMBOCTD JUJISI KBaJApaTUYHBIX IO IOJII0O B3auMONEHCTBUN. BrusHue
CUMMETPHH KpucTailia u pacuétel deff

11.2. T'enepanuss cymMMapHbIX dacToT. Pa3oBbiii cMHXpoHU3M Ui 1 n II TMmoOB B3aumoneicTBuil.
KBazucuHxpoHU3M B KpUCTAIIaX C PETYISIPHOMN JOMEHHON CTPYKTYpOit

11.3. Breinyxaennoe KOMOMHAIIMOHHOE  paccesHue u BBIHY)KICHHOE  paccesiHue
Mamngensmrama-bpuiosHa

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

yueOHas ayIuTOpHsl, OCHAIlEHHAs! MyJIbTUMEINA IIPOEKTOPOM, SKPAaHOM U MUKPO(OHOM.
6.IlepeyeHnb pexoMeHYeMOM JIMTEPATYPHI

OcHoBHas 1uTeparypa



1. H.B. Kapnos. Jlekuuu o kBanToBO# amexkTponuke. M.: Hayxka, 1988.

2. A H. ITuxtun. OnTryeckas 1 KBaHTOBas deKTpoHuKa. M.: Beiciuas mkomna, 2001.

3. T Arpasan. «Henuneitnast BonokoHHast ontukay, M.: Mup, 1998

4. P. W. Milonni, J.H. Eberley. Laser Physics. John Wiley & Sons, Inc. Hoboken, New Jersey. 2010.

JomnonHurenbpHas auTeparypa

1. I'. Xaken. «Jlazepnas ceeronuHamuka». M.: «Mup», 1988.
2. B.I. Imutpues, JI.B. Tapacos. «IIpuxnagnas HennHelHas onTuka». M.: «@usmatnut», 2004.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://www.opticsinfobase.org
2. http://www.elibrary.ru

3. http://www.elsevier.com

4. http://www.sciencedirect.com

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOIYJII0), BKJIIOYasl lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha JICKIIMOHHBIX U CEMUHAPCKUX 3aHATHIX UCIIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYast
JIEMOHCTPALUIO MPE3CHTALIUM.

9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, NpOCIyIWABIIMKA Kypc JIGKUIMH W CEMHUHApOB JODKEH OBIAAETh OOLIMM MOHSATHIHHBIM
arnaparoM U HayqUThCs IPUMEHSTh TEOPETUYECKUE 3HAHUS Ha IIPaKTHUKE.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

1) mocemeHus Bcex JIEKIUI U CEMHHAPOB, IPEAYCMOTPEHHBIX YU€OHBIM IUIAHOM; BEJICHUE KOHCIICKTOB
3aHATUH; aKTUBHOE y4acTHe B 00CYXACHUH JIEKUUI U CEMUHAPOB

2) BaXXHO AOOWTHCS MOHMMAHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHEHUM W3YYEHHUS! OTHCJIBHBIX TEM, BONPOCOB, cJenyeT oOpalarbcs 3a KOHCYJAbTalued K
[IPETIo/IaBaTeIo0 Ha JIEKLIMU WK K JOKJIa4MKy Ha CEMUHape.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QOTOHUKHU

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocenHuit) - Dx3aMeH

2 (BeceHHMH) - DK3aMeH

PaszpatGoTunk: J.B. MsicHUKOB, KaH[l. QH3.-MaT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 [IK-1.2  CnocobGeH  BBIOABUTaTH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SBJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUYCHHUA JUCHHUIIINHBI «Du3uka TBCPAOTCIIbHBIX M BOJIOKOHHBIX JIa3€pPOB» 06yqammnﬁ0ﬂ
JOJIKCH:

3HATb:

