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PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

BBEJIEHME B KBAHTOBVYIO PAITMODPU3UKY
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AHHOTALMS

I/I3y‘IeHI/I€ OCHOBOIIOJIararomurx BOIIPOCOB B3aI/IMOIIeI>’ICTBHSI OINTUYCCKOTO0 M3JIYUYCHUSA C

BEILIECTBOM, OIpPEAESIONMX (U3NYECKUE MPUHLIHUIIBI paboThl KBAHTOBBIX YCHJIUTENIEH U
TeHEepaTOpOB; TOJYYCHHUE MPEACTABICHUS O (PU3MUYECKHMX OCHOBaX pabOTHl KBAaHTOBBIX MPUOOPOB
paaMoaMana3oHa W ONTHYECKOIro JHara3oHa; 3HAKOMCTBO C OCHOBHBIMH peXUMaMH pabOoThbI
KBaHTOBBIX T'€HEPATOPOB (Ja3epoB) U CrIOocO0aMU MX peaau3allii, C OCHOBHBIMHU 3HEPTeTUYECKUMH 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
KBaHTOBBIX I'€HEPATOPOB (Ja3epoB) U croco0aMu MX peaju3alid, C OCHOBHBIMHU 3HEPreTUYECKUMH U

CIICKTpAJIbHBIMU XapaKTCPUCTUKAMU.

2. MECTO YUYEBHOH JIJUCIUILJIMHBI B CTPYKTYPE OOII BO

HI/ICHI/IHHI/IHa JIOTMYCCKU M COHACPIKATCIbHO-MCTOANYCCKHN CBsA3aHA CO  CJICAYROIIHUMU
JUCHUINNIMHAMH: aTOMHasd (1)I/I3I/IK8., KBAaHTOBAasA MCXaHWKaA, TCOpU II0JIA, (I)I/ISI/IKE[ 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
3HaHU#) MpoheCcCUOHATBHON NeATeTbHOCTH:

MPOBEACHUE HAYYHBIX U
AHATUTUYECKUX
HUCCIIEIOBAHUN 110
OTJICTBHBIM pa3jiesam
(aTamam, 3agaHUSIM)
TEMBI (MPOEKTa) B

PUPOIHBIC U
COIHAIbHBIE SBJICHUS
1 TIPOLIECCHI,
00BEKTHI TEXHUKHU,
TEXHOJIOTHH 1
IIPOU3BO/ICTBA,

cranaaprt-I1C, ananns
OIbITA)

HAYYHO-UCCIIE0BATEIbCKUI

ITIK-1 [1] - Ciocoben
MPOBOANTH COOp, aHATTU3
HAay4YHO-TEXHUYECKOU
uHpOpMaluy,
OTEYECTBCHHOTO U
3apyOEKHOTO OIBITA 110

3agaua O0BeKT NI Koa m HaumenoBanue Koa v nHaumenoBanue

npogeccHOHAIbHOM 00/1acTh 3HAHUS npogeccHOHATBLHON HHAUKATOPA

nesiteabHocTu (311]1) KOMIIETEHI[MH; JIOCTHKEHUS
OcHoBanue npogeccnoHaIbHOM
(mpogeccuoHaTBLHBIN KOMIIeTEeHI[U U

3-I1K-1[1] - 3naTh
crnoco0sI coopa,
aHaJIM3a Hay4Ho-
TEXHUYECKON
nH(popMaluu,
OTEYECTBEHHOI'O U




paMKax MpeaMETHOU
o0acTu 1o npoQuIko
CHEMaIN3alli1 B
COOTBETCTBUHU C
YTBEPKACHHBIMU
IUTaHAMHU U
METOJIMKAMHU
HUCCIIEIOBAaHUN
ydacTue B IPOBEACHUN
HaOJIIOEeHNI 1
U3MEPECHUH,
BBITIOJTHEHUH
JKCIIEPUMEHTA U
00paboTKe TaHHBIX C
HCII0JIb30BAHUEM
COBPEMEHHBIX
KOMIIBIOTEPHBIX
TEXHOJIOTHI

MOJIEJIN, METOJIBI U
CpelcTBa
(byHIaMEHTABHBIX U
MIPUKIIATHBIX
UCCJIC0OBAHUN U
pa3paboToK B
00J1aCTH MaTeMaTUKH,
(UMK U JPYyTUX
€CTECTBEHHBIX U
COIIMATBHO-
HKOHOMHYECKUX HaYK
1o npoQuisaM
[IPEAMETHOU
JeSITETIHHOCTH B
HayKe, TEXHHKE,
TEXHOJIOTHUSIX, &
Takxe B chepax
HAYKOEMKOTO
IIPOM3BOJICTBA,
yIpaBJICHUS U
OusHeca.

TEMATUKC UCCIICAOBAaHUA

Ocnoganue:
[TpodeccuonanbHbIN
cranaapt: 40.011

HpOHSBOJICTBGHHO-TGXHOHOFI/I‘IGCKI/Iﬁ

ydacTue B pa3paboTke
U peanu3anuu
IIPOEKTOB
HUCCIIENOBATEILCKON U
MHHOBAIIMOHHOM
HANpaBJIECHHOCTHU B
KOMaHjIe
WCHOJHUTEICH

MPUPOJIHBIE U
COIMAJIbHBIC SIBICHUS
U TIPOIIECCHI,
00BEKTHI TEXHUKH,
TEXHOJIOTHH 1
MIPOU3BO/ICTRA,
MOJICIIH, METOIbI U
cpencTBa
(byHIaMeHTaIbHBIX U
TIPHUKJTATHBIX
HCCJIEIOBAHUN U
pa3paboToK B
00J1acTH MaTeMaTHKH,
(UMK U JpYyTUX
€CTECTBEHHBIX U
COITMAJIbHO-
HKOHOMUYECKUX HAYK
1o npoQuisamM
MPEAMETHOU
JIEATEILHOCTH B
HayKe, TeXHHKE,
TEXHOJIOTHSX, a
Takke B chepax
HAyKOEMKOTO
MIPOU3BO/ICTRBA,
yIpaBICHUS U
Ou3Heca.

