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Cnucok 10KyMEHTOB M MAaTEPUAJIOB
1. TlepeyeHb IUTAHUPYEMBIX PE3YJITATOB OOYYEHHUS TO JAUCHUIUIMHE, COOTHECEHHBIX C
TUTAHUPYEMBIMU PE3yJIbTaTaMy OCBOCHHUS 00pa30BaTEILHOM MPOTrPaMMBbI
2. Llenb 1 MECTO TUCIUILIMHBI B CTPYKType 00pa30oBaTeIbHOM MPOrpaMMEbI
3. Conepxanue paboueil mporpamMmbl (00BEM JUCHUIUIMHBI, THIBI W BBl YYEOHBIX
3aHSITHHA, y4eOHO-METOIMIECKOE 00ECIIEUCHHE CAMOCTOSITEIIBHON pabOThl 00YJatOIUXCsl)
4. ®oHJ OLICHOYHBIX CPEJICTB MO TUCIUTIIIMHE
4.1. TlepeyeHb KOMIETECHIMI C yKa3aHHEM JTarnoB uUX (OPMHUpPOBAHUSA B Tpoliecce
OCBOEHHMSI 00paszoBaTelbHOM TporpamMmbl. OmMcaHWe ToOKa3zaTened U KPUTEpUEB
OIICHUBAHMSI KOMIETEHIIMN Ha Pa3UYHBIX JTarnax UX (POPMHUPOBAHUS, OMUCAHUE IIKAJ
OTICHUBAHUS
4.2. TumnoBble KOHTPOJBHBIC 3aJaHUS WJIM WHBICE MaTEpPHAIbl, HEOOXOJAMMBIC IS
OIIEHKH 3HAHWMW, YMEHHI, HABBIKOB M OIBITA JCATEIBHOCTH, XapaKTEPU3YIOMINX STaIlbl
dbopMupOBaHUS KOMIETCHIIM B TMPOIECCE OCBOCHUS OO0pa30BaTEIBHOW MPOTPAMMEL.
Metoandeckue mMaTepHalibl, OTIPENSSIONINe MPOIEyphl OIICHUBAHUS 3HAHWUW, YMEHUH,
HAaBBIKOB U  OIbITa JIEATENBHOCTH, XapaKTePU3YIOIIMX ATanbl  (HOPMHUPOBAHUS
KOMIIETEHIUI
4.3. Peiimune-nian oucyuniuHvl (npu Heobxooumocmu)
5. YuebHO-MeTomYecKoe U HHGOPMAIIMOHHOE 00ecTIeYeHNE JUCITUTITNHBI
5.1. TlepeuyeHb OCHOBHOW M JOTIOJHUTEIBHOW y4eOHOH JHMTEpaTyphbl, HEOOXOIUMOM
JUISL OCBOCHUS TUCIUILTNHBI
5.2. Ilepeyenr  pecypcoB  HH(POPMAIMOHHO-TEICKOMMYHHKAIIMOHHON  CETH
«HTEepHET» U MPOTPaMMHOI0 0OecredeH s, HeOOXOIUMBIX JJIsi OCBOCHUS JUCLIUITITUHBI
6. MarepuanbHO-TexHUYecKas 0a3a, He0OXoauMasi ISl OCYILIECTBICHUS 00pa30BaTEIbHOTO

Inponecca 1o fMCuUIlInHe



1. TlepeyeHb MIAHUPYEMBIX Pe3yJILTATOB 00yUYeHHS MO JUCIUILIAHE, COOTHECEHHBIX C
IUIAHUPYEMBIMH Pe3yJIbTATAMH 0CBOEHHUSI 00Pa30BaTeIbHON MPOrpaMMbl
(c opuenmayuel Ha Kapmvl KOMNEMeHYuUll)

B pesynbrare ocBoeHMsI 00pa30BATEIbHONW MPOrPaMMBbI
CIICTYIOIIUMHU pe3yabTaTaMH O0yICHHUS TI0 U CIUILITHHE:

00ydJaronuics JOHKEH OBJIAICTh

ONTHUYECKOM arapaTypsl
1 000py/TIOBaHUS

Kareropus dopMmupyemasi Koa u HauMeHOBaHUe HHAMKATOPA JOCTHKEHHS
(rpynma) KOMIIeTeHIHs (C KOMIeTEeHIIMHA
KOMIeTeH U Uil yKa3aHueM Ko/1a)
Cucremnoe u [IK-1. cnocoOHOCTH IMK-1.1.
KPUTHUYCCKOC NOHMMAaThb TPUHITUIIBI 3HaTh: KBAaHTOBYIO TEOPUIO U3IYYEHUS] H
MBIIIICHAC paboTBl M METOMBI | poryomenus SIIEKTPOMArHUTHBIX BOJIH
JkCILTyatalti BEILIECTBOM, OCHOBHBIE MEXAaHU3MBbl YIIHPEHHUS
COBPEMEHHOM .
. CIEKTPAJIbHBIX JIMHUM, pPa3Ju4yHbIE METOJbI
PaarOdIIEKTPOHHOM u

CO3JaHMsI HTHBEPCHOW HACEJIIEHHOCTH B Cpenie
[K-1.2.

YMmerh: 00BACHATH (hU3UYECKOE Ha3HaueHUue
JJIEMEHTOB M BIUSHUE HX I[apaMeTpoB Ha
(GyHKIMOHAIbHBIE CBOICTBa KBaHTOBBIX
puoOpOB

I1K-1.3.

Brnaners: coBpeMEHHBIMU METOJIaMH aHAJIN3a,
CHUHTE3a UM pacuéTa KBAHTOBBIX HPHUOOPOB, a

TaKxe, METOJaMH MOICTTUPOBAHUS u
UCCIICJIOBAHUS PA3IMYHBIX PEKUMOB JCHCTBHS
KBAaHTOBBIX T'CHEPATOPOB Ha IMEPCOHAIBHBIX
KOMITBIOTEPAX
IIK-2. crtiocoOHOCTh I1K-2.1.
HCII0JIb30BaTh OCHOBHEIE 3HaTh COBpPEMEHHBIC IPEJICTABICHHS O
METO JIBI (OTOHHOW CTPYKType SJIEKTPOMArHUTHOTO ITOJIS,
paaroGU3NIECKUX 00 3JIEMEHTAPHBIX KBaHTOBBIX aKTax
U3MEepeHUI 0IHO()OTOHHOTO u MHOTO(OTOHHOTO

B3aMMOJICIICTBUSL TOJISI C BEIIECTBOM M HUX
KOHKPETHOM TMPOSIBICHUH TpU MpPeoOpazoBaHUM,
YCUJICHUHU u reHepanuu KOT€PEHTHOTO
ANIEKTPOMArHUTHOTO H3JIy4€HUST B KBAHTOBBIX
YCUJIUTENAX W TeHepaTropax  OMNTUYECKOTO
JIMAna3oHOB JUIMH BOJIH

[1K-2.2.

YMeTh paccuuThIBaTh U U3MEPSTH MapaMETPhI

U XapaKTepUCTMKH  NpUOOpPOB  KBAHTOBOIA
panuopu3NKu
[K-2.3.

Bnaners Binagers MeTOIBI M CpencTBa TEOPE-
THUYECKOTO M JKCIEPUMEHTAJIBHOTO nccle-
JOBaHMS B 00JIACTH KBAHTOBOU paino(U3UKH




2. Yka3aHue MecTa JUCUMILIMHBI B CTPYKTYpe 00pa3oBaTebHOI NPOrpaMMbl

Jucuunnmnna
«b1.B.1.02.04..»
«Pagnopuzukay.

«KBanroBas panmodusmka» SBISAETCS BapUATUBHOM u

(mpodeccuonanpupii  1uKi)  DIOC

Jucuunnuna uzydaercs Ha 4 Kypce(ax) B 7 cemecmpe(ax).

Llenu wu3ydeHHs AMUCHMIUIMHBL (DOPMHPOBAHME COBPEMEHHBIX NPEICTABICHUA O (U3UUCCKHX
OCHOBAaX YCTPOMCTBA, PUHIUIIOB JIEHCTBUS, PEKUMOB pabOThI, XapaKTEPUCTUK U MapaMETPOB OCHOBHBIX
THIIOB JIA3€POB, MEXAHU3MOB B3aUMOJCICTBHUS Ja3€PHOIO C BELIECTBOM U IPUMEHEHUH JIa3€pOB.

VYuebnas mucumminHa «KBanToBast paguou3nka» SBISETCS AUCHHUILUTUHON, B KOTOPOH CTYICHTHI
M3Yy4al0T OCHOBBI KBAaHTOBOW TEOPUM B3aUMOACWUCTBUS H3IYyYEHHMs] C BEIIECTBOM. 3JIeCh TaKke
pPacCMaTpUBAIOTCS MEXAHU3Mbl YIIUPEHUS CHEKTPAIbHBIX JIMHUM, peaKcauus, NPUHIUIBI JCHCTBUA U
PEXHUMBI paOOTHI ONITUYECKMX KBAHTOBBIX TPHOOPOB.

B pesynbrare u3ydeHus HACTOSIIEH AMCHUIUIMHBI CTYACHTHI IOJIy4aT 3HAHUSA, UMEIOIINE HE TOJIbKO

CaMOCTOATCIBHBIC 3HAYCHHUC, HO H

[0  HAIlpaBJICHUIO IMMOATOTOBKH

BXOJIUT B paznuen
03.03.03

ABIIAOIIHNECSA (1)YHZ[aM€HTOM IJId U3Yy4CHUA pAda HOCICAYIOIINUX

CHEIUATBHBIX TUCIUIIINH U MPAKTUYECKON pabOThI CIICIIMAIMCTOB B 00JIACTH PauOIEKTPOHUKH.
3. Conep:xanue padoueii nporpaMMmbl (00beM TMCUHUILIMHBI, TUNBI U BUIbI Y4e€OHbIX 3aHATHH,
yueOHO-MeToInYecKoe ofecreyeHne CaMOCTOSITeIbHOM PadoThl 00y4aAOIHXCSl)

Coneprxanne pabodeii mporpamMel mpectaBiieHo B [Ipumoskernu Ne 1.

4. DOoHJ OLEHOYHBIX CPEACTB M0 JUCHMUILIIUHE

4.1. IlepeyeHb KOMIIETEHIHII ¢ YKA3aHHEM 3TanoOB UX (JOPMHUPOBAHMS B Mpollecce OCBOCHUS

0o0pa3oBaTe/IbHOH NPOrpPpaMMbl.

Onucanue

noka3zatejleii W KpUTepHeB OLEHHUBAHHA

KOMHeTeHHI/Iﬁ Ha pa3/inIHbIX 3Tanax ux (l)OpMI/IPOBaHI/lSI, OIMHMCaHHue IKAaJ OCHUBAHU A

Kon u popmynrpoBka KOMIETEHINH:
[IK-1 - cmocoOHOCTh MOHUMATh MPUHIMIBI PAOOTHI M METOIbl AKCIUTyaTallud COBPEMEHHOMN

PaZMO’IIEKTPOHHON U ONITUYECKOM anmaparypsl U 000pyI0BaHUs

OK3aMeH:
[Inanupyembie
Pe3yIbTaThI Kputepuu oleHHBaHUS pe3ylIbTATOB 00 YICHMSI
o0yueHus
(nHIHKATOPBI
FOCTIDRCHIA 2 («He ymosner- | 3(«Ymosier-
3aJJaHHOTO  YpPOBHA 4 («Xoporio») 5 («OTmaHO»)
OCBOGHILS BOPHUTEIEHOY) BOPHUTEIEHOY)
KOMITETCHITH)
WuaukaTop He 3naer meronos u | Mmeer wactuunbie u | JlocTaTo4HO VYBepenno 3HAET
IOCTHIKEHUS CpenCcTB OTPBIBOYHBIC 3HAHUS | XOPOILIO 3HAET | METOJIOB M CPEJCTB
KOMITETEHIIUH (C 9KCHEPUMEHTAIIBHOT | METOJIOB U CPEJCTB | METOJOB M CPEACTB | DKCIEPUMEHTATBHOT
KOJIOM) 0 HCCIICMIOBAHUS | KCIIEPUMEHTAIBHOT | UCCIICOBAHUS 0 HCCIIEIOBAHUS
IIK-1.1. XapaKTePUCTUK H|O HCCTIEIOBAHUS | XapaKTEPUCTUK U | XapaKTEePUCTHK 5
3HATh METOIbI H3MEpeHHUSI XapaKTEPUCTUK U | U3MepeHus W3MEpeHHUS
u cpencTsa | MapaMeTPOB U3MEpEeHUs napamMeTpoB napaMeTpoB
SKCIIEPUMEHTANLHOr | M3JTyYEHUs JIa3€pOB | MMApaMETPOB W3JTYYCHHS J1a3epoB | U3JIYUCHHS J1a3epPOB
o HCCIIENOBaHKs | PA3TUUHBIX TUIIOB W3IYyYeHHs JIA3€POB | Pa3IMYHBIX THUIIOB Pa3IUYHBIX TUIIOB
XapaKTePUCTUK U Pa3TUYHBIX THIIOB
M3MEpEeHUS
rapamMeTpoB

HU3IyYCHHA JIa3€pOB
PAa3JIMIHBIX TUIIOB




I1K-2.1.