OCHOBHBIE THIIBI JIA3€POB U MX IPUMEHEHHMS; MOJXOAbl K ONMCAHUIO B3aUMOACHUCTBUS M3IIyHEHUS C
BEILECTBOM; CIIEKTPOCKONMYECKHE CBOWCTBA OCHOBHBIX aKTUBHBIX CPE[l, UCIIONb3YEMBIX B BOJIOKOHHBIX
Ja3epax; MEXaHU3Mbl YUIMPEHUS JIMHUM [epexofa B Pa3IM4YHBIX CpPEAax; CIOCOObI OMHMCAHHA
JUHAMUKH JIA3€pPHOTO M3ITyYEHUs, OCHOBHBIE TUHAMUYECKUE YPAaBHEHUS; METObI CO3AAHNSI HHBEPCUHU
HAaceJIEHHOCTEH B aKTHBHBIX Cpelax J1a3epoB; BIUSHHE M CIIOCOO ONMMCAHMS IIYMOB B ONTHYECKHUX
YCUIIMTENAX; ONTHKY TayCCOBBIX ITy4KOB, OIIMCAHWE KayecTBa IIyyka JIA3€pHOTO W3IIyYEHHUS;
IepexoiHble MpOIecChl B Jla3epax, pelakCallMOHHbIE KOoleOaHWs; MEXaHW3Mbl IONyYCHHS
YABTPAKOPOTKUX UMITYJILCOB B JIa3epax; HelrHeHbIe 3()()EeKThl, BOSHUKAIOIIUE B BOJIIOKOHHBIX Ja3epax.

yMeTh:
paccuMThiBaTh  IapaMeTphl  PE30HATOPOB  BOJIOKOHHBIX  JIa3€pOB;  MOJAEIMPOBATH  YCUJICHUE
HEIPEPBIBHBIX U UMIIYJIBCHBIX CUTHAJIOB B ONITHYECKOM YCHIIUTEIE; U3MEPSTh CEUEHHS MOTIOMIEHUS U
JIIOMMHECLIEHIIUH B BOJIOKOHHBIX CBETOBOJAX, JIESTMPOBAHHBIX PEIKO3EMEIbHBIMU HOHAMH.

BJIaJeTh:

METOJJaMH MaTeMaTH4eCKOT0 MOJCITUPOBAHUSL.
3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1nenplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

Bomnpocs! a5 TOATOTOBKY K 9K3aMEHY:

. O030p OCHOBHBIX THIIOB JIA3€POB.

. Bsaumoneiicrsue uzinydenus c emecTBoM. CIIOHTaHHbIE U BBIHYKIECHHBIE [1EPEXO/IbL.
. CriekTpockonusi akTUBHOM CpeJibl.

. YcuieHue U nonIoNIEHUE B aKTUBHOM Cpejie

. JIazepHas renepanusi.

. Pe3oHaTopsl TBEpAOTEIBHBIX U BOJIOKOHHBIX JIA3€POB.

. OnTHKa rayccoBbIX ITyYKOB.

. lITyMbI KBAaHTOBOI'O YCHJIUTEIIS.

O 00 3 O Ui A W N —

. OCHOBHBIC SIBJICHHS JAVMHAMHUKHU JIa3€POB.




10. Henunelinbie 3QeKThl B BOJIOKOHHBIX Jla3epax.
[TpumMeps! PK3aMEeHAIIMOHHBIX OUJICTOB.

[Ipumep 1.
1.Ycunenue u noryonieHre B akTUBHOM cpeie
2. JlazepHas reHeparusi.

[Ipumep 2.
1. lllymMBI KBAHTOBOTO YCHJIUTETIS.
2. OCHOBHBIE SIBIIEHUS JUHAMUKH JIa3epOB.

