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BBeneHue

Henrn w 3amauyMm  AUCHMIVIMHBL.  (QOPMHUPOBAHMH y  CTYJEHTOB
OpEJCTaBICHUA O MeToAax JWHAMUYEeCKOW rosorpa¢uu, HOPUMEHSIEMbIX B
KBAHTOBOM 3JIEKTPOHMKE M ONTHYECKOM 00paboTke MH(pOpMaLUU, U HU3YYCHHE
OCHOB TPUMEHEHHs TOJOTrpaQHUUEecCKUX METO/A0B, XapaKTEPUCTUK TOJIOrpamM,
YCIOBUM  rojorpauueckoi 3amucu B 3JEKTPOONTHUECKUX  KpHUCTaiax,
COBPEMEHHBIX YCTPONUCTB AMHAMUYECKOU roorpadpum.

Mecrto qucuumiiuebl B crpykrype OOIIL

Hucuumnuna «/luHamuyeckass rosnorpadus» - AUCHUIUIMHA O BBIOOPY
BapuatuBHoi yact (b.1.B.JIB.3.1) obpa3oBarenpHON mporpammbl Maructpa mo
HanpasieHuio «®otoHnka u ontomHpopMmaTukay, mnpodpuasr «DOTOHHKA
BOJIHOBOJHBIX, HEJIMHEHHBIX U MEPUOJAMYECKUX CTPYKTYP», H3y4aeTcs B TPEThEM
CEMECTpE U SIBJIETCA Ba)KHBIM KOMIIOHEHTOM NMPO(ECCUOHANIBHON MOATOTOBKH.

N3ydyenne nucuuiuiuHbl «JluHamudeckass rojorpadus» OCHOBAaHO Ha
(dyHIaMeHTaIbHON  (U3UKO-MaTEeMaTHUECKONM MOJArOTOBKE U 0Oasupyercs Ha
Marepyase AUCHUIUIMH MAaTEeMaTU4YeCKOIO0 M €CTECTBEHHOHAy4YHOI'O IMKJIA
«®Puzukay, «Maremaruka», «OnTuueckas ¢puznuka»», «Du3nuKa TBEPAOTO Teay,
«Pu3nyecKkue OCHOBbl KBAaHTOBOM M ONTHUYECKOM 3JIEKTPOHUKW» 0a30BOM
MOATOTOBKM OakanaBpoB mo HampasieHuto 12.04.03 (200700) «Ddoronuka u
ONTOMH(OPMATHKAY.

TpeGoBanus K pe3yJIbTaTAM OCBOCHMS M CHUILIUHBI

[Ipouiecc u3ydeHHs] OUCUUILIMHBI HAMpaBlI€H Ha BJAJCHHUE BBITYCKHHUKAM
CJIEIYIOUUMU KOMITETEHUIUSMM:

- CIIOCOOHOCTh K aOCTPaKTHOMY MBIIUICHUIO, OOOOIICHUIO, aHaIu3y,
crcTeMaTH3anuu U nporaozuposanuio (OK-1);

- CIIOCOOHOCTH (POPMYJIMPOBAThH LIETU U 337a4d MCCIEIOBAHUS, BBISIBIATDH
IPUOPHUTETHI PEILICHUS 3a/1a4, BBIOMPATh U co3/1aBaTh kputepuu orenku (OITK-1);

- TOTOBHOCTh OOOCHOBaTh AaKTyaJbHOCTb L€J€M M 3a1ady MHpPOBOJMMBIX
Hay4HbIX uccienoBanuit (ITK-1);

- CIIOCOOHOCTH OILIEHHMBATh HAyYHYI0 3HAUMUMOCTh M MEPCHEKTUBBI
NPUKIIATHOTO UCTIOBb30BaHus pe3ysibTatoB uccienaoBanus ([1K-3);

- CIOCOOHOCTh BIAJETh HABbIKAMU KOMIBIOTEPHOI'O MOJAEIUPOBAHUS
MH()OPMAIMOHHBIX CHUTHAJIOB M CHCTEM, CHHTE3a KOJOB, KOJUYECTBEHHOI'O
aHaJIN3a XapaKTepuCcTUK nHpopMaroHHbIX cucteM ([TK-4);

- CIIOCOOHOCTh COCTaBJISITh HOPMATUBHO-TEXHUYECKYIO JTOKYMEHTAIMIO Ha
MPOCKTHI, KX 3JIEMEHTHI U cOopounbie enuHuibl ([TK-16).

B pe3ynbTaTe 0CBOCHUS TUCUUIIIIUHBI CTYACHT JTOJKEH:

3HATh: XapaKTEPUCTUKHU TOJIOTPAMM; XaPAKTEPUCTUKH  PETHCTPUPYIOIINX
rojorpapuuecKux Cpej; CBOMCTBA HEIMHEHWHBIX KPUCTAIUIOB U OCOOEHHOCTHU
pacnpoCTpaHEHUs CBETOBBIX BOJH B HHMX; YCJIOBHMS 3allUCH TOJOTpaMM B
doTopedpakTUBHBIX KpUCTAIIAX;

yMeTh: TPOEKTHpPOBaTh rosorpagpuyeckue mOpuOOpbl HA  OCHOBE
HEJIMHEWHBIX KPUCTAJUIOB;

BJIa/IeTh: OCHOBHBIMHM METO/IaMU, IPUMEHSEMbIMH B royiorpaduu.



MeTtoauyeckue YKa3aHusda No uayvyeHno paspaenos AUNCUUNNMIIUHDbI

Tembl cpopMupoBaHbl B TMOPSAKE, MO3BOJISIONIEM MOCIEAOBATEILHO
OCBaMBaTh MaTepHUall C UCIOJIb30BaHUEM OMOIMOTEUHBIX M ceTeBbIX WHTepHeT-
pecypcoB. CamocrosiTenbHasi npopaboTka Marepuana  OlEHHMBAaeTCsl  Ha
KOHTPOJIbHBIX paboTax.

Paspen 1 OcHoBbI ronorpadumn
1.1 CopepxaHue pasgena

HepBBIe OIITUYCCKUC CXEMbI IJIA 3allMCU T'OJIOIPpaMM. CBeTOBBIC BOJIHEL.
Hpouecc 3allMCH KW CUYUTBIBAHUA TOJIOIPAMMBI. Cratnyeckas u JUHaAMH4YCCKasd
ronorpa(bml. OcCHOBBI IMPUMCHCHHA FOJIOI"pa(bI/I‘IeCKI/IX MCTOIOB.

1.2 MeToaunyeckue ykasaHus No U3y4eHuro pasgena

[Ipu wusydenuu pasnena «OcHOBBI Tonorpaguu» cieayer oOpaTUTh
BHUMAaHHE Ha ONTHUYECKUE CXEMBbI, IPUMEHSEMbIE B roIorpaduu; XxapakTepucTUKU
CBETOBBIX BOJIH; MPUMEHEHHUE TOJIOTPaPUIECKUX METOIOB.

1.3 Bonpocbl Ana camonpoBepKu

1. KakoBbI TUIIBI TOJIOTPAMM U B YEM UX OTJIMUUTEIIbHBIC CBOMCTBA?

2. Yrto Takoe nuHaAMHUYECKas rojiorpadus?

3. KakoBa dopmynupoBka MOHATHH «KOTEPEHTHOCTh HWCTOYHWKA H3ITYyUCHUSY,
«MPOCTPAHCTBEHHAS! M BPEMEHHAsi KOTEPEHTHOCTH)»?

4. Kak peanuszyercs cxema ['abopa?

5. Kak peanmmzyercs cxema Jlenucroka?

6. Uto Takoe crtaTuyeckas rojorpadus?

7. Yrto Takoe naTepPepeHimontas kaptuaa? Uto orpaHuYnBaeT ee pasmMephi?

8. Uro mpouzoiiner ¢ MHTEPPEPEHIIMOHHON KapTUHOW NMPU U3MEHEHHUH JJTUHBI
BOJIHBI cBETa?

9. Yto Takoe BUAHOCTh HHTEP(HEPEHIIMOHHOW KapTUHBI?

10. B uyeM cocTout siBieHre Audpakiuu cBeTa?

Pa3pen 2 TexHuka ronorpacgunyeckoro akcnepumMmeHTa
2.1 CopepxaHue pasgena

Jlasep ¥ OCHOBHBIE  XapaKTEPUCTUKH  JIA3€PHOTO  HM3JIy4YCHHS.
BcnoMorarenbHbie ONTHYeCKHE 3JIEMEHTHI TOJIOrpapuIeCcKOil YCTaHOBKH.

2.2 MeTtogunyeckue ykasaHusi o U3y4eHuro pasgena

[Ipn w3yuenun pasznena «TexHUKa TONOTPAPUIECKOTO HSKCIEPUMEHTA
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cienyer 06paTI/ITB BHUMAHHUC Ha TAKHUC XAPAKTCPUCTHUKH JIA3CPHOI'O H3JIYUCHUA,
KaK BPCMCHHAA U ITPOCTPAHCTBCHHAA KOI'CPCHTHOCTD, AIICPTYpPa BBIXOAHOI'O ITyYKa
H pacipCacJicCHuC HHTCHCUBHOCTH, SOHCPICTUYCCKUC ITapaMCTPhI; Ha OCOOCHHOCTH
IMMPUMCHCHUA OIITHYCCKUX OJICMCHTOB YCTAaHOBKH ronor‘pa(buqecmro
9KCIICPUMCHTA (J'IHHSI)I, IMOJIAPHU3aTOPHI, YCTBCPTHBOJIHOBLIC IIJTaCTUHKH,
IIOCKOITIapAJUICIIbHBIC IINTACTUHKH, 3CPKaJIa U T.I[.).

2.3 Bonpocbl Ansi camonpoBepKu

1. OnummTe NpUHLKI JEHCTBHUS U OCHOBHBIE 3JIEMEHTHI JIa3epa.

2. KakoBbI OCHOBHBIE TTaPAMETPHI JTa3EPHOTO U3ITYUCHHS?

3. Kakum pasmepom pe3oHaTOpa OMPEACISICTCS MEXMOJJOBBINA CIIEKTPATbHBIN
WHTEpBAJI Jaszepa?

4. bynyT nu uHTepdEepUpOBaTh JBa JIa3EPHBIX Iy4Ka, €CJIM Pa3HOCTb XOJa MEXIY
HUMHU NPEBBIIIAET AJUHY KOT€PEHTHOCTU?

5. Uem omiMuaroTcs Jasepbl, IOCTPOCHHbIE Ha OCHOBE HCIOJb30BaHUS
YEeTBIPEXYPOBHEBOI U TPEXYPOBHEBOM CXEM?

6. Kakue ncTouHUMKH CBETa MOKHO HAa3BaTh KOT€PEHTHBIMU?

7. JIn1s 4ero UCIoJIb3yI0TCS YETBEPTHBOIHOBBIE IJTACTUHKU?

8. CBeToUIbTPHI - KAKHE TUIIBI CYIIECTBYIOT U JUIsl UETO UCTIOIB3YIOTCS?

9. O0BsACHUTE IPUHIIUIIBI, UCIIOJIb3YEMBIE B MOJIIPU3aTOPAX CBETA.

10. 3anumuTe Gpopmynsl oTpaxkeHus: Openens.

Paszpgen 3 AMnnutyaHblie n cpasoBble rosiorpaMmmbl
3.1 CopepxxaHue pasgena

OcHOBHBIE XapaKTePUCTUKHU TOJIOTPaMMBI: b pakiuoHHas
3¢ (HEKTUBHOCTD, YIII0Bas U CIEKTpalibHasl CeNeKTUBHOCTh. OOBEMHBIE U TIJIOCKUE
rojorpammel. Judpakironnsie nopsaaku, nudpakmus bparra u Pamana-Hara.

3.2 MeToauyeckue ykasaHMs No N3yvyeHuro pasagena

[Tpu u3yuenun pazaena « AMIUTUTYIHbIE U (Da30BbIE TOJIOTPAMMBI» CIIETYET
o0OpaTuTh BHUMAHUE HA OCHOBHBIE XapaKTEPUCTUKHU TOJIOTPAMM.

3.3 Bonpochbl ana camonpoBepKu

1. Kakue tumsl rosiorpamm Bl 3HaeTe, 1 4eM OHU OTJIMYAKOTCS APYT OT Apyra?

2. Kak u3smensercs xapaktep Audpakiiid MOHOXPOMATHYECKOTO H3JIyYEHHUs Ha
00BEMHO TOJIOTpaMMe-PeIeTKE MPU U3MEHEHHUH JITTUHBI BOJTHBI?

3. UTo Takoe «CeNeKTUBHOCTh TOJIOTPAMMBbD)?

4. MoxeT i ObITh pa3HON YTJIOBas CENEKTHUBHOCTh Y OOBEMHBIX TOJIOTPAMM-
pPELIETOK ¢ OAMHAKOBOU TOIIIMHOMN?

5. Kak BnusieT Ha CENEKTHMBHOCTH TOJOTPAMMBI-PEHIETKH HW3MEHEHHE IEepHUojia
peueTku?
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6. KakoBbl mapaMeTpbl, XapaKTepu3yIOIIIe CBOWCTBA TOJI0rpaMm?

7. Kakuie roorpaMMbl Ha3bIBaIOT aMILTATYTHBIMU?

8. Ot yero 3aBucHUT nuppakimoHHAs YPHEKTUBHOCTh AMIUIUTYAHONU FOJIOTPAMMBI?
9. Kakwue romorpamMmbl Ha3bIBatOT (ha30BBIMU?

10. Yem oOycnioBiieHa nudpakiiys u3IydeHus Ha Gpa3oBoi rojorpamme?

Paspen 4 [OudpakumoHHaa 3¢p¢dpeKTMBHOCTL OOBLEMHOMU
c¢azoBoun ronorpammbli
4.1 CopepxxaHue pasgena

Ycnous  bparra.  udpakumonnas sddextuBHOCTs, ([ID) 00BEeMHOU
¢$a30Boii roJIOrpaMMmBl.

4.2 MeTogu4yeckue YKa3aHus No uay4yeHuo pasgerna

[Ipn wu3yuenun pasnena «Audpakumronnas 3¢dexTuBHOCTE 00BEMHOM
dazoBoii ToONOrpaMMbl» clieayer oOpaTuTh BHUMaHue Ha JID oObeMHOMI
rojorpaMMbl TpU BBINOTHEHUH YycinoBud bparra, 1D ToHkux ¢Ga3oBbIX U
aAMIUTUTYIHBIX rojiorpaMM, JID 00beMHBIX ()a30BBIX M AMILUIUTYAHBIX TOJIOTPAMM,
MakcuMaibHble 3HaYeHUs JID (Pa3oBbIX U aMIUIUTYAHBIX TOJOTpaMM (TOHKUX U
00bEMHBIX).

4.3 Bonpochbl Ansi camonpoBepKu

1. Kakue rosorpaMMbl Ha3bIBalOT 00BEMHBIMU?

2. KaxoBbI OCHOBHBIE CBOMCTBA OOBEMHBIX TOJIOTPaAMM?

3. HMaiite onpenenenue qudpakiiioHHON 3PHEKTUBHOCTH TOJIOTPAMMBI.

4. JlaviTe onpeneneHue ycioBus bpoarra.

5. Byner nu MEHATbCSI Ka4eCTBO MPOCTPAHCTBEHHOW (DUIbTpAIIMU U3ITyUYCHUS TPU
U3MEHEHUHN AUPPAKIUOHHON 3PGEKTUBHOCTH TOJIOTPAMMBI, €CJIH TOCIETHION0
UCII0JIb30BATh B KAUE€CTBE ONTUYECKOTO GuiIbTpa?

6. Bo3moskHO 1 osmydeHue rojgorpamme ¢ [12 > 17

7. Kak wu3MeHsieTcs Ka4yecTBO (HIIbTpaluu ¢ yBEJIMYECHHUEM AUGPaKIHOHHOM
3¢ (HEKTUBHOCTH TOJIOTPAMMBI, €CIM TOCJIEIHIOI HCIONb30BaTh B KauyeCTBE
onTHU4ecKoro GpuiabTpa?

8. Uem xapakTepu3yeTcsi «BHEOPITTOBCKOE» CUUTHIBAHUE TOJIOIPAMMBbI?

9. Kakoe wmakcumanbHOe 3HadyeHue JID Moxker umeTh oOBeMHas ¢azoBas
rojiorpamma?

10. B d4em 3akiouaercs  CJIOKHOCTH  ompefeneHus  AudpakiMOHHOM
3¢ HEeKTUBHOCTH 11 00BEMHON TOJIOTPaAQUIECKON PEIICTKH?
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Pazgen 5 Peructpupymwwme cpeabl Ana ronorpadunyeckon
3anucu
5.1 CopepxaHue pasgena

OcHOBBI dboTopedpakTUBHOTO s dexra. 3oHHas MOJENb
dboTopedpakTUBHOTO KpUCTAILIA.

