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PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

BBEJIEHME B KBAHTOBVYIO PAITMODPU3UKY
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AHHOTALMS

N3ydyeHne OCHOBOMOJIArarOUIMX BOIPOCOB B3aUMOJCHUCTBUSA
OTpENENSIOMUX  (QU3UUECKUE TPUHIUIIBI

OINTUYCCKOTO0 M3JIYUYCHUSA C

BEIIECTBOM, paboThl KBAHTOBBIX YCHJIUTENIEH U
TeHEepaTOpOB; TOJYYCHHUE MPEACTABICHUS O (PU3MUYECKHMX OCHOBaX pabOTHl KBAaHTOBBIX MPUOOPOB
paaMoaMana3oHa W ONTHYECKOIro JHara3oHa; 3HAKOMCTBO C OCHOBHBIMH peXUMaMH pabOoThbI
KBAHTOBBIX I'€HEPATOPOB (J1a3epOB) M CIIOCOOAMHU MX pean3aliy, ¢ OCHOBHBIMU 3HEPreTHUECKUMH U

CHICKTPAJIbHBIMH XAPAKTCPUCTHKAMU.

1. LEJIU U 3ATAYA OCBOEHUS YYEBHOM JUCHUITIIUHBI

I/I3y‘-IeHI/IC OCHOBOIIOJIararomunux BOIIPOCOB B3aHMMOJEHCTBUSI OINTUYCCKOIO0 M3JIYUYCHUSA C

BEIIECTBOM, OMNPEICIAIONNX (PU3HUECKUE MPUHIUIIBI paboOThl KBAHTOBBIX YCWIHMTENEH H
TeHEepaToOpOB; MOJYYCHHUE MPEACTABICHUS O (PU3MUYECKHMX OCHOBaX pabOTHl KBAaHTOBBIX MPUOOPOB
paavoauana3oHa M ONTHYECKOIO JHala3oHa; 3HAKOMCTBO C OCHOBHBIMH pEXUMaMH pabOThI

KBAaHTOBBIX T€HEPATOPOB (JIa3€pOB) M CIOCOOAMHU UX peaTu3allii, C OCHOBHBIMH SHEPTETHUYECCKUMU U

CIICKTpAJIbHBIMU XapaKTCPUCTUKAMU.

2. MECTO YUYEBHOH JIJUCIUILJIMHBI B CTPYKTYPE OOII BO

HI/ICHI/IHJ'II/IHa JJOTUYCCKU H

COACPIKATCIbHO-METOANICCKHU

CBiA3aHa CO

CIEeTyIOIIUMHU

JUCHUINNIMHAMH: aTOMHasd (1)I/I3I/IK8., KBAaHTOBAasA MCXaHWKaA, TCOpU II0JIA, (I)I/ISI/IKa KOHACHCHUPOBAHHOI'O

COCTOSHU BCIICCTBA, TCOPCTUICCKAA (1)1/131/n<a TBECPAOTO TCJIA.

3. ®OPMUPYEMBIE KOMIIETEHIIU U IIVTAHUPYEMBIE PE3YJIbTATbBI

OBYYEHUA

VYHuBepcanbHbIe H(1IK) oOmenpodeccuoHanbHbIE KOMITETSHIIUN

| KO,I[ N HAUMCHOBAHUC KOMIICTCHIIMHU | KOI[ N HAMMCHOBAHNC MHAHUKATOpa JOCTUKCHUA KOMIICTCHIUA

[TpodeccnonanbHble KOMIETCHIIMA B COOTBECTBUM C 3ajadaMd W OOBEKTaMu (00iacTsMu

3HaHUN) PO ECCUOHATBHON AESITEbHOCTHU:

3anaua
npogeccuoHAIbLHOM
nesiteabHocTu (311]1)

[IpoBeneHne Hay4HBIX
Y aHAJIUTUYECKUX
HUCCIIEIOBAHUN 110
OTJIETIbHBIM pa3zeliaM
(aTamam, 3agaHUSIM)
TEMBI (MPOEKTa) B

O0BeKT NI 00J1aCTh
3HAHUSA

HAay4YHO-UCCJIICAOBATCIILCKUN

JlesiTenbHOCTB 10
pa3paboTke
MaTepHuasoB, MOKPHITUH,
npubopoB

Koa u HauMeHOBaHMe
npogdeccuoHaIbLHOM
KOMIIETEHI[UH;
OcHoBaHue
(mpodeccuoHaNbHBIN
cranaapr-I1C, ananu3
OnbITA)

[1K-1 [1] - Criocoben
IPOBOJUTH COOD,
aHaJIU3 Hay4HO-
TEXHUYECKOU
uHpopMalu,
OTEUYECTBEHHOIO U

Koa u HauMeHOBaHMe
HHIUKATOpPA
JOCTHKEHUSA
npogeccuoHaIbLHOM
KOMIIETEeHIIM U

3-I1K-1[1] - 3nate
crnocoOsI coopa,
aHaJIM3a Hay4YHO-
TEXHUYECKON
nH(popmManuu,
OTEUYECTBEHHOIO U




paMKax MpeaMETHOU
o0acTu 1o npoQuIko
crielMaIn3aliy B
COOTBETCTBUHU C
YTBEP>KI€HHBIMU
TJIaHAMU U
METOANKAMHU
HUCCIIEJOBAHUN.
y4acTHe B MPOBEJCHUN
HaOJIIOEeHNI 1
U3MEPECHUH,
BBITIOJTHCHU T
SKCIEPUMEHTA U
00paboTKe TaHHBIX C
HCII0JIb30BaHUEM
COBPEMEHHBIX
KOMITbIOTEPHBIX
TE€XHOJIOTHI; y4acThe
B IIPOBEJCHUU
TEOPETUUECKHUX
HCCIIEJOBaHUIA,
[IOCTPOCHUU
(buznueckux,
MaTeMaTHYECKUX U
KOMITbIOTEPHBIX
MOJIEJIEN U3y4aeMbIX
MPOLIECCOB U SIBJICHUI,
B MMPOBEJICHUU
AHAITUTUYECKUX
HUCCIIEIOBAHUN B
IIpeIMETHOM 001acTu
0 MPOPHITIO
CHelMaTU3alNH;
ydacTue B CO3/1aHuu
HOBBIX METOJIOB U
TEXHUYECKUX CPEJICTB
HCCIIeJOBAaHUU U
HOBBIX pa3pabOTOK;
BBIOOP METO/IOB U
MOJIXOJIOB K PELICHUIO
IIOCTaBJIEHHOMN
HAY4YHOH MPOOIIEMBI,
(dhopMynupoBKa
MaTEMaTHUYECKON
MOJIEJIH SIBJICHMUS,
AHAIUTUYECKUE U
YUCJICHHBIEC PaCUeThl

