IMPOI'PAMMA BCTYIIMTEJIBHOI'O UCIIBITAHUSA
IO KOHKYPCHOM I'PYIIIE «®3®M ®U3NYECKUE HAYKW»
JJIA HOCTYHAIOIIUX B ACIIMPAHTYPY

Ha BcTynuTenbHOM ucnbITaHUM OyAyT 3aJaHbl BOIIPOCH! MO BBINTYCKHOW KBaJM()HMKALMOHHON
paboTe W BOMPOCHI U3 paszjlena, COOTBETCTBYIOIIErO HAMpaBICHUIO Oyaylied HaydHO-
HCCIIEI0BATENbCKOM I€ATEIbHOCTH MOCTYIAOLIETO.

Bonpocsl o BBINYCKHOM KBAJIM(PHKAIMOHHOH padoTe (MArHCTPaTypa WM CHENHAJINTET)
1. OcCHOBHBIE NOJIOKEHUS.

2. HoBuzna.
3.  AKTyaJbHOCTb.

Paznen «IIpubopsl 1 MeTOABI IKCIIEPUMEHTATLHON (PU3UKI»

1. Meroasl u3MepeHHs BPEMEHH, TOTPEIIHOCTH U3MEPEHHM, STaNOHBI. YueT 3¢ (eKToB olIIen
TEOPHH OTHOCUTEIBHOCTH (3aBUCUMOCTD XO/1a 4YaCOB OT YCKOPEHUS U IpPaBUTALIUN)

2. H3mepenue yactotT B paauonuana3zone. CraHaapThl YaCTOTHI.

3. Meroasl U NOTPEUIHOCTH M3MEPEHMH KOOpAMHAT, YIVIOB, JUIMH. MHpOBBIE CTaHAApThl U
STaJIOHBI.

4. Mertoabl U3MEPEHUs TEPMOIMHAMUYECKUX BEITUYMH

Pagnocnexrpockonust (3¢ dexr 3eemana, siAepHbI MATHUTHBINA Pe30HAHC, TOMOTpagus).

6. OJeKTpoMarHuTHbIE M3MEpeHHs (CHOCOObl PErucTpaluu pajUOM3IIyYEHUs,, METOAbI
pEeTuCTpallii B ONTHYECKOM JHana3zoHe: (oToxnoisl, (OTOYMHOXKHTEIH, YEPEHKOBCKUE
JIETEKTOPHI ).

7. Peructpaums yacTHL M  PAJUOAKTHBHBIX U3Iy4eHUH (MOHM3ALMOHHBIE KaMephbl,
ra3opaspsiHble CYETUYHMKH, MPONOPLUOHAIBHBIE CUETUYUKH, CTPUMMEpPHBIE U HCKPOBBIE
KaMepbl, IMOJYyNIPOBOJHUKOBBIE JETEKTOPbI, CUMHTWIISLIUOHHBIE CUETYUKHU, ITy3bIPHKOBBIE
KaMephbl, YePEHKOBCKUE CUETUUKH, SAEPHbIE (POTOAIMYIBCUH).

8. Illymbl u mOMeXH MpU U3MEPEHUH IIEKTPUUECKUX, AKYCTUUECKUX U ONTUYECKUX BEIUYUH

9. Juddepenunanbubie, THTEpPEPOMETPUUECKUE U APYTHE METO/bI H3MEPEHUH.

10. HanoTtexHon0rum B U3MEPUTEIHLHON TEXHUKE

11. Jlo3umeTrpudeckue H3MEpPEHHUs U JTO3UMETPUYECKHE  EIUHULBL,  KOA(PPHUIHUEHTHI,
YUUTHIBAIOIIME BIUSHUE paUalliy Ha )KUBbIE OPraHU3Mbl, SKBUBAJIEHTHAs J03a.

12. Cucrembl enuuun. Enunaas cucrema eamauin (CH). VYHuBepcaiabHbIe IOCTOSHHBIC U
€CTECTBEHHBIE CUCTEMBI €IMHULL. [[pON3BOIHbIE €MHUIIBI M CTAHJAPTHI.

13. IlpssMble, KOCBEHHbIE, CTAaTUCTUYECKME U JIUHAMHUYeckue u3MepeHus. OLeHKu
MOTPEIIHOCTEH KOCBEHHBIX M3MEpeHUil. YcinoBHbIe m3Mepenus. [Ipobnema koppensuuid u
YPaBHOBELIMBAHNUE YCIOBHBIX M3MepeHHMH. [IpuHIMNUanbHble OrpaHMYEHHs] Ha TOYHOCTb
u3MepeHuil (Gu3nIecKue mpeensl).

14. Metonapl usMepeHuid pU3NIECKUX BEIMYUH B UCCIIEAyeMOM o0nmacTu (Pu3nKu.

15. OcHOBHBIE TPUHIUIIBI TTOCTPOCHUS MPUOOPOB MJisi W3MEpPEHUN (PU3NUECKUX BEIUYHH B
3aJ]aHHOM 00nacTH Gpu3nku

16. ®yHaaMeHTalbHbIC IIYMbI B U3MEPUTEIBHBIX YCTPOMCTBAX.

17. TemnoBoii mym. @opmyna Haiiksucra. Teopema Kamnena-Benstona. J[po6oBoil mym B
AIIEKTPOHHBIX U oNTHYecKUX npudopax. lymsr.

18. KBantoBbie 3pdexThl B (PU3NUESCKUX HM3MEPEHUSIX. YCIOBHS, KOTJa KIACCHYECKUI MOIX0
CTAHOBUTCSI HEIPUMEHHM.

19. CootHouleHus: HeorpeaeeHHOCTH. Posib 00paTtHOro (IyKTyallMOHHOTO BIIMSHUS TpUOOpa.
CraniapTHbIC KBaHTOBBIE Tpesieibl. KBaHTOBBIE HEBO3MYIIAOIIMEe H3MepeHus. KBaHTOBBIE
ATAOHbl  €OUHMLl  (u3ndeckux BenuuuH (mpumepsl). Oddexkr [xosepcona wu
CBEPXIIPOBOJIAIINE KBAHTOBBIE HHTEPHEPOMETPHI.

hd
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Cnyvaitaeie coObiTHsi. [loHSITHE BEpOATHOCTH. YCIIOBHBIE BEpOSTHOCTU. PacmpeneneHue
BEPOSATHOCTH. [ [MOTHOCTH BEpOATHOCTH. MOMEHTBHI.

CrneuuanbHble paclpeleleHuss BeposATHOCTEM W MX HCIONb30BaHHWE B  (pusmKe.
bunomunanbHoe  pacmpeneneHue, — pacmpenenenue  Ilyaccona  (gpoOoBod  mrym),
SKCIIOHEHIMAJbHOE pacrnpeneneHue. HopmanbHOe pacnpeneiaeHue W LEHTpaidbHas
IpeaenbHasi TeopeMa.

MHoromepHble pacnpeneneHus: BepoatHoctei. Koppensuuu ciayyallHbIX BEJIMYUH.
CrnydaliHbpie mporecchl. DproquaHocTb. KoppensiunonHas (yHKIHS CIy4aifHOTO mpoiecca.
CrauunoHapHble ciydaiiHble mnpouecchl. CrnekrpajbHas IUIOTHOCTh. Teopema Bunepa-
XUHYMHA.

OneHka MmapamMeTpoB CIyYyaWHBIX BENWYHMH. BbIOOpOUHBIE CpeqHHE U JUCHEPCHUU.
Bri6opounsle pacnipenenenust. t-pacnpeneneHie CTboeHTa, Y2-pacipeiesieHue.
OrnpezeneHne CpeHUX 3HAYCHUI M3MEPSIEeMbIX MapaMeTPOB U UX MOTPEIIHOCTEN B MPAMBIX
Y KOCBEHHBIX U3MEPEHUSX.

TexHUKa OLEHKH MapaMeTpPOB MPU Pa3HbIX PACHpPENEIEHUSX MOTPEIIHOCTEH H3MEpPEHUM.
CpenHue U BEpOATHbIE 3HAUEHUS NEPEMEHHBIX. TEXHMKa OIIEHKM IapaMeTpoB IpHU
ACUMMETPUYHBIX paclpeaeneHusx norpemHocteii. CyMMUpOBaHUE PE3YJIBTATOB Pa3IMYHBIX
u3mepenuii. Po6actueie onenku. [Tapamerprueckre 1 HemapaMeTpUIeCKHe OLIEHKH.
AHanuTuueckas anmnpoKCHMAIUs pe3yJabTaToB U H3MepeHuid. MHTepronsauus (mHeiHas,
KBaJlpaTuyHasi, KyOruueckas U T.I1.)

®ypbe-ananu3. Juckpernoe npeobOpasoBanne Dypbe. boicTpoe mpeobpasoBanue Pypbe.
BoiiBiieTHBIN aHAIM3.

Craructuueckas npoBepka rumnore3. Kpurepum comacus M METOIbl MX HCIOJIb30BaHUS.
Kpurepuii 2, Cmupnosa-Konmoroposa, Konmmoroposa.

[Ipsmbie un oOparHble 3amaun. HekoppektHble 3amaun. OOpaTHble 3afaud NMpH aHAIN3E
Pe3yIbTaTOB U3MEPEHUI U METO/Ibl UX PEIICHUS.

MeTo MakCUMaJIbHOTO MPaBI0No100Us U €ro IPUMEHEHHUE.

MeTton HauMEHbIINX KBaJPaTOB.

AHanuTudeckoe onucaHue (pU3MIeCcKux MpoIeccoB.

[InanupoBaHMe SKCHEPUMEHTA, BHIOOP METOJAa M TEXHUYECKUX CPEACTB, METOJbI OLIEHKU
O0KUJAEMBIX PE3YIBTATOB U UX MOTPEIIHOCTEN.

MeTton CTaTUCTUYECKUX UCIIBITAHUI, METOAMKA €r0 IPUMEHEHUS.

Hcnonb3oBanue Mojeneil pu3nueckux Mmporeccos.

Yyer BausHUA TpuOOpa HaA Ppe3ylnbTaThl W3MEPEeHH. MomenupoBaHHE C yYETOM
0COOEHHOCTEH HCTIONB3YyEMBIX JIETEKTOPOB.

Co3nanne KOMIUIEKCHBIX ycTaHOBOK. OOmme TpeboBanus. OOpaborka mHbopmaruu "B
muHui" (on-line).

Crnioco6b1 mpeoOpa3zoBaHus U3MEPEHUH IS Iepejadll Ha 3HAYUTEIIbHbIE PACCTOSIHHUSL.
KoHTpomp npo1ieccoB U3MepeHuil B peajlbHOM BpEMEHU

CnocoObl BeIBOAAa MH(OpMaLMU B peallbHOM BpeMeHu. HakorieHne skcrepuMeHTalbHbIX
JAHHBIX, CO371aHNEe OAHKOB JaHHBIX.

Pasznen «@usnyeckas 3JIeKTPOHHKA)

1.

3aKOHBI JBUKCHHSI 3apsDKEHHBIX YAaCTHI[ B CTAaTUYECKUX OAIIEKTPUUYECKUX M MArHUTHBIX
nonsx. Ilokasarenp mpenomsieHHs B KOPIYCKYJIspHOM onTuke. OnTudeckuil u
MEeXaHWYEeCKUN MOIXO/bl MPU PEIICHUU 3a/1ad KOPIYCKYISPHON ONTHUKHU. 3aKOHBI MOI00MUS.
[TapakcuanbHble IIyYKH. OcHoBHbIE CBOIICTBa aKCHUAJIbHO  CHUMMETPUYHBIX
AIIEKTPOCTATUYECKUX M MarHUTHBIX moseil. Teopema byiia u 3aKkoH COXpaHEHHUs YITIOBOTO
MoMeHTa. Teopema Jlarpanxa- ['enbmronbua u €€ CIeaCTBUS

OcHOBHBIE THUMBI JJEKTPOCTaTUUYECKUX JUH3. ToHkue muH3bL. JluH3a-guadparma.
OnvHOYHAS JIMH3a, UMMEPCUOHHBIA OOBEKTHB U UMMEPCUOHHAS JTMH3a. MarHuTHBIC JTUH3BI.
Pacuet dokycHbIx paccrossauid. JInaza [1azepa. Adbepparuu JIMH3
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ONeKTpOHHBbIE MMKpOCKONbl. OOmue NpuUHUUIBl padoThl. KOHCTPYKIMM 3IEKTPOHHBIX
MHUKPOCKOIIOB. OCOOEHHOCTH ANIEKTPOONITHIECKUX cucTeM. KopmycKynsapHble MUKPOCKOTIBI.
JluHamuKa 3apspKEHHOM 4acTUIbl B IIEPEMEHHBIX BO BPEMEHH IOJIAX; JABM)KEHUE YAacTHIL B
MOJISIX JIEKTPOMATrHUTHBIX BOJIH, 3aXBaT U YCKOPEHUE, YCKOpEHUE Ha OMEHUSX.
Tepmoanexktponnas smuccusi (TD3). Pabora Bbixoga. OcHoBHOe ypaBHeHue TID.
TepMOIMUCCHOHHBIIT ~ METOA ~ HPSAMOro  IpeoOpa3oBaHUsl  TEIJIOBOM  SHEPrud B
JNIEKTPUYECKYl0. BakyymHBIi QMO €  TEPMOKAaTOAOM M €0  BOJbT-aMIEpHas
XapaKTEPHUCTHKA.

OMuccus 1oz BO3ACHCTBUEM YacTHLl. B3aumozeiicTBie IEKTPOHOB MOAIIOPOTOBBIX SHEPTUN
C TBEPIBIM TEJIOM. YNpYrue B3aUMOJEHCTBUS, ceueHHus mpoueccoB. CHEKTpbl BTOPUUHBIX
ANEKTPOHOB. OKe-31eKTPOHBL. DINEKTPOHHO-CTUMYIMPOBAHHAS J1eCOpOLIHUS.
B3anmozeiicTBue aroMHBIX 4YacTHIl € TBepAbIM TesoM. PacnbpuieHne. MexaHHU3MBI
pacnbuieHus. @opmyna 3urmyHna s kodpuUIMeHTa pacnbuieHHs. BTopuuHas MOHHas
amuccust. KoaddunueHt BropuaHO HOHHON 3MHccHU. PaccessHue HOHOB HU3KUX M CPETHUX
sHepruil. OOpatHoe pe3eppoproBckoe paccessHHe. VOHHO-3IEKTpOHHAs AMUCCHS.
[ToreHumanbHas U KHHETHYECKast SMHcCUsl. IOHHO-(QOTOHHAs SMHUCCHSI.

®oTo2neKTpoHHAst SMUccus. TpexcTyneHuaTblii MEXaHU3M DMHUCCHH.