5.2 Metogun4yeckue ykasaHusi o U3y4eHuro pasgena

[Tpu m3ydennn pazaena «PerucTpupyromme cpeasl s rojorpadudecKoi
3aMucK» CleAyeT 00OpaTUTh BHUMaHKE Ha (PU3UUECKUE MPOIIECCHI, 32 CUET KOTOPHIX
MPOUCXOUT (POPMUPOBAHHE TOJIOTPaMM B GoTOpedPaKTUBHBIX CpeaXx.

5.3 Bonpocbl ana camonpoBepKku

1. Kakue mpoiiecchl B ONTHUKE CYUTAIOTCS HEJTUHEHHBIMU?

2. B xakux cpenax BO3MOXHBI HETUHEHHBIE MPOIIECChI?

3. Kakue Tumel B3aMMOJIEHCTBHI CBETOBBIX BOJIH B HEJIMHEHHBIX ONTHYECKUX
KPHUCTAJUIAX BbI 3HAETE?

4. B yeM 3akitodaeTcs SIBJICHUE MPOCBETIICHUSI ONTUYECKOU Cpesibl?

5. B ueM 3akmouaercs poTopedpakTuBHbINA 3HPEKT?

6. Kakue romorpaMMbl Ha3bIBAIOT MPOITYCKAIOIIUMHU, KaKO€ B3aWMOICHCTBHE
HA3BIBAIOT TIOMMYTHBIMH?

7. Yrto mpencraBiseT coO0M pemnreTka M3MEHESHHsI ITOKa3aTess IPETOMIICHMS ?

8. Hapucyiite sHepreTudeckyto nuarpammy (Hotope@pakTUBHOTO KpHUCTaIIA IS
OJIHOYPOBHEBOW MOJIENIM 30HHOTO TIepepaclpeieiCH s 3apsia.

9. [lepeuncnure ocHOBHBIEC 3D (PEKTHI TMHAMUYECKOU ToJIoTpaduu.

10. Yto Takoe riryorHa MOIYJIAIIMA MHTEHCUBHOCTH?

Paspen 6 OcobeHHOCTU pacnpoCcTpaHeHUs1 CBETOBbLIX BOJIH B
KpucTannax
6.1 CopnepxaHue pasgena

OIHOOCHBIE W JABYOCHBIC KpUCTAIUIBI. JIMHEMHBIA BIEKTPOONTHYECKUN
adpdexr. Moaymsiusa mokazatessi npesoMiieHus. TeH30p ANEKTPOONTHYECKUX
kodpdunrenToB. OnTuyeckass akKTUBHOCTb.

6.2 MeTtoaunyeckue ykazaHusi o U3y4eHUIo pasgena

[Tpu nzyuenuu paznena «OcOOEHHOCTH PACTIPOCTPAHECHUSI CBETOBBIX BOJIH B
KpUCTaJUIaxX» CJIeyeT OOpaTHTh BHUMAHHWE HA TMPOIIECCHI, MPOUCXONAIINE B
OJIHOOCHBIX M JIByOCHBIX KpHUCTAJIaX MPHU MPOXOXKJICHUH 4YEepe3 HUX CBETOBBIX
BOJIH, Ha CBOMCTBAa OJHOOCHBIX M JIBYOCHBIX KPUCTAIJIOB, OIHUCHIBAEMbBIX
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TCH30paMH BTOPOTI0 U TPETHCT'O PAHTOB.
6.3 Bonpochbl ans caMonpoBepKu

1. Yto Takoe ONTUYECKU aKTUBHBIE CPE/IbI?

2. Yto Takoe onTuyeckas och?

3. B xakoMm cityyae 0OBIKHOBEHHBIM U HEOOBIKHOBEHHBIN JTy4H PaCpOCTPAHSIOTCS
B Kpucrasie?

4. Or yero 3aBUCUT YroJl IMOBOPOTa IUIOCKOCTH TMOJSPH3aLUMU B Cpegax c
€CTECTBEHHOM ONTUYECKON aKTUBHOCTHIO?

5. B uem 3axmouaetcs 3¢ ekt [lokkennca?

6. Kakue snextpoontuyeckue Kpuctauibl Bam uzBectoi?

7. 3a cyer 4dYero TMPOUCXOAUT MOAYJISAIUS TOKa3aTels NPEIOMIICHUS B
doTtopedpakTUBHOM KpHUCTAILIE?

8. UeM xapakrepu3yercs B3aUMOJCICTBIE CBETA C aHU30TPOIHOM Cpesion?

9. B uem coctout apdext Keppa?

10. Kakoit 3ddexT mgaeT OCHOBHOM BKIJIaJL B HW3MEHEHUE IUAIJICKTPUUECKOU
HENPOHUI[AEMOCTH HELIEHTPOCUMMETPUUYHBIX KPUCTAUIOB MPHU MOMEIIEHUN €ro B
AIIEKTPUYECKOE 1oJIe?

Pa3pen 7 lNepepacnpegeneHne 3apsaaoB B KpucTtanne
7.1 CopepxaHue pasgena

Hubdy3uss m  apeitd >IEKTPOHOB BO BHEIIHEM IOCTOSSHHOM TIOJIE.
dopMupoBaHUE TOJIA MPOCTPAHCTBEHHOrO 3apsaa. O((PEeKT HacChILEHUsS MO
IPOCTPAHCTBEHHOTO 3aps/a.

7.2 MeToauyeckue ykasaHuA No U3y4vYeHUto pasgena

IIpn wusydyenun pasnena «llepepacnpeneneHue 3apsioB B KPUCTAILIE»
cleyeT OoOpaTuTh BHHMAaHHE HAa MEXaHU3Mbl (OPMHUPOBAHUSA JUHAMUYECKUX
rojorpaMM B (oTopePpakTHUBHBIX KpUCTAUIAX MPH MPUIIOKEHUUA BHEIIHUX
NIEKTPUUECKUX TOJed K HUM, Ha JUHAMHUKY (OPMHUPOBAHUS  TOJIA
MPOCTPAHCTBEHHOTO 3apsAna B (OTOpePpakTUBHBIX KpHCTAUIaX BO BHEIIHEM
AIEKTPUYECKOM MOJIE.

7.3 Bonpocbl 4ns camonpoBepKu

1. KakoBbl OCHOBHBIE OCOOCHHOCTH OJIHOYPOBHEBOW MOJIETH 30HHOTO TEpeHoca
3apsIIOB?

2. 3a cder 4Yero oOecmeunBacTCs IJICKTPOHEUTPATHHOCTH (HOTOpeHPaKTHBHOTO
Kpuctaya’?

3. Uemy paBHa BEpOATHOCTH (POTOBO3OYKIEHUS OJIHOTO JIOHOPA B EIUHUILY
BpEMEHU?

4. Yemy paBeH 00beMHBIHN 3apsif B (hoTopedpakTHBHOM KpHUCTAILIE?
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5. 3a cyeT 4ero nepeMeniaeTcs JIEKTPOH B 30HE MPOBOAUMOCTH KpUcTaia?

6. UTo MpOUCXOIUT C YBEIMUECHUEM KOHTPACTa HHTEPPEPEHIIMOHHON KapTHHBI?

7. Jlns xakoW Tend K KPUCTATy NPHKIAIBIBACTCS BHEUIHEE ITOCTOSHHOES
DIIEKTPUIECKOE ToJIe?

8. Kakoil xapakTep HMeEeT YCTAaHOBIICHHWE CTAI[MOHAPHOTO 3HAYCHHUS IIOJIS
IPOCTPAHCTBEHHOTO 3apsga TMpU TMPUIOKEHUH K KPHUCTAJUTy BHEIIHETO
MIOCTOSTHHOTO TTOJIsA?

9. Korma mocturaercss MakCUMyM TE€pPBOMl TapMOHUKU TOJII MPOCTPAHCTBEHHOTO
3apsa npu 1udy3noHHOM MEXaHU3ME 3aIMCH TOJIOTPaMMBI?

10. Yem ompenensercss BpeMs )KU3HU JIEKTPOHA B 30HE TPOBOAUMOCTH?

Pazpgen 8 Cucrtema ypaBHeHUN, ONUCLIBAKOLWKUX NpPoOLEeCcC 3anucu
ronorpamMmmbl
8.1 CopepxxaHue pasgena

YpaBHeHUs IS TIOJISI IPOCTPAHCTBEHHOTO 3apsijia B MPUOIMKEHUHA MAaJIOTO
KOHTpacTa UHTep()EepeHIIMOHHON KapTHHBI.

8.2 MeTtoaun4eckue YKa3aHuUsda No uay4yeHUo pasgerna

[Ipn m3yuyenun pasnpena «Cucrema ypaBHEHWM, ONMMCBHIBAIOIIMX ITPOLECC
3alMCH TOJIOTPAMMBI» CIIEyEeT OOpaTUTh BHUMAHUE Ha BBIBOJ YpaBHEHUS JIs
JUHAMUKH TIOJISI MTPOCTPAHCTBEHHOIO 3apsija B YCIOBUAX MPUOIMKEHHS MaJlbIX
KOHTPAacTOB UHTEP(HEPEHIMOHHOW KapTUHBI.

8.3 Bonpocbl Ana camonpoBepKu

1.  Jlns  dYero  WCHONB3YIOTCS  MPUOMIKEHHS ~ MalbIX  KOHTPacTOB
uHTEepPEPEHIIMOHHON KapTUHBI MIPU aHAJIN3€ Mpoliecca rojiorpaduueckoii 3ammucu?
2. Kakve rapMOHUKH B MPOCTPAHCTBEHHOM PACHpPEICICHUN 3JIEKTPUUECKOTO MMOJIs
UTPAIOT 3aMETHYIO POJIb B MPOIIECCE 3aIUCH TOJIOrPaMMBbI MPU OOJBIIMX ITyOMHAX
MOJTYISILIMH ?

3. KakoBbl ocobeHHoCcTH MU dy3MOHHOT0 MeXaHu3Ma 3anucu GporopedpakTHBHON
pelIeTK: B MPUOIMKEHNN MaJIbIX KOHTPACTOB?

4. Kak omnucare (opmupoBanue ¢GoTopedpakTUBHOW PEHIETKM BO BHEIIHEM
ANEKTPUYECKOM I0JI€ B IPUOIMKEHUN MaJIbIX KOHTPACTOB?

Pazgen 9 CtaumMoHapHble ycnoBus rosiorpacuyeckou sanmcu
9.1 ConepxaHue pasgena

Jubdy3ronnbIit U qpeioBbIii MEXaHW3M 3alMUCH BO BHEITHEM TTOCTOSIHHOM
nosie. DOTOBOJIBTANYECKUM MEXAHW3M 3alMUCH. AMIUIUTYJa TOJIOTPAMMBI TIPU
CTAIMOHAPHBIX MEXaHU3MaX 3aIHCH
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9.2 MeTtogunyeckue ykasaHusi o U3y4eHUIo pasgena

[Ipn wu3ydyenun pasnena «CTanuoHApHBIE YCIOBUSI ToJjorpaduyeckoin
3aMucKuy» ClieyeT oOpaTUTh BHUMaHUE Ha PA3IMYMs B UCIIOJb3YEMbIX MEXaHU3MaxX
dbopMHpOBaHUs roJIOTpaMM B POTOPEPPAKTUBHBIX KpHUCTAIIIAX.

9.3 Bonpochbl ansi caMonpoBepKu

1. Kak BozHukaet aud¢y3uoHHbII TOK B (HOTOpEdPaKTUBHBIX KPUCTAILIAX ?

2. B yem npuunHa BOZHUKHOBEHUS IPOCTPAHCTBEHHOTO 3apsaa B KpucTasuie?

3. BenenctBue uero BosHuKaeT aperioBbiii TOK B hoTopedpakTHBHOM KpHUCTAILIE?
4. Kak nampaBnensl apeiidoBbii U 1ud(Gy3MOHHBIH TOKH OTHOCHTEIBHO JIPYT
apyra?

5. Korma BemuuMHa 1o0JsI NPOCTPAHCTBEHHOI'O 3apsja JOCTUTAE€T CBOEro
CTAllMOHAPHOTO 3HAUYEHUsA?

6. KakoBbl HETOCTATKH JIpePOBOro MexaHn3Ma 3anucy rojJorpaMmbl?

7. Kak yctpansercs 3¢p¢dekT s3KkpaHupoBaHUs NpU Apei(hOBOM MEXaHU3ME 3aIUCH
rOJIOTPAMMBI?

8. B pe3ynpTaTe uero B KpucTajljle yCTaHABIUBAETCA (POTOBOIBTAUYECKOE 1OJIE?

9. Yto 03HayaeT cTallMOHAPHBINA PEKUM 3aIIUCH TOJIorpamMm?

10. KakoBbl cCTalMOHApHbIE aMIUIUTYABl AU(PPY3HOHHBIX H  IpeioBBIX
roJIoTpaMm?

Pazpgen 10 HecrtauuoHapHble ycrnoBusi ronorpadunyeckon
3anucu
10.1 CopepxaHue pasgena

berymas untepdepeHnonHas KapTUHA WIM MEPEMEHHOE JJIEKTPUUYECKOE
MoJI€ Ha KpHUCTaie. AMIUIUTYJA TOJOTPAMMbl ITPU HECTALMOHAPHBIX MEXaHU3MaX
3aIMCH.

10.2 MeToauyeckume ykasaHuUA No U3yvyeHuo pasgena

[Ipu wuszyuenun pazgena «HecrtanuonapHbie ycnoBusi rojorpaduueckoit
3amuch»  cleAyeT  OoOpaTuTh BHHMMaHME€ Ha  3alHMCh  TOJOrpaMMm B
dboTopedpakTUBHBIX KpUCTAIIaX MPU MPUIOKEHUU BHEIIHETO 3HAKOIIEPEMEHHOTO
noJis W C MCHOJb30BaHWEM Oeryiieid HWHTEepPEpeHIIMOHHOW KapTUHBI TpHU
MOCTOSIHHOM BHEILIHEM I10JI€.

10.3 Bonpocbl Ans camonpoBepKu

1. Yto 03HaYaeT HeCTAIMOHAPHBIN PEKUM 3aMKICH TOJIOTPaMM?

2. J1y1s1 4ero UCToib3yITCS HECTAIIMOHAPHBIC YCIOBHSI 3aITMCH TOJI0TpaMM ?

3. KakoBa ¢wusmka mpomecca  rojorpaduueckod  3ammcu  Oerymiei
uHTepPEPEHITMOHHON KapTUHBI B (OTOpePAKTUBHBIX KPUCTAIIIAX ?
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4. Korga nocturaercs MakCUMyM CTallMOHAPHON aMIUIMTYJbI FOJOTpaMMbl HpH
OpWIOKEHUU K (GoTopedpakKTUBHOMY KPHUCTALUTy BHEIIHETO 3JIECKTPUUYECKOTO
nos?

5. Korma pocruraercss MakCUMyM aMIUTUTYAbl TOJIOTPAMMBbI, 3aIUChIBAEMOM
oerymieit nHTepPEpPEeHITMOHHON KapTUHON?

6. B kakux KpucTamiax €CTh BO3MOKHOCTH 3allUCH PE30HAHCHBIX Oeryumx
roJiorpaMm?

7. Kakve 3HaKONepeMEHHbIC MOJISI UCIOJB3YIOTCS JI HECTAIIMOHAPHOW 3amucHu
rojiorpamm?

8. IlpeBwimaer M aMIUIMTyJa TOJOTPAMMBI, 3allMCaHHAas BO BHEITHEM
CUHYCOUJAJIBHOM II0JI€, aMIUIUTYAy CTallMOHAPHON TroJIOrpaMMBbl, 3allMCAHHOW B
MIOCTOSTHHOM T10J1€?

9. Kak BIUSIOT KOHTAKTHI HA MPOIIECCHI 3aIMMCH TOJIOTPAMM BO BHEIITHEM IT0JIE?

10. Korpma wucnosib30BaHHe CTAllMOHAPHOW HHTEPHEPEHIIMOHHOW KapTHUHBI IS
3alUCHU TOJIOTPAMM HE SIBJISIETCS ONTUMAIIbHBIM?

Paszgen 11 MexaHM3M CUHXPOHHOro AeTeKTUpoBaHUsA Oerywien
UHTepdepeHUMOHHON KapTUHbI
11.1 CopepxaHue pasgena

[onmorpaduyeckass 3anmuch TMPU CHUHYCOMJAIBLHOM WJIM  MEaHIPOBOM
3HAKOTIEPEMEHHOM  [0JIe, TPWIOKEHHOM K  KpUCTaLTy, JJsi  Oeryien
uHTEePHEPEHIIMOHHON KaPTUHBI.