MOJIEJIH, METOIbI U
cpeacTBa
(hyHIaMeHTaNbHbBIX U
MPUKIIATHBIX
HUCCIIENOBAaHUN 1
pa3paboToK B 001acCTH
CYNEPKOMIBIOTEPHOTO
MOJICTTUPOBAHUS
WH)XEHEPHO-
(pU3NIECKUX MPOLIECCOB
B HayKe, TEXHHKE,
TEXHOJIOTHSIX, & TAKXKE B
cepax HayKOEMKOTo
MIPOU3BOJCTBA

3apy0OeKHOTO OMBITA IO
TEMATUKE UCCIICAOBAHUA

OcHosanue:
[IpodeccuonanbhbIit
cranaapt: 25.049,
40.011

[TK-2 [1] - Criocoben
BBIOUPATH M IPUMEHSTh
HE00X0aMMOE
obopyoBaHue,
UHCTPYMEHTBI H METOIbI
HUCCIIEOOBAHUN UL
pelieHus 3a1a4 B
N30paHHOHN MpeAMETHON
obnactu

Ocnosanue:
[IpodeccrnonanbHbI
cranaaprt: 25.035,
25.049,40.011

3apy0Oex)HOTOo OTbITa
0 TEMaTHKe
UCCIIC/IOBaHMA. ;
V-TIIK-1[1] - YmeTs
CUHTE3UPOBATh U
aHAITM3UPOBATh
HAYYHO-TEXHUYECKYIO
HH(pOpPMaLIKIO 0
TEMaTHKe
WCCIIEZIOBaHMUSL. |
B-IIK-1[1] - Bnanetrs
HaBBIKaMU cOopa,
CUHTE3a U aHaJn3a
HAYYHO-TEXHUYECKOMN
UHpOpMaLH,
OTEYECTBEHHOTO H
3apy0e)HOTO OTbITa
10 TEMaTHKe
UCCIICIOBaHMUS.

3-1IK-2[1] - 3naTh
COBPEMEHHOE
o0opyoBaHue,
UHCTPYMEHTHI H
METO/bI UCCIIEJOBAHUHN
JUTSL PEIICHUs 33124 B
n30paHHOI
MpEeAMETHOM 00JIaCTH.

V-IIK-2[1] - YmeTh
KPUTHYECKH
OLICHUBATb, BEIOUPAThH
o0opyaoBaHus,
UHCTPYMEHTOB U




oOiactu

Ocnosanue:

40.011

[TIK-9 [1] - CniocobeHn k
MaTeMaTUYeCKOMY 1
KOMITBIOTEPHOMY
MOJICITUPOBAHUIO
00BEKTOB, CHCTEM,
MPOLIECCOB U SIBJICHUI B
n30paHHOM MpeaMEeTHON

[IpodeccronanbhbIit
craugapt: 06.001,

METO/IOB
HUCCIIEIOBAHUN B
U30paHHON
MpeaMETHON 00IacTH |
B-IIK-2[1] - Bnanets
HaBBIKaMU BbIOOpA U
PUMEHEHUS
obopyoBaHue,
UHCTPYMEHTHI U
METOJBI NCCIeTOBAaHNH
JUTSL pEIICHUs 3314 B
n30paHHON
npeaIMeTHON 00IacTH.

4. BOCIIUTATEJIbHBINA IOTEHIAAJI JUCHUTLJIAHBI

Hanpasnenus/nenu
BOCIIUTAHHUS
[IpodeccronanpHOE
BOCIIUTAHHUE

3anaun BocriuTaHus (KOJ)

Co3naHue ycaoBuid,
obecrneunBaronnx, OpMUPOBAHUE
HAy4YHOTO MUPOBO33pE€HUS, KYIbTYPhI
MOMCKA HECTaHJaPTHBIX HAYUYHO-
TeXHI/I‘-IeCKI/IX/ HpaKTI/I‘—IeCKI/IX

peleHnil, KpUTHIECKOTr0 OTHOIIEHUS
K MCCIIEIOBAaHUSM JHKEHAYUYHOTO TOJIKA
(B19)

BocrnmraTtensHBIN TOTEHITHAT
JUCLUILINH

1.Mcnonp3oBanue
BOCIMTATEIBHOIO TOTEHIIAAJA
JUCIUILTMH/TIpakTHK «HayuHo-
UccleioBaTebCcKas paboTay,
«IIpoekTHas npakTUKay,
«Hay4HbII cemuHap» JUIs:

- popMHUpOBaHUS TOHUMAHUS
OCHOBHBIX IIPUHIIUIIOB U
CIoCco0OB HAYYHOTO TTO3HAHMS
MUDa, Pa3BUTHUSA
HCCJIE0BATEIBCKUX Ka4eCTB
CTYJEHTOB ITIOCPEJCTBOM HUX

BOBJICYCHHA B UCCJICAOBATCIIBCKUC

MPOEKTHI 1O 00JIACTAM HAYyUHBIX
ucciaenoBanui. 2.Mcnonbp3oBanue
BOCIIUTATEILHOIO MOTEHIMAA
muctumiuH "Meropus Hayku U
unxeHepun', "Kpurnueckoe

MBIIIJICHUE U OCHOBBI HAYYHOU
KoMMmyHuKanuu'", "BeeieHue B




[IpodeccrnonanpHOE
BOCITUTAHHE

Co3znanue yciaoBui,
obecrneunBaronnx, OpMUPOBAHUE
TBOPYECKOTO
MH)KEHEPHOT0/TIPO(heCCHOHAIBHOTO
MBIIICHUS, HABBIKOB OPTaHU3aIIUN
KOJIJIEKTUBHOU IPOEKTHOMN
nesitenibHOCTH (B22)

cnenuansHocTs", "HayuHo-
uccieaoBarenbekas padora',
"HayuHbIii ceMuHap" aiis:

- hopMHUpOBAHUS CTIOCOOHOCTH
OTJENATh HACTOSIINE HAyYHBIE
UCCJIEIOBAHMSI OT JDKEHAYYHBIX
NIOCPEACTBOM IIPOBEJEHUS CO
CTYJE€HTaMH 3aHSITUH U
peryJsipHbIX Oecen;

- (hopMupoBaHUS KPUTHUECKOTO
MBILICHUSI, YMEHUS
paccMmaTpuBaTh pa3iIuyHbIE
UCCJIEJOBAHMSI C SKCIIEPTHOM
MO3UIMH TOCPEICTBOM
00CYX/IEeHUS CO CTy/I€HTaMU
COBPEMEHHBIX HCCIIEIOBAaHUM,
MCTOPUYECKUX IPEAIIOCHUIOK
TIOSIBIICHHS TEX WIJIA MHBIX
OTKPBITUNA U TEOPHH.
1.Mcnonp3oBanue
BOCIIUTATEIBHOTO MOTEHIIAIIA
JUCIUIUIMH TpOo¢deCCUOHATBHOIO
MOJTYJISl JUTSl pa3BUTHSI HABBIKOB
KOMMYHHKAIH, KOMaHIHOH
paboThI U IUAEPCTBA,
TBOPYECKOTO MHKEHEPHOIO
MBILICHUS, CTPEMJICHUS
CJe10BaTh B Mpo(hecCuoHaTbHOMN
NeSITeIbHOCTH HOpMaM
MOBEIEHHS, 00ECIIEUNBAIOIIAM
HpPaBCTBEHHBII XapakTep
TPYAOBOM AEATETLHOCTH U
HECIy>KeOHOTr0 MOBeIeHUs,
OTBETCTBEHHOCTH 3a NPUHSTHIE
pelIeHus Yepe3 MOArOTOBKY
TPYIIOBBIX KYPCOBBIX paboT u
NPaKTUYECKUX 3aJlaHUM, peleHne
KEWCOB, MPOXO0K/IEHUE MPAKTUK U
noarorosky BKP.
2.Ucnonb3oBaHue
BOCIIUTATEIBHOIO MOTEHLIAIA
JUCIUIUINH TPOo¢dEeCCUOHATBHOIO
MOJYJIs JUIst: - GOpMUpPOBaHUS
IIPOU3BOJICTBEHHOI'O
KOJIJIEKTMBHM3MA B X0/1€
COBMECTHOTI'O PELICHUS KaK
MO/JICJIBHBIX, TaK ¥ MPAKTHYECKUX
3a/1a4, a TaKXkKe IyTeM
HOJKPETICHUE PalliOHAIBHO-
TEXHOJIOTMYECKUX HaBBIKOB
B3aUMO/JICHCTBUS B IPOEKTHOMN
JEeSITEIbBHOCTH SMOIIMOHATbHBIM




[IpodeccuonansHoe
BOCITUTAHUC

[Ipodeccnonansroe
BOCIIUTaHHE

Coznanue ycnoBui,
oOecrneynBaronnx, opMUpOBaHUE

KYJIBTYpbI 0€30IIaCHOCTH IIpU paboTe ¢

na3epHbIM u3nyyeHuem (B27)

Co3znanue yciaoBuid,
o0ecrneunBaronnx, OpMUPOBAHUE

KyJbTYpbl O€30M1aCHOCTH TP padboTe

Ha SKCIICPUMCHTAJIbHBIX U

MMPOMBIINIJICHHBIX YCTAHOBKAX BBICOKOM

mortHocTH (B28)

3¢ (HeKToM ycrenrHoro
B3aUMO/ICHCTBHS, OIIYIICHUEM
pocTa o01iei 3pPEeKTUBHOCTH
NPU pactpeeNIeHHH MPOSKTHBIX
3aJa4 B COOTBETCTBHH C
CHIIbHBIMH KOMITE€TEHTHOCTHBIMU
¥ SMOIIMOHAJILHBIMU CBOHCTBAMHU
YJIEHOB MPOEKTHOM I'PYIIIBI.
1.Mcnonp3oBanue
BOCIIUTATEIILHOTO IMTOTCHIINAIIA
IpOQHUIBHBIX TUCIUIUIMH U BCEX
BUIOB TIPAKTUK JJIS: -
(bopMHpOBaHUS KYJIbTYPbI
Ja3epHOi 6€30MacHOCTH
HOCPEICTBOM TEMAaTHUECKOTO
AKIEHTUPOBAHUS B COJICPIKAaHUH
JUCLUIUIMH U y4eOHbIX 3aJlaHuH,
MOJIrOTOBKHU 3cce, pedepaTos,
JMICKYCCHI, a TaKXKe B X0JIe
MPAKTHYECKON paboThI ¢
Ja3epHbIM 000PYJOBaHUEM. -
(bopMHPOBaHUS KYIBTYPHI
6e30macHOCTH IpU paboTe Ha
9KCIEPUMEHTAIBHBIX U
IPOMBIIIJICHHBIX YCTAaHOBKAX
BBICOKOU MOIIIHOCTH U
UMEIOIMMHU MTOBBIIICHHBIN
YPOBEHb OITACHOCTH Yepe3
BBINOJIHEHHUE CTYJICHTaMHU
NPaKTUYECKUX U JTa00paTOPHBIX
paboT, B TOM 4yHCIIe Ha
000pyTOBaHUY JIJIsl KCCIIETIOBAHUS
BBICOKOTEMIIEpATYPHOIl M1a3MBbl.
1.Ucnonb3oBanue
BOCIIUTATEIBHOTO MOTEHIIAIA
NpOQMIEHBIX TUCIATUTHH U BCEX
BUJIOB NPAKTUK JJIS: -
(GopMHPOBaHUS KYITBTYPHI
Ja3epHOi 6e30IacHOCTH
MIOCPEJICTBOM TEMAaTHUECKOTO
AKLIEHTUPOBAHUS B COJIEP>KaHUU
JMICIUTUIAH ¥ Y9eOHBIX 3aJJaHnH,
MOJITOTOBKHU 3cce, pedepaTos,
JIACKYCCHUH, a TAKXKE B XO/€
MPAKTHYECKON paboThI ¢
Ja3epPHBIM 000PYIOBAHUEM. -
dbopMUpOBaHUS KyIbTYPBI
0e30MmacHOCTH IpH padboTe Ha
9KCIIEPUMEHTAIBHBIX U
IPOMBIIIJICHHBIX YCTAaHOBKAX
BBICOKOH MOIITHOCTU U
UMEIOIIMMH MTOBBIIICHHBIN




YPOBEHB OMACHOCTH Yepe3
BBITIOJTHCHUC CTYACHTaAMU
MPAKTHYECKUX U Ta00OPaTOPHBIX
pabot, B TOM YHCIIe Ha
000pyI0BaHUU JJIsl UCCIICIOBAHUS
BBICOKOTEMIIEPATYPHOU IJIaA3MBbl.

