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1. EJIM OCBOEHUS IMCIHAIIINHbI

LleaIMI OCBOCHUS UCIIUILIHHBL (Monyns)_Henwueiinas outuxa smmsiercs opmuposane y
o0y4aronuxcs ITOHUMAHAS (U3MUECCKUX OCHOB HETHHEHMHDLIX ONTHUECKHX ABTIEHMH U 3QheKToR,
IONYICHAC TPAKTHYECKMX HABBIKOB MX pacueTa ¥ MOAEIMPOBAHUS YIS IIOCIIEAYIONIET0
UCIOJIL30BAHUS 9TUX 3HAHUK IIPU pazpaboTke M ONTHMU3ALMH METOJOB, CPEACTB U TEXHOJIOTHH,
HCIIOJIB3YIOIIMX JIA3EPHOE U3ITyUeHHE.,

3ajauy AUCIIUILIMHEL
® TeopeTHyecKas IOAIOTOBKA B 00NACTH ()M3UKM HENMHEHHBIX SBIICHMIL, [IO3BOJLIIOIIAS

OynyImM HHKCHEPAM OPHEHTHPOBATHCS B TIOTOKE HAyYHOU M TeXHMYecKkoH HHDOpMALUH U
00€eCITeunBalONTasl UM BO3MOKHOCTH HCIIOJIB30OBAHHUS HOBBIX (U3HYECKUX  OPUBIUIIOR
HEJIMHEHHOU ONITHKYU B 00NACTSIX CPEACTB UCCIIeN0BANMIL I JA3€PHBIX TEXHOJIOTHI;

* (opMupOBaHHE HEIMHEHHOTO HAYIHOTO MBIIIICHHUS], B YACTHOCTH HPABUIILHOIO MOHUMAHHS
TPaHUIl IIPUMEHUMOCTH (QHU3MYECKUX IOHSITHH, 3aKOHOE, TEOpHH JuHENHOW (GHU3UKU W
YMCHHSL ONCHUBATE CTENEHL JOCTOBEPHOCTH PE3YIBTATOB, IOMYUEHHEIX € IOMOIIBIO
SKCIICPUMEHTANBHBIX MIIM MaTeMATHYECKHX METOIOB UCCIIE/IOBAHNS,

* BHIPabOTKA IPHEMOB W HABBIKOB pEIICHUH KOHKPETHBIX 3a/a4 B 00jacTH (UIMKK
HEIUHEHHBIX KOJNEOAHHH ¥ BONH, IIOMOTaOIIAX CTyZEHTaM B JanbHedIneM pernars
WHXKCHEPHBIC 38714,

¢ OSHAKOMIICHHE CTYICHTOB C COBPEMEHHOH HAay4HON ammapaTypoil u BeIpaboTKa ¥ HUX
Ha9a/bHbIX  HABBIKOB  NIPOBEJICHUSI  OKCHEPHMEHTANBHBIX  HAYYHBIX — UCCIIEA0BAHMM
(usrueckux ABTeHUN B 00IACTH HEJMHENHOMN OIITHKY 1 OIIEHKH TTOIPEIITHOCTEH U3MEPEHUIA.

2. MECTO JUCIUIIINHLI B CTPYKTYPE OIIOII BO

Hucnumnna  «Hemuuelinas — omrukay  oTHOCHTCS Kk Gasopoif YACTH  OCHOBHOH
Ipo(yeCCHONANBHON 06pa3oBaTeTbHOM IPOrpaMMel. M3yueHne MUCIUILINHEI IPOXOANT B IIECTOM
ceMecTpe.

Hust yememmHoro ocsoenus xypea (yH3uKm CTyHEHTaM HeOOXOMUMO 3HaTh CIEIyIONiHe
pasmensl BhICmeH Marematnku u o Qusuku: duddepenimansHoe ucuucinenue, Murerpanproe
UCHUCIEHNE, AHATHTHYECKAs I'€OMETPHS W NHHElHas anreGpa, Pamsr, DieMerTs BEKTOPHOTO
aHanu3a, DYHKIME KOMIUIEKCHOrO mepeMeHHoro, Jli((epenuuansuse YPABHEHUS, ODJICMEHTLI
TCOPHY BCPOATHOCTEH M MATEMAaTHYeCKOH CTaTHCTHKH, OCHOBBI ontuky, KorepeHTHas omTrKa,
OCHOBEI KBAHTOBOI 9JIEKTPOHUKH.

OcBoeHHE MUCIMIUIMHEL HEOGXOMNUMO UL U3YYCHUA CIIENYIONMMUX NUCIUINIMH yueOHOro
mnana:  «BszauMonelcTBue nasepHoro m3yuenws ¢ BCIIECTBOMY, «JlasepHast Texmuxan,
«DusnvecKue ¥ MaTeMaTHUeCKIe TPHHIANGI afalTARHON ontukny, «Hay4ano-uccnenonarenscias
paboTa B ceMecTpe, BEIIONHEHHE REITYCKHOMN KBaJIH(DUKAITHOHKHOM paboTELL.

3. KOMIETEHIUHA OBYYAIOIIETIOCSI, ®DOPMUPYEMBIFE, B PE3VJIIbTATE
OCBOEHMSI TUCIUATLINHBI (MO JIST)

B pesyisrate ocBoeHust mycHumIHanI 06ydaiommitcs KoK JIEMOHCTPUPOBATE CIIEIYIOLIAE
pe3yabLTaTh 06pa3zoBaHus:

CHOCOGHOCTBIO K TIPOBECHUIO H3MEPSHHH ¥ MCCIIe0BAH PasIIYHLIX 0OBEKTOR 10 3a1aHHON
merouke (11K-3);

CTIOCOOHOCTBIO K AHANH3Y, PACUETy, IPOEKTHPOBAHMIO U KOHCTPYUPOBAHUIO B COOTBETCTBUH C
TCXHUTCCKUM 38laHHCM THIIOBBIX CHCTCM, NpUOOPOB, HeTaled M Y3IIOB HA CXEMOTEXHHYCCKOM W
3IeMeHTHOM ypoBHax ([TK-5).

B pesymbrare ocpoenus mucHummAHEl 0GydaIOmMCa TOMKeH JICMOHCTPUPOBATE CIICHYIOI(E
Pe3yIILTaThl 00Pa30BaHMs:

1) 3uare: Quswueckue OCHOBEI poBexcHMA M3MEPCHHUST U MCCIEIOBAHMN HEIWHCHHAIX
ONTHYCCKUX ABJICHHH u 3(dexron (I1K-3), meronsr amammsa, paculra, IPOCKTHPOBAHUS U
KOHCTPYUPOBAHUS B COOTBETCTBHU C TEXHHYCCKUM 3aJAHHEM HETHHEHHBIX OMTHUYCCKUX CHCTEM,
NPUOOPOB, AETANCH ¥ Y3708 HA CXEMOTEXHUUCCKOM 1 IEMEHTHOM ypoBusax (ITK-5),



2) YMern: IpoBOINTE H3MEpeHMs 1 VICCIICIOBAHMY HEJIMHEHHBIX OITHUCCKEX SBICHIH W
adpdexron (I1K-3), ananusuposars, [IPOBOJWITE pacu€Thl, IPOCKTHPOBATE M KOHCTPYHPOBATH B
COOTBCTCTBHY C TEXHUYECKUM 3aJIaHAEM HeNTMHEHHbIE OLITHIECKIE CHCTCMEI, NPUOOPEI, ATl
1 y3JIBL JIA3CPHEIX CHCTEM Ha CXEMOTEXHHUCCKOM U 3JICMEHTHOM ypomax (ITK-5).

3) Buapers: Metomamu  mposenenms U3MCDCHUSI W UCCICIOBAHUN  HEeJMHEHHBIX
ONTHICCKNX sBNeHuE u spdexros (ITK-3), meTomamu dHAI3a, pacu€Ta, IPOEKTUPOBAHNS W
KOHCTPYHPOBAHUS B COOTBETCTBUY C TEXHUYECKHM 3AMAHHCM HeHHEHHbIX OITHYECKUX CHCTEM,
NpUOOPOB, eTaNeH U Y3108 JIA3CPHEIX CHCTEM Ha CXCMOTEXHHYECKOM W OJIEMECHTHOM YPOBHSK
(IIK-5).

4. CTPYKTYPA U COIEPKAHUE JANCIHUILTHHBL (MOIYJIS)

OBmast TPyI0EMKOCTE JICIHIIIHEE! COCTARNISCT 4 339eTHBIX eunm, 144 vaca.