YMeTb

MIPOBOJUTH
SKCTIEPUMEHTAIbHBIC
HCCIICAOBAaHUS
XapaKTEePUCTUK U
HU3MEpEHUs
rapamMeTpoB
M3JIy4CHUS]  J1a3epOB
pa3HI/I‘IHLIX THUIIOB

He ymeer

NIPOBOJUTH
JKCIIEPUMEHTAJIbHBIE
HCCIIEOBAHUS
XapaKTEPUCTHK u
U3MEpPEHUs
[1apaMeTPOB
U3Iy4EHHs JIa3€pOB
Pa3IMYHBIX THUIIOB

He
MIPOBOAUT
SKCIIEPUMEHTAIbHBIC
HCCIICIOBAHUS
XapaKTEePUCTHUK u
U3MepeHus
rmapamMeTpoB
U3IIy4EeHUS J1a3epoB
pa3anme TUIIOB

YBEPEHHO

JloctaTouHo
XOpOILIO  MPOBOJIUT
HCCIICIOBaHUS
XapakTepUCTUK U
H3MepeHus
napameTpoB
M3IIy4EeHUsS JIa3epOB
Pa3IMYHBIX TUIIOB

YBepeHHo
MIPOBOIUT
HCCIEeIOBAHUS
XapaKTEepPUCTUK U
HU3MEpEHUs
rapaMeTpoB
W3ITy4EeHUs J1a3epOB
Ppa3InYHbIX TUIIOB

IK-3.1. He Bnaneer He yBepeHno Bia- JocraTtouHo Bianeer
Bnaz[erb HaBbIKaMH HaBBbIKaAMH neer HaBBIKAMH YBEPCHHO BJIAACCT HaBbIKAaMH
BBITIOJITHCHU A BBITIOJTHCHU A BBITIOJTHCHU A HaBbIKAMHU BBITIOJTHCHU A
OKCIICPUMEHTAJIbHBIX OKCIICPUMEHTAJIBHBIX | OKCIICPHUMCHTAJIBbHBIX BBITIOJTHCHU A OKCIICPUMCHTAJIbHBIX
HCCIIC/IOBAHUS WCCIICJIOBAHUS UCCIIC/IOBAHHUS JKCIIEPUMEHTAJIbHBI | UCCIICAOBAHUS
XapaKTEPUCTUK u XapaKTEPUCTUK U XapaKTEPUCTUK u| X HCCIICZIOBAHUS | XapaKTEPUCTHK u
U3MEpPEHUS U3MEpPEHUS A3MEpEHUSA XapaKTEPUCTUK W | U3MEPEHUS
rapamMerpoB rapameTpoB rnapaMeTpoB HU3MEpEHUs apamMeTpoB
M3JIyYEHMS JIa3epOB | M3JIYYEHHS JIa3epOB | M3IYUCHHUS JIa3epOB | apaMETpPOB W3JIyYSHHs  JIa3epPOB
PAa3JIMYHBIX TUIIOB 110 | PA3JIMYHBIX TUIIOB I10 | PA3JIMYHBIX THUIIOB IIO | U3JIYUYCHHA JIa3€pPOB | pa3JIMYHBIX THUIIOB I10
3alaHHOM METOJIMKE | 3aJaHHOW METOJMKE | 3aJaHHOM METOAUKE | Pa3IMYHBIX  THIIOB | 3aJaHHOM METOIHMKE
u obpaborke pe- u 0bpaboTke pe- u obpaboTrke pe- | Mo 3a7aHHON | ©  00paboTkKe pe-
3yNbTaTOB c 3yJbTATOB C 3yJbTAaTOB C | MeTo/rKe U | 3yIbTaTOB c
MIPUMEHEHHEM MIpUMEHEHNEM MIpUMEHEHHEM o0paboTke MIpIMEHEHUEM
COBpPEMEHHBIX COBpPEMEHHBIX COBpPEMEHHBIX pe3yIBTATOB C | COBpEeMEeHHBIX
TEXHOJIOTHUH u TEXHOJIOTUH U TEXHOJIOTU I U | IpUMEHEHUEM TEXHOJIOTUI u
TEXHUYECKHUX TEXHUYECKHIX TEXHUYECKHIX COBpPEMEHHBIX TEXHUYIECKHUX
CpPEeICTB. CpPEICTB. CPEICTB. TEXHOJIOTUH U | CPEICTB.
TEXHUYECKHUX
CPEJICTB.
IIK-2 - cnocoOGHOCTh UCIOJIL30BaTh OCHOBHBIE METOABI PAIUO(PU3NICCKUX H3MEPEHUN
DK3aMeH:
[Inanupyembie
pe3yabTaThl Kpurepuu orieHMBaHMS pe3yIbTaTOB O0yUESHHUS
o0yueHus
(nHIHKATOPBI
MTOKa3aTeNn
JOCTHKEHUS 2 («He ymoBmer- | 3(«YnoBuer- 4 («Xopormo») 5 («OTHHOY)
3alaHHOTO  YPOBHS | BOPUTEIHHO») BOPHUTEIBHOM)
OCBOEGHHS
KOMITETCHITH)
TTOCTIOKEHUS He 3maer ocHoBHEBIX | IMeeT wacTtuunbie u | JJocTaTouyHO YBepeHHo 3HAET
KOMITETEHIIUH (C METO/IOB OTPBIBOYHBIE 3HAHUS | YBEPEHO 3HAET | OCHOBHBIE  METOJIBI
KOJIOM) OpTraHHU3aIAN U | OCHOB-HBIX METOJIOB | OCHOBHBIE = METO/bl | OpraHHU3aIUH u
K-2.1. MIPOBEJICHUS OpTaHH3aIHiN Y | OpraHU3aluu U | IpOBENEHUS
3HaTh OCHOBHBIE | KCIIEPUMEHTAIBHBIX | IPOBEJCHUS MIPOBEACHUS SKCIEPUMEHTAIBHBIX
METOIBI WCIIBITAHUH C TENBI0 | IKCIEPUMEHTANFHBIX | IKCIIEPUMEHTAIBHBIX | HCIIBITAHUN C TENBI0
OpraHu3aluu U | OLEHKH WCIBITAHUN C IEeTbI0 | UCTIBITAHHN C LENBIO | OI[EHKU
MPOBEICHUS COOTBETCTBHS OLICHKH OILICHKH COOTBETCTBHUS
SKCIIEPUMEHTAIBHBIX | TPEOOBAHUAM COOTBETCTBHS COOTBETCTBHUS TpeOOBaHUAM
HCIBITAHUN C LENblo | TEXHHYECKUX TpeOOBaHUSIM TpeOOBaHUSIM TEXHUYECKHX
OLIEHKH perjIaMeHToB, TEXHUYECKUX TEXHUYECKHUX pETJIaMeHTOB,
COOTBETCTBHSA MEKIYHAPOJIHBIX U | PErJIaMeHTOB, pETJIaMEHTOB, MEXKyHAPOJIHBIX U

HallMOHaJIb-HbIX

MCKAYHAPOAHBIX H

MCKAYHAPOAHBIX U

HallMOHAJIb-HbIX

6




TpeOOBaHUAM

CTaHAapTOB M HMHBIX

HallMOHAJIb-HBIX

HallMOHAJIb-HBIX

CTaHJApTOB M HHBIX

TEXHUYECKHX HOpPMa-THBHBIX CTaHJAPTOB M WHBIX | CTAHAAPTOB U HMHBIX | HOPMa-THBHBIX
perJIaMeHTOB, JOKYMEHTOB HOpMa-THBHBIX HOpMa-THBHBIX JOKYMEHTOB
MEKAYHApOIOHBIX U JOKYMEHTOB JOKYMEHTOB

HAIlMOHAIb-HBIX

CTaHIApTOB M HMHBIX

HOpPMa-THBHBIX

JOKYMEHTOB

[K-2.2. He ymeer He yBepeHHo | [locTtaTouHo YBepeHHo
YMers  MPOBOAMTH | IPOBOIUTH POBOAUT YBEPEHHO MPOBOAUT MPOBOAUT
9KCTIEPUMEHTAIIBHBIE | IKCTIEPUMEHTAIBHBIC | SKCIIEPUMEHTAIBHBIC | SKCIICPUMEHTAIBHBIC | OKCIIEPUMEHTAJIbHEIE
WCTBITAHUS C LENBI0 | UCTIBITAHUS C UENbIO | UCIBITAHHUS C IIEBI0 | UCTIBITAHUS C LENBI0 | MCHBITAHUS C UETBI0
OIICHKH OLICHKH OLICHKHU OLIEHKH OLIEHKH
COOTBETCTBUS COOTBETCTBUS COOTBETCTBUS COOTBETCTBHUS COOTBETCTBHS
TpeOOBaHUSM TpeOOBaHUIM TpeOoBaHUSAM TpeOoBaHUSAM TpeOOBaHUSIM
TEXHUYECKHX TEXHUYECKHX TEXHUYECKHX TEXHUYECKHX TEXHUYECKHX
pErIaMeHToB, peraaMeHToB, perIaMeHToB, periiaMeHToB, perJIaMeHTOB,

MEXAYHApOJIHbIX U
HalMOHAJIb-HbIX
CTaHJApPTOB U HMHBIX
HOPMAa-THUBHBIX

MEXIYHAPOIHBIX U
HalMOHAJb-HbIX
CTaHJApTOB U HMHBIX
HOPMAa-THBHBIX

MCKAYHAPOAHBIX U
HaITMOHAJIb-HBIX
CTaHAapTOB M HHBIX
HOpMa-TUBHBIX

MCKIAYHAPOOAHBIX U
HaIlMOHAJIb-HBIX
CTaHJAapTOB M HHBIX
HOpMa-TUBHBIX

MCXKIYHAPOOHBIX WU
HaIlMOHAJIb-HBIX
CTaHAApPTOB U UHBIX
HOpMa-TUBHBIX

JIOKYMEHTOB JIOKYMEHTOB JIOKYMEHTOB JIOKYMEHTOB JIOKYMEHTOB
T1K-2.3. He Bmazeer He YBEPEHHO JlocTtaTouHo Bmameer HaBbIKamMu
Bnagers HaBBIKAMU | HaBBIKAMH BJaJiceT HaBBIKAMHU | YBEPEHHO BJIAJEET | MPOBEICHUS
MPOBEICHHS MIPOBEICHHUS MIPOBEJICHUS HaBBIKAMU IKCTIIEPUMEHTATBHBIX
9KCTIIEPUMEHTAIIBHBIX | IKCIIEPUMEHTANBHBIX | SKCIIEPUMEHTAIBHBIX | IPOBEICHUS UCTIBITAHUH C IIENBI0
WCTBITAHUI C LENBI0 | UCTIBITAHUH C IENbI0 | UCIBITAHUN C IENbI0 | DKCIIEPUMEHTAIBHBIX | OI[CHKH

OICHKH OLICHKHU OLICHKHU UCTIBITAHUI C IIENBIO0 | COOTBETCTBUS
COOTBETCTBUS COOTBETCTBUS COOTBETCTBHUS OLICHKHU TpeOOBaHUSIM
TpeOOBaHUIM TpeOOBaHUIM TpeOOBaHUIM COOTBETCTBHS TEXHUICCKHIX
TEXHUYECKUX TEXHUYECKHX TEXHUYECKHX TpeOOBaHUSIM pETJIaMEHTOB,
perJIaMeHTOB, pErIIaMeHTOB, pEriIaMeHTOB, TEXHUYECKUX MEKIYHAPOIHBIX U
MEKAYHAPOJHBIX M | MEXIYHAPOAHBIX W | MEKIYHApOIHBIX ¥ | PETJIAMEHTOB, HAIIMOHAIIb-HBIX

HalOHAJIb-HBIX
CTaHIAPTOB W HWHBIX
HOpPMa-TUBHBIX
JOKYMEHTOB

HallOHAaJIb-HbIX
CTaHIAPTOB W HWHBIX
HOPMa-THBHBIX
JIOKYMEHTOB

HallMOHA/Ib-HBIX
CTAaHIAPTOB W HWHBIX
HOPMa-THBHBIX
JIOKYMEHTOB

MEKIyHApOOHBIX U
HaI[MOHAJIb-HBIX
CTAaHIAPTOB W HWHBIX
HOpPMa-THBHBIX
JIOKYMEHTOB

CTaHIJApTOB MW HHBIX
HOpMa-TUBHBIX
JOKYMCHTOB

IToxka3zarenun ¢chOpMHUPOBAHHOCTH KOMIIETCHIIUM

Kpurepusimu oneHUBaHUS SBIISIOTCS Oaluibl, KOTOPBIE BBICTABISIOTCS TPEIOAABATENIEM 3a BHIIbI
NEATeNbHOCTH (OLIEHOYHBIE CpPEACTBA) [0 MTOTaM M3Y4eHUs Monyned (pa3fenoB IUCLUILIMHBI),
NEPEeUYHCICHHBIX B PEUTHUHI-IUIAHE AUCHMIUIMHBI (0714 dK3amena: TEKyIIUH KOHTposib — Makcumym 40
0ai10B; pyOeKHBIH KOHTPOJIb — MakcuMyM 30 6ajioB, MooLIpUTeNbHbIEe 6amibl — MakcuMyM 10.

