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Mporpammy ancumnnuHbl paspabotan(a)(un) Capanaaes E.B. ; accucteHT, k.H. Xamagees M.A.
Kadbenpa ontnku n HaHodpoToHNKK OTaeneHne gomanku , Marat. Khamadeev@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

3HaKOMCTBO C HOBbIM TUMOM ONTUYECKUX HAHOMaTepuanos, Ha3biBAEMOM (POTOHHbIM KpUcTannamu,
nonyyeHune 3HAHWUI O NOCNeAHNX OOCTUXEHUSX B 9TOM HanpaBneHnn, CBA3aHHbIMKU C NCCNnenoBaHNEM

NX ONTMYECKUX CBOMNCTB U METOLOB CUHTE3A.

2. MecTO AMCUMUNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pasoBaHus

JaHHas yyebHas oncumnnnHa BkodeHa B pasgen " M2.[1B.6 NpodeccuoHanbHbI

ALl

OCHOBHOW

obpasosaTtenbHoi nporpammbl 011200.68 duanka 1 OTHOCMTCS K AUCUUMNINHAM MO BbIOOPY.
OcBauBaeTcs Ha 2 kypce, 3 CeMeCTp.

OucumnnnHa M2.1B6 "®oToHHbIe kpucTannbl" siBnsietcst 6a3oBoit YacTbio NporpamMmbl Ans
marnctpartypbl "®duanka atoMmos 1 Monekyn" no HanpasneHuto 011200.68 - "duauka" (6nok M2).

3y4yeHune naHHo avcumnnvHbl 6a3npyeTcs Ha NoaroToBKe Mo PU3NKe U MaTeMaTuke B pamkax
CocynapcTBeHHOro ctaHaapta obwero obpasoBaHns, AUCUMNIMH NOAroTOBKM BakanaBpoB no

HanpaeneHuto 011200.62 - "®dusnka":, b3.b.2 "MonekynspHas duamka", 63.6.3 "OnekTpnyecTtso u

marHetnam", 63.6.9 "OnekTpoanHammka", 63.6.4 "OnTtuka".

3. KomneTteHuun oﬁyqalom.eroca, cdopmMupyembie B pesyrnbraTte OCBOEHUSA AUNCLMMNIUHDbI

/mopynsi

B pesynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTEeHUNN:

Pacwucposka
LLinchp komneTeHumu npuobpeTaemMon KOMMNeTeHL MU
OK-1
CMNOCOBHOCTbIO AEMOHCTPUPOBATD YriybneHHble 3HaHNS B
(0BuekynkTypHLie obnactu MmateMaTuKy N eCTECTBEHHbIX Hayk
KOMreTeHuun) y
OK-5
(0BLweKkynbTypHbIE CNOCOBHOCTBLIO NOPOXAaTh HOBbIE NAEWN (KPEATUBHOCTD)
KOMMeTeHuunn)
OK-7 CNoCOBHOCTbIO a4anTMPOBaTbCS K UBMEHEHMIO HAYHYHOMO U
Hay4YHO-NPOM3BOACTBEHHOIO NPOUNS CBOEN
(0blWeKynbTypHbIe .
KOMNETEHLIN) NPOCHECCMOHaNbHOM NeATENbHOCTM, K UBMEHEHMIO
COLMOKYNbTYPHbIX 1 COUMnanbHbIX YCNOBUA OEATENbHOCTU
AK-1 CNocobHOCTbIO CBOOOAHO BnaneTb PyHAAMEHTANbHBIMU
namm gou3mnku, HeobxoaMmMbIMU
(NPOCDECCMOHANBHBIE pasgenamun pmsnkn, Heobxon LONS peweHns )
KOMMETEHLN) Hay4HO-CCnenoBaTenbCcknx 3anad (B COOTBETCTBMM CO CBOEW
MarmcTepcKom nporpammon)
MK-2 CMOCOBHOCTBIO MCMOIb30BaTh 3HAHWNS COBPEMEHHbIX Npobnem
(npodpbeccmoHanbHble PU3NKN, HOBENLWMX OOCTUXEHUIA (PU3NKU B CBOEN
KOMMeTeHuun) Hay4HO-uUccnenoBaTenbCkon AeaTeNlbHOCTH
CNoCOBHOCTBLIO UCNONb30BaTh CBOOOAHOE BNafeHme
AK-5 NpodheccrnoHanbHO-NPOOMIMPOBAHHBIMU 3HAHNSAMM B 06nacTu
VH MaLMOHHbIX TEXHONOIMIA, COBPEMEHHbIX KOMMbIOTEPHbIX
(npodheccunoHanbHble opmauo exHonorin, copeme OMMbIOTEP
KOMMETEHLM) ceTei, NporpaMmHbIX NMPOOYKTOB U pecypcoB VIHTepHeT ans
peleHns 3a8a4 NpogPecCnoHanbHon AesaTenbHOCTH, B TOM
Yyncne HaxoLAWMXCs 3a npenenamm NPoguIbLHON NOArOTOBKM
MNK-6 cnocobHoCTbiO cBOOOAHO BNageTb pasnenamm sk,
(npodheccunoHanbHbie HeobX0AMMbIMU ONSt PEWEHUst Hay4YHO- MHHOBALMOHHbIX 3a4ad
KOMMeTeHuunn) (B COOTBETCTBUN C NMPOCOUIEM NOATOTOBKN)
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Pacwmndpposka
Wincpp komneteHunu npuobpetaemon KOMNeTeHLUn
MK-7 CcnocobHOCTbIO CBOOOAHO BNaaeTb NPOdECCMOHaNbHBIMM
(npodheccunoHanbHble 3HaHMSaMN ONa aHanua3a u CUHTe3a PM3nyYeckom NHgopmaunm
KOMMeTeHuunm) (B COOTBETCTBUM C NPOCOUNEM NOATOTOBKN)

B pesynbrate 0CBOEHUS OUCUUMINHBLI CTYOEHT:
1. DONXEH 3HaTb:

Knaccmgomkaumo POTOHHbIX KpUCTannos; donsndyeckmne npuHLUMnb BOSHUKHOBEHNSA 3anpeLleHHbIX
30H; ONTUYECKME CBONCTBA POTOHHbIX KPpUCTANNOB 1N NPUMEHEHNEe NX B MUHHOBALIMOHHbIX
TEXHONOrnsX; OCHOBHblEe MEeTOObl CUHTE3a DOTOHHbIX KPUCTan/oB.;

2. IONXEH yMeTb:

NPUMEHSITb COBPEMEHHbIE METOAbl TEOPETMYECKOrO NCCNEN0BaHNSA (OOTOHHbIX KPUCTaNN0B 4Ns
onpeneneHnsi CBOMNCTB 3NEKTPOMArHUTHBIX MOMER BHYTPY HUX; OPUEHTUPOBATLCS B COXHOW CUCTEME
COBPEMEHHOr0 HaHoOMaTepuanoBeoeHNs

3. 0OMXEeH BnageTb:

HaBblkaMN CUCTEMHOr0 Hay4YHOro aHanmaa npobnem (kak NPUPOAHbIX, TaK U NPOCPECCUOHANbHbIX)
PasnMYHOro YPOBHS CMOXHOCTYW; HaBblkammn paboTbl ¢ nabopatopHbiM 060pYNOBaAHNEM U
COBPEMEHHOI Hay4yHOI annapaTypoii; NPoBeaeHMs OU3NYECKOro 3KCNEepPrMEHTa.

pewatb npuknagHblie n prH,D,aMeHTaJ'IbeIe 3a0ayun, ceBs3aHHbIe C CpOTOHHbIMI/I Kpuctannamm

4. CTpyKkTypa U cogepXxaHvue OUCLUMNIUHBI MOAYNS
Obwas Tpya0eMKOCTb AUCLMIMIMHBI COCTaBNSET 3a4eTHbIX(ble) eanHuUL(bl) 72 yaca(oB).
dopmMa NPOMEXYTOHHOIr0 KOHTPONSA ANCUMMINHBI 3a4€T B 3 CEMECTpE.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6annos, U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCTBO NS [OMnycKa K 3a4eTy
28 6annos.

86 6annos 1 6onee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBopuTenbHO" (YO0B.);

54 6anna 1 MeHee - "HeyOoBNETBOPUTENLHO" (Heya.).

4.1 CTpyKkTypa u coaepxaHue ayauTopHON paboTbl N0 AucUMNIMHe/ MOAYIO
TemaTuueckui NNaH AUCLUNINHBI/MOAYNS

Buabl n yachbl
Paspen ayauTopHOW paboThl,
Henens MX TPYA,0EeMKOCTb TekyLume chopMmbi
N D.I/IIC\:,IL:)V‘IIF;’I,I.IV;'HI:I/ CemecTp cemecTpa (8 uacax) yuine o
neKUM"npaKTVI'-IeCKVIeﬂaﬁopaTOprle
3aHATUA pa607b|

Tema 1. MecTo

J0OTOHHbIX KPUCTaNNoB

B HaHOHayke u
1.

HAHOTEXHOMOTUSIX. 3 1 1 0 0

Knaccudpmkaums

OOTOHHbIX KPUCTanos..
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTOpHOM p

abortbl,

MX TPYAO0EMKOCTb
(B yacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tema 2. Nctopus
OTKPbITUSA. POTOHHbIE
KpucTtannbl B NpMpoLe.
dusnyeckne

" locobeHHOCTH
neprnoanyecKmx
9NEKTPOMarHUTHbIX

CTPYKTYP.

Tema 3. 30HHas
CTPYKTYpa POTOHHbIX
KpucTannos.

. |dmcnepcroHHble
COOTHOLEHMNS: CBA3b
4acToTbl C BO/THOBbIM
BEKTOPOM.

Tema 4. AHanorus ¢
Jon3nKon TBEpPAoro
Tena. OLHOMEpPHbIN,
" |ABYMEPHbIN 1
TPEXMEPHbIA Cny4Yau.
30HHbIE AnarpamMmbi.

Tema 5. 3anpeleHHble
30HbI. [110THOCTb
COCTOSIHUI
9NEeKTPOMarHMUTHOro

. [nonsa B d0OTOHHbIX
kpuctannax. [NoHsatne
NoNHON 3anpeLeHHom
30Hbl 1 NMCeBA030HbI.
Pun3nYecknin cmblicn

Tema 6. Tononorus
JPOTOHHbIX KpUCTaNnoB
. |c nonHou 3anpelleHHOM
30HOW: TeopUa U
npakTuka.

Tema 7. lokannsaumns
ceeTta. CnoHTaHHoe

. |n3ny4eHne B OOTOHHbIX
kpuctannax. Mpes
nokanmsauum ceeTta.

Tema 8. ®oTOH-aTOMHOE
CBA3aHHOE COCTOSAHME.
LedekTHble Moabl.
DOTOHHbIE KpUCTaN bl
Kak 6asa ons ycTpomncTs
" lonTnyeckon
NHPOPMAaTUKMN.
OnTtuyeckne agpdpekTbl
Ha rpaHuLe 30HbI.
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Buabl 1 yacbl
ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
cemecTpa (B yacax) KOHTpons
MpakTnyecknellaboparopHbie

3aHATUSA pabotbi

Paspen
N AducunnnuHol/ CemecTp
Moayns

Nekuunn

Tema 9. MeTonbl
CUHTEe3a POTOHHbIX
KpUCTannos. YCTHbIA ONPOC
9. PasHoobpa3sue 3 ° 1 0 0
CTPYKTYP GQOTOHHbIX
KpUCTannos.

Tema 10.
Knaccugomkauns
METOO0B CMHTe3a.
MeTtonbl cnHTEe3a
?CcHuN3y BBEPX?. MeToabl
CvHTe3a ?cBepxy BHU3?.
INvtorpadoums.
ckyccTBeHHble onanbl.
"onorpadpus

10.