Bunet yue6Hoii paGoTsl, Bsiouas DopmbI TekyiEern

< CaMOCTOHTCﬂBHyIO })2160'[')/ CTYACHTOB (l)GgCMV KONTPOITS
E 1 TPYAOCMKOCTD (B 1lﬂCaX) )}/3'116601’:'([3[“ YCTIEBACMOCTH
5 cl s
Ne Pazpen (tema) 5 § Q 2 o C NpHMElIEHHEN gem;:j,iefiﬂ)m
n/n LAUCUMTITAH R 2 = = 5 w T . o, | MITEPAKTHDHEIX Meempa,
© 5 E o = S8 52 & Jopma
g 5 TE 25| 55 g = METOJI0B L i
O 5 E T g Lc% E' kg O = (I] vacax / %) MPOAMENSYTOUHOIT
T = 8 | gal fd & ‘ aTTecTanmi
= = < (no cemecmpanr)
Henmvueitnas onruxa. . ]
1 _ 6 1-2 4 2 - - 9 - 2/33,3% -
Bsenenme.
Teopus Hesrunelso- Peitrpnr-
2| P .| 635 6 | 4 | - | - |12]-] 330m%
OIITHYCCKUX SIBJICHUM. KOHTPONE Nel n
Tenepauwms propoit PefTHnr-
3 o 6161l 121 6 | - | - [14] -] 6333%
TApPMOHUKH, KOHTpOML No2
p P
TMapamerpuueckoe Peittnr-
4 | npeo6pazosanne 6 | 12-18 | 14 6 B - 19 | - 8/40% KOHTpOsib Ne3
cseta. BP, OB®, |
Beero 6 | 18 36 | 18 - - | 54| - 19/35% | skzamen (36 u.)
Copep:xanue pazjenos JAACIUIUIH L]
Kos-g0 pakTu- | jgabopa-
Tems1, pasmens! guerummmme JTEKIuY epe
HacoB HEeCKUe TOpHELE
Pazpen 1. Henuueiinan ontuxa. Beeneune. 15 4 2 - 9
Jlexuns 1. Tpeamer HesmuettHoM oKy 1 WCTOpHA ee 7 5 5
| pasBHTHA
Jlexums 2. KorepeHTHBIE HENMHHEHHO-OMITHYICCKIE ? 2 2 4
3 dexTHI
Paznen 2. Teopust HeIMHEIHO-OMITHYICCKHX IRIGHIIL 22 6 4 - 12
Jexumsa 3. Henmneitnpiil oTkank cpenb 6 2 - - 4
Jlexnus 4. (DEHOMEHOJIOrUYECKOE OMICANHG p ? 5 4
BOCIIPHHUMYUBOCTEH
Jexuwus 5. Meton Meanento Mensonmxes AMILTUTY T 8 2 2 - 4
Pasnen 3. T'enepanus sropoii CAPMOHHKH, 32 12 6 - 14
Jlekuus 6. I'enepatus sropoii rapmonuiu (I'BI) 4 2 - - 2
Jlekumsa 7. Tounoe petnenne s refepanmy BTopoit 6 9 7 7
rapMOHHUKH . '
Jlexnms 8. TlapameTpruaeckoe YCHIICHHE 7 2 2 - 3
Jlexuus 9. Hectaumonapusie YKOPOUCHHEIE YpaBHEHHS] 6 2 2 - 2
Jlewuwus 10. Hecraunonapnas I'BI” 4 2 - - 2
JHekuus 11, tpocTpancTBeHHO-BpeMeHHas ananorms 5 2 - - 3
Paspen 4. Iapamerpnueckoe npeobpasoBanue crera, 39 14 6 19
| Brinyxaennoe komGunanunonmnoe paccesinue csera, B
Jexuma 12. BsaumoseiicTene BoH B cpesax ¢ 5 5 3
OTPHUATEIEHOU AUCTIepCHet
Jlexuws 13. OcobeHnocTr Tra30BBIX HeTHHEHHO- ) )
ONTHYECKUX CpELI.
Jlexuns 14. TTapamerpuyeckoe 1peobpasosanre npu 2 2 - . b




Tembl, pasjens! ucumInEL RorGRp nekuay | DPAKTH- | abopa- epe
HaCoR UeCKUE | TOpPHbIE

|_paccesnny, Pamanosckoe paccesiue caera.

Jlexuus 15. AHTUCTOKCOBBIE KOMITO! et [P 2 - - 3

Jlexums 16. Beiysiiennoe koMGHHALMONHOG paccesnne 2 5 i 3

CBETA.

Jlekims 17. O6pauenue BonHOBOro ¢ponTa 2 - - 3
| Jlexuus 18, 3akniounrensHas nexus, 2 - - 3

JK3amen 36 - - - -

Hroro 144 36 18 - 54

5. OBPA3OBATEJIBHBIE TEXHOJOT UM

® JICKIMOHHO-CeMMHAapcKast — cucTeMa  OGYYeHHs  (TpaSdIHOHHELE JEKIUOHHEIE U
NPaKTHIECKUE 3aHITHS);

® MAaCTCP-KNACCEH! (AEMOHCTPAIMS Ha IPAKTHYECKIX 3aHSTHSX HOPHUHITUIIOB pacyeTa 3aiadq
IO Pa3IUIHEIM TEMaM);

* TPUMCHCHHC MYJIBTHMEANA TEXHOJIOTHN (TpoBedeHMe JNCKIMOHHEIX  3aHATHH ¢
IPUMCHCHUCM  KOMIIBIOTCPHBIX MPE3CHTANMN 1 JACMOHCTPAMOHHEIX  POJIMKOE G
IOMOIIBIO TIPOEKTOPA HITH KOMIIBIOTEPA);

* HHQOPMAIMOHHO-KOMMYHUKALKOHHKIE TEeXIOTOTHI (IpuMeHeHHe MH(pOPMAIHOHHETX
TCXHOJIOTUH JUIST MOHUTOPUHTA TeKYINei! yCIeBaeMocTy CTYAICHTOB H KOHTPOJIst 3HAHUH).

* Berpeun ¢ yuenBIME H CHCIMATTHCTAMHY, PabOTAIONIMMH B HANPABIECHAH DASBHTHS W
HCIOJIE30BaHAA IIEPCIICKTUBHEIX JIA3€PHBIX TEXHOIOTHIL,

6. ONMEHOYHBIE CPEJICTBA JJISI TEKYINETO KOHTPOJISI YCIIEBAEMOCTM,
IIPOMEXYTOYHO ATTECTAUMHA 110 NTOT'AM OCBOEHUSI
JAUCITAIIINHBI 1 YUYEBHO-METOJIUYECKOE OBLECITEYEHUE,
CAMOCTOSITEJILHOM PABOTBI CTYAEHTORB

Texymmii xonrposn, yenesaemocty smiiseTes PacIpPeneNICHHbIM U OCHOBAH Ha OIlEHKe
HECKOJIBKHX COCTABJISIOLIHX.

1. Pesynprars PCHTHHT-KOHTPOJLS.

2. Brmogzenune IPaKTUYECKUX 34 (aHUH,
Bonpocs! peitrunr-xonrpoas Nel
Bapmant 1.
1. OO®sIcHUTE pasmuyHBIf XapaKTep B3aUMONEUCTBUSI CBETOBBIX IIONEH MAauoff M GOJLINON
HHTEHCUBHOCTHU C BEIIIECTBOM,
2. Bemmenuts orHomenme memmueitmbx BOCIIPUMMYMBOCTEH § JUIS COCETHUX
HCHCTHBIX HOPAAKOB (m > 2) kak (QYHKIUIO apaMeTpa HEeIMHEHHOCTH, ONPeNenseMoro
(Gopmyoit E=E/E,,,.
3. OnpenenuTs HaPsSHKEHHOCTS SHEKTPUHCCKOro 1101 E B J1a3epHoM Iyuke jguamerpom 1 mm
MOIIHOCTEIO 1 KBT.
Bapuanr 2.
1. KaxoBb! (husuueckne IpUUvAbl HeMHCHIEIX ONTUYCCKUX SIBIICHMI?
2. IlpeoGpazosats dhopmyny s KPUTHYECKOH HHTCHCUBHOCTH JIA3ePHOr0 IyvKa TaK, 4To0n! ¢
TIOMOIIBIO HEE MOXHO OBUIO OIpEAessTh KPUTHHCCKYIO aMILTATYAY CBETOBOIO BEKTOPA B

2 -1
Xk, fdn‘

Ja3epHOM Tyuke. /, = T .

16mum,a ldf \
3. OueHnts juamerp mstHA B oxyce ofvextHBa IS NMAsepHOrO UBITYYIEHNUS MOUIHOCTBIO 10
kBT, ecmu tpeGyercs oGeceunts HALPHKCHHOCTE 9JICKTPUYECKOro mons £ = 3 « 10* B/,
BapwanT 3.
1. Kakos Qusurdecknit cMbIcT Bemmumme (1) — HeTHHENHOM BOCIPHIMYIHBOCTH M -0 nopsaxa?

2 m+1)/X(2 m—1)




2. Brmauenuts napamMeTp HEeNIUHCHHOCTH [F=E/F,, s U3JTYUEHUST UMITYILCHOTO JTazepa
HHTEHCHBHOCTEI0  [=10""Br/m2, PaclpOCTPaHAIONIEroCs B OJHOATOMHOM  OJHOPOIHOM
KPHCTAJIIE, HO ABJIAIOMIEMCS MATHUTHBIM MaTepuaioM (i = 1), ¢ XapaKTepHON HAIPSIKE HEOCTHIO
BHYTPUATOMHOTO 11018t By = 10 B/v 1 moxasatenem IpeIoOMIeHUs n = 1,5,

3. OmpenenuTs MIOTHOCTE MOITHOCTEH JIA3CPHOTO  U3JIYYEHMST [N, €CIHM HANpPsKEHHOCTH
OIIEKTPHIECKOTO 1O 3TOT0 manydenus E = 10° B/ou.

