ITPOI'PAMMA BCTYIIUTEJIbBHOI'O HCIIBITAHUA
IO KOHKYPCHOM I'PYIIIE «®3®M ®HU3UKA 1 ACTPOHOMMUS»
JJIAA IHOCTYHAIOIIUX B ACIIMPAHTYPY

Ha BcTynuTensHOM HCHBITAaHUM OYAYT 3aJaHbl BOIPOCHI MO BBIMTYCKHOW KBaJIM(UKAITMOHHOU
paboTe W BONPOCHI W3 pas3zesia, COOTBETCTBYIOIIETO HANpaBIECHUIO OyAyliell HaydHO-
U CCJIEI0BATEIBCKOM 1€ATENbHOCTH MOCTYAOLIETO.

Bonpocekl 10 BbINYCKHOI KBATU(PUKANMOHHOK padoTe (MArncTpaTypa wjiu ClemuaJaurer)
1. OcHOBHBIE MOJOKEHUS.

2. Hosuzna.

3. AKTyaJbHOCTb.

Paszgea «IIpubGopbl 1 MeTOAbI IKCIIEPUMEHTAILHON QUMK

1. Meronbl u3MepeHus: BpeMeHH, MOIPEIIHOCTH U3MEPEHUH, 3TaloHbl. YueT 3 PeKToB 001Ieit
TEOPUU OTHOCUTEJIBHOCTHU (3aBUCUMOCTb X0J1a 4YaCOB OT YCKOPEHUS U IPABUTALIUN)

2. W3mepenue yacToT B papuoauanasone. CTaHaapThl YaCTOTHI.

3. MeToapl U MOTPENIHOCTH W3MEPEHUH KOOpAHMHAT, YIJIOB, JIMH. MHpPOBBIE CTaHAAPTHl U
JTaJIOHBI.

4. Metoasl U3MEPEHUS TEPMOTTHAMUICCKIX BEITUYNH
5. Pamgmnocnextpockomnus (3ddext 3eeMana, sepHbIi MAarHUTHBIN pe30HaHC, ToMOrpadus).
6. DJEeKTpOMarHWTHbIC H3MEpPEHUsi (CIOCOOBI PErHCTpAlluU  PATUOUIYICHUS, METOIbI

perucTpalvy B ONTUYECKOM JAMama3zoHe: (poToauoabl, (pOTOYMHOXXUTENIH, YEPEHKOBCKUE
JETEKTOPBI).

7. Perucrpaums duacTMIl M  PaJMOAKTUBHBIX M3JIydeHHH (MOHHU3AIMOHHBIE KaMephbl,

ra3opaspsiHbleé CUETUYHKH, I[PONOPIHOHAIbHbIE CUETYUKH, CTPUMMEPHBIE U MCKPOBBIE

KaMepbl, MOJYIPOBOJAHUKOBBIE NETEKTOPHI, CUMHTUJUISILIMOHHBIE CUETYHUKH, Iy3bIPHKOBBIC

KaMephbl, YePEHKOBCKUE CUETUUKH, SACPHBIE (DOTOIMYIIBCUN).

[IIymbI ¥ TOMEXH NPU U3MEPEHUH NIEKTPUUYECKUX, AKYCTHUECKHUX M ONTHYECKUX BEIHUUH

9. uddepenumanbapie, THTEPPEPOMETPUUECKHIE U IPYTHE METOABI H3MEPEHHIA.

10. HaHOTEeXHOIOTHH B U3MEPUTEIBHON TEXHUKE

11. [Jo3sumerpuyeckue H3MEpEHUS W  JO3UMETPUUYECKHE  E€AMHMIBI;  KO3(PPUIMEHTHI,
YUUTBIBAIOIIME BIUSHUE paJuallii Ha )KUBbIE OPraHU3Mbl, SKBUBAJICHTHAs 1034.

12. Cucrembr emmamn. EnuHas cucrema emuauny (CH). YHEHBepcanbHBIE TOCTOSHHBIC H
€CTECTBEHHBIE CUCTEMBI eIMHULL. [IpON3BOIHBIE €AUHUIIBI U CTAHIAPTHI.

13. IIpsmeie, KOCBEHHBIE, CTATUCTHYECKUE U TUHAMUYECKHE n3MepeHus. OTIeHKH TOTpenHOCTei
KOCBEHHBIX U3MepeHUH. Y clioBHbIe M3MepeHust. [Ipobiema koppensiuii 1 ypaBHOBEIIMBAHUE
YCIOBHBIX H3MepeHuH. [IpuHUOMIMAnbHBIE OrpaHWYEHUs Ha TOYHOCTh HW3MEpPEHUN
(pusnueckue npenensr).

14. Metonb! nu3amMepeHuid PU3NIECKUX BETUYUH B UCCIIETYEMOM 001acTH (PU3HKH.

15. OcHOBHBIE NPUHLUIBI MOCTPOEHUS MPUOOPOB ISl M3MEPEHUH (U3MYECKUX BEIMYUH B
3aJJaHHOM 00J1aCcTH (PU3UKU

16. ®ynmameHTaIBHBIE ITYMBI B U3MEPHUTEIBHBIX YCTPONCTBAX.

17. Tennosoit mym. ®@opmyna HaiikBucra. Teopema Kannena-BenbTona. J[poGoBoii mym B
JJEKTPOHHBIX U onTHYecKkux npuodopax. Hlymsr 1/1.

18. KBanToBbie 3(pPeKThl B (PU3NYECKUX U3MEPEHUSX. YCIOBHS, KOTJla KJIACCUYECKHH MOAX0.
CTaHOBUTCS HEIPUMEHUM.

19. CootHouenus HeonpeaeneHHOCTH. Poib 00paTHOTO (PIIyKTYallMOHHOTO BIMSHUS MPUOOpA.
CrannapTHble KBaHTOBbIE Mpezenbl. KBaHTOBBIE HEBO3MYyIIalomue n3MepeHus. Ksantossie
ATAJOHBl  €AMHUIl (QU3MYECKUX BedMyuH (mpumepsl). Oddext Jxozedpcona u
CBEPXIIPOBOJISIINE KBAHTOBbIE HHTEPPEPOMETPHI.

o
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Cny4vaitapie coObiTHs. [loHSATHE BEPOATHOCTH. YCJIOBHBIE BEpOSATHOCTU. Pacmpenenenue
BEPOATHOCTH. [[MOTHOCTH BepossTHOCTH. MOMEHTHI.

CriennasnbHble pacrpezielieHus: BEpOsITHOCTEHN U UX UCIIONIb30BaHue B pu3uke. bunoMuansHoe
pacupenenenue, pacnpenenenue Ilyaccona (apoOoBoi  mIym), HKCIOHEHIHMAIBHOE
pacupenenenue. HopmanbHOe pacnpeieneHue u HEeHTpallbHas MIpeJesibHas TeopeMa.
MHoOroMepHsbI€ pacrpeneseHus BepoaTHOCTeH. Koppesiiuy cirydaliHbIX BEJIMYHH.
Crny4aifHble TIpoIIeCcChl. DproauyHocTh. KoppensaiuonHas GyHKIMS CIIy9aiiHOTO mpolecca.
CranuonapHele ciydaiiHple npouecchl. CnekTpaibHas IUIOTHOCTh. Teopema BuHepa-
XWHYMHA.

Onenka mnapamMeTpoB CIy4YallHbIX BEJIHYMH. BBIOOpOYHBIE CpeiHHME U JHCIEPCHUU.
Bri6opounsie pacripenenenus. t-pacnpezenenue CTeio/ieHTa, y2-pacnpeeieHue.
OmnpeneneHue cpeHUX 3HAUEHUN U3MEPSEMBIX I1ApaMETPOB U UX IOTPEIIHOCTEN B MPSAMBIX
1 KOCBEHHBIX U3MEPEHUSX.

TexHuKa OLICHKM IIapaMeTpOB IIPU Pa3HbBIX PACHPENCICHUAX MOTPEIIHOCTEH W3MEpPEHUN.
CpenHue W BEpOATHBIE 3HAYEHUs IEPEMEHHBbIX. TEeXHHKa OLICHKM NapamMeTpoB IIpH
ACUMMETPUYHBIX paclpeeseHusax norpemHocreii. CyMMHUpOBaHHUE PE3YJIbTATOB Pa3IMUHbIX
u3mepenuil. Pobactuele onenku. [lapamerpuueckue u HemapaMmeTpudeckue OleHKH.
AHanuThueckas anmnpoKCUMAaIUsl pe3ysbTaToB U u3MepeHuil. MHtepnonsauus (JuHeiiHas,
KBaJIpaTUyHasi, Kyoudyeckas  T.I1.)

Odypbe-ananus. [uckpernoe mnpeodpazoBanue dypwe. boictpoe mnpeobpazoanue Dypne.
BoaiiBneTHbll aHAINS.

Craructuueckast nmposepka runores3. Kpurepuu corjacusi 1 METOAbI UX HCIOJIb30BAHUS.
Kpurepuii 2, CmupnoBa-Konmoroposa, Konmoroposa.

[Tpsimble n oOpaTHble 3amaun. HekoppektHole 3amaun. OOpaTHble 3ajaud NpU aHAIU3E
pEe3ynbTaTOB U3MEPEHUN U METO/Ibl UX PELICHUS.

MeTto1 MaKCUMaIbHOI'O IIPABIONOI00US U €r0 IPUMEHEHHE.

Meton HaMMEHBIINX KBAJPATOB.

AHanMTHYECKOE ONHCcaHue (PU3MYECKUX MPOIIECCOB.

[InanupoBaHue SKCHEPUMEHTa, BBIOOp METO/la U TEXHHYECKHUX CPEIICTB, METOIbI OLEHKU
O’KHUJAEMBIX PE3YJbTaTOB U X MOTPEIIHOCTEH.

MeToa cTaTUCTUYECKHUX UCIIBITAHUM, METOJIMKA €T0 MPUMEHEHUSI.

Hcnonp3zoBanue Mojeneit Pu3nyeckux mpoIeccoB.

VYyer BaMAHUA nOpubOpa Ha pe3ynbTaThl U3MepeHuil. MojenupoBaHue ¢ y4eToM
0COOEHHOCTEH MCIIOIb3YyEMbIX JETEKTOPOB.

Co3naHue KOMIUIEKCHBIX ycTaHOBOK. OOmme TpeOoBaHus. OOpaboTka uHpopmanuu "B
munuio" (on-line).

Crioco6b! npeobpa3zoBaHMs M3MEPEHUH JUIs ITepejaun Ha 3HAYUTEIbHbIE PACCTOSHUS.
KoHTposnb npoiieccoB u3MepeHuii B peaJbHOM BpEMEHU

Crioco6b! BbIBOJA MH(pOpMalMK B pealbHOM BpeMeHH. HakorieHue skcrepuMeHTalbHBIX
JAHHBIX, CO3/JaHNe OAHKOB JAHHBIX.

Pazgen «®Puznyeckas 3J1eKTPOHUKA)

1.

3aKOHBI ABUKEHUS 3apPSKEHHBIX YaCTUIL B CTATHYECKHUX JIEKTPUUECKUX U MATHUTHBIX MOJISX.
ITokazarenb mnpeaomyieHUs B KOPHYCKYJISIPHOM onTUKE. ONTUYECKHMA W MEXaHWYECKHUIl
MOJIXOJIBI TIPH PEIICHUH 33]1a4 KOPIYCKYJISIPHOUN onTUKH. 3aKoHbl ogo0us. [lapakcuanbHbie
ny4kd. OCHOBHbBIE CBOMCTBA aKCHAIIbHO CUMMETPUYHBIX JIEKTPOCTATUYECKUX U MArHUTHBIX
noned. Teopema bymia m 3akoH coxpaHeHHs yriioBoro MomeHTa. Teopema Jlarpanxka-
I'expMrosbLa U ee ciaeaCTBUSA

OCHOBHBIE THIIBI AJIEKTpOCcTaTUYeCKUX JIMH3. ToHkue nuH3bL. JInH3a-aunadparma. OnuHOYHAS
JWH3a, UMMEPCUOHHBIN OOBEKTUB M MMMEPCHOHHAs JWH3a. MarHuTHbIe JUH3BL Pacuer
doxycHbIX pacctosiHui. JInnza ['mazepa. AGepparuu IuH3
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ONeKTpOHHbIE MHKpOCKOIbL. OOmue npuHUUNBl padoThl. KOHCTPYKLMH 3IEKTPOHHBIX
MHUKPOCKOTOB. OCOOEHHOCTH JIEKTPOONTUYECKHX cucTeM. KopIycKymsipHbIe MUKPOCKOIIBI.
JluHamuKa 3apsOKCHHOM 4acTHULBI B IIEPEMEHHBIX BO BPEMEHU IOJIAX; JBUKCHHE YacTHUL] B
IOJISIX 3JIEKTPOMArHUTHBIX BOJIH, 3aXBaT U YCKOPEHUE, YCKOPEHHUE HAa OUEHUSX.
Tepmoanexktponnas smuccuss (TD3). Pabora Beixoma. OcHOBHOe ypaBHEHHE TI0.
TepMOIMUCCHOHHBII METO/T IPSIMOTO MTPe0Opa30BaHNUsI TEIUIOBOW SHEPTHHU B SJICKTPUUECKYIO.
BakyymHBIl AMOJ C TEPMOKATOAOM U €T0 BOJIbT-AMIIEPHAs XapaKTEPUCTUKA.