[Ikanbl oleHUBaHUS:

0/11 9K3aMeHa:

oT 45 1o 59 6a1710B — «yIOBJIETBOPUTEIBHO;

oT 60 10 79 6a1I0B — «XOPOIIO;

ot 80 0aIOB — «OTIUYHON.

4.2. TunoBbie KOHTPOJIbHBIC 3aJaHUSI WM HHbIC MATePHAJIbl, HEO0X0AUMBbIe /151 OLCHKHU 3HAHM,
YMEHHUI, HABBIKOB H OINBITA AeATEIbHOCTH, XapaKTepU3yOLIMX ITanbl (popMupoOBaHHUS
KOMIIETCHIIHI B Mpolecce 0CBOCHUsI 00pa3oBaTebHOI NporpaMmmbl. MeToanyeckne MaTepHualbl,
onpeaeasOUye NPoueaAypsl OLeHHBAHUSA 3HAHUH, YMEHHH, HABBIKOB H ONBITA AeATEJIbHOCTH,



XapaKTepU3yIOIIUX 3Tanbl (POPMHPOBAHUS KOMIIETECHIUH

Komnerennus
(c ykazaHueM Koja)

Pe3ynbTarhl 00yUeHuUsS
HUnouxamop oocmudicenus
KoMnemeHyuu (¢ KoOom)

O1ieHOYHEBIC cpeacTaa

I[IK-1-  cnocobHOCTH MK-1.1. [TuceMeHHbIH oTpoc,
IIOHUMAaThb IIPUHIHAIILI 3HaTh: (1)I/I3I/I‘-IGCKI/IC OCHOBBI | BBIIIOJIHEHHUEC
paboTh u MeTonpl | paboOTBl M MPUHIMIIBI JACHCTBHUS | 1a0OpaTOpHBIX  paboT u
OKCILTyaTalliun OIITUYCCKNX KBAHTOBBIX HpI/I60pOB COCTaBJICHHUEC OTYCTOB,
COBPEMEHHOMN U YCTPOUCTB KOHTpOJIbHAS pabora
PaIuOdTIEKTPOHHOM u IIK-1.2. (pedepar), s3x3ameH
OIITUYECKOH anmnaparypel U YMeTh: KpUTUUECKU TMOAXOIUTH K
obopynoBaHHS BHIOODY ~ THIIOB  ONTHYECKUX
KBaHTOBBIX pruOOpOB u
YCTPOWCTB, COMOCTaBJIAA
0COOEHHOCTH HCTIOJIb3YEMBIX
KOMIIOHEHTOB U IIapaMeTpsl
pubopoB
ITK-1.3.
Bitaners: HaBBIKAMU
MIPaKTUIECKON paboTsl c
1abopaTOPHBIMHU MaKeTaMu
ONTHYECKUX KBAHTOBBIX TIPHOOPOB
U YCTPOUCTB
[K-2- crocobnocts | IMK-2.1. ITuceMeHHBIH orpoc,
HCIIOJIb30BATh OCHOBHBIC | 3HATH YCTPOWCTBO, OCOOCHHOCTH, | BBHITOTHECHUE
METOBI pamuoPU3NUECKUX | XapaKTEPUCTUKH M MapaMeTpsl | TabopaTOPHBIX pabot u
W3MepeHHUH M3y4aeMbIX TIPUOOpPOB COCTaBJICHHE OTYETOB,
[K-2.2. KOHTPOJIbHAS pabota
VMers coctaBisTh TexHuueckue | (pedepat), sK3aMeH
OTYETHI o MPOBENICHHBIM
9KCIEPUMEHTAIILHBIM UCTIBITAHHSIM
YCTPOICTB reHepanuu
OTITHYECKOT0 M3ITyYCHUS
IK-2.3.

Brmamerr HaBBIKAMH PabOTBI ¢
KOHTPOIIbHO-U3MEPHUTETHHBIMU

npubopaMu B COOTBETCTBHUSA
TpeOOBaHUIM TEXHUYECKUX
perIiaMeHToB

4.3 PedTHHI-ILIaH JUCHUILINHEI

PeiTuHIr—1171aH AU CIMITIIMHBI MPEACTABJICH B ITPUJIOKCHUHN 2.

IK3aMeHALIMOHHBIE ONJIeThI

CrpykTypa SK3aMEeHAIIMOHHOTO OuieTa:

3K3aMeHaHHOHHHﬁ OMJIET COCTOUT H3 ABYX BOIIPOCOB, B3ATBIX HU3 COOTBCTCTBYHOIIUX Moz[yneﬁ

paboueii mporpaMmsl.




IIpuMepHBIE BOPOCHI U1 SK3aMEHa:

. @usnueckue siBiieHus (MPUHIIMIIBL), JIeXKAIHe Ha OCHOBE Pa0OThl KBAHTOBBIX MPUOOPOB.

. CloHTaHHbBIE U MHIYLIHPOBaHHbBIE IIEPEX0/Ibl B KBAHTOBBIX CUCTEMAX.

. CloHTaHHOE U3Jy4eHHE, PE30HAHCHOE MOTJIONEHUE U UHIYLIUPOBAHHOE U3Iy4YECHHUE.

. BeposTHOCTH KBaHTOBBIX MEPEXOA0B U KOIDDUIIMEHTH DUHIITEHHA.

. HaceneHHOCTH KBAHTOBBIX YPOBHEN M CKOPOCTHU IIEPEXOJ0B MEXKTY HUMMU.

. XapaKTepUCTUKHU CIIOHTAHHOTO U3JIy4eHUs. be3pI3nydaTesbHble IEPEeX0Ibl.

. CBs13p Mex 1y Ko3(ppuurentamu DUHIITENHA.

. KBanToBas Teopus koappuiieHToB DUHIITENHA.

. lllupuHa TUHUYN U3ITy4EHUS.

10. EcTecTBeHHas MMpUHA CIIEKTPAIbHON JIMHUU.

11. OgHOopoaHOE yIIMpEeHNe CIEKTPATbHON TNHUY.

12. HeogHOpO1HOE yIIMPEHHE CIIEKTPAIbHON JIMHUU.

13. KBanToBoe ycunenue. TuBepcusi HaceneHHOCTEH. AKTUBHAS cpefa.

14. THTEHCUBHOCTB, MJIOTHOCTH MOTOKAa (POTOHOB, KOAPPHUIIMEHTHI MOTJIOIICHUS U CEUYEHUE TIepexo/ia.
15. KoaddurmeHT KBAaHTOBOTO YCHIICHHS.

16. KBaHTOBBIN TeHEpATOP.

17. Ycunenue Kak cleICTBUE “OTPUIATEIBHON TeMIEPaTypbl CPEIbI.

18. MeTop! TOJIy4eHHsI THBEPCUN HACEIIEHHOCTEW KBAaHTOBBIX YPOBHEW, HaKayKa.

19. BozneiicTBHE 3JIEKTPOMArHMTHOM BOJTHBI HA ABYXYPOBHEBYIO CUCTEMY, HACBIIICHUE TTEPEX0/IA.
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20. BO3MOXXHOCTh YCWJIEHHS B TPEXYpPOBHEBBIX CHCTEMax IpPU ONTHUYECKON Hakauke. KuHeTtnueckue
ypaBHEHHUS. Y CIOBHE HHBEPCHH.

21. Ku"etnyeckue ypaBHEHUS I YETBIPEXYPOBHEBOW CXEMBI. Y CIOBUE HHBEPCHUH.

22. OtkpoIThIe pe3oHaTophl. CriekTp coOcTBeHHBIX YacTOT OP. Crosyas BosHA.

23. JIoOpOTHOCTH ONITHYEYKOTO PE30HATOPA.

24. PexxuMebl TeHepanuu jazepoB. CKOPOCTHBIC ypaBHEHUS.

25. DIIEKTPOONTHYECKUE MOTYIIATOPHI. JIMHEHHBIH 351eKTpoonTHYECKUH 3PGEKT B OTHOOCHBIX KPUCTAIIIIAX.

26. ®azoBas MOAYJSLMS CBETa B OJHOOCHBIX KpucCTaliax. Moaynsauus MNOJSpU3alUM U aMIUIMTYyIHAs

Moxynsauud. [TonyBosiHOBOE HampsKEHUE.

27. Pexxum cBoOonHOM reHepanuu. OnTHueckas CXeMa M BpeMEHHas JMarpaMma Ipoliecca T'eHepaluu

Ja3epa B pexuMe CBOOOTHON reHepaIui.

28. Jlazep B pexuMe MOAYIHpPOBaHHOW noOpoTHocTH. OmnTHyecKas cxema M BpeMEHHas Auarpamma

Ipolecca reHepain jJa3epa ¢ Moaysuuel 100poTHOCTH. MeToAbl MOTYISILIUK TOOPOTHOCTH.

29. [TaccuBHBIC 3aTBOPHI.

30. YcrpoiicTBO M cOCTaBHBIC YacTH T/T Jla3epa.

31. PyounoBsiii nazep. [Ilpunuun paboTel, mapaMeTpsl U XapaKTEPUCTUKH.

32. Nd-UAT - nazep. [Ipuniun paboThl, apaMeTPbl U XapaKTEPUCTHKH.

33. I'azoBbIe nazepbl. KOHCTpYKIMS U mapaMeTphl.

34. I'enuii-HEOHOHBIH Ja3ep. DHEPreTUYeCcKre YpOBHHU, MEPEXOJ0B U MapaMeTphl.

35. TlomynmpoBOJHUKOBBIE JTa3ephl. Y CIOBHE YCUIIEHUSI CBETOBOM BOJIHBI B IMOTYTIPOBOHUKE.

36. IIpuHIMT pabOTH MHKEKIIMOHHOTO T/T-7a3epa Ha TOMOTIEPEX0/Ie.

37. XapaKkTepuCTHKH, MTapaMEeTPbl U KOHCTPYKIUS TI/T1 — Ta3€POB.

O0pa3zen s5K3aMeHaIMOHHOTO OnileTa MPUBEIEH B PUIIOKEHUH 3.

[TepeBon onenku u3 100-6aIbHOM B 4eTHIPEXOATIBHYIO TPOU3BOIUTCS CIEAYIONINM 00pa3oM:
- omuHO — oT 80 10 110 6anmnos (Birouas 10 mOOmpPUTENBHBIX OAIIIOB);
- xopo1o — ot 60 g0 79 6amnos;
- YAOBIETBOPUTENBHO — OT 45 110 59 6annos;
- HEYJIOBJIETBOPUTEIHHO — MeHee 45 0alioB.



Kpumepuu oyenku (¢ oannax):

- 25-30 6annoe svicmasnsiemcsa cmyoeHmy, eciu cmyoOeHm 0ai NOJHble, pa36epHymble OMmeemvl Ha
gce 6onpocvl burema, NPOOEeMOHCMPUPOBAL 3HAHUE (DYHKYUOHATLHBIX B03MONMCHOCHEN, MEPMUHOLO2UU,
OCHOBHbIX D]IeMEeHmMO8, YMeHue NPUMEHAMb meopemudecKue 3HAHUSA NpU 6bINOJHEHUU NPAKMUYEcKUx
s3a0anut. Cmyoenm 6e3 3ampyoHeHUll Omeemul Ha 6ce OONOJIHUMENbHble 80NPOCHI.

- 17-24 6annoe svicmasnsemcs cmyoeHmy, eciu CmyOeHm PAcCKpbll 8 OCHOBHOM 80NPOChl buiemd,
00HAKO 0ONyWeHbl HeMOYHOCMU 8 ONpeodesleHUl OCHOBHLIX NoHamul. Ilpu omeeme Ha OonorHumenvHvie
80NPOCHL QONYWeHbl HeOOIbUUE HEMOYHOCIU.

- 10-16 6annos evicmaeisemcs cmyoeHmy, eciu HpU Omeeme HA MeopemudecKue B0Nnpocyl
CMYOeHmMOoM OONYWEeHO HECKOIbKO CYUWECHE8EHHbIX OWUDOK 8 MOIKOBAHUU OCHOBHLIX nouamuil. Jlocuka u
NoOIHOMA omeema cmpaodaom 3aMemHbIMU U3bAHAMUY. 3amemHbl npoOenbl 8 3HAHUU OCHOBHBIX MEeNO0O08.
Omeembl HA BONPOCHL 8 YENIOM U3NONACEHbl OOCMAMOYHO, HO C Nponyckamu mamepuana. HMmeromcs
NPUHYUNUATbHBLE OWUOKU 8 TI02UKE NOCMPOEHUsL OMEEeMa HA B0NPOC.

- 1-10 oéannoe evicmasngemcs cmyoeHmy, eciu Omeem HA meopemudeckue B0ONPoOCHl
ceudemenbcmeyem 0 HeNOHUMAHUU U KpAliHe HEeNnOIHOM 3HAHUU OCHOBHLIX NOHAMUL U Memooos. Cmydenm
He CMO2 OmEemumy Hu Ha 0OUH OONOTHUMENbHbIL BONPOC.