S. CTPYKTYPA U COJAEP)KAHUE YUYEBHOM JUCIUILIUHBI

Pa3nensl yueOHON AUCHUIUIMHBL, X 00BEM, CPOKH U3YUYEHUS U (POPMBI KOHTPOJIS:

Ne
.1

HaumenoBanmue
pasaesa yueOHOM
AUCHUILTHHBI

Henenn

Jlexnun/ Ipaxkr.
(cemuHapsi )/
JlaGopaTopHble
padoThbl, yac.

O0s3aT. TeRymmii

KOHTPOJIb ((popma*,

HeJeJs )

MakcuMaJdbHBIN

0aJu1 3a pasgena™*
ATTecTanus
pasnena (popma*,
HeJeJs)
Nuaukaropsl
OCBOEHHS
KOMOeTAHIIAIA

6 Cemecmp

OcHoBHBIE (U3HNUECKUE
HOHATHS

16/8/0

[\
(V)]

K1

)
N
=
&

TK-2,
3-TIK-

V-
MK-9,
B-
TK-9

B3aunmonerictsue
panguon3IydeHUs c
BEILLIECTBOM. Masepsl

14/7/0

25

KH-15 | 3-IIK-

V-
IIK-1,
B-
IIK-1,
3-IIK-

V-
IK-2,
B-




TK-2,
3-TIK-
9,

V-
I1K-9,
B-
I1K-9

Umoeo 3a 6 Cemecmp

30/15/0 50

KonTpoJbnbie 50
MeponpusiTuss 3a 6
Cemectp

3 3-IIK-
1,

V-
IIK-1,
B-
IIK-1,
3-IIK-
2,

V-
I1K-2,
B-
I1K-2,
3-I1K-
9,

V-
I1K-9,
B-
I1K-9

* — COKpalleHHOe HaMMEHOBaHUE (POPMBI KOHTPOJIS

** _ cymMMa MaKCHMAaJIbHBIX OaJIOB JIOJDKHA ObITh paBHa 100 3a cemecTp, BKIIOYAs 3a4eT U

(unn) 3K3aMeH

Coxkpaiienre HauMeHOBaHUN ()OPM TEKYIIET0 KOHTPOJIS U aTTECTAlluK Pa3elioB:

Oo6o03na | [Tos1HOe HaMMeHOBaHME

YeHue

KN KonTposb 1o uroram

3 3auer

KAJIEHJIAPHBIN IVIAH

Henen | Temsl 3ansaTuii / Coaep:xkanue Jlek., | IIp./cem. | JIa6.,

" qac. , yac. yac.
6 Cemecmp 30 15 0

1-8 OcHoBHbIE Gpu3HYECKHE IOHATHS 16 8 0

1 BBenenue Bcero ayutopHbIX 4acoB
[Tpenmet (pOTOHMKH U KBAaHTOBOM 3/1€KTpOHUKHU. McTopus 2 | 0 | 0
pa3Burus. Llens u 3agaum Kypca. Onnaiin

0 |0 | 0

2-8 OcHoBHbIE GpuU3HYECKHE IOHATHS Bcero ayutopHbIx 4acoB
CrnioHTaHHBIE U UHIYyIHpOBaHHBIE Tepexoabl. Koadduuumentor | 14 | 8 [0
OnHmrelina. [lornomenue u ycunenue. lHBepcHast Ownnaitn




HACEJICHHOCTh YHEPIeTUUECKUX YPOBHEH U MOHATHE 00 0 0 0
aOCOJIIOTHOM OTpHUIIaTeNbHOM TemmnepaType. CBolicTBa
WHAYLIHUPOBAHHOTO M3ITYUYCHHS
9-15 B3aumopaeiicTBue paauousnydeHus ¢ Bemecrsom. Masepsl | 14 7 0
9 KBaHTOBBIC yCHIINTEJIN U TeHePATOPbI PAAHOANANIA30HA Bcero aynuTopHbIX 4acoB
DHEpreTUuecKrue ypoBHHU B razax. @opma CrieKTpaibHOM 2 | 1 | 0
muHuH. CiocoObl HAOTIOICHUS TTOTIIOMICHUS paauon3TydeHus | OumaifH
B rasax. 0 | 0 | 0
10 MouJiekyJasIpHBIIi TeHepaTop Ha My4YKe MOJIeKYJ aMMHAaKa Bcero ayiutopHbIX 4acoB
Crnioco6 nomy4enus: ycuineHnusi. MOIHoCTh reHeparyi. 2 |1 [0
CrabunsHocTh yacToThl NH3  masepa. Owuuaiin
0 |0 |0
11-12 | DueKTpoHHBI NapaMarHuTHbIN pe3oHanc (I1IP) Bcero aytuTopHBIX 4acoB
CnocoOb1 HaOmoaenus DI1P. Penakcanus B napamarseTukax. | 4 |2 [0
Bpemena u pusnueckue MexanuszmMel penakcauu. OpHoponHoe | Ounaiin
¥ HEOHOPOIHOE YIIHPEHHE. 0 |0 |0
13 - 14 | SinepHblii MarHuTHbIH pe3onanc (AMP) Bcero ayiuTopHbIX 4acoB
[upuna muauit AMP. Cnioco6sr Habmonenus SAMP. 4 | 2 | 0
Omnnaitn
0 | 0 | 0
15 Oco0eHHOCTH MapaMarHeTu3Ma HOHHBIX KPUCTAJLJIOB Bcero ayiutopHsIx 4acoB
TpexypoBHEBBIE Ma3ephl HAa TBEPJIOM TEJE. Y CIOBUS 2 |1 [0
MOJTy4EHHUsl OTpULIATENIbHOM TeMIiepaTtypbl. Binusiaue Bpemenn | Ouunaiin
penakcanuu. [IlymMoOBBIe CBOICTBa KBAHTOBBIX MapaMarHUTHBIX | () 0 0
YCHUJIUTEJICH

