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ABSTRACT

Bachelor’s degree in 03.03.02 “Physics”.

Study profile “Theoretical physics”.

Course title: “Laser physics”.

Variable part of Block 1, 5 credits.

Instructor: Golik S.S.

At the beginning of the course a student should be able to:

OPC-1 ability to use in professional activity basic natural-scientific
knowledge, including knowledge of a subject and objects of study, research
methods, modern concepts, achievements and restrictions of natural Sciences;

Learning outcomes:

PC-1 Ability to use specialized knowledge in the field of laser physics for the
development of specialized physical disciplines.

PC-4 The ability to understand and present the information received and to
present the results of physical research.

OPC-3 Ability to use basic theoretical knowledge of fundamental sections of
general and theoretical physics for solving professional problems.

Course description:

The course “Lasers Physics” deals with the physical principles of laser
physics and quantum electronics, the generation of stimulated radiation, and the
application of Einstein's theory of radiation to thermodynamically nonequilibrium
systems with discrete energy levels. Outlines the basic information about the
principles of operation of the laser systems and their application.

The purpose of the discipline - the acquisition of systematic knowledge of the
physics of lasers.

Tasks:

» study of the physical fundamentals of laser physics;

« study of the basic principles of operation of common laser systems;

* acquisition of problem solving skills in the discipline of laser physics.

Form of final control: exam.



AHHOTaNMs K padoyeil mporpaMmme TUCUMILIIMHBI
«Du3uKa Ja3epoB»

Kypc «®usmuka nazepoB» MNpeaHa3HAu€H A CTYACHTOB OYHOM (Hopmbl
oOyuenwns HanpapiieHus moAroToBku 03.03.02 «Duzukay.

OO0mast TpyJOEMKOCTh OCBOCHHSI JTUCHUIUIMHBI COCTaBIIAET O 3a4ETHBIX
eaunuil, 180 yacoB. Y4eOHBIM IIJIaHOM MPEIYCMOTPEHBI JIEKITMOHHBIC 3aHATUS (36
4acoB), MpakTHUecKue 3ausaTus (36 yacoB), camocTosTeabHas pabora (108 yacos).
JucuuninHa peanusyeTcst Ha 3 Kypce B 5-M ceMecTpe.

JucuniuinHa «®Pu3uka J1a3epoB» OTHOCUTCA K BapUaTHBHOM YacTH
po(heCCHOHATLHOTO IUKJIAa AUCIUILTHH 110 BhIoopy (B1.B./IB.1).

N3yuenne maHHOW AMCIMIUIMHBI 0a3UpyeTCs Ha CICTYIOMNX AUCITUTUTHHAX:
«Marematuueckuit ananuzy, «O01mas gusnka», «AToOMHasT PU3UKAY.

OCHOBHBIE TOJIOKEHUSI JAUCIUIUIMHBI JIOJDKHBI OBITh HCIOJB30BaHBI B
JaTbHEHIIEM MPU U3YYCHUH CIICTYIONINX TUCHUIUINH: « AHAIUTAYECKAs Jla3epHas
crieKTpockonusy, « Hemunennas ontukay.

B kypce «®usmka na3epoB» paccMaTpUBAIOTCS (PU3HMUECKHE OCHOBBI
Ja3epHOM  (U3MKKM W  KBAHTOBOM  DJIGKTPOHUKH, BOIPOCH  TEHEPAIUU
BBIHY’KJICHHOTO M3JTY4YCHUS U TIPUMEHECHHE YMHIITCHHOBCKON TEOPUH M3TYyUEHUS K
TEPMOJIMHAMHYECKH HEPAaBHOBECHBIM CHCTEMaM C JUCKPETHBIMU YPOBHSIMU
sHepruv.  M3mararoTcsi  OCHOBHBIE  CBEJACHHS O  NPHUHIMOAX  pabOThI
pacnpoCTpaHEHHBIX JIa3€PHBIX CHUCTEM U WX NPUMEHEHUH [JIs pelIeHUs
Pa3ITUYHOrO Kpyra MPUKIIAIHBIX 3a/1a4.

Henab wu3yyeHus IUCUUIUIMHBI — MNPUOOPETEHUE CUCTEMATU3HPOBAHHBIX
3HaHMI 1O (PU3UKE Ja3epOB.
3axayu:
® u3yyeHue (PU3MUYECKUX OCHOB (PM3HKH Ja3€pOB,;
® U3Yy4YEHUE OCHOBHBIX MPUHIUIOB PabOThl pacpOCTPAHEHHBIX JIA3€PHBIX
CUCTEM,
e npuUOOpeTEeHHE HABBIKOB  pEIICHUs 3aJad MO0 AUCHUIUIMHE (DU3UKU
Ja3epoB.

JIst ycrenrHoro M3y4eHus AUCIUIUTHMHBI «Du3uka J1a3epoB» y CTYACHTOB
JOJDKHBI OBITH CHOPMHUPOBAHEI CIICTYIOIINE TPEIBAPUTEIHHBIC KOMITCTCHITHH:

e OIIK-1 cmocoOHOCTH UCII0JIb30BaTh B npodeccuoHanTbHON
NeATeTbHOCTH 0a30BbIe €CTECTBEHHO-HAYYHBIC 3HAHUS, BKIIOYAs 3HAHUA O
npeaMeTe W O0BEKTaX W3Y4YeHHs, METOAaX WCCIICNOBaHUs, COBPEMEHHBIX
KOHIICTIIIUSX, JOCTHKEHUSIX U OTPAHMYCHUSX €CTECTBEHHBIX HAYK;



B pesynbpTaTe M3ydeHUs NaHHOW AUCIUIUIMHBI Yy CTYJIEHTOB (DOPMUPYIOTCS

ClIenyIone OOMIEeKYIbTypHBIE/ oOmenpodeccnonaababie/ TpodeccrHoHaIbHbIC
KOMIETEHIIUH (3JIEMEHThI KOMIETEHIINMN ).

Kox u ¢popmysupoBka

Jdranbl (OPMUPOBAHUS KOMIIETEHIIUU

KOMIIeTeHIIUH
ITIK-1 Cnoco6HOCTH - MPENOCHIIKKA CO3/1aHUs (PU3HKH JIa3epoB;
UCIOJIb30BaTh 3 - OCHOBHBIE NPUHIIMIIBI (PU3HUKH Ja3epOB;
CHELIMAIM3UPOBAHHbIE Hact - OCHOBHBIE HCTOYHMKHU JIA3EPHOTO U3JIyUYEHUS U
3HaHUS B 00J1aCTH MPUHIUIBI KX paOOTHI;
(bu3MKK 715 OCBOCHUS - IpPUMEHSITh TEOPETHUUECKUE 3HAHUS K PEIICHUIO
POGUITBHBIX IPAaKTUYECKUX U HAyYHbIX 33]a4;
¢buznueckux - HaXOJIUTh NMPUMEHEHHE PACIPOCTPAHEHHBIX JIA3E€PHBIX
JUCLUIUINH Ymeer CHUCTEM JJIsl PelIEHUs Pa3IMYHOro Kpyra NPHUKIAIHbIX
3aj1a4
- M3Jlarath, MOHUMATh M KPUTUYECKH AHAIU3UPOBATH
obmedusnyeckyro nHPOpMaIHUIO.
- CaMOCTOSITENIbHON paboToil ¢ y4yeOHOM M Hay4yHOU
JUTEPaTypou;
Bnaneer - WCIOJb30BaHMEM  0a30BbIX TEOPETHUYECKUX U
IPAaKTUYECKUX 3HAHUN B 00J1aCTH (DU3MKM Ja3epoB MpH
peleHny npopecCHOHAIbHBIX 3a/au.
OIIK-3 CnocoOHOCTB 3Haer - 3HaTh OCHOBHbIE MpUHIMIbI padota OKT'.
HCI0JIb30BaTh Oa30BbIE - YMETb I0JIb30BaThCs JJAOOPATOPHBIM 000PYI0OBaHUEM
TCOPCTHICCKUC SHAHUA et COIJIACHO TEXHUKHU 0€30MacHOCTH.
(byH1aMeHTaJIbHbIX
pasznenoB oO1iei u
TeOpeTudecKon (hU3NKU - BIQJETh HaBBIKAMH 10 YCTPAaHEHHIO OCHOBHBIX
AT peIlieHust Brianeet TUIMYHBIX NTPO0JIeM NpH paboTe ¢ 060pyT10BaHUEM.
po¢eCCUOHATHHBIX
3a/1a4
[IK-4 CHocoGHOCTE - OCHOBHBIE PUOOPBI U METO/1bI, HEOOXOAUMBIE IS
HOHHMATB H H3AC4TH 3Haer MIPOBEACHUS PUBNUYECKUX IKCIIEPUMEHTOB B 00J1aCTH
Oy UaeMYIO (U3UKU ONTHYECKUX KBAHTOBBIX T€HEPATOPOB.
HH(OPMAITHIO 1 Vateer - aHANM3HUPOBATh OJKCIEPUMEHTAIbHbIE JaHHBIE B
IIPeICTaBIISTh o0nacTi pU3MKH J1a3epOoB.
pe3yJIbTaTHhI - CIIOCOOHOCTBIO CaMOCTOSITENIBHO JieJaTh BBIBOJIbI
(bU3MYECKHX Bnaneer mocJe HEMOCPEACTBEHHOI'O aHaIM3a
HCCIIEI0OBaHUI

SKCIICPUMCHTAJIbHBIX JJTAHHBIX.