ABTO3JIEKTPOHHASs, 3K303JI€KTPOHHAs U B3pbIBHASL YMHUCCHSL.

dopMupoBaHHUE EKTPOHHBIX My4KOB OoMbIIoi miotHocTu. Ilymka [Tupca. Orpannuenue
TOKa IMPOCTPAHCTBEHHBIM 3apsaoM. l[IpenenbHblii TOK HEUTPAIU30BAHHBIX ITyYKOB - TOK
[Tupca. YcroifumBoCTh MydKOB B JApeilpoBOM mpocTpaHcTBe, HeycTtoitumBocTu Ilupca,
JMOKOTPOHHAs! U TOKOBO-KOHBEKTUBHAsI HEYCTOWYUBOCTH, CIUIIMHI-HEYCTOWYUBOCTb.
CHoHTaHHOE Y BBIHYXJCHHOE M3JIy4CHHE IIOTOKOB 3apsDKEHHBIX 4dacTul. YepeHKOBCKOE,
LUKJIOTPOHHOE (CUHXPOTPOHHOE) U OHAYIATOPHOE U3nydeHus. HopmaabHbIi 1 aHOMaJIbHbIN
s dextsl Jonmnepa. ToMcoHOBCKOE paccesHue.

Uctounukn CBY-uznyueHus, OCHOBAaHHbIE Ha BBIHY)KJIEHHOM M3JIyYeHHH IIOTOKOB
3apsDKEHHBIX YacTHUIl: Jamia Oeryuieil BonHbl (JIBB), MarHeTpoHsl, rupatpoHbl, yOUTPOHBI,
BHUPKaTOPBI, J1a3epbl HA CBOOOHBIX 3JIEKTPOHAX.

PenatuBuctckue 3¢Q¢eKTsl, YMHOXXEHHE YacTOThl, NapaMEeTpUYECKHe YCHIUTEIUd U
TE€HEPATOPHI.

BonHel mpocTpaHCcTBEHHOrO 3apsaa. I[IpocTpaHCTBEHHas M dHEpreTUdecKas IpyIIUPOBKU
IIOTOKOB 4acTull. HelnHelHble MEXaHU3MBl HACBIMICHHUS H3JIY4YCHMs - 3axXBal YacTHUI] B
BOJIHAX IPOCTPAHCTBEHHOTO 3apsijia, CABUT pe30HAHCHOW yacToThl u3mydenus. KIIJ{ CBY-
VCTOYHHUKOB U3ITy4YCHHUS.

®dusnyeckue OCHOBBI JEKTPOHUKU TBepAOro Tena. OcoOEHHOCTH AMHAMHUKH AJICKTPOHA B
U/IeaJIbHOM TBEpAOM Tese. BonHoBast QyHKIMS, KBa3UUMITYJIbC, 30HBI bpuilitosHa, 30HHbIN
OHEPreTUYECKUM CIHEKTp, 3aKOH JUCIEPCHUHU. ODHEPreTUYECKUN CHEKTp D3JIEKTPOHA B
KpHCTaJlle BO BHEUIHUX IOJAX (IEKTPUUYECKOM M MarHuTHoMm). Ilonyknaccudeckas Moaeib
JUHAMUKHU 3J€KTPOHA B KPUCTAIJIE, TPAHUIIBI IPUMEHUMOCTH. JIBIpKHU Kak crioco0 OmucaHus
aHcaMOJIs1 DJIEKTPOHOB, CBOMCTBA U 3aKOHBI JABUXKEHUS JABIPOK

OHEpPreTM4eCKuil CIEKTP JIEKTPOHA B OIPAaHUYEHHOM KpHUCTAJUIE. YCIOBHS JIOKAIU3ALUHU.
Jloxanmm3oBanHubie cocTostHus TamMma. [loBepxHoctHbie coctostHust [Ilokmu. OcoGeHHoCTH
HHEPIreTHUECKOTO CIIEKTPa IEKTPOHOB B TOHKUX IJICHKAX (KBaHTOBBIM pa3MepHbIi 3 dekr).
Tunbl ToyeyHbIX Je(EKTOB B KpHUCTaJIaX. AKIENTOPHbIE W JIOHOPHBbIE IPUMECH B
NOJTYIPOBOAHUKAX. Bomopoaonono6Has MoJieslb IPUMECHOTO LIEHTPA.

Heynopsinouennsle cucteMbl - amop¢Hble MOMynpoBOAHUKU. [loHsATHE wuIeasbHOrO
amMop¢HOro TBeporo Tena (uaeanbHoro crekna). CiayvaiiHas CTpPYKTypa U CiIy4aifHOe ToJIe.
OHepreTMYecKuil CHEeKTp HEeYNOpsAI0oYeHHBbIX cucreM (0e3 ciayyailHOro mojis U CO
ciydaifHbIM 1osieM). JleekTsl B aMOp(HBIX MaTepraiax.

Craructuka HocuTened 3apsga B noiaynpoBogHukax. (OOOCHOBaHME IMPUMEHEHHS
craructukn @epmu-/lupaka K 3J€KTpoHAM B TBepAOM Tene (uaeanbHoMm). Craructuka
IIPUMECHBIX COCTOSSHUI. HEBBIPOXKACHHBIE U BBIPOKICHHBIE MTOIYIPOBOAHUKU. YPOBEHb
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AIIEKTPOXMMHYECKOTO TOTEHI[ala U KOHIEHTpalus CBOOOJHBIX U CBSI3aHHBIX HOCHUTEJEH B
BBIPOX/ICHHBIX TOJIYIPOBOJHUKAX: B COOCTBEHHOM, C OJIHUM THIIOM IPUMECH, B YACTUYHO
KOMITEHCUPOBAaHHOM. SIBJIEHHE KOMIIEHCAIIUH.

SlBienust mepeHoca 3apsga B TBepAoM Tesie. MHTErpan CTONKHOBEHUH. MexaHU3MbL
paccestHUsI HOCHUTeNeH 3apsanaa. DJIEKTPONPOBOIHOCTH MOIYNPOBOAHUKOB M METAJIOB.
DNEeKTPONPOBOJHOCTh B CHIIBHBIX NMEeKTprueckux noisix. Dddexr 'anna. Knaccnyeckuii n
KBAHTOBBII pa3MepHbIil 3pPEeKThl B AIEKTPOIPOBOAHOCTH.

ONEKTPONPOBOHOCTh B HEYNOPAIOYEHHBIX cucTemax. lIpbpkkoBas NpPOBOJUMMOCTH 110
JIOKAJIM30BaHHBIM COCTOSTHUSM BOIM3H ypoBHSI Depmu (3akoH MOTTa) U XBOCTax MIOTHOCTH
COCTOSIHUI BOJIM3M KPAEB 1IN OJBUKHOCTH.

HepaBHOBecHbIE HOCUTENU 3apsAia B TMOIYNPOBOAHUKAX W JUAIIEKTpUKaxX. [eHepamnus u
pexkomOuHanus. MexaHu3mbl pekoMmOuHanuu. Juddy3us u apeiid HepaBHOBECHBIX
HOCHUTEJICH, COOTHOIIeHWE OiHImTelHHa. [II0THOCT, TOKa W TrpaaueHT ypoBHS DepMmu.
VYpaBHEHHE HENPEPHIBHOCTH, aHAJIW3 YACTHBIX CIy4yaeB JIOKAJIbHOIO BO30OYXKIEHUS W
WH)KEKITHH.

KonraktHble siBneHMs. Pa3znuuHble THNBI KOHTakTOB. KOHTakT TBEpIO€ TEJIO - BAKYyM.
Konrtakr meramn - nomynpoBoanuk. Jduonst [ortku. uomnas u auddysnonHas Teopuu
BBIIPAMIICHUS. DJIEKTPOHHO-ABIPOYHBIN Mepexoa. KomnuecTBeHHas Teopuss MHKEKLMH U
HKCTPAKIIMH HEOCHOBHBIX HOCHUTENEH.

Beinpsimiienue UM ycwiieHHE ¢ TMOMOIIBI0 p-n mepexofoB. Craruueckas BOJIBT-aMIIepHast
xapakrepuctuka (BAX) p-n mepexona. TynnenbHblil 3¢dekt B p-n nepexogax. OCHOBHBIE
IIPEICTABICHUS O MOJIYIPOBOIHUKOBBIX reTeporepexoax, uX MpUMEHEHUE.

Ontuuyeckue u  (QOTONIEKTPUUYECKUE SBICHHMA B MOIYNPOBOAHMKAX. [lomiomenue u
UCIyCKaHME CBEeTa MOJyNpoBoAHMKaMHU. MexaHuszmbl noniomieHus. llormomenue u
OTpPaKCHHE SJIEKTPOMArHUTHBIX BOJH CBOOOAHBIMM HOCUTENsIMHU 3apsaa. [lomiomeHue u
U3JIydyeHUEe TpU ONTHYECKUX IMepexonax 30Ha-30Ha. [IpsiMble M HempsiMble MEPEXObl.
Paspemiennblie u 3ampeleHHble nepexoipl. CIeKTpalbHbIE XapaKTEPUCTUKHU IOITIOLICHMUS
KpUCTaJJIaMHU.

CnoHTaHHO€ M BBIHY)XKIEHHOE u3nydeHue. [lomynpoBonHukoBble nasepbl. Onrtuyeckue
cBOiicTBa amoOpQHBIX MONynpoBOAHUKOB. DorToaddexr B p-n mnepexomax. ConHeuHbIe
Oarapeu. [IpeoObpa3zoBaHue MEKTPUUECKUX CUTHAJIOB B CBETOBBIE.

Hanosnextponuka. KBaHTOBBIE sIMBI M CBepxpemieTkd. KBaHTOBble HUTH M KBAHTOBBIE
TOYKU. OJEKTPOHHBIE COCTOSHUSI B HAHOCTPYKTypax. TpaHCIOpTHBIE SIBICHUS B
HU3KOpa3MEpHbIX cuctemMax. ONTUYECKHE CBOMCTBA HAHOCTPYKTYp. OHORIEKTPOHHBIE
SIBJICHUS B HAHODJICKTPOHHBIX ycTpoiicTBax. HanotexHonorus. [Ipubopbl HAHOIIEKTPOHUKHY.
DHepreTUvecKas uarpaMMa peanbHoi moBepxHOocTH. [loBepxHOCTHBIE cocTOsIHUSA. DPhEeKT
MoJisi W TOBEPXHOCTHAs MPOBOAMMOCTh. BiusHuE aacopOMpOBAHHBIX YacTHUI[ Ha
MOBEPXHOCTHYIO IPOBOAUMOCTD. [10osieBbIe TPaH3UCTOPHI.

[TpobnemMa MUKPOMHHHMATIOPU3ALUHU 3JIEMEHTOB MUKPOAICKTPOHUKH. [101ynIpOBOIHUKOBEIE,
IUICHOYHbIE W TUOpHJIIHBIE HHTErpaibHble cXeMbl. DoronmuTorpadus, pPeHTTEHOBCKas U
ANIEKTPOHHAS TUTOrpaduu.

MarunerosnexTponuka. LlmnHapruyeckue MarHuTHbIe JOMEHbl. MarHuTHBIE 3aIIOMHHAIOIINE
YCTpOHCTBa: Ha (heppUTax M Ha TOHKHX TUICHKAX.

AKYCTOJIEKTPOHHMKA: B3aUMOJICHCTBUE AIEKTPOHOB C JIJTMHHO-BOJHOBBIMU aKyCTHUYECKUMU
KOJeOaHUSIMU PELIETKH, aKyCTONIEKTpHUecKuil 3(peKT, ycuneHue yapTpa3ByKOBBIX BOJIH.
AKYCTO2JIEKTpUYECKHE SBJICHUS HA TIIOBEPXHOCTHBIX BOJIHAX W HX MPaKTUYECKUE
MIPUMEHEHUS

- MajiorabapuTHbIE JTMHUU 33JICP>KKH, YCUIUTENIN U TE€HEPATOPHI AEKTPUUECKUX KOJICOaHHIA.
MonexynspHass 31neKTpoHHKAa. (OCHOBHbIE MPUHLUIBI  MOJIEKYJISPHONW  3JIEKTPOHUKH.
DONEeKTpOHHBIE BO30YXKICHHSI, UCIOIb3yeMbIe ISl Mepeladyd M XpaHeHus HHPOopMaluu B
MOJIEKYJISIpPHBIX cucTeMax. [lepcrekTHBBl OAHOMEPHBIX M KBAa3HOAHOMEDPHBIX CHCTEM,
CTPYKTypHasi HEyCTOMYMBOCTh OJHOMEPHBIX MPOBOAHHUKOB, mepexonanl Ilaiiepiaca u Mortra-
Xabbapma. DNeKTpOHHBIC BO30YKICHUS B OJHOMEPHBIX CHCTEMaX, COTUTOHHAS
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NpOBOAUMOCTh. DOTONMPOBOUMOCTD, HEJMHEMHBIE ONTUYECKUE CBOMCTBA. MOJEKyIsIpHBIE
MOJTYTIPOBOAHMKY - MOJIMALIETUIIEH U MOJIMIUALIETUIIEH: CTPYKTYpa, CBOMCTBA, JIETUPOBAHUE.
[TpuGopsI MOJEKYISAPHON IICKTPOHHUKH.

KpuosnexkrpoHuka. OIEKTpOHHbIE CBONCTBAa TBEPAbIX Tl (METaibl, AUIJIEKTPUKH,
MONYNPOBOAHUKHU) TPU HU3KHX TeMmIeparypax. SIBileHue CBepXIpoBOAUMOCTH. DPdexT
Meiicaepa. OcoO€HHOCTH TYHHEIMPOBAHUS B YCIOBHIX CBEPXIIPOBOIUMOCTH.
BricokoTremneparypHas CBEpXIpOBOAUMOCTb. CBOMCTBA U apaMeTPbl CBEPXIPOBOJIHHUKOB C
BbIcOKO Tk. Makpockonnyeckue KBaHTOBbIE 2(peKThI cBepxmpoBonumocTu. KBantoBanue
MarHuTHoro motoka. Oddekr Jxozedcona. Tumbl aK03e()COHOBCKHX MEPEXOOB.
AmHanoroBeie ycTpoiicTBa Ha 3ddekrax Jlxo3edcona. CraHAapThl HANPSHKCHUS, CKBUJIBI,
npuemasie CBU-ycTpoiicTa.

[udpossie s4eiiku JTOTUKU U maMsATH. [IpoOneMsl co3anus OOMBIINX WHTETPATIBHBIX CXEM
(BUC). OcoOeHHOCTH  JJEKTPOHHBIX  YCTPOWCTB  HAa  BBICOKOTEMIIEPATYPHBIX
CBEPXIIPOBO/IHUKAX.

Paznen «®@usnka KOHIACHCHUPOBAHHOI'O COCTOSAHUSD»

1.

Crpykrypa TBEpaoro Tejna, Kak OJHOIO M3  KOHJACHCUPOBaHHBIX  COCTOSHHU.
Kpucrannuueckue u amopdusie Tena. TpaHcasiuoHHas CHMMETpHs. DileMeHTapHas s4eiika.
Pemerku bpage. Toueunble U mpocTpaHCTBEHHbIE TpyIbl. OCOOEHHOCTH pacpOCTpaHEHUs
BOJIH B NEPUOIMYECKUX CTpyKTypax. 3akoH Bynbda-bparra. OOparnas pemierka. 30HBI
bpunntosna.