OMuccus 1oJ1 Bo3AecTBUEM YacTull. B3anMoelicTBre 3J1IEKTPOHOB OIIOPOTOBBIX 3HEPT UM
C TBEpPABIM TEJIOM. YIPYTrHe B3aUMOJACHUCTBHUA, CEUEHUS NMpoueccoB. CIEKTPbl BTOPUYHBIX
3NIEKTPOHOB. OKe-3IEKTPOHBI. DIIEKTPOHHO-CTUMYIMPOBAHHAS 1€COPOLIHS.
B3aumopneicTBue AaroMHBIX 4YacTHLl € TBEpAbIM TeloM. PacnbuieHne. MexaHnu3mbl
pactbuieans. @opmyna 3urmyHaa Uit koddduuuenta pacnbuieHus. BropuuHas moHHas
smuccus. Koappunuent BTopuuHoi HOHHON 3MuccHU. PaccesHne MOHOB HU3KUX U CPEIHUX
snepruii. OOpatHoe pe3epdopaoBckoe paccesHue. VOHHO-3JIEKTPOHHAS — HMHCCHSL.
[TorennuanbHas U KuHeTHYECKas smuccus. IoHHO-()OTOHHAs HMHCCHS.

@D0TO3IEKTPOHHASA SMUCCHS. TpeXCTyNeHYaTblii MEXaHU3M dMHUCCUU.

ABTORJIEKTPOHHAS, IK30UIEKTPOHHASI U B3PbIBHAS! DMHUCCHS.

®opMHpOBaHUE JIEKTPOHHBIX ITYYKOB Oonbmol mioTHocTH. Ilymka [Mupca. Orpanndenue
TOKa MPOCTPAHCTBEHHBIM 3apsaoM. [IpenenbHbIl TOK HEHUTpaau30BaHHBIX IIYYKOB - TOK
[Tupca. YcroiumBOoCTh MY4YKOB B JpeiipoBOoM mpocTpaHcTBe, HeycroilumBoctu Ilupca,
JUOKOTPOHHAS U TOKOBO-KOHBEKTUBHASI HEYCTOMUMBOCTH, CIIMIIMHI-HEYCTOWYUBOCTb.
CnoHTaHHOE U BBIHY)KJIEHHOE H3JIy4yeHHE MOTOKOB 3apsDKEHHBIX 4YacTHll. YepeHKOBCKOE,
LUKJIOTPOHHOE (CUHXPOTPOHHOE) U OHIYJISATOpHOE M3nydeHus. HopManbHbIi 1 aHOMaIbHBIHI
ad ekt Jonmuiepa. TOMCOHOBCKOE paccestHHE.

Hctounukn CBY-n3iydeHus, OCHOBAHHBIE Ha BBIHYXJCHHOM H3JIyYEHUU IOTOKOB
3apsHKEHHBIX YacTHll: jJammna Oeryiueil BoaHbl (JIBB), MarHeTpoHsl, TUpaTPOHbI, YOUTPOHBI,
BUPKATOPBI, J1a3epbl HA CBOOOAHBIX HJIEKTPOHAX.

PensituBuctckue >PQexTsl, yYMHOKXEHHE YacTOTHl, MapaMETPUYECKHE YCHIUTETH U
TEHEPATOPBHI.

Boansl mpoctpancTBeHHOTO 3apsiaa. [IpocTpaHCTBeHHast M 3HEpreTuyeckas IpynmnupoBKU
IIOTOKOB yacThll. HennHelHble MEXaHU3MBbI HACBHIILIEHUS N3ITyYEHHS - 3aXBaT YaCTULL B BOJIHAX
MPOCTPAHCTBEHHOTO 3apsifia, CIABUT pe30HaHCHOW uacTtoThl wusnyudenus. KIIJ[ CBY-
VCTOYHUKOB U3IyYCHHUS.

®uznyeckue OCHOBBI 3JEKTPOHUKU TBepAoro Tesna. OCOOEHHOCTH JUHAMMKHU 3JEKTpPOHA B
uiealbHOM TBepJoM Teie. BomHoBas GyHKIMS, KBA3UUMITYJIbC, 30HBI BpHUILII03Ha, 30HHBIHI
HHEPreTUUECKU CIIEKTP, 3aKOH JUCTIEPCUU. DHEPreTUUECKUI CIIEKTp 3JIEKTPOHA B KpHCTaJlIe
BO BHEIIHUX MOJIAX (JEKTPUUECKOM U MarHuTHOM). [lonykiiaccuueckass Mosienb IMHAMUKH
AJIEKTPOHA B KPUCTALIE, TPAHUIIBI TPUMEHUMOCTH. JIBIPKU KaK crioco0 onucaHusi aHcaMoOIs
AJIEKTPOHOB, CBOMCTBA U 3aKOHBI IBHIKEHUS ABIPOK

OHEpPreTu4ecKuil CIeKTp 3JIEKTPOHA B OTPAHMYEHHOM KpHCTaJlIe. YCIIOBUS JIOKAIU3AIUHU.
Jlokanm3oBanHble  coctosHua ~ Tamma.  [loBepxHoctHble — coctosHus — Illokim.
Oco0eHHOCTH 3HEPreTUYEeCKOro CHEKTpa JJIEKTPOHOB B TOHKUX IUJIEHKaX (KBaHTOBBIN
pa3mepHbIit 3 dexr).

Tunel TodeyHbIX JedEeKTOB B KpHCTaulax. AKUENTOPHbIE M JIOHOPHBIE TPUMECH B
HOJYIpOBOHUKAX. BoopoononobHas Moess IPUMECHOTO LIEHTpA.

HeymopsinoueHnble cucteMbl - aMop@Hble NOIYNpOoBOAHUKU. [loHsATHE wHIeanbHOrO
amopQHOro TBepA0ro Tena (uaeaabHoro crekia). CiyyaifHas CTpyKTypa U ciay4aiHoe IoJe.
DHEPreTUYECKUN CIIEKTP HEYMOPSTIOUYEHHBIX CUCTEM (0€3 CITy9aifHOTO OISl U CO CITyYaiHbIM
nojuem). JlepexTsl B aMop(HBIX MaTepHraax.

CrarucTrka HOCUTENeH 3aps/ia B MOTypoBogHUKaX. OO0CHOBaHHE TPUMEHEHHU S CTATHCTHKHU
®epmu-/lupaka K 3JI€KTpOHaM B TBepAoM Tene (uaeanbHoM). CTaTHUCTHKA NPHUMECHBIX
cocTosHMi.  HeBBIpOXKIEHHBIE W BBIPOXKICHHBIE  IOJYNPOBOJAHUKH.  YPOBEHBb
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AIEKTPOXUMHUYECKOTO MOTEHIIMANa U KOHIIEHTpalusl CBOOOIHBIX M CBSI3aHHBIX HOCHUTENEH B
BBIPOKICHHBIX TOJIYIPOBOAHUKAX: B COOCTBEHHOM, C OJIHUM THUIIOM IPUMECH, B YACTUYHO
KOMIICHCUPOBAaHHOM. fIBIIEHHE KOMIIEHCAIUU.

SlBneHusa mnepeHoca 3apsna B TBepAOM Tene. VHTerpan CTOIKHOBEHMU. MeXaHH3MBbI
paccessiHUs HOCHUTENIeH 3apsaa. OJIEKTPONPOBOAHOCTh NOJYNPOBOAHUKOB M METAJLIOB.
DIEKTPONPOBOJHOCTh B CHIIBHBIX dJIEKTpHUecKuX noysix. Dddekt ['anna. Kiaccuueckuii u
KBAHTOBBII pa3zMepHbIi 3P (HEKTHI B 3JIEKTPOIIPOBOIHOCTH.

ONEKTPONPOBOJHOCTE B HEYNOPSIOYEHHBIX cUcTeMax. [IpbDKKoBas NpPOBOIMMOCTH IIO
JIOKAJIM30BAHHBIM COCTOSHUAM BOIM3U ypoBHs Depmu (3akoH MoTTa) U XBOCTaX MIOTHOCTU
COCTOSTHUI BOJIM3M KpPaeB IIEIU MOJBUKHOCTH.

HepaBHOBecHbIE HOCUTENM 3apsiia B IMOJYIPOBOJHHUKAX WM JM3JIEKTpUKax. ['eHepauus u
pexkoMOuHanus. Mexanusmbl  pekomOuHammu. Juddysus u  apeiidp HepaBHOBECHBIX
HOCHUTEJICH, COOTHOILIeHUE OWHIITEeHA. [IIOTHOCT, TOKa W rpagueHT ypoBHA Depmu.
VYpaBHEHHE HENPEPBHIBHOCTH, AHAJIU3 YACTHBIX CIIy4aeB JIOKAJIbHOTO BO30YXKIEHUA H
WHKEKIIMH.

KoHTakTHbIE sABIEHUA. Pa3znnyHble TUIBI KOHTAKTOB. KOHTakT TBEpHoOe TENO - BaKyyM.
KonTakt meramn - nomynpoBoguuk. Juoner lottku. duonnas u auddy3uoHHas teopun
BBIIPAMIICHUS. DJIEKTPOHHO-IBIPOUHbIN 1nepexoa. KonnuecTBeHHass Teopus WHXKEKIUH U
SKCTPaKI[MU HEOCHOBHBIX HOCUTEIICH.

BoinpsimiieHne U ycuieHHE ¢ MOMOLIbI0 p-n nepexojoB. CraThueckas BOJIbT-aMIlepHast
xapaktepuctuka (BAX) p-n nepexona. TyHHenpHBIH 3PdeKT B p-N nepexoaax.OCHOBHbIE
IIPEJICTaBIECHUS O MOJIYIPOBOJHUKOBBIX T€TEPOIIEPEX0/IAX, UX IPUMEHEHHE.

OnTtuueckrie u (OTORIEKTPUUECKHE SBJICHHS B MONynpoBogHuKax. I[lornomienue wu
UCIyCKaHWE CBeTa MOJYNpOBOAHUKAMU. Mexanusmel noriomeHus. [lormomenue u
OTpaKeHHE DJIEKTPOMATHUTHBIX BOJIH CBOOOJHBIMH HOCHTENsMU 3apsna. [lormomenue u
U3Iy4YeHUE NpU ONTHYECKHUX Iepexojax 30Ha-30HA. lIpsiMble U HempsMblEe NEPEXOJbl.
Pa3pemiennble u 3amnpenieHHble nepexonbl. CHeKTpalbHble XApAKTEPUCTHKU IOIVIOUICHUS
KpUCTAJIJIaMHU.

CrnoHTaHHOE M BBIHYXKJEHHOE u3iydeHue. llomynpoBoaHuKOBBIE nazepbl. Ontuueckue
cBoiicTBa amMOp(HBIX MNOTYIPOBOAHUKOB. DoTo3PdexT B p-n mnepexonax. CoraHeuHbIe
6arapeu. [IpeoOpazoBaHMe AIEKTPUYECKUX CUTHAIOB B CBETOBBIE.

Hanoosnextponuka. KBaHTOBBIE sIMBI U CBepXpelieTKU. KBaHTOBbIE HUTH M KBAHTOBBIE TOUKHU.
OJNEKTPOHHBIE COCTOSIHUSA B HAHOCTPYKTYpax. TpaHCIOpPTHBIE ABJIEHUS B HU3KOPa3MEPHBIX
cucrtemax. OnTuyeckre CBOWCTBA HAHOCTPYKTYp. OJHOARIEKTPOHHBIE SIBJICHUS B
HaHORJIEKTPOHHBIX ycTpoiicTBax. HanorexHonorus. [IpnOopsl HAHOAIEKTPOHUKH.
OHepreruyeckas quarpamma peajbHOW MoBepXHOCTH. [loBepXHOCTHBIE COCTOSHUA. DPPeKT
HOJsl M TOBEPXHOCTHAs MPOBOAMMOCTb. BiusHue ancopOMpPOBaHHBIX YACTHUIl Ha
MOBEPXHOCTHYIO MMPOBOAUMOCTD. [losieBbIE TPAaH3UCTOPHI.