Jlnst hbopMupoBaHUs BBINICYKAa3aHHBIX KOMIIETCHIIMM B paMKax JUCITUTIIMHBI

«DPusznka

J1a3cpoB»

IMPUMCHAIOTCA

WHTEPAKTUBHOTO OOYy4YEeHUSI:

00CYXIEHHUEM.

o0cyXJeHre B TpyIIax,

CIENYIONME  METOABl  AKTHBHOTO/

pemicHue 3aga4d ¢




|. CTPYKTYPA U COJIEP’)KAHUE TEOPETUUYECKOHN YACTHU KYPCA
(36 yacos)

Paznen 1. [Ipunununsl padoTsl Ja3epos (18 yacos)
Tema 1. Koagppuunenrtsl JitHmTeiina (2 yaca)

OHpCILeJICHI/IG (i)I/IBI/IKI/I JIa3CpPoOB. HHI[}IHI/IpOBaHHIﬂe N CIIOHTAHHBLIC IICPCXOIbI,

kod¢umeHTs! DiiHmTeHa. CBONCTBA MHAYIIUPOBAHHOTO U3ITyUYEHHUS.
Tema 2. [llupuna sunuu (2 yaca)

EcTrecTBeHHOE BpeMs KU3HHM, IIUPUHA CIEKTpPa CHOHTAHHOTO W3JIy4YCHUSI.
JlopeniieBa gopma nuHUU. OJHOPOIHOE U HEOJHOPOAHOE yiiupeHus. ['ayccoBa

dbopma JTMHUH TIPU JOTUIEPOBCKOM YIIIHUPEHUH
Tema 3. Ycunenne (2 yaca)

[Tormomenne u ycunenue. AxtuBHas cpena. CeudeHue mnoryomieHus. Dddexr

HACBHIIICHUS.
Tema 4. Jlazepnl yeuiurenu (4 gaca).

VYcunenue u renepanus. [lonoca npomyckanust ycunurens oerymieit Boansl. [lym
KBAaHTOBOT'O ycuiuTeNsd. MakcuMmalibHasi BBIXOJHAs MOIIHOCTh. VIMITyJIbCHBIN
peXUM, MaKCUMaJlbHasi BBIXOJHAS SHEPrusi, U3MEHEHHE (POpMbI UMIMYJbCA MPU

HEJINHEMHOM YCHJICHUH.
Tema 5. I'enepauus uziaydenus (4 yaca)

OTKpBITBIE  pe30HATOpP, €ro JOOpOTHOCTh. PereHepammst pe3oHaTopa TpH
ycuieHud. [IpoxoaHoil pe3oHaTOpHBIN ycuauTenab. OTpa)kaTelbHbIA YCUIUTENb.
VYcenoBust  caMOBO30YXKJIEHHMS.  YCIOBHS pe3oHaHca. Yacrora TeHepaluu.

MakcuMaibHasi BBIXOJIHAsI MOIIIHOCTb.
Tema 6. OnTuyeckne pesoHaTopbi(4 yaca)

OTKpBITBIE PE30HATOPHI, TpopekuBaHue cnekrpa. Yucino @penens. Moapl. Bpems
KHU3HU MOJbI TACCUBHOTO pe3oHatopa. Judpakunonnsie morepu. Meron dokca u
JIu. WHrerpanbHOE€ YypaBHEHUE OTKpBITOro pe3oHaTopa. KoHdokaibHbIi

pe3onatop. Pacnipenenenue moisi.



Pa3neun 2. Tunbl J1azepoB u ux cBoiicTBa (18 yacos)
Tema 1. I'a3oBble a3epsnl. (2 yaca)

CBoiicTBa U OCOOCHHOCTH Ta3000pa3HbIX cpell. |'enuii-HeOHOBBIM J1azep, cxema

YPOBHEW, MOIITHOCTh Y NIMPHUHA JIMHUU U3ITy4YEHHUS.
Tema 2. MoHHBIE J1a3epbl, Ja3epbl HA IApax MeTAI0B (2 yaca)

AproHoBblii nazep. JByxcTyneH4aroe Bo30yxaeHne. 3aBUCUMOCTh OT IIJIOTHOCTHU
TOKa pa3psja. YciaoBHe MHBEpcHH. DPQEKT nmepekauku raza B paspsne. [ enuii-
KaJIMUEBBIN Ja3ep. [[eHHUHTOBCKMI MeXxaHW3M HOHU3au U Bo30yxaeHus. KI1J|
razopaspsaHbix  JazepoB. CamoorpanuueHHble nepexonsl. KIIZ, sHeprus,
MOIIHOCTB JIa3€pOB Ha CaMOOIPAHUYEHHBIX Iepexonax. MenHbli jasep, cxema

YPOBHEM, MapaMeTphI JIazepa.

Tema 3. TBepaoTeabHbIe Jiazepbl (2 yaca)
Pyounossrii na3ep, Nd:YAG nazep.

Tema 4. IlorynpoBogHUKOBBIE Jia3epbl (4 yaca)

Jlazepsl Ha roMoO- W rerepomepexonax. Jlazepel ¢ pacnpeneneHHod oOpaTHOU

cBs3b10, PBO nazepsl, nepectpanBacMbI€ JIa3ephl.

Tema 5. CO2 na3epsnl (4 yaca)

HenpepsiBuas renepanus, TEA CO; nazepsl

Tema 6. JIazepbl CBepXKOPOTKMX MMIYJIbCOB ( 4 yaca)

Tutan-canduposiii Ja3ep. ['eHeparus u ycuieHne yabTPaKOPOTKUX UMITYJIbCOB.

1. CTPYKTYPA U COJEP)KAHUE MPAKTUYECKOM YACTH
KYPCA
IpakTuuyeckue 3ansiTus (36 4acos)

3ansaTue 1. CBoiicTBa M3JIy4eHUs] M NPHMMEHEHHE Ta30BbIX JIa3epoB
(o6cy:xmenune B rpynnax) (4 gaca)

3ansatue 2. CpoiicTBa u3JyYeHHS] W NPHMEHEHUE TBEPAOTEJIbHBIX
Jia3epoB (00cy:kaeHne B rpynnax) (4 yaca)



3anstue 3. CBOMCTBA U3JIyYeHUS U NMPUMEHEHHE MOJYNPOBOAHUKOBBIX
Ja3epoB (00cy:KaeHue B rpynnax) (4 yaca)

3ansaTue 4. CBoiicTBa U3JIyYeHHs] U MPUMEHEHUE BOJIOKOHHBIX JIa3epoB
(o0cyxnenue B rpynnax) (4 gyaca)

3ansaTe 5. CBolicTBa M3Jy4YeHHUS] W NPHUMEHEHHE (PeMTOCEKYHIHBIX
JIa3epoB CyOrHraBaTHOMW MOIIHOCTH (00Cy:KaeHHe B rpynmnax) (4 gaca)

3ansiTne 6. CBolicTBa M3Jy4YeHHUs] M NPHUMEHEHHE (PEeMTOCEKYHIHBIX
JIa3epoB TepaBaTHO MOIHOCTH (00Cy:KaeHHe B rpynmax) (4 yaca)

3ansiTue 7. [lpumeHenne 1a3zepoB B MeauiiuHe (00Cy:KIeHHe B IPyNImax)
(4 gaca)

3ansaTue 8. Pacuer mapaMeTpoB pe30HATOPOB, OLEHKA IIMPHHbI JUHUM
reHepanuu (pemeHue 3aaa4 ¢ oocy:kaeHuemM) (4 yaca)

3ansTre 9. OCHOBHBIE METOAbI H3MEPEHNH MAPAMETPOB JIa3ePHbIX
UMITYJILCOB (00CysKIeHne B rpynnax) (4 gaca)

I11. YHEBHO-METOJANYECKOE OBECIIEYEHUE
CAMOCTOSTEJIBHON PABOThI OBYYAIOIIUXCSI

VY4eOHO-METOINYECKOE oOecrieueHue CaMOCTOATEIbHON paboThI
oOyuaroluxcs 1o aucuuiuinHe «Ha3BaHue IUCHMIUIMHBIY TNPEACTABICHO B
[Tpunoxenuu 1 u BKiIrO4aeT B ceOs:

eIJIaH-TPa(DUK BBIMOJHEHUS CAMOCTOSTENIEHOM pabOThl MO TUCHUILUIMHE, B
TOM YHCJI€ TPUMEPHBIE HOPMBI BpEMEHHU Ha BBIITOJIHEHUE TI0 KXKIOMY 33/IaHUIO;

®XapaKTepUCTHKA 3aJaHU JUIsl CaMOCTOSATENbHOM pPabOTHl CTYACHTOB U
METOMYECKHE PEKOMEHAALINHU IO UX BBINOJIHEHHUIO;

eTpeOOBaHUS K  TMPEACTaBICHHI0O U O(QOpPMIIEHHIO  pe3ylbTaTOB
CaMOCTOATENbHON pabOTHI;

S KPUTCPHUH OLCHKH BBIIIOJIHCHHA CaMOCTOSITCIbHOM paGOTBI.