3aganus 11 KOHTPOJILHOI padoThl

Onucanue KOHTPOJILHOI padoThI (pedepara):

KoHTposbHble 3a1aHus NPEACTaBIsAiOT cOO0M BBINMOJIHEHHE pedepaToB COMIACHO MPEICTaBICHHOMY
cucky TeM. KaxIplii CTYACHT BBITIOJHSACT 3aJaHHe 10 OJHOMY M3 BAapHAHTOB B COOTBETCTBHH HOMEPY
CIHCKA TPYIIIIBL.

[Tpumep crnimcka Tem i pedeparTos:

WNupyuupoBaHHO€E n3nydeHue u padoTa jasepa.

[TonoxxutenpHast oOpaTHas CBs3b B Jazepax. ONTHYECKHE PE30HATOPBHI.

[TonoxxutenpHast 0OpaTHas CBs3b B Jlazepax. THUIBI ONTHUECKUX PE30HATOPOB.

BonHoBast Teopust OTKPBITOTO pe30HATOPA.

I'eomeTrpuueckas Teopus OTKPBITOIO PE30HATOPA.

JudpakroHHas Teopusi OTKPHITOrO pe30HaTopa

MeTo1pl TOTy4eHNsT THBEPCUM HACEIIEHHOCTH.

Iupuna u3ryueHus nasepa.

KBantoBoe ycuiieHue. TUnbl KBAHTOBBIX YCHIIUTENEH.

0. KBanToBbIi1 rereparop. Ilpunuumn paboTsl.

1. Pesxumbl paboThl KBAHTOBBIX T'€HEPAaTOPOB. PexxuM cBOOOIHON reHepari.

12. MoaynaTtopbl ONTUYECKOTO H3IY4EHUs. OJIEKTPOONTHYECKHUE MOIYJIATOPbl JOOPOTHOCTH IS
KBaHTOBBIX F€HEPATOPOB.

13. PexxumMbl paboThl KBAHTOBBIX F€HEPATOPOB. PexxuM Moy s JOOPOTHOCTH.

14. PexxumMbl pabOThI KBAHTOBBIX F€HEPATOPOB. PeKUM CHHXPOHU3AILMH MOJL..

15. TeepaotenbHble Jazepsl. Jlazep Ha pyOuHe. YCTpoiicTBO U apaMeTphl.

16. TsepaotenbHble Jazepbl. HeomumoBbIil 1a3ep. YCTpoiicTBO U mapaMeTpl.

17. TBepnoTenbHbIe Ja3epbl. DpOUEBbIH J1a3ep. Y CTPOHCTBO U MapaMeTphl.

18. T'azoBwIit nazep. ['enuii-HeoHOBBIH J1a3ep. Y CTPOHCTBO U MapaMeTphbl.

19. T'azoBwIit nazep. CO2 -nazep. YCTpoHCTBO U apaMeTphl.

20. ITomynpoBoaHuKoBbIE J1azepsl. [IpuHIIMT paboTHI 1a3epa Ha TOMOTIEpEXO/Ie.

21. TlosryrpoBOAHUKOBBIE J1a3ephl. [IpuHIMIT pabOTHI 1a3epa Ha reTeporepexo/ie.

22. TlomynpoBOAHUKOBBIE JIA3€PhI JIs1 ONTUYECKON CBSI3U. THIBI M MapaMeTphl.

23. B0JIOKOHHO-ONTUYECKHE YCHIIUTENIN ONTHYECKUX CUTHANOB. KOHCTpYyKIIMS U mapamMeTpshl.

24. TIpomblIIEHHBIE TUIIBI BOJIOKOHHO-ONITHYECKUX ycunutesnel. [lapameTpsl U XxapaKTepuCTUKH.

RN R~wNE
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Kputepuu onenkn:

OIICHKAa

paboTa BBIMOJHEHA CAMOCTOSATENBHO, HOCHT TBOPYECKHN Xapakrep,
BO3MOXHO COJIEPKAHUE 3JIEMEHTOB HAyYHON HOBHU3HEI;

coOpaH, 0000IIeH ¥ POaHAIM3UPOBAH JIOCTATOYHBIN 00BEM JINTEPATYPHBIX
HWCTOYHUKOB;

OpH HamWCaHWW PabOTBl  CTYJEHTOM IPOJAEMOHCTPUPOBAH  BBICOKHIA
HpO(beCCI/IOHaHLHLIX KOMHCTCH]_[I/II‘/'I, TCOPCTUUYCCKUEC 3HAHUSA W HaJIM4YHC
MPaKTUYCCKUX HABBLIKOB,

paboTa xopomo ohpopMiIeHa W CBOCBPEMEHHO MPEACTABIICHA, MOJIHOCTHIO
COOTBCTCTBYCT Tpe6OBaHI/I$1M, MMPEABABIACMbIM K COACPKAHUTO u
oopmiieHuo pedeparos

15 6annos

TEMa pa60TBI packpbiTa, €CTb HETOYHOCTHU IIPpHU OCBCHICHUH OTACIbHBIX
BOIIPOCOB TEMBI;

coOpaH, 000OIIEH M MPOaHAIM3UPOBAH HEOOXOAMMBIA OOBEM JIUTEPATYPHI,
HO HE I10 BCEM acleKTaM UCCIEelyeEMOM TeMbI CeNaHbl BEIBObL;

NP HANIMCAaHUH M 3alIUTe paboThl CTYJCHTOM MPOJEMOHCTPUPOBAH CPEITHUMA
YpOBeHb MPO(ECCHOHATIBHBIX KOMIIETCHIIMH, HAJMYUe TEOPETUUYCCKUX
3HaHUU U JOCTATOYHBIX IMPAKTHYCCKUX HABBIKOB,

paboTa CBOCBPEMEHHO MPEICTAaBIICHA, €CTh OTMCIbHBIC HEJIOCTATKH B €
o opMiIeHIHN

10 6annos

TEMA pa6OTBI packpbiTa 4aCTUYHO, HO B OCHOBHOM IIPABUJIBHO, AOIIYIICHO
MTOBEPXHOCTHOE M3JIOKEHNE OTAETBHBIX BOIIPOCOB TEMBI;

B paboTe HEJOCTaTOYHO TMONHO ObUIa HCIOJBh30BaHA HEOOXOoauMas
JUTEpaTypa, BBHIBOJIBI HE OTPa)Kajl B JOCTATOYHOW CTENEHH CONEp)KaHWe
paboTHI;

MpU HaNmWCaHUU U 3aluTe paboTBl CTYyAEHTOM IPOAEMOHCTPHUPOBAH
VIIOBIICTBOPUTENBHBI  YpOBEHb  MPOQECCHOHAJBHBIX  KOMIICTEHIINH,
[IOBEPXHOCTHBIA YPOBEHb TEOPETUUECKUX 3HAHUI;

paboTa CBOEBpEMEHHO NpEACTaBIIeHa, ONHAKO HE B IOJHOM OOBEME II0
comepXaHuio ©u / Wid O(OPMIECHHIO COOTBETCTBYET MPEIbSIBISIEMbIM
TpeOOBAHUIM

7 bannos

coziepKaHue padOTHI HE PACKPHIBAET TEMY, BOIIPOCH! U3JI0KEHBI OECCHCTEMHO
U TIOBEPXHOCTHO, HET aHajnW3a IIPaKTUYECKOr0 MaTepuasia, OCHOBHBIC
MOJI0’KEHHST 00OCHOBAHUS;

paboTa He OpHUTHHAIIBHA, OCHOBAaHA Ha KOMITHJISIAH ITYOIHKAIHI 110 TEME;
npu HaITMCaHUN paboTHI CTYJCHTOM IPOAEMOHCTPUPOBAH
HEYZIOBJIETBOPUTEIBHBIN YPOBEHD MTPO(ECCHOHATBHBIX KOMITCTECHIIHIA;

paboTa HECBOEBpEMEHHO TMpe[CTaBieHa, HE B IMOTHOM O0O0BeMe 10
COJIep)KaHUIO U OOPMIICHUIO COOTBETCTBYET NPENbSBISIEMBIM TPEOOBaH UM

5 bannos
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HpHMep JIUCTA INCBbMEHHOI'0 OIIpoca 110 JUCHUIIIINHC «KBanrtoBas paI[I/IO(l)I/IZ?»I/IKa»I

Jluct Ne . I'pynna . ®amunus 1.0. . Hara

Bonpocsl Oan OT1BeTnI

[lepeuncauTs  MPUHLIUIIEL,
JeXalllue Ha OCHOBE pPabOThI
KBaHTOBBIX ITPHOOPOB.

Kak mnpunsato omnpenenars
UIMPUHY  JIMHUM ~ U3JIy4eHUus
nazepa?

Kaxk na3piBaercsa cucrema us3
ABYX IIOCKOMMapaICIIbHBIX
BBICOKOOTPAXKAOIINX 3€pKaI?

OObsicHUTE
YETBIPEXYPOBHEBYIO CXEMY
ONITUYECKOMN HAKAYKH Ja3epa.

Hapucyiite OJIOK-CXeMy
Jazepa B PEOKUME MOTYIISIHH
NOOpPOTHOCTH  pE30HATOpa |
0003HAYBTE €ro DJIEMEHTHI.

Kpumepuu ouenku (¢ oannax):
- 10-15 éannoe evicmasnsiemcs cmyoenmy, eciu CMyOeHm Oail NOJHble, PA36EPHYMble 0MeEenbvl HAd 6Ce
meopemuyecKkue 60NPOCHL Oulema, NPOOeMOHCMPUPOBAN 3HAHUE (OYHKYUOHATbHBIX B03MOICHOCHEN,
MePMUHONIO02UU, OCHOBHBIX IJIEMEHMO8 KBAHMOBOU JJIeKIMPOHUKU.
- 5-9 6annoe svicmasnaemcs cmyoenmy, eciu cmyOeHm packpvli 8 OCHOBHOM MeopemuiecKue 80npochyl,
0O0HAKO OONYWeHbl HeMOYHOCU 8 OnpedeleHUl OCHOBHbIX noHamull. Ilpu omeeme Ha 6onpocvl donyujeHvl
HebOobUUe HeMOYHOCMU U HeCyUecm8eHHble OUUOKU.
- 1-4 6annoe evicmasnsiemcs cmyoewmy, eciu npu omeeme HA MeopemuyecKue 80Npocvl CMYOeHmoM
OONYWEeHO HEeCKOIbKO CYUjeCMBeHHbIX OWUOOK 8 MOJKOBAHUU OCHOBHBIX NOHAmul. Jlocuxa u nomrHoma
omeema cmpaoarom 3amMemubimMu usvsaHamu. Teopemuyeckue 80NPOCHL 8 YELOM U3NO0NHCEHbL HEOOCMANOUHO
U UMerOmMCcs NPUHYUNUATIbHbLE OUUOKU 8 JI02UKe NOCMPOEHUsT OMBemo8 Had 60NPOCHL.

Tembl 1abopaTopHBIX padoOT
JIaGopatopHas pabota Nel. KomnbroTepHoe MOieIMpOBaHUE PEKUMOB pabOThl TBEPIOTEIBHOTO Jla3epa.
Jla6opatopras pabora Ne2. Jlasep Ha kpuctamie MAT: Nd** B pesxume cBo60HOI reHepanuu.
Jlabopatopras pabora Ne3. Jlazep Ha kpuctamie UAT: Nd** B pesxxume Mo Tynsiuu JOOPOTHOCTH.
JIaGopatopHnas pabota Ned. ITomynpoBoTHUKOBBIH Ja3ep.
JIaGopatopHas padota NeS5. DIeKTpOONTUYECKHE MOTYISATOPHI CBETOBOIO U3TyUEHHUS.
JIaGopatopHas pabota Ne6. JIazepHblil JOMIEPOBCKUN U3MEPUTENH CKOPOCTH.
JIaGopatopHas padota Ne7. ['eneparusi BTOpoil ONITHYECKON rapMOHUKH.