[Tpobnema MUKpOMUHUATIOPU3AIUH 3JIEMEHTOB MUKPO3JIEKTPOHUKH. [10ynpoBOAHUKOBEIE,
IUICHOYHbIE W TUOpUIIHBIE HHTErpajibHble cxembl. doTonmuTorpadusi, peHTTeHOBCKas H
3JIEKTPOHHAs! TUTOTpaduu.

Marseroanektponuka. L{lunuHapruueckre MarHuTHbIE JOMEHbl. MarHuTHbIE 3alIOMUHAIOIINE
YCTpOMCTBaA: HA eppHUTax U Ha TOHKHX IJICHKaX.

AKYCTO3JIEKTPOHHUKA: B3aUMOJIEHCTBUE AJIEKTPOHOB C JUIMHHO-BOJHOBBIMU aKyCTHUYECKHUMHU
KOJICOAHUSIMU PELIETKH, aKyCTOdJIEKTpUYeckuii 3¢h(ekT, ycuiaeHue ynpTpa3ByKOBBIX BOJIH.
AKYCTO3JIEKTPHUYECKHE SBJICHUS Ha TIOBEPXHOCTHBIX BOJIHAX U UX MPAKTUYECKUE TPUMEHEHHUS
- MaJIorabapuTHbIE JTMHUU 33€P>KKH, YCUIIUTENN U TeHepaTOPhI JEKTPUUECKUX KOJIeOaHHH.
MonekynspHas 2neKTpoHUKa. OCHOBHbIE NPUHLHUIBI MOJEKYISIPHOW 3JIEKTPOHUKH.
DJeKTpOHHbIE BO30YXKACHHUS, UCHOJIb3yeMble Ul Mepeladd M XpaHEeHus WH(pOpMaluu B
MOJIEKYJISIPHBIX cucTeMax. [lepcrneKTUBBI OJHOMEpPHBIX M KBa3HMOAHOMEPHBIX CHCTEM,
CTPYKTypHasi HEYCTOMYNBOCTh OJJHOMEPHBIX NMPOBOJHUKOB, nepexosl [laniepiaca u Morra-
Xabbapma. DneKTpOHHBIE BO30YXKIEHHUS B OJHOMEPHBIX CHCTEMax, COJUTOHHAs
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MPOBOAUMOCTb. POTOMPOBOIUMOCTh, HEJIMHEHHBIE ONTHYECKHE CBOMCTBA. MOJIEKYIsIpHBIE
MOJIYIIPOBOTHUKY - TIOJIMAIICTUIICH U MTOJMUANALETUIICH: CTPYKTYpa, CBOIMCTBA, JIETHPOBAHHUE.
[TprOopbI MOJEKYISIPHON AIEKTPOHUKH.

KpuosnexkrpoHuka. OJIEKTpOHHBIE CBOMCTBA TBEPAbIX Tl (METAUIbl, JWUAJIEKTPUKH,
MOJIYIPOBOJHUKN) TPU HU3KUX TemIepaTypax. SIBjIeHHe CBEpXIPOBOAUMOCTH. DPdexT
Meiicaepa. OcOOEHHOCTH TYHHETUPOBAHHS B YCIOBHUAX CBEPXIIPOBOJINMOCTH.
BricokoTemneparypHas cBepXnpoBoguMocTh. CBONWCTBA U MMapaMeTPhbl CBEPXIIPOBOJIHUKOB C
BeIcOKOM Tk. Makpockonuyeckre KBaHTOBBIE APPEKTH CBEPXIPOBOAMMOCTH. KBaHTOBaHME
MarHuTHoro moroka. Oddekr Jxkozedcona. Tumbl 1KO3ePCOHOBCKUX IMEPEXOJI0B.
AmnanoroBele ycrpoiictBa Ha 3 dekrax [[xozedcona. CraHmapThl HANPSHKEHUS, CKBHUIBI,
npuemasie CBY-ycTpoiicTsa.

[udpoBsie sueiiku JOTUKH U maMsATH. [IpoOiaeMbl co3nanus OOJBIINX MHTETPANBHBIX CXEM
(BUC).  OcobeHHOCTH  DJCKTPOHHBIX  YCTPOMCTB  HAa  BBICOKOTEMIIEPATypPHBIX
CBEPXIPOBOIHUKAX.

Pa3znen «®Pusnka KOHACHCUPOBAHHOI'0 COCTOSITHUSN»

1.

Crpykrypa TBEpAoro Tena, Kak OJHOIO U3 KOHJCHCUPOBAHHBIX  COCTOSIHHM.
Kpucrannnueckue u amop¢Hsbie Tena. TpaHCIAIMOHHAs CUMMETpUA. DJIeMEHTapHas siueiKa.
Pemerku bpase. Toueunble U MpocTpaHCTBEHHBIE IpymIbl. OcOOEHHOCTH pacpOCTPaHEHUs
BOJIH B INEPUOJAMYECKUX CTpyKTypax. 3akoH Bynbga-bparra. O0parnas pemerka. 30HbI
bpumtosna.

Hedextsl B kpuctaymnax. Toueunbsle aedexTsl, ux obpasoBanue u nupdysus. Bakancuu.
Atombl BHenpeHus. Kommuiekcbl aTOMHBIX JedekToB. KpaeBble 1 BUHTOBBIE TUCIIOKALMH.
Bextop broprepca. Dueprus aucnokanuu. Ilepenonsanue u ckoibxeHue. PazMHOxeHME
qucnokaruid. HMcrounuk @panka-Pupa. BiusHMe paguaiMoOHHBIX, MEXaHUYECKUX,
TEPMHUECKUX BO3AECHCTBUN HA pEaIbHYIO CTPYKTYPY TBEPBIX TEIl.

Tunbl xumudeckux cBsizedl. CTpykTypHble U (U3MUECKHE OCOOEHHOCTH HOHHBIX,
KOBaJIEHTHBIX, METAIJINYECKUX U MOJIEKYJISIPHBIX KpUCTaLIOB. [lIoTHEHIINE yTaKOBKH.
AmopdHble TBepAable Tela, METAIMYEeCKUEe CTEKJa, MOJYNPOBOJHUKU, MAarHETUKU M HX
CBOMCTBA.

Onucanue >HEPreTUYECKOr0 COCTOSIHUS KpUCTaJlla IpPH TIOMOINM ra3a KBa3MYacTHIL.
[Tpumepsl kBa3zuvactull. POHOHBI, MArHOHBI, KCUTOHBI, IJIA3MOHBI U JIp. DJIEKTPOHBI B
MeTaJljie Kak kBasudactulpl. KBazunmmnyisc. 3akon aucnepcun. Teopema biioxa. I'pannunsie
ycnoBus. [InmotHocTs coctosiHuil. CratucTuka raza KBa3udacTull. bo3oHbl U (QepMUOHBI.
B3auMozeiicTBrue KBa3U4aCTULL.

Konebanust pemeTku-QpoHOHBI. AKycTHUecKass ¥ ONTHYECKas BETBU  KOJICOAHUH.
Tennoemkocts pemerku. JlebaeBckas wacrora. Pakrtop JlebGas-Bamiepa B paccesHuun
PEHTT€HOBCKHUX Jyuel. AHTapMOHHU3M U TEIUIOBOE pacIIupeHHeE.

DJEeKTPOHHBIE COCTOSTHUS B KprcTaiax. OaHOdIEeKTpOHHAs Moieib. [IprOamkeHus CUIbHON
u crnaboi cBszei. 30HHAs Teopus U (U3NYECKUE CBOWCTBA TBEPJBIX Tell. BBIpOKIEHHBIN
NIEKTPOHHBIA  Tra3. OJEKTPOHHAs TEIUIOEMKOCTb, MOBEpXHOCTh Pepmu. Tenzop
3¢ (deKTUBHBIX Macc. DNEKTpOoHBl W AbIpKU. LluxnorponHas macca. Ilonmokenue depmu-
YPOBHS B HEBBIPOKJEHHBIX MOJIYITPOBOIHUKAX.

Kunetndeckoe ypaBHEHHME. OJEKTPO- M TEIUIONPOBOJHOCTb. BpemeHa pelakcanuu.
MexaHu3Mbl paccessHUsl DJEKTpOHOB. PaccesHue Ha mpumecsix M JedeKkTax. IIeKTPOH-
¢oHOHHBIE  CcTOJKHOBeHMs.  HopmanmpHble — mpomeccsl,  mpouecchl — nepebOpoca.
MaruuToconpoTtusienue u g ekt Xoa.

Metamnsl ¢ OonpuIOW JUIMHOM MpoOera 3JIeKTPOHOB. AHOMAaNbHBIA CKUH-3()(]EKT.
LIMKIOTPOHHBIN pe3oHaHC W pa3MmepHble 3P ¢dexThl. [IpOHMKHOBEHUE SJEKTPOMArHUTHOTO
noyist B Metayul. ['enukonsl. KBantoBanue opout B MmarautHOM 1oiie. D dext ne ["aaza-Ban
Anbdena.
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[TonynpoBOAHUKH. DJNEKTPOHHAS CTPYKTypa THUIHMYHBIX MOJYINPOBOJHUKOB. ['epMaHuUi.
VY3K030HHBIE  NONYNpOBOAHMKU. [IpumecHble  ypoBHM. JIOHOpBI UM aKLENTOPBL.
TemnepaTypHass 3aBUCHUMOCTb NIPOBOJUMOCTH. pn mnepexonbl. POTONPOBOAMMOCTS.
PexoMOuHanms u penakcaiys HEPaBHOBECHBIX HocuTened. [opsume HOcuTenu. Dddekrt
I"anna.

TeH30p ynpyrux nocTosHHBIX U ynpyras aedopmanus. [lnactuaHocTs kpucTtamuios. [Ipenen
TEKy4ecTH. YTIpouHeHue. BHyTpeHHee TpeHue.

Mexanusmsbl norsomeHust GpotoHos. Ilornomenre cBOOOIHBIMU HOCUTESIMH. Pemerounoe
norjouieHre. MHorodoHoHHBIE TMpouecchl. KoMOMHAaIlMOHHOE paccessHHe CBeTa B
kpuctaiax. llornomienue cBs3aHHbIMU HocutensiMu. llpaBuina otbopa. Mek30HHBIE
IpsIMbIE U KOCBIE Mepexobl. DKCUTOHBI. JItoMuHecneHlusa. BpeMena xu3Hu BO30YyXACHUMH,
dmoopecuennus. beznzmydarenbHblie nepexoasl. KBaHTOBBIN BBIXO]] TIOMUHECLICHIIHH.
Juamarnetusm cBOOOJHOTO 3JEKTPOHHOrO ra3za. CMHOBBIN MapamarHeTusM. 3akoH Kropu.
®eppomarnerusm.  MonekynsgpHoe none  Beiicca.  OOMeHHOoe  B3auMOJEHCTBUE.
deppoMarHuTHeIE JIOMEHBI. OHeprus AHU30TPOIIHH. Jomennas CTEHKA.
Antudeppomaruneruku. Depputbl. CHUHOPUEHTUPOBAHHBIC SBICHUS. BHYTpeHHUE
MarHuTHBIE MOJIs, UX COCTABJISIOLINE U BIMSHUE HA COCTOSIHUE SIACPHBIX YPOBHEM.
OddextuBHOE TMMONE. DISKTPOCTPHUKIUS M IMHE30IJICKTPUUECTBO. [IUPOINEKTpUKH U
CErHETORJIEKTPUKH. DINEKTPUUECKUN THCTEPE3UC.

AHoMannu (U3NYECKHX CBOMCTB CETHETOAIEKTPHUKOB B 007acTH (ha3oBBIX MEPEXOIOB.
MounekynspHble KpUCTAILIBI.

PaBnoBecue (a3. dazoeie mepexonsl I u Il poma. ®@nykryanuu. TBepasie pacTBOpHI U
MIPOMEKYTOUHBIE (Da3bI.

PaBHOBecre B MHOTOKOMIIOHEHTHBIX CHCTEMax M IpaBwio ¢a3. /lmarpaMmbl paBHOBECHSI.
Huddysuonnsie u 6e3nuddy3nonnsie npespamienus. Kuneruka (ha3oBbIX IpeBpaIieHHH.
OcHOBHBIE CBOWCTBa CBEPXIPOBOAHUKOB. DPpdekr Meiiccuepa. CepxmpoBoguuku [ u 11
pona. Buxpu u BUXpeBbI€ CTPYKTYPHI.

OCHOBBI MHKPOCKOIMYECKOW U TepMOAMHAMHUYECKOM Teopuil. KymepoBckue mapsbl.
DHepreTuyeckas IeJIb U KBA3UYACTULIBI B CBEPXITPOBOAHUKE. TyHHEIbHBIN 3P PeKT. DPdekT
Jxo3edcona.