IV. KOHTPOJIb JOCTUXKEHUSI LEJIEN KYPCA

No Koutponupyemsie OueHouHbIE CpeCcTBa -
n/n| Moaynu/ pa3zaenst / Tembl | Kogel u 3Tansl opMUpOBaHUs HAauMEHOBAHUE
JUCLIUIUTUHBI KOMITETEHIIN I TEKYIIUH  |[IPOMEXYTOUHAS
KOHTPOJIb aTTecTanus




1 |Pa3nen 1. HpI/IHuI/IHLI [IK-1, |[3HaeT: mpeaAmoChUTKH KontponbHas DK3aMeH,

paboTHI J1a3epoB [IK-4 |cO3fanus nasepuoit  pabota BOIIPOCHI
U3HUKHW, OCHOBHBIC
¢ Nel-10

(u3nUecKre MPUHIIHIIBI
paboTHI JIa3epoB;
yMEeT: U3J1ararhb,
MOHUMATh U
KPUTHYCCKH
aHATM3UPOBATH
UHPOPMALIHUIO;

BJIAJICET: METOA0JIOTUEN
UCIIOJIb30BaHUS
0a30BbIX
TEOPETUYCCKUX 3HAHHI
B 00J1acTH
€CTECTBCHHBIX HAYK
IPU PEUICHUN

PO eCCHOHATBHBIX
3ajad;

2 |Paznen 2. Tunel OIIK-3 [3Hact: ocHoBHbIE THITBI (KOHTpONIBHAS | JK3aMEH,
Ja3epOB, MPUHITUIIBEI UX [paboTa.

JIa3€POB U UX BOIIPOCHI
CBOMCTRA paboThI U OCHOBHBIE PabGota  Ha No 10 - 26
XapaKTepUCTUKU U CEeMMHAPCKHUX
CBOWCTBA, 00JaCTH UX  |3AHATHUSIX
PUMEHEHNS,
yMeeT:  MPOU3BOJUTH
OLIEHKH OCHOBHBIX

IIapaMeTPOB  JIA3EPHBIX
CUCTEM;

BJIa/ICET: HaBbIKaMH
CaMOCTOSTEIILHOU
paboThI ¢ yueOHOM 1
Hay4HOU JIUTEPATYPOH.

KOHTpOIBHBIE 1 METOMYECKUE MATEPUAIIBI, @ TAK)KE KPUTEPUN U TIOKA3ATEIN
HEO0OXOAMMBbIE VISl OLICHKW 3HAHWM, YMEHU, HABBIKOB M XaPaKTEPU3YIOIINUE dTAIbl
dbopMUpOBaHHA KOMIETEHIM B TPOIECCE OCBOCHHS  00pa3oBaTeIbHOMN
porpammsl npeacTasieHsl B [Ipunoxenun 2.

V. CIIMCOK YUYEBHOM JUTEPATYPbHI © UHOOPMAIIMOHHOE
OBECIIEYEHMUME JUCIUITJINHbI



1.

OcHoBHas JuTepaTypa
(onexmponnwvie u neuammvie uz0anus)

Jlazepnl: MpUMEHEHUS U MPUIOKEHUS [DIEKTPOHHBIN pecypc] : yueOHoe
nocobue / A.C. bopetimo [u ap.] ; mox pea. A. C. bopeitmo. M.IO. Unpun,
A.A. Kum, 1. A. Kucenes, /I.B. Knoukos, M.A. Konses, JI.b. Kouun, B.C.
Jlyruns, H.FO. ManskoBa, A.B. Mopo3os, E.H. Hukynun, C.}O. Ctpaxos,
A.B. ®enun, A.B. UyrpeeB. — DOnektpoH. nan. — Cankrt-IletepOypr :
Jlanp, 2016. — 520 C. — Pexum JIOCTyTA:
https://e.lanbook.com/book/87570.

Tyann, B.B. Jlazepsl M BOJOKOHHas ONTHKAa B OHOMEIUIIMHCKHX
uccienoBaHusix [DnexkTpoHHbii pecype] / B.B. TyunH. — DnekTpoH. JaH.
— MockBa : @Pusmarimur, 2010. — 499 c¢. — Pexum pgocryna:

https://e.lanbook.com/book/2350.

boperimo, A.C. Jlazepbl: yCTPONCTBO U JEUCTBUE [ DNEKTPOHHBIN pecypc]
: yaueoHoe mocobue / A.C. bopeitmo, C.B. IBakuH. — DJIEKTpOH. JaH. —
Cankrt-IletepOypr : Jlaws, 2017. — 304 c. — Pexum pgocryna:

https://e.lanbook.com/book/93585

Jlazeppl: mpUMEHEHUS W TMPUIOKCHHS [DIeKTPOHHBIA pecypc] : yueOHoe
nocobue / A.C. bopeiimo [u ap.] ; nox pea. A. C. bopeiimio. M.IO. UnbuH,
A.A. Kum, 1. A. Kucenes, JI.B. Knoukos, M.A. Konses, JI.b. Kounn, B.C.
Jlyruns, H.FO. ManskoBa, A.B. Mopo3os, E.H. Hukynun, C.}O. Ctpaxos,
A.B. ®enun, A.B. UyrpeeB. — DnektpoH. nan. — Cankr-IletepOypr :
Jlans, 2016. — 520 C. — Pexum JOCTyma:
https://e.lanbook.com/book/87570.

Jlazepsl: MpUMEHEHUS U TMPWIOKEHUS [DIEKTPOHHBIA pecypc] : yueOHoe
nocodue / A.C. bopeiimo [u ap.] ; mox pea. A. C. bopeitmo. M.1O. WUnpuw,
A.A. Kum, 1. A. Kucenes, /I.B. Kinoukos, M.A. Konsies, JI.Lb. Kounn, B.C.
Jlyruns, H.FO. ManskoBa, A.B. Mopo3zos, E.H. Hukynun, C.}O. Ctpaxos,
A.B. ®enun, A.B. UyrpeeB. — Dnektpod. gan. — Cankrt-IletepOypr :


https://e.lanbook.com/book/87570
https://e.lanbook.com/book/2350
https://e.lanbook.com/book/93585
https://e.lanbook.com/book/87570

JlaHb, 2016. — 520 C. — Pexum JOCTyIa:
https://e.lanbook.com/book/87570.

6. Jlazepsl Ha caMOOTpaHWYCHHBIX TIEPEX0aX aTOMOB MeTalioB — 2. B 2 T.
T.2 [DnexTpoHHbI pecypce] : yuebHOe nmocobue / nox pen. B.M. barenuna.
— DnekTpoH. naH. — Mocksa : @usmarnur, 2011. — 616 ¢c. — Pexum
nocrtyma: https://e.lanbook.com/book/59615.

7. ILI'. KprokoB ®emMTocekyHaHbIe UMITYIbChI, M.:Duszmatnur, 2008 1., 208

ctp., ISBN: 978-5-9221-0941-3

8. O. 3Benro I[Ipunuumne 1azepos nep. ¢ anri. J. H. Koznora [u ap.]. CaHkT-

[TetepOypr : Jlanb, 2008. 719 c. Pexxum noctyna: HaydHas OMOIMOTEeKa
JAB®Y. http://lib.dvfu.ru:8080/lib/item?id=chamo:265786 &theme=FEFU

JlomosiHUTEIbHAS JIUTEpaTypa
(anexmponmvie u neuammbvie uz0amUs1)

1.  Spus A. KBanToBas snekrponuka. M.: Coetckoe paauo, 1980.
Kapnos H. B. Jlekiiuu no kBantoBou snektponuke. M.: Hayka, 1983.

N

3. M. Sar OnTuka u na3epbl, BKIIOYas BOJIOKOHHYIO ONTHKY M ONTHYECKHE
BOJIHOBOZIBI Mup, 2005 1., 544 ctp. ISBN 5-03-003457-9;

Ilepeuyenn pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKALIMOHHOMN CeTH
«AHTepHeT»

1. Hayuynas 6ubnuoteka [[BOY.
http://lib.dvfu.ru:8080/lib/item?id=chamo:326565&theme=FEFU
2. Hayunas Oubnuoteka J[BOY.
http://lib.dvfu.ru:8080/lib/item?id=chamo:378524&theme=FEFU
3. Hayunas 6ubnuotexa JJBOY.
http://lib.dvfu.ru:8080/lib/item?id=chamo:340712&theme=FEFU
4. Hayunas Oubnuoreka JJBOY.
http://lib.dvfu.ru:8080/lib/item?id=chamo:61623&theme=FEFU
5. Hayunas 6ubnuoteka /[BOY.
http://lib.dvfu.ru:8080/lib/item?id=chamo:679196 &theme=FEFU
http://www.physbook.ru/
https://www.rp-photonics.com/encyclopedia.html

S
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http://lib.dvfu.ru:8080/lib/item?id=chamo:265786&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:326565&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:378524&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:340712&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:61623&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:679196&theme=FEFU
http://www.physbook.ru/

8. https://www.photonics.com/

VI. METOAUYECKHUE YKA3ZAHUSA 10 OCBOEHUIO TUCHUIIJINHBI

JIeKIMOHHBIE 3aHATHS OPUEHTHUPOBAHBI HA OCBEIICHHE BBOJHBIX TEM B
KaXIbIA pa3lie]l Kypca W MPU3BaHbl OPUEHTUPOBATH CTYJIECHTOB B MPENJIaracéMoM
Marepualie, 3aJ0KUTh HAyYHbIE U METOJOJOTHYECKHUE OCHOBBI ISl JaldbHEUIIEH
CaMOCTOATENbHON pabOThI CTYIEHTOB.