Bapnanr 4.

1. Kaxospr (useveckue mpuumm O/ITHOBPCMCHHOI'O0 BO3HIKHOBEHHUS HECKOJLKMX BOJIH C
KPAaTHRIMH 9aCTOTaMM B HEJIMHEHHOM cpene?

2. 3anvcars hopmyny P =g,y VE na GHH30TPONHOTO JITHEHHOTO ONTHYECKOTO KPHCTAILIA.

3. OnpenenuTs HANPIKEHHOCTE SJICKTPUICCKOrO MONL £ B JIa3€PHOM IYUKe IUAMETPOM
I MM n MomuOCTERIO 10 KBT,
Bapuaur 5.
I. Kaxossr Qusnueckue mpuanmss OAHOBPEMEHHOI0 BOSHUKHOBEHHS HECKOILKUX BOJH ¢
KpaTHLIMH 9acTOTAMH B HEJHHEWHOU cpege?
2. Iloxazats, 4To ecnm mHa CPeNy BO3NCHCTBYIOT NBE IIOCKHE MOHOXPOMATHUECKHE
BOJHEL C PasMMHHBIMU 9aCTOTAMYU @[ M W7, TO KBAAPATHYHAS HOJISIPU3OBAHHOCTE CPEIh
OyneT conepskars rapMoHUUecKe COCTABILIIOIIME HA YaCTOTaAX 2001, 2w, @) — W2 4 @) +
w3y,
3. OUeHuTh aMameTp ISITHA B Goxyce o6bexTHBA MIs JTa3€PHOTO HU3AYUESHMS MOIIHOCTEIO
10 xBT, ecnu tpebyercs obecmeynts HAOPSOKECHHOCTL 3JIEKTPUYECKOTO o £ =1¢10"
B/ewm.
Bapuanr 6.
1. KaxoBwl (uspueckue rprauns ONHOBPCMCHHOTO BO3HMKHOBCHHS HECKOJNBKHX BOTH C
KpaTHBIMU YaCTOTaAMH B HEIHHEHHOH cpeme?
2. 3amcath BONHOBOE ypaBHenue

2 3 3 3

0 G N 3 ‘
AE:’ = 80/‘!0 a_[Q_ Z (]' + Z«‘?)E/z + %lO a_[z' Z Z Zlgj)E/(Ej + Z Z Xiag/II7E/('E./'EIII o
k=

3
k=1 1 J=1 k=1 j=1 m=|

a) JUI1 aHH30TPOITHOTO JIMHEHHOTO; 0) U30TPOIHOro MAHEHHOTO; B) KyOWYHO-HETHHEHHOTO
OLTHYCCKUX KPUCTAJIIOB,

3. OnpenenuTs IIOTHOCTH MOIMHOCTH JA3CPHOTO M3NyHdeHHs N, €CIU HANPDKEHHOCTE
SJIEKTPUHUECKOrO ITOJI 3TOT0 U3Nnyuyenus £ = 106 B/cw.,

Bapwant 7,

1. OOBACHUTE CYIHOCTE HEKOrePEHTHRIX HeTHHCHNLIX 5} QexToB B onTHKE.

2. [lokasats, noueMy HaMGONBIIEH BKITAL B HEIHHCHHLLC ONTHYECKHUE TIPOIIecChl OYAYT NaRaTh

HU3IIHE WICHBI B pasnoxkenun P(E) =g, {Z(])Eﬁ- APE 4.4 R J

3. OueHuTL UamMeTp MSITHA B poxyce o6BexTHRA 15 JTa3€PHOTO U3IYUYEHUSI MOLIHOCTLIO
I kB, ecnu tpeGyeres o6ecmeynts HAIIPsKCHHOCTE OJICKTPUYECKOrO Mot 2 = 1 « 104
B/cwm.

Bapnaur 8,

1. Ioscunts cxemy omprra I1. Dpankena 110 HaOMIOICHIHIO TEHEPAIINY BTOPOU TapMOHMIKH,
BNk ODY

I=l-0—=]->-
o B K k.
Ay =2

2. Hoy4nTs BOTHOBOE ypaBHEHME /I CPelBI ¢ HETMHEHHOHN HOMSPH30BANHOCTEIO, 3aTIHCAHHOC
ATISE MATHUTHON COCTABIIAIONICH 3K TPOMATHUTHOTO TI0JTS,

3. OueHnTh HHTEHCHBHOCTB JIA3€pPHOTO M3JIyUCHHUS, KOTna 1oje [ B [Iyuke CTAHORHTCS
COMOCTABMMEIM C BHYTPHATOMHBIM M Pa3jioNeHHe TIONAPH3AIUKE P [0 CTelensM ons E TepseT
emeIcs, (3.5%101 Br/em?).

Bapuant 9.

1. B uem cocrout (uanueckunit cMBICIT BOTHOBOTO ((asoBoro) curxporH3IMa?

Mauep



2. 38.HHC&TI) ()0 MYJI P =& (])E JUISL AHU30TPOIIHOTO JII/IHCIZHOFO OIITHUYCCKOTD K pUCTAILIA,
Pop oX p ]

v

3. Onenurth IWIOTHOCTL IOTOKA SHEPTUH [ JIA3ePHOTO W3JYYEHHUSs, 11pH KOTOPOH IPOHCXOMUT
OJICKTPUYECKHIH TIPOGOH CYXOro OYHINEHHOr0 OT MLIIH BO3Myxa, Kakas 1pu stom amminTyna
HANPAKCHHOCTH SJIEKTPHIECKOTo 1ot y? Kakoit Mommocrty P J1a3epa 3TO COOTBETCTRYET, ECIH
JIa3EPHBIA 1y uMeeT auametp d = 0.3 Mm? Hiuna Bonuer usnyaenust A= 10.6 MM (CO2-razep),
ATTATCIIBHOCTE UMIIYNBCA tyyy = | MKe, ROHm3AIMS B CYXOM BO3ZIYXC IIPOUCXOJNT IIPY SHEPTHH
oJekTporoB U = 12 3B, mmuna cso6oamoro pofera siekrponor / = 3*107 cum.

Bapwnanr 10.

1. B wem saxmowacrcs HOJyKTaCCHYCCKUH TOAXOA MNP PACCMOTPEHHH B3aMMONCHCTRHS
SIICKTPOMATHUTHOTO U3JIYUYCHUS ¢ BEIIECTROM?

2. JTatb MaTeMaTHYECKyIO 3aIIich YCIIOBHH TOTO, YTO HEKOTOPAS OITHYECKAS cpefla sBIIIeTCH
cnaGonorIomaroeit n caboHeIMHeHHOIL,

3. Onmpenenuts TeH30p KBAAPATHIHOH BOCIIPUMMUYHABOCTH XO“) ¥ kpucramia KDP, o6nanaromero
cuMMeTpueH 42m (TeTparoHansHas CHHIOHHIA) Juist A= 1,064 Mim. (dsg = (1.1 & 0.3)10” CI'co,
dig= (0.95 + 0.06)ds;.

Bapwanr 11,

1. OObschuth, Kak BimseT CUMMETPHS  ONTHYECKOTO KpHCTALa HAa ero HEJTHHEHHYIO
HOJISIPU3ALIUIO,

2. 3aKOH IUCTIEPCHH HEeTUHEHEDIX BOCIPAUMYHBOCTCH U 4eM ora 06yciIorneHa?

3. OnpenenuTs BEJ TEH30pa JUHEHHOMH BOCIPMUMYHMBOCTH C¢jj, €CJTH IOJIIpH3auus P (P; = e
OPUCHTHPOBAHA APATIIENIHO 3JIEKTPHIECKOMY OO £,

Bapuant 12.

1. Ilosgcruts, mouemy B KBAPICBRIX CTCIIIAX, NPUMCHIEMBIX B OITHYCCKUX CBETOBOJIAX, He
MOTYT HMCTh MECTO HeMHERHbIE 3 (eKTEl BTOpOro IOPSIJTKA.,

2. KaxoB (husuveckuit cMBICT BeTHYHHE] x(m) — HEJIMHCHHOM BOCTIPHUMYHBOCTH 772-T0 nopsiaka’?
3. Tensop muanextpuueckoi IPOHUNACMOCTH IS KPECTAIIIA HMECT BYIL

310
l 3 0| Ilpusenure stor TEH30D K IVIABHBIM OCSIM,
0 0 4

Bonpocrt peitrunr-konrposas No2

Bapwmanr 1.

1 II0SCHNTE IpaHuE IpUMEHUMOCTH JIHelHoit Mojierd Hpyne — Jlopenna siawmoneitctams
U3JTYYEHUS C BEILECTBOM,

2. O6vacHuUTS, HOUEMY IS IIPO3pavHON (denomIomaromeit) onruaeckot cpennr Im X(]) =0,

3. KakoB ¢usmueckuit empic IIPOCBETIEH)S TIOTJIOIIAIONITEH CpeapI?

4. Cuamrast usBecTHOM CCTCCTBEHIYIO MMPHHY BO30YKICHHOIO ATOMHOTO YPOBHS Yo, OLUCHUTH
HCOMPENENEHHOCTD JA JUIMHEL BONHEL (OTOHE, H3JIyHaeMOro IIPH HEePEeXo/Ie NIEKTPOHA C TAHHOTO
JHCPIETHYICCKOTO YPOBHS HA YPOBEHD ¢ MCHBIIEH SHEPrHEH,

Bapnanr 2.