Tema 11. CuHTe3
MukKpoccoep 13
anokcmnaa KpeMHus.
MeTton BuHbsinna.
MeTton LWTobepa.
[Nokasartenb
npenoMaeHns
11.|cMNMKOHOBBIX 3 11 0 3 0
MUKpocaoep.
[MopncToCTb POTOHHBIX
KpUCTannoB Ha OCHOBE
onanos. Bnunaxune
Temneparypbl
KanbLUMHMPOBAHUA Ha
anameTp Mukpocdep
Tema 12. MeTonpbl
doopMUpoBaHNSA
YNOPSO04YEHHbIX
CTPYKTYp
12. NCKYCCTBEHHbIX Ornasos. 3 12 0 2 0
Kpncrannusaums.
EctecTtBeHHas
ceauMeHTaums.

Tema 13. KonnongHble
KpucTtannbl B BOOHOW
cycneHnaunn. OcaxgeHue
METOO0M
anekTpogoopesa. Meton
13.|BepTmKanbHoro 3 13 0 3 0
OCaXAEeHUS ANs TOHKUX
nneHok. Meton
LEHTPMAYrnpoBaHus.
MeTton ocaxneHus Ha
MembpaHax.

KETPOHHBH
B_EPCHTET
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTOpHOM p

abortbl,

MX TPYAO0EMKOCTb
(B yacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

14.

Tema 14. OnTtuyeckas
xapaktepusaums
MNCKYCCTBEHHbIX ONasos.
3anpelieHHas 30Ha
MNCKYCCTBEHHbIX ONasos.
3akoH Bpera. lNoHsaTHe
9O PEeKTUBHOIO
nokasartens
npenomMneHus.
XapakTepusauus
KONMONAHbIX
KpWUCTannos.

14

15.

Tema 15. OnTnyeckne
CBOWCTBA TOHKNX
NMNEHOK Ha OCHOBE
onanos. Crnocobbl
ONarHOCTUKKN K
nccnenoBaHus
CUHTE3MPOBAHHbIX
JOOTOHHbIX KPUCTAIOB.

15

16.

Tema 16. [NpunoxeHns
JPOTOHHbIX KPUCTaNSOB.
OhhekT
oTpuuaTtenbHou
pedpakumn B
JPOTOHHbIX KpucTannax.
Otnnyne ot
MeTamaTepuarnos.

16

17

Tema 17. "MenneHHbIn"
ceeT. Cynep-npu3ambl.

‘(Co3naHne NCToYHMKOB

cBeTa ¢ Bbicokum KI1.

17

18.

Tema 18.
Muvkpornonoctu Ha
OCHOBE POTOHHbIX
KpucTannos. HoBbI
Knacc onTnyeckmx
BOJ/IHOBOLOB.
Wcnonb3oBaHne
JOOTOHHbIX KPUCTaNNoB
B TEXHUKE.

18

YCTHbI Onpoc

Tema . NTorosas
doopma KOHTpons

3a4ert

NTtoro

13

13

4.2 CopepxaHue oUCLUNMUHbI

Tema 1. MecTo (pOTOHHbIX KpUCTAaNNOB B HAHOHayKe U HaHoTexHonorusx. Knaccudpukaums
POTOHHbIX KpUCTaNNoB.

JNleKunoHHoe 3aHsitne (1 yaca(os)):

PernctpaunoHHbin Homep 610116
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MecTo (POTOHHbIX KPUCTANNIOB B HAHOHAYKE U HaHOTexHonormsax. Knaccudpumkaums gooToHHbIX
KpWUCTannos.

Tema 2. UcTopus oTKpbITUS. POTOHHBbIE KpUCTannbl B npupoae. duamyeckme oCo6eHHOCTH
nepuoanyeckux aNeKTpoMarHUTHbIX CTPYKTYP.

nekumnoHHoe 3aHsitne (1 yaca(os)):

NcTopus oTkpbITUS. DOTOHHbIE KpUCTanibl B npupoae. Puranyeckne 0COO6EHHOCTM NEPUOANYECKUX
3NEeKTPOMArHUTHbLIX CTPYKTYP.

Tema 3. 30HHasi CTPYKTypa (POTOHHbIX KpUCTannoB. JUcnepcMoHHble COOTHOLLEHUS: CBSI3b
4acToTbl C BOJIHOBbIM BEKTOPOM.

NeKuunoHHoe 3aHsitne (1 yaca(os)):

30HHas CTPYKTYpa OOTOHHbIX KpUcTanios. JncnepcrnoHHble COOTHOLWEHNS: CBSI3b YACTOThI C
BO/THOBbLIM BEKTOPOM.

Tema 4. AHanorus ¢ cpusukon Teepaoro rena. OQHOMepHbIN, ABYMEPHbIN U TPEXMEPHbIN
cny4yau. 30HHble AnarpaMmbl.

NeKLuMoHHoe 3aHsiTue (1 Haca(os)):

AHnanorug ¢ cpusukoin Teepgoro tena. OgHOMEPHbIN, ABYMEPHbIA 1 TPEXMEPHbIV CiyYan. S3OHHble
anarpammbl.

Tema 5. 3anpeLeHHble 30HbI. [TMOTHOCTb COCTOSIHUIA ANEKTPOMarHUTHOro Nnossi B OOTOHHbIX
Kpuctannax. lMoHsATUEe NONHOW 3anpeLUL,eHHOW 30HbI U NCeBO030Hbl. PU3NYECKUN CMbICH

NeKuunoHHoe 3aHsitne (1 yaca(os)):

3anpemeHHble 30HbI. [110THOCTb COCTOSAHMIA ANEeKTPOMarHUTHOro Nong B POTOHHbIX KpucTannax.
[MoHATME nonHom 3anpemeHHO|7| 30HbIl 1 NCeBA030HbI. PUINYECKUIA CMbICT

Tema 6. Tononornsa ¢pOTOHHbIX KPUCTANNOB C MNONHOM 3anpeLLeHHOW 30HOWU: TeopUsa U
npakTuka.

neKkuunoHHoe 3aHsitne (1 4aca(os)):
Tornonorms OOTOHHbIX KPUCTANNOB C NMOJSIHOM 3anpeLeHHON 30HOM: Teopus 1 npakTuka.