CokpallileHHbIe HAUMEHOBAHUSI OHJIAMH OILIUIA:

Oo6o3na | [losiHOe HanMeHOBaHMe
YyeHHe

2K DJIEKTPOHHBIN KypC

IIM [ToTHOTEKCTOBBIN MaTepual
I1JI1 [TOTHOTEKCTOBBIE JIEKLIMU
BM Buneo-marepuansl

AM Aynmo-marepuasl

[Ip3 [Ipe3enTaumu

T TecTsl

OCM DJIEKTPOHHBIE CIPABOYHBIC MaTePUAIIbI
4( NHTEpaKkTUBHBIN CalT

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

ITpu ocBOeHMM JAHHOM JUCLUIUIMHBI OCHOBHYIO POJIb UIPAIOT AyAUTOPHBIC 3aHATHA, a TaKkKe
caMOCTOsITeNIbHas paboTa CTy/AEHTOB, 3aKJII0YAIONIAsCS B BBITOJHEHUH JOMAIIHUX 3a/1aHU, H3y4eHUU
NPOMIEHHOI0 MaTepuana, MOJArOTOBKE K IUCbMEHHBIM TecTaM. Jlng Toro 4roObl mOKa3aTh
COBPEMEHHOE COCTOSIHME (OTOHMKM M KBAaHTOBOW paanoPU3MKH, MPEeIyCMOTPEHO MIMPOKOE
WCIOJb30BAHUE COBPEMEHHBIX HAay4YHbIX pabOT M MyOJauKalMid IO JaHHOW TeMme, IOCELICHHUe
naboparopuii HUAAY MUOU. Pekomenmyercss HOCEIIEHHE CTyIEHTAMHU HAY4YHBIX CEMHHApPOB U




KoH(pepeHmid, npooaumbix B HUAY MU®DU, a Takxke B APYruX MOCKOBCKMX YHHMBEPCHTETaX MU
MHCTUTYTaX.

7. ®OHJI OHEHOYHBIX CPEJICTB

@DOHJ] OLIEHOYHBIX CPEACTB 0 JTUCLUIUIMHE 00ECIIeUrBAET IPOBEPKY OCBOCHHUS IUIAHUPYEMBIX
pe3ynbTatoB o0ydeHus (KOMIETEHIHMH M MX WHIUKATOPOB) MOCPENCTBOM MEPONPUSITHNA TEKYUIETo,
pyOexKHOro U MPOMEKYTOUHOTO KOHTPOJISI IO JUCIUILINHE.

Ces3p Mexay GOpMUPYEMBIMH KOMIIETEHUUSMU W (HOpMaMHU KOHTPOJIS HMX OCBOCHHUSA
MIpe/icTaBjeHa B CIEAYIOLIeH Tadnuiie:

Komnerenuus HNuaukaTopbl 0cBOCHHA ATTecTallMOHHOE MEPONpHUsITHE
(KII 1)

IK-1 3-1IK-1 3, K-8, KU-15
V-TIK-1 3, KU-8, KH1-15
B-TIK-1 3, KU-8, Kh-15

[1K-2 3-11K-2 3, KU-8, KH1-15
B-I1K-2 3, KU-8, Kh-15
V-TIK-2 3, KU-8, K1-15

I1K-9 3-11K-9 3, KU-8, KH1-15
B-I1K-9 3, K-8, KU-15
VY-TIK-9 3, KU-8, KH1-15

HIkanbl oeHKU 00pa3oBaTeIbHbIX JOCTHKEHU I

[llxana KaXX70r0 KOHTPOJIBHOTO MEPOMNPUSITHS JISKUT B mpenenaax oT 0 10 yCTaHOBJICHHOTO
MakCHUMAaJILHOTO Oajiia BKJIFOUMTEILHO. TOroBas arrecranus 10 OUCIHUIUINHE oneHuBaercsa 1mo 100-
OaJITLHOM IIKaJIe W MIPEACTABISIET COO0M CyMMYy OallJIOB, 3apa00TaHHBIX CTYJCHTOM IPH BBHITTOJTHCHUH
3aJjaHUi B paMKax TEKYIIETO U MPOMEKYTOYHOTO KOHTPOJIS.

Htorosast olieHKa BBICTaBISAETCS B COOTBETCTBUU CO CIEAYIONIEH IIKAJIOM:

Cymma Onenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOCHHIO
0aIoB OaJUTHHOM IIKaJe ECTS y4eOHOM TUCITUILINHBI

OIeHKa «OTIINYHO» BBICTABIISICTCS
CTY/ICHTY, €CIIH OH TJIy0OKO ¥ IIPOYHO
YCBOWII MPOTPAMMHBIN MaTepHal,
HCYEPIIBIBAIOIIE, TOCIIEI0BATEIBHO,
90-100 5 — «omauunoy A YETKO M JIOTUYECKH CTPOMHO ero
U3J1araeT, yMeeT TECHO YBSI3bIBAThH
TEOPHUIO C PAKTHKOM, HCTIONB3YET B
OTBETE MaTepuaa MOHOTpapUIECKOM

JINTEPATYPBL.
85-89 B O11eHKa «XOPOIII0» BBHICTABIISIETCS
75-84 C CTYJIEHTY, €CITH OH TBEPJIO 3HAET

MaTepual, TPaMOTHO U TI0 CYIIECTBY

4 — «xopouioy
n3jaract €ro, He JOIyCKasa

70-74 D CYLIECTBEHHBIX HETOUHOCTEN B OTBETE
Ha BOIIPOC.
65-69 OlieHKa «yI0BJIETBOPUTETBHO

BBICTABJIACTCA CTYACHTY, €CJIIM OH UMCCT
60-64 E 3HaHHA TOJIBKO OCHOBHOI'O Marc€pualia,




HO HE YCBOWJI €T0 JIETAICH, TOIMyCKaeT
HETOYHOCTH, HEIOCTATOYHO MPaBUJIbHBIC
(hopMyTUPOBKH, HAPYIICHUS
JIOTUYECKOM TT0CIeI0BATENLHOCTH B
M3JI0’)KCHHMH NPOrPaMMHOI'0 MaTepHaia.