Hedextsl B kpuctamnax. Todeunsle aedextsl, ux oOpazoBaHue u Auddy3us. Bakancuu.
Atombl BHezapeHHs. Komruiekcsl aTOMHBIX Jie(ekToB. KpaeBble U BUHTOBBIE AMCIOKAIUH.
Bexrop broprepca. Dueprus nucnokauuu. Ilepenon3anue u ckoibxeHue. PasmHOxeHue
pucinokaiui.  Hcerounuk ®paska-Puma. BrnusHue paavanyoHHBIX, MEXaHUYECKHUX,
TEPMUYECKHUX BO3JCHCTBUI HA PEAJIbHYIO CTPYKTYPY TBEPABIX TEII.

Tunel xumuyeckux cBszeil. CTpykTypHble U (DU3MYECKHE OCOOEHHOCTH HOHHBIX,
KOBAQJICHTHBIX, METAJUIMYECKUX U MOJIEKYJISIPHBIX KpUCTAIUIOB. [IIIOTHENIINE yIIAaKOBKH.
AMopdHbIe TBepHable Tella, MeTaUIMYeCKHe CTEKJIa, MOIYMPOBOAHUKH, MarHeTUKU U HX
CBOMCTBA.

OnucaHne SHEPreTUYECKOro COCTOSHUS KPUCTAla IpPU IOMOIIM Ta3a KBa3WMYACTHIL.
[Tpumepsl kBazuuyacTul. POHOHBI, MarHOHbI, SKCUTOHBI, IJIA3MOHBI U JAp. DJIEKTPOHHI B
MeTajule Kak KBa3uyacTulpl. KBazummmynbc. 3akoH aucnepcuu. Teopema broxa.
I'pannunbie ycnoBus. IlnoTtHocTs coctosiHmii. CTaTMcTHKa ra3a KBa3uyacTull. bo3oHBI u
dbepmuonbl. B3anmonelicTBre KBa3n4acTHll.

KonebGanust  pemeTku-QpoOHOHBL. AKyCTHYECKass W ONTHYECKas BETBH KOJICOAHWH.
TemmoemkocTs pemretku. JlebaeBckass vactora. dakrtop Jlebas-Bammepa B paccesHun
PEHTTEHOBCKUX Jy4yeil. AHFapMOHHU3M U TEIJIOBOE PACIIUPEHUE.

DNeKTpOHHbIE COCTOSIHHS B KpucTtamnax. OnHosnekTpoHHas wmozenb. [IpubmmkeHus
CWIBHOH W cla0oW cBsizeld. 30HHAs Teopus W (PU3NUCCKHUE CBOWCTBA TBEPIBIX TEIl.
BbIpOKIEHHBIN 3J€KTPOHHBIA Ta3. DJIEKTPOHHAs TEIIOEMKOCTh, NoBepXHOCTh Depmu.
Tenzop > dexTHBHBIX Macc. DIeKTpoHBl W AbIpkH. LlukmorponHas macca. [lomoxenue
dbepMu- ypoBHS B HEBBIPOXKICHHBIX MOTYTPOBOAHHUKAX.

Kunerndeckoe ypaBHEHHE. OJEKTpO- U TEIUIONPOBOJHOCTh. BpemeHa penakcauuu.
MexaHu3Mbl paccesHUs 3JeKTpOHOB. PaccesHume Ha mpumecsx U jaedexTax. DIeKTPOH-
(GOHOHHBIE  CTONKHOBeHHMA.  HopmambHble — mpomecchl,  Tpomecchl  mepedpoca.
Marnurocomnportusienue u 3¢ ekt Xoa.

Mertamiel ¢ OonmpIIoOl  AMUMHONH mpoOera SJIEKTPOHOB. AHOMAaNbHBIA  CKUH-3((dEKT.
[{uknoTpoHHBIN pe3oHaHC W pa3MepHble dPdekThl. [IpoHMKHOBEHHE 3IEKTPOMArHUTHOTO
noJist B Metayil. [enukonbl. KBanToBaHue opOUT B MarHuTHOM Tiosie. Dddexr ne ['aaza-Ban
Anbdena.
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[TonynpoBOOHUKHU. DJIEKTPOHHAS CTPYKTypa THUIHMYHBIX MOJYNPOBOAHUKOB. [epmaHuid.
V3k030HHBIE  NOJNYNPOBOAHMKU. IIpumecHble  ypoBHH. JIOHOPBI M aKLENTOPHI.
TemneparypHas 3aBUCHMOCTb IPOBOJUMOCTH. p n  nepexofsl. POTONpPOBOAUMOCTE.
PexoMOuHamusi u penakcanus HEPaBHOBECHBIX HocuTenel. [opsume Hocutenu. D ekt
I'anHa.

Tenzop ynpyrux moCTOSHHBIX U yripyras aedopmanus. [Inactuanocts kpucramios. [Ipenen
TEKy4yeCcTU. YIpouHeHue. BHyTpeHHee TpeHue.

Mexanusmel noromernus GporoHos. [lornomenne cBOOOHBIMI HOCUTENSIMU. PemerouHoe
nornomenne. MHorogoHoHHbIe Tporiecchl. KoMmOuWHAnMOHHOE paccessHHMEe CBeTa B
kpuctayiax. [lommomienne cBsi3aHHBIME HocuTensMu. [IpaBmia orbopa. Mex30HHBIC
IpsIMbIe U KOCBIE TIepexo/ibl. DKCUTOHBI. JItomuHectieHus. BpemeHa ®u3Hu BO30YXACHUIH,
¢moopecennys. besnznyuarenbHble nepexoabl. KBaHTOBBIN BBIXO/ TIOMUHECIIECHIIUH.
JnamarneTusM CBOOOAHOTO 3MEKTPOHHOTO Ta3a. CHMHOBBIN MapamarHeTusM. 3akoH Kropwu.
@®eppomarnerusMm.  MonekynspHoe none  Beiicca. OOMeHHOe — B3aMMOJAEHCTBHE.
deppoMarHuTHbIE JIOMEHBI. OHeprus AHU30TPOIIHH. Jomennas CTEHKA.
Antudeppomarnetuku. Depputsl. CHUHOPUEHTHPOBAHHBIE  SBJICHHUA. BHyTpeHHHE
MarHUTHBIE MOJIs1, UX COCTABISIOIINE U BIMSHUE HA COCTOSIHUE SIACPHBIX YPOBHEM.
OddekTuBHOE TMONE. DIEKTPOCTPUKIMS U IHE303JICKTPUIECTBO. [IMposnekTpuku u
CErHETORJIEKTPUKHU. DIIEKTPUUECKUI THCTEPE3UC.

AHoManmuu (U3NYECKUX CBOMCTB CErHETORJIEKTPUKOB B 00JacTH (a3oBBIX IEPEXOIOB.
MonexynspHble KpUCTAILIBL.

PaBHoBecue ¢a3. Dazosbie nepexonsl I u Il pona. ®dnykryanuu. TBepable pacTBOpbI U
POMEXYTOUYHbIE (Da3bl.

PaBHOBecHe B MHOTOKOMIIOHEHTHBIX CHCTeMax M mpaBuwio ¢a3. JluarpaMmbl paBHOBECHS.
Huddysuonnsie u 6e3auddysnonnsie npespanieHns. Kunetrka ¢pazoBbIX MpeBpalieHuii.
OcHoBHbIE CBOMCTBa CBEpXHpPOBOIHUKOB. Dddexr MeiiccHepa. CeepxnpoBoauuku [ u II
pona. Buxpu u BUXpeBbI€ CTPYKTYPBHI.

OCHOBBI MHKPOCKOIIUYECKOW | TepMoauHaMHUueckod Teopuil. KymepoBckue mapsbl.
DHepreTuyeckas 1ejb U KBa3UYacTULbl B CBEPXNPOBOHUKE. TyHHEIbHBIN 3¢ dekT. DPdexT
JHxo3edcona.

BrIcokoTeMIiepaTypHble CBEPXIIPOBOJHUKHM, HX CTPYKTypa, XUMUYECKHH cocras. Poib
kucinopoaa B BTCII.

Pentrenorpadusi:  MeTOOBI  WCCIEAOBAaHUS  WUICATBHOW W pEambHOM  CTPYKTYP.
DnekrpoHorpadus U AIEKTpOHHAs MUKpockonus. Helirponorpadus: ynpyroe u Heynpyroe
KOTEPEHTHOE  pacCcesHue, HCCIEOBAaHME  MArHUTHBIX  CTPYKTYp ¥ (POHOHHBIX
criektpoB.Dddexkt Meccbdayapa, DIIP, AMP.

ONEKTpUUYECKHE U TajbBaHOMAarHUTHBIE M3MEPEHMsI, KaK METOJbl M3Y4YEHMs SJIEKTPOHHOMN
CTPYKTYPBI KPUCTAJJIOB ¥ COCTaBa IPUMECEN B MOITYIIPOBOIHUKAX.

OnTuueckue MeTonbl HccienoBaHMs. BO3MOXXHOCTH, CBSI3aHHBIE C HCIIOJIb30BAaHUEM
JIa3€pHBIX HCTOYHHUKOB CBETA.

VYenoBus 00MydeHHsT MaTepHalioB B COBPEMEHHBIX SJIEPHO-IHEPreTUUYECKHX YCTAHOBKAX.
VYopyrue v Heynpyrue CTOJIKHOBEHHUS OoMOapIupylOUIMX 4YacTUI[ C aTOMaMH BeLIeCTBa.
[Tporiecchl wWoOHM3aUMM B KpucTautax. [lepBUYHO BBIOMTHIE aTOMbI, HMX CIEKTPHI.
Kananuposanue.

Ob6pa3zoBanue aedexroB nox obmyueHueMm. OOpaszoBanue map PpeHkens B 00TydaeMbIX
kpuctamnax. Kackaael atom aroMHbIX coyaapeHuil. OTKUT paguallMOHHBIX 1€(QEeKTOB.
M3MeHeHne CTPYKTYphl M CBOMCTB METAIIOB Toj obimyueHueMm, Juddy3nonasie mporeccs
noJi OOJMydyeHUEM: paJHallMOHHO-YCKOPEHHBIE U PaaUuallMOHHO-UHIYIIMPOBaHHbIE (a30BO-
CTPYKTypHBIE TIpPEBpaIICHUs B OOIy4aeMbIX CIulaBaX. PaguanvoHHbIE pacIyXaHue |
MOJI3YYECTb.

HonHast UMIIIaHTalus B METAJUIBI.
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MeToas! uccaenoBaHus MPUTTOBEPXHOCTHBIX CI0EB TBEPAOTO Tena. Judpakius MeIeHHbIX
AIIEKTPOHOB, 3MEKTPOHHAsE OXe-CIEeKTPOCKOMNus, (POTOIIEKTPOHHASI CIIEKTPOCKOMUS, MaccC-
CIIEKTPOCKOIHUS BTOPUYHBIX HOHOB.

DJeKTpOHHAs TIPOCBEYMBAOIIAS U PACTPOBASI MUKPOCKOITHS Je()EKTOB B METALIaX.
[Tpumenenue meronoB DIIP u SIMP B panuannoHHo# GU3MKE TBEPIOTO TEa.

BrnusiHue HECOBEPIICHCTB CTPYKTYpPBI TBEPIABIX T Ha mapaMmeTrpsl MeccOay’poBCKUX
CIIEKTPOB.

Pa3zgen «Pusuka mjiasMmb»

1.

10.

I1.

12.

13.

[TonsiTe ma3mbl, KBa3WHEUTPAIBLHOCTh, MHUKPOIOJS, Ne0aeBCKUN paauyc, uWaeailbHas U
HeujaeanbHas IUla3Ma. YCIOBUE TEPMOAMHAMHUYECKOIO  PABHOBECHS, TEPMHUUYECKAs
noHuzanwms, ¢popmyna Caxa, KOpOHAJILHOE PaBHOBECHE, CHIDKCHHE TTOTCHIIMAIA HOHU3AIINH.
Bripoxxnenue mna3smel, craructuka bonsimana u ®epmu-/lupaxa, monens Tomaca-Pepmu.
CTONKHOBEHHUSI  3apasHKEHHBIX YAaCTHIl, JAJbHOACHCTBHE, YACTOTHI CTOJKHOBEHHUH,
CTOJIKHOBEHHsI AJIEKTPOHOB C aToMaMu (yOpyrue M HEYNPYTHe), CTOIKHOBEHHS TSIKEIIBIX
yactull. Wouuzamus, pexoMOuWHaIuWsA, TMepe3apsaka W npuiunanue. Bo3Oyxaenwe u
JACCOLManysl MOJIEKYJI 3JIEKTPOHHBIM YIAPOM.

VYpaBuenust bonbiMana u BrnacoBa, mHTErpana CTOJKHOBEHHM, BpeMsi MAaKCBEJUIM3AMU U
CKOpPOCTb  BBIDABHMBAHUSl TEMIIEPAaTyp pa3JIMYHbIX KOMIIOHEHT Iia3Mbl. CKOpOCTh
MOHOOOpa30BaHMsI M PEKOMOMHALIMU SJIEKTPOHOB M HMOHOB, 0Opa3oBaHHME M pa3pyLICHHE
BO30Y)K/IEHHBIX aTOMOB (MOHOB). SIBIEHHS TEpeHOca B IUIa3Me, 3JIEKTPONPOBOIHOCTD,
nuddy3ust ¥ TEMIOMPOBOAHOCTh YACTHUI[ MPU HATWYUU U OTCYTCTBHM MAarHUTHOTO TIOJIA.
Kunertnka Bo30yXI€HHBIX MOJIEKYI B IJIa3Me.

JIBi>keHrEe B CKPEIICHHBIX JIEKTPUYCCKOM M MAarHUTHOM MoJsiX. [peiidoBoe npubimkenue,
Pa3HOBUIAHOCTH JApei(OBOrO ABMKEHUA. 3apsHKEHHAsl YacTHIAa B BBICOKOYACTOTHOM TOJIE.
[TonsiTne agnabarnyeckoro MHBapUAHTA.

VYpaBHEHUs IBWKEHUS ILJIa3Mbl B MATHUTHOM I10JI€, NIPOHMKHOBEHHE MArHUTHOIO IOJs B
mia3My, BMOPOXXEHHOCTh MAarHMTHOTO TIOJIsl. 3aKOHBI COXPaHEHHMs B HJCATbHON
onHoxuAKocTHOM MI'J]. JIByXKUAKOCTHOE MPHUOIIKEHHUE.

PaBHOBecHbIE  KOH(WTryparmuu TUIa3Mbl B~ MAarHWUTHOM — THIPOAWHAMHKE,  ITHHY.
HeycroitunBocTh 1U1a3Mbl, BHJIBI HEYCTOMYMBOCTH, IME€PErpeBHAasl M HOHM3ALMOHHAs
HEYCTOMYMBOCTHU. DHepreTuueckuit mpuHiun MI/[-ycroitunBocTu.