BaxxHol siBisieTcs caMocTosiTeNbHAs paboTa 1mo Kypcy. B xonme 3Toil paboThl
CTYJICHThl OTOMpPAIOT HEOOXOAMMBIM MaTepuaa MO H3y4aeMOMY BOIPOCY U
aHANMU3UPYIOT ero. IIpu MoAroToBKE K 3aHATUSAM CTYIEHTHI MOTYT IOJIb30BaThCS
paboueii mporpaMmoil yueOHON JUCIUIUIMHBI, @ TaKKe CIIPAaBOYHOM JUTEPaTypon
U JPyTUMHU TocoOusMU (yueOHUKaMU, Y4€OHBIMH MOCOOUSMHU, PEKOMEHOBAHHOM
JUTEPATYPOU U T.I1.).

[Tpu mpoMeKyTOUHOM aTTeCTalny 10 HK3aMEHa JOJDKHBI C1aTh BCE OTYETHBIE
paboThI U OJTYYUTH AOMYCK K 9K3aMEHY.

VIlI. MATEPUAJTBbHO-TEXHUYECKOE OBECIIEYEHUE
JUCHUATUIMHBI

AyauTopust JUIsl YTEHUS JEKIUA U TPOBEACHUS MPAKTUYECKUX 3aHATUH:

nepcoHanbHbI KoMmbioTep Lenovo ThinkPad E125 ¢ nunieH3uoHHBIM U
CBOOOJHBIM TIporpaMMHbIM obecniedueHneM — MS PowerPoint 2007 u Acrobat
Reader XI,

npoextop Benq MP770;

IIEPEHOCHOM DKpaH.
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ILinan-rpaduk BoINOJHEHHUSI CAMOCTOSITEIbHON PadoThHI M0 JTUCHUIJINHE

Mara/cpoxkn | Bua camocrositesibHoli | Hopmbl Bpemenu
Ne ®opma KOHTPOJIA
BBLINOJTHEHHUS padoThI Ha BBLINOJIHEHHE

1 2 Henend IloaroroBka x 8 Pabora Ha mpakTHYECKUX
CEMUHAPCKHUM 3aHSITHSIM Hacos 3aHATHIX

2 4 nenens IToaroroBka x 8 Pabota Ha mpakTHYECKUX
CEMUHAPCKHUM 3aHATHIM acos 3aHATHAX

3 6 Henena IToaroroBka x 8 Pabota Ha mpakTHYECKUX
CEMUHAPCKHUM 3aHATHIM acos 3aHATHAX

4 8 Henens [loaroroBka k 8 Pabota Ha npakTHUecKUX
CEMHUHAPCKHUM 3aHSITHSIM Hacos 3aHATHIX

5 10 menens IToaroroska k 3 Pabota Ha mpakTHYECKUX
CEMUHAPCKHUM 3aHATHIM "acos 3aHATHIX

6 12 menens IToaroroska k 3 Pabota Ha mpakTHYECKUX
CEMUHAPCKHUM 3aHATHIM "acos 3aHATHAIX

7 14 uenens IToaroroBka x 8 Pabota Ha npakTHYeCKUX
CEMHUHAPCKHUM 3aHSITHSIM Hacos 3aHATHIX

8 16 nenmens [MonroroBka k 3 Pabora Ha mpakTHYECKUX
CEMUHAPCKHUM 3aHATHIM "acos 3aHATHAIX

9 18 nenens IToaroroska k 8 PaGota Ha mpakTHUeCKUX
CEMHHAPCKUM 3aHSITHUSIM Hacos 3aHATHSIX

XapakTepucTHKA 3aJaHUH VIS CAMOCTOATEIbHON PadoThI CTYICHTOB U
METOAUYECKHE PEKOMEHIAIUM 110 UX BHINIOJTHECHUIO

CamocrosiTenbHas paboTa MOMOTaeT CTyACHTaM:

1) oBnageTh 3HAHUSMU:

- YTeHHe TeKcTa (YyueOHUKa, MePBOMCTOYHHKA, TOTIOJHUTEILHON JTUTEPATypPhl
U T.J.);

- COCTaBJICHHE IIJIaHA TEKCTa, rpaduueckoe U300pakeHUe CTPYKTYPhl TEKCTa,
KOHCTICKTUPOBAHUE TEKCTA, BBIMUCKHA U3 TEKCTA U T.JI.;

- paboTa co CIpaBOYHUKAMHU | JIp. CIIPABOYHOM JIUTEPATYPO;

- UCMOJIb30BAHUE KOMIIBIOTEPHON TEXHUKHU U VIHTEpHETA U 1Ip.;

2) 3aKperviaTh U CUCTEMATU3UPOBATh 3HAHMUS:

- paboTa ¢ KOHCIIEKTOM JICKITUH;

- 00paboTKa TeKcTa, MOBTOPHAsA paboTa HaJl y4eOHBIM MAaTepUaIoM YUeOHHKA,
MEPBOUCTOYHHUKA, JOTOJIHUTEIBHON JIUTEPATYPhI, AYJIMO U BUJICO3AIIUCEN;

- HOATOTOBKA IJIAHA;

CamocTosiTenbHass paboTa MOXKET OCYIIECTBIATHCS WHAUBUIYATbHO WU
TPYIIaMd CTYJEHTOB B 3aBUCHUMOCTH OT II€lH, 00beMa, KOHKPETHOW TeMaTHKU
CaMOCTOSATEILHOM pabOThI, YPOBHS CJIOKHOCTH M YPOBHS YMEHHM CTYACHTOB.




KoHTponib pe3ynbTaToB CaMOCTOSITENBHOM pabOThl CTYJEHTOB JOJIKEH
OCYILIECTBISATHCS B IMpeneiax BPEMEHH, OTBEACHHOTO Ha 00s3aTeNbHble yueOHbIE
3aHATHS U BHEAYAUTOPHYIO CAMOCTOSITENIbHYIO pabOTy CTYAEHTOB O TUCLUUILIMHE,
MOJKET MPOXOANTH B MHUCbMEHHOM, YCTHOM HJIM CMEIIaHHOM Qopme.

CamocrosiTenbHas paboTa Ha JIEKIUH

Cnymanue W 3a0uCh JIEKIMM — CIIOXKHBIM BHUJ BY30BCKOM ayJIUTOPHOMN
paboTbl. BHUMaTenbHOE ClylIaHUWE W KOHCIEKTUPOBAHHUE JICKIUU MpeArnosaraet
MHTEHCUBHYIO YMCTBEHHYIO JI€SITEIBHOCTD CTYJE€HTA. KpaTkue 3anucu JeKiui, ux
KOHCIIEKTUPOBAHHUE MOMOIaeT YCBOUTh Y4eOHbId Marepuai. KoHCnekT sBisiercs
MOJIE3HBIM TOT/A, KOT'/Ia 3alIMCaHO CaMO€ CYIIECTBEHHOE, OCHOBHOE U CIEIAHO 3TO
caMuM cTyJaeHToM. He Hajo cTpeMuThes 3anucaTh JOCIOBHO BCHO JIeKIUI0. Takoe
«KOHCIIEKTHPOBAHUE» NPHUHOCUT OOJbILE Bpeda, YeM IMOJb3bl. 3alKCh JIEKIHM
PEKOMEHAYETCSI BECTU MO BO3MOXKHOCTH COOCTBEHHBIMU (POPMYIHMPOBKAMHU.
JKenaTenbHO 3anMCh OCYILECTBIISATH HA OJJHOW CTPAHUIIE, a CIEAYIOIIYIO0 OCTABISATh
U IpOpabOTKU Y4eOHOIro Marepuayia cCaMOCTOSITENIbHO B JOMAUIHUX YCJIOBHSIX.
KoHCIeKT nekuuu Jiydiie MNoapa3feisaTh Ha MYHKThI, maparpadsl, coOmromas
KPAaCHYIO CTPOKYy. DTOoMy B OOJBIION CTeneHu OyayT CroCOOCTBOBATH IMYHKTHI
IlaHa JIeKUWHU, TMpeIokKEHHbIe npenojaBarensM. [IpuHUMIIUAIbHBIE MeECTa,
ornpeneneHusi, GoOpMylibl U Jpyroe cieayeT CONpPOBOXKIATh 3aMEYaHUSIMU
«BAXHO», «0CO00 BAXKHOY», «XOPOIIO 3alIOMHUTHY» U T.NM. MOXHO J€aTh 3TO U C
NOMOUIbIO PA3HOLBETHBIX MapKepoB WM pydek. Jlydmie ecnu oHu OyayT
COOCTBEHHBIMHU, YTOOBI HE MPHUXOAUIIOCH MPOCUTh UX Y OJHOKYPCHUKOB U TEM
caMbIM HE€ OTBJEKaTh HMX BO Bpems Jjekuuu. llenecooGpazHo paszpaboTaTh
COOCTBEHHYIO «Mapkorpaduio» (3Ha4Kd, CHUMBOJIBI), COKpaiieHus cioB. He
JUIIHUM OyJeT W H3y4yeHUE OCHOB cTeHorpaguu. Paboras Hajg KOHCIEKTOM
JIEKIUH, Bcerja HEOoOXOAMMO UCIOIb30BaTh HE TOJbKO YYEOHHK, HO U Ty
JUTEPATYPY, KOTOPYHO JOIOJHHUTEIBHO PEKOMEHJ0Ban JeKTop. VIMEeHHO Takas
cepbe3Hasi, KpOMoTauBasi paboTa ¢ JEKUMOHHBIM MaTEPHUAIOM MO3BOJUT TITyOOKO
OBJIaJIETh 3HAHUSIMH.