Tema 7. Jlokannsauusa ceeta. CnoHTaHHOe usny4yeHue B POTOHHbIX Kpuctannax. Upes
nokanusauuu ceera.

nekumoHHoe 3aHsitne (1 yaca(os)):
INokanusaumns ceeta. CNoHTaHHOE n3nyYyeHne B OOTOHHbIX Kpuctannax. ioes nokanmsaumm ceeta.

Tema 8. doTOH-aTOMHOE CBA3aHHOe cocTosiHue. [lechekTHble Moabl. DOTOHHbIE KpUCTanbl
KaK 6a3a ons ycTpomucTB ontudeckomn nHpopmatnkn. Ontudeckue achpcpekTbl Ha rpaHuLLe
30HbI.

NeKuunoHHoe 3aHsitne (1 yaca(os)):

dOoTOH-aTOMHOE CBSA3aHHOE cocTosiHMe. [edekTHble MoAbl. POTOHHbIE KpUcTannbl kak 6asa ons
YCTPOWCTB ONTMYeCcKon nHdopMaTtukm. Ontnyeckne agodekTbl HA rPaHNLLE 30HbI.

Tema 9. MeTonbl cuHTEe3a (POTOHHbIX KpucTannos. PasHoob6pa3sue CTpyKTyp ¢POTOHHbIX
KpucTannos.

nekumnoHHoe 3aHsitTne (1 yaca(os)):
MeTonbl CMHTE3a POTOHHbIX KpucTannos. PazHoobpasne CTPYKTYp GPOTOHHbLIX KPMUCTasOB.

Tema 10. Knaccudpukaumsa metonos cuHTe3a. Metonbl cuHTe3a ?CcHM3y BBepXx?. MeTtoabl
CUHTe3a ?cBepXxy BHM3?. Jlutorpacphus. UckyccTBeHHble onanbl. Fonorpacpus

NeKuunoHHoe 3aHsitne (1 yaca(os)):

Knaccudomkaumnsa metonos cuHTesa. Metoabl cuHTe3a "cHu3y Beepx". MeTtoabl cMHTE3a "CBepxy
BHK3". JlIntorpadpus. VickyccteeHHble onansl. [ronorpadus

Tema 11. CuHTe3 mukpocdpep 13 auokcuaa kpemHusi. Meron, BuHbsinna. Metop, LLiTo6epa.
MNokasaTtenb npenomneHUs CUNNKOHOBbLIX MUKpocdpep. Mopuctoctb POTOHHBIX KPUCTaNNOB
Ha ocHOoBe onanoB. BnusiHue Temneparypbl KanbLUMHUPOBaAHMUA Ha AMaMeTp Mukpocdep

npaktnyeckoe 3aHsitne (3 4aca(os)):
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B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerncTpaumoHHbIit Homep 610116 ]*_‘[

9
CtpaHnua 8 ns 15. ) 11 84

0,

E
H
MALME

o



Mporpamma aucumnnuHbl "®oToHHbIE KpucTannsl"; 011200.68 duramnka; CapaHaaes E.B. , accucteHT, k.H. Xamanees M.A.

CuHTe3 Mukpocdep 13 amokcuaa kpemHus. Meton BuHbsanna. Meton Ltobepa. MNMokasartens
NPEeNoOMIEHNS CUIIMKOHOBBIX MUKpOcdep. MNopncTtocTb OOTOHHBLIX KPUCTaNNOB Ha OCHOBE OMNanos.
BnusaHue Temnepatypbl KanbLUMHUPOBAHUSA HA AnameTp Mukpocdep

Tema 12. MeToabl hOPMMPOBAHUA YNOPSAOOUYEHHbIX CTPYKTYP UCKYCCTBEHHbIX OManos.
Kpucrannusauusa. EctectBeHHas ceaMMeHTaLUA.

npakTudeckoe 3aHsitne (2 yaca(os)):

MeToabl hopMMpPOBaHUS YNOPAAOYEHHBIX CTPYKTYP MCKYCCTBEHHbIX onanos. Kpuctannmaaums.
EctecTBeHHas cennmeHTaums.

Tema 13. KonnougHble KpucTannbl B BOOHOW cycneH3nun. OcaxaeHue MeToaom
anekTpodpopesa. Meton BepTUKanbHOro ocaxaeHusi ons TOHKUX nneHok. Meton
ueHTpudyrnpoBaHus. Meton ocaxneHus Ha MeMbpaHax.

npaktnyeckoe 3aHsitne (3 4yaca(os)):

KonnowaHble kpucTtanibl B BOAHOW cycneHaun. OcaxaeHne MetTooM anektpodopesa. Meton
BEPTMKaNbHOIO OCaXAeHUs 418 TOHKUX nineHok. MeTton ueHTpudpyrmposaHus. MeTton ocaxaeHus
Ha membpaHax.

Tema 14. OnTnyeckasi xapakrepm3aaumnsa UCKYCCTBEHHbIX onanos. 3anpeLleHHasi 30Ha
MCKYCCTBEHHbIX onanoB. 3akoH bpera. lNoHsaTMe 3chhpeKTMBHOro nokasarens npenomMneHuns.
XapakTtepusauumsa KonnouaHbIX KpUCTannos.

npakTnyeckoe 3aHsitne (2 4aca(os)):

OnTunyeckas xapakrtepmsaLums NCKYCCTBEHHbIX ONanoB. 3anpeleHHas 30Ha NCKYCCTBEHHbIX Onasnos.
3akoH bpera. [NoHATUEe adpdpekTUBHOIO Nokasarens NpenoMneHns. Xapakrepmaaums KonnonaHbix
KpucTannos.