OcHoBHBIE THNBI KoJeOAHUN W BOJIH B IUIa3Me: JIGHTMIOPOBCKHE 3JIEKTPOHHBIC U MOHHBIE,
AIIEKTPOMArHUTHBIE, WOHHO3BYKOBBIC, MarHHUTO-3BYKOBBIC, ajb(pBeHOBCKHE. Ilokazarenb
MPETOMIICHUS TUIa3Mbl, IPOCTPAHCTBEHHAs] M BpeMEHHas aucrnepcus, ¢pa3zoBas U TPYIIOBas
CKOPOCTH IIJIA3MEHHBIX BOJIH.

Bo30yxneHue u 3aTryxaHue BOJH B IJIa3Me, YEPEHKOBCKOE M3TyuyeHHe, 3aTyxaHue Jlannpay.
Packauka miua3mMeHHBIX KoseOaHui myykamu. KBazunnHeitHoe npuoiImKeHne.
PacnpocTpaHeHne »JIEKTPOMAarHUTHBIX BOJH B HEOAHOPOAHOM IIa3Me, reoMeTpuyecKas
ONTHKA, IUIA3MEHHBIA PE30HAHC, IUKIOTPOHHBIN PE30HAHC, JMHEWHAs TpaHCchopMaIus.
OCHOBHbBIE HEJIMHEHHBIE NPOLECCHl B3aUMOJIECUCTBUS BOJIH, HEYCTOMYMBOCTH IIJIa3Mbl B
CUJIBHOM 3JIEKTPOMAarHUTHOM ToJie. PaccesHue u Tpancgopmaius BOJIH.

DOneMeHTapHble paJuallMOHHBIE TIPOLIECChl, WHTEHCUBHOCTb CHEKTPAJIbHBIX JIMHUH,
CIUTONIHBIE CIIEKTPHI, BBIHYKJIEHHOE HUcIyckanue. [Ipoberu u3mydeHus, mepeHoc u3ydeHus
B Cpe/ie, ONTUYECKH IPO3pavHas U HEeNpo3payHas IJ1a3Ma, JIy4ucTas TeIJIONPOBOIHOCTD.
30HI0BbIE METOABI, omnTtuueckue wmetoapl, CBY-mMeTonpl, KOPMYCKYJISIpHBIE METOIBI,
JIa3epHOE pacCesHUE, MarHUTHBIC U3MEPEHUS.

OcHoBHbIE BUABI paspsja: TICOIUN pa3psl, UCKpa, snekTpuueckas nyra, BU-, CBU- u
ONTHUYECKUN pa3psll. YCIOBUS CTAIMOHAPHOCTH pa3psija, U3IydaroUuid pa3psia B MJIOTHOM
IJ1a3Me, TIa3MEHHO-ITYYKOBBINA pa3psi.

VYnapHble BOJHBI B IUIa3Me€, CKauyOK YIUIOTHEHHUS, PEJIaKCAllUOHHBIA CIIOM, H3Iy4YEeHHUE
YJIapHBIX BOJIH, HEJIMHENHBIE BOJIHBI TEIUIONPOBOAHOCTH. TOKOBBIE CIIOM.
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VYopaBinseMblii TEPMOSJEPHBIM CHHTE3, MArHUTHOE YAEP)KAaHWE M HAarpeB IUIa3Mbl B
MarHMTHBIX JIOBYIIIKaX YU HHEPLMAJIBHBIX CUCTEMAX.

[eopusnueckne u acTpous3nyeckue IUIa3MEHHbIE SBIEHUS - HOHOC(epa

3emiin, MEeKIUIaHETHA I11a3Ma, 3BE3/Ibl.

ITnasmeHHbIE NICTOUHUKH H3JTydeHus, iasMeHHas CBU-anekrponuxka.

[TpeoOpa3oBaHue TEIUIOBOU 3HEPrUH B JeKTpuueckyro: MIJl-npeoOpa3oBarenu, TeIIOBbIC
npeoOpa3oBaTesy.

XHWMHUYECKHE PEAKIMU B PABHOBECHOM M HEPAaBHOBECHOM IU1azMe. MeXaHu3Mbl U1 KUHETHKA
OCYILIECTBJICHUS MIa3MOXUMHUYECKHUX PEaKIMH, pOJb 3apsyKEHHBIX M BO30YKIEHHBIX YACTHII.
OHepreTuka XHUMHUYECKMX pEakUMi B IEKTPUYECKUX pas3psjax. 3akajka I[pPOTYKTOB
IUIa3MOXUMHMUYECKUX IIPOLECCOB. MeTOABI AMATHOCTUKN XUMUYECKU aKTUBHOM IJIa3MBI.
B3anMopneiictBue IIasMbl C IMOBEPXHOCTBKO TBEPABIX Tei. Ilna3MeHHBIE TEXHOIOrMU
(TpaBieHHe, UMILIAHTALUS, YIPOUYHEHUE, HAHECEHUE MTOKPBITUH U TIp.)

Paznesn «®Pu3nka noaynpoBoIHHUKOBY

I.
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15.

DneKTpoHHass KOH(PUTypalusi BHEITHUX O00OJIOYEK aTOMOB M THIIBI CHJI CBS3U B TBEPIBIX
tenax. Ban-nep-BaanbcoBa, HOHHAs M KOBaJICHTHAS CBA3b.

CTpyKTypbl BaXHEHIINX IMOJIYNPOBOTHUKOB — 31eMeHTOB AlV, AVI u coenunenuii THIIOB
AIIIBV, AIIBVI, AIVBVL

Cummerpusi  KpUCTAJUIOB.  TpaHCHSLMOHHAs CHUMMETpHUS KpucTauioB. basuc u
KpUCTAJNIMYECKasi CTPYKTypa. OieMeHTapHas s4yelka. [IpumuTuBHas suelika. Syeiika
Burnepa-3eiitia. Pemerka bpase. O0Go3HaueHusi y370B, HalpaBiICHUN U TUIOCKOCTEH B
kpuctamie. OOparHas pelieTka, ee cBoiicTBa. 3oHa bpumosHa.

[Ipumecu u cTpyKTypHBIE A€HEKTHl B KPUCTAUIMYECKUX U aMOPQHBIX MOITYNPOBOIHUKAX.
XuMuueckas MNpUpoOAA M DIIEKTPOHHBIE CBOMCTBA mpuMeced. TodeuHble, JIMHEUHBIE U
JIByMEpHbIE 1€ (PEKTHI.

MeTonb! BeIpaliuBanus 00beMHBIX MOHOKPHUCTAIUIOB U3 KHUAKOHM 1 ra3oBoii (a3.

MeTo/b1 BRIpalIMBaHUsI SMTUTAKCUAIIBHBIX TIEHOK (SMTUTAKCHSI U3 )KUIKOW U Ta30BOM (a3br).
MonekynsapHo-iiydyeBasi SnUTakcusa. MeTamiooprannyeckasi SMUTaKkChs.

Meronbl JerupoBaHus MOJYIPOBOJHUKOB.

OCHOBHBIE METOJbI OINpPEAENICHUs] MapaMeTPOB IMOJYIMPOBOJHUKOB: IIUPHUHBI 3aIPEIICHHON
30HBI, MOABUKHOCTH M KOHLIEHTPAIIUUA CBOOOHBIX HOCUTENIEH, BPEMEHH KM3HNU HEOCHOBHBIX
HOCHTENEH, KOHIICHTPAIlMU U TTyOWHBI 3aJleTaHus ypOBHEH puMecei U JeeKToB.

. OcHOBHBIE IPUONMKEHUSI 30HHOM TeoprH. BomHOBast GyHKIUS 37IEKTPOHA B IIEPHOANIECKOM

nosie kpucraina. Teopema bioxa. 3ona bpuitosHa. DHepreTHuecKre 30HbI.

3aKOoHBI AUCTIEPCUH I BaXKHEHIINX MOITYIPOBOIHUKOB. VI309HEpreTHUecKe TOBEPXHOCTH.
Tenzop obpatHoii a3 dekTuBHOI Macchl. [ImoTHOCTE cocTosHuit. OcobenHoctr Ban-Xoga.
VYpaBHEHUsSI ABM)KEHHUS 3JEKTPOHOB U JBIPOK BO BHEIIHMX HOJsAX. Meron 3¢ddexTuBHON
Macchbl. VICKpUBIIEHHE YHEPreTUYECKUX 30H B AJEKTPUUECKOM ToJie. J[BH>KEHHE AIIEKTPOHOB
U JBIpOK B MarHUTHOM mone. OmpeneneHue 3(PQGEKTHBHBIX MacC W3 LUKIOTPOHHOTO
(tmamarHuTHOrO) pe3oHaHca. CBsA3b 30HHOM CTPYKTYypbl C ONTUYECKUMHU CBOMCTBaMU
IIOJIyIIPOBOJAHUKA.

VYpoBHU 3HEpruu, co3gaBaeMble NPUMECHBIMU LIEHTpPaMu B MOJIYNPOBOJHUKAX. /JoHOpHI U
akienTopsl. Menkue u ry0okue ypoBHH. BogoponononoOHbie MpUMECHBIE IIEHTPHI.
@OyHKIUSA paclpeneneHns 3JeKTpoHOB. KOHLEHTpauus 3JI€KTPOHOB M ABIPOK B 30HAX,
3 QeKTHBHAs IUIOTHOCTh COCTOSHUI. HEBBIPOXKACHHBIA W BBIPOXKACHHBIA AIIEKTPOHHBIN
(mpIpounslif) ra3. KoHlleHTpauu 3IeKTPOHOB U JBIPOK HA JOKAIbHBIX ypOBHSAX. DakTopbl
BBIPOXKICHUS IIPUMECHBIX COCTOSTHUM.

[Tonoxxenne ypoBHs @DepMu M paBHOBECHAs KOHILICHTPALMS 3JEKTPOHOB M JBIPOK U
COOCTBEHHBIX ¥  TPUMECHBIX  (HEKOMIICHCHPOBAaHHBIX W  KOMIEHCHPOBAaHHBIX)
MOJIyITPOBOAHMKAX. MHOr03apsiIHbIE TPUMECHBIE LIEHTPBI.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.
32.
33.
34.

35.

36.
37.

Kunerndeckue xod3(pUIIMEHTHI — MPOBOAUMOCTh, TOCTOssHHas Xoiia u Tepmo-OJIC.
Hpetidosast ckopocTb, ApetihoBast U XOIOBCKask MOABMKHOCTH, akTop Xoiuta. peiidoBsbrii
u b dy3nonHbI ToK. COOTHOIICHHE DUHIITEIHA.

MexaHu3Mbl paccestHUs HOCHUTENEH 3apsAla B HEHJCANBbHOM pemerke. B3ammopeiicTBue
HOCHUTEJNEH 3apsjia ¢ aKyCTHUYECKMMH U omnTtudeckumu (poHonamu. Paccesnue Hocureneit
3apsja Ha 3apsHKEHHbIX U HEUTpaJIbHBIX Npumecsx. lopsuue snexTponbl. OTpunarenbHas
mubdepeHranbHas MPOBOAUMOCTh. JJEKTPUUYECKHE HEYCTOWYMBOCTH; DIEKTPHUUECKHE
JIOMEHBI U TOKOBBIE LITHYPBI.

I'enepamuss u pexoMOMHAIMsT HEPABHOBECHBIX HocuTene 3apsaa. KBasupaBHoBecwue,
KBa3uypoBHH @Depmu. VYpaBHEHHE KUHETUKM pEKOMOMHanuu. BpemeHa >ku3HU.
@DOTOMPOBOAUMOCTD.

MexaHu3Mbl  pekoMOMHanuu. M3imyuarenpbHas W Oe3bI3NyvarenbHas PEKOMOMHALHS.
Mesx3oHHas pekoMmOuHaius. PekomOuHaims yepe3 ypoBHU npumeceid u aedexros. LleHTpsl
npununanus. Oxe-pekoMOuHaIMsL.

[IpocTpaHCTBEHHO HEOAHOPOAHBIE HEPABHOBECHBIC pAaCIpe/lelIeHUs] HOCUTENeH 3apsia.
AmOunonsipaas  aguddysus. Opdexr emOepa. Jnmra nuddy3un HEpaBHOBECHBIX
HOCHTENEH 3apsia.

CxeMa »SHEPreTHYECKMX 30H B KOHTAKT€ METaJUI-TIONYNpoBOAHUK. (OOoramieHHbIe,
OoOe/lHEHHbIE M WHBEPCHUOHHBIE CJIOM TPOCTPAHCTBEHHOIO 3apsja BOJM3M KOHTAKTA.
Bonsramnepnas xapakrepuctuka 6apbepa LLloTTkm.

OHeprerTuyeckas quarpamma p-n nepexona. VHxeKus HEOCHOBHBIX HOCUTENEH 3apsiia B p-
n nepexofe.

I'ereponiepexonpl.  DHEpreTMUECKHE  JuUarpaMMbl  TeTe€poIepexofoB.  BapusoHHble
MOJTYTIPOBOJHUKHU.

IToBEpXHOCTHBIE COCTOSIHUSL M IOBEPXHOCTHBIE 30HBL. VICKpUBIIEHHME 30H, pacIpeleeHHue
3apsija U moTeHuuana BOnu3u noBepxHocTH. [loBepxHOCTHASI peKOMOMHALIMSL.

S¢¢ext nons. TammoBckue ypoBHU. CKOPOCTb MOBEPXHOCTHON pEKOMOMHAIIMH.
KoMmrnekcHast AuanexTpuyeckas MpOHUIAEMOCTh, MOKa3aTelb MpeJoMIIeHUs, KO3(PPUIHEHT
oTpakeHHs, Ko3(huIHeHT nomomeHus. Cpsi3b MeXAy HUMU U cooTHomeHus Kpamepca-
Kponwura.

Me>x3oHHbIe Tiepexoabl. Kpait cOOCTBEHHOTO MOMIOLICHUS B Clyyae NPSMBIX U HETPSIMBIX,
pa3pellieHHBIX U 3alpelICHHBIX MEePEeX0l0B. DKCUTOHHOE TMOIVIOUIEHHE U H3JyYeHHe.
CHoHTaHHOE U BBIHYK/IEHHOE U3JIy4ECHHUE.

[Tornomenue cBeTa Ha CBOOOAHBIX HOCUTEISAX 3apsiia.

[Tornomenue cBera Ha KoileOaHUSAX pelieTKU. PaccesHue cBeta KoneOaHMSAMHU PEIIETKH,
KOMOMHAIIMOHHOE paccessHue Ha onTtuueckux Gononax (Pamana — JlanacOepra), paccesinue
Ha akycTHyeckux (pononax (bpummosna — Manaenbimrama).

Bnusnue npumeceld Ha onTthueckwe CcBoWcTBa. IIpumecHass CTpyKTypa ONTHYECKUX
CHEKTPOB BONM3H Kpas COOCTBEHHOTO IOIVIOIIEHHUS B MPSAMO30OHHBIX M HENPSIMO30HHBIX
MOJYNPOBOAHUKAX. MeXIpuMecHas U3lydareiabHas peKoMOUHaALKA. DKCUTOHBI, CBSI3aHHBIE
Ha IPUMECHBIX LIEHTPAX.