Kpurepun onennBanus
10 6ainos — (ITIPEBOCXOIHO):
*  CHCTEMaTH3MpPOBaHHbIC, IIyOOKHE M TOJIHBIC 3HAHMS 10 BCEM paszeiaM y4eOHOH NMporpamMMel, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXO/SIINM 32 €€ MPEeibl;
. TOYHOE HCIOJb30BAHWE HAYYHOM TEPMHHOJIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;
*  OesympeuHoe BIAJICHUE HHCTPYMEHTapHeM Y4eOHOW IUCIMIUIMHBI, yMeHHEe ero 3(QeKTHBHO
WCIOJIB30BaTh B IOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;
. BBIP@XEHHAs! CIIOCOOHOCTh CaMOCTOSTEIbHO M TBOPUYECKU peEIIaTh CIOXKHBIE NPOOIEMBI B
HECTaHJAPTHOW CUTYyalUu;
*  MOJIHOE W TIIyOOKOE YCBOGHWE OCHOBHOH M JOTOJHHUTENBHOM JUTEpaTyphl, PEKOMEHIIOBAHHOM
y4eOHOI mporpaMMOi TUCITUTUINHEI,
* yYMEHHE OPHUEHTHPOBATHCA B TEOPHUSIX, KOHIETILHUAX M HANPABICHUAX MO U3y4aeMOil AUCLUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCIIOJIb30BaTh HAYUHbIE JOCTHXKEHUSI JPYTUX JUCLUIUINH;
*  TBOpYECKas CaMOCTOSTENbHAas paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMA.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTYOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

. TOYHOE HCIOJb30BAHWE HAYYHOM TEPMHHOJIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BIIAJICHUEC MHCTPYMEHTapueM y4eOHOW IMCLUIUIMHBL, yMEHHE ero 3(p(EeKTHBHO HCIIOIb30BaTh B
MOCTAHOBKE M PELICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;

*  CIIOCOOHOCTH CaMOCTOSITEIbHO M TBOPYECKM pEILIaTh CIOXKHBIE MPOOIEeMBbl B HECTaHIApTHOM
CUTyalluh B paMKax yd4eOHOH NpOorpaMMbl, MOJHOE YCBOCHHE OCHOBHOW U JIOTMOJIHU "TEJIbHOU
JUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHO! POTrpaMMO TUCIIUITITHBI;

*  yYMEHHME OPUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLENLMAX M HAIpaBICHUIX 0 U3ydaeMOM
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

*  caMocCToOsTelbHas paboTa Ha MPAKTHUYECKHUX, JaOOpaTOPHBIX 3aHATHSAX, TBOPUECKOE ydacTue B
IPYIIOBBIX 00CYKICHUAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOJTHEHHS 3aJaHuUi.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTH3MpOBAaHHbIE, INIyOOKHE U TOJHBIC 3HAHHS MO BCEM IOCTABICHHBIM BOIPOCAM B 0ObeMe
y4eOHON MpOrpaMMel;

*  HCHOJIb30BaHHE HAyYHOM TEPMUHOJOTMM, CTHIMCTUYECKH TPAMOTHOE, JIOTHUECKH NpPaBUIbHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAHHbIE BBIBOJIBI;

* BJaJICHUEC MHCTPYMEHTApHEM yueOHOW MUCLUILIMHBI (METOIaMH KOMIUIEKCHOTO aHA/IN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PELICHUM HAyYHBIX U
npoQecCHOHAIBHBIX 33/1a4; CIIOCOOHOCTh CAMOCTOSATENIFHO pellaTh CIOKHBIE MPOOIEMBI B paMKax
y4eOHON MPOrpaMMel;

* YCBOCHHME OCHOBHOW W JIOTOJIHUTEIBLHOW JIUTEPATypbl, PEKOMEHIOBaHHOW y4eOHOH mporpammon
JUCLUIUIMHBL,

* yYMEHHE OPHEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHUEMIMAX M HAMpaBICHHUIX MO H3y4aeMOU
JUCLMIUIMHE U JaBaThb UM KPUTHUYECKYI OLIEHKY C IO3ULMHM TroCylapCTBEHHOW wuieosnoruu (1o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIIA);

* AaKTHBHAs CaMOCTOSTENbHasi paboTa Ha MPAKTUYECKUX, TaOOPaTOPHBIX 3aHITUSAX, CHCTEMaTHYECKOE
ydJacTue B IPYIIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYpbl HCIIOTHEHHS 3aJaHuil.