BricokoTemnepaTypHble CBEPXIIPOBOJHUKH, WX CTPYKTypa, XUMHUYECKUU cocTaB. Poib
kuciopona B BTCII.

Pentrenorpadus: MeTonbl  HCCIEAOBaHUA  WJCATBHOW W peajbHOW  CTPYKTYP.
OnekTpoHorpadus U MEeKTpoHHass Mukpockonus. Heiitponorpadust: ynpyroe u Heynpyroe
KOTepEHTHOE  paccesiHhe, MCCIAeIOBAaHUE  MArHUTHBIX  CTPYKTYp M (DOHOHHBIX
criekTpoB.Dd ekt Meccbayapa, II1P, AMP.

DJIEKTPUUYECKHE U TaJIbBAaHOMArHUTHbIE MU3MEPEHUs, KaK METOJbl M3Y4YEHHS 3JIEKTPOHHOU
CTPYKTYpbI KPUCTAJJIOB M COCTaBa MPUMECEH B MOITYIPOBOAHHUKAX.

OnTuyeckre MeTOABbl HCCIENOBaHUA. BO3MOXKHOCTH, CBS3aHHBIE C HCIOJIB30BAHUEM
Ja3epHbIX HCTOUHUKOB CBETA.

VYcnoBust 00aydeHHsT MaTepHajoB B COBPEMEHHBIX SIIEPHO-3HEPreTUYECKHX YCTaHOBKaX.
Yropyrue u Heynpyrue CTOJIKHOBEHHsS OOMOapIMpYIOLIMX YacTUI[ C aTOMaMHU BEIIECTBA.
[Tpouieccyl WoOHM3aNMU B KpucTamiax. [lepBHuHO BBIOMTBIE aTOMBI, HMX CIHEKTPHI.
Kananmposanue.

Ob6pa3zoBanue nedextoB moj obmydenueM. OOpazoBanue map PpeHkens B 00IydaeMbIX
kpuctamuiax. Kackaasl atom aTOMHBIX coyaapeHuii. OT)KUT paualiMOHHBIX 1e(EeKTOB.
M3MeHeHne CTPYKTYphl U CBOMCTB METaJUIOB 1o o0iaydeHueM, Auddy3noHHbie mporecchl
noJi o0JlyueHHEeM: paJuallMOHHO-YCKOPEHHbIE W PaJMallMOHHO-UHAYIUPOBaHHbIE (a30Bo-
CTPYKTypHBIE TIpeBpalleHus B OOTydaeMbIX CIJIaBaX. PaauanmoHHBIE paclyXaHue u
MOJI3Y4ECTb.

WNonHast uMIIIaHTanus B METaJUIbL.
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MeTtoapl uccneaoBaHus MPUTTOBEPXHOCTHBIX CJIOEB TBEPIOTO Tena. Judpakiuus MeICHHBIX
DIIEKTPOHOB, 3JEKTpOHHAs OXe-CIeKTPOCKONHsl, (POTOAIEKTPOHHAS CIIEKTPOCKOMHS, Macc-
CIIEKTPOCKOIHS BTOPUYHBIX HOHOB.

DNEeKTpOHHAs TPOCBEYMBAIOIIASI K PACTPOBASI MEKPOCKOIHUS ASPEKTOB B METaJIaX.
ITpumenenue meronos DIIP u IMP B paauanmonHoi pusuke TBEpOTO TEIA.

BiusiHue HecoBEpIICHCTB CTPYKTYpbl TBEpPIbIX TeJ Ha Mapamerpbl MeccOayspoBCKUX
CIIEKTPOB.

Pa3zpen «®Puzuka miaasMbi»
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[TonsTHe MIa3Mbl, KBa3HHEUTPAJIbHOCTb, MHKPOIIOJNS, 1€0aeBCKUN paauyc, UAcalbHas H
HeyjealpHas IUIa3Ma. YCIOBUE TEPMOJMHAMUYECKOIO PABHOBECHs, TEPMHUYECKas
noHunzaus, popmyna Caxa, KOpOHAJILHOE PaBHOBECHE, CHIKEHHE MOTCHIIMANIa HOHU3AIINH.
Bripoxaenue mia3mel, ctatuctika bosnbiimana u @epmu-Zupaka, mogaens Tomaca-depmu.
CTONKHOBEHMsI 3apasyKEHHbIX YacTHll, JaJbHOAEWCTBHUE, YaCTOTHl CTOJIKHOBEHMH,
CTOJIKHOBEHUS 3JIEKTPOHOB C aToMamM (yInpyrue U HEeynpyrue), CTOJKHOBEHHUS TSKEIbIX
yactul. Monuzamus, pekomMOuWHaIus, mepe3apsaka W Opuiumnanue. Bo3OyxkineHue u
JUCCOLIMALIUS MOJIEKYJI AJIEKTPOHHBIM yIapOM.

VYpaBHenus bonpiMana u BilacoBa, MHTErpan CTOJKHOBEHMM, BpeMs MakKCBEILIM3AalUU U
CKOPOCTb BBIDABHUBAaHUs TEMIEPATyp pPA3JIMYHBIX KOMIIOHEHT Iuta3mbl. (CKOpoCTh
MOHOOOpa30BaHUsI M PEKOMOMHAIMU 3JIEKTPOHOB U HMOHOB, 00pa3oBaHUE U pPa3pyllIECHUE
BO30Y)XJICHHbIX aTOMOB (HMOHOB). SIBIeHMsI IEpeHoca B IUIa3Me, 3JIEKTPOIPOBOJHOCTD,
T Qy3us U TEIIIONPOBOJHOCTh YACTHUI] MPU HAJTMYWU M OTCYTCTBHM MAarHUTHOTO TOJIS.
Kunetuka Bo30yX/IeHHBIX MOJIEKYJI B IIJIa3Me.

JIBI>KeHME B CKPEIICHHBIX 3JICKTPUIECKOM M MarHUTHOM MoJisix.  J{peridoBoe npubiamkeHue,
Pa3sHOBUIHOCTH Ape(oBOro ABMKEHMs. 3apspKeHHAs 4acTHIA B BHICOKOYACTOTHOM IIOJIE.
[TonsiTue aguabaTU4ecKOro HHBAPUAHTA.

YpaBHEHMS IBH)KEHUS IUIa3Mbl B MAarHUTHOM II0JI€, IIPOHUKHOBEHUE MAarHUTHOIO IOJISA B
I1a3My, BMOpPOXXEHHOCTb MAarHUTHOTO TOJsA. 3aKOHbl COXpPAaHEHHs B  MJIC€aIbHOMU
onunoxkuakoctHoi MI'/l. JIByX>KuaKOCTHOE MPUOIMKEHHE.

PaBHOBecHble  KOH(Urypanuu IUIa3Mbl B~ MAarHUTHOW  TUAPOJAMHAMHUKE,  IHHY.
HeycToWunBOCTb IUIa3Mbl, BUABI HEYCTOMYMBOCTH, IIEPErPeBHAs M HOHMU3ALMOHHAs
HEYCTOMUMBOCTH. DHepreTuueckuil mpuHuun MI'/[-ycToifunBoCTH.

OcHOBHBIE TUIIBI KOJIEOAHUH W BOJIH B IJIa3Me: JICHIMIOPOBCKHE 3JIEKTPOHHbIE U HMOHHBIE,
AJIEKTPOMAarHuTHbIE, MOHHO3BYKOBBIE, MAarHUTO-3BYKOBbIE, ajb(pBeHOBCKUE. IlokazaTens
IPEJIOMIIEHUS I1J1a3Mbl, IPOCTPAHCTBEHHAs! U BpeMEHHas Jucrepcus, Gpa3oBasi U rpymnmnoBas
CKOPOCTH IJIA3MEHHBIX BOJIH.

Bo30yx1eHue u 3aTyxaHue BOJIH B IUIa3Me, YepEHKOBCKOE M3JIydeHue, 3aTyxaHue Jlannaay.
Packauka niazMeHHbIX Kosiebanuil myukamu. KBazununeiiHoe npubnnkxeHue.
PacripocTpaHeHH€e SJIEKTPOMATHUTHBIX BOJH B HEOJHOPOJHOM IUIa3Me, NeoMeTpuYecKas
ONTHKA, TUIA3MEHHBIA DPE30HAHC, IMKJIOTPOHHBIA PE30HAHC, JIMHEWHAas TpaHchopMaIus.
OcHOBHbBIE HENMHENHBIE TPOLECCHl B3aUMOJEHCTBHS BOJIH, HEYCTOWYMBOCTH IUIa3Mbl B
CHJIBHOM 3JIEKTPOMAarHUTHOM ToJie. PaccesHue u TpancopMarius BOJIH.

ONEeMEHTapHbIE paJWallMOHHBIE TIPOLECCHl, WHTEHCUBHOCTb CIIEKTPAIbHBIX JIMHUM,
CIUIONIHBIE CIIEKTPBI, BEIHYX/IEHHOE Ucnyckanue. [Ipodern usinydeHus, nepeHoc n3rydeHus
B Cpelie, ONTUYECKHU ITPO3pavHas U HENpO3payHas I1a3Ma, JIyducTasi TEIUIONPOBOJIHOCTD.
30HIOBBIE METOABI, onTHdeckue Metoasl, CBY-Meronpl, KOPHYCKYJSpHBIE METOMBI,
JIa3€pHOE PaCcCesHUE, MATHUTHBIC U3MEPEHHUS.

OcCHOBHBIE BHJBI pa3psia: TICIONIUMN pa3psi, UCKpa, dekTpuyeckas nyra, BU-, CBU- u
ONTUYECKUHN pa3psl. YCIOBUSA CTALlMOHAPHOCTH pa3psza, U3Iy4aroluid pa3psal B IUIOTHON
I1a3Me, MIa3MEHHO-ITYYKOBBIM pa3psl.

VYaapHbele BOJHBI B IIIa3M€, CKA4OK YIUIOTHEHMS, PEJIAKCALMOHHBIM CJIOH, W3JIy4YeHUe
YAApHBIX BOJIH, HEJIMHENHBIE BOJIHBI TEILIONPOBOJHOCTH. TOKOBBIE CIION.
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VYrpaBnseMblii TEpMOSAEPHBIM CUHTE3, MAarHUTHOE yJIEpKaHWE M HarpeB IUIa3Mbl B
MarHUTHBIX JIOBYIIKAX U MHEPIUATbHBIX CUCTEMAX.

['eopusnueckue u acTpoduzuyecKue IIa3MEHHbIE SBJICHHS - HOHOocdepa 3emiw,
MEXIUJIaHETHAs T1a3Ma, 3BE3/IbI.

[1na3MeHHbIE HMCTOYHHUKY U3Ty4eHHUs], Ia3MeHHas CBY-anexkTponuka.

[TpeoOpazoBaHue TEMIOBOW 3HEPTUU B AekTpuueckyro: MI'J[-mpeobpa3oBarenu, TEIIOBbIC
npeoOpa3oBaTey.

XHMMHUYECKUE PEAKIMU B PABHOBECHON M HEPAaBHOBECHOM IlIazMe. MexaHu3Mbl U KMHETHKA
OCYIIECTBIICHUS TUIa3MOXUMHUYECKHUX PEAKIIUi, POJIb 3apsHKEHHBIX U BO30YKIEHHBIX YaCTHII.
DHepreTuka XUMHUYECKUX pEAKIHMi B JJIEKTPUYECKUX paspsaax. 3akKajaka IPOIyKTOB
MJIa3MOXUMHUYECKUX ITPOLECCOB. MeTO1bl AMarHOCTUKY XUMHYECKH aKTUBHOM IJ1a3MBbl.
B3aumoneiicTBue miiasMbl C TMOBEPXHOCTBbIO TBEpAbIX Teil. [lmasMeHHble TEXHOJIOTUU
(TpaBiieHHe, UMIUIAHTALUS, YIPOUHEHNE, HAHECEHHUE MOKPBITHIL U TIp.)

Paznen «®Pu3nka nosynpoBOIHUKOBY

1.

2.
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DJeKTpoHHAas KOH(UTrYypalusi BHEIIHUX OOOJIOYEK aTOMOB M THIIBI CHJ CBS3M B TBEPIBIX
tenax. Ban-nep-BaanbcoBa, HOHHAs U KOBaJE€HTHAs CBA3b.

CTpyKTYypbl BOXXHEUIIIUX MOJIYIPOBOIHUKOB — aneMeHToB AIV, AVI u coeaunenuit Tumos
AllIBV, AlIBVI, AIVBVI.