JlabopaTopHbie paboThl NpeACTaBICHbI B OpoiIiope:

12



OnTosneKTpOHHBIE U KBAHTOBBIE MPHOOPHI U YCTPOHCTBA [ DIEKTPOHHBIN pecypc]: MeToIu4ecKue
yka3anus / baml'Y ; coct. A. I'. Akmanos, b. I'. [llakupos. — Ya: PULL baml'V, 2012. — DnexTpoH.
Bepcus med. myonukanuu. — JlocTynm BO3MOXKEH uepe3 DIeKTpoHHYI0 onbaroreky baml'y. —
<URL:https://elib.bashedu.ru/dl/corp/AkmanovShakirovSost.Optoelektr.ikvantovyePribory i
Ustr.Met.Uk.pdf

Kpurtepuu onenku (B 6aj1ax)

[TomHOCTRIO BEHITIONHEHA J1abopaTtopHas pabdoTa, NPEACTaBICH IPaBHIBLHO 7
O(pOPMIICHHBII OTYET, BKJIIOYAIONIUN IOCTPOCHHE TpaduKOB, ONpEICIICHUE bannos
nmapaMeTpoB M PAcueTOB COTJIACHO 3aaHHI0,  TMPABWIbHBIE W HCUEPITBIBAIOIINE
OTBCTHI HA KOHTPOJIBHBIC BOIIPOCHI

[TomHOCTBIO BBITIOJHEHA JiIabopaTopHas paboTa, WPEACTABICH MPABUIBHO S bannos

O(bOpMJ'IeHHBII\/’I OTYCT, YaCTUYHO NPaBUJIIBHBIC OTBETBI W HC HCUYCPHBIBAIOMINC
OTBCTHI HA KOHTPOJIbHBIC

Brinonnena nabopatopHast pabora. Het npaBuibHO 0(popMIIEHHOTO OTYETa 3 banna
He BrimonHeHa madoparoprHas padbota 0
oannos

IIpumep nadopaTopHoii padoThI

H3y4yeHnne xapaKTepUCTHK Jia3epa Ha Kpucrasuie Y3AlsO12: Nd®* B pesknme cBooaHoj
reHepamum
Ieab padoThI: H3yUCHUE YCTPOWCTBA, METOIUKH FOCTUPOBKH TBEPOTEIBHOTO Jia3epa U H3MEPEHHE
HEKOTOPBIX €T0 MIApaMeTPOB U XapaKTEPHUCTHK B PEKUME CBOOOIHON FeHEPAIIHH.

IIpudopsl u 000pynOBaHME:
Creny ¢ na3epHbIM U3Ty4aTeaeM, UICTOYHUKOM AJIEKTPOIIUTAHUS U YIIPABJICHUS, OJIOKOM OXJIAXKICHUS;
I'enmii- HeonowIit s1azep tumna JII'H-207 unu n/m-nazep;
PoTOIMO A ¢ UICTOYHUKOM ITUTAHUS;
Ocnmnorpad;
N3meputens sHepruu nazepHoro uznydenuss UKT-1H;
Jlureparypa:
3sento O. [Ipunuune! nazepos. 1990.
Kapnos H.B. Jlekniuu 1o kBaHTOBOM 37eKTpoHUKE, 4, 1994.
3. M3mepeHue sHepreTHYecKuX rnapaMeTpoB U XapaKTEePUCTUKH JiazepHOoro uainyueHus (mox pea. Kotroka
A.), 4, 1981.
4. AT.Axkmanos, b.I'. [llakupoB “OCHOBBI KBAaHTOBBIX W ONTOAIEKTPOHHBIX npubopos”, PO baml'V,
Ya, 2013.

1 Teopernyeckasi 4acTh.

1.1 lIpuHuun padoThbl TBEPAOTEIBHOTIO JIa3epa.

TBepaoTenbHbI Jlazep NpeAcTaBiIseT coOOW Jazep, aKTMBHOM cCpenoi KOTOpOro sBJsEeTCs
IMAJIEKTPUK (MaTpuIla), 4aCcThb aTOMOB KOTOPOTO 3aMellleHa aToMaMH npumecH (akrtuBaropa). Hauboisee
pacnpoCTpaHEHHBIMH aKTUBAaTOPAMH SIBJISIFOTCS] PEKO3EMENIbHBIE HOHBI, HAIIPUMED, HOHBI TPEXBAJIEHTHOTO
HeoJuMa, 3pous, Ty/umid U T.1.. Ha puc.l mpuBeieHa ympoIlleHHAas CXeMa >HEPreTHYECKHX ypOBHEH
TpexBaneHTHOro nona Heoauma Nd**. Bos6yxnennsie coctosuus Es u E2 ABNAIOTCS KOPOTKOKUBYILIMMH C
BpemeHamu ku3Hu 1=10® c.. VX pacmajg ompesensieTcs CTONKHOBHTENbHBIMH O€3bI3TydaTelbHbIMH
IIEpEeXo/laMi  aTOMOB, XapaKTEpHOE BpeMsl KOTOPHIX MOpAJKAa AECATOK HAHOCEKYHA (IpU KOMHAaTHOMH
TeMIeparype).

AR A

.
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Puc. 1. Cxema snepeemuyeckux ypogueii Nd°* ¢ kpucmanne epanama.

MertactabmiibHOE COCTOSIHUE FE3 HUMEET CpaBHUTENBHO OOJIbIIOE BpeMs KU3HU OT COTEH
MUKpPOCEKYHJT 10 MUWJUIMCEKYHAbl. [Ipu HHTEHCMBHOM BO30YXJEHHU AaKTHUBHOTO 3yeMeHTa (AD)
W3JIYYCHHEM JIaMITbI-BCIIBIIIKK MPOUCXOTUT 3acenieHue ypoBHs 4. BepostHocte Wis4 sTOTO mMporecca B
equauIly Bpemeru, Wis = Wa1 = 014J,, TIE 014 — C€UEHUE TOTTIOMIEHUS, J,, — TIOTHOCTh TTOTOKa ()OTOHOB
Hakauky. Yncno atomos NO®*, HemocpencTBeHHO BO3BpANIAIONMIMXCA B OCHOBHOE COCTOsSHHE 1 3a cuer
MIPOLIECCOB CIIOHTAHHOTO M3JIy4E€HUS Maylo, T.K. BEPOSITHOCTh TAaKOro mporecca A41 MHOIO MEHbIIEe
BEPOSITHOCTH (43 OE3bI3ITydaTeNbHBIX TTepexoqoB 4—3 (w43 = 1/132). [loaTOMY 3a BpeMs t~T43, TIOUTH BCE
BO30YX/ICHHBIC MOHBI Nd3* okaspiBarorcst B cocrosamnu 3. PaGoumii Mepexo MOHOB HEoiMMa 3—2 MOXKET
OCYIIECTBJISATHCSA 3a CUET CIIOHTAHHOTO H3IYYEHUS, BEPOSATHOCTH KOTOPOTO paBHA A3z (A2 = 1/t32, 132 —
BpeMs KM3HU MOHOB B COCTOSIHMM 3), @ TAaKXK€ 3a CUET BBIHYXICHHOTO (MHIYIMPOBAHHOTO) M3JIY4EHUS,
BeposATHOCTL W32 KoToporo B emuHuily BpemMeHn paBHa Wi, = Wy = o32J, Tme 032 — cedeHue
BBIHYXJICHHOTO Tiepexoqa 3—2, J — MIOTHOCTh MOTOKAa (DOTOHOB B aKTUBHOM 3JIEMEHTE C 3Hepruei hv =
E3- Es.

[Tepexon 2—1, xapakTepu3yeMblii BEpOSITHOCThIO O€3BI3ITydaTEILHOTO TIEPEX0aa 21, MPOUCKXOIUT
3a cueT TermIoBkIX Konebanuii nonos Nd** B cocTosHuM 2. BeposTHOCTH 06paTHOTO Mepexoa w12 CBA3aHA
C BEJIUYUHOM @21, COOTHOWICHHEM w12 = w21 EXP[-(E2 — E1)/KT], rae T — Temmeparypa KpUCTaaia H MPH
KOMHATHOM TeMnepaTrype @12 << waz1.

Takum 00pa3oM, MOHBI HEOAWMA B OTCYTCTBUHM TreHeparuu u3inydeHust (J=0) HakarimBaroTCs B
coctossaur 3. Ilpu JOCTHOKEHHMHM OMPEICIICHHOTO 3HAYEHUsT HACEJIECHHOCTH TpeThero YypoBHsA Ns,
MHTCHCUBHOCTh BBIHYXJICHHOTO H3JIy4eHHs J CO BpEMEHEM HadyMHaeT HapacTaTh. M3-3a HenMHEHHOCTH
MPOLIECCOB, MPOTEKAIOIIUX B Jia3epe, MHTEHCUBHOCTH J HapacTaeT JaBUHOOOpa3Ho. W3myduB (OTOHBI,
nonbl Nd3* mepexomar B cocTosHME 2, a 3aTeM CTOJIKHOBUTENIbHEIE mporiecchl epesoasatT Nd** B ocHoBHOE
coctossaue 1. Ecam mHTEHCMBHOCTH Hakadku (J,) JOCTAaTOYHO BEJIMKA, TO IPOIECCHI MEPEX0JI0B MOHOB
MEeXAY COCTOSIHUSIMH 1 —4—3—2—1—4 MOXHO NOJIePKUBAThH 32 BCE BpeMs paOdOThI JaMIbl BCIBIIIKH,
4eM u OyJeT ONpeaesaThCs ATUTENIbHOCTh UMITYIbCA U3TYICHUSI.

1.2 BpemeHHbIe XapaKTePHCTHKH J1a3€PHOI0 M3JIy4YCeHHUS
B peKnMe CBOOOIHOI reHepanum.

PexxrmMoM cBOOOAHON TeHepaluu Jiazepa Ha3blBaeTCsl PEKUM paboThl Jlazepa NpPU HOCTOSHHOU
JTOOPOTHOCTH PE30HATOPA.

Onny u3 Haubosiee XapaKTEpHBIX YEpT H3JIYyYEHHs] TBEPAOTEIBHOTO Jia3epa MpeiCTaBIIsIOT
HEperyispHble OCLMIISIMA HHTEHCUBHOCTH (pHc.2). IIpu 3ToM OT/eNbHBIE MTUYKH UMEIOT JTUTEBHOCTh
nopsaka 10° c. IlpuumHoil “NMUKOBON™ CTPYKTYphl Ia3epHOTO MMITyIbca SBISETCS CaM XapakTep
IIPOLIECCOB, MPOUCXOIAIINX B TBEPIOTEIBHOM JIAa3€pe.

KadyecTBEeHHO MOXHO JOMYCTUTh, YTO XAOTUYHOCTh MyJIbCAllMil 00yCIOBIEHA MHOTOMOJIOBOCTBIO
reHepanuy (J10Ka3aTeIbCTBOM 3TOTO SIBISETCS U3MEHEHHE NMUYKOBOM CTPYKTYPBI MM €€ MCUE3HOBEHHE
IpU U3MEHUU KOH(UTYpalluM pe30HATopa), MPOCTPAHCTBEHHOM HEOJHOPOJHOCTHIO HAKauKW, HAJIMYUEM
HEOJITHOPOJAHOCTEN aKTUBHOW CPEIBI U T. 1.
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Camu ke myJbcalluu CBA3aHBI ¢ OaJJaHCHBIMH YCIIOBHSMHU B PE30HATOPE B IpOIECCe I'€HEpaluy,
KOTJla Hakayka M HMHIYIUPOBAaHHBIC H3JTydaTelIbHBIE IE€PEXOJbl BBICTYNAIOT KAaK KOHKYPHPYIOIIUE
npoueccel. Ha auarpamme, KaueCTBEHHO MOKa3bIBAIOIIEH MPOLIECC Pa3BUTHUS T€HEpalMU B Jlazepe (puc.2)
BEpXHsSl KpUBas COOTBETCTBYET (opMe HMITyJabca Hakadkd. [lo Mepe 3acerneHus BepxHEro pabodero
ypoBHA AD mnpoucxoauT yBenuueHue paszHocTh HaceneHHocTh A = Ns3-N2 (cpemnsas kpusas). Ilo
JTOCTIKEHUH TIOPOTOBOTO 3HAYCHHS Anop HAYMHACT (OPMHUPOBATHCS UMITYIIBC HM3IIYYCHHS Jlazepa. DTOT
IPOLECC  MPOMCXOAUT JIABUHOOOPA3HO, MOCKOJBbKY BEPOSITHOCTh HHAYLHUPOBAHHOTO  IIEPEXoja
MPONOPIHOHAIFHA ~ CHEKTPAIbHON IUIOTHOCTH BO3HMKAIOIIETO CTHUMYJIMPOBAHHOTO W3IydeHHs. B
pe3yibrare A yMEHBIIAeTCsl HIKE TOPOTOBOTO YPOBHS Aygp, HO TAK KaK UMITYIIBC HAKAYKH TPOI0JDKACTCS,
TO A CHOBA JIOCTUTAET TIOPOTOBOTO 3HAYECHHUS M CHOBA HAYMHAET (POPMUPOBATHCS Ja3ePHBIA UMITYIIBC.

Puc.2. Jluacpamma, noscnarowas npoyecc 2enepayuu 8 m/m azepe 8 pedxicume c80000HOU 2eHepayuu.
P.- mowmnocmo usnyuenus naxauku, A=(N3-N2)-unsepcunas nacenennocmo, Pusi- MOWHOCHb 6bIXOOHO20

U3TYYeHUs, T3- B8peMs 3A0epiiCKU Onpeoensemoe NOpPO2OM 2eHepayuu, T,~ OIUMENbHOCMb UMNYIbCA
u3LyyeHus aazepa.