Onrtuueckue siBjeHUs BO BHeNTHUX noisx. Dddext Opanna-Kenapima. Iddext [Tokkensca.
O dexr bypmreitna-Mocca.

Oddextsr Papanes u Doiirra.

[TpumecHast U coOCTBeHHass (OTONMPOBOAMMOCTh. BiMsHUE NpUIUNAaHUS HEPaBHOBECHBIX
HOCHTeNeH 3apsiia Ha GOTONPOBOAUMOCTb.

OnTruueckass mepe3apsaka JIOKAIBHBIX YPOBHEH M CBsI3aHHBIE C HeW APQEeKTHl.
TepmocTuMynupoBaHHas! TIPOBOJUMOCTb.

dotopazorpes Hocutenei 3apsaa. orosnekTpoMarHuTHBIN 3P deKT.

AMopdHBIE U CcTEeKJII0OOpasHble MONYNpoBOAHUKU. CTpykTypa aTOMHOW MaTpPHIIbI
HEKPHUCTAIUTMYECKUX MOIYNPOBOAHUKOB. MpaeanpHoe crekno. ['mapupoBanHbie amopdHbIE
MOJYTPOBOIHUKHU.
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Oco0enHocTH 3JIEKTPOHHOTO SHEPIreTUYECKOro CHeKTpa HEYTOPSAJ0YEHHBIX
MOJIyIIPOBOAHUKOB. IInoTHOCTE cocrosHui. Jlokanusanus 37I€KTpOHHBIX cocTossHUM. Illens
MTOJIBM>)KHOCTH.

JlernpoBaHre HEKPUCTAIIIMUYECKUX MOTYTIPOBOJHUKOB.

Mexanu3mel iepeHoca Hocutenen 3apsaaa. [IpepkkoBas npoBoauMocTs. 3akoH MoTTa.
CrexTpbl ONTHYECKOTO MOIVIOMICHUSI HeKpUCTaNInUecKuX Marepuaios. [Ipasmio YpOaxa.
Hecranumonapusie mpoueccel. Omnpenenenue apeiioBoi MOABMKHOCTH O H3MEPEHUSIM
BpEMEHH MpoJeTa. lucnepcnoHHbli epeHoc.

BinusHue BHEWIHMX BO3ACHCTBUN Ha CBOWCTBA HEKPUCTAJUIMUECKUX MOJYIPOBOJAHHUKOB.
MeracTaOuiabHbBIE COCTOSIHUS.

Pa3smepHoe kBaHTOBaHME. JIByMEpHBIE M KBa3HJIBYMEPHBIE OJJIEKTPOHHBIE CHUCTEMBI H
CTPYKTYphl, B KOTOpPBIX OHHM peanusyrorca. KoHTpa- M KOBapHaHTHbIE KOMIIO3UI[MOHHBIE
CBEpXPEILIETKH, JIESTUPOBAHHBIE CBEPXPEIIETKH JernpoBanus. KBantoBeie HUTH. KBaHTOBBIE
TOYKU. DHEPreTUUECKHUI CIIEKTP 3JEKTPOHOB U IJIOTHOCTh COCTOSIHUN B ATHX CUCTEMAX.
OnTudeckue SBICHHUS B CTPYKTypax C KBAaHTOBBIMHM sIMaMH, TMpaBuia oTOOpa Ui
MEX30HHBIX U BHYTPU30HHBIX (MEXKIIOA30HHBIX) MepexoqoB. MeK30HHOE MOIVIOLIEHHE U
U3NydyaTeNnbHass PEKOMOMHALMA B OJTUX CTPYKTypax. OKCHUTOHbI B KBaHTOBBIX sIMax,
KBaHTOBO-pa3mepHsbIit 3 dext [lTapka.

OJNeKTpUYecKUe U TallbBAaHOMAarHUTHBIC SIBIEHUS B JABYMEPHBIX CTpPYKTypax. OddexT
[lIy6nukoBa-ne ['aaza. Obmiee npeacraBienne o KBaHTOBOM 3¢ dexre Xoa.
BonprammnepHass xapakrepuctuka p-n nepexoma. Ilpubopsl ¢ ucmonb3oBaHHEM p-n
MEPEXO/I0B.

TyHHenpHbIN nuoa. Juon I'anHa. bunonsapusiid Tpanzucrop. Tupucrop.

DHepreTuyeckas AuarpaMMa CTpyKTYpbl METall-AU3IEKTPUK-TI0TYIPOBOTHUK.

[Iy™MbI B OIYTIPOBOJHUKOBBIX MTPHOOpaXx.

®otoanemenTsl U ¢Goronuoasl. CrnekTpajabHash 4yBCTBUTEIBHOCTh W OOHApYKUTEIbHAs
crocoOHOCTb. [10IynpOBOTHUKOBBIE JETEKTOPHI SIEPHBIX U3TyueHHH. POTOINEKTpUIECKHe
npeobpasosarenu, KI1/] npeoOpazoBanus.

CBeTonnoapl ¥ MOIYNPOBOJHUKOBBIE JIa3epbl. MTHKEKIIMOHHBIE J1a3epbl HA OCHOBE JIBOMHON
reTePOCTPYKTYPHI.

Vcnonb30BaHre HAHOCTPYKTYP B IOJYNPOBOIHUKOBBIX Hpubopax. lereporpaH3ucTop ¢
IByMEpHbIM 3eKTpoHHBIM TazoM (HEMT). Iereponaszepsl Ha OCHOBE CTPYKTYp ¢
KBAHTOBBIMM SIMAaMHU UM KBAaHTOBBIMU TOYKaMHU. Pe30HaHCHOE€ TyHHEIMPOBAaHUE B
JIByXOapbepHON TETEPOCTPYKTYpPE H  PE30HAHCHO-TYHHENIBHBIM auoa. OnTtudeckuid
MOYJISITOP Ha OCHOBE KBaHTOBO-pazmepHoro 3¢dexra [Tapka.

Pasznen ((TelIJIO(l)I/I3I/IKa H TeopeTUYCCKas TCIIOTCXHUKA)
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Tepmonunamuka u ee meton. llapamerpsl cocrosinug. [loHsTHE O TEpMOAMHAMHYECKOM
npotuiecce. MaeanbHsliii ra3. 3akoHbl uaeanbHoOro raza. CMecu ueaabHbIX ra3oB.

ITepBbiii 3akoH TepmonuHamuku. Temtora. OnbiT J>k0yisl. DKBUBaJIEHTHOCTh TEIJIOTHI U
paboThl. 3aKOH COXpaHEHUsS W MPEBpaIICHHs dHEPTUU. BHYTPEHHSS SHEPTUs U BHEIIHSS
pabota. DHtanpnus. O600IIeHHbIE CUJIbI U 0000IIEHHBIE KOOPAUHATHI. YpaBHEHHE NIEPBOTO
3aKOHAa TEPMOJMHAMUKH.

Bropoit 3akoH TepmonuHamuku. [lukibel. Ilonstue tepmuueckoro KIIJI. Hcrounuku
TeroTel. OOpatuMble U HeoOpaTuMmbie mporecchl. DOpMyIHpPOBKa BTOPOTO 3aKOHA
tepmoanHaMuku. [{ukn Kapuo. Teopema Kapno. Tepmonnnamuueckas mikajia TeMmeparyp.
Ourponus. V3MeHeHue SHTPONUU B HeoOpaTuMbIX mporeccax. OObeTUHEHHOE YpaBHEHHE
MEepBOTO W BTOPOTO 3aKOHOB TEPMOAMHAMHUKHA. OHTPONHUS ¥ TEPMOIWHAMHYECKAS
BEPOSTHOCTb.

Huddepennmanbapie ypaBHEHUsS TepMoaWHAMHUKH. OCHOBHBIE MaTeMaTUYECKHE METOJIbI
TepMOAMHAMUKHU. YpaBHeHHEe MakcBeruia. YacTHble TPOM3BOAHBIE BHYTPEHHEW YHEPIUU U
SHTAJIBIUU. TEMI0EMKOCTH.
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PaBHOBecHE TepMOAMHAMUYECKMX CHCTEM M (a3oBble IiepexoAbl. [OMOreHHble U
TeTEPOreHHbIE TEPMOJAUHAMUYECKUAE CUCTEMBI. TE€PMOAMHAMUYECKOE PABHOBECHE. YCIOBUS
¢dazoBoro paBHoBecusi. PazoBbie nepexoanl. YpaBHeHue Knaneipona-Knaysuyca. ®a3zoBbie
IIEPEXO/IbI PU UCKPUBIIEHHBIX IOBEPXHOCTAX pa3fela.

TepmoguHaMuueckue CBOMCTBAa BEIIECTB. TE€pMHUYECKHE M KaJOPUYECKUE CBOWMCTBA
xkuakocren. Kpurtmdeckas Touka. YpaBHeHue Ban-nep-Baansca. Tepmuueckue u
KaJIOpUYECKUE CBOMCTBA PEANBHBIX ra30B W BIAXHOIO BO3JyXa. YPAaBHEHUE COCTOSHHUS
peasbHBIX Ta30B. TepMOAMHAMHYECKHE CBOMCTBA BEIIECTB HA JTHMHUHU (ha30BBIX MEPEXOJ0B U
B KpUTHUYECKOH Touke. TepMOAMHAMHMUYECKHE CBOICTBAa BELIECTBA B METAaCTaOMIbHOM
COCTOSIHUH.

OcHOBHBIE TepMOAUMHAMUYeckue mporecchl. M3oxopHelii npouecc. M300apHblil mporiecc.
W3otepmudeckuii nporecc. [lomurponHsie mpomecchl. [poccenupoBanue, d3gpdext Jxoys-
Tomncona. Anunabatudeckoe pacHIMpeHHE pealbHOro rasa B BakyyM (mporecc JDxoyuns).
IIpouecc cmemenus. IIponeccsl cxaTus B KOMIIpeCCcope.

ITponieccsl ucreuenus razos u xugkocreil. ITapamerpsr Topmoxenus. Comuto, tuddysop.
[TonHoe w craruueckoe npamieHue. YpaBHeHue bepnymnu. YUwucino Maxa. Ilokazarens
anuabarsl.

Tepmoaunamuueckue uukinl. Tepmuueckuit KIT/. Dxceprus. Huxkist Kapuo, Otro, Auzens,
bpaiitona, Penknna. Perenepanys T€IIOTsl B LIUKIIE.

XonoaunpHble TUKIBL. OOpaTHBIE TEIIOBBIE IIUKIBI U MPOLECCHI. XOJOJMWIbHbIE YCTAHOBKHU.
[Muxyn BO3AYLIHOM XONOAWIBHOW YCTaHOBKHU. LMK IapOKOMIIPECCHMOHHOW XOJIOAWJIBHON
yCTaHOBKM. IIMKII DapORKEKTOPHOM XOJNOAWIBHOW yCTaHOBKH. IloHsaTHEe O 1ukie
a0COpOIIMOHHOM  XOJNONMIBHOM YCTaHOBKU. LIMKJI TEpMO3JNEKTPHUUECKON XOJIOAUIBHOMN
ycTaHoBKH. [IpuHIMNI paboTh! TEIIOBOro Hacoca. MeToabl COKMKEHUS Ta30B.

OcHoBbI xumMHueckoi TepmoauHaMuku. Tepmoxumus. 3akoH ['ecca. YpaBHenus Kupxroda.
XHWMHYECKOE PABHOBECHE M BTOPOM 3aKOH TEpPMOAMHAMUKH. KOHCTAaHTBI paBHOBECUS H
crerneHb qucconuanuu. Tennosoi 3akoH HepHcera.

TemonpoBOAHOCTb. YpaBHEHUE COXPAaHEHMsI JHEPTrHH, 3akOH Dypbe, KpaeBble YCIOBUS
3a1a4  TEIUIONPOBOAHOCTH. MexaHu3M  TEIUIONPOBOAHOCTH  BELIECTB B TBEPAOM
(kpucTaJuIMyeckoM M aMOp(HOM),  JKUIKOM U Tra3000pa3HOM  COCTOSIHUSIX.
TennonpoBoAHOCTh Yepe3 MIOocKylo cTeHKy. Yucno buo. Koapduuuent temnonepenauu.
TemonpoBOAHOCTh 4Yepe3 LWIMHAPUYECKYHO CTEHKY, KPUTHYECKUN JHAMETDP HU3OJIALMH.
HecranmonapHoe TeMmeparypHOe IIoJIe B IUIOCKOM IUIACTHHE, PETYJSAPHBIA PEXKUM
OXJIAXKIEHMsI (HarpeBaHus) Teja. MeTo/ mepeMHOXKEHMsI pEIIeHUH.

KoHBeKTUBHBIN TEI000MEH B OJHOKOMIIOHEHTHOH cpeze. YpaBHEHHs! COXpAaHEHHS MACCHI,
UMITyJIbCa W DHEPTrUU B CIUIOMIHON cpefe. DMIUpUYecKue 3akoHbl nepeHoca (HwioToHa,
®ypre, Duka). [IpuBenenue ypaBHeHHH K Oe3pa3sMEpHOMY BHIY, KPUTEPHH MOIOOMS.
Ou3NUeCKUi CMBICT YHUCET MOM00MS KOHBEKTHMBHOTO TEIJIO- M MaccooOMeHa. TpoiiHas
aHaJIOTHsL.

TerumooOMen mipu  BHemHeM oOTekaHuu Tena. CucremMa ypaBHEHUH  TEIJIOBOTO
MOTPAaHUYHOTO CIIOs. AHAINU3 TEINIOOOMEHA MPH JJAMUHAPHOM TEUEHUH B MOTPAHUYHOM CII0€
MeToAaMu pasmepHocTel. ABToMozenbHoe pemieHue llombrayzena. CooTHoOmIEHUS ISt
pacyera TemjgooOMeHa TMpH pa3iuyHbIX uuciaax [IpaHaTias.  YCIOBHBIE — TOJNIIMHBI
IIOTPAHUYHOTO cJ10s1. IHTerpaabHble ypaBHEHUs UMITYJIbCA U SHEPIUH.

[Tepexon naMHHApHOTO TEUYEHUs B TypOyJICHTHOE, BIMSAHHE Ha TypOyJEHTHBIM mepexon
apaMeTpoB HAOErarolero IMOTOKa, MAacCOBBIX CHJ, XapaKTepUCTUK OOTekaeMoin
MOBEPXHOCTU. TeopeTndeckue M 3KCIEPUMEHTAIBHBIE ACHEKTHI Iepexoja JaMHUHAPHOTO
TeueHUs B TypOyneHTHoe. OcpeqHEHHbIE YpaBHEHMsI JBWKEHHUS M OHEPruu JUIs
TypOyneHnTHoro Tedenus. Kaxymuecs HanpsokeHUs TypOyJISHTHOTO TPEHHs, TypOyIeHTHBIN
Ter1oBoil moTok. CTpyKTypa NpUCTEHHOU TypOyneHTHoW obnmactu. AHanmorus PeliHonbaca
JUIS TeTJI000MeHa MpH TypOylIeHTHOM T€UEHUH B TOTPAHUYHOM CJIOE, €€
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MOJIEPHU3UPOBAHHBIA BapUaHT (AByXCJIOWHAsi CXe€Ma), pacyeTHbIE COOTHOIIEHHUS IS
TEIIO0TAuH.