Cummerpusi  KpucTayjioB.  TpaHCHSLMOHHAsT CUMMETpPUS KpUCTaJUioB. basuc wu
KpUCTAJUIMYECKasi CTPYKTypa. OieMeHTapHas sueika. [lpumuTtuBHas sueiika. Sdeiika
Burnepa-3eiitiia. Pemerka bpaBe. O0o3HaueHus Y3JI0B, HANpaBICHUM M TIJIOCKOCTEH B
kpuctaise. O6patHas peleTka, ee cBoicTBa. 3oHa bpunmtosHa.

[Tpumecu U CTpyKTYpHBIE Ae()EKTHI B KPUCTAUITMYECKUX M aMOPQHBIX MOTYIPOBOJHHUKAX.
XumHuueckasi MpUPOJA M 3JIEKTPOHHbIE CBOMCTBA mNpuMeceld. TodeuHble, JUHEWHBIE U
JIByMEpHBIE IeEKTHI.

MeTo/1b1 BhIpalMBaHusi 00BEMHBIX MOHOKPHUCTAJIIOB U3 )KHUJIKOW U ra30BOi (a3.

MeToap! BRIpAIMBAHUS ATUTAKCUAIBHBIX TICHOK (SMUTAKCHS U3 KHUIKON U Ta30BOM (asbl).
MounekynsapHo-ilydeBasi SUTaKCHs. MeTalsiooprannueckas SIUTaKkCHsl.

Meroas! 1erupoBaHus MOITYITPOBOJIHUKOB.

OcHOBHBIE METOJIBI ONPEEIICHUS MAPAMETPOB MOJIYIIPOBOJIHUKOB: IMIMPUHBI 3aIPEIEHHON
30HBI, TOJIBU’KHOCTH U KOHIIEHTPAI[MH CBOOOJHBIX HOCUTENEH, BPEMEHH )KM3HU HEOCHOBHBIX
HocuTelNel, KOHIIEHTPALUH U TITyOHHBI 3aJIeraHusl ypoBHEH nmpumMeceil u gedexros.
OcHoBHbI€ NPUOINKEHHS 30HHOM Teopuu. BoinHoBas GyHKIUS 37€KTPOHA B IEPHOJUUYECKOM
nosie kpucraiuia. Teopema biioxa. 3oHa bpuinirosHa. DHepreTuyecKkue 30Hbl.

3aKOHBI IUCIIEPCUH IS BAKHEHIINX MOTYNIPOBOJHUKOB. M303HepreTnyeckue noBepxXHOCTH.
Tenzop obpatHoit 3QdexTuBHOI Macchl. [ImoTHOCTH cocTossHuit. OcoOenHocTH Ban-XoBa.
VYpaBHeHUs] JBUKEHHS JIEKTPOHOB M JBIPOK BO BHEWIHUX MoJisix. Meton s dexTuBHON
Macchl. ICKpUBIIEHUE SHEPTETUYECKUX 30H B DJIEKTPUYECKOM I10JI€. JIBUIKEHHE DIIEKTPOHOB
U JbIpoK B MarHuUTHOM mnone. Ompezaenenue 3¢Q(EKTUBHBIX MacC M3 LUKIOTPOHHOIO
(TmamMarHUTHOro) pe3oHaHca. CBsA3b 30HHOM CTPYKTYpbl C ONTUYECKMMM CBOWCTBaMHU
MIOJIyIIPOBO/THUKA.

YPOBHM 3HEPIrUM, CO3/1aBa€Mble IPUMECHBIMH LIEHTPAMU B IOJYNPOBOAHMKAX. JJOHOpBI U
akmenTopsl. Menkue u riryookue ypoBHH. Bomopo0mo100HbIe TPUMECHBIE IIEHTPHI.
@yHKIMS pacHpelesieHuss 3JIEKTPOHOB. KOHIEHTpalus 3J€KTPOHOB M JABIPOK B 30HAX,
a¢dexTrBHas TUIOTHOCTh COCTOSHUN. HeBBIpOKIEHHBIH W BBIPOXKIEHHBIM 3JIE€KTPOHHBIN
(mpIpounsIif) ra3. KoHIleHTpaluu 37IeKTPOHOB M IBIPOK Ha JIOKAIBHBIX YpOBHAX. DakTOphI
BBIPOXKJIEHUSI IPUMECHBIX COCTOSTHUH.

[Tono>xenne ypoBHs @epMM U paBHOBECHAs KOHIIEHTpAlMs 3JIEKTPOHOB U JABIPOK U
COOCTBEHHBIX W  NPHUMECHBIX  (HEKOMIEHCHPOBAaHHBIX M  KOMIIEHCHUPOBAHHbIX )
IIOJIyIIPOBOJHUKAX. MHOro3apsiHble IPUMECHBIE LICHTPHI.
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Kunernueckue kodhumueHTsl — TPOBOIUMOCTH, TOCTOssHHAass Xouta u TtepMo-D]1C.
HpeiidoBas ckopocTs, ApeiidoBas 1 X0IIIOBCKas MOABMKHOCTH, (akTop Xosna. [peiidobrit
u 1uddy3nonnbiit Tok. CooTHOIIEHUE DHUHINITEHHA.

MexaHu3Mbl paccesiHUsT HOCHUTENIEH 3apsja B HEUACAIBHOW pelierke. B3ammopnencraue
HOCHUTEJICH 3apsiia C aKyCTMUECKMMU M onThyeckumu (ononamu. PaccesHue Hocutenei
3apsja Ha 3apsUKEHHBIX U HEMTpanbHbIX npumMecsax. ['opsune anexkTponbl. OTpunartenbHas
muddepeHranpHas MPOBOJUMOCTh. JJIEKTPUYECKUE HEYCTOMYMBOCTH; JJIEKTPUYECKHE
JIOMEHBI U TOKOBBIE IIIHYPBI.

['enepanisi u pekoMOMHAIMS HEpPaBHOBECHBIX HocuTeneill 3apsana. KsasupaBHoBecue,
kBa3uypoBHH @Depmu. VYpaBHEHHE KHHETUKM peKOMOMHAnuu. BpemeHna >Ku3HU.
POTONPOBOAUMOCTb.

Mexanu3ambl pekoMOuHanmu. M3myuatenbHass W Oe3bI3MydaTenbHas pPEKOMOMHALUS.
Mesx3onHas pekoMOuHanus. PexomOunanus uyepe3 ypoBHu npumeceit u nedexron. LleHTpsl
npuiunanus. Oxe-peKoMOHaIMS.

[IpocTpaHCTBEHHO HEOAHOPOJHBIE HEPABHOBECHBIE pACIpPENEIICHUs] HOCHUTENEH 3apsja.
AmOunonsipaas nupdysus. Opdexr [emOepa. Jnuna muddy3sun HepaBHOBECHBIX
HOCHUTEJEH 3apsija.

Cxema »DHEPreTMYECKMX 30H B KOHTAaKTe€ METAJUI-NIONYNpoBOAHUK. OOorameHHsbIe,
oOeHEeHHbIE M WHBEPCUOHHBIE CIIOM MPOCTPAHCTBEHHOTO 3apsiia BOJM3M KOHTAaKTA.
Bosabsramnepnas xapakrepuctuka 6apbepa lloTTku.

DHepreTuyeckas auarpamma p-n nepexoja. MHKeKius HeOCHOBHBIX HOCUTENEH 3apsia B p-
n nepexoze.

I'ereponepexonpl.  DHEpreTHyeckKHe JAvarpaMMbl — TeTeponepexoqoB.  Bapuszonnsie
MOJIYTIPOBOTHUKH.

[loBepXHOCTHBIE COCTOSIHMSI U IOBEPXHOCTHbIE 30HBI. VICKpHBIIEHHE 30H, pacnpeleieHue
3apsja v oTeHuMana Boau3u nosepxHoctu. [loBepxHocTHas pekoMOUHALMSL.

O ekt nons. TammoBckue ypoBHU. CKOPOCTh MOBEPXHOCTHOM peKOMOMHALINY.
KommiekcHast AuaneKTprueckas IpOHUIIAEMOCTh, TIOKa3aTeNb MPETOMIICHHS, KOA(PPHUIIUEHT
oTpaxkeHust, Kodpduiuent nornomenus. CBa3b Mexay HUMU U cooTHomeHus: Kpamepca-
Kponura.

Mesx3oHHbIe nepexo/bl. Kpait coOCTBEHHOrO MOTJIOUICHUS B claydyae NPSIMbIX M HENPSMBIX,
pa3pelIeHHbIX W 3alpelieHHbIX IEepeX0J0B. ODKCUTOHHOE TIOIVIOIIEHHE W H3JIy4yeHHeE.
CHOHTaHHOE U BBIHY)KJIEHHOE U3JIyYEHUE.

[Tornouienue ceera Ha CBOOOIHBIX HOCUTENSX 3apsia.

[Tornomenune cBera Ha KojieOaHMSX pelIeTKH. PaccesHue cBera KojeOaHUSIMM peEIIETKH,
KOMOWHAIIMOHHOE paccessHre Ha ontuuecknx (oHoHax (Pamana — JlanncOepra), paccesinue
Ha akycTHueckux ¢poHoHax (bpuimosna — Manaenbitama).

Bnusiane npumecel Ha onTUYecKue CBOMCTBA. [IpuMecHast CTpyKTypa ONTHYECKUX CIIEKTPOB
BONM3M Kpas COOCTBEHHOrO IIOTJIOMIEHUS B  TNPSAMO3OHHBIX UM HENPSMO30OHHBIX
MOJIYIPOBOIHUKAX. MeXIpuMecHast u3iaydareiabHas peKkoMOrHaIus. DKCUTOHBI, CBSI3aHHBIE
Ha MPUMECHBIX LIEHTpax.

Orntrueckue siBiIeHUS BO BHEMTHUX 1ojsiX. D¢ ekt Opanna-Kennpima. D¢ dext [Tokkenbca.
Oddext bypmreitna-Mocca.

Oddextrr Papanes u Doiirra.

[TpumecHas u cobcTBeHHast (HOTONPOBOJUMOCTb. BiMsHuEe NpuiMnaHus HEpaBHOBECHBIX
HOcUTeNIeH 3aps/ia Ha POTONPOBOIUMOCTb.

OnTuueckast mepe3apsKa JIOKAIbHBIX YpPOBHEH U CBs3aHHbIE C HeH A(PQeKTsl.
TepMocTUMyIHpOBaHHAS MPOBOIUMOCTb.

®dotopaszorpeB HocuTenei 3apsaaa. @OToINEKTpOMarHUTHBIN 3 deKT.

AMopdHBIE U CTEKI000pa3Hble NOTYNpPOBOAHUKU. CTpyKTypa aTOMHOM MaTpuIlbl
HEKPUCTAIMUECKUX TONYIPOBOAHUKOB. MneanbHoe crekno. ['mapupoBanHble amopdHbIE
MOJIYTIPOBOTHUKH.
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OcoOenHoctu 3JIEKTPOHHOTO SHEPreTUYECKOro CHeKTpa HEYNOPSAI0YECHHBIX
MIOJIyIIPOBOJHUKOB. [IOTHOCTE cocTOossHMM. JIokanu3anus 3JIEeKTPOHHBIX cocTossHUM. Illens
MOJABUKHOCTH.

JlernpoBaHue HEKPUCTAIIMYECKUX TIOTYITPOBOJHUKOB.

Mexanu3mbl iepeHoca HocuTenel 3apsana. [IpbkkoBas NpoBOAUMOCTb. 3aKOH MoTTa.
CIHeKTphbl ONTHYECKOTO MOTJIONICHHSI HEKPUCTAITHYeCKIX MaTepuaios. [Ipasmio Ypobaxa.
Hecraunonapusie npoueccel. Omnpenenenue Aper(oBoil MOABMKHOCTH IO HU3MEPEHUSIM
BpPEMEHH IpoJieTa. [[McnepCcuoHHbII epeHoc.

BnusHue BHENIHMX BO3/JEMCTBUM Ha CBOMCTBA HEKPUCTAIUIMYECKUX MOJIYNPOBOAHUKOB.
MertacTaOuiabHbIE COCTOSIHUS.

Pa3mepHoe kBaHTOBaHME. J[ByMEepHbIE W KBa3UABYMEPHBIE 3JEKTPOHHBIE CHUCTEMBI M
CTPYKTYpbl, B KOTOPbIX OHM peanu3yroTcs. KoHTpa- U KOBapMaHTHbIE KOMIIO3UIIMOHHBIE
CBEPXPELLIETKH, JETUPOBAHHBIE CBEPXPEIIECTKH Jierupoanus. KBantoBelie HUTH. KBaHTOBBIE
TOYKH. DHEPreTUYECKUI CIIEKTP IEKTPOHOB U IUIOTHOCTh COCTOSIHUI B 3TUX CUCTEMaX.
OnTuyueckue SBICHUS B CTPYKTypaxX ¢ KBAHTOBBIMU sIMAMHU, MpaBuiia 0TO0pa A1l MEK30HHBIX
Y BHYTPU3O0HHBIX (MEXIIOA30HHBIX) 1EPEX00B. MeX30HHOE MOTJIOEHUE U U3ydyaTelbHas
peKOMOMHAIIMSA B 3TUX CTPYKTYpax. DKCUTOHBI B KBAHTOBBIX SIMaX, KBAaHTOBO-Pa3MEPHBIH
addexr lrapka.