ITIK-9 [1] - Criocoben k
MaTeMaTU4eCKOMY U
KOMITBIOTEPHOMY
MOJICIIUPOBAHUIO
00BEKTOB, CHCTEM,
MPOLECCOB U SIBJICHUN B
n30paHHON IpeaAMETHON
obnactu

OcHosanue:
[TpodeccrnonanbHbIit
cranaapt: 40.008

3apy0ex)HOTOo OMbITA IO
TEeMaTHKe
UCCIICZIOBAHMUSL.
V-TIK-1[1] - YmeTs
CUHTE3UPOBATh U
aHAITM3UPOBATH
HAyYHO-TEXHUYECKYIO
nH(pOpPMaLUIO 10
TEMaTHKe
WCCIICZIOBAHMUSL. |
B-TIK-1[1] - Bnanetrs
HaBBIKaMu cOopa,
CUHTE3a M aHaJH3a
HAay4YHO-TEXHUYECKOM
uHpopManuy,
OTEYECTBEHHOTO U
3apy0exHOTr0o OMbITa IO
TEMaTHKe
UCCIIeIOBAHMUSL.

3-1IK-9[1] - 3nath
OCHOBHEIEC METOIBI 1
TIPUHIIMUIIBI
MaTeMaTU4eCKOro 1
KOMITIOTEPHOTO
MOJICTMPOBAHUS
00BEKTOB, CHCTEM,
MPOLECCOB U SIBJICHUI B
n30paHHOM Mpe-
METHOM 00J1acTH,
METObI TOCTPOCHHUS
MaTeMaTU4eCKHUX
MoJeJIeil TUIIOBBIX
po¢eCCHOHATBHBIX
3aJ1a4, CIIOCOOBI
HAXOXIEHUS PEIICHHUI
MaTEeMaTHYECKUX
MoOJeIIeH u
coJiepKaTeTbHON
HWHTEpIpETAI
MOJTy4E€HHBIX
pe3yabTaToB. |
V-IIK-9[1] - YmeTh
HCIIOIL30BaTh
MaTeMaTHYeCKOe U
KOMITHIOTEPHOE
MOJICITMPOBAHUS TS
OITMCAaHUs CBOHCTB B
XapaKTEPUCTHK
00BEKTOB, CUCTEM,




MPOLECCOB U SIBJICHUI B
n30paHHON
MpeIMETHOM 001I1acTH,
po¢eCCHOHATBHO
HWHTEPIPETUPOBATH
CMBICJT TIOJTYYSHHOTO
pe3ynbprara.;
B-TIK-9[1] - Bnanmets
MeTOoIaMHu
MaTeMaTHIECKOTO U
KOMITBIOTEPHOTO
MOJICITUPOBAHUS
00BEKTOB, CHCTEM,
MPOLECCOB M SIBJICHUI B
n30paHHON
MpeAMETHOM 00JIacTH U
COAEP)KATEINBHOM
HWHTEPIIPETAIIHH
MOJTy4E€HHBIX
pe3yIbTATOB.

4. BOCIIUTATEJIbHBIA MOTEHIAAJ JUCHUTLJIAHBI

Hampasnenus/uenu
BOCITUTAHHUS
[Ipodeccuonanbuoe
BOCIIUTAHHE

3aga4ym BocriuTaHus (Kom)

Coznanue ycinoBui,
obecnieunBaronux, GopmMupoBaHue
HAay4YHOI'0O MUPOBO33PEHUA, KYIbTYPbI
MOWCKA HECTAaH/IaPTHBIX HAYYHO-
TGXHI/I‘-ICCKI/IX/ MMPAKTUYCCKUX
peHIeHI/II\/’I, KPUTHYECKOT'O OTHOIICHHA

K UCCJICOOBAHUAM J'DKCHay‘-IHOFO TOJIKA
(B19)

BocnurarenbHbpll ToOTeHIUAT
JUCIUILINH

1. Mcnonp3oBanue
BOCITMTATEILHOIO ITIOTEHITHAIIA
JTUCIUILTAH/TIPakTHK «Hay4dHo-
uccieaoBarenbekas padboTay,
«IIpoekTHas mpakTUKay,
«HayuHb1il cemuHap» JuIs:

- popMupOBaHUS TOHUMAHUS
OCHOBHBIX TIPUHITUIIOB U
CIoco00B HAYYHOTO MO3HAHUS
MUpa, pa3BUTHUSA
HCCICA0BATCILCKUX KaueCTB
CTYJICHTOB TTOCPEICTBOM UX
BOBJICUCHMS B UCCIIEAOBATEIIHCKUE
MIPOEKTHI 1O 00JIACTSM HAYIHBIX
ncciaenoBanui. 2.Mcrnojabp30BaHue
BOCIIUTATEILHOTO ITOTEHIIAAIA
nucuuiul "VMctopust Hayku u
umxenepun', "Kpurnueckoe
MBIILJIEHUE U OCHOBBI HAYYHOU
KoMMyHuKaruu'", "Benienne B
crenuanbHOCTh", "HayuHo-
uccieaoBarenbekas padora',
"HayuHblii ceMuHap" njis:

- opMHUpOBAHUS CTIOCOOHOCTH
OTJENSATh HACTOSIINE HAYUYHBIE
MCCJIEIOBAHUS OT JDKCHAYUYHBIX
MOCPECTBOM MPOBEICHUS CO




[IpodeccuonansHoe
BOCIITUTAHUC

Coznanue ycnoBui,
o0ecrneunBaronnx, OpMUPOBaHUE
TBOPYECKOTO
WH)XEHEPHOT0/po¢eCCUOHATBHOTIO
MBIILICHHSI, HABBIKOB OpraHU3allU
KOJUIEKTUBHOM IIPOEKTHOU
nesitenbHOCTH (B22)

CTYJAEHTaMH 3aHATUI U
peryisipHbIX Oecen;