C yuerom mnpuHsitoro o6o3HadeHuss A = Nsz-N2 , ypaBHeHHsI [UIsI Pa3HOCTH MHBEPCHOM
HACEJIEHHOCTH A U TNIOTHOCTH MOTOKa ()OTOHOB J MOKHO IIPEACTaBUTH B BUAE [2]:

dA/ dt = 614 JuNo- 032 J4 (1)

v dldt = 063234- 5 J (2)
rne fr — kod3hOGUIMEHT, YYUTHIBAIOIMIMK IOTEPU 3a CUYET BBIXOJA HM3JIy4CHHs yepe3 3epkana. B
ypaBHeHuH (2) He yIUTBIBAIOTCS TIOTepU Ha yrpaBienue (5=0).

Pemienune cucrembl HemMHEWHBIX ypaBHeHUH (1) — (2) BO3MOKHO MOJYYUTh YUCICHHBIMU METOJaMH
Ha OBM (Takas 3a1a4a paccMoTpeHa B 1abopatopHoii padote Nel).

AHANIUTUYECKH OTH ypaBHEHUS MOKHO PEIIUTh JUIIb TMPU HEKOTOPBIX  YIPOIIAIOIINX
npennonoxenusx. [IpeacraBum pemeHust ypaBHenuss (1), (2), Kak CyNEproO3HIMIO TMOCTOSHHBIX
COCTABJISFOLIMX M 3HAYUTEIBHO MEHBIIIHNX MO BEJIMYMHE TEPEMEHHBIX COCTABIISIONIMX, T.€.

A=A+ 5@1),d=do+]j (1) 3)

Pemrast ypaBuenue (1), (2) otHocuTenbHO Ao ¥ Jo, IOJIYYUM B HYJIEBOM MOPSIKE MaJoCcTH (O = | =
0):

Ao = fr /032, Jo = 014 JuNo/ S (4)
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[MoxacraBnsis (3) ¢ yuerom (4) dopmyinsr (1), (2) u, mpeneOperasi ciaraeéMbIMH BTOPOTO MOPSIIKA
masiocts (0= j = 0), mosy4nM JHUHEHHbIC ypaBHEHUS OTHOCUTENLHO O (1) u | (t):

d_é‘(t)/dt =-032J0At) - 032 j(t) Ao (5)
1d(i) =032 JoXt) (6)
v dt

[MpuBenem cucremy ypaBHeHuid (5)-(6) K ypaBHEHHIO BTOPOTO MOPSAKA OTHOCUTEIBHO |(t):
1/v d?j/dt? + 1/ v dj/dtos2 Jo + 03220 Aoj = 0 (7)

IMpencrasum j(t) B BUE:

J(t) = crexp (w1 t) + c2 exp(uz ) (8)
Torma noacrasiisist (7) B (8) MOTyduM CleAYyIOIMIUE 3HAYCHUS IS L4 2!
2= =032 Jol2 H( 03230 P/ - 032° Juo Ao [ V)2 (9)
BeneM 0603HaueHMS:
K =4 Ao /((1/0)d0) = 4> /(03201430 ) (10)
IIpu K > 1 BenuuuHBl fn2 — KOMIUIEKCHble, pemieHus (8) ypaBHeHuil (5), (6) umeror

OCHMJUTUP YNNI XapakKTep.

N3 dopmymner (10) ciaemyer, 4To BO3pacTaHWe TMOTEPh fr B CHUCTEME, a TaKKe YMCHBIICHHUE
WHTEHCUBHOCTU HAKaYKU J, MPUBOJUT K BOZHUKHOBEHUIO OCIIMIIISIMI JIa3epHOTO U3Ty4eHUs. DTOT BHIBOJ
corjacyercs B OOIIMX YepTax C SKCIEepUMEHTaIbHbIMU HaHHbIMU. [Ipm K >> 1 kpyromas uactoTa
OCHWUISIAN ey PABHA:

Wocy = U 0-3ﬁl’ 014 Ju NO)]'/2 (ll)
a BpeMs 3aTyXaHus OCUMLIALIUNA 7 0yIeT paBHo:
r = 2(o32d0) = 2/3/(032 6143:No ) (12)
Otkyna
Oocy = T—4K'l/2 (13)

[IpuBeneHHbII aHaTU3, HECMOTPS Ha CYIIECTBEHHBIE YIPOIICHUS, YKAa3bIBACT HA OCLUJUIMPYIOUIUI
XapakTep Ja3epHOTO W3IY4YCHHS. 3aMeTHM, 4YTO pemeHue cuctembl (1)-(2) ObLIO TONydeHO TpH
MOCTOSIHHOM Hakauke J,= const.

2 JKcnepuMeHTAIbHAs YaCTh

2.1 Onucanue yCTAaHOBKH

OKcnepuMeHTallbHasl YCTaHOBKa (puc.3) BKIIOYAeT B cels ciedyromue ocHOBHble yactu: JIIT —
reJnii-HEeOHOBBIH J1a3ep (WM 1/TI-J1a3ep) 1o JIydy KOTOPOTO FOCTUPYETCs UCCIe yeMblil J1a3ep, TOBOPOTHBIE
amroMuHHEBBIe 3epkana Al, nmasepHas rosoBka TBEpAOTENBHOTO Jiazepa — HU3NIy4aTelb C KPHCTAIIOM
Y3Als012 : Nd®**  pasmepamu ¢6,3X65 MM ¢ GIOKOM OCBETHTENs M MMITYIbCHON IaMION HakKauku, 1Ba
3epKajia ¢ MHOTOCIOWHBIMH JAUDJICKTPUYCCKUMH TMOKPHITUSIMA Ha CTEKISHHBIX MOIOKKaxX (31, 32),
oOpasyromue onTHYeCKuil pe3oHaTop.

Kpucrann wurrpuii-amomunueBoro rpanara (MAI'), akTUBHpPOBaHHBIM HOHAaMM TPEXBAJIEHTHOI'O
HEoJIUMa SBJIETCSI OJHUM M3 HIMPOKO PACHpPOCTPAHEHHBIX JIa3epHbIX MarepuanoB. [lo cpaBHEHHIO C
JpyruMu Jasepamu (Hampumep, pyouHOBBIM Mk Ha cTekie ¢ Nd®*) kpucramn Y3AlsO12: Nd** mossonser
paboTtath B yactroTHOM pexxkume (710 300 I'1y) 1 mmMeeT HU3KMKA MOpOr reHepanyy. JlJTnHa BOJTHBI H3ITyYeHHUS,
onpezenseMas nepexonom E£3 —E», cocrasuser 1,064 Mkm.

Jiis oTBojJA TeIUla OT JIA3epHOTO KpUCTa/Ula depe3 JIa3epHyl0 TOJOBKY IPOKAYMBAETCs
JTMCTUIIMPOBAHHAS BOJIa U3 TEPMOCTATA.

HcTOYHUK TUTaHUS HMHy.TIBCHOﬁ JIaMIIbl HAKQYKHU COCTOUT U3 BBICOKOBOJILTHOM 4acTH ()10 1 KB) n
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YCTPOMCTBA MOKUTAIONIUX UMITYJIBCOB, 00€CIIEUHBAIOIIEI0 IEPBOHAYAIBHYIO HOHU3AIMIO T'a3a B OajuIoHe
JIaMIIBL.
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Puc.3. Ocnognvie snemenmol 3KCnepumMenmanbHou YCMaHo8Ku U cxema rocmuposxku aazepa. JII' —
nazep eazoswiil (n/n-nasep), Al — nosopomnwie amomunuesvie zepkana, JI — ouappacma, A3 — akmuenuwlil
anemenm, O — oceemumenv, UJI — umnynocnas aamna naxkauku UDII-800, 31 u 32 — ousnekmpuueckue
3epKana pe3oHamopa.

[lepen BeIMONHEHWEM pabOTHl HEOOXOJAUMO BHHMMATEIbHO O3HAKOMHMTBLCSI C OpraHaMu
yIpaBieHUs! BBICOKOBOJIBTHOTO HCTOYHHMKA MMUTAHUS U IPYTHX UCIOJIB3YEMbIX IPUOOPOB.

Oco00e BHUMaHHe 00pPAaTUTH HA cTPOroe codaaeHue npasuia Th npu padore ¢ gazepamu.
3ananue 1. OcTupoBka jiazepa

KOctupoBka 3akimioyaeTcss B BBICTaBICHUM D3JEMEHTOB Ja3epa BJOJb ONTHYECKOH OcH U B
YCTaHOBJICHUH [OBEPXHOCTEW 3epKal pe30oHaTopa MapaliebHO JApYyr Opyry ¢ IIOMOLIbIO Jiyda
BCIIOMOTATEJBHOTO Jia3epa.

IOctupoBka mpoBoautrcss ¢ nomompbro Jsyda  He-Ne  mazepa  (4=0,632 wMkMm) wioun
MOJTYITPOBOTHUKOBOTO J1azepa (A=0,65 Mkm).

Ilopsinok BbINOJTHEHHS 32 JaHUS.

1. Bxmouuts Osiok mmranus sazepa JIITH-207 (m/m-nazep) B cets 220B. IIpoBeputh mpoxoxacHue
Jy4ya ra3oBOro Ja3epbl uepe3 orBepcTue nuadparmsl /[ (puc.3).

2. IlpoBepuTh MNPOXOXKACHHE JIyda Tra30BOTO Ja3epa uepe3 IUAIICKTPHUUECKHE 3epKalla u IEHTP
AKTUBHOTO JIEMEHTA U3Ty4aTes.

3. KoHTposb 10cTUPOBKY 3epkania 31 BEAETCS IO MOJIOKEHUIO OTPA’KEHHOI0 OT HEr0 ICTUPOBOYHOTO
ny4a Ha nuadparme / (Touka 4 Ha puc.4). DTOT JIy4 AOHKEH ObITH COBMEIIEH C OTBEPCTHEM Tuadparmbl
FOCTUPOBKOM O Yriy (BEpTUKAIbHO U TOPU30HTAIBHO) IMOJIOKEHUS 3e€pKaja, HCIOIb3ysl IOCTUPOBOYHBIC
BHUHTBHI 3€pKaJloiepKaTess.

[TpousBecT aHANIOTUYHO FOCTUPOBKY 3epKana 3a.

IIpumeuanue: Bo n30exaHUE BBIXOJA M3 CTPOS BBIXOJHOTO 3€pKajia ra3oBOIO Ja3epa HeoOXO0AUMO
Mociie OKOHYaHMS FOCTUPOBKU MEPEKPHITh 3aCIOHKOM oTBepcTre nuadparmsl /1.

4. TlocnenoBaTenbHO BKIIOYUTH TYMOJEphl TEPMOCTATa U JIHEPreTHYecKoro 0J0ka (MepBbIM
BKJIFOYAETCS] TEPMOCTAT).

DHepreTuyeckuii 6JI0K BKIIOUaeTcs B cienyromeM nopsake: Bxi. CYM; Bkin. CUJIOBASL.

Broikiouenune MIpOU3BOAUTCA CTPOTO B OﬁpaTHOM nmopsijake.

VYoeautscst B paboTOCIocOOHOCTH OJI0KA MUTAHUS U JIaMITbl HAKaYKH (IPU MUHUMAaJIbHOM YPOBHE
HanpsDKeHUs Ha Ooke muTaHus). J{jst 3Toro BKIIOUUTH JIa3ep, T.€. YCTAHOBUTH MEPEeKIIoYaTesb YaCcTOThI
HaKa4yKy J1a3epa ¢ nojoxkenus “0” B nosoxkenue “17 I'.
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Buumanue! B mpomexyTkax BpeMeHH, KOTJa HE IMPOBOIATCS H3MEPEHMs], ja3ep JOJDKEH ObITh
BBIKJIIOYEH, T.€. IEPEKIII0YATENb YaCTOTHI IEPEBECTH B Moj0xkeHHe “0”.

5. YcraHoBUTH Ha IyTH Jy4da Ha paccTossHuM ~20 CM CO CTOPOHBI «BBIXOJHOIO» 3€pKajia 31
BU3yanusatop. [locTeneHHO yBenuunBas HalpsDKEHUWE MCTOYHMKA NMUTaHUs (Ha 3agaHHOW vactore 1 I'mg
[TOBTOPEHUS JIA3EPHBIX UMITYJIbCOB) HOJYYUTh 3€JIEHOBATOE CBETOBOE MATHO HA BU3YaJlU3aTOPE.

MenneHHo Bpaias 3aTeéM HOCTHMPOBOYHBIE BHUHTBHI JepKarensl 3epkaia 31, JOOUTHCS ONTUMAaJIbHOMN
FOCTUPOBKU MO 3((HEKTUBHOCTH CBEUEHUSI CBETOBOI'O IsITHA HA BU3YaJIU3aTOPE.

[locTreneHHo yMmeHblas HampsbkeHue Hakauku U,, omnpeneJuTh BEIMUMHY [OPOTOBOW 3HEPrUU
Hakadku Wy (C, = 100 Mk ).

3ananue 2. Ha6/104eHrie BpeMEeHHOM CTPYKTYPhI JIa3€PHOT0 U3JIy4YeHUs
1. Jlnsa waGmrogeHust GOpMBI JIA3E€pPHOTO UMITYJIbCa COOpaTh CHUCTEMY PETUCTpAIlMU 10 CXeMe puc.4,
cocTosiyro u3 ¢goroanoaa u ocuuiorpada. ®oToauor yCTaHABIUBAETCS C MOMOUIBI0 FOCTHPOBOYHOTO
nasepa.
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Puc.4. Cxema nabnioodenus ¢hopmul 1a3epHbIX UMNYIbCO8 UZYUEHUS U USMEPEHUS IHEPSUU 1A3EPHO20
usnyuenusi npubopom UKT-1H .