PaboTa ¢ nuTepaTypHbIMU HCTOYHUKAMHU

CamocTtosiTenbHas paboTa ¢ yueOHMKaMH, YYCOHBIMU MMOCOOUSIMH, HAyIHOM,
CIIPAaBOYHOU U MOMYJISIPHOM JINTEPATYPOU, MaTepralaMy NEPUOANYECKUX U3TaHUN
u MutepHera siBnsierca HamOosee 3PQHEeKTUBHBIM METOAOM MOJIYYEHHUsS] 3HAHUM,
MO3BOJIAET 3HAYMUTEIBHO AKTUBU3UPOBATh IPOIECC OBJIAJAEHUS HH(OpMaLIKEH,
CIIOCOOCTBYET OoJiee TIIyOOKOMY YCBOSHHUIO M3yd4aeMoro Matepuana, GopMupyeT y
CTYICHTOB CBO€ OTHOILICHHE K KOHKpeTHoW mpobneme. bonee riybokoMy
PACKpBITHIO  BOINPOCOB  CIHOCOOCTBYET  3HAKOMCTBO C  JOMOJHUTEIHHOU
JIATEPATYPOHU.

TpeOoBaHus K npeacTaBjieHUI0 U 0POPMIICHHUIO Pe3yJIbTATOB
CaAaMOCTOAATEJILHOM PadOThI



TpeOoBaHUs K KOHCIEKTY JJIsl MPAKTUYECKUX 3aHITHM:

1. lomxeH OBITH B OTACIBHON TETPaI, TIOIIMMCAHHBIH.

2. O06s3aTenbHO MUCATh TUTAH 3aHSITHS ¢ YKa3aHUEM TEMbI, BOIIPOCOB, CITHCKA
JUTEPaATypbl U HCTOYHUKOB.

3. Otpaxars npoOIeMAaTUKy BCEX I[IOCTaBJICHHBIX BOMPOCOB (aHAIMU3
HCTOYHHUKA, JINTEPATYPHI).

4. Nmerr 1m0  HUM  apryMEHTUPOBAHHBIE  BBIBOJBL. CnoBo
«apTyMEHTHPOBAHHBIC) SIBIISIETCS KJIIFOYEBBIM. [ TaBHOE - I0Ka3yEMOCTh BBIBOJIOB.

Kputepun o1ieHKH BBITIOTHEHUSI CAMOCTOSITENTEHOM paboThI

KoHTposb caMocTOSITeTbHON PabOThI CTYACHTOB MPEAYyCMAaTPHUBACT:

* COOTHECEHHE COJEPKaHMSI KOHTPOJIS C LIEJISIMA 00YUYEHUS;

* 00bEKTUBHOCTH KOHTPOJIS;

* BAIUJTHOCTh KOHTPOJISI (COOTBETCTBHUE MPEABIBISEMBIX 33JJaHUN TOMY, UYTO
MpearnosaraeTcs NpoBEPUTH);

* T PepeHInanmo KOHTPOIbHO-U3MEPUTEIBHBIX MAaTEPUAIIOB.

DopMbl KOHTPOJISI CAMOCTOSATEIIBHONU Pa0OTHI:

* PaboTa Ha MPAaKTUYECKUX 3aHATUSIX.

Kputepun olieHKH pe3yabTaTOB CaMOCTOSITEILHOM pabOThI

KpurepusiMmu o11eHOK pe3yJbTaTOB BHEAYAUTOPHON CaMOCTOSATEIHLHOM pabOThI
CTYJICHTA SIBJISIFOTCS:

* YPOBEHb OCBOCHHUS CTYJICHTOB Y4€OHOT0 MaTepuaa,;

* c(OpMHUPOBAHHOCTH OOIICYICOHBIX YMEHHI;

* YMEHHS CTYJCHTa aKTUBHO MCIMOJIb30BaTh JJIEKTPOHHBIE O0pa3oBaTe/IbHBIC
pecypchl, HaXOAUTh TpeOyroUlyrocss MHPOpMaLMIO, U3yYaTh €€ U MPUMEHITh Ha
MPaKTUKE;

* 000CHOBAHHOCTh M YETKOCTh U3JIOKEHHUS OTBETA;

* opopMIIeHHEe MaTepralia B COOTBETCTBUU C TPEOOBAHUSIMU;

* yMEHUE OPUCHTUPOBATHLCS B MTOTOKE MHGOPMAIINH, BHIJEIATH TJIABHOE;

*yMEHUE YETKO CGhOpMYIHpPOBAaTh MNPOOJIEMy, MPEIJIOKUB €€ pellicHue,
KPUTHYECKHU OIEHUTh PEIICHUE U €0 TIOCIICACTBUSA,

*YyMEHHME T[OKa3aTh, MPOAHAIM3UPOBATh aJIbTEPHATUBHBIC BO3MOXKHOCTH,
BAPUAHTHI JCUCTBUN;

* yMeHHE CHOPMUPOBATH CBOIO MTO3UIINIO, OIIEHKY U apTyMEHTHUPOBATH €€.
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MMacnopt ®OC

Kon n popmyimposka

Jrtanbl GOPMUPOBAHUA KOMIETEHIMH

KOMIIETEeHI[MH
I1K-1 CriocobHOCTE - MPENIOCHIIIKKA CO3/IaHUS JIa3epHON (DU3UKH;
HCIIOIL30BaTh - MaTeMaTHUYEeCKUH armapar Jia3epHon (pu3ukw,
CHeIMaIu3upPOBaHHbIE - OCHOBHBIC MPUHIIMIIBI JA3€PHON (PU3HKHU;
3HAHUS B 00JIaCTH Suacr - OCHOBHBIE THIIBI JTA3€POB, IPUHIIUIIBI UX PAOOTHI U
(U3HUKY 111 OCBOCHHUS OCHOBHBIC XapaKTEPUCTUKU U CBOMCTBA, 00JIaCTH UX
POQUITBHBIX MIPUMEHEHUS,
buznuecKux - [POU3BOJUTH OLICHKA OCHOBHBIX IapaMeTpPOB
JUACIATLINH JIA3ePHBIX CUCTEM;

y - TNPUMEHATh TEOPETHYCCKUE 3HAHUA K PEIICHHUIO
meet MPAKTUYECKUX U HAYYHBIX 3a/1a4;
- W3Jarath, NMOHUMAaTh W KPUTHYECKH aHAIM3HPOBATH
obmedusnyeckyto nHPOpMaIHUIO.
- HaBBIKAMH CAMOCTOSATEIHHOW pabOThI ¢ Y4eOHOW H
Hay4HOH JIUTEPATYPOK;
Bnageer - METOH0JIOTHEN HCIOJIL30BaHUSA 0a30BBIX
TEOPETUYECKUX 3HAHHM B 00JACTH €CTECTBEHHBIX HAYK
MIPHU peIIeHUH MTPOPECCUOHATIBHBIX 3a/a4.
OIIK-3 CnocoOHOCTB 3Haer - 3HaTh OCHOBHbIE MpUHIMIbI padota OKT'.
HCII0IL30BaTh 0a30BEIC - YMETh MOJIb30BaThCs JIAOOPATOPHBIM 00OPYIOBAaHHEM
TEOPETUICCKUC SHAHNA et COTIIACHO TEXHUKH 0€30IaCHOCTH.
(GyH1aMeHTaJIbHbIX
pasznenoB oO1iei u
TEOPETHUECKON (PU3UKHU - BIaJeTh HaBBIKAMH TI0 YCTPAaHEHUIO OCHOBHBIX
AT peIlieHust Brianeet TUIMYHBIX NTPO0OJIeM NpH paboTe ¢ 060pyT0BaHUEM.
po¢eCCHOHATHHBIX
3aja4
[IK-4 CHocoGHOCTE - OCHOBHBIE PUOOPHI U METO]IbI, HEOOXOIUMBIE IS
OHVMMATE 1 H3TAraTh 3HaeT poBeJeHUS (PUBNUECKUX IKCIIEPUMEHTOB B 0071aCTH
IOy 9ACMYIO (U3UKHA ONTHYECKUX KBAHTOBBIX T€HEPATOPOB.
HH(OPMAITHIO 1 Vateer - aHAJM3MPOBATh OJKCIIEPUMEHTAJIbHBIC JaHHBIE B
IIPeACTaBIISTh o0nacTi pU3MKH J1a3epOoB.
pe3yabTaThl - CIIOCOOHOCTBIO CaMOCTOSTEIBHO JE€JaTh BBIBOJBI
bu3nyeckux Bnaneer IocJe HENOCPEACTBEHHOI'O aHaJIn3a
HCCICA0BAHUN

SKCIICPUMCHTAJIbHBIX JJAHHBIX.