11.2 MeTtoauyeckue ykasaHuA nNo u3yvyeHuto pasgena

IIpyu wu3ydyeHnn pasgena «MexaHU3M CHHXPOHHOIO —JETEKTUPOBAHUS
oerymeil HHTEp()EPEHUUOHHON KapTUHBD) CIEAyeT OOpaTUTh BHUMAaHUE Ha
MEXaHU3M IepeHoca 3apsa B 3HAKONEPEMEHHOM I10J1€, BAPUAHTbI CUHXPOHU3AIUU
oeryiieil nHTepPEePEHIIMOHHON KapTHHBI ¢ (POPMUPYEMOI TOJIOrPAMMOMA, BIUSHUE
KOHTAKTOB Ha Ipoliecchbl ((OPMUPOBAHUS 3apsiia.

11.3 Bonpochbl Ans caMmonpoBepKu

1. Kakoif MexaHu3M nepeHoca 3apsjia nmpeodaaaacT mpy MPUIOKEHUN K KPUCTAILTY
3HAKOIMEPEMEHHOTO TOJISI?

2. Kakoif xapakTep HMEET TOK, MPOTEKAIOIMNA dYepe3 KpUCTaul, B Ciy4yae
3HAKOIMEPEMEHHOTO TOJISI?

3. U3 xakoro ycioBusi BRIOUpAETCS IEPUO]] IEPEMEHHOTO TIO0JIs1?

4. Yto mpencTaBisieT COO0N «PEeKUM CTAIIMOHAPHBIX KOJICOAHUI» ?

5. Byner nu cABMHYTO B MPOCTPAHCTBE paclpeiesieHue MepBOd rapMOHUKH TOJIS
MPOCTPAHCTBEHHOI'O 3apfA/ia TOJOrpaMMbl OTHOCUTENBHO HHTEpPhHEPEHIIMOHHON
KapTUHBI TIPU  MPUIOKEHUU BBICOKOYACTOTHOTO  BHEIIHETO  HAIPSKEHUS
npsiMoyroJibHOM (hopmbl? Eciu cIBUHYTO, TO Ha CKOJIBKO?
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6. KaxoBel mpeumymiecTBa (QOPMHUPOBAHUS TOJOTPAMMBI BO  BHEIIHEM
BBICOKOYACTOTHOM I10JI€ IPSIMOYTOJIbHOM (POpMBI?

7. Kakue 3HaKonepeMEeHHbIE IOJIA MCIOJIb3YIOTCS JJI HECTAMOHAPHOW 3alHCH
roJiorpaMm?

8. KakoBel BapuaHThl CHUHXPOHH3ALMU HHTEPPEPEHLUUOHHONW KapTUHBI C
roJIorpamMmoi?

9. Kak [1ocTHub «OCTaHOBKM» TOJOTPaMMbl JJIsi CHUHXPOHH3AaLUU €€ C
uHTEep(hEepEHIIMOHHON KapTUHOW1?

10. Bynmer nu uMeTh MECTO HKPAaHHPOBKA BHEIIHErO TIOJS HEOCBEIICHHBIMH
00JacTAMU  MEXDIJICKTPOAHOTO TMPOMEXKYTKa TMPH 3allCH TOJIOTpaMMBI B
3HAKOIEPEMEHHOM I10J1e?

12 CpaBHeHue MexaHU3MOB ronorpacdpuyeckom 3anucu AOnA
coTopedpakTUBHbLIX KPUCTANSIOB pPa3fiIMyYHbIX TUNOB
12.1 CopepxaHune pasgena

CpaBHeHHE MEXaHM3MOB TOJIOTPA(PUUSCKON 3alUCH ISl Pa3IUYHBIX THIIOB
dboTopedpakKTUBHBIX KPUCTAJIIOB.

12.2 MeToanyeckue ykasaHus K MU3y4eHUI0 pasgena

[Ipu wusydyenun pazgena «CpaBHEHHE MEXaHU3MOB ToOJIOrpaPUUECKOM
3amucu  JIsi  POTOpedPaKTUBHBIX KPUCTAIUIOB PA3IMYHBIX THUIIOBY»  CIEIYET
oOpaTUTh BHUMaHWE Ha (PUINYECKHE U TroJiorpaduueckrue XapaKTEPUCTUKU
dboTopedpakTUBHBIX KPUCTAIIOB, UCIIOJIB3YEMbIX B JUHAMUYECKOM roorpaduu.

12.3 Bonpocbl Ans caMmonpoBepKu

1. Ilepeuncnure XapakTepuCTUKH (POTOpPEPPAKTUBHBIX CpEl, CBSI3AHHBIE C HX
(GyHKIIMOHATLHBIMEU CBOMCTBAMU.

2. laitTe omnpeziesieHne nepeaaTouyHoN PyHKITUH.

3. KakoBo omnpezenenrne 4yBCTBUTEILHOCTH POTOpEdPAKTUBHBIX Cpe?

4. Yem ompepensercst ObicTpoeiicTBue hoTopedpakTUBHBIX Cpel?

5. Ot yero 3aBUCHUT CKOPOCTh (hOPMHUPOBAHUSI TOJOTpaMMBbI B (hoTOpedpakTUBHOM
kpucramie (PPK)?

6. Kakum 00pa3oM MOXHO YCKOPUTH IPOLIECC CTUPAHUS TOJIOTPAMMBI?

7. Yto ompenensieT CKOpOCTh €CTECTBEHHOTO CTUPAHMS B KpUCTasLie?

8. Kakme wMexaHW3MBbl 3amuCH TOJOTPaMM XapaKTepHbI I  KPUCTAJLIOB
LiNbOs3:Fe, LINbO;:Cu, LiTaOs:Fe, LiTaO5:Cu?

9. Kakrie MeXxaHHM3MBbI 3aITMCH TOJIOIPAMM HCIOJIB3YIOTCS B Kpuctamiax BipSiOy,
BilZGEZOOIO’ BilgTiOZO?

10. KakoBbI ronorpadguieckue XapakTepUCTUKH TOTYTPOBOAHIUKOBEIX DPK?



16

13 OHeproobmeH un ycuneHve npuv B3aMMOAEUCTBMM BOJSIH B
¢oTopedppakTUBHLIX KpUcTannax
13.1 CopepxaHue pasgena

VYpaBHeHus cBs3aHHBIX BOJH. Camonudpakius CBETOBBIX BOJIH Ha
dotopedpakTuBHbIX Trojorpammax. [lpuOmmkeHue HEUCTOIIAEMON HaKAUKH;
nepekauyka aMIDIMTYAbl W (a3pl MpH  JIBYXBOJHOBOM  B3aMMOJCHCTBHHU.
OHeprooOMeH NpH B3aMMOJEHUCTBHM BOJH Ha JIMHAMHUYECKOW TOJIOTpaMMe s
YUCTO HEJIOKAJIBHOI'O OTKJIMKA.

13.2 MeToamnyeckue ykasaHus K U3y4yeHuio pasgena

[Ipu m3ydeHuu paszzpena «IHEProoOMEH M YCWJIEHHME IpPU B3aWMOJAECUCTBUU
BOJH B (oTopedpakTUBHBIX KpHUCTaliax» CleIyeT OOpaTUTh BHUMAaHHE Ha
npouecchl caMoaudpakiuuu B (GoTopepakTUBHBIX KPUCTAJUIAX MPU MPHIOKEHUN
BHEILHUX JIEKTPUYECKUX NOJIEH U 0€3 TPUIIOKEHUSI BHEITHUX TOJIEH K HUM.

13.3 Bonpochbl ana camonpoBepKu

1. 3a cuer 4ero MpoMCXOIAT M3MEHEHUS MHTEHCUBHOCTU BOJIH, (DOPMHPYIOIIUX
roJiorpammy?

2. B yem 3akmrogaercs siBIEHUE caMOAUPPAKIIIH Ty9IKOB?

3. IIpm kakoM yCIOBHMM TMPOUCXOTUT TepeKauyka SHEPTUU W3 OJHOW BOJHBI B
Apyryo?

4. Korga OyaeT npoucxoauTh nepekayka (a3bl U3 0JJHON BOJIHBI B APYTYIO?

5. Uro Takoe HecMmenieHHas ¢poTopedpakTUBHAs perieTka?

6. Uto xapaktepusyeT kodpdumment ycunenus GPK?

7. Onuimure KoJibLIEeBON T'eHepaTop Ha OCHOBE JBYXBOJIHOBOTO B3aUMO/IEHCTBUS.

8. OnuiuTe siBIeHUE 0OpaIeHus: BOJIHOBOTO (PpoHTAa.

9. Kak peasin3oBaTh 4e€THIPEXBOJTHOBOE B3aUMOCHCTBUE HA (Pa30BBIX pEIIETKAX ?
10. Ilpu kakux MeXaHU3Max 3alHUCH TOJIOTPAaMMBbl OCYIIECTBISIOTCSA IEepeKayka
MOIITHOCTH U (ha3bi?

14 Tembl ANsi cCaMOCTOATENIBHOIO N3y4YeHU s

Tembl 17151 CaMOCTOSTENTLHOTO U3YUYEHHUsT 0000IIaI0T MPHUOOPETECHHBIC 3HAHUS
U TIO3BOJISIIOT CTYJEHTY CaMOCTOSITEIBHO pelmaTh 3aJadyd, CBSI3aHHBIE C
(GbopMHpOBaHWEM W BOCCTAHOBJIICHHEM TOJIOTPAMM M B3aUMOJCHCTBUIO CBETOBBIX
NMyYKOB Ha JUHAMUYCCKHUX TojorpaMMax. TemaTHKa CaMOCTOSTEIbHBIX pPadboT
IpernoiaraeT yriiyoJIeHHOEe H3yueHUE HIDKE TIPEIOKCHHBIX TEM:

1. XapakTepuCTHUKH PETHCTPUPYFOIIMX Cpe: nepeaaToyHas
XapaKTEPUCTHKA, YYBCTBUTCIBHOCTh, HEJIMHECHHOCTh, YaCTOTHO-KOHTpPACTHAsS
XapaKTEPUCTHKA, pa3peIIeHUE, IITyMBI.
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2. T'anounocepedpsiHbIe (oTOUYyBCTBUTEIHHBIE CJIOU.
®OoTONOMYNIPOBOAHUKOBBIE  TEPMOIUIACTUYHBIE CJIOM. MAarHuTHbIE IUJICHKH.
®DOoTOXpOMHBIE Cpeb

3. OcHOBHBIE IPEUMYILIECTBA TOJOrpadpuuecKkoil HUHTEpHEPOMETPUN

4, Metoa AByX 3Kcno3uidii. Meto rosjorpadudeckoit nHTepepoMeTpun
B PEAJIbHOM BPEMEHU

5. Meron ronorpaguyeckoil HMHTEPPEPOMETPUU C YCPEIHEHHUEM BO
BpPEMEHHU

6. [onorpaduueckas uHTEphEepOMETpUs C MOAYIALMEH (a3bl OMOPHOTO
my4Ka

7. Ucnonb3oBanne B rojorpaduueckoii  BUOpouHTEphEpOMETpUn
PEBEPCUBHBIX CpeJl

8. T'onorpaduueckue KOppeIsITOPHI

9. Hcnonp3oBaHue rojorpaguueckux METOJOB Ul YIyYILIEHUs KadyecTBa
U300paXKeHHsI B ONTHUECKUX CUCTEMax

Crynent 3amumiaer pedepar Mo BBHIOpAaHHOW TeME€ Ha MPAKTUYECKOM
3aHITHH.

15 TeMbl NPaKTUYECKUX 3aHATUN

e (CgeroBbIe BOJHEIL. [Iporiecc 3anmvcu ¥ CYNTHIBAHKS TOJIOTPAMMBI.

Jlasep ®  OCHOBHBIE  XapakTEPUCTHKHA  JIA3EPHOTO  HM3IYUYCHUS.

BcnoMorarenbHbie ONTHYECKHE 3JIEMEHTHI TOJIOrpapUIecKO YCTaHOBKH.

Hudpakunonnas 3¢ppexTuBHOCT, 00beMHOMN (Ha30BOI TOJIOTPAMMBI.

Oco0OEHHOCTH PaCTIPOCTPAHCHHS CBETOBBIX BOJIH B KPHCTAJIIaX.

[Tepepacnpenencaue 3apsSa0B B KpUCTAILIE.

Juddy3noHHpIE MeXaHU3M U JAPEH(POBBI MEXaHU3M 3allMCH BO BHEIIHEM

MOCTOSTHHOM TIOJI€.

o [onorpaduueckas 3amuch TNpPU CHHYCOMJAAIBHOM U  MEaHIPOBOM
3HAKOMEPEMEHHOM IT0JI€, MPUII0KEHHOM K KPHUCTAJLTY.

e DHEpProoOMEH U yCHJICHHE TIPU B3aUMOJICHCTBHUN BOJTH B KPUCTAILTIE.

15.1 CBeToBble BOsfHbI. [lpoueccbl 3anMcU U CYUYMTbIBAHUA
roriorpamm

15.1.1 Mpumepbl peweHUa 3apga4y no teme «CBeTOBble BOJSIHbI.
Mpouecchbl 3anMcn N cYNTbIBaHUA rosiorpaMmm»

3apauya 1. /[Be miiockMe MOHOXpPOMATHYECKHUE BOJIHBI 1 ¥ 2 ¢ IJIMHON BOJIHBI
A =532 um u ammurynamu E =10 B/m u E ; =100 B/Mm, nonspuszoBaHHble B

miockoct XY, pacmpoCTpaHsioTCS B BO3AYHIHOW cpene W (GOPMHUPYIOT
rojorpaMmy Ha (OTOIUIACTHHKE, TOHKHUHA (OTOSIMYJIBCHOHHBINH CIIOM KOTOpPOM

—

pAacIoNokKEeH B Havasle KOOPMHAT B IIOCKOCTH XZ. BoiHOBBIE BeKTOpHI BONH K, 1
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OPUEHTHPOBaHbI B TIOCKOCTH XY U COCTABJIAIOT ¢ 0chio +X yruibl 0, =0=10° u

k2
0, =—0=-10°, cooTBeTCTBEHHO.
3anuIunTe BBIPAKEHUS AJI PACIPEACICHUN AIIEKTPUYECKOTO U MarHUTHOTO

noJiel Ha (hOTOIMYILCUMOHHOM CJIO€, UCTIONB3YSI KOMILIEKCHYIO (POpMY 3amucH.
Pemenue. Pacnipenenenue AIEKTPUUECKOTO OJISI

E(F,t)=6E,, exp[i (oot —k, - F)] +&E, exp[i (cot —k, - F)] ,
rie E,, =E,exp(iyy,) u E,, =E,,exp(iy,) — KOMIUIEKCHbIE CKalspHBIE
AMIUTATYIBI BOJH, & COOTBETCTBYIONIME BOJIHOBBIE BEKTOPHI MOTYT OBITH
IIPEJICTABIIEHBI B CIIEAYIOIIEM BUJIE:
> /= - . 27[ - - .
k, ==(Tcos0+ jsin®)===(T cosd + jsin0),
v A
-
—
\'
E/MHAYHBIE BEKTOPHI TONSPU3AlMM BOJH, C YY4ETOM HX OPTOrOHAIBLHOCTH
COOTBETCTBYIOIIMM BOJIHOBBIM BEKTOPAM, TIPEICTABAM B BHJIE

—

€ =—isin0+ jcosO; € =isin0+ jcoso.

- > . 27 = - .
(7 cos0 - Jsme):%(l cos0 - jsino).

VuYnuTHIBasA, YTO PaAMYC-BEKTOp OINpesenseTcs BhIpaxkeHHeM I =iX+ jy +k°z,
noJyJyaeM

—

k, - F:%(xcose+ ysin®), k, -Fz%(xcose— ysin®).

[loacTaBnsisi MOJy4YEHHBIE BbIpAXKEHUS B (opMylly sl pacrpeiesieHHs
IIEKTPUYECKOTO MOJIs, MOJIydaeM:

é(x,y,t) =(-T'sin0+ jcosb)E,, exp{i(mt —%(xcose +ysing) + \ymﬂ +

- . - : 2n :
+(T'sin®+ jcos)E,, exp{l(oat —T(XCOSG— ysin®) + vy, ||
Hcnonp3ys cBA3b aMIUIMTYJ IEKTPUYECKOTO U MAarHUTHOTO MOJEH Ui
mwiockux BonH H, =E, /W depe3s BonHoBoe comnporusienue cpeapl W =/u/e u
YYHUTBIBasL, 4TO JUTS BO3AyXa W=, €=, 1 W =W, =,/u, /¢, , a Taxke npasuio,

yro Bektopel E, H wm k o00pa3ylor mnpaByl TpPOWKY BEKTOPOB, 3aIlHIIEM
BBIpaXKEHUE JIJIs1 pacipeeiCHUsI MAarHUTHOTO TIOJIS:

H (xy,t)= Eo%exp{i(wt —%(xcose +ysin®) + WMH +

0

+KO 56”‘ exp{i(oot —2—:(xcose— ysin®) + \yozﬂ.