7 6annoB — (OYEHb XOPOILLO):
* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOIHBIE 3HAHMUS 110 BCEM pa3zielaM yueOHOM mporpaMmel;

¢ HCIIOJIb30BaHUC Haquoﬁ TCPMHUHOJIOTUU (B TOM YHUCJIC HAa UHOCTPAHHOM SI3BIKC), JJMHI'BUCTUYCCKH U
JIOTUYCCKHU IMPABUJIIBHOC U3JIOKCHUEC OTBCTA HAa BOIIPOCHI, YMCHHUC [1CJIATh 000CHOBaHHEIC BBIBOJbI,

*  BJQJICHUE MHCTPYMEHTapueM y4eOHOW AUCUUIUIMHBI, YMEHUE €r0 HCIIOJIb30BaTh B MOCTAHOBKE U
pELIeHNN HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHME OCHOBHOW W JIOTOJIHUTEIHLHOW JINTEPATYphl, PEKOMEHIOBAHHOW y4eOHOM mporpammon
JVCIUIUIAHBL;

*  YMEHHE OPHUECHTUPOBATHCA B OCHOBHBIX TE€OPHSX, KOHIEMUUAX WU HANPABICHUSIX IO H3y4aeMoil
TUCITUIUIMHE U 1aBaTh UM KPUTHUECKYIO OLIEHKY;

*  caMmocToATeNlbHas paboTa Ha NMPAKTUYECKUX, JJAOOPAaTOPHBIX 3aHATHSIX, y4acTHE B TPYMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYypPhl HCIIOJTHEHUS 3adaHUH.

6 6ayoB — (XOPOILO):
* JIOCTaTOYHO ITOJHBIC U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MPOrpaMMEl;

° HCIIOJIBb30BaHHEC HeO6X0):[HMOI>'I HaquOﬁ TCPMUHOJIOTHUH, CTUIUCTUYCCKU T'PAMOTHOC, JIOTUYCCKU
IPaBUIJIbHOC U3JIOKCHHUEC OTBETA HA BOIIPOCHI, YMCHUC ACJIAaTh 000CHOBaHHBIE BBIBOJBI,

*  BJAJCHUE HHCTPYMEHTapueM Y4YeOHOW IWMCUUIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B DPELICHUU
y4eOHBIX U NMPOGECCHOHATBHBIX 33J1a4; CIIOCOOHOCTh CAMOCTOSATENIFHO MPUMEHSTh TUIIOBBIC PEIICHHS
B paMKax y4eOHOH MporpaMMel;

* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OpPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSIX, KOHUETIMAX M HANPABICHUAX [0 H3y4aeMOM
IUCIMIIMHE M JaBaThb WM CPaBHUTEIBHYIO OICHKY; AaKTHBHAs CaMOCTOsTenbHas pabora Ha
MPAKTUYECKUX, JTA0OPaTOPHBIX 3aHITHUAX, NEPUOAMYECKOE YYacTUE B TPYIIOBBIX OOCYXICHHSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUN.

5 6ammoB — (ITOYTU XOPOILIO):
* JIOCTaro4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpamMMBbl;

® HCIIOJIB30BaHUC HaquOﬁ TCPMHHOJIOTUU, CTUJIIMCTUYCCKU TI'PaMOTHOC, JIOTUYECKU ITPABUJIBHOC
H3JI0KCHHUC OTBCTA Ha BOIIPOCHI, yMCHHC [1CJIaTh BBIBO/bI,

*  BIQJCHHEC HMHCTPYMEHTapueM Y4eOHOH IMCIMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B PEHICHUH
y4eOHBIX U IPOPECCHOHAIBHBIX 33/1a4;

* CII0OCOOHOCTH CAMOCTOSITENILHO MIPUMEHSTH THIIOBBIE PELICHHUS B paMKaxX y4eOHOM MpOrpaMMBl;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTUHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0a30BBIX TEOPHSX, KOHIENIUSIX M HANpPaBICHUSAX IO HM3ydaeMoil
JUCUUIUTMHE U JaBaTh UM CPaBHHUTEIbHYIO OLEHKY;