1. OGBACHUT (U3HYIECKIH CMBICH WICHOE B YPABHCHUF JABYKCHUS BRIHYMKICHEEIX 3aTyXAIOHX
KoyebaHuit ogaoro OCIHITILITODA,

2. . KaxoBa cBA3b MEXTy HeNMHEHHBIMIT IOJIAPH3OBAHHOCTAME CMEXHBIX opskos LM, pOh
napaMeTpom HenuHelnoctu & = E/Ear.

3. Kaxos dpusmueckuit cmuics s GexTuBHOrO cedens 16 7 10" Brfews
MHOro(oToHHOTO Iponecca (k) 1 OT KaKix 11apaMeTpoB '\\\“‘%x

OH 3aBUCHT? ZENG TS 17sB

4. lae dusnueckoe oGbicHenme Xapaxrtepa \\x,_ i o
3aBUCHMOCTEH, [IPeJICTABICHHBIX Ha PHC. ek e 12
Bapwuant 3.
L. TTonmy9urs 3aBUCHMOCTE JIHHEHHOMN BOCIIPHUMYHBOCTH L __ g
x“)(co) OT HaCTOTBI I CPeibl, B KOTOPOH KoneGamms 400 600 800




OUTHYIECKUX 3JICKTPOHOB SIBIITIOTCS TaPMOHMYECKUMH, U HMECTCST TOJIBKO OHa Pe3oHaHCHas
Hacrota. M306pasuts a1y 3asucuMocTs rpaguyecky.

2, dare XBPAKTECPUCTHKY MOJIENIH GHTAPMOHHIECKOLrO OCLUIIATOPA ¢ KYOHYHON HEMHHEHHOCTHIO
B DAMKax MOXNENIA aHrapMOHHYECKOTO ocnumaropa? (K = 0) -ypasuenne Hybduura, Kaxois
IIPOIECC OHO OMHCEHIBACT?

3. IosichuTs, mouemy g TBYX(DOTOHHOTO horoaddexra BemuunEA CHITB TOKA B (orosnemente
IPOLIOPUAOHATIBHA  KBAZPATY MOIMHOCTH JA3CPHOTO  MIJIYUCHMS, Iafaloniero Ha KaTo,1
(oroanementa.

4. B 9em coctont apdext Ulrapka?

Bapruanr 4.

1. Kaxyto woyro MH(DOPMAIIUIO O3BOIAIOT HOJIYIUTE MOJICIIM AHTAPMOHNYCCKIX OCIHMIIITOPOB
110 CPABHEHUIO C JIMHEHHOH MONETbIO?

2. OBocHOBATE HEOGXORUMOCTE KBAHTOROH MOJCIH B3AUMOZCHCTBHS H3ITYUEHS C BEIECTROM.
3. Tlouemy B onTryeckonm KPHCTAILIC MMEET MECTO PE3KHI POCT BEPOSITHOCTH MHOTO(MOTOHHEIX
IIPOOECCOB MIPY YBEIHMYCHUH HHTEHCHBHOCTH TTAZIAFOIIETO JIA3ePHOTO U3y UCHs?

4. Mmerorest sa HMITYILCHEIX JIa3€pa, M3NYYAIONMX HA OAHOM WACTOTE, HO ¢ PasNAYHEIMY
AITCIBEHOCTSME UMITYIIECOB: COOTBETCTREHHO T) = | He 1 7= 10 ue. Kaxo ux mux n oYeMy
UPCALIOYTATENIBHEE UL MCIIOJB3OBAHUS R OITOBONIOKOHHBIX JIMHMSIX € TOUKH 3peHus
obecneueHns cToiKkoCTH K ONTHYECKOMY 1po6oro?

Bapuanur 5.

1. Tlokazars, uro B Henmmmeiiinx CPEIax HAPYIIAETC PHHIMIT HEM3MEHHOCTH YacTOThL cBeTa
[IPA TIEPEXONE U3 OLHOM Cpesisl B ApyTYIO.

2. JlokasaTs, 4T0 B pAMKAX KBAHTOROH MOJIETI B3aHMOJIENCTBIE WHTCHCHBHOTO CBETOBOTO OIS
€ BCIIECTROM IIPEACTABIIICT COGOif HEJIMHEHHBIH IIpoLece,

3. Uem ornmuaercs mporece ABYX(OTOHIOrO TIepexona or IIponecea, MpescTaBigIoNnero coGoi
ABA IOCIENOBATENBHEIX OHOOTOHHBIX nepexoya?

4. CpaBHHTb BpeMs >KH3HE aToMa B BUPTYAILHOM COCTOSIHHH ¢ BPEMEHEM SKHINH B peanrHOM
BO30YKIIEHHOM COCTOSHHM Y IBYXQOTOHHOM mepexoze.

Bapwant 6.

I. Ha ocnome Qopmymer (o) = ¥V @)+ D (w)E? IONYYNTh 3aBHCUMOCTH MOKAZATENs
HPCNIOMIICHHST ONTHYECKOR CPEIbT OT HHTEHCHBHOCTH Majalomero H3IYYCHUS,

2. B uem cocrosT pusnveckre ocobenroCTH SAMa4M O DPE3OHANCHOM  B3aUMOACHCTBHY
ABYXYPOBHEBON KBAHTOBOI CHCTEMB] ¢

MOHOXPOMATHYECKHM H3IIyqCHHEM, o

0OBIYHO BBIpAYKaeMBble MOHSTHEM «aToMm, s £, o — }
OMETBIH TTOJIEM»? : ot | e, he, | s |
3. 3amucaTr 3aKoH coxpanenus 3HEPrun I R S—
LT ABYX(DOTOHHLIX HPOIIECCOB, ITOKA3AHNBIX hien, fiaw,

HAa puc. —— g - £, &
4. Jlokasath, wuro omrmueckuit npoCoit a & ¢
ABJLIETCS HENMHEHIBIM IIPOLIECcoM.

Bapnanr 7.

1. Kaxge Qusnueckue PE3YJILTATEL  TIO3BONSET HOTYYHTH MOMEND burapmonmyeckoro
BO3OYIUIERTST OCHMILIATOpA ¢ KBaIpaTUIHON HENUHEHHOCTRIO?

2. B WeM COCTOMT mpuENMHOHATEHOE OTIIMMUE MCXKNTY CHAGLIM M CHIBHBIM BHEITHHM [IOTeM B
Sallaie 0 pE30OHAHCHOM  B3auMOJEHCTRHIH ABYXYPOBHEBOM  KBAaHTOBOW  cHeremBl ¢
MOHOXPOMATHYECKUM HM3TyUCHHEM?

3. Kaxosa crsap MEXLY ohexTaMu redepann  BhICIIX FapMOHMK M MHOTO(DOTOHHBIMA
nponeccamm?

4. Kax un novemy HIOpPOTOBAs MOIIMOCTE ONTHYECKOTO TpoGos 3aBHCHT OT JUIMTENEHOCTH
UMITYTbCA U3IIYUCHUS?

Bapwuaur 8.

1. B 4em cocrout ripasuio P. Musiepa v x xaxum HPAKTHUCCKUM BEIBOLAM OHO IIPHBOJMAT?



2. IlpuBecTH mpuMepsl HeTMHEHHBIX OITHYCCKUX  ABJICHUH, OOYCIIOBNECHHBIX HAJMYUHEM
I'PaJICHTOB TCPMOAMHAMIYECKIX BETHTUH,

3. O6nscHuTS, IOTUEMY HH TIpM  KaKOM OCBIMHOM (He JIa3ePHOM) HCTOYHHKE CBETa
MHOTO()OTOHHBIE MPOLECCH B ONTHUECKIX Kpucraniax He HabIIOLaIoTCs.

4. lonyunrs Matemarnueckoe BRIPAICHHE 3aKOHa Byrepa /ULt HeJMHEHHOTO TOTIIO e H s,
Bapuant 9.

) ; § (3) _ 3 M (G/Wl)
1. Jlate dusmueckoe obmscrenme TOMY, 4T0O B (hopMyly =7 1 (w)s "ET)-‘— LTS
0

KkybuuaHo# Bocnprumunsoctn ¥ we pxoT KBA/IPATHYHAS BOCTIDHEMIUBOCTS 7,

2. B uem cxozerso u pasnuume MEILY OJIHO(OTOHHEIMU ¥ MHOTO(OTOHHBIME nponeccam?

3. MHcenomesys  dynmamenranbise SAKOHOMCPHOCTH  KBAHTOBOH  (DM3HKH, OGLSCHUTE
(pusmueckyio npupony POMEIYTOUHRIX  COCTOSIHEH, [ePe3 KOTOPBIE ILPOXOMMT ATOMHDLII
SJICKTPOH 1P MHOTO(OTOHHOM MpoIiecee.