- popMHUpOBaHUS KPUTHUECKOTO
MBIIICHUS, YMEHUS
paccMaTpUBaTh pa3IuvHbIC
HCCIIEIOBAHUS C SKCIIEPTHOM
MO3ULIUU [TOCPEICTBOM
00CYXIEHUS CO CTyJCHTaMHU
COBPEMEHHBIX UCCIIETOBAHUM,
HUCTOPUUYECKHUX MPEATIOCHUIOK
MOSIBJICHUS T€X WJIN UHBIX
OTKPBITHHA U TEOPHH.
1.Mcnonb3oBanue
BOCIIUTATCILHOTO ITOTECHIIAAIA
JTUCIUILIAH TPO(ECCUOHATLHOTO
MOJYJISl AJIS1 PA3BUTHSI HABBIKOB
KOMMYHUKAIMU, KOMaHAHOU
paboThI U TUIEPCTBA,
TBOPYECKOTO UHKEHEPHOTO
MBIIIICHUS, CTPEMIICHHS
CJIeI0BaTh B MPOQECCHOHATHHON
JeATeTLHOCTH HOpMaM
MIOBEJICHUS, 00€CIICUYNBAIOLIM
HPaBCTBEHHBIN XapaKTep
TPYZIOBOM AESTENBHOCTU U
HECJTY>KeOHOTO TIOBEACHHUS,
OTBETCTBEHHOCTH 32 MPUHATHIE
penieHus 4epe3 MoAr0OTOBKY
TPYIIOBBIX KYPCOBBIX pabOT U
MPaKTUYECKUX 3aJIaHUMN, PEIICHHE
KEMCOB, MPOXOXKJACHHUE MPAKTUK U
noarorosky BKP.

2 .HMcnons3oBanue
BOCIIUTATECILHOTO ITOTEHITHAIA
JTUCIUILIAH TPpOo(ECCUOHATLHOTO
MOAYJIS Ui - (GOPMHUPOBAHUS
MIPOU3BOJCTBEHHOT O
KOJUIEKTHBH3Ma B XOJI¢
COBMECTHOT'O PELICHUS KaK
MOJICJIbHBIX, TaK M MPAKTHIECKUX
3a/1a4, a TaKXkKe MyTeM
MOJAKPETUICHHE PalliOHATBHO-
TEXHOJIOTHYECKUX HABLIKOB
B3aUMO/JICHCTBUS B TPOCKTHOM
JIeSITENLHOCTH SYMOIIMOHATBHEIM
3¢ (HeKTOM YCIenTHOTO
B3aUMOJICUCTBUS, OLLYIIICHUEM
pocra o0mieit 3ppexTHBHOCTH
MIPU pacrpeeIeHUH MPOESKTHBIX
3aJ1a4 B COOTBETCTBUU C
CHJIILHBIMH KOMITETEHTHOCTHBIMHU
Y DMOIMOHAJIbHEIMH CBOMCTBAMU




[Ipodeccrnonansroe
BOCIIUTaHHE

[IpodeccuonanbHoe
BOCIIUTaHUEC

Co3naHue ycaoBuid,
oOecnieunBaromux, GOpMHUPOBAHNE
KyJIbTYpbl 0€30M1acCHOCTH IIpH paboTe ¢
Ja3epHbIM u3nydeHuem (B27)

Cozpanue ycnoBui,
o0ecrneunBaroux, OpMUPOBaHUE
KYyJIBTYpbl O€30ITaCHOCTH IIPU paboTe
Ha SKCIIEPUMEHTAIBHBIX U
HPOMBIIIJICHHBIX YCTAaHOBKAX BBICOKOM
MmotHocTH (B28)

YJIEHOB MPOEKTHOW TPYTIIIHI.
1.Mcnonp3oBanue
BOCTIMTATEIHHOTO MOTEHIINATA
POGUIBHBIX TUCITUTUIAH U BCEX
BUJIOB MPAKTUK JUIS: -
(bOpMUPOBAHUS KYIBTYPHI
Ja3epHON 6€30ImacHOCTH
TIOCPEJICTBOM TEMAaTHYECKOTO
AKIIEHTUPOBAHUS B COJIEP>KAHUU
JTUCIUIUIAH ¥ YIeOHBIX 33 aHHH,
HOJTOTOBKHU 3cce, pedepaTos,
JIUCKYCCHUH, a TaKXKE B XO/€
MPAKTHYECKON paboThI ¢
Ja3epHBIM 000pYIOBaHUEM. -
dbopMUpOBaHUS KYIbTYPBI
0e30macHOCTH IpH paboTe Ha
9KCIIEPUMEHTAIBHBIX U
MIPOMBIIIICHHBIX YCTAHOBKAX
BBICOKO MOIITHOCTH U
UMEIOIITIMH TTOBBIIIICHHBIH
YPOBEHb OIACHOCTH Yepe3
BBITIOJTHCHHE CTYICHTAaMHU
MPAKTHYECKUX U Ta00PaTOPHBIX
pabot, B TOM YHCIIC Ha
000pyI0OBaHUU JJIsl UCCIICIOBAHUS
BBICOKOTEMIIEPATYPHOI I1JIa3MBbl.
1.Mcnonp3oBanue
BOCIIUTATEIIHHOTO ITOTCHIINAIIA
npOoGUIBHBIX TUCIHUIUIMH U BCEX
BUJIOB NMPAKTUK JUIS: -
dbopMUpOBaHUS KYJIbTYPHI
Ja3epHOI 6€30MacHOCTH
HOCPEICTBOM TEMAaTHUECKOTO
AKIIEHTUPOBAHUS B COJICPIKAHUU
TUCIUILIAH M Y4eOHBIX 3aJaHu,
MOATOTOBKH 3cce, pedeparos,
JUCKYCCHIA, a TAKXK€E B XOJI€
MPAKTHUYECKON paboTHI €
Ja3epHBIM 000PYyIOBAHUEM. -
(bopMUPOBAHUS KYIBTYPHI
0e30MmacHOCTH MpH paboTe Ha
IKCIIEPUMEHTAILHBIX U
MIPOMBIIIIEHHBIX YCTAHOBKAX
BBEICOKOU MOIITHOCTH U
UMEIOIIIMHU TTOBBIIICHHBIH
YPOBEHb ONAaCHOCTH Yepe3
BBITIOJTHEHHUE CTYyIEHTaMHU
MPAKTHYECKHUX U JTA0OPATOPHBIX
paboT, B TOM UHuCIIE Ha
000pyAOBaHUU AJIS1 UCCIIEJOBAHUS
BBICOKOTEMIIEPATYPHOM MIa3MBbl.