*  caMocCToOsTelbHas padoTa Ha MPAKTUUYECKHX, JaOOpPaTOPHBIX 3aHATHUSX, Y4acTHE B TPYIMIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

4 6amta — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTOYHbIM 00BEM 3HaHHI B paMKax 00pa30BaTeIbHOTO CTaHIAPTa;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTUHBL

® HCIIOJIB30BaHUC Haquoﬁ TCPMHHOJIOTUH, CTUJIIMCTUYCCKOC U JIOTUYCCKOC H3JIOKCHHUE OTBETA HaA
BOIIPOCHI, YMCHHUC ACJIATh BBIBOAbI 0e3 CYHICCTBCHHBIX OH_II/IGOK;

. BIIQJICHHEC WHCTPYMEHTapueM YYeOHON IUCIUIUIMHBI, YMEHHE €T0 HWCIIONb30BaTh B PEUIICHUHU
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

* yMEHHE [0 PyKOBOJCTBOM ITPENOAABATENs PELIaTh CTAaHJAPTHBIE (TUIIOBBIC) 3aa4H;

® YMEHHUE OPUCHTUPOBATHCSA B OCHOBHBIX TCOPHAX, KOHUCIIIHAX W HAIPABJICHUAX II0 I/IsyqaeMoﬁ
AUCHUIUIMHC U 1aBaTh UM OLICHKY,

. pabora mox PpPYKOBOACTBOM HpernojaBaresii Ha NPAKTUUYECKHX, J1a0OpaTOPHBIX 3aHATHUSX,
JIOITyCTUMBIHA YPOBEHb KYJIBTYPbl UCIIOJIHEHUS 3aJlaHUH.

3 6anna — (HEYAOBJIETBOPUTEJIBHO), HE3AYTEHO:

* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHIAPTA;

* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAHHON Y4eOHOM MPOTrpaMMOi TUCIUILTHHBL;

*  HCIOJIb30BaHHE HAy4dHOM TEPMUHOJIOIMM, U3JI0KEHHE OTBETa Ha BOIPOCHl C CYIIECTBEHHBIMU
JIUHTBUCTHYECKUMH U JIOTHYECKUMH OLIHOKaAMU;

* cnaloe BIaJeHHE HMHCTPYMEHTapHeM Y4eOHOW IUCLUUIUIMHBI, HEKOMIIETEHTHOCTh B PELICHUH
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

*  HEYMEHHUE OpPUEHTHPOBATLCS B OCHOBHBIX TEOPUAX, KOHLEMNUMAX M HalpaBICHUSIX H3yyaeMoi
JVCIUIUIAHBL;



* TACCHBHOCTh HA MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIONTHEHUS
3aIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHBIC 3HAHUS B paMKax 00pa30BaTEIBHOTO CTaH/IaPTa;

. 3HaHWS OTAEIBHBIX JINTEPATYPHBIX HWCTOYHHWKOB, PEKOMEHIIOBAHHBIX Y4YeOHOH mporpamMmoin
JUCIUTIINHEL,

. HEYMEHHE HCIOJIb30BaTh HAyYHYH) TEPMHUHOJIOTHIO JUCIMIUIMHBI, HAaJUYHWE B OTBETE TPyOBIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA NMPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIbTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuyeckne MaTepuaJbl, onpeaesiome NpoueaIypbl OlleHUBAHUS 3HAHUIN, YMEeHUH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu npoBeneHnn sK3ameHa oOydaromeMycst TpeaocTaBisercss 1o 60 MUHYT Ha TOATOTOBKY. Omnpoc
oOyyaromerocs mo OWiIeTy He JOJDKEH MPEBBILATh JBYX aCTPOHOMHUYECKHX YacOB B YCTHOW U (WMJIH)
MUCHMEHHOM (hopMe.