2. YcraHoBUTH mepen POTOANOIOM CBETOPMIBTP (MIIH KaJIbKy M3 HECKOJIBKUX CIIOEB), OCIA0IISIOIINI
u3nyyeHue ucciueayemoro jnasepa. [londupas yposens nazepnoro uznydenus (W,2W,,,), Hampasiasiemoro
Ha GOTOIMOA, M PETYIHUPYS YCWICHHE ocuuuiorpada, HEOOXOAMMO HOOUTHCS YCTOWYMBOTO CHUTHAja
Ja3epHOro MMITyJIbca Ha dKpaHe ociuiorpada. [Iponabmronats Gopmy Ja3epHOro UMITYJIbCa B PEKUME
CBOOOJHON T'eHepaluu W ONPENeNIUTh OOILIYI0 JJIUTENBHOCTh MO OCHOBAHUIO JIA3€pHOTO UMIMynbca iy,
TaKkK€ OLEHUTHh JJIUTEIbHOCTh OTIENbHBIX «IIMYKOB» HA IOJIOBUHE BBICOTHI MMIIYJbCA. 3apHUCOBATh
(dbopMy UMITYIIbCA U3ITYYEHUSI.

3ananue 3. VccnenoBanue S3HEPTETUYECKOM XapaKTEPUCTUKHI

O3HAaKOMUTBCS ¢ HHCTPYKLIKUEH MO SKCILTyaTallii U3MEPUTENSl SHEPTrUU UMITYJIbCOB JIA3€PHOTO M3ITYUCHHUS
- mpubopom UKT-1H. YcTaHoBUTh Ha MyTH Jiyya Jiazepa MPUEMHYIO TOJIOBKY H3MEPUTENS SHEPTHU C
MOMOIIBI0 FOCTUPOBOYHOTO JIa3epa.

CHSATh 3aBHCHMOCTb SHEPTUH H3IydeHHs UMITYbc0B W, TBEpIOTENBHOTO JIa3epa OT SHepruu Hakauku W,
MOCIIEIOBATEbHO YBETMUMBAsI HAMIPSDKCHUE Hakauku Ha 50B, HaunHas ¢ mopora rerepanud, 10 0,8 kB.
3anucarh JaHHbIC U3MEPEHH B TaONIHUIly. BRIUUCIUTH COOTBETCTBYIOLIMX HAMPSKCHHUSIM SHEPTUil HAKAUeK
W, (C. = 100 Mmx®) 1 noctpouts rpaduk 3aBucumocta W, = f(W,).

Buumanue! B TeueHne BpeMeHu, KOTr/1a Ha U3MEPUTEIIE SHEPTUH YCTAaHABIMBAETCA “HYINIb , pydKa
“gacToTa” Ha OJIOKE MTUTAHUS JIOJIKHA OBITH YCTAHOBJICHA B MOJIOKeHHE “0”.

ITocne MMPOBCACHUA H3MepeHHﬁ pPY4ka «9Hepr1/151 HaKa4dKu» B SQHCPIrE€THYCCKOM NE JOJDKHa
YCTaHaBJIMBAaTHECA B MUHUMAJIbHOC moJio;KeHue!

[Tocne 3aBepieHust U3MEPEHUN NPEACTABUTH JTaHHbIE MTPETIOAaBATEINI0 U BBIKIIOYUTH YCTAHOBKY B
o0paTHOM mopsake.

Conepxxanue oTyera:
OT4er JOMKEH COJIePKaTh:
1. TuTynbHBIN THCT, TIENb PAOOTHI, MPUOOPHI U MPUHAAIE)KHOCTH, TEXHHUECKOE 3aJaHHE.
2. CTpyKTYpHYIO U MIPUHIIMIHAIBEHYIO CXeMbI CTEH/1a 1a00paTOPHBIX PadoT.
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. Tabnu1sl ¢ pe3yabTaTaMu U3MEPEHUi, TpaduKy, pacueTHbIC (GOPMYIIBI U PE3YIILTATHl PaCUETOB.
4. BbIBOJIBI IO pE3yJIbTAaTaM BBITIOJHEHUS paOOTHI.

KoHnTpoJsbHbIE BONIPOCHI:
. OOBSACHUTD TPUHIUT PAaOOTHI TBEPIOTEIHHBIX JIA3EPOB.

. VI3 kKakuX OCHOBHBIX JICMEHTOB COCTOUT TBEPAOTEIIBHEIN Jlazep?
. B 9em cocTouT rocTupoBKa ja3epa u I 4ero OHa HyKHa?
. UTo Ha3bIBaeTCs peKUMOM CBOOOIHOM reHepaluu jgazepa?

. JlaTb ompeneneHye nopora reHepaliyu jasepa.
. OOBSICHUTD BUJI DHEPTETUUYECKON XapaKTEPUCTUKH TBEPJOTEIBHOTO Jla3epa.
. CpaBHUTB A3PPEKTUBHOCTH TPEX U YETHIPEX YPOBHEBBIE CXEMbI HAKAYKU

AN KA W NN -

5. Y4eoHo-MmeToanueckoe u HHGOPMALMOHHOE o0ecriedeHne TN CIUTTHHbI

5.1. IlepeyeHb OCHOBHOI1 U 10TIOJHUTEJIbHOI y4eOHON JUTEepaTypbl, HE0OX0AUMOIi 1JIf 0CBOEHUS
AUCHUTIUHBI

OcHoBHas JuTEpaTypa:

1. 3Benro O. [Ipunnumns! nazepos. —CII0,: 2008.
2. boOporckmit FO.M. m np./mon pen. DemopoBa JI.H./ DnexTpoHHBIE, KBAaHTOBBIE NPHOOPHI U
MHKpOAJIEKTpoHUKa. —M.: 1998.
3. Kapnos H. B. Jlekuuu no KBaHTOBOM 3JIeKTpOHUKH. - M.: 1988.
4. AkmanoB A.T"., lllakupoB b.I". OCHOBBI KBaHTOBBIX M OMTOAJICKTPOHHBIX MPUOOPOB. YueOHOE mocodue.
— VYa.: 2013.

JononHuTebHAs JUTEpaTypa:

5. OnTonJIeKTPOHHBIE M KBAaHTOBBIE MPHOOPHI M YCTPOMCTBA [DJIEKTPOHHBIN pecypc|: METOIUYECKHe
ykazanus / baml'Vy ; coct. A. I'. Akmanog, b. I'. lllakupoB. — Yda: PULL bamI'V, 2012. — DnekrpoH.
Bepcus Ted. mnyonukamuu. — JlocTynm BO3MOXeH depe3 OJeKTpoHHYH OuOimoreky bamlyV. —
<URL:https://elib.bashedu.ru/dl/corp/AkmanovShakirovSost.Optoelektr.iKvantovyePribory i
Ustr.Met.Uk.pdf>.

5.2. IlepeyeHnb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTH «AHTEepHET» N
NPOrpaMMHOI0 o0ecreYeHnsi, He00OX0AMMBbIX JJI51 OCBOCHHS AU CHUIIIMHBI

CoOcTBeHHAs Peructpanus B
SHEKTPOHHO 3JIEKTPOHHAs ABTOpH30BaHHBI| OHOIHMOTEKE
P OuOIIMOTEeKA YYEOHBIX M | i JJOCTYI 110 baml'V, https://elib.bashedu.ru/
OnbOIMOoTEYHAS N
1 HAYUYHBIX JEKTPOHHBIX MapoJIio U3 JaTbHEeUIITI I
cucrema «9Ob N N
BamTVs W3JIaHUM, KoTopas JT000H TOYKH JIOCTYI U3
BKJIIOUYAET U3JIaHUS cet IHTepHET | mMI000M TOUKH
npenogasareneit bamly cetu MuTepHer
DNeKTPOHHO- Perucrpanus u3
ABTOpHU30BaHHBI
OMOIMOTEUHAS . cetu baml'V,
ITonnoTexcroBas b/ W IOCTYII 1O o ] -
cucremMa nanpHenmmii - http://www.biblioclub.
2 y4eOHBIX M HayYHBIX NapoJIko U3
«YHUBEPCUTETCK . . noctymn u3  ru/
ANEKTPOHHBIX U3TAHUA | 000U TOUKH "
ast OMoIMoTEeKa JT000¥ TOYKH
. cetu MHTEpHET
online» cetu UHTepHer
ONEeKTPOHHO- ITonnorekcroBast BJI | ABTopn3oBanHbI | Perucrpanus us )
3 . http://e.lanbook.com/
OoubnuoreyHast | y4eOHBIX U HAYYHBIX 1 Joctyn no cetu baml'V,
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cucreMa
HU3JaTeIbCTBA
«JIaup»

6. MaTepuaanO-TeXanecKaﬂ 6333, HeoO0XoauMas JAJis OCYIIECCTBJICHUSA 06pa3OBaTean0r0

JUia nmpoBeeHMs JEKLIMOHHBIA 3aHATHM HCHOJB3YeTCs ayIuTOPHBbIN (PoHA (PU3HKO-TEXHUYECKOTO

3JIEKTPOHHBIX U3JAaHUN

cetu MHTEpHET

apoJIko 13
100011 TOUKH

HNaAIbHEUIITUNA
JIOCTYI U3
JIF0001 TOYKH

cetu MHTEpHET

nmpouecca mo IMCUMIIMHE

WHCTHTYTA.

HaunmMenoBanue HaumenoBanme OcHalleHHOCTh Ilepeuenn
JUCHHUIUIMHBL  (MOAYJIsl), | CelUATbHBIX cnenuaAJILHBIX JIMIEH3HOHHOI0
NMPAKTUK B COOTBETCTBUHU | MOMeEIIEHU I H | moMeleHuii U | NIPOrpaMMHOI0
€ Y4eOHBIM IIAHOM noMeleHu i JUISL | TIOMeIleHHi IS | obecmeveHmsl.

CaMOCTOSITEJILHOI CaMOCTOSITEIbHOI PexBu3uTDBI
padoTbI padoTsl TOATBEPKAAI0IIET 0
JOKYMEHTa

KsanToBas
paanodusuka

1. yueGnasi ayamTopus

Aqist NpoOBe/ieHNUs
3aHATHI  JIEKIHOHHOTO
THNA: aygutopus 322

(puzHKO-TEXHUYECKOTO
KOpITyC y4eOHOe)
2. yuyeOHass ayauTOpMA

ISt MPOBeIeHUsI
3aHATHI J1a0OPaTOPHOIO
THHa:  ayguropus 317

(puzuKO-TEXHUUECKOTO
KopIyc yueOHoe)

3. yueOHas ayauTOpus
A KOHCYJbTHPOBaHHSA
u MPOM €Ky TOUHOIi
aTTecTAMU:  AyJUTOPHUS
322 (puzuko-
MAaTEMaTUYECKU  KOpIyC
yuebHOe)

4. MoOMeIleHUsl
CaMOCTOSATEJILHOI
padorbl YnTaspHBIA 3a
Ne2 (kopmyc ¢usmara, 2
sTax): 3am Joctyma K
3JIEKTPOHHOU
nHpopmanmu bubamorexn

Jik ¢4

Aynutopus 322
JHocka, ydeOHas
MeOenb , TPOEKTOP
YuraabHbIA 3211
HaydHblii 1 y4eOHBIN
¢ong, Hay4Has
MepHOJINKa,
HEOrpaHMYCHHBIN JIOCTYII
k OBC u BJl; xonuuectBo
nocamoynbix mect — 50,
IIK (MoHOOMOK) — 8 miT.,
MOAKITIOUCHHBIX K  CETH
WurepHer,
HEOrpaHMYECHHBIH JIOCTYII
K o2yekTpoHHbIM BJ[ u
OBC; KOJIMYECTBO
[OCaJI0YHBIX MECT — 8

1. Windows 8 Russian;
Windows Profession-al 8
Russian  Upgrade. [lo-
rOBOp NelO4 oT
17.06.2013 r. Jluuensus-
OLP NL Academic
Edition. Beccpounas.