DONEeKTpUYeCKUe U TajJbBAaHOMATHUTHBIC SBJICHHUS B JBYMEPHBIX CTPYKTypax. Oddekt
[IlyounukoBa-ae "aaza. Obmiee npepcraBieHne o KBaHToBOM dddekre Xoma.
BonbrammepHas xapaktepucTuka p-n mepexoma. llpuGopel ¢ ucnonb3oBaHHEeM p-N
NEPEX0JI0B.

Tynnenbnsiid quoa. uon ['anna. bunosnspuelil Tpansuctop. Tupucrop.

DHepreTuyeckas 1uarpaMMa CTpyKTypbl METaJUI-AUAJIEKTPUK-TI0JYTIPOBOIHUK.

[[Iymbl B OTYMPOBOIHUKOBBIX MPHOOPAX.

®otoanemeHTsl M QoToauoasl. CHeKTpanbHash YyBCTBUTEIBHOCTb W OOHApYKUTEIbHAS
crocoOHOCTh. [1oMynpoBOAHUKOBBIE IETEKTOPHI AACPHBIX U3TydeHH. DOTOIIEKTPHUUECKHE
npeobdpasosarenu, KIIJ] npeobpazoBanusi.

CBeToMobl U MOJYNPOBOAHUKOBBIE Jla3epbl. HKEKIMOHHBIE J1a3epbl HA OCHOBE JIBOMHOMU
reTepOCTPYKTYPBHI.

Hcnonb30BaHue HAHOCTPYKTYpP B IOJYNPOBOJHUKOBBIX MpubOopax. ['erepoTpaH3ucTop c
nByMepHBIM 25iekTpoHHBIM razoM (HEMT). ['eteponasepst Ha OCHOBE CTPYKTYp ¢C
KBAaHTOBBIMM SIMAMM U KBAHTOBBIMU TOYKamMH. Pe30HaHCHOE€ TYyHHEIHUPOBAHHE B
JIBYX0apbepHOW TIeTepOCTPYKTYpE U PE30HAHCHO-TYHHENbHBIM JuoJ. OnTHYecKHit
MOJYJISITOp HAa OCHOBE KBaHTOBO-pazMepHoro ¢ ¢ekra Illtapka.

Pasznen «Tel'[.]'[O(l)I/I3I/IKa H TeopeTUYCCKasA TCIJIOTCXHUKA»
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Tepmogunamuka u ee meron. Ilapamerpsl coctosiHus. [loHsiTHE O TEPMOIMHAMUYECKOM
npouecce. aeanbHblil ra3. 3akoHbI HaeanbHOro raza. CMecH U1eanbHbIX ra30B.

[lepBbrit 3akoH TepmoanHamuku. Tersora. OnbIT JKOyis. DKBUBAJIEHTHOCTh TEIJIOTHI U
paboThl. 3aKOH COXpaHEHUS U TMPEeBpAIECHUS PHEPruu. BHYTpEeHHSSI 2HEPrUsl M BHEIIHAS
pabota. OuTanbnus. O000IIEHHbIE CUIIBI U 00001IEHHBIE KOOPAUHATHI. Y paBHEHUE M1EPBOTO
3aKOHA TEPMOJIUHAMUKH.

Bropoii 3akoH TtepmoauHamuku. [uxmiel. [lonarne tepmuueckoro KIIJ. HMcrounuku
TerioTel. OOpaTuMmble W HeoOpaTuMble Tmpoiecchl. DOpMyIUpOBKa BTOPOTO 3aKOHA
tepmoarHamuku. [{ukin Kapno. Teopema Kapuo. Tepmonnnamuueckas mkana TemMneparyp.
OHurpomnus. V3MeHeHrne dHTPONUU B HEOOpaTUMBIX mporeccax. OObeTUHEHHOE YpaBHEHUE
MEepBOr0 M BTOPOrO 3aKOHOB TEPMOJMHAMUKH. OHTPONUS M TEPMOJWHAMUYECKAs
BEPOSITHOCTb.

Huddepennmanbapie ypaBHeHHUs] TepMoauHAMUKA. OCHOBHBIE MaTEMaTUYECKHE METOJIbI
TEpMOJMHAMUKHU. YpaBHeHHEe Makcsesa. YacTHbIE POU3BOAHBIE BHYTPEHHEN YHEPTUHU U
SHTAJIBINUU. TEermI0eMKOCTH.
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PaBHOBecue TepMOAMHAMHUYECKUX cHUCTeM U (a30oBble TNepexoibl. [ OMOreHHble W
TreTEPOreHHbIE TEPMOAVMHAMUYECKUE CUCTEMBI. TepMOAMHAMUYECKOE PABHOBECHE. Y CIOBUS
¢dazoBoro paBHoBecus. dazoBwie nepexoapl. YpaBHenune Knamnelipona-Knaysuyca. ®a3oBbie
[IEPEX0/1bl IPX UCKPUBIIECHHBIX TIOBEPXHOCTSX pa3zena.

TepMoanHaMHUeCKME CBOMCTBAa BEIIECTB. TepMUYECKHE M KaJOpUYECKHE CBOMCTBA
xkuakocred. Kpurtudeckas Touka. YpaBHeHue Ban-nep-Baansca. Tepmuueckue u
KAJIOPUYECKUE CBOMCTBA pEalbHBIX ra30B U BIAXKHOIO BO3AYyXa. YPAaBHEHUE COCTOSHMS
peanbHBIX ra3oB. TepMoaMHAMHYECKUE CBOMCTBA BEIIECTB HAa TMHUH (Da30BBIX NEPEX0a0B U
B KpUTHYECKOM TOuke. TepMoauHaMUyecKHe CBOMCTBA BEIIECTBA B METACTaOMIbLHOM
COCTOSIHUH.

OcCHOBHBIE TepMOJMHAMUYECKHE Tporiecchl. M30xopHbiii mporecc. M300apHbIi mporecc.
N3orepmuueckuii pouecc. [lomutponusie mpomecchl. Jpoccenupoanue, 3gdext [[xoyis-
Tomricona. AnuabaTuyeckoe paclIMpeHHe pealbHOro rasa B BakyyM (mpouecc J[xoyns).
IIpouecc cmewenus. [Iponeccel cixxatus B KOMIIpeccope.

[Tpoueccel ucteueHus: razoB u xuakocren. [lapamerpel Topmokenus. Cormio, nuddysop.
ITonHoe u craruyeckoe pnasieHue. YpaBHeHue bepnymnu. YUucmo Maxa. Ilokasarens
aanadarsl.

Tepmoannamuueckue nukibl. Tepmuueckuit KILJ. Okceprus. LHuxnst Kapuo, Otro, dusens,
bpaiitona, Penkuna. Perenepaiiys TemiaoThl B [IUKIIE.

XonoaunbHble HUKIIBL. OOpaTHbIE TEIIOBBIE LIMKIIBI U MPOLIECCHl. XOIOANIbHBIE YCTAHOBKH.
[ukn BO3AYHMIHOM XOJOAWIBHOM YCTaHOBKHM. L[MKJI MapoKOMIPECCMOHHOW XOJIOAWJIbHOU
yCTaHOBKH. [IMKJI DapO’KEKTOPHOM XOJOAWIBHOM YycTaHOBKM. IloHstme o 1ukie
a0bcopOLMOHHON XONOAMIBHOM YCTaHOBKH. LIUKI TEpMO3JIEKTPUUECKON XOJIOAUIBHOU
ycTaHoBKU. [IpuHImn paboTs! TEII0BOro Hacoca. MeTo bl CKUKEHUS ra30B.

OcHoBbl xuMHu4eckoi TepmoguHamMuku. Tepmoxumus. 3akoH ['ecca. Ypasuenust Kupxroda.
XHWMHYECKOE PAaBHOBECHUE M BTOPOM 3aKOH TEpMOAMHAMUKH. KOHCTaHTBI paBHOBECUS U
CTENEHb Aucconuanuu. TemioBoi 3akoH HepHcTa.

TennonpoBoAHOCTb. YpaBHEHHE COXPAaHEHHs SHEpPruM, 3akoH Pypbe, KpaeBble YCIOBUSA
3a/a4y  TEIUIONPOBOJHOCTH. MexaHu3M  TEIUIONPOBOJHOCTH  BEIIECTB B TBEPIOM
(KpucTauindyeckoM M aMOppHOM), KHJAKOM M  razoo0pa3HOM  COCTOSIHMSIX.
TennonpoBoHOCTE Yepe3 IIOcKyro cTeHky. Hucno buo. Koadounuent tennonepenauu.
TennonpoBoAHOCTh 4Yepe3 LWIMHAPUYECKYIO CTEHKY, KPUTHYECKHM JUaMeTp W3OJALHUN.
HecrannonapHoe TeMieparypHOe IoJIe B IUIOCKOM IUIACTHHE, PETrYJSIPHBIA PEXUM
OXJIaXKJIeHUS (HarpeBaHus) Tesl. MeTo 1 nepeMHOKEHUS pEeLIeHH.

KoHBeKTHBHBII Tems1000MeH B OJJHOKOMIIOHEHTHOW cpesie. Y paBHEHUSI COXPAHEHUs] MacChl,
UMIyJIbCa U SHEPTUU B CIUIOIIHOM cpene. DMmMpuyeckue 3akoHbl nepeHoca (HbroToHa,
®ypoe, duka). IIpuBeneHue ypaBHeHUH K Oe3pasMepHOMY BHUAY, KPUTEPUH MOJ00US.
®u3NYeCcKuil CMBICT YHCEN MOA00US KOHBEKTHUBHOTO TEIIO- M MaccooOMeHa. TpoitHas
AQHAJIOTHS.

TemiooOMeH npu BHELTHEM 00TekaHuH Tesia. CucTeMa ypaBHEHUH TEIJI0BOTO MOIrPaHUYHOIO
ciosl. AHanW3 TEIIooOMeHa NpU JaMUHApPHOM TEYEHHWH B TMOTPAHHMYHOM CJIO€ METOJIaMH
pasmepHocTel. ABTOoMonenbHoe pemieHue Ilombraysena. CooTHOIIEHHsS [UId pacyeTa
TEI000MEeHa MpH pa3auyHbIX yncnax [Tpanaris. Y cioBHbIE TONIIMHBI TIOTPAHUYHOTO CIIOA.
WuTerpanbHble ypaBHEHHS UMITYJIbCA U DHEPTHH.

[lepexon ndaMUHApHOTO TeueHHUs B TypOyJIEHTHOE, BIMSHME Ha TypOyJIEHTHBIH IMepexon
napaMeTpoB HAOEramoIlero IOTOKa, MAacCOBbIX CHJI, XapaKTEepUCTUK OO0TekaeMoin
MOBEPXHOCTU. TEOpeTHUeCKne M SKCIEPUMEHTAIBHBIE ACHEKThl MEpEXoAa JIAMHUHAPHOIO
TedeHuss B TypOyneHTHoe. OcpedHEHHblE YpaBHEHUS JABWXKEHHUS M DOHEPruM JUis
TypOyneHTHOro TeueHus. Kaxymmecs HanpskeHus TypOyJIEHTHOTO TpeHUsl, TypOyIeHTHBIN
Ter10Bol NmoToK. CTpyKTypa MPUCTEHHON TypOysneHTHOH oOnactu. AHanorust PeitHonbaca
JUIs  TemiooOMeHa TMpH  TypOYJIEHTHOM TEYeHMM B  TOIPAaHUYHOM  Cloe, €€
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MOJICPHU3UPOBAaHHBI BAapHAHT (JIBYXCIOWHAs CXeMa), pacueTHbIE COOTHOUIEHUS s
TEIUIOOTIA4H.

KOHBEKTHBHBII TEIUNIOOOMEH IpU BBICOKMX CKOpPOCTSX TeueHHus. Ajuabaruyeckas
TEeMIeparypa CTEHKH, KO3(Q(HUIMEHT BOCCTAHOBJICHMS, METOJbl pacueTa TeIIOOTIAYH.
TennooOMeH Ha NPOHMLAEMOM IMOBEPXHOCTU. TemnaooOMeH HpH MONEepeyHOM OOTEKaHUM
OJIMHOYHOTO IIUJIMHJIPA U IIYYKOB TPYO.