Bapwuawur 10,

L. Ionyunts 3aBucHMOCTL JMHeHHOMN BocnipruMurBocTH ¢ (w) oT wacTors JUIT CPEJIBl, B
KOTOPOH konebanus ooTHUECKHX OJICKTPOHOB ABJIAIOTCS FAPMOHHUYECCKUMY, H MMEETCS TOJIBKO
OZlHa PE30HAHCHAS YaCTOTA.

2. Moryt nu 65ITh opim ABYX(OTOHHEIE MPOTECCH TUHEHHBIMH, & APYIUe — HeJIMHEHHBIMU?
OTBET HOSCHUTE Ha MpHMepax.

3. Ilpn xaxux jonymenmsx CIPABCLIABO  BLIDAXKCHHE [JIST BEPOSTHOCTH MHOTO(OTOHHOr0

i i
nepexona  w* = Tw® :[w(”J ~1'? Towemy B page CIydaeB CTPOTASL CTEreHHAs
i

3aBUCHMOCTD HAPYIIAETCS?

4. O6bscHuTE, NOYeMy HenuHEHHOE TOTJIOIIEHAC Ha HECKOJILKO LOPSIKOB BENHUKHLI GOJbILE
JIMHCHHOTO TIOIJIOIICHHSI,

Bomnpocnr peiTuar-couTposas Ne3

Bapwmanr 1,

L. Toxasars, uto BrIpaskenwe n(w, E) = n(®) + n,E* mns noxasaters [IPEITOMIICHIS HEJTHHEeHHOH
CPEAEBI IONYIaCTCA KaK Pe3yNbTaT BKIaa KYGHIHOMH BOCTIpHEMYHBOCTH 3,

2. Hoscnuts paGoty BKP-nasepos u BKP-ycumurenei,

3. Hoxazars, uro mucnepcus PYIIOBEIX CKOPOCTEH MMEET MECTO M ANS JHHEHHBIX, u JUIs
HCITUHEHHERIX BOJIH,

4. KaxkoBEI OCHOBHEIE CBONCTRA COTHTOHOR?

Bapuaur 2,

1. O6®scuuTs, TIOYEMY B BBIDQKEHUW UL 7y, L° = ml + ml + UL HENMWHEHHOoN yacTH
TNOKA3ATCNS IPETIOMIICHUS IPHCYTCTBYIOT TONBKO YeTHEIE CTEICHH aMIUINTYILl CBETOBOTO
BCKTOpA.

2. B 4eM oTnmume COHTAHHOrO OT BRIHYXACHHOTO paccesuus Mauensuramg — bpurinosna?
3. Jlatb xapaxreprcTuky ypasnenns Kopresera — nie ®pusa,

4. O6BACHHTS, mOUEMY IPYNIIOBOX CONUTOH HE MOKET COMCpaTh caumroM Gonblroe (Gonee
20) xoyuaecTBO BOJIH.

Bapmanr 3.

1. Kax mymser smak pedypaxnmormnoro HHICKCA HA XapaKkTep SBONIONUH CBETOROTO MyHKa B
ONTHYECKOM cpene?

2. TloueMy sIBICHUE BEIMYXICHHOTO paccesus MauIensmraMa — Bprisiiosta aHaniorHuHo
SIBIICHUIO TU(PAKIKH Ha [IPOCTPAHCTBEHHOM peurerke?

3. CpaBuurs CIPYKTYPY ypasuenns Kopresera — e ®pusa n HEIHHEHHOro ypasneHns
Ulpennnrepa n Quamdeckuit CMBICIT 9IEHOR B YTHX YPABHEHHUSIX.

4. CpasHuTs cROMCTBA HAPaMCTPHIECKOTO YCHIICHHUS CO CBOMCTRAMI BKP-yemienus u BPMB-
YCUJICHHS.

Bapuaur 4.

1. TlosicHuTE, B WeM COCTOMT HemmHeHHnt XapaKTep SABACHHUS caMO(BOKYCHPOBKH CBETOROTO
yvKa,



2. [loxazars, uro mpn BBIHYIIICHHOM pacCesHiy Mannebiurama — Bpuiiinosta BoTHa Hakauiy
H BOJITa pAacCeTHHOrO U3y YCHUS PACIPOCTPAHSIOTCS B TIPOTHBOIONOKHEIX HATIPABIEHHSIX.

3. Uro xapaxrepusyror AHCIIEPCHOHEBIE KOdQGULMEHTE! ) U f B 0606IIeHIOM YPaBHECHNHU
ABISOIUMCEst 00001IeHReM ypasHeHus Knd o HEJMHEHHOro ypasuenus [peunrepa?

4. IloweMy weTHIpexBOMHOROE CMelIeHwe ABIIICTCA  OAHUM M3  CaMBIX HEYKEIATEIbLHBIX
HCIIMHEHHBIX ONITHYECKHX 3 (PEKTOB B ONITOROIOKOHHLIX CHCTEMAX HePeIa T UHPOPMAIUN?
Bapwuanr 3.

1. Ilpusectn MATEMAaTHYECKYIO (hopMyry, AOKA3BIBAIOINYIO, UTO IPH (PAZOBON CAMOMONYISLIHM
(opma oIrTHYECKuX UMIIYTBCOR HE H3M EHSIETCSI,

2. B wem cocrout rosesmnoe u BPCIHOC BIWSIHHC BRIHYICIEHHOTO pPACCEsTHUS Maraelbirama —
BpuimosHa juts onToBoI0KOHHBIX JTrHuH CBAZN?

3. IIposeputs ¢ Touxy 3penus PasMEPHOCTH (PU3MUECKHMX BETHIHH, UTO IIPABBIC 1aCTH QOpMYJI
ATUL TACTICPCHONHON JANHHBL B HEIMHEHHON ITHHET aroT XapaKTePHbIC JUTMHEI (JUCTIEPCHOHHAS
AUMHA ¥ HeTMHeHHas Juimna).

4. IS 9ero B BOJIOKOHHBIX JTHHHSIX neperady HHGOPMAIUH IPUMEHACTCS CHKATHE ONTAYECKHY
UMIYIBCOBY Jlo KaKUX BEIMYHH CHKUMATOTCS UMTYJIHCHI?

Bapwanr 6,

1. Kaxosa cBs136 My SIBICHMIIMY caMC(DOKyCHPOBKY U BazoBoi CaMOMOLYISIIH ?

2. IocTpounTs KadecTREHHO IpadQUUIecKyro 3aRHCHMOCTD TS criektpa BPMB yenenns,

3. B WeM cocTOMT Maremartmueckoe u dusmueckoe comepKanue MOHSTH CMOIYJISIIIMOHH a3
HEYCTOUYHBOCTEY ?

4. Jloxasats, 4To 06pasoBaHHE OLNTHUECKOrO COMMTORA — OSTO HENMHEHHBIN (H3HTCCKui
TipoIece.,

Bapuaur 7,

. Tlowemy mnpu wmamoit Bemmumie KYOUUHOH BOCIPUUMUABOCTH XG)KBﬂp]leBOI‘O CTEKJIa
HEJIMHEHHBIE 3()(DEKTHI TeM He MEHee AIPAIOT CYIECTBEHHYIO POJL B ONTOBONOKOHHLIX JIUHISX
nepenadn uHGopManuu?

2. CpaBHUTL TOPOTOBBIE MOITHOCTH AL BLIHYXIACHHOTO  KOMOMHAITMOHHOTO DPACCESTHUS i
BRIHYINCHHOTO paccesnns Mangernsiurama — Bpumosna,

3. O6pacuuTs, noyemy IPYNIIOBOH COJMTOH HE MOKET COJIEPIATE CIHIIKOM Gostbinoe (Golee
20) xomuvecTBO BOIH,

4. Kax MOIKHO HCTIONB30BATE CONUTOHEL B ONTOBOJIOKOMHBIX JHHUIX CBSI3U?

Bapuanr 8.

L. Hoscouts pusuueckuil cMBICH WieHOB B YPABREIMH UL HenuHeknoro Hafera dassl juis
CBCTOBOI'O UMIIYJILCA,

2. Kakossr  merons NPOTHBONCHCTBAS  HEraTMBHOMY  BIIMSHIIO RLIHYKIEHHOTO
KOMOMHALMOKHOTO PACCESIHns U BRIHYJKICHHOTO paccednns MawnensintamMa — Bpummosna B
OTITOBOJIOKOHHBIX JTMHUSIX CBSIZH?

3. Kax pnusror omrmueckie TOTCPH B BOJOKHE HA MOMYMSLHOHHYIO HEYCTOHUMBOCTD npu
PACHPOCTPAHCHUH JIA3EPHBIX UMITY)TECOB?

4. TloscHUTE 3HAYEHYC TTOHATHS KIEPHOJ, COTHTOHAY,

Bapuanr 9.

1. O6bacruts, mouemy hazonas  camomomy st IPUBOJIUT K YACTOTHOH MOMYMISIIHM
ONTHYECKUX HMITYJILCOB.

2. JloxasaTh, uTO MaKCHMAIbHLI KOI(PPUITHEHT BPMB-ycunenus wameer wmecto mpu
COBITANCHUYM  YACTOTHI  HAKAYKH |
OpHIIIIOOHOBCKOTO TaCTOTHOTO /BT, 4
3. UYem  o6nsacusercs Pa3ITHIHLIH ; = e
XapakTep 9BOJIONHUYU BOJHOBOIO lIakeTa |

Ha pUC. a ¥ 67
4, Cpapauts CBOMCTRE | 7
GyHnamenramsuoro COIUTOHA u
ONTHYECKUX COJINTOHOB BBICITTAX a b




HOPSITKOB,

Bapwnanr 10.