Tema 15. OnTnyeckmne CBOMCTBa TOHKUX NJIEHOK HA OCHOBe onanoB. Cnoco6bl AMarHOCTUKN U
nccnenoBaHNs CUHTE3UPOBaHHbIX POTOHHbIX KPUCTaN/OB.

npaktnyeckoe 3aHsitne (3 4yaca(os)):

OnTuyeckne CBOMCTBA TOHKMX NNEHOK HA OCHoBe onanoB. Cnocobbl AMarHOCTUKM U UCCNenoBaHus
CUHTE3NPOBAHHbIX POTOHHbIX KPUCTaNNOoB.

Tema 16. NMpunoxeHnsa poTOHHbIX KpucTannos. AheKT oTpuLarenbHon pedopakuum B
hOoTOHHBIX Kpuctannax. OTnMune oT MeTamaTepuanos.

neKkuunoHHoe 3aHsitne (1 4aca(os)):

[MprnoxeHnsa POTOHHbBIX KPUCTaNNoB. PPEKT oTpuLaTenbHOM pedpakunm B POTOHHbBIX
kpuctannax. OTanyme ot MmetTamaTepunanos.

Tema 17. "MenneHHbIn" cBeT. Cynep-npu3mbl. Co3paHne UCTOYHUKOB cBeTa ¢ Bbicokum KA.

nekumoHHoe 3aHsitTne (1 yaca(os)):
"MenneHHbin" ceeT. Cynep-npuambl. Co3pgaHne NCTOYHMKOB cBeTa ¢ Bbicokum KIM.

Tema 18. Mukpononoctu Ha ocHoBe (POTOHHbIX KpucTtannos. HoBbI Knacc onTU4YeCcKux
BONHOBOAOB. cnonb3oBaHne (POTOHHbIX KPUCTaNIOB B TEXHUKE.

NeKuunoHHoe 3aHsitne (1 yaca(os)):

MMKpPOMONOCTM HAa OCHOBE CPOTOHHBIX KPUCTaNNoB. HOBbI Knacc onTUYECKMX BONHOBOAOB.
Ncnonb3oBaHme OOTOHHbIX KPUCTANNOB B TEXHMKE.

4.3 CTpyKTypa 1 comepXaHue camocTosiTeslbHoM paboTbl AUCLMNINHBI (MOOYNS)

Buabl
N Paanen Cemectp| HeRens | camoctosTensHoit TpyaoeMkocTh gﬁ%ﬂ:;;?:;ﬁﬂﬂﬁ
JAucunnnmHol pcemecrpa pa6oTbl (B vacax) 260TbI
CTY[.eHTOB P
Tema 9. MeToapbl
CUHTEe3a (POTOHHbIX
Kpuctannos.
9.
PasHoobpasue
CTPYKTYP POTOHHbIX
PerucTpatmorHbitHomep-6+0++6 DAEKTPOHHEH
Il VHHBEPCHTET
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Buabl
N Paspen CemecTp Hepens | camocTosiTensHon [TpyAo0eMKOCTb g;%%%::):?:;gzg;
AducumnnuHbl cemecTpa paborthbl (B yacax) pa6oTb
CTYAEHTOB
Tema 18.
Mwvkpononoctu Ha
0OCHOBE POTOHHbIX
Kpuctannos. HoBbil
18.|knacc ontTuyeckmnx 3 1g [oAroroBka K 23 YCTHbIA ONpoC
BO/THOBOOOB. yCTHOMy onpocy
Vcnonb3oBaHne
OOTOHHbIX KPUCTaNIoB
B TEXHMKE.
NTtoro 46

5. O6bpa3oBarenbHble TEXHONOIMU, BK/IOYAsA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs
Nexkuun ¢ BO3MOXHOCTbIO 06CYXAeHNS NpeamMeTa 3aHsATUA

6. OueHOuYHble cpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCTH, NPOMEXYTOYHOMN
aTTecTauum rno UToram OCBOEHUS OUCLIMINIIMHBI U y4ebHO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. MecTtO (*)OTOHHbIX KpucTtannos B HaHOHayke U HAHOTeXHOJI0IrnsXx. KﬂaCCVI(*)I/IKaLIMSI
(*)OTOHHbIX KpucTtannos.

Tema 2. UcTopuns oTKpbITUS. POTOHHBIE KpUCTannbl B npupoae. Pusnyeckme 0CoO6eHHOCTU
nepmvoauyecKnx aneKTpoMarHUTHbIX CTPYKTYP.

Tema 3. 30HHas CTPYKTYypa C*)OTOHHbIX Kpucrtannos. ,D,I/ICﬂepCVIOHHbIe COOTHOLLUEeHNsA: CBA3b
4acToTbl C BOJIHOBbIM BEKTOPOM.

Tema 4. AHanorus ¢ consnkon TBepaoro tena. OgHOMepHbINA, ABYMEPHbIA U TPEXMEPHbIN
cnyyau. 30HHble guarpammbl.

Tema 5. 3anpelueHHble 30HbI. [NMOTHOCTb COCTOSIHUIA 3NEKTPOMarHUTHOro Nnossi B OOTOHHbIX
Kpucrtannax. lMoHsATMe NONHOW 3anpeLl,eHHOW 30Hbl U NCeBO030Hbl. PU3NYECKUN CMbICH

Tema 6. Tononorusi POTOHHbIX KPUCTaNOB C MOMTHOW 3anpeLL,eHHOW 30HOM: Teopusi 1
npakTuvKa.

Tema 7. Nlokann3sauus ceeta. CnoHTaHHOe u3ny4yeHue B (pOTOHHbIX Kpuctannax. Mpes
nokanusauum ceeTa.