KoHnTtponupyemsle
MOJYJIH/ pa3aeiibl / TEMBI
JUCLUILINHBI

Kopp! u stansr popmupoBanus

KOMIIETEHIIUHA

OneHouyHble CPECTBA -
HaAanMMCHOBAaHUC

TeKYIIUH
KOHTPOJIb

IMPOMCIKYTOUHAA

arrecranus

Paznen 1. [Ipuniumnsl
paboThI J1a3epoB

I1K-1,
[1K-4

3HAET: MPEINOChUTKA
CO3JIaHMsI JIa3ePHOM
(bu3uKH, OCHOBHBIE
(u3nUecKre MPUHIIHIIBI
paboThI 1a3epoB,;
yMEeT: U3J1ararb,
MOHUMATh U
KPUTUYCCKH
aHAJTM3UPOBATh
uHpopmaruio;

BIIQJICET: METOI0JIOTHUEN
UCTIOJIb30BaHUS
0a30BbIX
TEOPETUYECKUX 3HAHUI
B o0Onactu
€CTECTBCHHBIX HAYK
NIPU PEUICHUN
npodeccuoHaNbHBIX
3ajad,

KonTponbhas
pabora

DK3aMeEH,

BOTIPOCHI
Ne1-10

Pa3nern 2. Tumsl
JIa3€pOB U UX
CBOMCTBA

OIlK-3

3HACT: OCHOBHBIC THITBI
J1a3epoB, IPUHIIHAITBI KX
paboOTHI U OCHOBHBIE
XapaKTePUCTHKU U
CBOMCTBA, 00JIACTH UX
MPUMEHEHHUS;
MIPOU3BOIUTH
OCHOBHBIX

yMeer:
OLICHKH
MIapaMeTPOB  JIA3EPHBIX
CUCTEM;

BJIQJICET: HABBIKAMH
CaMOCTOSITEIIBHON
paboThI ¢ yueOHOW U
Hay4HOU JIUTEPATYPOH.

KoHnTtponbHas
pabora.
Pabota Ha
CEMUHAPCKHUX

3aHATUAX

DK3aMeH,
BOIPOCHI
Ne 10 - 26




HIkana oueHuBaHus YPOBHS C(POPMUPOBAHHOCTH KOMIIETEHIIMI

Kon n Jrtansl GOPMUPOBAHUS KOMIIETEeHIIUH KPUTepUH N0KAa3aTeJn 0asIbI
(popmynuposk
a
KOMIIeTeHIINN
[K-1 - IPEAIOCHUIKH 3HaHue Cnoco6HOCTh 45-64
CnocobHoCTh CO3/JJaHUs JIa3epHOH MaTeMaTHYecK | MEePEedYHCIIuTb U
UCIIONB30BAaTh ¢busnky, Oro ammapara | pPacKpbITh CyTh
CIICLIHATT3HPOB - OCHOBHBIE (u3HyecKue | GU3HKU OCHOBHBIX
aHHbIC 3HAHWS B NPUHIHIIB PabOTHI J1a3epoB, MIPUHIAIIOB
obmactu 3HaeT J1a3epoB; OCHOBHBIX (u3nKK Ma3epoB U
bu3nKy 1 (moporoBsIit - OCHOBHBIE THUIIBI NPUHIHIIOB Ja3epHBIX
OCBOEHHA YPOBEHB) JIa3epOoB, MPUHIUIIBI UX ¢bu3ukn CUCTEM.
poQUITBEHBIX paboTHI U OCHOBHEBIC JIa3epOB.
¢busnyecKnx XapaKTepUCTUKH U
JTUCLUTUIAH CBOMCTBa, 00JIaCTH UX
MPUMECHCHUA
YMmenne CrocoOHOCTB 65-84
- TMpPOU3BOAUTH OLCHKU
NPOU3BOAUTE | IPHUMCHSTH
OCHOBHBIX  IIApPaMETPOB
OLICHKU TEOPETUYECCKUE
JIa3ePHBIX CUCTEM;
OCHOBHBIX 3HAHUA K
- IPUMCHSTh
rapameTpoB peleHuto
TEOPETUYESCKUE 3HAHUS K
yMeeT Ja3epHbIX NPaKTHYECKUX
PELICHHIO TPAKTUIECKUX
(TpOABHHYTHI CHUCTEM. Hay4HBIX 3a/1a4;
N W HaYYHBIX 3371a4;
i) H3Jararb,
- U3J1arath, IOHUMAaTh U
MOHUMATh U
KPUTHYECKU
KPHTHYECKH
aHaJIM3UPOBATH
AQHAJIM3HPOBATh
001IepU3NIECKy IO
obmeuznaecky
UH(DOPMALHIO.
0 HHPOPMALIHIO.
Brnanenue Cnoco6HOCTh 85-100
HaBBIKAMHU CaMOCTOSITENILHO
camocTosATeNns | paboTath C
. HOM paboThl ¢ | yueOHOIl n
- CaMOCTOSATEIBHOMN . N
. y4eOHOI 1 Hay4yHOU
paboThI ¢ yueOHOU 1 . .
. .. Hay4YHOH JMTEpaTypoi;
HAay4YHOW JINTEPATYpOH; N
JUTEpaTypol; | MCIOJIb30BaTh
- UCTIOJIb30BaHUS
UCTIONIb30BaHU | Oa3oBbIE
BIAZEET 0a30BBIX TEOPETUIECKUX
. . s 6a30BBIX TEOpeTHYECKHE
(BBICOKHIA) 3HaHUI B 001aCTH
TEOpPETHYECKH | 3HaHUS B 00yacTu
€CTECTBEHHBIX HayK IPH . .
X 3HAaHHUHU B na3epHON PU3UKU
peneHnu
obiacti IIPY peIIeHUH
po¢heCCHOHATBHBIX .
Ja3epHON npodeccHnoHaNbH
3ajad.
¢bu3uKy npu BIX 3a7a4.
peueHnn
npodeccrona
JIBHBIX 3a]a4.
OIIK-3 - OCHOBHBIE THIIBI U 3HaHue CriocoOHOCTh 45-64
CrocobHOCTB 0COOCHHOCTH OCHOBHBIX CaMOCTOSITENILHO
3HaeT
HCTIONB30BATh ( . ONTUIECKUX KBAHTOBBIX | 1yrop OKT' M | mepeduciuTh Bee
HIOPOTOBBIH T'eHEPaTOPOB;
0a3oBbIe P paTop npuHIAIOB uX | Buasl OKI™ u
YPOBEHB) - OTJIMYUTENIbHbIE p
TEOpEeTHYECKUE 0COBCHHOCTH 1 paboTHI. OIUCATh UX
3HAHMS TIPUHLMIT PabOTEI

TIPUHIIMITBI pabOThI




(dbyHIaMeHTanbH

KaX0ro u3 Hux.

BIX pa3JenoB VYMmenue Crioco0HOCTh 65-84
i CaMOCTOSATENb | CAMOCTOSTENbHO
obueit 1 - YMETh TOJIb30BaThCs U
TEOPETHUYECKO ymeer IPOBOAHTH HO BKJIIOYATh | MOJy4aTh
busuky asst (MpOBHHYTEI 9KCIIEPUMEHTAIbHBIC 1 71abopaTopHOE | J1a3epHoe
pelieHus ) nmabopaTopHbIe 000py/IOBaHUE | M3IYYCHHE C
i
po¢heCCHOHAND HU3MEPEHHUA Ha KaXKIOM 1 nonyyaTh Ha | momouibio OKT'.
HBIX 30784 13 TUIIOB JIA3ePOB HeM nasepHoe
U3TyYCHHUE.
Ymenue Cnoco6HOCTh 85-100
CaMOCTOSATENb | CAMOCTOSTENBHO
HO TI0JTy4YaTh OTKaIMOpOBaTh
Ja3epHoe n1abopaTopHoOe
- BIAJICTh TEXHHICCKAMH | psiyvyenye 060py10BaHHe
BJIAJCET HaBBIKAMH I10 HAaCTPOUKE
. HYXHBIMHU JUTSL TIOJTYICHUSI
(BBICOKHIA) U KaTuOpOBKe
ONTHUYECKUMHU | Ja3epHOTO
00opyI0BaHUs. P
XapaKTePUCTU | MU3IYUCHUS C
KaMHu. HY>KHBIMH
XapaKTePUCTHKAM
u.
3HaHue OCHOBHBIX | 45-64
OcHOBHbIE
npuOOpoB U
IpUOOPEI U
METOIOB JIJIst
METO/IbI,
- OCHOBHBIC MPHOOPHI U TPOBEICHHUS
HEOOXO/IUMBIC
METO/IbI, HCOOXOIUMBIC s JKCIICPUMCHTOB B
JIsL IPOBEICHUSI obyactu
3HacT A POBCA MPOBEIECHUS .
. ¢busnyecknx Ja3epHOH
(moporoBsIit ¢du3ngecKkux
IKCIIEPUMEHTOB B ¢usuku. OTBETHI
YPOBEHb) IKCIIEPUMEHTO
obnactu pusuku HAa JJIEMEHTapHbIC
B B 00JIaCTH
OINITHYECKUX KBAHTOBBIX - BOIPOCHI 10
TeHEPaTOPOB. CTPOMCTBY U
IK-4 patop ONTHYECKUX yerp y
C 5 METO/1aX paboThI
MOCOOHOCTh KBaHTOBBIX
reHepaTopoB JIHHBIX
MOHUMATh U .