KoHBEeKTHBHBIH TEIJIOOOMEH TIPU BBICOKUX CKOPOCTAX TeueHHs. Ajauabaruyeckas
TEMIIEpaTypa CTEHKH, KOIPQPUIMEHT BOCCTAHOBIEHHUS, METOJbl pacyeTa TEIUIOOTIauu.
TernnooOMeH Ha NMPOHMIIAEMOI MOBEPXHOCTH. TermiaooOMeH MHpu MOoNepeyHOM OOTEeKaHUU
OJMHOYHOI'O IIWJIMHAPA U IIYYKOB TPYO.

TernmooOMeH Tpu TEYEHUH IKUAKOCTH B KaHalmax. Maremaruyeckoe OIHMcaHHe,
cpelmHeMaccoBas CKOpocTh U Temreparypa. CrTaOWIM3UpOBaHHBIM TEMIOOOMEH Mpu
IPaHUYHBIX yCIOBHUAX 2-10 poaa. [Ipodumu ckopocTu, Temneparypsbl, TEIIOBOTO MOTOKA MPH
JaMUHApHOM U TypOyJIeHTHOM TeueHUH, uHTerpai JlaiioHa.

TennooOMeH Tpu JTaMUHAPHOM TEYEHHH XHUAKOCTH B HAuyaJbHOM TEPMHYECKOM YYacTKe
Kpymiol TpyObl. HawanbHblii ruaponnHamudeckuil  ydyacTok. CraOmin3upoBaHHBIN
TeIUIoOOMeH Tpu JaMHUHApHOM TedyeHHH. CTaOMIU3UPOBAHHBIN TEMJIOOOMEH TMpH
TypOyJE€HTHOM TEUEHHUH, PEe3ybTaThl MCCIEJOBAHUN JUIsI HEMETAJUIMYECKUX >KUJIKOCTEH U
KUJKUX METaJUIOB, pacdeTHble (opMysbl. BriusHue nmepeMeHHOCTH CBOMCTB KHIKOCTH Ha
TETIO0OMEH TPU TEYSHUH KalleIbHbIX )KUIKOCTEH 1 Ta30B B TPyOax.

TerooOMeH mpu CcBOOOJHOM KOHBEKIMH. MeXaHM3M M MaTreMaTH4ecKoe OIMHUCaHUE,
npubmkenne byccuHecka. Pa3BuTue mnOrpaHM4yHOro cjiosi Ha BEPTUKAJIBHOW IJIOCKOM
MOBEPXHOCTH, pacueT koddduuuenra temnooraaur. CBoOOIHAS KOHBEKIIHSI HAa TTOBEPXHOCTH
TOPU3OHTAIBHOTO IWiIMHApPa U cdepbl. CBOOOAHAS KOHBEKIMS B 3aMKHYTHIX O00BbEMaXx;
TEIUIoNEpeaya 4epes3 IpoCIOnKy.

Tenmooomen mpu  (a3oBbIX MpeBpallleHusX. MaremMaTuyeckoe ONUCAaHUE M MOAEIU
NBYX(a3HbIX Cpel. YHHBEpCAIbHBIE YCIOBHS COBMECTHOCTHM Ha MEX(a3HBIX I'paHMIAX.
CneuuanbHble yCIOBUSL COBMECTHOCTM ISl IPOLECCOB TEIJIO- U MaccooOMeHa.
HepaBHOBECHOCTB Ha MeK(ha3HBIX IPaHUIAX, KBA3UPABHOBECHOE MPUOIMKEHHE.

[IneHouHas u KamelbHas KOHJAEHcalusa. TemiooOMeH NpH IJIEHOYHOW KOHJEHCAIMM Ha
BEPTUKAJIBHOM IOBEPXHOCTH: peumieHue Hyccenbra, aHanu3 OCHOBHBIX JOIYILEHUH.
KonnieHcanus Ha MOBEPXHOCTH TOPU3OHTANbHOrO IMIMHApa. KonaeHcanus IBHXKyIerocs
napa. KauecTBeHHbIE 3aKOHOMEPHOCTH KalleJIbHON KOHEHCALUH.

Kunenue >xunkocteid. YCIoBUS 3apOXKIEHHUs MApPOBOTO 3apObIia B 00bEME MeperpeTon
JKUAKOCTM M Ha TBEPAOH IMOBEPXHOCTH HarpeBa. OCHOBHBIE 3aKOHOMEPHOCTU pocTa M
OTphIBa MApOBBIX My3bIpbKOB. «KpuBas kunenus». TermnooOMeH npu My3bIpbKOBOM KUTIEHUU
B O0JNbIIOM 00BbeMe, TeIII0O0OMEH MPH TJICHOYHOM KuneHud. Kpusucel kuneHus B 601b110M
o0beMe.

PexxuMbl TeueHus: AByX(a3HbIX MOTOKOB B TpyOax. XapakTep W3MEHEHHS CpPeIHEMacCOBOM
TEMIIEPaTyphl JKUJKOCTH, TEMIIEPATypbl CTEHKH, PACXOJAHOIO MAacCOBOIO NapOCOAEpPKAHUS
no JuimHe oborpeBaeMoro kanama. KumneHue >KMIKOCTH, HEAOTPETOM 10 TeMIepaTypsl
HaceleHus. Kpusuc terninoornaun npyu KUIEHWU B TpyOax.

CoBMecCTHBIE MpOILECCHl TEIIO- M MaccomepeHoca. OOmias XapakTepuUCTHKa MPOLIECCOB
nepeHoca maccel u dHeprun. CoctaB cmecH, auh(y3HMOHHBIE TOTOKH, KOIPDUIIMECHT
muddyzuu. [lepeHoc sHEpruy U UMITYIbCa B CMECH.

AHasnorus npoieccoB Temio- 1 MaccooOMeHa. PacueT MHTEHCUBHOCTH IEpEHOCa SHEPTUU U
Macchl KOMIIOHEHTA MPU YMEPEHHBIX U BBICOKMX CKOPOCTSIX MaccoOOMeHa.

Temo- 1 MaccooOMeH NMpu XUMHUUYECKUX mpeBpameHusx. Juddysus, compoBoxmgaemas
TOMOTEHHOW MJIM T€T€pPOreHHOM XMMHMUYECKOH peakmueil. IIpomeccsl Ha MOBEPXHOCTH Tena,
00TeKaeMOoro runep3ByKOBBIM [TOTOKOM Ta3a.

CyO6numanus MOBepXHOCTH Teja, 00TEKaeMOro BBICOKOTEMIIEPATYPHBIM Ta30BBIM MOTOKOM.
Koadpduument akkomomanuu. 3aBUCUMOCTh CKOPOCTH CyONMMaluu OT TeMIIepaTyphl
MOBEPXHOCTH TEA.

Tepmuueckoe pasioxeHHe Tena, 00TeKaeMOro BEICOKOTEMITEPaTypHBIM MOTOKOM XMMHYECKH
AKTUBHOTO rasa.
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XUMHYECKOe B3aUMO/IEHCTBHE HAa TIOBEPXHOCTHU TeJa, 00TEKaeMOro BHICOKOTEMIIEpAaTyPHBIM
ra30BbIM ITOTOKOM.

Pa3pyinienue KOMMO3UIIMOHHBIX MaTepUajoB B BBHICOKOTEMIIEPATYpPHOM TI'a30BOM IOTOKE.
B3anmoneiicTBrE MpOLECCOB TOPEHUS U UCTTAPEHHUS.

Ternnmooomen uznyuyeHueM. OCHOBHbBIE MOHSATHS U 3aKOHBI U3NydeHus. [Ipupona uzmyyeHus.
WuTerpanpHas W CHEKTpalbHAas IUIOTHOCTH TOTOKa Wu3iy4eHus. IllomiomarensHas,
oTpakaTelbHas U MPOITycKaTeabHasi ClIOCOOHOCTH Tell. AOCOIIOTHO YEPHOE TEJO.

3akonbl TerioBoro wu3nyudenus (Ilmanka, Bwuna, Credana-boneumana, Kupxroda,
Jlambepra). M3nyuenue peanbHbIX Te. PaguanuoHHble CBOWCTBA peaJbHbIX MaTepPHAaIIOB.
TermooOMeH HM3JIyd4eHHEM B AMATEpPMHYHOU cpene. l'eomerpus m3mydeHus (JIOKaJbHBIC M
CpenHue yIIoBble KOd(PQUIIMEHTHI). 30HAIBHBIA METOJl pacyeTa TElJI00OMEHa B CHUCTEME
TeJI, pa3eJICHHBIX TPO3PAYHON CPEIOH.

TennmooOMeH wH3Iy4eHHEM B TMOMIOMIAIOIIMX W H3IydalluxX cpenax. Msmydenue wu
noronieHne B razax. OCHOBHOW 3aKOH IEpPeHOCa PHEPTUU M3IY4YCHHs B H3IIydalrolle-
nornomatoieit cpeae. CoOCTBeHHOE U3MyueHne raza. MeTo/sl pacuera TermioooMeHa.
CoBpeMeHHBIE TeII00OMEHHBIE CHCTEMBI: ITapOT€HEPATOPHl TEIUIOBBIX JJIEKTPUUYECKHX
CTaHIM, siepHbIEe YHEPreTHUECKHE PEaKTOphl, KaMephl CrOpaHUs PAKETHBIX JBUTATENeH,
ONaHKET TepMOsIEepHOrO peakTopa. TemmooOMeHHBIE —ammapaTbl:  pEeKylepaTHBHBIE,
pereHepaTuBHbIE, CMECUTENbHBIE.

VYpaBHeHUs TerioBoro Oananca u Temonepeaaun. Cpeanuii tTemnepatypHsiid Harnop. Pacuer
MOBEPXHOCTU  TEMJI00OMEHa, KOHEYHOM TeMiepaTrypbl TerioHocuTeneil.  OCHOBBI
THJIPABIMYECKOTO pacyeTa TeriooOMeHHUKoB. Onpeienenne MOIIHOCTH, 3aTpadnBacMoil Ha
MPOKAYKY TETIOHOCHUTENCH.

Oco6eHHOCTH BBIOOpA CPENICTB U METOAOB TEIJIOBOM 3amUThl. CrIOCOOBI TETTIOBOM 3aIUThHI
OT KOHBEKTHBHOTO U COBMECTHOTO (KOHBEKTHBHO-TYYHCTOI'0) HarpeBa.

[Tponukatomee oxnaxaeaue. IhdexT BayBa. TeriooOMEeH MEXIy MOPUCTONW MaTpUICH U
GUIBTPYIOMUMCS OXJIATUTENEM.

Pasznen «Xumuuyeckas pusuka, ropeHue u B3pbiB,
(pu3uka IKcTpeMaIbLHBIX COCTOSHUI BelleCTBA

1.

OCHOBBI KBaHTOBOII TEOPUH MHOTO3JIEKTPOHHBIX CHUCTEM. AnnabaTruueckoe MpUOIMKEHUe
bopna-OnmnenreiiMmepa. CBolcTBa CHUMMETPUU MHOTOAJIEKTPOHHON BOJHOBOW (DYyHKIUH.
OcHOBHOE M BO30YXJIEHHOE COCTOSIHHS aToMa Teius. MHOTO3JIEKTPOHHBIE AaTOMbl U
nepuoanyeckas cucrema sjaeMeHToB. OmnepaTopbl MOMEHTa HUMITYJbCa. YPOBHM DHEPIHH.
OcHOBHbBIE IPUHLIUIIBI TEOPUU BaJIEHTHOCTH.

DNEKTPOHHOE CTPOEHHE MOJEKYl1. MeToJ MOJEeKyIspHbIX OpOUTajeil U ero NpuMeHeHue K
JIByXaTOMHBIM MOJIEKyJIaM. MOoeKyJaspHbI HMOH BOJOpOJAa M MOJIEKyJa BOAOPOAA.
MornexynspHple OpOMTald TOMOSIEPHBIX JIByXaTOMHBIX MOJIEKyd. lereposiiepHbie
JIByXaTOMHbIE MOJeKynbl. IIpaBuio mepecedeHns NOTEHIMAIBHBIX KpuBbIX. lloHATHE O
METOZIE CaMOCOIIIACOBAaHHOTO MoJs. [MOpuan3anys aTOMHBIX BOJIHOBBIX (pyHKIMH. Meton
MOJIEKYJISIPDHBIX OpOuTaneil B mpuOmmkeHUH XIOKKeNs NMPUMEHUTENBHO K MOJEKylaM ¢
COTPSIKEHHBIMU CBSI3IMHU.

ONEKTPOHHOE  CTPOEHUE  KOOPAMHALMOHHBIX  COEAMHEHHH.  MeXMOeKyIspHoe
B3aumozaeilicteue. Teopus kpucramunyeckoro moss. Komriuiekcbl co ciiaboil M CHIIBHOM
cBia3pto. CnuH-opOuTasnbHOE B3auMmopelcTBue. [IpuMeHeHHMe MeTona MOJIEKYISPHBIX
opOuTaneii K KOOpIMHAIMOHHBIM coenuHeHusM. Dddekr Ana-Temnepa. Cumer Ban-nep-
Baaneca. JJoHOpHO-aKkLIeNITOpHBIE KOMILIIEKCHI. BomoponHas cBs3b.

Crpoenne u cBoiicTBa TBepmoro Tema. llpupoma cunm B3auMOIEWCTBUS B KPHUCTaJUIAX.
KoneGanuss u BomHBI B OfHOMEpHOM pemerke. KoneOaHMs aToMOB TpexMepHOMH
KpUcTaluieckor pemeTku. HopmanbHble kosebaHus. DIEKTPOH B MEPUOAUYECKOM IIOJIE.
[Tpubnmxenne cnabo M CUIBHO CBA3aHHBIX IEKTPOHOB. 30HbI bpmttosna. Ctpykrypa
SHEpPreTUYeCcKUX 30H. JIokaan30BaHHBIE COCTOSIHUSI AJIEKTPOHOB B KpUCTAJLIE.
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Xumuueckas paadocnekTpockonus. YcioBusi Bo3HukHoBeHuss SAMP u OIIP. Bpemena
penakcanuu ¥ GopMa pe30HAHCHOM JMHMU. ['aMHUIBTOHMAH MAarHUTHBIX B3aUMOACHUCTBUI.
XUMUYECKUM CABUT W CIHH-CIIMHOBOE B3amMoaeiicTBue B SIMP. CBepxToHKas CTpPyKTypa
cnektpoB OIIP. MuTeprperanusi TEH30pOB CBEPXTOHKOIO B3aMMOAEWUCTBUSA U g-TEH30pa.
BO3MOXXHOCTM METOAOB MAarHUTHOTO pE30HAHCa [UId HCCIIEAOBaHUsA CKOpOCTEH
MOJIEKYJISIPHBIX M XUMHUYECKUX IPOLIECCOB.