Tema 8. doTOH-aTOMHOE cBsi3aHHOe cocTosiHue. JledpekTHble Moabl. DOTOHHbIE KpUcTansbl
KakK 6a3a ons ycTpoMuCcTB onTtuyeckomn nHpopmatnkn. Ontudeckue achpcpekTbl Ha rpaHuLLe
30Hbl.

Tema 9. MeTonbl cuHTEe3a (POTOHHBIX KpUcTannos. PasHoobpa3sue CTpyKTyp (POTOHHbIX
Kpuctannos.

YCTHbI ONPOC , NPYMEPHbIe BOMPOCHI:

PernctpaunoHHbin Homep 610116
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1. MecTO (POTOHHbIX KPUCTANIOB B HAHOHAyKe 1 HaHoTexHonoruax. Knaccugumkaumnsa gooTOHHbIX
KpucTannos. 2 Victopusi oTKpbITMs. POTOHHBIE KpUcTanbl B npupoae. dPunsnyeckme ocobeHHOCTH
NepruoanyeCKMX dNEKTPOMArHUTHbIX CTPYKTYP. 3 30HHAA CTPYKTypa (POTOHHbLIX KPUCTaNoB..
JuncnepcroHHbIe COOTHOWEHWS: CBSA3b YaCTOThbl C BOTHOBbIM BEKTOPOM. 4 AHanorusa ¢ qonsukon
TBEpLoro Tena. O4HOMEPHbIV, ABYMEPHbINA U TPEXMEPHDIN CnyYan. 30HHbIE Anarpammbl. 5
3anpelleHHble 30HbI. [1N0THOCTb COCTOSAHUI 3NEKTPOMArHUTHOMO NONS B POTOHHbIX KpucTannax.
[MoHsTMEe NoNHOM 3anpeleHHON 30HbI U NCEeBOO030Hbl. PU3NYECKUA CMbICT 6 TONOMOrNs POTOHHbIX
KpUCTannoB C NOSHOM 3anpeLeHHO 30HON: Teopusa 1 npaktuka. 7 Jlokanudaumsa ceeta. CnoHTaHHoe
n3ny4yeHne B OTOHHbIX Kpuctannax. ioea nokanmsaumm ceeta. 8 @OTOH-aTOMHOE CBSI3aHHOE
cocTosiHue. [ledekTHble Moabl. POTOHHbIE KpUCTan/bl Kak 6asa ans yCTponcTB ONTUYECKONA
nHpopmMaTrkn. OnTryeckue agpdekTbl Ha rpaHnLe 30Hbl. 9 MeToabl CMHTE3a (POTOHHbIX
Kpuctannos. PasHoobpasune cTpykTyp OOTOHHbIX KPUCTasNOoB.

Tema 10. Knaccudpukaumsa metonos cuHTe3a. Metoabl cuHTesa ?cHM3y BBepx?. MeTtoabl
CuHTe3a ?cBepxy BHU3?. Jlutorpadoms. UckyccTBeHHble onanbl. Fonorpacus

Tema 11. CuHTe3 mukpocdoep M3 auokcuaa kpemHus. Meton, BuHbsinna. Metop, LLiTo6epa.
lNMokasatenb npenomneHus CUNIMKOHOBbIX MUKpocdpep. NMopuctocTb POTOHHBLIX KPUCTaNNOB Ha
OCHOBe onanos. Bnusinne TeMneparypbl KanbLUMHUPOBaHUS Ha AvaMeTp MMKpocdoep

Tema 12. MeToabl hOPMMPOBAHUA YNOPSALOUYEHHbIX CTPYKTYP UCKYCCTBEHHbIX OManos.
Kpucrannusauusa. EctectBeHHas ceaMMeHTaLUA.

Tema 13. KonnougHble KpucTannbl B BOOHOW cycneH3nun. OcaxaeHue MeToaom
anekTpodpopesa. Meton BepTUKanbHOro ocaxaeHusi ons TOHKUX nneHok. Meton
ueHTpudyrupoBaHus. Meton ocaxneHus Ha MeMmbpaHax.

Tema 14. OnTnyeckasi xapakrepm3aLumnsa UCKYCCTBEHHbIX onanos. 3anpeLleHHasi 30Ha
MCKYCCTBEHHbIX onanos. 3akoH bpera. lNoHsTMe 3chPeKTMBHOro nokasarens npenomneHuns.
XapakTtepusaumsa KonnouaHbiX KpUCTansnos.

Tema 15. OnTyeckue CBOMCTBA TOHKUX MJIEHOK Ha OCHOBe onasnoB. CNoco6bl AMarHOCTUKU U
nccnenoBaHnUs CUHTE3UPOBaHHbIX POTOHHbIX KPUCTaNOB.

Tema 16. NMpunoxeHnsa poOTOHHbIX KpucTannos. AheKT oTpuLarenbHon pedopakuum B
hboTOHHBIX KpUctannax. OTnMuve ot MeTamaTepuanos.

Tema 17. "MenneHHbIn" cBeT. Cynep-npu3mbl. Co3paHne NCTOYHUKOB cBeTa ¢ Bbicokum K.

Tema 18. Mukpononoct1 Ha ocHOBe (POTOHHbIX Kpuctannos. HoBbIN Knacc onTu4eckux
BOJIHOBOAO0B. crnonb3oBaHMe POTOHHbIX KPUCTaN/IOB B TEXHUKE.