OneHKa «HEYI0BIETBOPHTEIHHO»
BBICTaBIISICTCS CTYACHTY, KOTOPBII HE
3HAET 3HAYUTEIbHOU YacTH
MPOrpaMMHOI0 MaTepuaa, JOMyCKaeT
Hiske 60 2- F cymecTBeHHbIe omnOKu. Kak npasuio,
«Hey0081emBOpUMENbHOY OLIEHKA «HEYIOBIETBOPUTEIHLHOY
CTaBUTCSI CTYJCHTaM, KOTOpPBIE HE MOTYT
MIPOJOJKUATE 00yUeHue Oe3
JIOTIOJTHUTENBHBIX 3aHATHH 110

COOTBETCTBYIOIIEH NUCIUIIIIMHE.

8.  YUEBHO-METOJUYECKOE U HTH®OPMALIMOHHOE OBECIIEYEHUE
YYEBHOI JUCLHMUILINHBI

OCHOBHAA JINTEPATYPA:
1. OU S96 Principles of Lasers : , Boston, MA: Springer US, 2010

2. D1 U1 83 BoxHoBsIe nporiecchl. OCHOBHBIE 3aKOHBI : yueOHOe mocobue, Mocksa: JlabopaTopus
3Hanui, 2020

3. DU b 73 BosokoHHBIE TEXHOJIOTHYECKHUE JTa3ephl U ux npuMmeHeHue : , Cankt-IlerepOypr: Jlanp,
2022

4. OU K 44 KBanrtoBas u ontudeckas daekTponuka : , Cankr-IlerepOypr: Jlans, 2022
5. 621.38 JI25 KBaHTOBas 31€KTpOHUKA : Kypc Jekuuit, Mocksa: HUAY MU®U, 2015

6. DU K 93 Kypc o6meit ¢pusuku T. 3 Ontuka. ®usnka aToMOB U MOJieKy. Du3uKka aTOMHOTO siipa U
MUKpPOYACTHIL, : , 2022

7. 91 M50 Jlazepnas Texnonorus : , A. I1. Menymenkos, MockBa: MU®OU, 2008

8. 537 3-43 Ilpunnumnsi iazepos : , O. 3sento, Cankt-IlerepOypr [u ap.]: Jlans, 2008

JOTIIOJIHUTEJIbHAS JIMTEPATYPA:
1. 535 K 43 Ilocobue no dusuke nazepos : , Capos: OI'YII POAI-BHUNDD, 2020
2. 535 A91 dusndeckre OCHOBHI (OTOHHKH : yuebd. mocodue ist By30B, B. A. Acranenko, M.: , 2005

3. 621.37 181 KBanToBas anekTpoHuka. [IpuOopsl 1 ux mpuMeHeHue : yaeOHOoe mocoOue is By30B,
B. . yaxun, JI. H. [TaxomoB, Mocksa: Texnocdepa, 2006

4. 537 K23 Jlekiuu 1o kBaHTOBOM 3nekTponuke : , Kapios H.B., M.: Hayka, 1988



5. 537 C83 OcHoBBI KBAaHTOBOM 3JIeKTpOHUKH : , CTpaxoBckuii I.M.,Ycnenckuii A.B., M.: Boici.
mkona, 1979

6. 537 X19 Jlekuuu o kBaHTtoBo# paauodusuxe : , . Y. Xanun, Huwxuuit Hosropon: NI1® PAH,
2005

I[MPOIT'PAMMHOE OBECITEYEHUE:

CrnenuaibHOE TIpOrpaMMHOE oOecriedeHue He TpedyeTcs

LMS U UHTEPHET-PECYPCBI:

1. caiiT kadeapst Ne70 HUSTY MU®U (http://kaf70.mephi.ru/)
https://online.mephi.ru/

http://library.mephi.ru/

9. MATEPHAJIbBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOU
JNCHUITVINHBI

CriennanbHOE MaTepUATBHO-TEXHUYECKOE 0OecrieueHne He TpedyeTcs

10. YYEBHO-METOAMYECKME PEKOMEHJIALIUU J1JIsA CTYAEHTOB

[Ipy wW3ydeHMM JaHHOTO Kypca HEOOXOAMMO TBEPJAO YCBOUTb OCHOBHBIE 3aKOHBI
B3aUMOJICHCTBUS 3JEKTPOMArHUTHOTO M3JyYEHHUS ONTHUYECKOI0 M PaJMOJMAINIa30HOB C BEIIECTBOM.
Onpnpasice Ha 3aKOHBI U3JyYEHHsI YEPHOI'O TEJA, HAJ0 YMETh BBIBOJWTH OCHOBHBIE 3aKOHOMEPHOCTH
CIIOHTaHHOTO W  HMHAYLUHMPOBAaHHOro wu3nyuyeHud. Hazmo ymers, HCHOIB3ys COOTHOILIECHMS
HEONPENENEHHOCTEH, OMYUYUTh MPEICTABICHUS O HUKHEM IIpeiesie PacXOAUMOCTH UHAYLHPOBAHHOTO
U3IY4YEeHUs, O €ro CHeKTpajJbHOH ImupuHe. HeoOXoaumo yMeTh KauyeCTBEHHO II0Ka3aTh CBS3b
KOO(Q(QUIMEHTOB YCWIEHHS U IMOIJIOIIEHUS JJIIEKTPOMArHWTHOIO M3JIy4yeHHs B Cpele ¢
pacrpesielleHueM HacelIeHHOCTeH PHEPreTHUeCKUX YpPOBHEH, MMETh MpPEICTaBIeHHE 00 HWHBEPCHOM
HACeJIEHHOCTH U a0COIOTHOM OTpUIlaTeNbHOM Temreparype. Hago umeTs npeacTaBieHue o crnocobdax
MONTyYeHHUS YCWJICHHWS B TYYKOBBIX MOJIEKYJSIPHBIX TEHEpaTOpOB, 3HATh (DU3HMKY (HOPMHUPOBAHUS
CHEKTPAJIbHOTO COCTaBa 3TUX TIE€HEPAaTOPOB, YMETh OLEHUTh MOIIHOCTh H3JIy4YEeHHsI, CTAOUIBLHOCTH
YacTOThI U OCHOBHBIE (h)aKTOPHI, BIUSIONINE HA CTAOMIBHOCTh U3TYUYEHHs] MOJIEKYJIIPHBIX T€HEPaTOPOB
(Ha mpuMepe MOJIEKYJISIPHOTO TeHEPaTopa Ha MyYKe MOJIEKYJI aMMHUaKa).