1. Jloxasars, uro samenms BBIMYIKIICHHOTO KOMOMHALIMOHHOTO PACCEsIHEAs 1 BBIHYICICHHOTO

paccesinst Manpensnitama — Bpusmmosma HAMANPIBAIOT  OTPANMYCHUS HA MaKCHMALHYIO

MOIIHOCTE ONTHYCCKHX HMILYJILCOR, HCIIONB3YEMBIX B ONTOBOJIOKOHHBIX JIMHUSX repejasy

HHQOPMALIHH.

2. Iloxazare, wuTo numeiimas KOMOHHAIMA JIBYX pPEHICHEH BOJHOBOTO YyPaBIEeHUst  Juisl

SJICKTPUICCKOM COCTABMSIOMIEH TAKKE ARISIETCS PEIICHUEM 3TOTO YpaBHEH M.

3. Cpasruts crTpyKrypy ypasnenus Kopresera — ne ®pusa u HEJIMHEHHOTO  YpaBHEHM

Ipeannrepa, n Gpusmaeckuit eMbIc wienop 5 ITHX YPABHECHHUAX.

4. lHoscHuTs yenosus, neo6xommmMbie JUIST (POPMHPOBAHHS OTITHYCCKUX CONMTOHOR,
Hpomesxyrounas arrecranms NPOXOAUT B (POPME dK3AMEHA.

Bonpocer k szameny

1. Mcropust v npenmer menmHeitnoit OIITHKH

- Knacenpuxarus nemmeiino-omrrmeckux shdexron

- Korepenrasie u e xorepentmrie HEJMHEHHO-0NTHYCCKHE 3 (eKThI

. Henmanetinoe nmormomenwe cpera

- enepanus cymmapueix u pasnocrurix wactor

- Hapamerpuueckas remeparus

- Bemyxonennoe paccesinme

. YpasHeHuns Maxcrea — Jlopenna B cpene

- Henmauettusiit otxmux cpensr Pasiosxemne TOJIAPU3AIHIH TI0 CTEICHSM TIOJIS

10, Hemumeitnas TOJISIPU3ATIIHSI

11, I'enepaiwst Bropoit FaPMOHUKH (MHTEIpaIhHEIH IOAXO0J)

12. ®enomenonormaeckoe omcanme ONTHICCKNX BOCTIPHUMHHBOCTEH KPHCTANIMUESCKIX cpexn

13. Temszope! onTrnueckux BoclpuuMupBocTeld IlepectanoBounsie cooTHOmICHHS, Croiicrna

CHMMETPHH ONTHYCCKHX Cpejt

14. Meton Memienno mensiommxcs AMILIATY VI CPENBl ¢ KBaJpaTUYHON HeNHHeHOCTLIO

(TpexdoTorHe B3anmMoeil CTRHSI)

15. Cucrema CTAIMOHAPHEIX  YKOPOUCHHBIX  ypasuenuit. [Ipu6mmrcrue 38JIAFHOT0  110JIs.

CootHowennst Mopmm — Poy.

16. l'eneparms Bropoi rapmonnku (I'BIY) B npubmmxenun sapanmoro mos

17, ®asoBEIi CHEXPOHH3M U METOJEL €10 peannsanuy. Buant pasosoro cuaxponmsva,

18. lenepatiust cymmapupix u PA3HOCTHLIN yacToT. IIpuKiagHbe acrexTor

19. Ypasueuus s Meienmo MCHAIOIIXCsL ACHCTBUTENBHLIX aMILTUTY/] 1 (as.

20. Tounoe pemenne s [CHEpAUN BTOPOH rapMOHUKH. 3axBaT (a3,

21. Iapamerpuveckuii renepatop csera (1I'C). TTapamerpryeckoe yemitenune, Koa(purmentsr

YCHIICHHS TTAPaMETPUHIECKOr0 YCHITHTE)I,

22, Tlapamerpuueckuit rexeparop. Ilepecrpoiika wacToTor, OnuopesonaTopasii u JIBYX

pesonaroprbit [I'C. [Mapamerpuuecikuit ren €paTop BCTPEUHOH BOTHLL

23. MeTost MeANEHHO MEHSIONMX S AMIUIATYL B TCOPHH PACHIPOCTPAHEHUS BONHOBBIX TAKETOR,

Hecranmonapurie yxopouemisie YyPaBHEHMsI,

24. Bropoe npubmmkenue TCOPHY UCTICPCHH. Y DABHEHIS JULSI IIYIKOR 1 UMITYJIBECOR.

25. Qudpaxuponnsie s(exrsr. Jucmepcronmnoe bacllibIBanye uMitynscos. O6miee ypapreHue

AL MOZTyTHPOBAHHBIX B IPOCTPAHCTEE H BO BpeMEHH AMIITATYI,

26, Tpexdoronuste mporecert, Crcrema HEITHHCHEPIX HECTATHOHAPHEIX YPABHEHUIL,

27. Hecraumonapnas BT, IdexT Tpynnororo 3amasmeizanng UMITYJIBCOB. [ pyInoBoit

CHHXPOHU3M. D((eKT AUCTIEPCHOHHOr0 PACIUTLIBAHMS UMIIYIILCOR,

28. OcoGEHHOCTH TA30BHIX ATOMIBIX K MOJICKYJIAPHBIX  BEMHEHHO-OITHYECKHX  Cpey.

HerhlpexoToHHbIE B3aMONCHC TR

29. YropouenHsle ypaBHeHus, Pe3onancHire UCTBIPEX (POTOHHEIE Hpouecehl, Ornenka, pacuer u

UHTCPIPCTAIS HEJIMHEHHEIX BOCIPAUMIHBOCTE,

01O n W
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30. Biaumopeitcrsme somm p Cpeliax ¢ oTpularesnsnolt nacuepeuett. Hachimenme PE30HaAHCHOIO
nepexona. Junamuveckuit sdderr [IIrapxka.
31. lapamerpuueckoe mpocseTcHue, Bricoxowacrorusrit adyderr Keppa.
32. JIswkenne racenennocrei u HapyIIRHHE CHHXPOHU3MA.
33. Yenorms asosoro cornacosamus i METOJILI €10 PEaNTH3aLHH,
34. Kom6Gumamuonuoe (Pamanosckoe) paccesnme cpera, Bemyagiennoe  xomGumaionnoe
paccesnne (BKP),
35. Gusnyeckuit Mexanmsm paccesanus, OCHOBHLIC ypaBHCHWS U napamerprl. Topor BKP,
36. AHTHCTOKCOBB KoMmoHeHTH! BICP. Antreroxcoso BKP g Iepexoiax ¢ MHBepcuei
HACEIIEHHOCTH.,
37. Boiayrnertoe paceestue MarmeismTaya — Bpumosna,
38. Obparmenue BoNHOBOrO (ponra. KomGunammonse Ja3epoy,
Camocrosrennuas paGora CTYHEHTOB BKITIOUAET B Cebsi:

1. AyI[HTOpHa}I CaMOCTOsTEIRE A pa60Ta CTynenTa 1Mo JUCIUIUINEC BBITIOJIHIETCS
Ha TIPAKTHYECKUX 3AITSITIIX IPU PEUICHUH 34,1aT,
2, BH@ay,Z[HTOpHEUI CAMOCTOSTEILHAS pa601‘a BBITIONIHSIETCST CTYIEHTOM [1 pu

YrIyONEeHHOM HM3YYeHHH AUCIEIIHNLL 1o TeME NPOMACHHON JIEKUMU, TIPU [OATOTOBRKE I
HIPaKTHICCKUM 3aHaTusM. OCHOBHOM (opmott camocrosTensuoif paboTel cTyrenTa sBaseTcs
U3YHEHUE KOHCIIEKTa JIEKITMH, PeKOMEHI0BARHOM JIATEPATYPRI ¥ PETUCHUS. KOHKPETHRIX 3a,(au.

Camocrostessnas paGora SaBCPIIACT 3a/1a7i BCEX JPYTUX BUJIOB YieGHOTO upomecca u
MOXKET OCYIICCTBIATECS Ha JIEKITHSIX, CCMPHAPAx, IIPakTHYECKUX 3aHsTHSIX, KoHeyisTarusx, Iax
(opma opraumsanmus yueGuoro fporecca camocroaTensuas paGora CTyACHTOR TIPELCTABIISIET
coboit meneHanpasnennyo CHCTEMATHIECKYIO  NESATENLHOCTh 10 Ipn obpeTeHno  3HaHWI,
OCYIICCTRIISIEMYIO BHE AYAUTOPHH,

Kontpons rmommenus CAMOCTOATRILHOH paBoThl OCYLIECTRISICTCS B Xone BLITTONACHU K
HPaKTHICCKUX 3aNaumil ¥ Ha dK3aMene,

Bonpocen juis KROIITPOJISE AMOCTOATETLHOM PABOTHI

l. Onpenenure, wro nasezaior KOTCPCHTHRIMH, & YTO HEKOTCPEHTHEIMH HEJHHEHIO
OITHYECKUMH a()pexramn?