S. CTPYKTYPA M COJAEP)KAHUE YUYEBHOM JUCIUILIUHBI

Paznensr yueOHOM TUCIUTUTMHBL, UX 00bEM, CPOKH U3Y4eHUS H (HOPMBI KOHTPOJIS:

Ne
.1

HaumenoBanue
pazaena yuyeOHoi
JMCHMILTMHBI

Henenn

JlaGopaTopHble

Jlexnumn/ Ipaxkr.
paboThbl, yac.

(cemunapsi )/

Oo0s13aT. TeKymmi

KOHTPOJIb ((popma*,

HeJeJs)

MakcuMaJaIbHBIN

0aJui 3a pa3gena™*

pa3nena (popma*,

ATTecTanus
HeJeJs)

HNuauxkaropsl
OCBOCHHUS

KOoMIOeTeHIIAA

6 Cemecmp

OcHoBHBIE (U3HUECKHE
TIOHSTHS

16/8/0

N
(V)]

K1

1
o0

[1K-9

B3aumoneiictBue
paauon3ITyYECHUS C
BEIIECTBOM. Masepsl

9-15

14/7/0

25

KH-15

3-TIK-

V-
TK-1,
B-
TK-1,
3-TIK-

V-
TK-9,
B-
TK-9

Hmoeo 3a 6 Cemecmp

30/15/0

50

KonTpoabhbie
MeponpusiTuss 3a 6
Cemectp

50

3-TIK-

V-
[K-1,

IK-1,
3-TIK-

V-
IK-9,




| TIK-9 |

* — COKpallleHHOEe HauMEHOBaHUE (DOPMbBI KOHTPOJIS
** _ cymMMa MakcHMalbHBIX 0allIoB J0JKHA ObITh paBHa 100 3a cemecTp, BKJIOYas 3a4eT U

(unn) sK3aMeH

CoxparnieHre HauMEHOBaHUH (POPM TEKYIIETO KOHTPOJIS M aTTECTALIUH Pa3iesIoB:

O06o3na | ITo1HOe HAaMMeHOBaHH e
YyeHHue
KN KoHTpoJib 1o utoram
3 3auer
KAJEHJIAPHBIN IIJTAH
Henea | Tembl 3ansaTuii / Conep:kanue Jlek., | IIp./cem. | JIao.,
" yac. , yac. yac.
6 Cemecmp 30 15 0
1-8 OcHoBHbIe pu3nUecKre NOHATHS 16 8 0
1 Brenenne Bcero ayiuTopHbIX 4acoB
[IpenMer GOTOHUKY U KBAaHTOBOU AJIEKTPOHUKU. VcTopus 2 | 0 | 0
pasBurus. Llenp u 3agaum Kypca. Ownnaitn
0 |0 |0
2-8 OcHoBHbIE pU3HYECKHE IOHATHS Bcero aytuTopHBIX 4acoB
CrioHTaHHBIE M MHAYIUPOBaHHBIC epexonbl. Koadgdunuentor | 14 | 8 | 0
Oiinireiina. [lornomenue u ycunenue. MaBepcHas Ounaiin
HACEJICHHOCTh SHEPreTHUECKUX YPOBHEH U MoHsTHE 00 0 0 0
a0COFOTHOM OoTpHUIaTeNsHOM TeMmeparype. CBoicTBa
WHIYIUPOBAHHOIO U3JIYYEHUS
9-15 B3aumopneiictBue paanousiiyueHus ¢ BemectsomM. Masepsl | 14 7 0
9 KBaHTOBBIE YCHIMTEIN U TeHEPATOPHI PAAHOANANIA30HA Bcero aynutopHsIx 4acoB
DHepreTuvecKkre ypoBHHU B razax. @opma crekTpaibHOU 2 | | | 0
nuHuH. CiocoObl HAOMIOACHUS MTOTJIOLIEHHS pagruon3nydeHus | Ounaiin
B rasax. 0 | 0 | 0
10 MouJiekyJISIpHBII TeHepaTOP HA My4YKe MOJIEKYJ aMMHAKA Bcero aynuTopHbIX 4acoB
Crioco06 mosyueHus ycuineHus. MOIHOCTh TeHEepalliu. 2 | 1 | 0
CrabunbHOCTh yacToThl NH3  masepa. Ownnaitn
0 |0 | 0
11-12 | DnekTpoHHbIH MapaMaruuTHbIi pe3onanc (IIIP) Bcero ayutopHbIX 4acoB
Cnioco0b1 Habmoaenus DI1P. Penakcanus B napamarsetukax. | 4 |2 [0
Bpemena u pusnueckne mexanusmsl penakcanuu. OgaopoaHoe | Oumnaiin
¥ HEOJHOPOIHOE YIIMPEHHE. 0 |0 |0
13 - 14 | SIinepHblii MArHUTHBIN pe3oHanc (AMP) Bcero ayutopHbIx 4acoB
HIupuna muanii AMP. Cnoco6s1 Habmronenus SIMP. 4 |2 [0
Ownnaitn
0 |0 |0
15 Oco0eHHOCTH TapaMarHeTH3Ma HOHHBIX KPHCTAJLIOB Bcero ayIuTOpHBIX 4acoB

TpexypoBHEBBIE Ma3ephl HA TBEPJIOM TeJE. Y CIOBUSA
[IOJIyYEHUS OTPULIATEIILHON TeMIeparypsl. BinsHue BpeMeHn
penakcanuu. [llymoBbIe CBOMCTBAa KBAHTOBBIX MMapaMarHUTHBIX

2 |1 |0
Ounnaiu
0 | 0 | 0




| | YCHJIATEJICH |

CoxkpalleHHble HAUMEHOBAHUS OHJIANH OMIUIA:

Oo6o03na | Ilos1HOe HaMMeHOBaHME
yeHue

oK DJIEKTPOHHBIN KypC

IIM [TOTHOTEKCTOBBIN MaTepual
11JI ITomHOTEKCTOBBIE JCKIIMU
BM Buneo-marepuainsl

AM Aynmo-marepualsl

[1p3 [Ipe3enTanmun

T Tectol

SCM DJIEKTPOHHBIE CIIPABOYHBIE MATEPUAJIbI
ncC HMHTEepakTUBHBIN CANUT

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

[Ipyu ocBOEHMM JAHHOW NHUCIUIUIMHBI OCHOBHYIO POJIb UTPAIOT ayJAUTOPHBIC 3aHATHS, a TAKKE
camocTosTeNIbHas paboTa CTYJICHTOB, 3aKJIFOYAONIASCS B BBITOJIHCHUN JOMAITHUX 3a/IaHUui, U3yICHUN
MPOWICHHOTO MaTepuaia, IOATOTOBKE K THUCBMEHHBIM TecTaM. [l Toro 4dYToOBl TMOKa3aTh
COBPEMEHHOE COCTOSIHHE (OTOHMKA ¢ KBAHTOBOW paano(DHU3UKH, TPEIYCMOTPEHO IIUPOKOE
WCIIOIb30BAaHUE COBPEMEHHBIX HAYYHBIX pa0OT W MyOJIMKaMid 1O JaHHOW TeMe, IOCelIeHUe
naboparopuit HUAY MUOU. PekomeHnayercs MocelieHWe CTyJIEHTAaMH HAay4YHBIX CEMHHApPOB U
KoH(pepeHMi, npooaumbix B HUAY MU®DU, a Takxke B APYrUX MOCKOBCKMX YHHMBEPCHTETaX MU
WHCTUTYTax.

7. ®OH/JI OHEHOYHBIX CPEJICTB

@DOHJ| OLIEHOYHBIX CPEACTB 0 IUCLUILUIMHE O0ECIIEUNBAET IPOBEPKY OCBOCHHUS IUIAHUPYEMBIX
pe3ynbTatoB o0ydeHus (KOMIETEHIMH M MX WHIUKATOPOB) MOCPENCTBOM MEPONPUSTUNA TEKYLIETO,
pyOexKHOro U MPOMEKYTOUHOTO KOHTPOJIS IO JUCIUIIUHE.

CBa3p Mexay (opMHUpPYEeMBIMH KOMIIETEHUMSAMH M (opMaMH KOHTpPOJII HUX OCBOCHHMS
IIPEJCTaBIICHA B ClleAyIoLlel Tadnuue:

Komnerenuus HNuaukaTopbl 0CBOCHHS ATTEeCTANMOHHOE MEPONIPUATHE
(KII 1)
IK-1 3-1IK-1 3, K-8, KU-15
V-TIK-1 3, KU-8, KH1-15
B-IIK-1 3, K-8, KU-15
I1K-9 3-11K-9 3, KU-8, KH1-15
VY-11K-9 3, K-8, KU-15
B-I1K-9 3, KU-8, KH1-15

Ixanbl oneHKU 00pa3oBaTeIbLHBIX JOCTHXKEHU I

[lIxana KaXa0r0 KOHTPOJIBLHOTO MEPOTPHUSTHS JISKUT B mpenenax oT 0 10 yCTaHOBJICHHOTO
MakCHUMAaJILHOTO Oajuia BKIFOUHUTENBHO. MTOroBas arrecranusd 10 OUCHUIUINHE oneHuBaercsa 1mo 100-



0ayuIbHOM IIKaje W MpeAcTaBiIseT co0oil cymmy OanioB, 3apabOTaHHBIX CTYJCHTOM IPHU BBIIIOJIHEHUH
3aJJaHUi B paMKax TEKYIIETro M MPOMEKYTOUHOTO KOHTPOJIS.

HTorosas oreHKa BBICTABISETCSI B COOTBETCTBUHU CO cnez[ylomeﬁ IIKAJIOM:

Cymma Onenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOSHUIO
0amIoB 0aJUIbHOM IIKaJe ECTS y4e0HOH TUCIHUIUIMHEI

OlleHKa «OTIINYHO» BBICTABIISACTCS
CTYJIEHTY, €CIIH OH IIy0OKO M IIPOYHO
YCBOMJI TIPOTPAMMHBIN MaTepual,
HCYEPIIBIBAIOIIE, TOCIIEN0BATEIBHO,
90-100 5 — «omauunoy A YETKO U JIOTHYECKH CTPOMHO ero
U3J1araet, yMeeT TECHO YBS3bIBATh
TEOPHUIO C IPAKTUKOM, HCIIONB3YET B
OTBETE MaTepuai MOHOrpaduyecKoi

JINTEPATYPBI.
85-89 B OlLieHKa «XOPOII0» BBICTABIIAECTCS
75-84 C CTYJIEHTY, €CIIH OH TBEPJIO 3HAET

Marepuall, rpaMOTHO U 110 CYHICCTBY
n3jaract €ro, He JOIyCKasa

D CYIIECTBCHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

4 — «xopouto»
70-74

65-69 O1ieHKa «yIOBIETBOPUTEIHHOY

BBICTABJISICTCSA CTyZ[EHTy, €CJIM OH UMECT
3HAHUS TOJIBKO OCHOBHOI'O MaTepHaa,
3- HO HE YCBOWJI €r'0 JIETANIEH, JOIyCKaeT
60-64 «Y0081eMBOPUMENHOY E HETOYHOCTH, HEJOCTATOUHO MTPAaBUIILHBIE
(OpMyNIHUPOBKH, HAPYILICHUS
JIOTUYECKOM TOCIIEN0BATENBHOCTH B
U3JI0KEHUHU IPOrPAaMMHOI0 MaTepuala.

Or1eHKa «HEYTOBICTBOPUTEITHHOY
BBICTABJISCTCS CTYACHTY, KOTOPBIH HE
3HAET 3HAYNUTEIILHON YacTh
MIPOrpaMMHOI0 MaTepraa, J0IMyCKaeT
o 60 2— F CyIIeCTBeHHbIC o1mnOKu. Kak npasuo,
e «HEYO0B1eMBOPUMETLHOY OLICHKA «HEYIOBIECTBOPUTEIIHLHOY
CTaBUTCS CTYJCHTaM, KOTOPbIE HE MOT'YT
MPOJIOJKHUTE 00y4eHue Oe3
JIOTIOJHHUTENILHBIX 3aHATHIH 110

COOTBETCTBYIONIEH AVCIMILINHE.