HeoOxomumo 3HaTh ¢usznyeckoe OOBSICHEHHE SBICHUS JJIEKTPOHHOTO IMapaMarHUTHOTO
pe30HaHCa U SAJEPHOI0 MarHUTHOIO PE30HAHCA KaK C TOYKH 3PEHHs KJIACCHUECKOW (DM3MKH, TaK U
HCII0JIb30BAaHUEM KBAaHTOBOMEXAHUYECKHUX INpeacTaBiaeHuil. Hy>kHO MMETh npecTaBlIeHuEe O BpeMeHax
1 PU3UYECKUX MEXaHU3MaX CIIUH-CIIMHOBOM U CIIMH-PEUIETOYHOM pellaKCaliy, 9TO TAKOE OJTHOPOTHOE
Y HEOJHOPOJHOE YUIMPEHHE CIEKTpaIbHBIX TUHHU. [IpencraBienue 00 3pdexre CIMHOBOTO 3Xa, €ro
0O0BSICHEHHE C TOUKH 3peHUs Kilaccuuecko ¢pu3uku. [Ipaktnueckue npuMeHeHHs SIBJICHUS. CIIMHOBOIO
sxa. Heobxomnumo umeTh mpencTaBieHHUs 00 OCOOEHHOCTSX MapaMarHUTHOM pejlakcalliid HMOHHBIX
KPUCTAJUIOB, UX NPHUMEHEHHE B KBAHTOBBIX MHOTOYPOBHEBBIX MapaMarHUTHbIX ycuiuTensax. HyxHo
yMETh MOKa3aTh YCJIOBUS MOJYYEHHUsS MHBEPCHOM HACEJIEHHOCTH, UMETh MPEJCTABICHUE O LIYMOBBIX
CBOMCTBAaX KBAHTOBBIX TapaMarHUTHBIX YCHUIIUTEICH.



[lepexoast K  ONTHMYECKOMY JHMana3oHy HEOOXOAWMO  MPEACTaBIATH  OCOOEHHOCTH
B3aMMOJICHCTBHS ONTHUYECKOTO W3JIyUYeHHUs] C BEIIECTBOM, OCOOEHHOCTH €ro HCIOJIIb30BaHUS B
YCTPOMCTBAX KBAaHTOBOHM AIEKTPOHHMKHU. HeoOXoauMo MMeTh IMpecTaBieHre 00 OCHOBHBIX CITIOCO0aX
MOJIyY€HUsI HHBEPCHOW HACEJIEHHOCTH B ONTHYECKOM Juana3zoHe. HyXHO 3HaTh, 4YTO Takoe
ONTUYECKUN PpPE30HATOp, YEM OH OTJIMYAETCS OT PE30HATOPOB paAMOJHAaNa3oHa, YMEThb OLIEHHUTH
OCHOBHBIE BHJbl TOTEPb, UX BIUSHME HA CBOMCTBAa pPE30HATOPOB, HMETh MpPEJICTAaBIECHUS 00
YCTOMUUBBIX M HEYCTOMUYMBBIX pe3oHaropax. Hamo 3HaTh pe30oHaHCHBIE CBOMCTBA PE30HATOPOB,
NIPEJCTAaBICHUS O COOCTBEHHBIX THMIAX KoJeOaHMH ONTHYECKUX pe3oHaTopoB (Moxaax). Hamo ymers
KayeCTBEHHO M300pa3uTh pacupeieNieHHe 3JIEKTPUUYECKOro MO JUIsl pa3iMyHBIX MO, OCHOBHBIE
METO/IbI CEJICKIIMH TUIIOB KOJICOaHUH.

Heo6xonumo 3HaTh cIOCOOBI TOTYYEHUSI HHBEPCHOM HACEJICHHOCTU M Pa0OTy TBEPIOTEIBHBIX
ONTUYECKUX KBAaHTOBBIX T'€HEPATOpOB (HAa HMpuUMepe PyOMHOBOTO M HEOAWMOBBIX Ja3epoB). 3HATh
OCHOBHBIE PEXUMBI pPabOThl (PEeXUM CBOOOJHOW TIeHEepaluy, MOAYJSLUU JOOPOTHOCTH, PEXKUM
CUHXPOHM3allUM MOJ), HX OCHOBHBIE XapaKTEPUCTUKU M CIOCOObI MX moidydeHus. lmersb
IIPEJCTAaBICHUE O paboTe 3JIEKTPOONTHYECKMX 3aTBOPOB, IMACCUBHBIX 3aTBOPOB JJS MOIYJISILUU
JNOOPOTHOCTH UJISl CHHXPOHU3ALUHU MOJI.

Heo6xonnmo 3Hath paboTy, cnocoObl MojyuyeHHs UHBEpCcHOM HaceneHHocTH He-Ne nasepa,
poinb OydepHOro raza — reius, ONTUMAJIbHBIE YCIOBHs pabOThl (MapluaibHbIe JaBleHHUs B padoyeit
cMmecH, o0Iee IaBJIeHne CMECH, TOK paspsija, BIMSHUE JuUaMeTpa razopaspsaHoi Tpyoku). Jlazep Ha
YIJIEKHCIIOM Ta3e, KaKOB COCTaB paboyeil cMecH, poib KaXJI0T0 KOMIOHEHTa. THIbI Ja3epoB Ha
YTJIEKUCIIOM Ta3e U UX OCHOBHBIE XapaKTEPUCTUKU (OTHAsSHHBIE JIa3ephl, C MPOJIOJILHOM MPOKAuKOH, ¢
nonepeyHoi npokaukoit, TEA-nazepsl, X 0COOEHHOCTH).