0
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OTtBeT:

é(x,y,t)z(—fsine+]cose)Elmexp i(mt—%(xcosen ysin9)+\pmj +
+(Tsin6+]cose)E2m exp i(mt—%(xcose—ysine)ntwozj :

B exp i(mt—%(xcosen ysine)+\p01j +

ﬁ(x,y,t)=E°

=

+E°%exp i(mt —2—;(xcose— ysin®) + \pozj :

0
15.1.2 BapuaHTbl 3aga4 Ansa caMmonoaroToBKU

1. Hcnonb3yss BBIpOKEHHUE [JISl pACHpPEEICHUS 3JIEKTPUUYECKOTO TOJId,
nosydeHHoe B 3amade 1 mynkr 15.1.1, HaliguTe pacnpeznelneHne WHTEHCUBHOCTU
CBETOBOTO MOJs Ha (HOTOIMYIBCUOHHOM CJIO€ M IPOBEAMTE €ro aHalu3:
N300pa3zute pacnpeesieHue THTEHCUBHOCTH CBETa BJIOJL OcH X B BUJE Ipaduka,
OIpE/EIUTe KOHTPACT MHTEP(PEPEHIIMOHHON KapTUHBI U €€ MPOCTPAHCTBEHHBIN
IIEPUO.

2. JIBe miockue MoHoxpomaruueckue BojiHbI 1 u 2 ot He-Ne mazepa c
JUIMHON BONHBI A = 633 HM m ammutyaamu En, = 1 B/M u Eyp = 100 B/m,
MOJIIPU30BaHHBIE B ITUIOCKOCTU XZ, PACIpPOCTPAHSIIOTCS B JKHAKOM cpele ¢
nokaszareyneM mpenomieHus N = 1,35 wu ¢dopmupyloT TOoJOrpamMMmMy Ha
dboToMmIacTUHKE, TOHKHN (HOTOIMYJIBCHOHHBIA CIIOM KOTOPOM PpACIOJOXKEH B

Hayaje KOOpPAMHAT B IUIOCKOCTH YZ. BonHOBble BekTOopsl BOMH K u K,
OPHEHTUPOBAHbl B IUIOCKOCTH XZ M COCTaBIAIOT ¢ ocbto +X yriel 0, =0° u
0, =30°, COOTBETCTBEHHO.

3anuIIUTe BBIPAXKEHUS IS PACIPENEICHUN 3JIEKTPUYECKOTO U MAarHUTHOTO MOJIEN
Ha (POTOAIMYIBCHOHHOM CJIO€, UCTIOJIb3YsI KOMIUIEKCHYIO (POpMY 3aIUCH.

3. Hcnonb3ysi BbIpakeHHE [Js1 paclpenesieHUs] SJIEKTPUUECKOro IoJs,
MOJIYYEHHOE B 3aJla4e 2, HAIUTE pacnpeiesieHne HHTEHCUBHOCTH CBETOBOTO MOJIS
Ha (OTOAPMYJIBCMOHHOM CJIO€ M TPOBEAUTE €ro aHaimu3: u300pasute
pacrpeiejieHie UHTEHCMBHOCTU CBETa BJOJIb OCH X B BUJE rpaduka, onpeaeanTe
KOHTpacT UHTeP(PEepEHIMOHHON KapTHUHBI U €€ MPOCTPAHCTBEHHBIN MEPUO.

4. Tomorpamma  ¢dopmupyercas Ha  (OTOIMIACTUHKE C  TOHKHUM
(OTOPMYJIBCHOHHBIM ~ CJIOEM, DPACHOJOKEHHOM B BO3IYIIHOW Ccpele, ABYMs
IDIOCKUMH CBETOBBIMH BOJHAMHM C HMHTEHCHUBHOCTAMH =1 MBt/cM® u =1
MKBT/CMZ, najaromuMy Ha Heé mox yrmamu +45° u —45°, COOTBETCTBEHHO,
NOJIIPU30BAaHHBIMU TEPIEHAUKYIISIPHO IJIOCKOCTH MajeHus. Beibepute cucremy
KOOpAMHAT, HAaWIUTEe paclpeiesieHue HWHTEHCUBHOCTH Ha (OTOAIMYIHLCMOHHOM
Clloé B IUIOCKOCTH TMAaJieHUsI U OpTOroHajdbHO K Hed. M3oOpasure 5T10
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pacnpezieieHue MHTEHCUBHOCTH ISl TJIOCKOCTH MAaJICHUs, OMpPENeInuTe KOHTPACT
UHTEP(PEPEHIIMOHHON KapTUHBI U €€ NPOCTPAHCTBEHHBIM MEPHUOJ, NPHU JJIUHE
BOJIHBI U3ITy4eHUS A = 532 HM.

5. OrtpaxatenbHas rojorpamma ¢opmupyercss B kpuctamuie LiNbOj:Fe,
LEHTP KOTOPOTO PACIONOKEH B Hayale KOOPAUHAT, ABYMS MJIOCKUMH CBETOBBIMU
BOJIHAMH, II€pBasi U3 KOTOPBIX pacrpocTpansercd nog yriom 0; =10° k ocu +Z B

wiockoctd YZ, a Bropas — mox yriaoMm 0, =170° k Tol ke OcM M B TOM XKe

IJIOCKOCTH. BOJIHBI NOJIAPU30BAHBI BIOJIb OCH X, XapaKTEPU3YIOTCS MOKa3zaTeneM
npenomiieHusT N=2,3 Ha HCMNOJB3yeMOW IMHE BOJHBI A = 532 HM M UMEIOT
nareacusHoctu 11=100 MBT1/cM? 1 1,=20 MBT/cMm?,

Hailinute pacrnipenenenrie MHTEHCUBHOCTU BJOJIb KOOPJAUHATHI Z, U300pa3UTe 3TO
pacmpejielieHde B BHJE Trpaduka, ONpeleauTe KOHTpacT HHTep(epeHIIHMOHHOM
KapTHUHBI U €€ MPOCTPAHCTBEHHBIN MEPHO/I.

6. OrtpaxarenpHas rojorpamMma (OpMHUPYETCs B KpUCTaJie TUTaHATa
BUCMYTa, IIEHTP KOTOPOTO PACIIOJIOKEH B Hayale KOOPJAWHAT, JBYMS IIOCKHUMH
CBETOBBIMM  BOJHAMH,  PACIPOCTPAHSAIONIUMHUCS B MPOTHUBOIOJIOXKHBIX
HaIpaBJICHUSX BIOJb Kpuctaimiorpadpuueckoit ocu [100]. OgHa u3 HUX HMeEET
IpaBylo, a BTOpasi — JIEBYIO0 KPYroBylo nosisipu3anuio. Kpucramn xapakrepusyercs
IIOKA3aTeNIeM MpeoMIeHUs N=2,58 W ynelbHBIM ONTHUYECKAM BPAIICHUEM p = —
6.5 yriL.rpaa/Mm Ha UCTOIB3YEMOU NJTMHE BOJHBI A =633 HM.
3anumuTe BBIPAKEHHS JUISl  PACHpPENEICHUsl DSJIEKTPUYECKOro TMOJii BOJH B
KpHUCTaJUIe, UCIIONb3YsI KOMIUIEKCHYIO (POpPMY 3aIKCH.

/. Wcnonb3ys BbIpaKEHHE IJIsl pacHpelelCHUsl BJIEKTPUYECKOTO O,
MOJy4YeHHOE B 3ajade O, HAWAWUTE pachpele/iCcHUE WHTEHCHUBHOCTH CBETa B
KpUCTaJUIe U MPOBEANTE €ro aHalu3: U300pa3uTe pacnpeneseHue UHTEHCUBHOCTH
ceeta Bnosb HamnpasieHus [100] B Buae rpaduka, OmpeaenuTe KOHTPACT
UHTep(PEPEHIIMOHHON KapTUHBI W €€ TPOCTPAHCTBEHHBIA MEPUON, IS
MHTEHCHBHOCTEH BOJH, cocTapisommx 200 MBr/cm? u 10 MxB1/cM?.

8. Tomorpamma dopmupyercs Ha  (OTOIUIACTUHKE C  TOHKUM
(OTOPMYJIBCHOHHBIM  CJIOEM, PACIIOJIOKEHHOW B BO3MYIIHOW Cpele, IJIOCKOU
CBETOBOI BOJIHOM, MMa/Ial0IIeil HOpMAJIbHO Ha €€ TpaHuIly, U C(hepruIeCcKOi BOTHOM
OT TOYEYHOTO HCTOYHUKA, pACMIOJOKEHHOTO Ha paccrosHuu 10 cMm  oOT
boTodMyNIbCHOHHOTO ciosi. O0e BOJHBI SIBJISIOTCS MOHOXPOMATUYECKUMH, C
JUTHHOM BOJIHEI A = 514 HM.
3anuimmTe  BBIPAXKEHUS JJIs  paclpeieNieHUd  SIEKTPUYECKOro IMojis  Ha
(hOTOIMYIIBCHOHHOM CJI0€, UCIIOJIb3YsI KOMIUIEKCHYIO (hOpMY 3aIuCH.

9. Ucnonw3ys BBIp@KEHHE IJIsi paCHpeNeNeHUs DJICKTPUYECKOTO OIS,
MOJYYEHHOE B 3ajadye §, HalauTe pachpeieieHue HHTEHCUBHOCTH CBETa Ha
(OTOAMYIILCMOHHOM CJIO€ M MPOBEIUTE €ro aHaIW3: U300pa3uTe pacrpeaeiacHue
WHTEHCUBHOCTH CBETa BJIOJIb HEKOTOPOTO HANpaBJCEHHS] B  IJIOCKOCTH
(GOTOOMYIBCHOHHOTO ~ CJIOSi B Buje rpaduka, ONpeneNuTe  KOHTPACT
uHTEePPEPEHIIMOHHON KapTUHBI B €€ IEHTPE ISl HHTCHCUBHOCTEHW B 00JIaCTH 3TOTO
LEHTpa, cocTaBisitommx 20 MBT1/cm® JUIA TIOCKOM BOJIHBEI U 40 MKBT/cM? TUIS
chepruuecKoil BOJIHBI.
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15.2 Jlazep 1 OCHOBHbIE XapaKTEePUCTUKU Na3epPHOro U3ny4vyeHus.
BcnomoratenbHblie ONTUYECKUE 3rieMeHTbl ronorpaduyeckon
YCTaHOBKM

15.2.1 Mpumepsbl pelieHUna 3agad no teme «Jjlazep N OCHOBHbIE
XapakTepuUCcTUKU JasepHoro wusny4dyeHus. BcnomoraTtenbHble
onTUYeCcKue afnieMeHTbl ronorpaduyeckom yCTaHOBKU»

3agaua 1. Onpenenurtb, BO CKOILKO pa3 M3MEHUTCS OUAMETP IyYKa B
QoKyce JHMH3BI, €cIM Iepe] Hell MOCTaBUTh TEJIECKOMMYECKYI CHCTEMY C
yBenmueHueM b,

Pemenne. JluameTp nyuka B Gpokyce JUH3EL d, = Of

Puc. 1. Onpenenenne auamerpa mydka B GOKyce JTUH3BI

Eciv nepejt JIMH30M MOCTABUTH TEJIECKOMMYECKYIO CHCTEMY, Pa3Mep Iy4Ka B
pokyce nuH3BI Kak d, =60 f, rae 6 — pacXoAMMOCTh JIa3€PHOrO IIy4YKa IOCIIE

o )
TEJIECKONNYECKON CUCTEMBIL: 6 = el B pesynbrate nmeem:

: - of

do 1
OTCIOJIa TIOJTy4aeTCsl d—° =

X
0
OTBeT: uaMeTp my4ka B GOKyCe IMH3bl yMEHbIIUTCA B b* pas.

3agaua 2. OnpenenuTh MOIIHOCTh M SHEPTUI0 HMIYJIBCOB HU3JIYYCHUS

Ja3epa MpH JUIMTEIbHOCTH UMITYJIbCOB T =108 ¢, HeOOGXOMMMBIE IUISl HOCTIIKCHHSI

TIOTHOCTH MOIIHOCTH M371ydeHns B Gokyce Go = 10" BT/cM®, eciti pacXomuMOocCTh

nyuyka 0 = 1 mpan, a pokycHOe paccTosTHUE OnTHYeCKOi cucTeMbl f = 3 cm.
Pemrenne. MOIHOCTP MMIYJIBCOB JIA3€PHOTO M3JIYUYEHUS ONPEIECIISETCS
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bopmynoii:
Po =0oS,
rae S =ndZ/4— mwiomans naTHa B OKANbHOM IIOCKOCTH.
OmnpenenuM, YeMy paBeH AUaMETp MATHA B POKYCe, IO CIeayronie hopmyre:
dy =0f = 30 mxwMm.
Bblynciym MOITHOCTh UMITYJILCOB U3ITYyUCHUS:
P, =qundZ / 4=70,7 Br,

a SHEprus UMIyJIbCOB u3nydeHus pasHa: W = Byt= 0,707 mxDx.

OtBet: Py=70,7 Bt, W = 0,707 MxJIx.

15.2.2 BapuaHTbl 3aga4 Ansg caMmonoarotToBKU

1. JlokazaTh, 4TO MpH yriie najeHus, paBHoMy yrity bproctepa, yron Mexmy
OTpa)KEHHBIM | TPEJIOMJICHHBIM JIy4aMu paBeH Tt/2 .

2. IlpuBecTH COOTHOIICHUS MEXIYy WMITYyJIbCHOM W CpPEAHEW MOIIHOCTHIO
W3JIyYEHUS, INIOTHOCTBIO S3HEPTUH U INIOTHOCTHIO MOIIIHOCTH.

3. Ompenenuthb, Kakas JA0Js JIa3€pHOTO HU3IY4YEHHUs HAXOAMUTCS BHYTPH
KpYyroBoi o0nactu r <r,, T1e Iy — XapaKTEepHbIH pa3Mep rayccoBa paclpeesieHus

IUIOTHOCTHU MOIIMHOCTH HU3JIYYCHHU:A B ITYUKC | = |0 eXp(—rZ/ roz).

4. OnpenenuTh paguyc 00acT, B KoTopol cocpenoroueHo 50%, 90% Bceit
PHEPruM TrayccoBa IIydKa, €CIIM 3a/JaH XapakTEepHbId pa3Mep TIayccoBa
pacripenesneHus (cM. 3aaaay 3).

5. He-Ne nazep ¢ ayimHoit pezonatopa L = 60 cM renepupyet u3jydeHue Ha
OCHOBHOM nonepeynon Moae TEMgy, u Tpex cocelHUX NPOAONBHBIX MOJAX, Ha
mHe BONHBI A = 633 HM. Ompenenurte Uisi JaHHOTO Jla3epa IIMPUHY CIEKTpa
rereparuu Af (B I'm) u AL (B HM), CTCIICHb MOHOXPOMATHYHOCTH H3Iy4YCHHUS,
BpEMsI U JIJIMHY KOTEPEHTHOCTH.

6. OmHOYACTOTHBIA TBEPAOTENBHBIA JIa3ep TCHEPUPYET U3IYyUYCHHE C
mmpuHoi criektpa Af = 3 MI'm wa amune BomHbl 532 HM. Onpenenute s
JAHHOTO Ja3epa IIMPUHY CIeKTpa reHepauu AL (B HM), CTCICHb
MOHOXPOMATUYHOCTH U3JTYyUYEHUSI, BpEMS U JUTMHY KOT€PEHTHOCTH.

/. OTHOYACTOTHBIN J1a3epHBIA MOAYJb C BOJJOKOHHO-OPATTOBCKOM PEIIETKOM
reHepupyeT uainyueHue ¢ mmpuaoi criekrpa Af = 500 I’y Ha qyuHe BosHBI 740
aM. OmnpenennTte Uid AaHHOTO Jla3epa MIMPUHY CHeKTpa reHepauuud AA (B HM),
CTENEHb MOHOXPOMATUYHOCTH U3Ty4YEHHUS], BPEMS U JJIMHY KOT€PEHTHOCTH.

8. He-Ne mazep, reHepupyroluii HENPEPHIBHOE H3IYyUYCHHE C JTUHOMN
BOJIHBI 633 HM 1 MonIHOCTBIO 20 MBT, HCosIb3yeTCs U1l 3alMCH TOJ0TPaMMBbI Ha
dborormacTuHKe ¢ pasMmepamMu  9x12 cM?, VMEIOIIYI0 YYBCTBUTEIBHOCTH
($hOTOIMYIECHOHHOTO CJIOS 10" uJlx/Mrm®. OueHnTe BpeMs, HEOOXOLMMOE IS
HKCIIOHUPOBAHMUS (POTOIUVIACTUHKM TPH 3aMUCH  TOJOTPaMMbl  H3JIyYEHHEM
JAHHOTO Jla3epa.