2. Microsoft Office
Standard 2013 Russian.

JHorosop Nell4 oT
12.11.2014 r.. Jluuensus-
OLP NL Academic

Edition. Beccpounas.
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[Tpunoxxenne Ne 1

OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BIOJDKETHOE OBPA3OBATEJIBHOE YUYPEXIEHUE
BBICHIET'O OBPA3OBAHUA
«BAIIKNUPCKHM I'OCYJAPCTBEHHbBI YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOI'PAMMBbBI

mcuuiuinael KBanToBas pagnodusnka
(HaMMEHOBaHHUE JUCIUTUTAHBI)

O4Hasi
(bopma obyuenus)
Bua pa6orsl Obnem
AUCHUTLIUHBI
O6mrast pynoeMkocTs aucturuiabl (3ET / qacoB) 4/144
Y4eOHBIX 4aCOB Ha KOHTAKTHYIO pabOTy C MPEMNo/1aBaTesIeM: 54
JIEKITHHA
MPAKTUYECKUX/ CEeMHUHAPCKUX 36
J1a00PaTOPHBIX 18
Opyrux (rpynmnoBasi, MHIMBUYyalbHAss KOHCYJIbTALUS U UHBIE BUIbI 1,2
y4eOHOU NEATEebHOCTH, MPEAyCMaTPUBAIOIINE PabOTy OOYyJaroOmUXCs C
npenogaBatenem) (DKP)
Y4eOHBIX 4acOB Ha CaMOCTOSTEIbHYIO padoTy oOyuatomuxcs (CP) 54
VueOHBIX 4acoB Ha MOJATOTOBKY K 34,8
sK3ameny/3auety/auddepenimpoannomy 3auety (KoHTposb)

®dopma(b1) KOHTPOJIS:
9K3aMeH_7 ceMecTp.
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dopma usyyeHus

dopma

MaTepUasoB: JIEKLIUH, OcHoBHas u TEKYILETO
MPaKTUYECKUE 3aHATHUSA, JOTIOJTHUTEIIbHAS KOHTPOJIS
CEMHUHAPCKUE 3aHATHUSA, JauTeparypa, 3anarms mo yCIIeBaeMOCTHU
No Tema u conepxanue nabopaTopHbie paboTHI, peKoMeHyeMas CAMOCTOATCIRHO (KOJJIOKBUYMBI,
/11 caMoCTOsATeNbHas paboTa u CTYJCHTaM i padote KOHTPOJIbHBIC
TPYIOEMKOCTh (B 4acax) (HOMepa u3 CTY/ICHTOR paboTHI,
1P/ CITUCKA) KOMIIbIOTEpPHbBIE
JIK JP | CPC
CEM TECTHI U T.11.)

1 2 3 4 5) 6 7 8 9
Moayan 1: DOU3NIECKHUE OCHOBBI
paboThI OTNITHYECKUX KBaHTOBBIX
pruOoOpoB

1 | O mpeamere KBAaHTOBOW pagropU3UKH l.rn. 1, oo 1.1; [TuceMenHas
(razepHOi  (PUBHMKH), HUCTOpUA €€ 4 2.r1.20,1m.20.1; KOHTPOJIbHASI
BO3HUKHOBEHMUS u pa3BUTHSL. 4. . 1, nm. 1.1- paborta
®dusnyecKkue MPUHIUINBI KBAHTOBBIX 1.2
pUOOPOB.

2 | CnoHTaHHele W  WHIYIHPOBAHHBIC l.rn1, o 1.1; [TucemenHnas
nepexoJbl B KBAHTOBBIX CHCTEMax. 2 2. r1.20, mm. 20.1; KOHTPOJIbHAS
CrnoHTaHHOE HW3JIy4YeHHE, PE30HAHCHOE 3. Jlek. 1. paborta
MOTJIOIEHNe ¥ UHAYHHPOBAHHOE
U3ITy4YeHUe

3 [Iupuna JIMHAN W3JIy4EHHUS. 2.r1.20,m. 20.2; IIuceMmennas
EctecTBeHHass mupHHa CHEKTPaTbHOM 4 3. Jlek. 1. KOHTPOJIbHAS
JuHuU. OJHOPOJIHOE U HEOJIHOPOJJHOE 4. .1, o 1.1; 5. paborta
YILIUPEHUE. .2 . 5.

4 | KBaHTOBOE  YyCHJICHHE. WNuBepcus l. .2, m. 2.9; 3anaun u
HACEJIICHHOCTEW.  AKTHBHas  cpefa. 6 10 2.rn.20,m. 20.3; BOIIPOCHI JUTS
NHTEHCUBHOCTB, MJIOTHOCTh MOTOKA 4. rn. 1, no. 1.7- | camonpoBepKH
($hoTOHOB, KOADGUIIUEHTHI TOTIIOIIECHUS 1.1.9; 2.1, m.1-14;
cpelibl u CeueHue nepexo/a.

Koad¢uimeHT KBaHTOBOTO YCHIICHUS.
KBaHTOBBII reneparop.
5 | Bo3nelicTBue AJIIEKTPOMAarHUTHOMN 4 14 1.tn.2, m. 2.6; 3amaun u
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BOJIHBI Ha JIBYyXYPOBHEBYIO CHUCTEMY,

2.r1.20,m. 20.3;

BOITPOCHI JUIA

HachlllleHUEe Iepexoaa. Bo3MoKHOCTb 3. Jlek. 3. CaMOIIPOBEPKHU
YCUJIEHUSI B TPEXYPOBHEBBIX CHCTEMax 4. rnl, mn 1.8-|1. 2, crp.103,
npu OIITUYECKOM HaKayKe. 1.10; i3, ctp.153.
Kunernueckue ypaBHeHus. YciaoBue 5.5 n.2;

WHBEPCHH.

6 | OtkpeiThie pe3oHaTophl. COOCTBEHHBIC l. tm4, mn. 4.1-|1. 14, nmo OTUYeT K J1al.
gactoTel OP. JIoOpOTHOCTE pe3oHaTopa 8 43,45; 4448 pabote

3. Jlek. 6.
4rml, o 1.11.

7 | Pezonatop ®abpu-Ilepo. Pereneparus 1. tn.4, mm. 4.1-
pe3oHaropa W €ro  JOOpPOTHOCTG. 4 4.3,4.5;
[IpoxoaHOU ycHIIMTENE ¢ PE30HATOPOM 3. Jlek. 6.
®dabpu-Ilepo. OTpakaTenbHbIiI 4. rn.l,m 1.11.
YCUJIUTED. 5.4, om. 2.

8 | CxopoctHple  ypaBHeHHWs.  Hempe- 1. rn.5, mm.5.2-5.3, OTYET K J1a0.
PBIBHBII ~ PEKUM  TPEXYpPOBHEBOTO 5.4, pabote
nazepa. Jlazep B pexxume MOAYIHPO- 4. 1.2, m. 2.6, 1. 4.

BaHHOW  J1oOpoTHOCTH. OmnTHYECKHE 5. 1.5, mm. 2-3.
CXeMbl U BpEMEHHbIE JUarpamMmbl
rpoliecca reHepalyy jJa3epa.

9 | UmnynbcHbBIE PEXKUMBI paboThI Homaruss
J1a3epoB. Pexum cB00OOIHOM KOHTpPOJIbHAs
reHepaIuu. pabota

10 | DneKTpoONTUYECKUE MOIYISTOPHI 1.1tn.5, mn.5.4; 3agaun u OTUET K J1a0.

12 4. 1.2, . 2.6, T11.5, | BOIPOCHI IS pabote
m.5.1 CaMOIIPOBEPKHU JlomarHsis
5.5, o 4. 1. .5, ctp.327 KOHTpPOJIbHAS

pabota

Moayas 2: Tumbl  onTHYECKHX
KBaHTOBBIX TPHUOOPOB M  PEKUMBI
TE€HepalnH. DNEeKTPOONTUYECKUE
MOAYJIATOpPBL. ['eHepauus TapMOHUK,
CYMMAapHBIX M Pa3HOCTHBIX 4YacCTOT.
Bo0JIOKOHHO-ONITUYECKHUE YCUIIUTEIIH.
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11 | TBepnorenbHble (1/1) Ja3epsbl. 1. 171.6, mm.6.2-6.3,; ITuceMenHas
YCTpOUCTBO M COCTAaBHBIE YacTH T/T 4 2.rn.22,m. 22.3; KOHTPOJIbHAS
nazepa. PyOunoBbIA nazep. Heomu- 3. JIek. 20; pabora,
MOBBIi Ja3ep. ['a3oBble na3zepsl. 4.rn.2, o 2.6. OTyYeT K J1al.

pabote

12 | [TomynpoBOAHUKOBBIE Ja3epsl. l. 1.6, 11.6.6; OTUeT K J1al.
[TonynpoBOAHUKOBBIH J1a3ep HA TOMO- U 4 2.rn.22,n.22.4; pabote
reTeponepexoe. Jlazepsl c 3. Jlek. 24-25;
pacnpeieieHHO 00paTHOM CBS3bI0 4.rn.2;

5. 1.6, 1. 2.

13 | Henuneiinsie BOCIIPUUMYHUBOCTH 1.11.8, m.8.4; 1.11.8, n.8.4; OTYET K J1a0.
cpenpl. HenuHelHo-onTHUECKHE 4. 1tn.7. mm. 7.2; 4. rn.7. mm. 7.1; pabote
SIBJIICHMUSI. I'enepanmss ~ BTOpOM 5. 1.8, m. 2. 5.8, m. 2.

ONTHYECKON FrapMOHUKH.

Bcero 4acos:

36

18

54
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[Tpunoxenue Ne 2
PelTuHr-11ad IUCIMIIINHBL

KBanrtoBas pagnodusuka
(Ha3BaHME AUCIMIUIMHEL COIIACHO pabodyeMy y4eOHOMY ILIaHY)

Harpasjienue _ Paandusuka
Kypc 4, cemectp 7, 2018/2019r.

33791131 bann Yucno bamnsr
y4eOHOM NeATEIbHOCTH CTYICHTOB 3a 3aJIaHUi 3a 3a BpeEMsi OCBOEHUSI MOJLYJIsI
KOHKPETHOE BpeMs
3a7jaH1E OCBOCHUS MunuManbHBIM | MakcuMaJbHbBIN
MOYJIS

Monyas | ®usnyeckue 0CHOBBI pabOTHI ONITHYECKUX KBAaHTOBBIX NprOOpoB. llIupuHa JIMHUN H3TydeHusI.

Texyummii KOHTPOJIb

1. TIlomydeHue nomycka M BBIIOTHEHHE

3 3 0 9
J1a00PATOPHBIX PabOT
2. BrimosnHeHue pacueToB U odopmieHue 2 3 0 6
OTYETOB MO Ja0OpaTOPHBIM padoTaM
3. 3ammTa OTY4ETOB IO J1a0OPATOPHBIM 3 3 0 9
paboram
Py0eskHbIil KOHTPOJIb
1. INuceMeHHBIH onpoc | 15 | 1 0 15
Bcero 6a/1710B 32 MOYJIb 0 39

Mopyab || Tumsl onTHYeCKUX KBAHTOBBIX MPUOOPOB U PEKUMBI TeHEPAIMU. DIEKTPOOIITUUECKHE MOAYISTOPBI.
I'eHepanys rapMOHUK, CYMMApHBIX U Pa3HOCTHBIX YaCTOT. BOJIOKOHHO-ONTUYECKUE YCUITUTEIN.

Tekyumii KOHTPOJIb
1. IlonxydueHue mONMYCKa U BBIIOJIHCHHUE
3 2 0 6
J1200paTOpHBIX padoT
2. Beinonnenue pacuetoB U odopmIeHUE
2 2 0 4
OTHYETOB M0 JJA0OPATOPHBIM paboTam
3. 3amuTa OTY4ETOB IO J1aOOpaTOPHBIM 3 2 0 6
paboram
Py0e:kHbli KOHTPOJIb
1. KontponbHas pabora (pedepar) 15 1 0 15
Bcero 6ayu1oB 3a Moy 0 31

IoompuTeabHbIE GALIbBI

1. Yuacrie B KOMIIbIOTEPHOMN pa3paboTKe
U B COOpDKE W WCIBITAHUM MaKETOB 10 1 0 10
71200paTOPHBIX padoT

IocemaemMocThb (6ayIbl BEIMUTAIOTCS U3 00IIEH CyMMBI HAOpaHHBIX 0aJIIOB)

1. Henocemnienne TeKIIMOHHBIX 3aHATHN 0 -6
2. HemocenieHne MpakTHYECKUX 3aHATHI 0 -10
HTOroBblii KOHTPOJIb

1. Dx3ameH 30
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ITpunoxxenue Ne 3
dopMa 3K3aMeHAIIMOHHOT0 OuJieTa

MHUHOBPHAYKU POCCUN
OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BYOJDKETHOE
OBPA3OBATEJIBHOE YYPEXJIEHHWE BbICILEI'O OBPA3OBAHIAL
«BAIIKMPCKUU 'OCYAAPCTBEHHbBINM YHUBEPCUTET»

®OU3NKO-TEXHUYECKUI MHCTUTYT
KA®EJIPA ®PUNYECKOU JIEKTPOHUKU U HAHODU3UKU

SK3AMEHAIIMOHHBIN BUJIET Ne 1
no nucuuruinie KBanrosas paguodusuka
Hampasnenne  03.03.03 «Pamnoduzuka»

[Ipoduns Pagnodusuku u 31eKTpoHUKa

1. ®usnyeckue siBieHUs (IPUHLUIIBI), JIeXKAalllle Ha OCHOBE pabOThl KBAHTOBBIX MPUOOPOB.
2. OtkpsIThIe pe30HaTOPbl. CIEKTp COOCTBEHHBIX YAaCTOT OTKPHITOrO pe3oHaropa. CTosiuas BOJIHA.

(Jh@w -

3aB. kadeapoit POuH / P.3. baxTusuu
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