DNeKTpOHHas CTPYKTypa MoJieKyi1. Bo30OyxaeHHble cocTosiHus. [lomiomenue u ucmyckanue
cBeta. CHeKTphl NOIVIOMICHUST W JitoMuHecHeHun. OimyopecueHust u GhocopecieHus.
Teopust 1 MeTozbl pacyéra 371eKTPOHHO-KOJIe0aTeIbHbIX CIIEKTPOB MHOTOATOMHBIX MOJIEKYII.
[Tpubnuxenuss Ppanka-Kongona u I'epubepra-Tennepa. IloreHuunanbHble NOBEPXHOCTH
AIIEKTPOHHO-BO30YXICHHBIX COCTOSIHMMA. [lepexonpl MeXIy COCTOSHUSAMHM. MaTpudHble
ANIeMEeHThl TepexofoB. Penakcamus. BzauMonelcTBus B BO30YKIEHHBIX COCTOSHHSX,
KOMIIJIEKCBI C TIEPEHOCOM 3apsiid, SKCUMEPBI M DKCUIIIEKCHI

be3bI3nydarenbHple  ANIEKTPOHHBIE —Tepexonbl. Heaamabarmueckoe — B3aMMOJEHCTBHE.
ITepenoc 3apsja. Ilepenoc SHEPrUuu IIEKTPOHHOTO BO30YX/1€HUS.
NHaykTUBHO-pe30HaHCHBIM ~ MexaHu3M.  Teopus — @Depcrepa-Zlexcrepa.  Mwurpanus
BO30YKIE€HUS 110 TOHOPAM.

3akoHbl ¢oroxumun. Knaccudukamus doroxumuyeckux peakuuil. dotoaucconuariys.
®oronpucoeaunenue. PorozamernieHne U - QortoneperpynnupoBka. DOTOXMMHUYECKHUE
OKHCIIUTEIBHO-BOCCTAHOBUTENIbHBIE peakni. POTOXMMHUYECKass KHHETHKA.

OCHOBHBIE HPUHIUIBI KOHCTPYUPOBAHHS H30UpPATENbHBIX CYNPAMOJEKYJISPHBIX CHCTEM.
doroymnpasisieMoe  KoMIUIekcooOpazoBaHue. DOOTOMHUIIMMPOBAHHBIE CTPYKTYpHbIE U
¢azoBble mpeBpaieHus. Kunetuka tymenus (uyopecleHIIMY B MUKPOIMYIIbCUSX. MeToibl
OonTUYeCKOM (B TOM  4YHUCJIE€  HEIMHEMHOM)  CIEKTPOCKONHU:  aJICOPOLMOHHBIE,
(ryopecueHTHbIe, MONspU3allMOHHbIe, KOMOMHAIIMOHHOTO paccesiHus. MecTo (OTOXUMUH B
001acTy pa3BUTHUSL COBPEMEHHBIX TEXHOJIOTUI U CPEJICTB TEXHUKH.

XuMHuuecKas TEpMOJMHAMHMKAa U paBHOBecHE. PaBHOBECHOE pacIlpeneiieHHe MOJIEKYII
uaeanbHOro rasa. Pacnpenenenne MakcBemia W pacrnpeneneHue  bosbiMana.
Pacnpenenenne boze u @Pepmu. Craructuka I'mb6ca. TepmonuHamuyeckue CBOWCTBa
uneanbHbix razoB. Onykryanuu. PaBuoBecue da3. CialObie pacTBOpbl. XHUMHUYECKHE
paBHOBecHs. [[oBepXHOCTHBIE SIBICHMUSI.

OJEMEHTAapHBIE aTOMHO-MOJICKYJISIDHBIE IIPOLECCHL. YNPYTHME€ CTOJKHOBEHHUS aTOMOB.
[TonrHoe wu guddepeHnranbHOE CceU4eHUs paccesHus. Heynpyrue CTOTKHOBEHHS.
BeposTHOCTH nepexof0B, ceYeHUsI U KOHCTAHTBI CKOPOCTH MPSIMBIX U OOPaTHBIX IPOLIECCOB.
[ToBEpXHOCTh MOTEHIMAJIBHON SHEPrUM JI CUCTEMBI 3-X aroMoB. MeTol mnepexogHOro
cocrosaHus. Heaguabarnyeckue mpoueccsl.

MoHoMoneKysipHble peakiui. MexaHn3M akTUBaluH MoJieKyd. CUIIbHBIE CTOJIKHOBEHUS U
cTyneHuyaroe Bo30yxxaeHue. CraTucTudeckasl MOJelIb MOHOMOJIEKYIISPHBIX PEAKIIUH.
TepMuueckuil pacmnaja IByXaTOMHBIX MOJIEKYJ. BUMOJIEKYJIIpHBIE peakluu, UAYILIUE Yepes
o0pa3oBaHME IPOMEXKYTOUYHOrO KomIuiekca. [IpsiMble OMMONEKYJISpHBIE pPEaKLUU:
PHKOILETHBIN MEXaHU3M, MEXaHHU3M CpPbIBa, MEXaHU3M IPSAMOro BeiOMBaHus. Pacnpenenenue
SHEpPruu B OMMOJIEKYJISIPHBIX PEaKLUAX

OOMeH sHepruM MpH MOJEKYISPHBIX CTOJIKHOBEHHSX. [IpeBpaleHue mnocTynareiabHOM,
BpalllaTeIbHONM M KosieOaTeNbHOM HSHEpruil mpu CTOJIKHOBeHMsX. Penakcamus 1o
MOCTYTaTeNbHBIM, BpallaTeIbHBIM U KOJIeOaTeNbHBIM CTENeHs M cBoOOnbl. Kunetnueckue
YpaBHEHHUS JJIsl 3aceJIEHHOCTEN YPOBHEW 3HEepruu (B TOM YHCIE NMPU HATUUYUHA XUMUYECKUX
peakiuii)

B3aumoneiicTBrue 31E€KTPOHOB ¢ aToMaMM M MojeKylamMu. Bo30yxkaeHue aToMOB U MOJIEKYI
NIEKTPOHHBIM  ynapoMm. HMoHwu3anmuss aroMOB M MOJEKYJI JIEKTPOHHBIM  yIapOM.
®dotononuzanys. PekomOnHaIMs 3IEKTPOHOB U aTOMOB

MexaHu3M M CKOpPOCTh XMMMYECKOM peakuuu. 3akoH aAelcTByromux wmacc. llopsaok
peakuun. KoHcTanTta ckopoctd. 3akoH AppeHuyca. KuHeTHka CIOXKHBIX pEaKIHil.
OOparumsble, TMOCIeAOBaTebHBIE, NapaienbHble mporecchl. Ilpsimas wu  oOparHas
KMHETUYECKas 3aJaya.
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Meron  KBa3MCTAallUOHAPHBIX  KOHILIEHTpauui. JlumMuTupyromas craaus  CIOXKHOTO
XMMHUYECKOro Impouecca. KHHeTMKa XHMHUYECKUX pEaKUMd B OTKPBITBIX CHUCTEMaX.
CranuoHapHbIE PEKUMBI.

XuMHUUECKHe peakuuu B KuAKoH (aze. Pomb cpempl B 371€MEHTapHOM aKTe XUMHYECKON
peakuuu. Bnusaue auddysum Ha ckopocTh peaknuu. Knetounsrit >ddext. BausHue
JUNIEKTPUYECKOM ITOCTOSIHHOM M MOHHOW CWJIBI HAa CKOPOCTHM XMMHYECKUX DPEaKkLHi B
pactBopax. ConeBoii a¢pdekt. Bnusnue naBnenus Ha cKopocTh peakiuu. O0beM aKTUBALIUU.
COOTHOIIICHUSI CTPYKTypa — PEaKIMOHHAs CIOCOOHOCTh. YpaBHeHus [ammera m Tadra.
BiusiHMe MarHUTHOTO NOJISL HA CKOPOCTh XUMUYECKOM peaKuu.

WHayuupoBaHHblE U TOMOI€HHO-KaTaJuTHdeckue peakuuu. ConpspkeHHbIE peakiuu.
DOTOXMMHUUYECKHE U paJUAUOHHO-XUMUYECKHE peakuuu. MeXaHn3M TOMOT€HHOTO
Karain3a. KuHeTrka roMOr€HHO-KAaTAIUTUYECKUX peakiuil. KucioTHO-OCHOBHOM Karaius.
3aBUCHUMOCTb CKOPOCTH XHMMHYECKOM peakuud OT (GYHKIHH KUCIOTHOCTH [ammera.
DepMEHTATUBHBIN KaTajln3. YpaBHeHHE Muxasnuca — MeHrteH. Karanus komIiuiekcamu u
MOHAMHU METaJUIOB IEPEMEHHON BaJIEHTHOCTU. ABTOKaTaJIN3.

['ereporennslii katanu3. PaBHOBecMe M KHHETHMKA aacoOpOLMM Ha OXHOPOAHBIX W
HEOJTHOPOJHBIX MOBEepXHOCTAX. M3oTepma ancopbiun JIsurmiopa. XemocopOiusi. MoHo- 1
MOJMMOJIEKYJISIpHBIE CIIOM a7cop0aTroB Ha MOBEpPXHOCTH. MHrmOMpoBaHHE M KOHKYPEHIUS
peakiuil Ha MOBEPXHOCTH. MeXaHU3Mbl TeTepOreHHOro Karaiusa. YpaBHeHus JIrnrmropa —
XuHiensByna u Puauna.

[Ipobnema mopsiaka u Oecropsiika B CTpykrype marepuu. [uHamuka u uHpopmanus.
[Ipobnema wHeoOpatumocTu. JluHamuyeckuit xaoc. JluccumaruBHBIE JTHHAMHUYECKHE
CUCTEMBI.

[TapameTp mopsiika B KPUTHUECKHX SBICHUAX M (pa30BbIX mepexonax. Teopus ¢azoBbIX
nepexofoB I-ro u II-ro poma. Teopus Jlanmay. ®nykryaunoHHas Tteopusi (ha30BbIX
nepexoq1oB. ['unore3a nogoousi. CkeHIMHTOBasE TEOPHs] KPUTHIECKUX TTOKa3aTeseH.
HepaBHoBecHble (a3oBbie Mepexoabl. BBIHYKICHHBIN MOPSIOK B OTKPBITHIX (PU3NYECKUX
cucremax. [lpunnun [Ipuroxuna-Inencnopda. Camoopranusanus. [IpocTpaHcTBeHHBIE U
BPEMEHHBIE TUCCUIIATUBHBIE CTPYKTYphI. [ €Hepals KOrepeHTHOIO U3JIyUYEHHMS B Jla3epe Kak
IIpUMep HEPaBHOBECHOTO (Pa30BOro nepexosa.

[IpocTpaHCTBEHHO-BpEMEHHBIE NUCCUIIATUBHBIE CTPYKTYphl B XxuMuH. Peakius benoycosa-
XKaboTtunckoro

Teopusi mporeccoB ropeHus. YpaBHEHHs TEIUIONPOBOAHOCTH U IUGPY3UH B XUMHUYECKH
pearupytoein cpene. Teopust 1 KpuTepuil TemioBoro B3peiBa. LlemHoit B3pwIB. [Ipenens
LEMHOro B3pbIBa. BocmiameHeHWe M 3aXUraHue. 3aKUTaHUE HAKAJICHHOW CTEHKOM.
3axkxuranue uckpor. OyaroBoe BOCIZIaMEHEHNE U MUHUMAJIbHASI SHEPIUS 3aKUTaHUS.
Teopust 1 3aKOHOMEPHOCTH CTALIMOHAPHOT'O OPEHUs ra3oBoi cMecu. HopmaiibHast CKOpOCTh
pacnpocTpaHenus 1miaMeHu. IIpenensl pacnpocTpaHeHus INIAMEHH, TPEAEIIbHBINA AUaMETpP U
npezaenbHas KOHIEHTpalKsd KOMIIOHEHTOB cMecH. [uddy3noHHO-TeroBast HeyCTOHYUBOCTD
mwiamenu. IlpeacraBnenne o TypOyJIeHTHOM TOpEeHHMH. XoioaHble IutaméHa. [openue
HellepeMelIaHHbIX I'a30B.

[openune TBepIbIX U KUJKUX BEUIECTB B OKUCIUTEIBHOM atMochepe. 3akuranue u ropeHue
YaCTUL[ W Kallellb TOPIOYEro B OKUCIUTENBHOW cpene. [opeHue JeTydux U HeleTydux
B3PbIBYATBIX  BELIECTB, IIOPOXOB, CMeCEHd Troprodero ¢ oxkuciaurenem. DPusnka
HECTALMOHAPHOT'O TOPEHHUSL.

I'openue )xuIKUX B3pbIBYATHIX BeIIECTB. [ OpeHNEe MOPUCTHIX 3apsAI0B B3PbIBYATHIX BEIIECTB
U 1opoxoB. (DUIBTPALIMOHHOE TOPEHHE. YCIOBHS IEPEXOAa IOCIOMHOIO TOpeHus Ha
KOHBEKTUBHBIA PEKUM U BO B3PHIB.

VYnapusle BosiHbI U AeToHalus. Cuctema ypaBHEHUI Ia30BOM JUHAMMKHU Ul OAHOMEPHBIX
JBIKEHUN B KoopauHarax Jlarpawxka m Dinepa. XapaKTepUCTUKH, MHBApUAaHThl Pumana.
IlonsiTHEe NMPOCTON BOJHBI. YIApHBIE BOJIHBI. YPAaBHEHHUS COXPAHEHUS MACChI, UMITyJIbCa U
SHEPruM Ha (POHTE yAApHOI BOJNHBI. YpaBHEHHsS COCTOSHUS ra3a U KOHJCHCHPOBAHHBIX
cpen. YnapHas agua0ara, H303HTPOIBI, HX B3aUMHOE PACTIOIOKEHHE. YIapHBIC BOJHBI B
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pearupyoIux U PEeNakCHPYIOIHX cpenax. B3zaumoneicTBue BOJIH — pacmanbl pa3phIBOB,
3aTyXaHHe yJapHbIX BOJIH.

CoBpemenHast Teopust neToHauuu. [IpaBmiio orGopa cKOpOCTH CTallMOHAPHOW JETOHALUU.
CrpykTypa JETOHAallMOHHON BOJIHBL. YCTOMYMBOCTb JETOHALMOHHBIX BOJH. Ilpenensl
neroHauuu. IIpenenst Bo3Oyxaenus nperoHaumu. Ilpunnun Xaputona. OcoOeHHOCTH
MEXaHHU3Ma DSHEPIOBBIJIEICHUS B TOMOICHHBIX U TETEPOr€HHBIX KOHJEHCUPOBAHHBIX
BellecTBaX. MeTobpl N3MEPEHNSI OCHOBHBIX IIapaMeTpoB JeToHAauuu. COBpEMEHHBIE METObI
peeHus 3a1a4 GU3UKU TOPEHHUS U B3PbIBA.