YCTHbIA OMPOC , NPMMEPHbIe BOMPOChHI:

10 Knaccudpukaumns metonos cuHTesa. Metoabl cuHTe3a ?cHudy Beepx?. Metoabl cMHTE3a ?cBepxy
BHU3?. Jlutorpadums. VickyccteseHHble onanbl. [lonorpadgusa 11 CuHTes Mukpocdep 13 guokcmaoa
KpemHusi. Meton Bunbsinna. Meton Wtobepa. Mokazatens NpenoMneHns CUNMKOHOBBLIX MUKPOCTEP.
[MopncToCTb (POTOHHBIX KPUCTANNOB HA OCHOBE ONasnoB. BnnsHue TeMnepatypbl KanbLMHUPOBAHNS
Ha onameTtp Mukpocdep 12 Metoabl hopMUpoBaHNS YNOPALOYEHHbBIX CTPYKTYP UCKYCCTBEHHbIX
onanos. Kpuctannnsauus. EctecteeHHas cegumeHTaums. 13 KonnonaHbie KpucTansibl B BOLHOW
cycneHsun. OcaxaeHne MeToaoM anekTpodopesa. Meton BepTMKanbHOr0 OCaXAeHUS NS TOHKUX
nneHok. Meton ueHTpudpyrmposaHus. Meton ocaxaeHuns Ha membpaHax. 14 Ontuyeckas
XapakTepusaums UCKyCCTBEHHbIX OnanoB. 3anpeLeHHas 30Ha UCKYCCTBEHHbIX onanos. 3akoH bpera.
MoHATMe achhekTMBHOro nokasatens npenoMneHuns. Xapakrepmsaumns KonionaHbIx Kpuctannos. 15
OnTuyeckne CBOMNCTBA TOHKUX NIEHOK HA OCHOBE onanoB. Cnocobbl AMarHOCTUKM U NCCNeaO0BaHNS
CUHTE3MPOBAHHbIX POTOHHbIX KpUCTanoB. 16 MprnnoxeHns OTOHHbIX KpUCTannoB. ekt
oTpuuartenbHom pedpakumm B POTOHHbIX Kpuctannax. Otandme ot metamatepmanos. 17
"MegnneHHbin" ceeT. Cynep-npuambl. Co3gaHne NCTOYHMKOB cBeTa ¢ Bbicokum KIMAO. 18
MwnkpononocTn Ha OCHOBE GPOTOHHbIX KPUCTanoB. HoBbIM Knacc onTU4eCckmx BOMHOBOOOB.
Vicnonb3oBaHne OOTOHHbIX KPUCTaNNOB B TEXHUKE.

Tema . UToroeas doopma KOHTpons

MprMepHbIe BONPOCHI K 3a4eTy:

1. MeCTO (DOTOHHbIX KPUCTANNOB B HAHOHayKe 1 HaHOTexHonormsix. Knaccmdpmkaums qooTOHHbIX
KpUCTannos.
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2 Nctopms oTKpbITUS. DOTOHHBIE KpUCTanibl B npupoae. Pramyeckne ocobeHHOCTH
neproamnyeckmx aNeKTPOMarHUTHbIX CTPYKTYP.

3 3oHHas CTPYKTYpa POTOHHbIX KPUCTannos. ,D,I/ICI'IepCI/IOHHbIe COOTHOLWEHNA: CBA3b YaCTOThbl C
BOJTHOBbIM BEKTOPOM.

4 AHanorus ¢ gomankon Teepaoro tena. O4HOMEpPHbIV, OBYMEPHbIV U TPEXMEPHbIN Clydan. 30HHbIE
anarpammbl.

5 3anpeleHHble 30HbI. [1N10THOCTb COCTOSHWIA BNEKTPOMArHUTHOrO NONS B OOTOHHbIX KpUcTannax.
[MoHATWE NONHOM 3anpeLeHHON 30HbI U NCEBAO30HbI. PUBNYECKUA CMbICH

6 Tononornsa gpOTOHHbLIX KPUCTANNOB C MOMHOM 3anpeLeHHON 30HON: TeEoPUs U NPaKTUKa.

7 Nokannsauus ceeta. CNnoHTaHHOE N3nyyYeHne B POTOHHbIX KpucTannax. Mioes nokanusaumm
ceeta.

8 POTOH-aTOMHOE CBSiI3aHHOe cocTosiHMe. [ledoekTHble Moabl. POTOHHbIE KpUcTannbl Kak 6asa ons
YCTPOWCTB ONTUYECKOW MHGoopMaTukn. Ontudeckne apgekTbl Ha rpaHmLEe 30HbI.
9 MeToabl CMHTE3a (POTOHHbIX KpucTannos. PasHoobpasmne CTpYKTyp POTOHHbIX KPUCTANSIOB.

10 Knaccudpukaumns Mmetonos cuHTesa. Metoabl cnHTe3a ?cHuady Beepx?. Metoabl cMHTe3a ?cBepxy
BHU3?. Jlutorpadpms. VickyccteseHHble onanbl. [fonorpagus

11 CuHTe3 Mnkpocdoep u3 gauokcuaa kpemHus. Meton BuHbsinna. Metoq Wtobepa. Mokazatens
NPEeNoMIEHNs CUIIMKOHOBBIX MUKpocdep. MNopnctocTb OOTOHHBLIX KPUCTANNOB Ha OCHOBE OMNanos.
BnuaHue Temnepartypbl KanbLUMHUPOBAHUSA HA AuameTp Mukpocdep

12 MeTonbl hopMupoBaHUS YNopsaa0YEeHHbIX CTPYKTYP MCKYCCTBEHHbIX onanos. Kpuctannmsaums.
EcTtecTBeHHas ceammeHTauus.

13 KonnougHble kpuctannsl B BogHOM cycneHamun. OcaxaeHne Metonom anektpodopesa. Metog
BEPTUKANbHOIro 0OCaXAeHUs ong TOHKUX nneHok. Meton ueHTpudpyrmposaHus. MeTton ocaxaeHus
Ha MembpaHax.

14 OnTnyeckas xapakrepusaums UCKYCCTBEHHbIX onanoB. 3anpeleHHas 30Ha UCKYCCTBEHHbIX
onanos. 3akoH bpera. NoHAaTVe adbdeKTUBHOro nokasaTens NpenoMneHns. Xapakrepmsauus
KONNOWAHbIX KPUCTaNoB.

15 OnTnyeckme CBOMCTBA TOHKMX MNEHOK HA OCHOBE onanoB. Cnocobbl ANarHoCTuKKM v
nccnenoBaHns CUHTE3NPOBaHHbLIX JOOTOHHbLIX KPUCTanoB..