2. Kaxosrr Qusuueckne senmynn bl, OIPCALISIONTIC HENMHEHII0-0TITHIECKY e A PerTer?
- Kaxossr Gpusnueckne pemuan HBI, 00ycnasnupaonme s GexTrt Keppa v ripocreTnenue?
- Kaxosa no nopsitky semmunmss HaPKEHHOCTE BHYTPHATOMHOTO TOJI5I?
. HT0 HA3BIBAIOT BLIHYIKEH LM KOMOMHAIHOHHEIM paccesimnen?
- Kaxonr yenosus, onpenensromme A PexTuBHOCTE Teneparmn BTOPOH rapMoImKmn?
- Kaxoner obuactu npmverens MapaMeTPUICCKOl rerepanum coeTa?

8. Hazosure sddextsr, 00YCIIOBIIEHHEIC BTOPOH 1 TPETRCH CTEIEHRIO HenuHeiinocTy
(BTOPEIM H TPETEMM Hienonm PA3IOKCHUS OTISIPU3ATIME 110 TOJII0),

9. Kaxosa (usmueckas Bemmun fd, OOPeReNsIomas NPOCTPAHCTBEHHOC HAKOICHHE
HenmHeHnoro sdexra?

10. HasoBure mocnenonarensnoets sranop I3 IIpOLECee renepalii BTopoi rapMoHuKHy,

12. Yro rakoe nonnonas pacerpotixa? Chopmynupyiite yenonue (asosoro cauxpomisMa,

13. B xaxux cpenax MOKeT BLIIOAHLTLCs yenosue (hasoBOro CHHXPOMHN3MA?

14. Yro moHEMaOT NOX HenHHCHHBIM OTIHKOM - cpenbt?  Jlafite  wnaceudmianmio
HEJIMHEHHO-0NTAICCKIX 2 ()eKTOB,

15. Yiaxure BO3MOIKHEIE THITE! 11015 PU3ATIMH ¥ BPEMSL UX YCTAITOBICHMSI,

16. IIpusenure mpumMepst omoocHx 1 JABYOCHEBIX KPHUCTAIIOR,

17. KaxoBo maxeumansoe gic)o HC3ABHCHMDIX KOMITOHEHT KBAJ(PATHIHOrO TEN30Pe.
ONTHYECKON BOCIPUUMYUBOCTH?

18. ITo xaxoif cxeme OCYIIECTBILAIOTCA TPEX JOTOHHBIE TIPOLIECCET?

19. Chopmynupyitre yemopus, IIPH KOTOPBIX KOMITOHEHTEL TEH30PA HENTHHEH 10
BOCTIPHUMYUBOCTH CHMMETPHYHE] OTHOCH TEIEHO HEPECTAHOBKH BCEX TPEX HHIEKCOB. B ey
CYTB cooTtHOoIIeHu Kiteltumaria?

~3 Oy Lh B



20. KaxoBrr cBoMcTBa cpep, B KOTOPBIX HE MOXKET CYIIECTBORATE KBANPATHUIHAS!
IIOJISIpU3ALs?

21. Kakos xapaxrep M3IMEHEHUS KOMILICKCHOMN AMITTHTY JIBL B CTAITHOHAPTOM PEXUME I
KaKUX YCIOBHH MOXCHO MCIIOJIB30BATE METON MEICHHO MEHSIOIIUX CS AMTIINTY (7

22. Uto o3HauaeT npubmmKeHIe 3aaMHOT0 10N i KaxkoBBI YCJIOBUS €ro UCTONB30OBAH 17

23. HazoBmTe nocnenonarennocts IPUOIDKEHNH, TO3BOJISIONX 11 OJIYHUTE
AHATATIICCKOC PELICHUE B CIIYYae TPEX(DOTOHHOTO BIAUMOLCHCT RIS

24. Cdopmysmpyiite yesopus caMoBo30yKIens,

25. Kax 3aBucuT moxasarenm IPCIOMIICHHS HEOOBIKHOBEHHOMN BOJINBI OT yrila MEILY
HALIPABICHUEM J1d3€PHOIO U3IIYIEHHUS K OITHUECKON OChIO Kpucrana?

206. KakoB BE){ HEIUKATpPHC TIOKA3ATENS TIPENOMIICHUS [UTsT OOBIKHOBEHHOT 1
HEOOBIKHOBEHHON BOTH? B uem CYTh SABIEHUS JIBOAHOIO NyUCIpESOMICHHS?

27. YUT0 HA3BIBAIOT ONTHYECKONH 0CHIO Kkpucrajuta? Kakue kpaeramisl nazsparor
[OJIOMMTCIIBHBIME, A KAKUE OTPHUIATEITLHLIMU?

28. Yxanwure BHIBI B3ANMOICHCTRHIL, COOTBETCTRYIOIIHE (DA3OBOMY CHEXPOHM3MY
TIEPBOTO THIIA X BTOPOTO THIIA.

29. KaKOBbI BHIBI CHIXPOHE3MA B MTOTONKHTENBHEIX 1 OTPATIATENLHBIX KPHCTAILTAX ?

30. KaxoBa opuenTans BosHoBbX BCKTOPOB B3AHMOICHCTBYIOIIUX CBETOBLIX BOIH 11pH
BCKTOPHOM cHHXponi3Me? UTo HA3RmaIOT yIIOM CHHXpOHU3MA 1 HAIIPABICHHUEM CHHXPOHM3MA?

31. Yro Ha3nmaior eo-o; €€-0; 00-€ -B3aNMONCHCTRUSIMI?

32 Onpejenute noustue oGobmenas (paza?

33. Kakum BEIDaKEHUEM OIpenenseTes jumna HEJIWHEHHOTO B3aMMOMEHCTENS U KAKORO
YCNOBHC BLINOTHEHIS TOMHOTO PEIIEHUS B OTCYTCTBIH (Ja3oBoro CHHXPOHM3MA?

34. Bosmoskna i rosHas HCPEKATKA SHEPTHH BO BTOPYIO FAPMOUMKY Ha JUIHHE
HETHHEHHOTO B3aUMOAEHCTBHS U KAKOBRL] YCIOBIS BEOOPATUMOCTH TIPONECCa FeHepaIHi?

35. YTo HA3BIBAIOT 3aXBaTOM (pas? KakoBbl yenosust Heo6X0mMble JUTst 3axpara Gas u
CpbIBa 3axBarta (az? Kaxoso usmenenue (basel B pesyisTate cprina (azpr?

36, KaxoBa mocie(osaTenpnocTs TPOUCCCOB IIPH FeHEPAIE BTOPOH rapMOHHKH,
COIPOBOXKAIONIEHCS 3aXBaTOM (haz?

37. Kaxoe 3uauenne 06061ennoi (paser cooTBeTCTRYET Nponeccy NepeKavki JHEPruy 13
BTOPOH FAPMONHUKH B IEPBYIO U H3 IEPBOH rapMOHUKH BO BTOPYIO?

38. Uro massBaror HapaMCTpHIeCKiM yeuenuem epera? Ha kaxue cocrapisionyic
PAacliallacTest BONHA HAKauKK IIPH [TapaMeTpuiecko Fenepaniu csera? Yo Hasrmsalor o6paThoil
JUIMHOM?

39. Kaxonpl BHEIIHUE BO3eiCTRIS, ¢ TOMOIIEBIO KOTOPBIX OCYLICCTRISETCS [TIABHAS
CPECTPOLKA YACTOTE! B MOIYIIPOBOIHIKOBEIX OIITHUECKIY reHeparTopax cpera?

40. C moMowusio kaxoro ycrpoifersa OCYIIECTBIACTCS TINABHAS! 1IEPECTPORKA YACTOTEL B
Ja3epax Ha KpacuTesax?

41. YTo HA3BIBAIOT CUTHANLHOMN BOJIHOM, & 1TO Ha3LIBAIOT XOJ0CTOH BOTHON? Kaxr
00pAa3OM YCHITUTEII: MOYKET OBITH [IPEBPAIICH B rereparop? KakoRo yenosue caMonosbymxiems
IPH HapaMeTprICCKo reHepanun cnera?

42. Kaxolf Biux uMerot ypasuernms Maxcsera JUTSU BOJIH, PACIPOCTPATSTOLINXCS B
HEMHCHROM cpeie B HECTAIIMONAPHOM CItydac B NPHOIOKEHHH MEUICHHO MEHSIOMHXCS
AMILTHTY]?

43. KaxoBbl yCIOBUS TPUMEHHMOCTH METOJA MCITICHHO MEHSIOLINXCSL AMIIUTYL B
(m3uxe BonHOBRIX Mponeccon? B kakom CIIYyHac OTKIIMK CPEJIbI CUUTACTCS JIOKAITHHBIM?

44. PacmipocTpanenie kakux BonH B CPCIE OIUCRIBACTCS! HECTALIMOHAPH LMY
YROPOHUCHHAIMU ypaBHEHHUIMK? J[JISl OMMCAHIS KAKHX OITHIECKHX IIPOTTECCOB HCTIONIB3YIOTCS
YPaBHEHHS n1apabouyueckoro tima?