9. OrpaxarenbHas rojorpamMmma Gopmupyercss Ha (OTOIJIACTUHKE C
4yBCTBHTEIBHOCTBIO (DOTOIMYIbCHOHHOrO ciost 10°  HIDK/MKM®, HMeromei
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pasmepsl 12x16 cM°, MOHOMMITYJICHBIM H3JIy4EHHEM TBEPAOTEIHHOTO Jla3epa C
JJIAHOW BOJHBI 532 HM W JUIMTEIbHOCTBHIO wuMIyJibca 40 Hc. OueHute
HEOOXOJUMYIO JHEPrui0 M MOIIHOCTh JAHHOIO Jia3epa, KOTOphle olecreuar
3aMKUCh TOJIOTPaMMbl Ha BCE IITOMIAAN (POTOIIIACTUHKH.

10. CkoHCTpyupyiTe JIHH30BBIM KOJIMMATOp, PACHIUPSIONIUN Jla3epHbIN
Ny40K C HCXOJHOM amepTypoil B 1 MM 10 amepTypsl, obecrednBaromiei
dbopMHpoBaHUE OTpaKaTEIbHOM TOJIOTPaMMBbl C IWIMHAPUYECKON CUMMETpUEH U
nonepedyHbM pasmepom 10 MM B QoropedpakTuBHOM KpucTaie. B kadectse
OJTHOM M3 JIMH3 UCHOJB3YHTE PacCcenBaroIIyIo JIMH3Y ¢ (DOKYCHBIM paccTosiHueM F
= —20 mMM. Ompenenure TUIN U (POKYCHOE PACCTOSTHME BTOPOW JUH3bI, HalnuTe
HEOOXOJMMOE PAcCTOSIHUE MEXIY JIMH3aMH;, H300pa3uTe CXeMy KoJmuMmaTopa |
IPOUJUTIOCTPUPYUTE HA HEN NPEeoOpa3oBaHUE UCXOJHOTO CBETOBOIO IMyYKa.

11. CxkoHCTpyupyWT€ JIHH30BBI KOJUIMMATOp, PACIIMPSIOIUN Jia3epHbIN
Oy4YOK C MCXOJHOM amepTypod B 2 MM [J0 amepTypbl, OOecneunBarouiei
(GbopMUpOBaHKE OTPAXKATEJIbHOIN TOJOrPaMMBbI C LHUIMHAPUYECKON CUMMETPHUEH U
nonepeuyHbM pasmepom 10 MM B ¢oropedpakTuBHOM KpucTaiuie. B kaudectBe
OJTHOM M3 JIMH3 UCHOJIb3YyHTE COOMPAIOIYIO JIUH3Y ¢ POKYCHBIM paccTosiHueM F =
16 mMm. Omnpenenure TMn U (OKYCHOE pPACCTOSTHUE BTOPOW JIMH3bI;, HailnuTe
HEOOXOJMMOE PacCTOSIHUE MEXIY JIMH3aMM; M300pa3uTe CXeMy KoJmuMmaTopa |
IPOMJUTIOCTPUPYITE Ha Hell mpeoOpa3oBaHUE UCXOJHOTO CBETOBOTO ITyYKa.

15.3 OudpakumoHHas 3d¢dpekTUBHOCTL OObLeMHOU dda3oBoMn
ronorpamMmmbi

15.3.1 Mpumepbl peweHns 3apgady no teme «AucpakunoHHas
3t ¢peKkTMBHOCTbL 06beMHOM (pa3oBOM rosiorpaMmmbi»

3apmaya 1. OObemHas npomnyckaromias (a3zoBas rojiorpaMma B KpHUCTaJLIe
HUO0ATa JUTHUS XapaKTepU3YyEeTCs MPOCTPAHCTBEHHbIM mepuogoM A = 15 mxm u
aMIUTUTYA0W MOIYJISIMU NTOKA3aTeNs IPEIOMIICHHS Any=4x10"° s W3JIy4EHUs C
JUTMHOM BOHBI A = 0,633 MKM, ITPHU HEBO3MYIIICHHOM TOKa3aTese MpeIoMIICHUsT Ny
= 2,233. Ina kpucrauia ¢ ToiamuHOW O = 2 MM HailiuTe MaKCHUMAIbHYIO
TU(pakMOHHYIO 3 (PEKTUBHOCTD TOJIOTPAMMBI 1.
Pemenne. DddextuBHOCTS TUPpakiuu Ha Mpomnyckaroliei (pazoBoi
rojorpaMMe MakCHUMaJlbHa IpU BBINOJHEHUU yclioBUA bparra, u B 3TOM cilydae
OINPEIENSIETCS BBIPAKEHUEM

An
0.)=m_ =sin?| —~~m g ,
n®g)=n, 7.cos0,

rae yroi bparra pasen

: A
0, =arcsin| —— |,

2n,A

U TpH 3aJaHHBIX yCJHOBMsX mnomydaeM: C0SO;= 0,99996. C ygerom »sroro
HaxoauMm: N, = 0,073.
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OtBer: MakcumanbHas qudpakiuontas 3¢ (HeKTUBHOCTh TOJIOTPaMMBI
paBHa M, = 0,073.

15.3.2 BapuaHTbl 3aga4 Ans caMmonpoBepKu

1. O6vemuas mpomyckarorias ¢a3oBas rojorpaMma B KpucTajuie HuobOaTa
JUTHUSL XapaKTEepPU3yeTCsl MPOCTPAHCTBEHHBIM MEpHoaoM 13 MKM W aMIUIUTYAOU
MOJYJISALHAU TIOKA3aTeNsl MPEIOMIICHUS An=1x10"° s V3JIy4YCHUs C JJIMHOMU
BoJIHBI A = 0,655 MKM, Tpu HEBO3MYIIIEHHOM TOKa3aTene mpeiomiieHus Ng=2,195.
Jliis xpucTaimia ¢ ToymuHord d = 5 MM HaliIuTe MaKCUMATBHYIO TH(DPAKIIMOHHYIO
3¢ (HEKTUBHOCTH TOJIOTPAMMBI M.

2. ObbeMHas mpomyckaromias (a3oBasi roiorpamMma B KpucTajiie HuoOaTa
JUTUA XAPAKTEPU3YETCs MPOCTPAHCTBEHHBIM mnepuogoM A = 10 MKM u
AMILIATYXOH MOLY/ISIIMHI [OKA3aTels mpetoMiIeHns ANy=2x10" mst usmyuenus ¢
JUIMHOM BOJIHBI A = 633 HM, IpU HEBO3MYILIEHHOM IOKa3aTese NpeIoMIIeHUsT Ny =
2,202.

Jliis kpucTaia ¢ ToamuHon d = 2 MM HaiauTe:
1. MakcumanpHy0 AUGPaKIuOHHYIO0 3P (HEKTUBHOCTH TOJIOTPAMMBI.
2. Yron majeHuss Ha BXOJHYIO I'DaHb CUMTBHIBAIOLIETO Iy4Ka, IIPU KOTOPOM
nudpakironHas 3pPEeKTUBHOCTD 1] MaKCUMaJIbHA.
3. BbIxogHOM yros MexXay CUNTHIBAIOIINM U AUPPardupOBaHHBIM ITyYKaAMH.

3. O6beMHas mporyckaromas ¢ga3oBas rojorpaMMa B KpHCTajule Huobara
JIUTUS XapaKTEPU3YETCsl MMPOCTPAHCTBEHHBIM NIEPUOJOM A = 5 MKM M aMIUTATYAOU
MOIYJISIUAM TIOKA3aTeNsl MPETOMIICHUS Any=4x10° s V3JIyYCHUSI C JJIMHOMN
BOJIHBI A = 532 HM, IIpy HEBO3MYIIIEHHOM IOKa3aTele mpejoMieHust Ny = 2,233.
Jliis kpucTamia ¢ TouHon d = 2 MM HaiuTe:

1. MakcumanbHyr0 AUGPAKIUOHHYIO 3P(HEKTUBHOCTH TOJIOTPAMMBI 1.
2. YTIIOBYIO CEJIEKTUBHOCTD FOJIOTPaMMBI, 10 YpOoBHIO 0,1 1y,

4. O0beMHas mpomyckaromas (a3oBasi rojorpamMma B KpucTajuie HuoOaTa
JIUTHUS XapaKTEPU3YETCs TPOCTPAHCTBEHHBIM MEpUOIOM A = 3 MKM U aMIUIUTYAOU
MOJYJISILUK TIOKa3aTens mpenomieHnss Any,=1x10° mis usmydeHns ¢ IIHHO#M
BOJIHBI A = 655 HM, ITpU HEBO3MYIIICHHOM IOKa3aTee nmpejomiienus Ng=2,195.
Jns kpuctamia ¢ ToamuHon d = 10 MM HaliauTe:

1. MakcuManbHyt0 AUPPaKIUOHHYIO 3P(HEKTUBHOCTH TOJIOTPAMMSBI M.
2. CeKTpaJIbHYI0 CEJIEKTUBHOCTH rOJIOrpaMMbl, 10 ypoBHIO 0,1 1.

5. O6bveMHas mnpomyckatouasi ¢a3oBasi rojorpaMma B KpUCTaiie Huobara
JUTHUSL 3alKCHIBAETCS CBETOBBIMM IMyYKaMHM C JJIMHOW BOJHBI A = 532 HM
(mokazatenb mnpenomiieHus Ng =2,233), npu yrie MexAy TydKaMu 30°,
CUMMETPHUYHO MaJAarolIMMUA Ha BXOJAHYIO TIpaHb. Hailaure npocTpaHCTBEHHBIN
NEPUOJ rOJIOTpaMMbl A M Yo MaJieHUsl CYMTHIBAIOLIETO MyYKa C JUTMHON BOJIHBI A
=655 HM (moKa3areib npeaomieHus Ny =2,195) Ha BXOJHYIO IpaHb, IPU KOTOPOM
nudparupoBaHHBIN MyYOK HA JTOM JUIMHE BOJHBI OYJET MMETh MaKCHUMAJIbHYIO
UHTEHCUBHOCTb.

6. O0bemMHas oTpakarenbHas (pa3zoBas rojorpaMMa B KpUCTajlie Huobara
JUTHUs ObLa 3amycaHa JAByMsI CBETOBBIMH MyYKaMH C JJIMHOW BOJHBI A = 532 HM,
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paclpOCTPaHSBIIUMUCS BCTPEUYHO BJOJAb OCH Z. YUWTHIBasi, 4TO IOKAa3aTellb
MpeJIOMJICHUSI BOJIH HMMEET 3HaueHue Np =2,325, Hailaure NpoCTpaHCTBEHHBIN
NEePHUOJI TOJIOTpaMMbI A, €€ MaKCUMaJIbHYI0 TUPPAKIUOHHYIO 3PHEKTUBHOCTD M
U CHEKTPaJIbHYIO CEJIEKTUBHOCTD MO YpoBHIO 0,1 My, IpU aMIUTUTYyI€ MOIYJISLAN
roKasaTeJs npesioMyieHus: Ang=1 10 1 TommmHe kpuctamia d = 1 mm.

15.4 OcCOOEeHHOCTM pacnpocTpaHeHUss CBETOBbIX BOJIH B
KpucTannax

15.4.1 Tlpumepbl peweHusa 3agady no Teme «OcobeHHOCTU
pacnpocTpaHeHUs CBETOBbLIX BOJIH B KpUcTanmnax»

3anaua 1. Ucnons3ys cucreMy aredpandyeckux ypaBHEHUHN JIsi KOMIIOHEHT

€IMHUYHOTO BEKTOpa MOJISIpU3aIuU [nz (Sij —m;m; )— sirj ]e j= 0 r1wiockon

cBeroBoi BomHEl  E(F,t) = E"8expl[i(wt — Kk - r)], Haiitm e€ KOMIUICKCHYIO
BEKTOPHYIO aMIUIUTYAy Ha BbIxojae kpuctawia cummerpuun mm2 KTIiOPO, ¢
pasmepamu | = 10 mm Bosb ocu [100] u d = 2 MM Brosb ocu [001]:
a) TIPU BHEIIHEM IMOIEPEIHOM HICKTPUIECKOM IIOJNIE ¢ HAMPSDKCHHOCTBIO E,
MPWIOKEHHOMY K KPUCTAJLTY;
6) ipu E° = 0.
KoMnoHeHThI TeH30pa JIMHEHHOTO 3JEKTPOONTHYECKOro Y deKTa:
31 =311 =515 Tozp = T30 = a2y 13 =3y Top3 =3, I333 =33,
3= 8,8 nM/B, = 13,3 nM/B, r33=35,0 nmM/B, 15;,=6,9 nm/B, r,,= 8,8 nm/B.
[Tokazarenu npeaomiIeHUs: KpUCTalyia Ha IJIMHE BOJIHBI A= 1064 HM:
n, = 1,7400; n,= 1.7469; ny= 1,8304.
OpueHTalus eAIMHUYHOTO BEKTOPA BOJIHOBOM HOPMAaJIM B KpUCTAJLIE:
m||[100].
OpueHTansi BEKTOpa HANPSDKEHHOCTH BHEITHETO JJICKTPUYECKOTO OIS

E°||[100], a ero Bemmumma E°(t) = U(t)/d ompememsercss mampsokennmem U(t),
MPUJIOKEHHBIM C MCIOJIb30BAHUEM HANbUICHHBIX HA KPHUCTAUT METAJUIMYECKUX
AJIEKTPOJIOB.

Bektop mnonspusanvu CBETOBOM BOJHBI HAa BXOJHOM TpPaHU KpHUCTAILUIA
opueHTUpoBaH BAojdb Hampaienus [010], a ammnMTyga HaOpPsHKCHHOCTH

AIIEKTPUYECKOTO TOJIsi CBETOBOM BOJIHBI Tpu X = 0 EMY=10 B/m.

Pemrenne. Ilepen HauanoM permreHus 3aladyv NPOAHAUIM3UPYEM HCXOIHBIE
nannbie. Kpucramn umeer pasmepsl 10 MM BAOJIB OCM X U 2 MM BJAOJIb OCH Z.
EnvHAYHBIA BEKTOp BOJHOBOM HOpManu M mapasuieieH HampasieHuio [100],
3HAYUT, BOJHA PACHpOCTpaHSETCs BAOJIL OCH X. BHelIHee 3JeKTpUYecKoe MoJie
napaienbHo  Hampasinenuto [001], oTkyma ciemyeT, 4YTO OHO SIBISIETCA
MONEPEYHBIM U TIPHIIOKEHO BJIOJIb OCH Z.
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Ha ocnHoBe 3THX JaHHBIX MOXHO CXCMAaTH4YCCKH H306paSI/ITB KpucTalll,
HaIIpaBJICHUC PACIIPOCTPAHCHHUA CBETOBOM BOJIHBI U I'paHn C IPUITOKCHHBIM

BHCITHHM J3JICKTPHUYCCKHUM IIOJICM.
Lt

: [

— l | >
$ d

i %

!

Puc. 1 — PactipocTpaneHue BOJIH B KpUCTaJJIE BO BHELLIHEM 3JIEKTPUUECKOM I10JI€

I[EU'IGG IMPCKIAC YCM IICPCXOAUTH K PCIICHUTIO OCHOBHOU 3aJa4u, H€06XO,Z[I/IMO
YCTaHOBHTD KOMIIOHCHTEI TCH30pa HHBHGKTPHHGCKOﬁ IMPOHNIACMOCTH,
KOMITIOHCHTEI BCKTOpPA BOJIHOBOM HOPMaJIK, BHCIIHCTO I1I0JIs1, KOMIIOHCHTBI TCH30pa
OTHOCHUTEJIbHOM I[HBHCKTPHH@CKOﬁ MPOHNIACMOCTH HCBO3MYIIICHHOI'O KpHUCTaJlJIa.

r Or _Or . or r
Agj; =—gj &5 Aby, g5 =¢g (gij + Ag;; )’ (1)
0
KoMnoHeHTs! TeH30pa JUMHEHHOro 3neKTpoonTuueckoro 3¢dexra rij HaMm
U3BCCTHBI.  KOMITOHEHTHI ~ TEH30pa  JUDJICKTPHUYECKOW  IPOHHMIIAEMOCTH

HeBo3My1HeHHOFO KpI/ICTaJ'IJ'Ia Ha 4aCTOTC CBCTOBOIZ BOJIHBI TaK>KE€ U3BCCTHEI.
or _ 2
Emk = Omi Nk »
rae Ny — IoKa3aTeau MpPelIoMIIEHUs HO ocsM X, Y, Z, a Opk — ©AMHUYHBIN

CUMMETPUYHBIA TEH30p BTOporo panra. I[looydnmM KOMIOHEHTHI TEH30pa
OTHOCHUTEJIBHOUN TUAJIEKTPUUECKON MTPOHUIIAEMOCTH HEBO3MYILIEHHOTO KpUCTaJlia:

nf 0 0
el =|0 nZ 0. ©
0 0 n

Tenepb, ucnonb3ys cootHorieHus (1) — (2), yuuThiBash KOMIIOHEHTHI BEKTOpa

BHEIIHEr0 OJICKTPHYECKOro momst E°, HEHyIeBble KOMIIOHGHTHI TEH30pa
JIMHEHHOTO 3JIeKTpoonTHdeckoro 3¢ddexra rjj U cooTHomeHue (3), Haixem
KOMIIOHEHTHI TUAJIEKTPUUECKON TPOHUIIAEMOCTH KPHUCTAIIA:

Ab; = r13EO’ Ab,, = rstO’ A,z = rasEe?’
Aby, =Ab,; =Aby; = Abyy = Abyy = Aby, =0;
—ny'r,Eq 0 0

]
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nZ —n'raES 0 0
el = 0 Ny —NyryEs 0

2 .4 0
Jly1st BeKTOpa BOJIHOBOM HOpMaJId M, UMEIOIIETO KOMITOHEHTBI My =1 u My = m3 =
0, U3 cucTemMsl ypaBHEHUN [nz (Sij —mm; ) - g{j ]ej =0 nmomyvaem:

(_n12 + n14r13E3?)el =0,

4 (n2 —nJ+ ngrng??)e2 =0,

2 2 4 0 _

"

N3 mnepBoro ypaBHEHUsT JAaHHOM CHUCTEMbl HAXOJAWUM, 4YTO BOJIHBI,
pacHpOCTPaHSAIOLIMECS BAOJIb HANPABICHHUS X, SBJISIOTCA YUCTO IIONEPEYHBIMU,
MOCKOJIBKY JUISI HUX E€IUHUYHBIA BEKTOp TMOJSIpU3alMd € HMEET HYJEBYIO
MIPOEKITUIO Ha JJaHHOE HampasieHue: €; =0.