8.  YYEBHO-METOJWYECKOE U TH®POPMALIMOHHOE OBECIIEYUEHUE
YYEBHOI JUCHMUILIMHEI

OCHOBHAS JIMTEPATYPA:
1. DU S96 Principles of Lasers : , Boston, MA: Springer US, 2010

2. O U 83 BonHossle mpouecchl. OCHOBHBIE 3aKOHHI : yueOHoe mocodue, Mocksa: JlabopaTopust
3nanui, 2020

3. OU b 73 BonokoHHbIE TEXHOJIOTHYECKHUE JIa3ephl U uX nmpuMeHenue : , Cankr-IlerepOypr: Jlanb,
2022



4. OU K 44 KBanroBas u ontuueckas snektponuka : , Cankt-IlerepOypr: Jlans, 2022
5.621.38 JI25 KBanTOoBas 3JIeKTpOHUKA : Kypc Jaekuuii, Mocksa: HUAY MUOU, 2015

6. OU1 K 93 Kypc obmieii puzuku T. 3 Onrrka. @usnka aTOMOB B MOJIeKy1. DU3MKa aTOMHOTO SApa U
MHKpOYacTul, : , 2022

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

8. 537 3-43 Ilpunmunst 1azepos : , O. 3senrto, Cankt-IlerepOypr [u mp.]: Jlans, 2008

JOIIOJIHUTEJIbHASI JIMTEPATYPA:
1. 535 K 43 IToco6ue no ¢usuke nazepos : , Capos: ®I'VII POSAI-BHUND D, 2020
2. 535 A91 dusnyeckue oCHOBBI POTOHUKH : yuebd. mocodue 1y By30B, B. A. Acranenko, M.: , 2005

3.621.37 ]I81 KBanroBas snexTponuka. IIpubopsl 1 ux npuMeHeHue : yaueOHoe mocoOue is By30B,
B. U. ynkun, JI. H. [TaxomoB, Mocksa: Texunocdepa, 2006

4. 537 K23 Jlekuuu no kBaHToBoOM annekTpoHuke : , Kapnos H.B., M.: Hayka, 1988

5. 537 C83 OcHOBBI KBAaHTOBOM 3JIEKTpOHUKH : , CTpaxoBckuii [.M.,Ycnenckuii A.B., M.: Boicm.
mkoina, 1979

6. 537 X19 Jlekuuu o kBaHTOBOM paguodusuke : , 5. M. Xanun, Huwxauit Hosropoa: UTI® PAH,
2005

I[TPOTPAMMHOE OBECITEYEHHUE:

CrennanbHOe IporpaMMHoOe obecriedeHre He Tpedyercs

LMS 1 UHTEPHET-PECYPCBI:

1. caiit kadeapsr Ne70 HUAY MUDU (http://kaf70.mephi.ru/)
https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPUAJILHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOM
TUCHUTIINHBI

CriennanbHOE MaTepUaTbHO-TEXHUYECKOE oOecrieueHne He Tpedyercs

10. YYEBHO-METOAMYECKHME PEKOMEHJIALIMU J1JIA CTYAEHTOB

IIpy wn3ydeHMM JAHHOTO Kypca HEOOXOAMMO TBEPJAO YCBOUTb OCHOBHBIE 3aKOHBI
B3aUMOJICUCTBUS DJIEKTPOMAarHUTHOIO H3JIyYEHHUS ONTHYECKOrO0 M PaguOJHMANA30HOB C BELIECTBOM.
Onupasich Ha 3aKOHBI U3IY4YEHHUs] YEPHOTO Teja, HaJ0 YMETh BBIBOJAUTH OCHOBHBIE 3aKOHOMEPHOCTHU



CIIOHTAaHHOTO M  MHAYLUUPOBAaHHOro u3iaydeHuil. Hamo yMmers, HUCHOAB3ys  COOTHOILLEHUS
HEOIpPEAEIEHHOCTEN, IIOJIYYUTh IPECTABICHUS O HUYKHEM IPEJIeNIe PacX0AUMOCTH UHIyLIMPOBAaHHOIO
U3IIy4eHUs, O €ro CHeKTpalbHOM mmMpuHe. HeobXoauMo yMmeTh KauyeCTBEHHO I0Ka3aTh CBS3b
KOO(QQUINEHTOB YCWJIEHHS ¥ TMOTJIOMICHUS JJIEKTPOMArHWTHOTO M3Iy4eHHs B Cpele ¢
pacnpenelieHneM HacelleHHOCTEeH >HEpreTUYeCKUX YpOBHEH, MMETh NpeJcTaBieHHe 00 MHBEPCHOI
HaCeJIEHHOCTH 1 a0COIOTHOM OTpUIIaTeNIbHON Temreparype. Hago umeTs npeacTaBieHue o crnocobdax
MOJIy4EeHHUsI YCHJIEHUS B MYYKOBBIX MOJIEKYJISIPHBIX T€HEpaTOpOB, 3HATh (PU3UKY (OPMUPOBAHUA
CHEKTPAJLHOTO COCTaBa 3TUX T'E€HEPATOPOB, YMETh OILEHUTh MOIIHOCTh H3IY4YEeHHsI, CTAOMIBLHOCTDH
YacTOThl U OCHOBHBIE (haKTOPBI, BIUAIOLINE HA CTAOMIBHOCTh M3IIy4YE€HUS] MOJIEKYJISIPHBIX T€HEPATOPOB
(Ha mpuMepe MOJIEKYJISIPHOTO IT€HEPATOPa Ha IyYKE MOJIEKYJI aMMHUAKa).