Paznen «Jlazepnas ¢pusukay

VYpaBuenuss Makcseita. [loreHnunaneHbie U BUXpeBble noisd. Teopema Ymosa-IloliHTHHrA.
[Tonsspu3zanus 3IEKTPOMarHUTHBIX BOJIH; apaMeTpsl CTokca.

VYpoBHM DHEPruM AaroMoOB, MOJIEKYJ, KpHUCTaUIOB. llomiomeHue W HCIyCKaHME
JJIEKTPOMAarHUTHOTO  M3Iy4YeHUs. BepoATHOCTM CHOHTAaHHBIX W HMHIYLHPOBAHHBIX
IIEPEXOJI0B.

[Tpyuun  pelictBusg  J1azepoB.  MeTonpl  CO31aHMS  MHBEPCUM  HACEJIEHHOCTEH.
Penakcanmonnsie npoueccel. lupuna nuann nepexoaa. Koaddunuent ycunenus. dpdexr
HaCBIILEHUS

Onrtuueckue pesonaropsl. CriekTp Moa pe3oHatopa. JJoOpoTHOCTE pe3oHaTropa. YCTOWYNBHIS
U HEYCTOHYMBBIE PE30HATOPbl. MeTolIbl MOIYISALUU TOOPOTHOCTH pE30HATOpa Jjasepa.
Metonbl aKTUBHOW M MTACCUBHOM CUHXPOHU3ALMHU MOJI U3Ty4YECHHS B JIa3epe.

OcHoBHBIE THUMNBI J1a3epoB. [luHamuka jnasepHoi renepauuu. Kinaccudukaius pexuMoB
nazepHoi renepanuu. [lopor renepanuu. MyiasTUCTaOMIIBHOCTh U TUHAMHYECKUN Xa0C B
Jazepax

@nykTyauud Ja3epHOro usnydeHus. EcTecTBeHHass mMpuHA JMHUM M €CTECTBEHHAas
pacxoAMMOCTh JIa3€pHOTO M3iydeHus. llpenenbHas NpPOCTpaHCTBEHHAs KOI€PEHTHOCTH
JIa3€pHBIX ITyYKOB.

Crabunuszanms 4YacTOThl TeHepauuu (akTMBHas M maccuBHas). Crabuimzanus
nHTeHCUBHOCTH [lepecTpoiika 49acTOTBl Ja3epHOM reHepanuu. MeToapl HW3MepeHus
JUINTEIBHOCTH JIa3€PHBIX UMITYJIbCOB.

OTKIMK BemiecTBa Ha JEHCTBUE AJIEKTPOMArHUTHOrO moss. Bekropa mnosspuzanuu M
HaMarHWYEHHOCTHU cpeapbl. PasnoxeHue nonsgpusanuu B psj 1o cTeneHsaM nois. Bpemennas
(dacToTHasi) W TMPOCTPAHCTBEHHAs JUCIEpPCUsA. TEH30pbl JMHEHHOM W HEJIWHEWHON
BOCIIPUMMYHUBOCTEH BelleCTBA. BiMsgHUE CUMMETpPUU CpENbl HAa HEJIUHEHUHBIM OTKIIMK.
MexaHu3MBbl TIOBEPXHOCTHOIO HEJIMHEHHOTO OTKJIMKA.

Pe3onancHele mnpoueccsl. [IByxypoBHeBbIi aroM. YpaBHeHus bioxa. KorepeHTHble
HECTAllMOHAPHBIE IMPOLECCHl: ONTHYECKass HYyTalUs, 3aTyXaHUE CBOOOJHOW MOJSpU3ALMH,
COJIMTOHBI CaMOMHAYIIMPOBAHHOW MPO3PAayHOCTH, (POTOHHOE HXO, CBEpXHU3IydeHue Jluke.
CBeTOMHIYITUPOBAHHBIN JIpeiid B ra3ax.

MHorogpoToHHBIE pe3oHaHCHBIE Tmporecchl. (OOoOIIeHHas JBYXypOBHEBas CHUCTEMA.
MHuorodoToHHOE mMOIIoNMEeHne. BhIHYKIeHHOe KOMOMHAIMOHHOE paccesHue. [eneparus
rapMoHuK. Cmenienue yactot. [lapamerpuyeckoe paccesiHue.

B3anMoneicTBuEe 2JEKTPOMAarHUTHOTO H3JIyYEHUS C KpHUCTaJUIaMHU. 3OHHAs CTPYKTypa
DHEPreTUUECKUX ypoBHEH. OHeprust depmu. JMaIeKTpUKH, MOITYNPOBOIHUKH, METAJIBI.
Bo30yxnenus B kpucramiax: (POHOHBI, MOJSPUTOHBI, SKCUTOHbI. OCHOBHBIE HEIMHEHHbIE
KpPHUCTAJLJIBL.

CHekTpocKkonus HAchIIEHUs HEOAHOPOAHO YIIMPEHHBIX TMepexoAoB. JIByxdoToHHas
CHEKTPOCKONHMSI, CBOOOJHAS OT JOIUIEPOBCKOTO yIIUpeHHUs. CHEKTPOCKONHs KOT€pEeHTHOIo
AHTUCTOKCOBA paccestHus cBeTa. CIeKTPOCKOIIHSI MHOTOBOJIHOBOTO CMEIICHHS.

BonHoBas onTHKa CBETOBBIX IYYKOB M MMIIYJbCOB: ypaBHEHUs MakcBesuia, BOJHOBOE
YPaBHEHHE, YPAaBHEHUS KBAa3UOINTUKH, YPABHEHHS U1l MEAJICHHO MCHSIOIIMXCS aMIUIATYI.
["ayccoBbI yuyKH, UX MPeoOpa30BaHKE ONTHYECKUMU cucTeMaMu. JnppakiunoHHoe
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pacruibiBaHue, AnuHa qudpaxkinui. Boiaasl B cBeToBonax. Audpaxius cirydailHbIX BOTHOBBIX
nonieit, reopema Ban L{urrepra-Liepnuke.

MarepuanbHass — gucnepcus  CIUIOIIHOM — cpeabl. PacmpocTpaHeHHe  UMITYJIbCOB B
JTUCTIEPTUPYIOMINX Cpeax: TPYIoBas CKOPOCTh, AMCIIEPCUOHHOE pacIuibiBaHue, 3(deKTo
JUCIIEPCUU BBICIIMX NMOPSIKOB. CIEKTpaIbHO OTPAaHUYEHHBIN UMITYJIbC.

BonHbl B NpOCTPaHCTBEHHO- NEPUOIMYECKUX Cpenax. 3amnpeuieHHas 30Ha. OOTOHHbIE
KPUCTAJIJIBI U UX JUCIEPCUOHHBIE CBOMCTBA.

@Dypbe-onTHKa BOJTHOBBIX IIYYKOB M UMITYJIBCOB; MPOCTpaHCTBEHHAs (uuibTparusi. OCHOBBI
aJaNTHBHON ONTUKU: ympasieHue ¢Ga3oil CBETOBBIX KoJNeOAaHWN B MPOCTPAHCTBE U BO
BpeMeHH, (popMupoBaHHE MYYKOB M UMITYJIBCOB C 33JJaHHOH CTPYKTYPOH.

Bonubl B claOOHENUHEHHBIX W JUCHEPTUPYIOUIMX Cpefax: METOAbl OMHCAHWUS U
KJaccu(uKaIus HeTMHEHHBIX A PEKTOB.

CamMOBO3/ICICTBHE  CBETOBBIX  Iy4ykoB. [Ipupoma  KyOW4YecKoW  HEIMHEHWHOCTH.
CamookycupoBKa B CpelaX C KEppPOBCKOW HEIMHEHHOCTHIO, KPUTHUYECKAs MOIIHOCTD,
JUiMHa ~ caMOo(OKycHpoBKU. MenkomacimtabHas caMogokycupoBka. DuiaMeHTaIusl.
[IpocTpaHCTBEHHBIE ONITUYECKNUE COTUTOHBI.

CaMoBO3/IeHiCTBUE CBETOBBIX HMIIYJICOB B Cpelax ¢ KyOWYHOH HEIMHEHHOCTbHIO:
CaMOMOJYJISILIUS, COJMUTOHBI, KOMIpeccus U paciuibiBaHue. CaMoBO3A€iCTBHE CilydaifHO-
MOJYJIMPOBaHHBIX HMITYJbCOB. DOpMHpOBaHME CBEPXKOPOTKUX HMIYJIbCOB METONAMU
($a30Boif cCaMOMOAYIISALIUN U KOMIIPECCUU.

I'enepanus ontudyeckux rapMoHuk. Pa3oBblli CHHXPOHM3M M €0 pealu3alus, IpyHIoBoOi
cuHxpoHu3M. CIOHTaHHOE IapaMeTpUyYecKoe paccessHHue cBeTa. [lapameTrpuueckoe
yCwieHue M reHepauus. [eHepanus cyMMapHBIX W Pa3HOCTHBIX 4acTOT. BbIHyXIeHHOE
KOMOUMHAIIMOHHOE paccesiHue. PaMaHOBCKHE YCWJIMTENM W TeHeparopbl. BulHyXIeHHOE
paccesnue Manzensiutama-bpunirosna. OOpaleHre BOJTHOBOTO (GpOHTA.

OnTtuueckue OHUCTaOMWIIBHBIE M MYJIBTUCTAOWUJIbHBIE CUCTEMBbI. ONTHYECKUE JIOTUYECKUE
aneMeHThl. [IpononbpHas HEYCTOWYMBOCTh B HEJIMHEMHBIX PE30HATOPAX: OT NEPUOAMUYECKHUX
KojeOaHui  uepe3  yABOGHME Iepuoja K  ONTHdeckomMy xaocy. llomepeunsie
INPOCTPAaHCTBEHHbIE 3(P(EKTbl B HEIMHEHHBIX pe30HaTopax, OOpa30BaHHE U SBOJIIOLUSA
MPOCTPAHCTBEHHBIX CTPYKTYp. ONTHUECKOE MOAEINPOBaHNE HEHPOHHBIX CETEH.

OnHo- ¥ MHOTO(OTOHHAsE MOHHU3AIUS aTOMOB M MOJeKyld. TyHHeIbHas M HajalapbepHas
MOHM3AIMs aTOMOB U MOHOB. IloHaepomoTopHOE yckopeHHe (OTOIEKTPOHOB. YIIHPEHHE
cnekrpa. ['eHepanus BBICOKMX ONTHYECKMX TapMOHUK M CYNEpPKOHTHMHYyMma. leHepauus
KacKaJa KOMOMHALIMOHHBIX YaCTOT.

Jlazepusbiii ipo0oii razos. JlazepHast uckpa. JlazepHast miasma. JlazepHblil TepMOsiIEpHBIA
CHUHTE3. ODHEPreTUYECKHE CHEKTPbl IEKTPOHOB, MOHOB M PEHTIC€HOBCKOIO H3IIy4YEHUS
JIa3epHOM IUIa3MBl. SIIepHbIE peakluU B Ja3epHOM IUIa3Me.

MuorohoTOHHasE JIUCCOIMANAS MOJEKYya B Jja3zepHoM rmosie. CTOJIKHOBHUTENBHBIN U
0€CCTONKHOBUTENBHBIA pPEXUMbl MHOTO(OTOHHOH nucconmanuu. JlazepHoe pasaeneHue
n30TONOB. ONTHUYECKOE CTUMYJINPOBAHUE XUMUUECKUX PEAKLIUN.

JlazepHoe ynpaBieHue OBUKEHMEM yacTUll. ONTHYECKOE OXJIAXAECHHE U 3aXBaT aTOMOB U
MOHOB. ATOMHbBIE Yachl. YIpaBlIeHHE aTOMHBIMU My4YKaMU C IOMOIIbIO Ja3epoB. JlazepHbie
METOZBl YCKOPEHUS YaCTHULI.

[Tornomienne W penakcanys OSHEPrHMM JIa3€pHOTO M3JIY4YEHHUS B TOJYNPOBOJHUKAX U
MeTaJl1ax. DIEeKTPOH- AIEKTPOHHAs, AEKTPOH- (POHOHHAsI U (OHOH- (POHOHHAS peaKcalusl.
Bpemena penakcanyu. HopmanbHbIi 1 aHOMaNIbHBIN CKUH 3D (EKT.

JlazepHbIl HarpeB BellecTBa. JIazepHOE IUIABJICHHE M UCIIAPEHUE NIOBEPXHOCTU. JIa3epHbIi
OT)KMUI W JIETUPOBAHME TNONYyNPOBOAHMKOB. Jla3epHas 3akanka wmetawioB. [Iponeccsl
abcopbumu W ngecopOuMM B TOJNE Ja3epHOro u3nydeHus. JlazepHas (HOTOXMMMS, THUIIBI
doroxumuueckux peakiuil. DOTOAKYCTHUYECKHE SIBIEHUSA. MeXaHHU3MBI JIa3epHOTO
B030y1eHus 3Byka. DoToaKycTHUECKasi CIIEKTPOCKONHS U MUKPOCKOTIHSL.



58.

59.

60.

61.

Jlazepnas dortobuonorus. dotodnonorndeckue peakuu: dHepreTudeckue (porocuHTes),
WH(POPMAITMOHHBIE (3peHHE), OMOCHHTETUYECKHE, IECTPYKTUBHO- MOIUPUITUPYIOIIHE
(porocencubunmzanusi, GHOTOMOHU3ANMS) W JIa3epHBIE METONbl W3 u3ydeHws. JlazepHas
MUKpPO- ¥ MaKpOJIMAarHOCTUKAa OWOMOJEKYJI, KIETOK W OuoTkaHeil. JlazepHas omnTuko-
aKycTudeckasi Tomorpadus.

KBanroBanue momns. Omeparopbl pPOXKICHHUS W YHHUYTOXKCHHSI (POTOHOB. [ aMUIBTOHHMAH
KBaHTOBaHHOTO MoJs1. KoMMyTanimoHHbIE COOTHOIICHUS Ui OTIEPAaTOPOB MOJIS.
[TpocTpaHCTBeHHAs] ¥ BpeMEHHasi KOrepeHTHOCTh. KoppensunoHHble (QYHKIMH MEPBOTO U
BTOpOTO nopsiika. KorepeHTHOCTh BhICHIUX MOPsAIKOB. DOKOBCKOE, KOTEPEHTHOE M CKaToe
cocrosHusi monsi. [lyaccoHOBCKasi, CyOImyacCOHOBCKasi M CyNepIlyaCCOHOBCKAasi CTaTUCTHKA
doronoB. I'pynnupoBka u anTUrpynmnupoBka (otoHoB. Cuer (oToHOB. [IpoboBOil mIyMm.
Cas3b cratucTuku (OTOHOB U (HOTOOTCUETOB, hopmysia MaHens.

[lepenyTanubie cocTosiHUs cBeTa. OnTudeckas peajan3anus KyOUTOB U UX MpeoOpazoBaHUs.
Cocrosinusa bemna. Ilapamoke Oinmreiina- [lomonsckoro- Poszena. HepaBencta besna.
KBanroBas kpunrorpadusi. KsantoBas tenenoprauus.
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