45. HTo Ha3bIBAIOT AHCTIEPCHONBHIM pacrueIBanuenM? B ueM cyTL KBA3MOTITHYECKOra
IpUOIMIKEH KLY

46. Kaxon pesxym rexepainy sropoi TAPMOHMKY TIPH UCTTOTTE30BAHMH CREPXKOPOTKHX
Na3ePHLIX UMY ITHCOB?



47. lepeaucrure a(dexTr1, pacematpuBaembLe 1 HecTanmonaprom pexume. Kaxoit sy
MMECT mu( pepennuansapii OLEPATOP IIS HECTAIIMOHAPHOTO PeKiMa?

48. B uem cyrs s dexra rpyrimosoro salasasIBany g IMIyIILcos? Kakoit ruyr pmecet
BBIPQKEHHC JULsL paCCTPONKH MPYIIIIOREIX CKOpocTel mMIyIscos? I'pyiopoit cy HXPOHH3M?

49. Kaxue cpeypt vaspsaior nesopyxumun? Kax Hanpanierns APYT OTHOCHTENLHO Jipyra
BOIHOBOH BekTOp 1 Bekrop [loftuira p JTEBOPYKUX cpefax?

44. Kax opuentuponarp; APYT OTHOCUTENBHO npyra (Ghazonas u TPYILI0BAS CKOPOCTH B
JEBOPYKUX cpenax?

45. Kaxosa nmocnegosare s uoets METOJIOB NPUG/IHOIKCHHONO REIMMHCITCHI 1 3a/a1e o
HapaMeTPHICCKOM B3AUMOEHCTRIM BONIH ¢ YACTOM IPOCTPAHCTBEHHOIH Juciepeun B
NIEBOPYKHX cpejax?

46. Ilpu Brimorenuyn xaxoro YCIOBHUS BOSMOIKHEI UETHIPEX (JOTOHHplE npouecerr? [1pu
KAKUX yCIIOBHSIX BOSMOIKIO HEIMHEHHO-0NTHICCKOE CMCIICHTNE MaCTOT ¥ KAKOH BRI MMeeT
KO3DDUIMECHT HENUIEHITON cas3m TTPH METBIPEX POTOHKEIX Tporeccax?

47. KaxoBBl 0cOGeHHOCTH Ta303pIx HEJTUHEHHO-OITHYECKIX Cpejl?

48. Yro masearor HapaMETPHIECKAM ITpocBeTIeHreM? Kakony] TapameTpor,
ONPEICILTIONIME KOIMYECTRO POIKIEHHBIX (ororos npu rereparim TPETLEH TapMonuKy 16Iu3 K
pesonanca?

49. B xaxom adyexre NPOSIBIISICTCS HEJIMACH Has HATEPPEPEH IS ATOMBIX IIEPeExo108?
Kaxoit sppext o6ycnanupaer CABHI IBYX(POTOHIOI0 pesonanca?

50. Kaxona sypexrisuocts, npeodpasoranus B ripoieceay TPETLETO TOPS/KA | KaKue
IIPOLECCLl MOTYT HAPYIIHTS YCIORHE dasonsoro cunxpounsma 1 razax?

S1. Kakue mapamerpr OUPEACIAIOT IIOPOT BRIHYKICHITOr0 KOMGHHALLN OHHOTO PACCESHUS
(BKP) u o1 xaxmx TAPAMCTPOB CPEJIBT 3ABUCST YaCTOTE CIOHTATHOTO KOMORHAINOHHOT0
paccestHus?

52. Yro HaswIBaIoT cTOKCOBOIT KOMITOHEHTOH n3syyenns? Kax HATPaBIICHO ¢TOKCORO
matyaenue mpu BKP? Ot vero sapncur (hasa mMosexy B KONCGAK I tupn BKP?

53, Kaxue mpubimmxenms MCIIONB3YIOTCS IIPH BBIBOJE YPABHEH K reyepanim
BRITYIKNCHHOr0 KOMOHHAMOKHOTO paceesiis? Kakne napamerprr sxopsr i YKOPOHEHHEIE
ypasneuns, ouncrizaronmie BKP? Venonune HPCKPALICHUS POCTA AMILITHTY (b CTOKCOBO}
KOMITOHEHTEI.

54. Kaxum sripascenmenm OIUCBIBACTCS AMIUTUTY A AHTHCTOKCOBOH KOMITOHE HTRI? Kakoi
o dexr obycnanmunaet BEIHYKICHHOE AHTHCTOKCOBO KOMOHHAIONHOE paccestue?

55. Kaxos mopsox [IapaMeTputeckoro  npoiecea BOIHYIKIACHHOIO  aHTHCTOKCORA
KOMOMHALIHOHHOrO paccesnus? Kakona «3ATPABKa» CTOKCOBOMN KOMITOHEHTR 3 BKP?

56. Kaxoit aexr ONPEACIISACT BBIMONHENHE YCIORML HEKOMMHEAPHOT0 CHEXPOHM3 M
BEIHYIKICHHOTO alTUCTOKCOBA KOMOHHAMOHHOLO paccesiams?

7. YUEBH O-METOMUYECKOL U UH® OPMAIMMOHHOE OBECIIEYEHULR
JACITUTIIHL] (MOYJI5I)

a) ocHOBHAsT JUTeparTypa:
1. ®uswka. Bomsosas onixa, KsanToBas npupona HBITYHCHUSL, DIIEMEHTR ATOMHOH 1 ANEPHOU
(msmxu: Vues. moc, / C.1.Kysnenos, AMJlunep - 3-¢ na, nepepab. w gon. - M.: Byson,
yueb.: HUIT MHDPA-M, 2015 - 212 ¢.- 60x90 1/16.(1) ISBN 978-5-9558-0350-0,
2. Kynvuun, 10.H, Cospemeunas onrtuxa u (horouuka mamo- u MURPOCHCTEM [ DIICKTPOHHBTH
pecype] i —— Dnextpo, gan, — M. : Ouamariur, 2015, — 449 ¢,
3. baitkos, I0.A. Ksautonas MeXaBHRA [ ODNexTpoHH b1 peeype] : yuebuoe nocobue / [O.A.
Baitkon, B.M. Kysueros. - In1. 3. -~ M.: BUHOM, JaGoparopus suwanuit, 2013. - 29] C.. M. -
ISBN 978-5-9963-2121-6.
6) monosmurennuas JUTEpaTypa:
L. Pozanos, H.H, Henuneiinas ontnxa. Yacrs I Ypasuenus PACHpPOCTpateus UaIydeHus 1
HeMUHEHHBIN OTKIUK Cpejipn [OnexTporHLIM pecype]: yuebnoe nocobue, - OnexTpon. pan, -



Cn6.: HUY UTMO (Canxrt-IletepGyprexmit HallMOHAJIEHBIA HCCIIEI0BATEIIHCK I YHUBEPCHTET
HHPOPMALMOHHEIX TCXHONOTHH, MEXaHUKY U ontuku), 2008. - 100 c.

2. Axpowmeesa, T. C, CIpPyKTypBI 1 Xa0¢ B HeNMHEHHLX cpenax [OneKTpoHHEH pecype] / T. C.
Axpomeesa v 1ip. - M., : OH3MATIINT, 2007. - 488 ¢. - ISBN 978-5-9221-0887-4.

3. Henmunettnzle BonmoBEIR ypaBHeHuU: B ontrke / Kopens 1. - HosocuG.: HT" I1Y, 2010. - 40 c.:
ISBN 978-5-7782-1334-0.

B) EPHOIUIECKYE U3 AAHYS

1. KBanroBas anexrpomnxa: http://’www.quantum-electron.ru

2. Yenexu pusnyeckux Hayk: http://ufn.ru

3. XKypran texaudeckoit dusuxy u [ucrma B JKTD: http://journals.ioffe.ru/pj tf

B) HHTEPHET-PECYPCEL

L. http://www.laser.ru

2. http://www.cislaser.com

3. https://www.comsol.ru/events/

8. MATEPI/IAJII)HO-TEXHI/I‘IECKOE OBECHEYEHUE
AACIATLINHB] (MOIVJIS)

lpenonasanve  muenummmmes IPCIlyCMATPUBACT ~ NIPUMEHCHHE  MYJIbTHMEIUNHDLX
TIPE3CHTALNA ¥ KOMIIBIOTEPHLIX CHMYILIUH, 9TO obecneumBacTes IIPOBCNICHUEM 3aHATHH B
000pyROBAaHHEIX MYIbTUMERAUUHEIM  0GOpyaOBAHIEM aynuropusx xadenpsr OullM. [ng
obecriedeHns mposeners MIPaKTUIECKUX paboT HMEIOTCs KOMITBIOTEPHEIE KIIACCH Kadeap!
GullM.

AYIUTODHE JUIL TIPOBENEHHS 3amsThif OCHAIICHELl  COBPEMEHHEIMH INIEpPCOHALHBIMH
KOMITBIOTEepaMH, 00 LeIHHERHEIME B JIOKAJIBHYIO BEIMUCIHTENBHYIO CETh M YKOMIIEKTOBAHHBIMU
HEOOXONUMEIM CHCTEMHEIM 1 IPHKIaAHBIM [IPOTPAMMHEIM 06ecIiederneM.
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