11. YYEBHO-METOIWYECKHE PEKOMEHJIAIIVM JIJISI IPENIOJJABATEJIENR

HeoOxomumMo naTh CTyAGHTaM BO3MOXHOCTh YCBOHWTH OCHOBHBIC 3aKOHBI B3aHMMOJCHCTBUS
ANEKTPOMATHUTHOTO W3TY4YEHUS ONTHYECKOr0 M pPaauoauana3oHoB C BemiecTBoM. Onupasch Ha
3aKOHBI M3ITyYEHHUsI TBEPJOTO TENa, HAJIO MMOKA3aTh TAKUE OCHOBHBIE 3aKOHOMEPHOCTH CIIOHTAHHOTO H
WHAYIUPOBAHHOTO M3TYYEHUH, KaKk A ~ KyOy 4acTOTbI, paBEHCTBO KOX(PPHUIMEHTOB DUHIITEHHA 115
MOTJIONIEHUST W W3nydeHws. Hamo, WCMONB3ys COOTHOIICHUS  HEONMPEACIICHHOCTEH, JaTh
OpeaACTaBJICHUA O HWXHCM IMPCACIC pacXxoaAMMOCTU HHAYLUUPOBAHHOIO M3JIYUYCHUA, O Cro
CHeKTpaHBHOﬁ HUPUHE, KAYCCTBCHHO IIOKa3aTb CBA3b KOB(b(i)I/IHI/IeHTOB YCUJIICHUA W TOITIOIICHUSA
AJNIEKTPOMArHUTHOTO M3JIyYCHUS B Cpele C paclpeieiiCHHEM HACeICHHOCTEH DJHEPreTHYSCKUX
YPOBHEW, 1aTh TNpEACTaBICHHE 00 WHBEPCHOH HACEIICHHOCTH W a0COJIIOTHOW OTPHIATEILHOU
temneparype. [lokazate criocoObl MONMy4YeHHs YCUIICHHUS B TyYKOBBIX MOJICKYJISIPHBIX T€HEPATOPOB, UX
OCHOBHBIE XapaKTEPUCTHKU (Ha MPUMEPE MOJIEKYJIIPHOTO TeHepaTopa Ha IMMyYKe MOJIEKYJl aMMHUaKa).

Heo6xonumMo OOBSICHEHUTH SBICHHS SJIEKTPOHHOTO IMapaMarHUTHOTO PE30HAHCA U SIIEPHOTO
MarHuTHOTO pPE30HaHCAa KaK C TOYKM 3PEHUS KIACCHYECKOW (HU3UKHU, TaK M HCIIOJH30BAHHEM
KBAaHTOBOMCXAaHUYCCKUX HpeILCTaBHCHHﬁ. HY)KHO AaTb NPCACTABJICHUC O BpPEMCHAX H (1)I/I3I/I‘I€CKI/IX
MEXaHHW3MaX CIIMH-CIUHOBOW W CIHH-PEHNICTOYHOW peaKCali, YTO TaKoe OIHOPOJHOE H
HEOAHOPOJJHOE YIIMPEHUE CIEKTpalbHbIX TuHUU. [IpencraBnenne o6 >¢¢dekTe CMMHOBOrO 3Xa, €ro
00BSICHEHUE C TOYKH 3pEHUs Kiaccuueckor pusuku. [IpakTnyeckne npuMeHEHHUs SBJICHUSI CIIMHOBOTO
sxa.  Pacckazath 00 OCOOCHHOCTAX TapaMarHUTHON peJaKcallMd WOHHBIX KPUCTA/UIOB, HX
MPUMEHEHHE B KBAHTOBBIX MHOTOYPOBHEBBIX MApaMarHUTHBIX YCHIIUTENAX, NPEICTaBICHUE O
ITYMOBBIX CBOICTBaX KBAaHTOBBIX napaMarouTHBIX YCHHI/ITeHeﬁ.



[lepexons K ONTUYECKOMY TUANIA30HY HEOOXOAUMO OOBSICHUTH OCOOCHHOCTH B3aUMOACHCTBUS
OINITUYECKOT0 M3JIyYeHHs C BEUIECTBOM, OCOOCHHOCTH €r0 MCIOJIb30BaHUS B YCTPOWCTBAX KBaHTOBOM
3eKTpoHUKU. HeobxoaumMo mMeTh npeacTaBieHHe 00 OCHOBHBIX CIOCOOAaX IMOJY4YeHHs MHBEPCHOM
HACeJICHHOCTH B ONTHYECKOM Auana3oHe. HyHo pacckasTh, 4TO Takoe€ ONTHUYECKUN PE30HATOP, YEM
OH OTJIMYAETCs OT PE30HATOPOB paJHoJUana3zoHa, HAYYUTh OLEHHBAThb OCHOBHBIE BHJbI MOTEPb, HX
BIMSIHUE Ha CBOICTBa pE30HATOPOB, JaThb NPEACTABICHHUA 00 YCTOWYMBBIX M HEYCTOHYMBBIX
pe3oHaTopax. Packa3aTb COOCTBEHHBIX THIAX KOJIEOAHUH ONTHYECKUX PE30HATOPOB (MoJax).
KayecTBeHHO HM300pa3uTh pacnpeneieHue 3MEKTPUUECKOro MOl A pa3iIM4YHbIX MOJ, MOKa3aTh
OCHOBHBIE METO/IbI CEJIEKLIUU TUIIOB KOJIEOaHHH.

PacckazaTh crmocoObl TMOJyueHHs] WHBEPCHOM HACENEHHOCTH W PpaboTy TBEPIOTEIbHBIX
ONITUYECKUX KBAHTOBBIX F€HEPATOPOB (HA MpUMepe pyOMHOBOTO U HEOAMMOBBIX JIa3€POB), OCHOBHBIE
PEeXHUMBI pabOThI, X OCHOBHBIE XapAaKTEPUCTUKH U CIIOCOOBI UX MOJIYUYEHUS.

[Tokazate paboTy, cnocoObl MoiydeHuss MHBEpcHOM HaceineHHocTH He-Ne nazepa, posb
OydepHoro raza — reausi, ONTUMAJIBLHBIE YCIOBHS padoTHI (MMapiuaibHble JaBJICHUS B pabouell cMecH,
o0liee JaBlieHHME CMECH, TOK paspsja, BIMSHUE JUaMeTpa rasopaspsjaHod TpyOku). Jlazep Ha
YIJIEKHCIIOM Ta3e, KaKoOB cOCTaB paboueil cMecH, poiib Ka)XJ0ro KOMIOHEHTa. TuIbl ja3epoB Ha
YIJIEKHCIIOM ra3e U MX OCHOBHBIE XapaKTEPUCTUKHU (OTMAasHHBIC JIa3epbl, C MPOAOIBHOM MPOKAUKOH, ¢
norepeyHoi npokaukoil, TEA-na3epsl, UX OCOOEHHOCTH).

ABTOp(BI):

Cumaiino Urops [lerposud, K.¢.-M.H.