HeoOxomumo 3HaTh ¢u3nueckoe OOBSCHEHHE SBJICHUS HIIEKTPOHHOTO IapaMarHUTHOTO
pe30oHaHca U AJEPHOr0 MarHUTHOTO PE30HAHCA KaK C TOYKHM 3PEHUs KJIacCHYeCKOW (pU3MKHU, Tak U
HCIOJIb30BaHNEM KBAaHTOBOMEXAaHWYECKHUX IpeacTaBieHuil. Hy)kHO uMeTh npejcTaBiieHne 0 BpeMeHax
1 (U3UYECKUX MEXaHU3MaX CIHH-CIIMHOBOW U CIMH-PEIIETOYHOM penaKcaliu, YTo TaKoe OJHOPOIHOE
Y HEOJHOPOJIHOE YIIMPEHHE CIeKTpasbHbIX JUHUN. [IpencTaBnenue o0 3dekre CIMHOBOTO 3Xa, €ro
00BSICHEHHE C TOUKH 3peHus Kilaccuueckoi ¢pusuku. [IpakTnyeckue npuMeHeHHs SIBJICHUS CIUHOBOIO
sxa. HeoOxonumo MMeTh mpejacTaBieHUs 00 OCOOEHHOCTSX MapaMarHUTHOW peflakcalMd MOHHBIX
KpUCTAJJIOB, UX NMPUMEHEHHE B KBAHTOBBIX MHOTOYPOBHEBBIX MapaMarHUTHBIX ycuiuTensx. HyxHo
YMETh IOKa3aTh YCJIOBUS IOJIyYE€HUsS MHBEPCHOM HACEJIEHHOCTH, UMETh MPEICTABICHUE O LIYMOBBIX
CBOMCTBaX KBAHTOBBIX TapaMarHUTHBIX YCUIIUTEIEH.

Ilepexons K  ONTHYECKOMY JMAma3oHy HEOOXOOUMO  MPEACTaBIATh  OCOOEHHOCTH
B3aMMOJICHCTBUSL ONTHYECKOTO H3JIyYE€HUS C BEIIECTBOM, OCOOCHHOCTHM €ro HCIOIb30BaHUS B
yCTpOMCTBaX KBAaHTOBOM AyieKTpoHMKH. HeoOxoaumo nMeTh mpeacraBieHre 00 OCHOBHBIX crioco0ax
MOJIyYEHUs] HMHBEPCHOW HACEJIIEHHOCTM B ONTHYECKOM Juamna3oHe. HyXHO 3HaTh, 4YTO Takoe
ONTUYECKUN pPE30HATOpP, YEM OH OTIMYAETCS OT PE30HATOPOB PaJAMOJMAIA30HA, YMETh OLICHUTh
OCHOBHBIE BHJbl TOTEpb, UX BIUSHME HA CBOMCTBAa pPE30HATOPOB, HMETh IpPEJICTaBICHUS 00
YCTOMYMBBIX M HEYCTOMYMBBIX pe3oHaropax. Hamo 3HaTh pe3oHAHCHBIE CBOMCTBA PE30HATOPOB,
MPECTaBICHUS O COOCTBEHHBIX THIIAX KOJIEOaHWH ONTHYECKUX pe30oHaTopoB (Moxax). Hamo ymers
KAaueCTBEHHO M300pa3uTh paclpeiesieHue ANIEKTPUUYECKOro MOJsA Uil Pa3Iu4HbIX MOJl, OCHOBHBIE
METO/IbI CEJICKIIMH TUIIOB KOJICOaHUH.

HeoOxoaumo 3HaTh ciocoObl MMOJIy4eHNs HHBEPCHON HACEIEHHOCTH U paboTy TBEPAOTEIbHBIX
ONTUYECKUX KBAHTOBBIX T'€HEPATOPOB (Ha MpuMepe pyOWHOBOTO M HEOAMMOBBIX Ja3epoB). 3HATh
OCHOBHBIE PEXUMBI PabOTHI (PeXUM CBOOOJHOW TeHEpalud, MOAYISIHUH JOOPOTHOCTH, PEXKUM
CUHXPOHM3AIIMM MOJ[), HX OCHOBHBIC XapaKTePUCTHKH U CHOCOOBI uX monydeHus. Hmers
NpeCTaBIeHUEe O paboTe SJIEKTPOONTHYECKHX 3aTBOPOB, IMACCHBHBIX 3aTBOPOB JJIS MOIYJISLUU
JTOOPOTHOCTHU UJISI CHHXPOHU3ALUHU MOJI.

HeobOxomumo 3HaTH paboTy, CrOcoObI MONMy4YeHHs] WHBEpCHOUW HaceneHHocTu He-Ne nasepa,
poib OydepHOro raza — reius, ONTUMAIBHBIC YCIOBHs paOOTHl (MapIuaibHbIe JaBlICHHUS B padoyeit
cMmecH, o0l1iee AaBJIEHUE CMECH, TOK pa3psjia, BIMSHHUE JUamMeTpa razopaspsaHoi TpyOoku). Jlazep Ha
YTJIEKUCIIOM Ta3e, KakoB cocTaB padouell cCMecH, pojib KaXJAO0ro KOMIIOHEHTa. THIbI Jia3epoB Ha
YTJIEKUCIIOM Ta3e U UX OCHOBHBIC XapaKTEPUCTUKU (OTHASHHBIC JIa3ephl, C MPOIOJIbHOIN MPOKAUKOH, C
nonepedHoi nmpokaukoit, TEA-na3zepsl, UX 0COOEHHOCTH).