N3 BTOpOrOo ypaBHEHHs MOJydyaeM, 4TO OJHA U3 COOCTBEHHBIX BOJIH UMEET

CHG,[[YI-OIHI/II‘/'I IIOKa3aTCJIb IIPCIIOMIICHHUA:
3

@ _\/ 2 4. 0 _ N, 0

EnuHAYHBIA BEKTOP MOJIAPU3ALUU 6™ jamHOil COGCTBEHHON BOIHBI HMEET
CJIEAYIOIINE KOMIIOHEHTBI:

oD =1, e® =) =0,
N3 Tperbero ypaBHEHHMS HAXOAUM IOKAa3aTeNb IMPEJOMIIEHUS BTOPOU

COOCTBEHHOM BOJIHEI, KaK
3

@ _ [h2 _ 4 g0 N 0
n —\/n3—n3r33E3~n3—?r33E3,

a TaKKe KOMIIOHEHTHI €€ EIMHUYHOTO BEKTOPA MOJISIpU3aIuU € OF
2 _1 a@ _p@ _
e;” =1, 7 =e,7 =0.
Takum  oOpa3oM, ToOJie B  KpUCTa/NIe TPEACTABISACT JIMHEHHYIO
CYIIEPIO3HIIMIO IBYX COOCTBEHHBIX BOJIH:

3
El(x,t):E(ml)é(l)exp[i(mt—kon(l)x)}zE(ml)yoexp i| ot —k, nz—n?zr%EéJ X |e,
3

. _ : _ . n
Ez(x,t):E(mz)e(z)exp[l(oat—kon(z)xﬂ:E(mz)zoexp i| ot —k, n3—?3r33E§ X e,

r1€ UX aMIUIATYbI EM y gM ONPENENAIOTCA TPAHUYHBIMH YCIIOBHUSIMU.
[TpupaBHuBasg cymmy nogseit E, (X,t) + E,(X,t) k moJiro majgaroeid CBETOBON BOIHBI
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E, (x,t) =EM§%exp[ i( ot —kX) ]
Ha BXOJHOM IpaHu KpucTamia X = 0, mogydaeM:
EM =M= 10 B/m, E™? =0.
Taxum O6pa30M, C YucTOM COOTHOLICHUA JJIA HaIIPSKCHHOCTH
MMPUIIOKCHHOI'O K KPHUCTAJLIY BHCINHCI'O 3JICKTPHUYICCKOI'O I10JIsI, CBCTOBOC II0JIC HA
BBIXOI[HOﬁ I'paHu KpUCTaJJIa X= I MOJKET OBITH 3aIIMCAaHO B CICAYyoIcM BUAC:

EQ,t) = E™ 50 exp[i (ot — kyn,l) Jexpdi ”2;23 U,

B orcyrcrBue BHemHero moss U (t) = 0 u cBeToBOe mosie He nMeeT Gpa3oBoi
MOIIYJ'IHHI/II/II
EQ,t) =EM§°exp|i(wt —kyn,|)

nn2

Oteer:  a) E(I,) =E™)§%exp[i(wt —kyn,l) |expi ;23 U)};

8) E(1,t) =E™)§°exp| i(wt —kon,l) |.

15.4.2 BapuaHTbl 3aga4 Ans caMmonpoBepKu

1. BGKTOp HAIIPSKCHHOCTH JJICKTPHUYCCKOI'O II0JII B OJHOOCHOM KPHCTAJLIC

- —»

3ajan B Buje E =10 \/_ T B/M, a KOMIIOHEHTBI T€H30pa JUAIEKTPUUECKOM

MPOHULIAEMOCTH PaBHbI €, =4g, U g = 2¢,.

Omnpenenute: 1) BekTop snekTpuueckoil WHIYKIUA D=80E+ P maHHOrO

HoJisi; 2) BEKTOpP JIEKTPHYECKON MOIsIpu3anuy cpensl P =gy - E, HaBOAMMOii
TaHHBIM TIOJIEM; 3) TEH30p IUIJIEKTPUYECKOH BOCIPUUMYHBOCTH Y ; 4) yrom
MEXy BEKTOPaMU 3JIEKTPUYECKON HANPSYKEHHOCTHU U DJIEKTPUYECKON MHIYKLUU.
2. JInst cBETOBOM BOJIHBI, PACIIPOCTPAHSIONICHCS BJIOJIb OCH X B KyOHMYECKOM
KPUCTAJIJIE CUMMETPUU 23, HAaAUTE BCE KOMIIOHEHTBI TEH30pa JUAJIEKTPUYECKOU
poHUIIaeMocTH &;, (o, IZ) .
[IpumMuTe BO BHUMAHUE, YTO B KPUCTAJUIE JAHHON CUMMETPHH:
1) &, (®,0)=g,nZS, , re Ny(m) - ero mokasaress NPETOMICHHS;
2) TICEBAOTCH30p, XapaKTEePHU3YIOIIMH  MPOCTPAHCTBEHHYIO  JAHMCIEPCHIO,
ompenensercss BeIpakXeHHEM (., =000y (9o =2ngp/Ky, p - yzeabHoe
ONTHYECKOe BpamieHue, Ky =2n/A).

3. HUcrnonb3ys  moJiydeHHBIdA B NOPEAbIAYIICH  3aJadye  TEH30pP
JTUDJICKTPUUECKOW  MPOHUIAEMOCTH,  HAWAWTE  CHCTEMYy  alreOpanyecKux
YPaBHCHHII JUISl KOMIIOHEHT BEKTOpA MOJISPU3ALMU €; IUIOCKOH CBETOBOH BOJIHEIL,

pacrnpoCTpaHsIoIIeiics B KyOMUeCKOM KpUCTAIIJIE CHMMETPHUH 23 BJIOJTb OCH X.
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4. HaiimuTte cucteMy aireOpandeckiuxX ypaBHEHHUU ISl KOMIIOHEHT BEKTOpa
nonApU3aLuu €; IJTIOCKOM CBETOBOM BOJIHBI, PACITPOCTPAHSIONICCS B OJJTHOOCHOM
KpUCTaJIJIE BJOJb OCH Y, HE 00JaJarolleM NPOCTPAHCTBEHHOW IuCHEpcHEeld U B
OTCYTCTBHE ONTHYECKOro IorIonieHus. KOMIOHEHTBl TEH30pa OTHOCHUTEIBHOMN

. 2 2
JVDIICKTPHICCKON NPOHUIIAEMOCTH IPUMHTE PABHBIMU €, =ggN, U & = &N, , TAe
n0
KpHUCTAJLJIA, COOTBETCTBEHHO.

5. Ilnockass MOHOXpOMATHUYECKasi CBETOBAs BOJIHA C UTMHOM BOJHBI A = 633

HM, paclpoCTpaHAIOMIAsICAd BIOJb OCH X B KpUCTalIe CUMMETpuu 23 ¢
IIOKa3aTeleM IpesoMJIeHuss N, =2.58 W yJeNbHBIM ONTHYECKHM BpallleHHEM

151 ne - OOBIKHOBEHHBIH W HEOOBIKHOBCHHBIN ITOKa3aTeIIH IMPCIIOMIICHU A

p=6.0° /MM, Ha BXoAHOH rpamu, npu X = 0, MMeeT BEKTOPHYIO AMILIUTYIY
EM) = gM0) (YO + ZO)/ \E . Haiinute BEeKTOpHYIO aMIUTUTYAy BOJHBI Ipu X = 7.5

MM, Ha BBIXOJHOM TPaHHU KPUCTAJIIA.
6. [Tmockass MOHOXpOMaTHYECKasi CBETOBAasI BOJHA C JJIMHOW BOJHBI 633 HM B
OHOOCHOM KpHCTAJUIE, HUMEIOINIEM  KOMIIOHEHTBl TEH30pa OTHOCUTEIBHOU

. 2 —n2 —
JAMDIEKTPUYECKON MPOHUIIACMOCTH, paBHbIC &, =N, U & =N, rae N,=2.202 u

N,=2.2868 - OOBIKHOBEHHBI M HEOOBIKHOBEHHBIM IOKa3aTelnu IpPEeIOMIICHHUS,

COOTBETCTBEHHO, =~ MMEET  E€QUHHUYHBIA  BEKTOp  BOJHOBOM  HOpMalH,
OPHEHTHPOBAHHBII B [NIOCKOCTH YZ 101 yriioM 45° K ONTHYeCKOil OCH Z.

Haiinutre mnoka3aTenu NPEIOMIICHUS W €IMHUYHBIE BEKTOPHI MOJSIPU3ALNU
COOCTBEHHBIX BOJIH, JIY4EBOW BEKTOP M YroJl MEXKIY JIaHHBIM BEKTOPOM H
BEKTOPOM BOJIHOBOM HOPMAJIHU.

7. I1lmockast MOHOXpOMaTHYECKasi CBETOBAs BOJIHA C JUIMHOM BOJHBI A = 628
HM MaJjaeT HOPMAJIBHO Ha IJIACTUHKY M3 KpHUCTaJUIMYecKoro kBapua (N,= 1.54282;
Nne = 1.55188), wumecromyro tomumuHay 0 = 173 MKM | BBIPE3aHHYIO
MEepPHNeHIUKYIIpHO ocu X. Haliaute mnoispuzanuio M3Ty4eHUsT Ha BBIXOJIE
IJJACTUHKM, €CJIM Ha BXOJHOW TpaHW OHA SIBJISIETCS JIMHEWHOW, C OpPUEHTAIUEn
BEKTOPA IMOJIAPU3ALUU IO YIIIOM 45°  omrrrueckoit ocH Z.

8. Kpucrann turtanara BucmyTa (KjJacc cuMMeTpud 23), WMEOIUi
NIOKa3aTeNb MpeNoMIIeHHs N, =2.58 U 2IEKTPOONTHYECKUN KOA(P(ULUEHT I, =5

nM/B Ha mmHe BomHbl A = 633 HM, TommmHoM d = 3 MM BIOJIB
Kpuctamorpaduueckoro Hanpasyienus [110], moMeleH B MI0CKUN KOHAEHCATOP.
Haiimure KOMIIOHEHTBHI TEH30pa IUAJIEKTPUUECKOW HENPOHUILIAEMOCTH JTAaHHOTO
oOpa3lla B OTCYTCTBHE TMPHUJIOKEHHOTO HANpsDKEHUS M JJIs HanpsDKeHHs Ha
koHaencarope U =3 kB, npuHrMas Bo BHUMaHHE TOJBKO SJICKTPOONTUYECKUIN
ahdekr.

9. K kpucraimy HuoOara JWTUS NPUIOKEHO DJIEKTPUUYECKOE I0Je C
HanpspkeHHocThio 50 kB/cMm Brmonbs ocu Y. Mcmosb3ys 3HaueHUs TOKazaresen
npenomienus N,= 2.2868, n,= 2.202 u 31eKTPOONTUYECKHX KODI()(DHUIIMEHTOB

f,, =3.4-10" WwB, ;=8.6-10"2 W/B, I;; =30.8-10"2 w/B, r;; =28-107"2
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M/B Ha nnowHEe BOHBI A = 633 HM, HalIWTEe BO3MYIICHHS KOMIIOHEHT TEH30pa
OTHOCHUTEJIbHOM TUAJICKTPUYECKON MTPOHUIIAEMOCTH.

10. B kpucramie tTutaHata BucMmyTta (kiacc cummerpuu 23) cpesa (100),
UMEIOLIeM  IIOKaszaTelb IpejJoMieHus N, =258 wu snexkTpoonTHdeckuit
ko3pduuuent r, =5 nm/B Ha qumHe BomHbl A = 633 HM, chopmMupoBaHa
oTpakareibHasi (poTopedpakTUBHAS pEIIeTKa C paclpeneIeHHEM dIEKTPUIECKOTO
momst  E°(x) =X°E™ cos(Kx), mpoctpaHcTBeHHBIM mepuogoM A =123 HM u

ammmutygoir E™ =2 kB/cm. Haiinure BomHOBOe umcno K u Bce KOMIOHEHTBI
TEH30pa AUDJICKTPUYECKOM MPOHUIIAEMOCTH JAaHHOTO KpHUCTaJlla, MPUHUMAs BO
BHUMAaHWE JIMHEWHBIN 3JIEKTPOONTHUCCKHUH 3P DEKT.

15.5 lNepepacnpeneneHue 3apanoB B KpUcTarnse

15.5.1 Npumepsbl peweHnsa 3agayd no teme «lMepepacnpeneneHuve
3apsaoB B Kpuctanne»

3anaua 1. B kpuctamie Biy, TiOy ¢ monHo# koHIIeHTpanueit 1oHopoB Np=
10® M3 u aknentopos N A=1O23 M'3, ceyeHrueM (HOTOMOHHU3AIUHU S = 3-10° MZ/I[)K,
HalUTe HadaJdbHOEC 3HAYCHHWE KOHIICHTPAIMM WOHU3UPOBAHHBIX JOHOPOB U
HAaYaJIbHYIO CKOPOCTh €€ pocCTa, MpW BKIOYCHHWHM B MOMEHT Bpemenm t = 0
OIIOPHOTO IyYKa C HHTEHCHBHOCTHIO lo= 100 MBt/cMm?.

Pemenue.

ITporecchl hoTOMOHM3AMKM U PEKOMOWHAIIMKA MOYKHO OIHCATh CKOPOCTHBIM
ypaBHCHUEM:

+
aN—D:S|(ND —Np) —vrnNp,

r7Ic B HaYaJbHBI MOMEHT BPEMEHH, IO BKJIIOUEHHUS OMOpHOro mydyka mpu t = 0,
KOHIICHTPALMSI MOHU3UPOBAHHBIX IOHOPOB COOTBETCTBYET TEMHOBBIM YCIIOBUSIM U

paBHa KOHIIEHTpalMu KoMmIeHcupyromux akientopos, NJ(0)=N,= 10 M, a
KOHIICHTpAIUs 3JIEKTpOHOB B 30HEe mpoBoaumoctd N(0) =0. [Tosromy HavayibHas
CKOPOCTh POCTa OTPEACIISCTCS YpaBHCHUEM

oNp (0)
———==Sl,(Np =N, ),
ot o(Np —Np)
¥ TIPM 33/IaHHBIX B 3a1a4e ycaosusax pasaa NG (0) / ot=2,97-10" m3c™.
Orer: NJ (0)= 10% m™; N (0) /ot = 2,97-10% m3c™.
15.5.2 BapuaHTbl 3aga4 Ansi caMornpoBepKU

1. B kpucraiyie cwiMkKata BUCMyTa C TMOJIHOW KOHIEHTpalUel JOHOPOB

Np =10 m° wu akmentopos N Ale22 M°, ceueHHeM (HOTOHOHM3ALMH
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$=1.10" M°/JK,  HaliuTe ~ HAYaTbHOE  3HAYCHWE  KOHICHTPALHH
MOHHM3UPOBAHHBIX JIOHOPOB M HAYaJIbHYIO CKOPOCTHh €€ pocTa, IPHU BKIIOYCHUH B
MOMEHT BpeMeHH t = () OIIOPHOT0 MydYKa ¢ HHTEHCHBHOCTBIO | = 100 MBT/cM?.