TennmooOMeH Mpu TEYEHUM HKUAKOCTM B KaHajgax. MaremaTuyeckoe OIMCaHue,
cpenHemaccoBasi CKOpocTb M Temmeparypa. CTaOWiIM3MpOBaHHBIM TEIJIOOOMEH Mpu
IPaHUYHBIX YCIOBUAX 2-T0 poaa. IIpoduinu ckopoctu, TeMnepaTypsl, TEIIOBOIO IOTOKA IIPU
JaMUHAPHOM U TYpOYyJCHTHOM Te€4eHUH, nHTerpai Jlaiiona.

TennooOMeH npu JaMUHApPHOM TEYEHHUU XXHUJIKOCTH B HAYAJIbHOM TEPMUYECKOM Yy4yacTKe
Kpyrioil TpyObl. HauanbpHbli rHApoaMHAMHUYECKHE  y4yacToK. CTaOMIM3MpOBaHHBIHI
TEIUVIOOOMEH TMpu JaMHHAapHOM TeueHHH. CTaOMIM3MpPOBAHHBIA TEIUIOOOMEH IpU
TypOyJIEHTHOM TEUYEHUH, PE3YJIbTaThl MCCICJOBAHUN I HEMETATMUECKUX JKUIKOCTEH U
XKHUJIKMX METaJUIOB, pacueTHble (GopMyibl. BiausHue nepeMeHHOCTH CBOWCTB HJIKOCTH Ha
TEIIO0OMEH IPY TEYSHUHU KaleNIbHBIX KUAKOCTEH U Ta30B B TpyOax.

TenmooOMeH npu cBOOOJHONW KOHBEKUMH. MeXaHU3M U MaTeMaTHYecKOe OIMCaHue,
npubmkenne byccunecka. Pa3Butue morpaHMyHOro cjiosi Ha BEPTUKAIBHOM IIOCKON
IOBEPXHOCTH, pacueT ko3 duuuenra rermnooraauu. CBoOOHAS KOHBEKIIMS HA TOBEPXHOCTH
TOPU3OHTAILHOTO IWIMHIApPA U cdepbl. CBOOOIHAS KOHBEKIUS B 3aMKHYTBIX O0BEMAX;
TEIUIoNepeiadya Yepes MPOCIOUKYy.

TermmmooOMeH mpu (a30BBIX MpEeBpalleHUsIX. MaTeMaTH4eckoe OMUCAHWE M MOJCIH
IByX(a3HbIX cpejl. YHHBEpCalbHbIE YCJIOBHUS COBMECTHOCTHM Ha MeX(a3HbIX TpaHUIAX.
CneuuanbHble YCIOBHUS COBMECTHOCTH JUIsl IPOLIECCOB TEIUIO- M MaccooOMeHa.
HepaBHoBecHOCTh Ha MeX(a3HbIX IPaHUIIAX, KBA3UPABHOBECHOE MPUOIIMIKEHUE.

[Inenounass u KamenpHas KOHAEHcanus. TemynooOMeH Npu IUIEHOYHOM KOHJAEHCAlMU Ha
BEPTUKAJIBHOM IOBEPXHOCTH: pemeHne Hyccenpra, aHalin3 OCHOBHBIX JOIIYILEHUH.
KonzgeHcanys Ha NOBEpXHOCTH TOPU3OHTAIBHOTO LMIMHIpa. KoHaeHcanus IBUKYLIErocs
napa. KauecTBeHHbIE 3aKOHOMEPHOCTH KalleJIbHOW KOHICHCALIUH.

Kunenune xumakocteit. YciaoBHUsS 3apOoXACHHUS MApOBOTO 3apojblllia B 00BEME IMeperpeTon
KUAKOCTH U HA TBEPAOM MOBEPXHOCTH HarpeBa. OCHOBHBIE 3aKOHOMEPHOCTH POCTa U OTPhIBA
napoBbIX My3bIpbKoB. «KpuBasg kuneHus». TeriooOMeH MpH My3bIPbKOBOM KUIIEHUU B
6osb1IOM 00BEME, TENJI0O0OMEH NP IUIEHOYHOM KuneHUH. Kpusucel kumneHust B 0OJIbIIOM
o0Beme.

PexxuMbl TedeHus 1ByX(a3HbIX IOTOKOB B TpyOax. XapakTep U3MEHEHHUsI CPEIHEMACcCOBOM
TEMIEPATYPbI )KUJIKOCTH, TEMIIEPATYPbl CTEHKH, PACXOHOI'0 MacCOBOI0 MMAPOCOAECPKAHUSI IO
JulnHe o0orpeBaeMoro Kkasana. KwurmeHue >XUIKOCTH, HEIOTPETOW 1O TeMIepaTyphl
HachineHus. Kpusuc ternooriauu npu KuneHuH B TpyOax.

CoBMecTHBIE TpOLIECCH TEIUIO- M MaccomepeHoca. OOmias xapakTepuCTHKa MpPOIECCOB
nepeHoca Maccel U sHepruu. CocraB cmecH, AUPPY3HMOHHBIE NOTOKH, KO3(DPUIMEHT
muddy3un. [lepeHOC 3HEPTUM U UMITYJIbCA B CMECH.

AHajorus mpoueccoB TEIUIO- U MaccooOMeHa. PacueT MHTEHCUBHOCTH MEpEeHOca SHEPTUU U
Macchl KOMIIOHEHTA ITPH YMEPEHHBIX U BBICOKHX CKOPOCTSIX MaccOOOMEHa.

Temno- 1 mMaccooOMeH MNMpU XMMHUYECKHUX NpeBpamieHusx. Auddysus, compoBoxnaemas
TOMOT€HHOHN WJIM I€TEpOreHHOM XMMHUYEeCKOW peakuuen. IIponeccel Ha MOBEPXHOCTH Tena,
00TeKaeMOoro rurep3ByKOBbIM TOTOKOM Ta3a.

CyOnumanusi MOBEpXHOCTH Tella, 00TEKaeMOro BHICOKOTEMIIEPATYPHBIM T'a30BBIM TTOTOKOM.
Koaddunument akxkomomanuu. 3aBUCHMOCTb CKOPOCTH CyOJIMMalMM OT TeMIepaTyphl
MIOBEPXHOCTH TeNa.

TepMuueckoe pas3iiokeHue Tena, 00TeKaeMOro BbICOKOTEMITEPATYPHBIM IOTOKOM XMMHUYECKU
aKTHUBHOTO Ta3a.
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XUMHYECKOe B3aUMOJICHCTBUE HA TIOBEPXHOCTH Tella, 00TEKaeMOro BbICOKOTEMIIEPATypPHBIM
ra3oBbIM [TIOTOKOM.

Pa3pyiienue KOMMO3UIIMOHHBIX MaTepUANOB B BBHICOKOTEMIIEPATYPHOM T'a30BOM IOTOKE.
B3anmopenicTBre poLeccoB rOPeHNs U UCIIapEHMUS.

TemooOmen n3nydenueM. OCHOBHBIE IOHSTHS M 3aKOHBI U3nydeHus. [Ipupona uznyuenus.
WuTerpanbHas W CHEKTpajbHas IUJIOTHOCTH IOTOKa u3iydeHus. lloryomarensHas,
oTpakaTeJbHas U MPOITyCKaTeNbHAas CIIOCOOHOCTH Tesl. AGCOIIOTHO YEPHOE TEJO.

3akonbl TeruoBoro w3nydenus ([lnamka, Buna, Credana-bonbumana, Kupxroda,
JlambepTa). 3nyuenue peanbHbIX Te. PaguanmonHble CBONCTBA peaibHbIX MaTEPUATIOB.
TernmooOMeH M3IIydeHHEM B JUATEpMHUUYHON cpene. ['eomerpus m3nydeHus (JIOKaJbHBIE H
cpenHue yriaoBble K03 PuIreHTsl). 30HaNBHBIN METO/] pacueTa TerI000MeHa B CUCTEME Tell,
pa3AeIIeHHBIX PO3PAYHON CPEIOH.

TemiooOMeH wu3JIydeHHEM B TMOIJIOMIAIONIMX M H3JIydalolmux cpenax. HMzinydenue u
norjouieHue B razax. OCHOBHOWM 3aKOH II€pEHOCAa SHEPIrUU M3JIY4YEHMs] B M3JIydarollle-
norjioujaroniei cpene. CobcTBeHHOE U3IydeHue ra3a. MeToibl pacuera Terioo0OMeHa.
CoBpeMeHHBIE TEIUIOOOMEHHBIE CHUCTEMBI: IapOTeHEPAaTOpPhl TEIUIOBBIX SJICKTPUUYECKUX
CTaHIIM, SIepHbIE YHEPreTUYECKUE PEAKTOPHI, KaMepbl CrOpPaHMs PAKETHBIX IBUTATEJCH,
ONaHKET TEPMOSIEPHOTO peakTopa. TemmooOMeHHBIe ammapaTbl: PeKylnepaTHBHBIE,
pereHepaTuBHbIC, CMECUTEIIbHBIC.

VYpaBHeHus TersioBoro 6anaHca u Temionepenadn. CpeHuil TemnepaTypHbslii Harop. Pacuer
MOBEPXHOCTU  TEIIOOOMEHa, KOHEUHOM Temmeparypbl TeruioHocuteneil. OCHOBBI
TUIPABIMYECKOr0 pacyeTa TeI000MEeHHUKOB. OmnpeieleHne MOIHOCTH, 3aTpaunBaeMoil Ha
MIPOKAYKY TETJIOHOCUTEIIEH.

OcobeHHoCTH BBIOOpA CPEJCTB U METOJOB TEIUIOBOM 3amUThl. CrIOCOOBI TEIJIOBOM 3aIlUThI
OT KOHBEKTHBHOT'O U COBMECTHOTO (KOHBEKTUBHO-TYYHCTOI0) Harpena.

[Tponukaromiee oxnaxacHue. Dpdekt BayBa. TermIo00MeH MEXIy MOPUCTOW MaTpUIEH U
GUIBTPYIOIUMCS OXJIAJAUTETIEM.

Paznen «Xumuveckasi pu3uka, ropeHue U B3PbIB,
(puszuka IKCTPpEeMaTbHBIX COCTOSIHUI BelecTBA»

1.

OCHOBBI KBaHTOBON TEOPUH MHOTO3JIEKTPOHHBIX CHUCTEM. AnuabaTHuecKoe MpUOIMKEeHUE
bopna-OnnenreliMmepa. CBoIiCTBa CUMMETPUU MHOTO3JIEKTPOHHON BOJIHOBOW (PYHKIIMH.
OcHOBHOE M BO30YX/IEHHOE COCTOSHHUS aTroMa Teius. MHOTO3JeKTPOHHbIE aTOMbl M
nepuoanyYeckas cucreMa 3jJeMeHTOB. Oneparopbl MOMEHTAa MMIYJbCca. YPOBHU SHEPIHHU.
OcHOBHBIE IPUHLIUIIBI TEOPUU BaJIEHTHOCTH.

DNEKTPOHHOE CTPOEHUE MOJIEKYN. MeTo ] MONEeKyIspHbIX OpOUTaneil u ero NpuMeHeHue K
JByXaTOMHBIM MoJIEKyJlaM. MOJEKYyIsIpHbII HOH BOJOpPOJAa M MOJIEKyJa BOAOPOAA.
MornekynsipHble  OpOMTaTM TOMOSJEPHBIX JBYXaTOMHBIX MOJIeKysl. l'ereposiepHble
JIByXaTOMHbIE MoJIeKynbl. [IpaBmiio mepeceueHus NMOTEHLMAIbHBIX KpUBBIX. [loHATHE O
METOJIE CaMOCOTJIaCOBAaHHOIO Mouist. ['MOpuan3anus aTOMHBIX BOJHOBBIX (QyHKUIMHA. MeTon
MOJIEKYJISIPHBIX OpOuTaneil B MpuOMMKEHUHM XIOKKeNIs NMPUMEHUTENIBHO K MOJIEKyJaM ¢
COTPSIKEHHBIMU CBS3SIMH.

ONEKTPOHHOE  CTPOEHME  KOOPAMHALMOHHBIX  COEIMHEHUH.  MeXMONeKyIsIpHOoe
B3aumozeiicteue. Teopus kpucramimdeckoro mois. Kommiekcbl co cinaboit W CHUIBHOM
cBsa3pl0. CrnmH-opOHMTanmbHOE B3aumozelcTBue. IlpuMeHeHHe MeTona MOJEKYISIPHBIX
opOuTanell K KOOpAMHAIIMOHHBIM coenuHeHusM. Dddext Ana-Temnepa. Cunbl Ban-nep-
Baansca. /[oHOpHO-akLenToOpHbIe KOMILIEKCHL. BogopoaHas cBs3b.