16 MpunoxeHnsa POTOHHbIX KPUCTaNNoB. SEEKT OTpULATENBHOWN peddpakLmn B OOTOHHbIX
kpuctannax. Otnmyme oT MeTamarepuanos.

17 "MenneHHbIn" ceeT. Cynep-npuambl. Co3gaHne NCTOYHUKOB cBeTa C Bbicokum KT,

18 MI/IKpOFIOJ'IOCTI/I Ha OCHOBE (POTOHHbIX KPUCTaNIoB. HoBbI Knacc onTUYeckmnx BONHOBOAOB.
Vicnonb3oBaHue (POTOHHbIX KPUCTANNOB B TEXHUKE.

7.1. OcHOoBHas nuTteparypa:
Ontuka n potoHuka. MNMpuHumMnbl 1 NnpuMeHeHns. T. 2, , 2012r.
OnTuka n potoHuka. MNMpuHumnsl n npumeHenns. T. 1, , 2012r.

OcHosbl HaHooNnTWKK, HoBOTHBIN, Jlykac;XexT, bepT;KoHoBko, AHapen AHaopeesuy;Camapues,
Butanun Bnagummnposwny, 2009r.

7.2. JlononHuTenbHasa nuteparypa:

Knumos, Bacunuii Bacunbesny. HaHonnaamoHuka / B. B. Knumos .? N3pnaHue 2-e, ucnpasneHHoe .?
Mocksa : duamatnut, 2010 .7 480 c. : un., uB. un. ; 22 cM. ? bubnuorp. B koHue rn. ? ISBN
978-5-9221-1205-5 ((B nep.)) , 700 http://e.lanbook.com/books/element.php?pl1_id=2204
"aBpunos A.B. v op. OudppakumoHHas HaHodpoToHuka / [[laspunos A. B., lNonosawkwnH . J1.,
Hockonoswny 1. J1. n gp.] ; noa pean. B. A. Condpep .? Mocka : PUSMATIINT, 2011 .7 679 c. : un. ;
24 .? bubnuorp. B koHue rn. ? ISBN 978-5-9221-1237-6 ((B nep.)) , 400 .
http://e.lanbook.com/books/element.php?pl1_id=5296
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7.3. UHTEepHeT-pecypcChl:
BcnomoraTenbHbln MaTepuan - http://ab-initio.mit.edu/photons/tutorial/

BcnomorartenbHbIi MaTepuan -
http://www.elettra.trieste.it/experiments/beamlines/lilit/htdocs/people/luca/tesintml/node14.html

[MakeT ona pacyeTtos - http://ab-initio.mit.edu/wiki/index.php/MIT_Photonic_Bands

MakeT nporpamm ons pacyéra 30HHbIX Anarpamm poToHHbIX kpuctannos RSOFT BandSolve -
http://www.rsoftdesign.com/products/component_design/BandSOLVE/

Mporpamma 1 basa gaHHbix "CnekTpa” - hitp://spectra.at.tut.by/

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMNINHBI(MOAYNS)

OcBoeHune ancumninuHbl "POToHHbIE KpUCTanabl" npeanonaraeT NCNonb3oBaHNe Cneayowero
MaTepuanbHO-TEXHNYECKOro obecneyeHus:

MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 yenosek. MynbTumMeaniiHas ayautopums
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHaLlWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanv3auum noboin Buaeo n ayamno
NHpopMauunu, NoyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUnoBasi KOMMieKTaums
MyNbTUMEONAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
NPOEKLIMOHHOrO 3KpaHa, akyCTUYeCKO CUCTEMBI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsatens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHasbHbI KOMMbIOTEP
(c TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJoepeHL-MUKPOoH, 6ecnpoBoaHOM MUKPOGOOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyerms: USB,audio, HDMI. MiHTepakTMBHas TpmbyHa npenoaaBaTtens sBnsieTcs KMo4eBbiM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWNM BCE YCTPONCTBA B EONHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. lNpenoaaeatens MMeET BO3MOXHOCTb NIErKo
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMM, MPaKTUYeCKne
3aHATWA, Npe3eHTaunn, BebrHapbl, KOHPEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ONSt HUX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeACTB 00y4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTusHbIX pecypcoB. MynbTumMeguinHas ayautopus TakXke oCHaleHa WupOoKOrnonoCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3MOHHOE NporpaMmMHoe obecneyeHue.

YyebHo-MeToAMYecKas nutepatypa ons AaHHON AUCLMMAVHBI UMEETCS B HANMYUn B
3NeKTPOHHO-6ubnnoTeyHol cucteme Mapatenbctea "/laHb" , 4OCTYN K KOTOPOW NpeaocTaBneH
ctyneHtaMm. 9bC Mapnatenbctea "/laHb" BknoYaeT B cebs 9NeKTPOHHblE BEPCUM KHUT N34aTenbcTBa
"laHb" 1 opyrux Beoywmx n3natenbcTB y4ebHOM nnTepatypbl, a TakXXe aNeKTPOHHbIe BEPCUM
NepuoanYEeCcKNX U3naHnii No eCTECTBEHHbIM, TEXHUYECKMM M FTyMaHUTapHbIM Haykam. O6C
NapatenbcTBa "/laHb" obecneymBaeT LOCTYN K HAYYHOR, y4ebHOM nuTepatype 1 Hay4HbIM
NeprvoanYeCcKUM N34aHNSIM N0 MakCUManbHOMY KOIMYECTBY NPOGUIbHBIX HaNpPaBneHWii ¢
cobnoneHneM Bcex aBTOPCKMX U CMEXHbIX Npas.

MNporpamma coctaBneHa B cooTBeTcTBUM € TpebosaHnamm @I OC BIO un yyebHbiM nnaHom no
HanpasneHnto 011200.68 "dusnka" n marnctepckon nporpamme TeopetTnyeckas u MmaremaTnyeckas
donsnka .
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