OHUMA npubopoB.
usJiarath AnamusupoBa | YMmeHue 65-84
IOJTy9acMyro - aHanmu3upoBaTh | Th aHAIIM3UPOBATh

MeeT
nHdopmanuto n 2’ JKCTTEPHMEHTATbHbIE 9KCIEPUMEHTA | SKCIEPUMEHTANbH
MPOJIBUHY ThI JIbHBIC JAHHBIC | bIC JAaHHBIC B
HpE/CTABIATH N P y aHHbBIE B oOactu 6 6
pesylIbTaThl i) FR— B 00mactu obnactu Gpu3nKku
POB. 17637011 Ja3epoB.
¢usmIecKux
N JIa3epoB.
HCCIICIOBAaHHUI
s CnocobHocts | CriocoOHOCTB 85-100
10 CaMOCTOSTEIIFHO
- CIOCOOHOCTBIO
CaMOCTOSTENb | JeNaTh BEIBOJIBI
CaMOCTOSITENHO  JIRNIATh | 1\ 7o pary "3
BIazieeT BBIBOJIbL HOCJIC | BpIBOABI OCIIE | IKCIIEPUMEHTAIBH
. HETIOCPEICTBEHHOTO HETOCPEICTBE | bIX JaHHBIX.
(BBICOKHIA)
aHaMu3a HHOT'O
IKCIIEPUMEHTAIbHBIX aHamsa
JIAHHBIX. 9KCIEPUMEHTA
JIBHBIX
JTAaHHBIX.

MeToauueckue PE€KOMECHIAIINU, ONIPCACTIAIOINNEC NPOUCAYPbl OHCHUBAHUSA
pPe3yJabTaTOB 0CBOCHUA NUCHUILJIMHDBI

[IpomexyTouHas arrectanusi OOy4arOUMXCA MO Y4eOHOM JUCIMILINHE
OCYILECTBJISIETCS B paMKax 3aBEpILUCHHUS HM3Y4YCHUs [JaHHOW JUCLUIUIMHBI U




MIO3BOJISICT ONPECIUTh KA4eCTBO M YPOBEHb €€ OCBOCHHUsA. [IpeaMeToM oleHKH
OCBOCHUS SBJISIOTCS YMEHUS U 3HAHUSI.

[IpomexxyTouHast aTTecTalsi OOYYaAIOIMUXCSA OCYIIECTBISIETCS B (opme
9K3aMEHa W  T03BOJIACT  ONPEACIUTh  pPa3BUTHE OOIMMX  KOMIICTCHIIUH,
npenxycmotpeHHbix s OIIOIL. YcnoBuem Jomycka K 93K3aMEHY  SIBIISICTCS
YCIICIITHOE OCBOCHHE OOYYAIOIIMMHUCS BCEX 3JICMEHTOB JUCIUILINHBI (BBITOJHEHHUE
U cllava BCEX KOHTPOJIBHBIX PadoT).

Texymmii KOHTPOJIb YCIIEBAEMOCTH OCYIIECTBISCTCS B XOJIC MMOBCEIHEBHOM
yaeOHOW pabOTHI MO KypCy MUCIUIUTHHEL. JIaHHBIA BUJ KOHTPOJISI CTUMYJIUPYET Y
00ydJaromuxcst CTPEMJICHHE K CHCTEMAaTHYECKOW CaMOCTOSTENLHOW paboTe To
U3YYCHUIO YIeOHOM TUCIMILINHBI, OBJIAJICHHIO OOIMMMH KOMIICTCHIIUSIMH. .

BOITPOCBHI K DK3AMEHY no nucuuninne «@u3nka Jia3epos»

1. Omnpenenenne KDO. HWHaynupoBaHHble W CHOHTAHHBIE  IEPEXOMbI,
ko3 purrenTs! DitHiTelHa. CBOMCTBAa MHAYLUPOBAHHOTO U3TYyUYEHUS.

2. CaoiicTBa J1la3epHbIX My4KoB. [IpuHIMI paboThI 1a3epa.

3. EcTecTBeHHOE BpeMs >KHM3HH, IIHPUHA CHEKTpPAa CIHOHTAHHOIO HW3ITyYEHHS.
JlopentieBa popma nmuanu. OGHOPOTHOE YIIUPEHHUE.

4, Heonnoponnoe ymupenue. ['ayccoBa (opma JUHUM TIPU JOTIIIEPOBCKOM
YIIHPEHHUH.

5. [Tormomenue u ycunenue. AktuBHas cpena. Ceuenue norsomeHus. DPpdexrt
HACBILLIECHHUS.

6. Jlazeprl-ycunurenu. HenpepbIBHOE M UMITYJIbCHOE U3TyUYEHUE.

1. ['enepanus V3JTYyYCHMUSL. J1oOpOTHOCTH pe3oHaTopa. YcnoBue
HHEPreTUYECKOro caMoB030ykIeHus pe3oHaTopa ®adpu-Ilepo.

8. bananc (a3, BIxoaHasI MOIITHOCTH JIA3€PHBIX T€HEPATOPOB.

Q. Pe3onaropsl. Monbl pe3oHaropa. Pa3HOCTH 4acTOT MEXy MPOAOJIBHBIMU U

nonepeyHbIiMu MoAamu. PacnpeesieHre MTHTEHCUBHOCTH HYJIEBOI MOJBI B IJIOCKO-
napajujieIbHOM PE30HATOpE.

10. Buasl pe3oHATOpPOB, METOABI CeJNeKIUU MoJ. MmMmynbcHasi TeHepalus:
PEXUM CBOOOTHOM TeHEpaIuu, PEXKUM MOAYJISIINU JOOPOTHOCTH.

11. Ta3oBbie mda3zepbl, OCOOCHHOCTH M CJEACTBUS Ta3000pa3HON aKTHBHOM
cpeabl. CocoObl HaKauKH.

12. Tenuii-HeoHOBBIN Jlazep. YMOPOILEGHHAs CXeMa YpPOBHEW, JIMHBI BOJH
reHepanuu, IUPUHA JTUHUU, BBIXOHAS MOIIHOCTD.

13. ApronoBeiii jazep. CxeMa Hakauyku, yNpOIIEHHAs CXeMa YpPOBHEW, JJIMHA
BOJIHBl TE€HEpalMu, BBIXOAHAS MOIIHOCTh. OCOOEHHOCTHM KOHCTPYKIMHU Jia3epa.
OO6uiacTu MpUMEHEHUs Ja3epa.

14. Tenuii-kaamueBblii yazep. CxemMa Hakauyku (MIEHHUHTOBCKAas WOHU3AIusA),
YVOPOILIEHHAs! CXEMa ypPOBHEH, JJIMHA BOJIHBI T'€HEPAIlMU, BBIXOJIHASI MOIIHOCTb.
Oco0GeHHOCTH KOHCTPYKIUH Jlazepa, 001acTH NPUMEHEHUSI.

15.  KIIJI razopa3psaHbix J1azepoB. HenpepbIBHBINA U UMITYJIbCHBIA PEXXUMBI.



16. Jlazep Ha mapax Meau. YNpOIIEHHas CXeMa ypOBHEW, crmocod Hakayku,
JUIMHBl BOJH M3Jy4Y€HHUs, JUIMTEIBHOCTh HWMIIYJIbCA, YacTOTa MOBTOPEHUS
MMITYJIbCOB. Beixonnas momuocts, KIITI.

17. PyOuHOBBIN na3ep. YOpPOIIEHHAs CXeMa YPOBHEW, AJIMHBI BOJIH H3ITYUYCHHUS.
[[IupyrHa CIEKTPAJIBHBIX JTUHUU.

18.  VYcrpo#cTBO M ONpUHIUN ACWCTBUS pyOUHOBOTO Jiazepa. Pexum cBOOOIHOM
TrEHEpalK, MOIYJSALHS JOOPOTHOCTH, HENPEPBhIBHBIA pexuM. BbixogHas
MOITHOCTB JJISI Pa3IUYHBIX PEKUMOB.

19. TeepaorenpHble Jla3epbl C AKTUBHBIMM  BEIIECTBAMM Ha  OCHOBE
peakozeMenbHbIX  27eMeHTOB. OcHoBHble nocTouHcTBa. NdA:YAG  nazep.
VYmpoiieHHass cxema YpOBHEH, crnoco0 HaKayku, JJWHBI BOJH HW3IIy4EHHS,
JUINTEIBHOCTh UMITYyJIbca (MOAYISIIMS 10OpoTHOCTH). OOIACTH IPUMEHEHHUS.

20. IlomynpoBogHuKOBbIE Ja3epbl. OCHOBHBIE JOCTOMHCTBA U HEJOCTATKH.
[Tpunuun padoTsl nazepa. GaAs s1a3ep ¢ LIMPOKUM P-N TOMONIEPEXOIOM.

21. Jlazepbl Ha OCHOBE JABOWHOTO reTEPOIePEX0aa.

22. Pezonatop momymnpoBogHuKOBOTO Ja3epa. POC nazepsl.

23. Jlazepsl ¢ pacnpeneneHHbIMU OparroBckumu otpaxarensmu. VCSEL mazep.

24. BOJIOKOHHBIE Ja3epHhl.

25. T'eHepauust ylnbTpaKOpPOTKHUX UMITYJIbCOB.

26. YcwieHue yabTpPaKOPOTKUX UMITYJIbCOB.

Kpurtepuu oueHKku Ha IK3aMeHe M0 JMCHMILINHE
«Pu3uka j1a3epoB»

OueHka «OTJMYHO» CTAaBUTCS, €CIU OTBET MOKAa3bIBAE€T MPOYHBIC 3HAHUS
OCHOBHBIX MPOIIECCOB M3y4aeMOM MPeMETHON 001acTH, OTJIMYAETCS TIIyOMHON U
IIOJIHOTOM PaCKpBITUS TEMBI; BIAJCHUE TEPMHHOJIOTUYECKUM aIapaToM; YMEHUE
OOBSICHATh CYIIHOCTb, SIBICHHUH, TMPOLIECCOB, COOBITHI, JAenaTh BBIBOABI U
000OmIeHMs, JaBaTh AapryMEHTUPOBAaHHbIE OTBEThl, NPUBOAUTH IPUMEPHI;
cB0OOIHOE BJIAZICHUE MOHOJIOTUYECKOH peublto, JIOTUYHOCTb 17}
MOCJIEIOBATEIbHOCTh OTBETA; yMEHUE MPUBOJIUTH MPUMEPHI COBPEMEHHBIX
npo0semM u3ydaemMoi 00J1acTu.