2. B xpucrtamie cuiMkKaTa BHCMyTa C KOHIIGHTpAaIlMed aKIEnTOpOB

N =10% M3 u K03(ppULmeHTOM ABYXUaCTHYHOM PEKOMOMHALUM Vg =3.107"
M’/C OIHOPOIHBIM CBETOBBIM IIY4KOM CO3JdHA CTALMOHAPHAS KOHIICHTPALS
DJIEKTPOHOB B 30HE IIPOBOAMMOCTH I, =3.10%' M3, Haiiqure 3aKkoH M3MEHEHUS
3TOW KOHIEHTpAIlMu BO BpeMeHH, Ny(t), mocie BBIKIIOYEHUS CBETOBOTO IIydKa
npu t =0.

3. Jlna HaiiieHHOro BbIIIE B 3ajaye 2 3aKOHA U3MeHeHus Ny(t) momyuure
JJIs1 HeTO IPUOIMKEHHOE COOTHOIIEHHUE, crpaseiiBoe mpu Ny (0) << N4 .

4. Jlns 3amaHHBIX B 3a7ade 2 TapaMeTpoB KpPUCTAUIAa M HAYaJIbHOTO
3HaueHuss Ny (0) =1.10® wm®  Hailizure Bpems 1o, B TEYCHHE KOTOPOTO
KOHIIEHTpAIUsl JJICKTPOHOB B 30HE MPOBOAMMOCTH YMEHBIIUTCS JO 3HAYCHUS
No(ty) =1-10"" w2,

5. B «xpucraie ThTaHaTa BHCMYTa, HWMCIOIIEM OTHOCUTEIHHYIO
CTaTUYECKYI0 JUAJIEKTPUYECKYIO0 NPOHULAEMOCTb €, =47, MHTEP(EPEHIUOHHON
KapTHHOM ¢ KoHTpactoM M=2-10" co3mano pacmpeneleHie HOHH3HPOBAHHBIX
noropoB NS (X) =Ngg + N, Sin(Kx) ¢ amminrynoil nepsoit mpocTpaHCTBEHHOM
rapmoHukd Nj. = 2-10° M u nepuomom A =1 mxm. Haiimmre pacipenencrue

AJIEKTPUUECKOTO MOJISl B KPUCTAIUIE M aMIUTUTYAy €ro MepBOi MPOCTPAHCTBEHHON
TapMOHUKH.

6. B kpucramie ©HuoOata JUTHS, JIETUPpOBAaHHOM Fe u wuMeroem
OTHOCUTEJIBHYIO CTaTUYECKYIO JMANIEKTPUUECKYIO MPOHUIAEMOCTh &, =29, npu

3aMMCH  OTPakaTelbHOM  (a30BOM  rolorpaMMbl  CO3[aHO  pacHpesieCHUE
anekTpudeckoro  nonms  E(z) =Ejno+Ecos(Kz), ¢ ammmtynoii  mepsoit

IIPOCTPAaHCTBEHHOW rapmoHukn E; =10 xB/cM M mpocTpaHCTBEHHBIM IEPUOIOM

116 um. Haiigute pacnpeneneHue KOHIIEHTPAIlMd HOHU3UPOBAHHBIX JIOHOPOB B
ATOM KpUCTAUIE W AaMIUIMTYIy I[E€pBOM NPOCTPAHCTBEHHONW TapMOHUKH B
HaWJICHHOM paclpeacsIeHUH.

7. B onekTpuueckd pa3OMKHYTOM KpHCTaZIe HuoOaTa  JIUTHS,
JIETUPOBAaHHOM F€, MMEINIEM OTHOCHUTEIIbHYIO CTaTUYECKYIO TUAIIEKTPHUUECKYIO
NpOHULIaeMOCTh €, =29 W  KOMIIOHEHTY (OTOBOJBTAUYECKOIO  TEH30pa

B33:5-10_10 A/BT, B MomeHT BpemeHu t = (0 BKIIIOYAIOTCS HEOOBIKHOBEHHO
MOJIIPU30BAaHHBIC  CBETOBBIE IyYKH C  PACTpEeICHUEM  WHTCHCUBHOCTH
1(z) =1y +mlysin(Kz), c¢opmupyromme MPOMyCKAIOIIyl0 TOJOTpaMMy  C
POCTpaHCTBEHHBIM TieprogoM A =10 mxM. HalimuTe 3aKkoH H3MEHEHHS TOJIS

MPOCTPAHCTBEHHOTO 3apsA/ia BO BPEMEHM M B MPOCTPAHCTBE JIsI HAYAIbHOTO
ydgacTka (opMUpOBaHUSI TOJIOTPAMMBI, a TaKXE OMNPENETUTE CKOPOCTh POCTa
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IIOCTOSTHHOM COCTABJIAIOIIEH U AMIUIMTYIbI IIEPBOM MPOCTPAHCTBEHHOU TAPMOHHUKHU
_ 2
AIIEKTPHUYECKOTO MoJist B kpuctayuie i t= 0, npu lo= 10 mBt/cm u m=0,5.

15.6 Oudodhby3moHHbIN M ApendhoBbIA MexXaHU3M 3anucu BO
BHELUHEeM NOCTOAHHOM nore

15.6.1 MNMpumepbl peweHusa 3apa4y no teme «AundcysnoHHbIN n
ApencdoBbIN MeXaHM3M 3anNnucu BO BHELWHEM NOCTOSIHHOM none»

3apava 1. B xpucranie TuTaHata BUCMyTa JIByMSI KOT€PEHTHBIMU MMyYKaMu
C JUTMHOM BOJIHBI A = 633 HM 3aIuchiBaeTCs rojorpaMmma 3a cuet aud@dy3uoHHOTO
Mexanu3Mma. Ilapamerpel kpucramna & = 47; ryy = 5,17 mm/B; ng = 2,58 u
KOHIIEHTpaIusi akienTtopoB Np = 5-10% m, OnpenenuTts ONTUMAaNIbHBIA TTEPUO/T
TOJIOTPaMMBI, a TaK)Ke TI0JIe HACHIIMICHHS JOBYIIEK M AUGGY3UOHHOE TOJIE TIPH
IPOCTPAHCTBEHHOM IIEPUOJE TOJOIPAMMBI, PABHOM ONTUMATIBHOMY, A = Agpt.

Pemenne.

OnTuManbHBIN IEPUOJ TOJIOTPAMMBI ONPEICIISIETCS BEIPAKEHUEM
27‘5 kBT8

Aopt - d
e N A

rae €=¢gp€r. llpmanmas temmeparypy pasHod T = 300 K, mia 3amaHHBIX
3HaueHnil Na 1 € HaXOIUM: Aopt = 0,52-10'6 M.
[losie HachIIEHUS] JIOBYIIIEK Eq =eNp/(¢K) u muddysnonnoe moie

Ep =K(kgT /e) saBucsar or momyns Bektopa doropedpakTiHOil pemerkn K =

2n/ A, xotopslit 11 A = Agp paBen K =1,22-10" m™". B pesynbTare HAXOIHM: Eq=
3,16-10° B/m, Ep = 3,16-10° B/wm.

OtBer: Agpy= 0,52 minm; Eq = 3,16:10° B/m, Ep = 3,16:10° B/m.

15.6.2 BapuvaHTbl 3agay Ansa caMmonpoBepKu

1. Ha ¢otopedpaxtusnslii kpuctami (N, =2,58) ¢ oqHOM CTOPOHBI MagaroT

JIBa Ty4Ka, MMerone uHTeHcuBHOCTH | = 0,8 Br/M° u I, =0,2 Br/Mm?, JUTAHY
BOJHBI A =532 HM; BOJIHOBBIE BEKTOPBI, COCTABJIAIONIME YIJIbl +15° ¢ OCBIO X.
Onpenenuts TIyOWHY MOMYJSIIIUM WHTCHCHUBHOCTH; TIEPUOJ] W BOJTHOBOE YHCIIO
roJIOTpaMMBbI, POPMUPYEMOI STUMU ITyYKaAMHU.

2. B mexoropom kpucramre (n, =2,58,r,, =5 nm/B, Tommuaa 10 MM BIOJIB
Hanpasienust [100], KoHIIEHTpalKs KOMIICHCHPYIOMIUX aKICNTOPOB NA=10%" M,
OTHOCHTENbHAS  JUIJIEKTPHYECKas IPOHUIAEMOCTh &' =56; mpousBeneHue
HNOJBHKHOCTH DJIEKTPOHOB HAa UX BpPEMs JKH3HM B 30HE IIPOBOAMMOCTH HTR=

2,2:10" M%/B) ¢ mpunokeHHBIM K HeMy Boib oc [100] MOCTOSHHEIM BHEIIHAM
JNIEKTpUUYECKUM HanpsbkeHueM U = 5 kB 3ammchiBaeTcs MpOITyCKaromias
roJiorpaMma ¢ MpOCTPAHCTBEHHBIM meproaoM A =20 MKM JByMsi KOT€pEHTHBIMU
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CBETOBBIMH ITyYKaMU C JIJTMHOW BOJIHBI A = 633 HM u mHTeHcuBHOCTsMH |, = 0,8
Br/cm® u I, =0,2 MKBT/cM>. OnpenenuTs CTAIMOHAPHOE 3HAUYCHUE AMILIUATY/IbI
TI0JISI IPOCTPAHCTBEHHOTO 3apsi/ia.

3. ®oropedpakTUBHAS TOJIOTpaMMa 3alUChIBaeTCs 3a cYeT TUdPy3HOHHOTO
MEXaHU3Ma B KPUCTAJIJIC CUJIMKATa BUCMYTa ¢ ITOKa3aTeJIeM MpeIoMICHHs Ny=2,55,
KOHIICHTpAIlUeH KOMIICHCHUPYIOIINX aKIECITOPOB Na=10? M3, orHOCHTENBHOI

JMRJIEKTPUYECKOM MPOHUIIAEMOCThIO & =56 1 3(pHeKTUBHOM 3IEKTPOONITHUECKON
MIOCTOSTHHOM lerp = 5 TM/B ByMsI KOT€pEHTHBIMU CBETOBBIMHU ITyYKaMH C JITUHON
BOJIHBI A = 633 HM.

Onpenenure:

a. OnTtuManbHbI TPOCTPAHCTBEHHBIN MEPUOJ TOJOTPAMMBI, MIPU KOTOPOM

aMIUIMTY/1a N0JI IPOCTPAHCTBEHHOT O 3apsaaa Esc MakcuManbHa.

b. JIuddy3nonHoe moiie, 1mojie HACBHINICHUS JIOBYIIEK W moyie Esc mpu

ONTHUMAJIBHOM ITPOCTPAHCTBEHHOM IIEPUOJIE TOJIOTPAMMBI.

C. Yrosm Mexay IydkamMM B BO3JAyXe, IPU KOTOPOM peau3yercs

rojlorpaMMa ¢ ONTUMAJIBHBIM ITPOCTPAHCTBEHHBIM IIEPHOIOM.

4. ®ortopedpakTuBHas TOJOrpaMMa 3alMCHIBAETCS 3a CUYET JperdoBOro
MeXaHHU3Ma JByMsI KOT€PEHTHBIMUA CBETOBBIMU ITyYKaMU C JJIMHOW BOJIHBI A = 633
HM B KpHUCTAJUIE CWIMKaTa BHCMYyTa C IPWIOKEHHBIM K HEMY BHEUIHUM
noctosiHHbIM HanpsbkenueM U = 3 kB. Kpucramn umeer cienyroiiye napameTpsl:
KOHIIEHTpALKs KoMreHcupyomux akuentopoB Na=10% Mm°, orHOCHTenbHAs
IMDJIEKTPUYECKas IPOHMIAEMOCTh & =56, mpousBeleHHe  IOABHKHOCTH
DJIEKTPOHOB HAa HUX BpPEMs JXKM3HH B 30HE IPOBOAUMOCTH UTp= 2,510 M/B;

pasMep KpHUCTaUla, BAOJb KOTOPOTrO MPUJIOKEHO TOJE C  IMOMOIIBIO
METaJUIMYECKUX AJIEKTPOJIOB, paBeH 3 MM. [lonmyunrte ypaBHEHUE ISl aMILUTUTYIbI
NEepBOM TapMOHUKH IOJII IPOCTPAHCTBEHHOro 3apsna. OnpeaenuTe amIuUTyIy
10JIsl TPOCTPAHCTBEHHOT'O 3apsija AJsi MPOCTPAHCTBEHHOI'O MEPHUOAA TOJIOTpaMMbl
A =15 MKMm.

5. B kpucramne TuTaHaTta BHCMyTa IBYMsSI KOT€PEHTHBIMU ITy4YKaMH C
JUIMHOW BOJIHBI A = 633 HM 3amuchIBaeTCsl rojiorpaMma 3a cuer JudPy3uoHHOrO
Mexanu3Mma. [lapameTpsl kpuctamia: & = 47, KOHUEHTpauus akienTopoB Ny = 10%
M°.  Omnpemenuth ONTHMANBHBI [EPHOA  TOIOTPAMMBI,  YIOT  MEXKIY
3aMMCHIBAIONIMME MyYKaMH B BO3MyXe ISl €r0 pealv3allid, TOJIE HACHIIICHUS
JoBymek u qudPpy3noHHOE TOJIE.

6. B kpucramie TuTaHata BHCMYTa, OTHOCHTEIIbHAs CTaTHYeCKas
IURJIEKTPUYECKYI0 MPOHUIIAEMOCTh KOTOPOro paBHa &, =47, a KOHLEHTpalus

23 - . .
axterrropoB Na = 2:102 m®, uHTephepeHIHOHHON KapTHHOH ¢ KOHTPACTOM

m=2.10"* co3llaHa roJiorpamma, umeromas nepuonx A =1 wmxMm. Haligure
pacnpeneneHue AIEKTPUUECKOro TOJii B KPUCTAIE W aMIUIMTYAy €ro MepBOr
MPOCTPAHCTBEHHONW TapMOHWKKA Tipu AU (PYy3MOHHOM MEXaHW3Me 3allucCu
TOJIOTPAMMBI.

7. Ucnionw3ys maHHbIe U3 3a7a4u 6 U 3HaYCHUE TTPOU3BEICHUE TIOIBIXKHOCTH
DJIEKTPOHOB HA HUX BpeMs XXM3HU B 30HE NPOBOJUMOCTH LTR= 2,5-10™ M*/B,

HalIUTE pacupesielieHUe 3JIEKTPUUECKOrO MOJs B KPUCTAJIE U aMILIUTYAY MO
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MPOCTPAHCTBEHHOTO 3apsA/ia, €CJIM K KpPHUCTaUly C TMOMOIIbIO HaIbIJIEHHBIX
METaJUIMYECKUX JJIEKTPOJOB MPHUIOKEHO IMOCTOSHHOE JJIEKTPUYECKOE TMOoJie C
pa3zHocThio noreHuuanoB U =5 kB, npu MexX3IeKTPOJHOM POMEKYTKE 4 MM.

15.7 Tlonorpacdmyeckaa 3anMCb NpU CUHYcOMAASNIbLHOM W
MeaHOAPOBOM 3HaKonepeMeHHOM none, MNPUNOXEeHHOM K
KpucTtanny

15.7.1 Mpumepbl peweHns 3agad no teme «lonorpaduyeckas
3anuchb npu cuHycoumaanbHOM ] MeaHApPOBOM
3HaKonepeMeHHOM norsie, NPUIoXXeHHOM K KpucTansny»

3agaya 1. B  kpuctaimie  TUTaHata  BUCMyTa  (QopMHUpyeTCs
dboTopedpakTUBHAS peEIIETKAa ABYMS CBETOBBIMH KOTEPEHTHBIMH ITyYKaMU C
JUIMHHOM BOJIHBI A = 633 HM, UMEIOIUMHU HHTeHcuBHOCTH |1 = 10 Br/M* u 1,=0,01
Br/m’. K KpucTamly MPUIOKEHO MEPEMEHHOE HAMPSDKCHHE IPSMOYTOIBHOTO
(MeanapoBoro) Buia ¢ ammumutyaoi Uy, = 3 kB u gactoroit f = 2500 I'. Kpucramn
UMeEeT CIEAYIOIINE CBOMCTBA: MoKa3aTeb MpeIoMIICHUs Ny = 2,25, OTHOCUTENbHAS
IUDJIEKTPHYECKask IPOHUIIAEMOCTD & = 47, 3JIeKTPOONTUYECKHH KOIPMULIUEHT Iy
= 5,17 nm/B, konmentparms akuentopoB Na = 10 M mpomssencHue
IOJBM)KHOCTU 3JIEKTPOHOB HAa MX BpEMs >KU3HM B 30HE IMPOBOAUMOCTU TR =
2,4-10" M?/B; TommmHa KpUCTajjla BIOJb HAIIPABJICHUS IIPUIIOKECHUS BHEIIHETO
noJist h = 3 MM, a BIOJIb OMCCEKTPHUCH MEXKY B3aUMOJICHCTBYIOIMMHU TydKkaMu d
= 5 mM. OnpefenuTe aMIuIUTyay TOJIsl MPOCTPAHCTBEHHOTO 3apsifia PEIIeTKH ISt
€€ MPOCTPAHCTBEHHOTO nepuoaa A =5 MKM.