11. YYEBHO-METOJIWYECKUE PEKOMEHIALIMHU JJIsI MTPEMMOJABATEJE



Heo6xonumMo naTh CTyAE€HTaM BO3MOXHOCTh YCBOMTH OCHOBHBIE 3aKOHBI B3aMMOACHUCTBUS
AJIEKTPOMArHUTHOTO H3TYYeHHS ONTHYECKOTO M PaJMOAMANa3oHOB C BemiecTBOM. Omumpasich Ha
3aKOHBI M3JIy4YeHHs TBEPJOTO Teja, HaJ0 MOKa3aTh TaKhue OCHOBHBIE 3aKOHOMEPHOCTH CIIOHTAHHOTO U
WHIYIIMPOBAHHOTO M3TYYeHUH, KaKk A ~ KyOy 4acTOTBI, paBeHCTBO KOX(PPHUIIMEHTOB DUHIITEHHA 115t
MOTJIOMIEHUS] W W3My4deHWs. Hamo, WCMONB3ysh COOTHOIICHHWS  HEOIPEIeNIEHHOCTEeH, JaTh
MPEJCTaBICHUS O HIKHEM TMpeleie pPacXOAMMOCTH HWHIYIUPOBAHHOTO H3JIyYEHUs, O €ro
CTIEKTPAILHOW IIMPUHE, KAYECTBEHHO I0Ka3aTh CBS3b KOX(P(PHUIIMEHTOB YCHICHHS W MOTJIOIICHUS
AJIEKTPOMArHUTHOTO M3JIYYCHUS B CpEele C pACIpECICHUEM HACEICHHOCTEH SHEPreTHYSCKUX
YPOBHEH, JaTh NpeACTaBiICHHE 00 HHBEPCHOM HACENIEHHOCTH M a0COJIIOTHOW OTpHULIATETbHON
temneparype. Iloka3ats crnocoObl MoydeHus] YCUIICHUS B MTyYKOBBIX MOJIEKYJISIPHBIX T€HEPaTOPOB, UX
OCHOBHBIE XapaKTEPUCTHKH (Ha MPUMEPE MOJICKYJIIPHOTO TeHEepaTopa Ha Iy4YKe MOJICKYJl aMMHaKa).

Heo0xonmumo 0OBSICHEHUTH SBICHHUS AJIEKTPOHHOTO IMApaMarHUTHOTO PE30HAHCA U SIIEPHOTO
MarHMTHOTO pE30HAaHCAa KaK C TOYKM 3PEHUS KIACCHYECKOW (U3WKH, TaK W HCIOJIb30BaHHEM
KBaHTOBOMEXaHUYECKUX TpeiacTaBieHnd. HyXHO naTth mpejicTaBieHHEe O BpeMeHax W (pU3HUYecKuX
MEXaHU3MaX CIUH-CIUHOBOM H CIMH-PEIICTOYHON pelaKkcalud, YTO TaKoe OJHOPOJHOE U
HEOJHOPOJ/IHOE YIIUPEHUE CHEeKTpaibHbIX JuHUH. [IpencraBnenue o0 3ddekre cnmHOBOrO 3Xa, €ro
00BsICHEHUE C TOUYKH 3peHus Knaccuueckoi ¢usuku. [IpakTnyeckne npuMeHeHus SBJICHUS CIIMHOBOTO
sxa.  Pacckazatp 00 OCOOEHHOCTAX NapaMarHUTHOM peJakcallMd MOHHBIX KpPUCTAJUIOB, HX
NPUMEHEHHE B KBAaHTOBBIX MHOTOYPOBHEBBIX ITapaMAarHUTHBIX YCHIIUTENSX, NPEACTABICHUE O
IIYMOBBIX CBOWCTBaX KBaHTOBBIX APAMarHUTHBIX YCUIIUTEINECH.

[lepexoast K ONTHYECKOMY JHAINa30Hy HEOOXOAMMO OOBSICHUTH OCOOCHHOCTH B3aMMOACHUCTBUS
ONITUYECKOTO HM3ITyYeHHs C BEHIIECTBOM, OCOOCHHOCTH €T0 HCIOJIB30BAHMS B YCTPOWCTBAX KBaHTOBOM
ANEeKTpOHUKU. HeoOXoauMo MMeTh TpeAcTaBiIeHHe 00 OCHOBHBIX CIOCO0AaX MOJMYYCHHs WHBEPCHOU
HACEJICHHOCTH B ONTHYECKOM Juara3oHe. HyXHO pacckas3Th, 4TO TaKOE€ ONMTUYECCKHI PE30HATOP, YeM
OH OTJIMYAETCS OT PE30HATOPOB PaJMOAMAINa30HA, HAYYUTh OIICHWBATH OCHOBHBIC BHJIBI TOTEPb, MX
BIMSHME Ha CBOICTBa pE30HATOPOB, JaTh NPEACTABICHUS 00 YCTOWYMBBIX M HEYCTOHYMBBIX
pezoHatopax. Packasarh COOCTBEHHBIX THMAaX KOJeOAHUN ONTHUYECKUX PE30HATOPOB (MOJax).
KayecTBeHHO HM300pa3uTh pacrpeneieHnue 3MEKTPHUECKOro MO IS Pa3iUYHbIX MO, TOKa3aTh
OCHOBHBIE METO/IbI CEJIEKIIUHU THUITOB KOJIECOAHHIA.

PacckazaTh crmocoObl TOJTydeHHs] WHBEPCHOW HACENIEHHOCTH W paboOTy TBEPIOTEIBHBIX
ONITUYECKUX KBAHTOBBIX T€HEPATOPOB (HA MpUMepe pyOMHOBOTO M HEOJAMMOBBIX JIa3€POB), OCHOBHBIE
PEKUMBI PAOOTHI, IX OCHOBHBIE XapaKTEPUCTHKH U CIIOCOOBI MX TIOTYYCHUSI.

[Tokazate paboTy, crocoObl TOJYYeHUsT HMHBEPCHOW HaceieHHoctn He-Ne nasepa, poib
OydepHoro raza — renusi, ONTUMAaNbHBIE YCIOBHs pabOTHI (MaplHalbHbIe AaBleHUs B paboueill cMecH,
o0liee JaBlieHHME CMECH, TOK paspsjia, BIMSHUE IMaMeTpa rasopaspsaHod TpyOku). Jlazep Ha
YIJIEKHCIIOM Ta3e, KaKOB COCTaB paboueil cMecH, poiib KaXJI0ro KOMIIOHEHTa. THIbI Ja3epoB Ha
YIJIEKHUCIIOM Ta3e M MX OCHOBHBIE XapaKTEPUCTUKU (OTMAsHHBIC JIa3ePbl, C MPOAOIBHON MPOKAYKOH, €
nonepeyHoi npokaukoil, TEA-nmazepsl, X 0COOEHHOCTH).

ABTOp(BI):



Cumnaiino Urops IetpoBuy, k.¢.-M.H.