OneHka «X0poII0» CTaBUTCS, €CJIM OTBET OOHAPYKUBAET MPOYHBIE 3HAHUS
OCHOBHBIX TPOIECCOB U3y4aeMOU MPEIMETHON 007IacTH, OTIINYACTCS TITyOUHON U
MIOJIHOTOM PaCKpBITUS TEMBI; BIAJACHUE TEPMHHOJIOTUYECKUM aINapaToM; YMEHUE
OOBSICHATH CYIIHOCTb, SIBICHUN, TMPOLIECCOB, COOBITHIA, J€1aTh BBIBOJABI U
000OmIeHNs, JaBaTh AapryMEHTUPOBAHHbIE OTBEThl, NPUBOAUTH IPUMEPHI;
CBOOOHOE BJIAJICHHE MOHOJIOTUYECKON peublo, JIOTUYHOCTD u
NoCJIeI0BaTeIbHOCTh OTBeTa. OJHAKO JONYCKAaeTCs OJHAa - JIBE HETOYHOCTH B
OTBETE.

OueHka «yHOBJETBOPUTENbHO» CTaBUTCS, €CJIIM OTBET CBHUJIETEIBCTBYET B
OCHOBHOM O 3HAHHMM MPOLECCOB M3y4aeMOW MPEIMETHOM 00JIaCTH, OTIMYACTCS
HEJOCTATOYHOW TIIyOMHONW W TOJHOTOW PACKPBITUS TEMBbI, 3HAHUEM OCHOBHBIX
BOIIPOCOB Teopuu; ciabo cHOopMUPOBAHHBIMA HABBHIKAMH aHAJIW3a SBICHUH,



MPOIECCOB, HEAOCTATOYHBIM yMEHHEM JaBaTh ApTYMEHTHUPOBAaHHBIE OTBETHl U
MPUBOJUTHh TPUMEPHI; HEJOCTATOYHO CBOOOIAHBIM BJIAJICHUEM MOHOJOTHYECKOMN
peublo, JIOTMYHOCTBIO U TMOCJIEI0BATEIbHOCThIO OTBETA. J{OMycKaeTcs HECKOJIbKO
OIMOOK B COJEPKAHUU OTBETA; HEYMECHHE TIPUBECTH MIPUMEDP PA3BUTHSI CUTYyAIIHH,
MIPOBECTH CBSI3b C APYTUMU aCTICKTaMH H3ydaeMOi 00JIacTH.

OrneHKa «HEYI0BJEeTBOPHUTEIbHO» CTABHUTCS, €CIM OTBET OOHapYy)KHUBaeT
HE3HAHWE TMPOILIECCOB H3Y4aeMOW TMPEAMETHON 00JacTH, OTIMYaIOIIUICS
HETTTyOOKUM PAcCKpBITUEM TEMBI, HE3HAHWEM OCHOBHBIX BOIIPOCOB TEOPHH,
HEeC()OPMUPOBAHHBIMUA HAaBBIKAMU aHAIHW3a SBJICHHM, IPOIECCOB; HEyMEHUEM
JaBaThb apTyMEHTHUPOBAHHBIC OTBETHI, CJIA0BIM BIIAJICHUEM MOHOJOTUYECKON
peublo, OTCYTCTBHEM JIOTUYHOCTH U TOCHIemoBaTeabHOCTH. JlomycKaroTcs
Cepbe3Hble  OMMOKM B  COJAEpPXKAHUU  OTBETA; HE3HAHHE COBPEMEHHOMU
poOIeMaTHKU U3y4aeMoil 001acTH.

KoMmuiekT 3agannii 1yt KOHTPOJIbHOM padoThI

Tema 1. IlpuHuMnbI padoThI JIa3epoB

Bapuanr 1.. KoagppuuueHTsl IMHIITEHHA

Onpenenenue Guanku nazepoB. MHAYIMPOBaHHBIE U CIIOHTAHHBIE TIEPEXO/BbI,
koa(durenTs! DitHmTeliHa. CBOMCTBA MHAYIIUPOBAHHOTO U3TyUYEHUS.

Bapuanr 2. lllupuna JuHumn

EcrecTBeHHOE BpeMs JKM3HU, IIMPUHA CIEKTPA CIIOHTAHHOIO M3JIy4ECHUS.
JlopenueBa ¢gopma nuHuu. OIHOPOAHOE U HEOJHOPOJHOE yiuupeHus. ['ayccoBa
(dbopma TMHUU TIPU TOTUIEPOBCKOM YIIIHPEHUU

Bapuanr 3. Ycuienue

[Tornomenue n ycunenue. AktuBHas cpena. Ceuenue nornouieHus. h@exr
HACBIIIEHUS.

Bapuant 4. Jlazepbl ycujaurtean

Ycunenue u renepauus. [lonoca mpomyckanust ycunuTens Oeryiieil BOJHBI.
[IIlym  xBaHTOBOro  ycuiuTens. MakcuMmanbHasi  BBIXOJHAs  MOIIHOCTb.
NMIynbCHBIA peXUM, MaKCHUMallbHasl BBIXOAHAs JHEPrusi, U3MeHeHHe (HOpMbI
MMITYJIbCA [PY HEJIMHEWHOM YCHJICHUH.

Bapuanr 5. I'enepauus usiaydeHus

OTKpBITBI pe30HaTOp, €ro JoOpoTHOCTh. PereHepaunus pe3oHatopa mpH
ycuieHud. [IpoxoaHoil pe3oHaTOpHBIN ycunuTenb. OTpaxaTeabHbIA YCUIIUTEIb.
VYcnoBus caMoBO30yXkAeHHA. YciOBHA —pe3oHaHca. YacToTa TreHepaluu.
MakcuMaiibHasi BBIXOIHAsI MOIIIHOCTb.

Bapuanr 6. OnTtuuyeckue pe3oHATOPbLI

OTKpBITBIE pE30HATOPHI, IpopexuBaHue crekrpa. Yucno dpenens. Monsl.
Bpems xu3HM MOJBI NTaCCUBHOTO pe3oHaTtopa. JudpakuuoHHsle notepu. Metoq



®okca u JIu. nTerpanbHoe ypaBHEHHE OTKpBITOro pe3onaropa. KoHdokaabHbIi
pe3oHarop. Pacnipenenenune moss.

Tema 2. Tunsl J1a3epoB U UX CBOMCTBA

Bapuanr 1. I'a3oBble J1a3epbl

CpoiicTBa U 0OCOOEHHOCTH Ta3000pa3HbIX cpeiA. | enuii-HeOHOBBIN Jasep,
CXEMa YPOBHEMN, MOIIHOCTh U IIMPHUHA JINHUYU U3ITy4YCHUSI.

Bapuanr 2. MoHHbI€ J1a3epbl, Ja3epbl HA Mapax MeTAJJIOB (2 yaca)

AproHoBbIii  nazep. JIByxcTymeHuatoe BO30yXAeHHE. 3aBUCUMOCTH OT
IUIOTHOCTHU TOKa paspsaa. Y cioBue nHBepcuu. IP(HEKT nepexadyku rasa B paspse.
['enuii-kagMueBsiid na3ep. [[EeHHUHTOBCKUI MEXaHU3M HOHU3AINH B BO30YKICHUSI.
KIIJI rasopaspsaubeix nazepoB. CamoorpannueHHsle nepexonasl. KIIZI, smeprus,
MOIIHOCTh JIa3€pOB HA CaMOOTPAaHMYEHHBIX mepexonax. MenHbeld jasep, cxema
YPOBHEH, TapaMeTpHI Jiazepa.

Bapuant 3. TBepaoreabHbIe J1a3epbl

Pyo6unossiii 1a3ep, Nd:YAG nazep.

Bapuanr 4. Ilo1ynpoBOAHUKOBBIE J1a3ePbl

Jlazepsl Ha TOMO- U TeTeporiepexoaax. Jlazeprl ¢ pacnpeneneHHol 00paTHOM
cBs3b10, PBO nazepsl, nepectpanBacMbI€ JIa3ephl.

Bapuanrt 5. CO2 s1azepsl

HenpepsoiBuas renepanusi, TEA CO; nazepsl

Bapuanr 6. JIazepbl cBepXKOPOTKHX MMITYJIbCOB

Turtan-candupoBsiii  nazep. [‘eHepanuss W yCHICHHE YIBTPAKOPOTKHUX
MMITYJIbCOB.

Kpurepuu oieHKH BbINOJHEHU KOHTPOJIbHON Pad0ThI

Ormerka "OtauyHo"
Bepro BeimoHeHo 6omee 85% 3amaHuii.

Otmetka "Xopomo"
Bepno BeimoaHeHo 75-85% 3agaHui.

OtMmeTtka "Y 1OBIETBOPUTEIHHO"
Bepno BeimoaHeHo 60-75% 3agaHui.
Otmetka "HeynosieTBopuTesbHO"

Bepno BeinonHeno menee 60% 3amanuii.