Pemienue.

[epron moBTOpeHHss MeamgpoBoro momsi T=1/f  pasen 4-10" ¢ wu
YIOBIIETBOPSET HEPABEHCTBY T << | << Ty. B 3TOM ciydae ammiauryna mois

HpOCTpaHCTBeHHOFO 3ap;ma OHpCI[@H}IeTCH BI::Ipa)KeHI/ICM
. Ep(E, +Ep)+E§
" (E,+Ep)(Eq+Ep)+ES

rJle KOHTPAcT MHTep(EePeHITMOHHOM KapTHB! paBen M= 2,/1,1, / (1, +1,)=0,063;

IOJIC HACBILICHMS JIOBYLIEK cocTaBisier BenuunHy E, =eN AA/(2ne) = 3,06-10"

B/m; mnddysuonnoe none Ep =(2n/A)(kgT /€) = 3,23-10" B/m; apeiidosoe none
E,=A/ (211:er )= 3,3:10° B/M; aMIUIMTyJa NPHIOKEHHOTO K KPUCTAILTY
BHemHero oy Ey =U,, /h =10° B/m.

[MoncraBnsiss HalijieHHbIe 3HA4YeHUS B (OpMyIly ISl aMIUTUTYABI OIS
IPOCTPAHCTBEHHOTO 3apsza (poTopedpakTuBHOil pemrerkn E;, monydaem, uto ee

pacrpeneneHue UMEET MPOCTPAHCTBEHHBIIN CIBUT OTHOCHUTEJIBHO
uHTep()EePEHITMOHHON KapTHUHBI Ha BenuuuHy AZ = — A/4, a MOIyIb aMILTUTY/IbI

pasen |Ey|=1,61-10° B/m.
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Otser: Pacnpenenenue IOJIst IPOCTPAHCTBEHHOTO 3apsa
dboTopedpakKTUBHON PEIICTKH El HMMEET MPOCTPAHCTBEHHBIN CIBUT OTHOCUTEIHLHO
uHTep()EepPEHIIMOHHOW KapTHHBI Ha BeauumHy AZ = — A/4, a Monynab ero
aMILIUTY/1bl PaBEH ‘El‘ =1,61-10° B/m.

15.7.2 BapuaHTbl 3agay Aonsa caMmonpoBepKu

1. B kpucramie tutaHata BucmyTa Qopmupyercs doTopedpakTuBHas
perieTKa ABYyMsI CBETOBBIMH KOTE€PEHTHBIMU ITydKaMu. K KpHcTamty HpHIIOKEHO
3HAKOIIEPEMEHHOE HAINPsHKEHUE MPAMOYTOJILHOT0 (MEaHAPOBOTO) BH/IA.

BriBenuTe BhIpaK€HUE JJISI CTAIIMOHAPHOW aMIUTUTYBI IMEPBOH TapMOHHMKHU TIOJIS
MIPOCTPAHCTBEHHOTO 3apsi/a.

2. Vcmonb3ysl BBIBEICHHOE B 3ajade | BBIPOKEGHHE ISl CTAIIMOHAPHOM
aAMIUTUTYIbI TIEPBOM TapMOHUKH IO TPOCTPAHCTBEHHOTO 3apsifa, HaumuTe e€
CTAI[MOHAPHYIO COCTABJISIONIYIO, MCIOJB3Ysl CIEAYIOIIUE JaHHBIC: a) MapaMeTphbl
KPUCTAJUIa: OTHOCHUTENbHAs [MDIEKTPHYECKas IPOHUIAEMOCTh & = 47,
koHueHTpaumst akmerntopoB Np = 2:10% M°, mnpomsBemeHme MOXBIDKHOCTH
JJIEKTPOHOB HA UX BPEMA XXU3HU B 30HE IPOBOAUMOCTH WTR= 2,410 M/B;

TOJIIIIMHA KPUCTAJUIA BJIOJIb HAIIPABIICHUS IPUIIOKECHUS BHEITHETo NOJs h = 3 MM;
0) mapamMeTpbl IPUIOKEHHOTO BHelHero Hanpspkenus Uy, = 1 kB, f = 5000 I'n; B)
MPOCTPAHCTBEHHBIN  mepuon rojmorpammbl A = 10  MKM; KOHTpacT
unTepdepenronnoi kaptuasr m = 0,01.

3. MHUcmonws3ys panubie 3agad 1 w2, omnpeAenure ONTUMAaIbHBINA
IPOCTPAHCTBEHHBIM MEPUOJ TOJOrPaMMbl, MPU KOTOPOM aMIUIMTyAa MepBOH
TFApMOHMKH MOJIsI MPOCTPAHCTBEHHOTO 3apsiaa E; makcumanbHa.

4. Ucnonb3yst naHHbie 3a1a4 1, 2 u 3, onpenenute auddysnonnoe noine Ep,
1oJ€ HachllleHUs JoBylek E, m apedidoBoe mome E, mnpu onrumaibHOM
IPOCTPAHCTBEHHOM IEPUO/IE TOJIOTPAMMBI.

5. B kpucrtainme turaHata BUCMyTa GopMmupyeTcs (oTopedpakTUBHAS
pelieTka AByMsI CBETOBBIMU KOT'€PEHTHBIMU MYYKAMH C JJIMHHOW BOJIHBI A =633
HM, CHMMETPHYHO MAaJaloNIMMH Ha BXOAHYIO TpaHb. K KpHcTamly NpUIOKEHO
3HAKOTICPEMEHHOE HAIPSDKEHUE MEaHIPOBOTO (MIPSIMOYTOJIBHOTO) BUIA C YaCTOTOM
500 I'u. Haiimure CKOpOCTh pOCTa AMIUIMTYIBl NEPBOM MNPOCTPAHCTBEHHOMN
TapMOHUKH AJIEKTpUYecKoro mojs B kpuctamie ji1s t = 0w m = 0,03. Ilpu
PEIICHNH 3a]]a41 UCTIONB3YITE TaHHBIC U3 3a/1a4H 2.
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15.8 OHeproobmeH M ycuneHue npuv B3aumMoOeucTBUU BOJSIH B
Kpuctanne

15.8.1 lNpumepbl peweHMa 3apay Nno Teme «IDHEProoomeH u
ycuneHue npv B3ammoaenucTBUnN BOSTH B KpucTanne»

3agauya 1. Ha Bxomnyro rpanb (OTOpeppakTHBHOTO KpUCTAIa C OJHOU
CTOPOHBI MAfAl0T [BE CBETOBBIC BOJHBI ¢ MHTEHCHBHOCTSMHU |, = 8 Br/M* o |, =
0,002 Br/M® ¢ wmHON BoMHEL A = 633 HM. [TapaMeTpsl KpHCTAIIA: TOKA3aTelb
npenomiaeHus Ny = 2,58; oTHOCUTENbHAs AUANEKTPHYECKAs IPOHULAEMOCTh & =
47; >(pbdeKTuBHBIA AIEKTPOONTHYCCKUM KOIPDUIMEHT I = 5,17 1M/B;
koHueHTpaumst aknentopoB Na = 102 m% rtommmma kpucrama 10 mwm.
Omnpenenuth KO3(Q(UUUEHT ABYXIYYKOBOTO YCWICHHS A AUPHY3HOHHOTO
MexaHu3Ma (pOpMUPOBAHMS B3aMMOACHCTBYIOIIMMU MyYKaMHu (poTopedhpaKkTUBHON
TOJIOTPaMMEI TIPH €€ TTPOCTpaHCTBEHHOM Tieproie A = 0,6 MKM.

Pemenue.
KoHTpacT wuHTep(epeHIMOHHOH KapTuHbl paBeH M=2,/l;1, / (l+1y)=

0,032 u ynoBnerBopsieT ycioBuro M << 1. B »stom ciy4yae ko3ppuUHEHT
JBYXITYYKOBOI'O YCHJICHHSI ONIPEAEIISIETCS CIECTYIOIINM BbIPAKEHUEM:

27 3 27 3 ED
="l Eer =— Nl ——2
PaccunTeiBasi 3HAYCHUs MOJICH Ep =(2n/A)(kgT/e) = 2,69-10° B/m,

E,=eN AN/ (2me) = 3,67-10° B/M u ucrons3ys GopMmyty miss kodbdumueHTa

-1
yCUJICHMS, nojydaeM, uto ['=2,21 cm™.

Otset: Kosddumment ayxmyaxosoro ycunenuns I =2.21 cm™.

15.8.2 BapuaHTbl 3agay Ansa caMmonpoBepKu

1. I[Be IIJIOCKUE CBCTOBBIC BOJHBI C OJWMHAKOBBIMHM 4YaCTOTaMH @,
Ha4dYaJIbHBIMHA (1)3321MI/I (05 =0 mn BCKTOpaMH MNOJISIpU3allMM BAOJb OCH Y HMCIOT

BOJTHOBBIE BEKTOPHI El u IZZ, COCTABJIAIOIIUE YTJIbI 0 ¢ OCBIO Z B INTIOCKOCTH XZ.
Haitnute pacnpeneneHue HHTEHCUBHOCTU B KapTUHE UHTEP(PEPEHIIUU ITUX

BOJIH, UMEIOIINX aMITUTyAsl Eiq 1 By, B cpene ¢ mokasarenem npenomieHus Ny,

He o0najaromell MarHUTHBIMU cBoiicTBamMu (U =L,). Omnpenenure mnepuon

UHTEPPEPCHIIMOHHONW KapTUHBI W TJIIYOMHY MOJIYJSIMA WHTECHCUBHOCTH
m:(lmax - Imin)/(lmax + Imin)'

2. ®oTopedpakTUBHAS TOJIOTpaMMa 3aIMKChIBaeTCs 3a cueT AU y3MOHHOTO
MEXaHU3Ma B KPUCTAJJIE CUJIMKATa BUCMYTa C MOKa3aTeJIeM MpeIoMiIeHus Ny=2.55,
KOHIICHTpAIMEd KOMIICHCUPYIOIIUX akuentopoB N A=10"" M®, orHOCHTENBHOI
ITUDJIEKTPUIECKOM IIPOHUIIAEMOCTEIO & =56 U 3QPEKTUBHOMN 3IEKTPOOIITHIECKOM
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MOCTOSTHHOM lerp = 5 TM/B ByMsI KOT€pEHTHBIMU CBETOBBIMU MyYKAMH C JITTHHON
BOJHBRI A = 633 ©M. Onpeaenure 3KCIOHCHIUMAIBHBIN  KOA(DPUIIUECHT
JBYXITYYKOBOI'O YCUJIEHUS JIJI1 ONTUMAJIBHOTO MPOCTPAHCTBEHHOTO MEPUOAA.

3. Berpeunoe B3amMojelicTBHE CBETOBOW BOJHBI Hakauku (P) ¢ mpaBoi
KPYrOBOUM MOJIApU3alMEnd, PaCIpOCTPAHSIOMICHCS BIOJb OCH X, U CHTHAJIBHOU
BOJHBI (S) C JIeBOM KpYroBOW mMoJisipu3aliueld, pacnpoCTpaHsmoehncs B
MPOTHUBOIIOJIOKHOM HaIpaBieHUU B (HOTOpePpakKTUBHOM KpUCTAIUIE CUMMETPUU
23 cpe3a (111), onmceiBaeTcsl ClAEAYIOIMMH YpPaBHEHUSMHU Il KOMIUIEKCHBIX
aAMIUTUTY I

dC 1
W‘“ = —prh mC ,,exp(—ax),
dC 1 .
sz - _erh m C g exp(ax),
r7ie KOHTPAcT UHTEP(EPEHIIMOHHON KapTHUHBI ONPEIETIICTCS KaK
m(X) 2C81C;2

- C,|” exp(—ax) + |Cq,| exp(ax)

I, - KOO)QUIHMEHT NBYXITyYKOBOTO YCUICHHUS U & - KOOQDUIMEHT ONITHYECKOTO
MOTJIONICHUS KPUCTAJIIA.
BriBeauTe cucteMy ypaBHEHH U1 THTEHCUBHOCTEW B3aMMOICUCTBYIOIINX BOJIH.

4. Tlponyckaroiias rojiorpaMMa ¢ IpocTpaHCTBeHHbIM nepuogom A = 0,8
MKM dopmupyeTcsi B (hoTtopedpakTUBHOM KpucTamie 3a cueT Auddy3uoHHOTO
MEXaHHM3Ma JIByMS Iy4YKaMH C JJTMHON BOJHBI A = 633 HM, UMCIOIIUMH BXOJHBIC
uaTeHcuBroctd l; = 8 Br/M® u 1, = 0,001 Br/M°. Ilapamerpsl KpHCTAIIa:
MoKaszarellb mpelioMiieHuss Ny = 2,58, OTHOCUTENbHAs JIUAJISKTpUUYCCKas
POHUIIAEMOCTD & = 47; KOHIEHTPALMS KOMIICHCHPYIOUMX akienTopoB Na=10%
M 5ODEKTHBHBIA MEKTPOONTHYECK T K03hdUIMenT ry = 5,17 nv/B; Tommmaa
BJIOJIb JTMHBI B3aUMOJCUCTBHS 2 MM. ONpeAeiuTh BBIXOJHYIO WHTEHCHBHOCTH
cnaboro mydka |, mpU  MOJONKUTEILHOM 3HAYEHUU HSKCIOHEHIIMAIBHOTO
ko3 puIeHTa IByXITy4YKOBOTO YCUJICHHUS.

5. Ha BXomHyw rpaHb KpHCTajUla TUTaHaTa BUCMYTa TOJIIHUHOU 5 MM
Majal0T JIBa KOTEPEHTHBIX CBETOBBIX IMy4Ka C JUIMHHOW BOJHBI A = 633 HM ¢
momHocTIMH 30 MKBT (curnamensiii) u 0,1 BT (omopnbiii), Gopmupys B HeM
MPOITYCKAIOIIYI0 ToJIorpamMmy 3a cueT nud@y3monHoro mexanusma. llokaszarens
NpeJIoOMIICHHST Kpuctaimia Ng = 2,58; oTHocHTenbHaAs JIUAJIEKTpHUUYCCKas
MIPOHUIIAEMOCTh e =47; KOHIICHTpAI1sl KOMIIEHCUPYIOINX akuentopos N A:5-1O22
M kod(ppunmeHT omnrtuyeckoro morjiomeHus a = 0,65 em b PeKTUBHBII
AIEKTPOONTHYCCKHA KoddduiueHt ry; = 5,17 nm/B. Onpenenuts KOOpIUHATHBIC

3aBUCHUMOCTH MHTEHCUBHOCTEW CUTHAJILHOW M OIIOPHOM BOJIH.
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3aknoyeHue

B utore m3yueHus] JUCHUIUIMHBI CTYJICHT JOJDKEH, KaK MUHHMYM, TBEPIO
3HATh CJIEIYIOIINE TEMBI.
1. XapakTepuCTHKH roJOrpaMM.
2. XapakTepUCTUKHU PETUCTPUPYIOUINX TOJIOTpapUUECKUX Cpes.
3. CBoiicTBa HEIMHEHHBIX KPUCTAIIOB.
4. YcnoBus 3ammcu rojJorpaMm B poTopedpakTUBHBIX KpUCTAILIAX.
5. TexHHKY, IPUMEHIEMYIO B rOJOTrpaUIecKOM IKCIICPUMEHTE.
6. OcoOGeHHOCTH pacpOCTPaHEHHUS CBETOBBIX BOJH B KPHUCTAJIIAX.
7. Ilepepacnpenenenue 3apsaoB B poTopedpakTUBHBIX KPUCTAIIIAX.
8. YpaBHEHHsI, OMCHIBAIOIIUE MPOIIECC 3aMUCH TOJIOTPAMMBI.
9. MexaHW3Mbl M YCJIOBUSl 3allUCH TOJOrpaMM B  (QOTOPEPpPaKTUBHBIX
KpHCTaIax.
10. DHeprooOMeH U yCHIIeHHE [P B3aMMO/ICHCTBUH BOJIH B KPHCTAJLJIaXx.
11. CoBpeMeHHbBIE TONOTpaPUUECKUE YCTAHOBKU U UX MTPUMEHEHHS .
OH JODKEH yMeThb MPOEKTHPOBATH YCTPOWMCTBA TUHAMHYECKOW Tosiorpaduu Ha
OCHOBE HEIIMHEWHBIX KPUCTAJUIOB, a TaKXK€ BIIAJAECTh OCHOBHBIMH METO/AMH,
IPUMEHSIEMBIMH B rojorpadu.
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