CTtpoeHne W cBOWCTBa TBepAoro Tena. Ilpupoaa cuin B3aMMOJEHCTBUA B KpHCTaJUIAX.
Konebanuss u BomHbl B oaHOMepHOW pemerke. KoneGaHus aroMoB TpexMepHOM
KpucTaymmueckoi pemetku. HopmaneHbie konebanus. DNEKTPOH B MEPHOJUYECKOM IIOJIE.
[Tpubnmxenne cnabo W CUIBHO CBSI3aHHBIX AJIEKTPOHOB. 30HBI bpuimosna. CTpykTypa
SHEPreTH4ecKuX 30H. JIoKan30BaHHbBIE COCTOSHUS AIEKTPOHOB B KpUCTaLIE.
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XuMu4eckasi paauocrneKkTpockonus. YcioBusi Bo3HHKHOBeHUs: SIMP u OIIP. Bpemena
penakcanuu ¥ (¢opma pe30HAHCHOHN JIMHUU. ['aMUIBTOHMAH MarHUTHBIX B3aWMOJICHCTBHIA.
XUMHUYECKUN CIABUI W CIUH-CIMHOBOE B3ammojierictBue B SIMP. CBepxToHKas CTpyKTypa
cunektpoB OIIP. MHTepnperanus TEH30pOB CBEPXTOHKOI'O B3aUMOJEHCTBUS M Z-TE€H30pa.
B0O3MOXXHOCTH METOZOB MAarHUTHOIO PE30HAHCA MJI1 HCCIECNOBaHUS CKOpOCTEHR
MOJIEKYJISIPHBIX U XUMUYECKUX ITPOLIECCOB.

DJeKTpOHHAas CTPYKTypa MoJieKyJl. Bo30yxxaeHnsle cocrosiHusd. [loriomenue u ncnyckanue
cBeta. CHeKTphl MOTJIOMICHUsT U JOMUHecHueHImu. PnyopecueHms u pochopecieHuus.
Teopus n MeToIbI pacuéra 3IEKTPOHHO-KOJI€0aTEIbHbBIX CIIEKTPOB MHOIOATOMHBIX MOJIEKYJI.
[Mpubmmxenus @Ppanka-Konnona u ['epubepra-Temnepa. IloTeHnmanbHble TOBEPXHOCTH
3JIEKTPOHHO-BO30YKICHHBIX cOCTOSIHMM. [lepexonapl Mexay COCTOSHUSAMH. MarpuyHble
3NIEMEHTHI TiepexoaoB. Pemakcamus. BzaumoneiicTBus B BO30YKICHHBIX COCTOSHHSIX,
KOMIUIEKCBI C TIEPEHOCOM 3apsia, SKCUMEPBI U SKCUIUIEKCHI

BesbIznyuarenbHble 37eKTpOHHbIE Tepexoibl. Heaanabarudeckoe B3aumoeiicteue. Ilepenoc
3apsiia.  IlepeHOC dSHEpPruM 3JIEKTPOHHOTO BO30YXAeHUs. MHIYKTHBHO-pE30HAHCHBIN
mexanu3M. Teopus Depcrepa-JlekcTepa. Murparus BO30YKISHUS TI0 JJOHOPaM.

3akoHbl ¢oroxumuu. Kiaccudukauus ¢doroxumuueckux peakuui. Dortoauccoruranus.
@oromnpucoenunenne. Dorozamemienne U - portoneperpynnupoBka. DOTOXUMHUECKUE
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIE peakui. POoTOXUMUYECKasi KHHETHKA.

OcHOBHbBIE NPHUHIMIBI KOHCTPYHUPOBAHUS H30UpATENbHBIX CYNPAMOJIEKYJISIPHBIX CHCTEM.
doroynpasngeMoe KoMIulekcooOpazoBaHue. DOTOMHULIMUPOBAHHBIE CTPYKTYpHBIE H
¢azoBbie npeBpaiieHud. Kuneruka TymeHus GpayopecueHIuu B MUKPOIMYIbCUSIX. MeTo1bl
ONTHYECKOH (B TOM  uucCie  HEIMHEHHOW)  CHEKTPOCKONUH:  aJCOpOLMOHHBIE,
(ryopecrieHTHBIS, TIOJIIPU3aIMOHHBIE, KOMOMHAIMOHHOTO paccessHus. Mecto poToxumuu B
00J1aCTH pa3BUTHUS COBPEMEHHBIX TEXHOJIOTHI U CPEICTB TEXHUKHU.

XuMH4ecKass TepMOJAMHAMUKAa M paBHOBECHE. PaBHOBECHOE pacIpenciieHHEe MOJIEKYJ
uzeanpHoro rasa. Pacnpenenenne Makcseinna u pacupenenenue bonsimana. Pacipenenenune
boze u ®epmu. Cratuctuka ['nb6ca. TepmonnHaMuyeckue CBOMCTBA HJCAJIbHBIX T'a30B.
Onykryauuu. PaBHoBecue ¢a3. Cnalble pacTBOpbl. XHMMHUYECKME PpaBHOBECHS.
[ToBepxXHOCTHBIE ABJICHUS.

DneMeHTapHbIE ATOMHO-MOJIEKYJISIPHBIE TIPOLIECCHL. Y IPYTHE CTOJIKHOBEHU aToMOB. [lonHoe
u muddepeHunanbHOoe ceueHus paccesHus. Heynpyrue cronkHoBeHMs. BepositHocTh
Nepex0/I0B, CEYEHUsI U KOHCTAHThI CKOPOCTH MPSAMBIX U 00paTHBIX mpoieccoB. [IoBepXHOCTB
NOTEHLMAIbHOW HHEPrHM JUIsl CHCTEMbI 3-X aTroMoB. MeTOoJl NEepexoJHOr0 COCTOSIHMSL.
HeanuabaTnueckue npoueccsl.

MonoMoueKyIsipHble peakui. Mexanu3m akTuBauu MoJieKyn. CuibHbIE CTOJKHOBEHUS U
cTyneHuyatoe Bo30yxaeHue. CTaTucTuyeckasi Mo/IeiIb MOHOMOJIEKYJISIPHBIX peaKIii.
TepMuueckuid pacnajg JABYyXaTOMHBIX MOJEKYJI. buMonekynsipHble peakuuu, UAYIIUE Yepe3
o0Opa3oBaHHEe TPOMEXYTOYHOrOo KoMmIulekca. IlpsMble OHMMONEKyNsipHbIE peaKIuH:
PHUKOIIETHBIN MEXaHU3M, MEXaHU3M CpbIBa, MEXaHU3M MPSMOTo BeIOMBaHus. Pacnipenenenue
SHEPIUU B OUMOJIEKYIISIPHBIX peaKIusIxX

OOMeH sHepruum HpH MOJIEKYJSIPHBIX CTOJIKHOBEHHUsX. [IpeBpallleHne mnocTynaTreabHOMH,
BpalaTeIbHOM M KojlebaTeldbHOM SHEpruil MpH CTOJKHOBEHMsAX. Pemakcamus 10
MOCTYNaTeNbHbIM, BpallaTeIbHBIM U KoJeOaTelnbHbIM CTeneHsM cBoOonbl. KuHetnueckue
YPaBHEHHUS I 3aCEIEHHOCTEN ypOBHEHN dHEPruu (B TOM UHMCIIE NIPU HAIMYUU XUMUYECKUX
peaxiuii)

B3aumMopeiicTBre 3JEKTPOHOB ¢ aTOMaMH M MoJIeKyliaMu. Bo30yxeHre aToMOB U MOJIEKYJT
JJEKTPOHHBIM  yAapoM. MoHu3amuss aTOMOB M MOJIEKYJ JJIEKTPOHHBIM  YAApOM.
dortonoHnzanus. PexkoMOMHaLUs 7IEKTPOHOB 1 aTOMOB

MexaHu3M U CKOPOCTh XMMHYECKOM peakIinu. 3aKoH AeicTBYronmX Macc. [Topsigok peakiuu.
Koncranta ckopoctu. 3akoH Appenuyca. Kunermka cioxsbeix peakuuid. OOpaTumsle,
nocieioBaTelbHble, NapaienbHble mpouecchl. [Ipsimas u oOpaTHas KMHETHYecKas 3ajaja.
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Merton  KBa3UCTAlMOHAPHBIX  KOHIEHTpauuid. JlumuTupyromas craamss  CJIOKHOTO
XUMHUYECKOro mpouecca. KHHETHKa XUMHMYECKMX peakUMid B OTKPBITBIX CHCTEMax.
CrannoHapHbIe PEKUMBI.

XUMHUECKUE peakiuu B KuUAKOW (aze. Ponmb cpenbl B 3J€MEHTApHOM aKT€ XMMUYECKON
peakuuu. Bnusaue mauddysunm Ha ckopocTh peakumu. Kierounsli sddexr. BausHue
JUDJIEKTPUYECKOM ITOCTOSIHHOM M WOHHOW CWJIBI Ha CKOPOCTHM XHMHUYECKMX DPEAaKLUUl B
pactBopax. CoseBoil 3¢ dext. BnusHue naBneHus Ha CKOpocTb peakiuu. O0beM aKTUBALMH.
COOTHOIIICHUS CTPYKTypa — peaKIMOHHas CIOCOOHOCTh. YpaBHeHus ['ammera u Tadra.
BnusiHue MarHuTHOTO MOJIA Ha CKOPOCTh XUMUYECKOU PEAKIUH.

WuaynupoBaHHblE W TOMOTE€HHO-KaTaauTHueckue peakuuu. COnpspKeHHBIE pPEaKIUH.
DOTOXMMHYECKHE U PAaJUALMOHHO-XMMUYECKHE peakuud. MexaHu3sM TIOMOIE€HHOIO
Katanu3a. KuHeTnka roMOreHHO-KaTaIuTUYECKUX peakuuid. KHCIOTHO-OCHOBHOM KaTasus.
3aBUCUMOCTh CKOPOCTH XHMHYECKOM peakuuu OT (YHKIMM KHUCIOTHOCTH [‘ammera.
@epMeHTaTUBHBIN KaTanu3. YpaBHeHHne Muxasnmuca — Menten. Karanus komiekcamu u
MOHAMH METAJJIOB [IEPEMEHHON BaJICHTHOCTH. ABTOKATaJIN3.

['eteporennsiii kartanu3. PaBHOBecne © KHHETHKA aacopOUMU Ha OJHOPOAHBIX H
HEOJHOPOAHBIX MOBEpXHOCTAX. M3oTepma ancopbuuu JIrurmropa. Xemocop6uust. MoHo- u
MOJIMMOJIEKYJISIPHBIE CJIOM a/copOaToB Ha MOBEpPXHOCTH. MHrnOupoBaHue U KOHKYypeHLUs
peakuuil Ha IOBEPXHOCTH. MeXaHU3Mbl NeTEPOreHHOro KaTauusa. Y paBHeHus JIsHrmropa —
XuHuensByaa u Puania.

[Tpobnema mopsaka u Oecnopsiika B CTpyKType Marepud. [JluHamuka v uHpOpMaius.
[Tpo6iema HeoOpaTumocTu. lunamuueckuii xaoc. /luccunaruBHble JUHAMUYECKHUE CHCTEMBI.
[Tapamerp mopsiaka B KpUTHYECKUX SBJICHUAX M (a30BbIX Iepexonax. Teopus (azoBbIX
nepexonoB I-ro u Il-ro poma. Teopus Jlanpay. @nykryaunoHHass Teopusi (a30BbIX
nepexonoB. ['unoresa nonodus. CkeiyInHroBas Teopusi KpUTUYECKUX MOKa3aTelneil.
HepaBHoBecHbie (ha3oBbie mepexoipl. BeIHYKACHHBIH MOPSAOK B OTKPBITHIX (DU3NIECKUX
cucremax. Ilpunmun Ipuroxuna-I'nencnopga. Camoopranuzanus. I[IpoctpaHcTBeHHbIE U
BPEMEHHBIE JMCCUIIATUBHBIE CTPYKTYPBI. | eHepanys KOrepeHTHOIO N3JIy4eHHs B JIa3epe Kak
IpUMep HEPAaBHOBECHOTO (ha30BOr0 NEpexoa.

IIpocTpaHCTBEHHO-BPEMEHHBIE JUCCUIIATUBHBIE CTPYKTYPHI B XMMHUH. Peaknus bemoycosa-
XaboTtunckoro

Teopust mporeccoB ropeHus. YpaBHEHHUS! TEIUIONPOBOJHOCTH M JAUPPY3UH B XMUMHUYECKU
pearupyromen cpene. Teopuss U KpUTEpHUil TENIOBOro B3pbiBa. LlenmHoil B3pwiB. [Ipenenst
LenHoro B3pbiBa. BocniameHeHne W 3axura€ue. 3aKUTaHME HAKaJCHHOW CTEHKOM.
3akura"ue UcKkpoil. OyaroBoe BOCIUIAMEHEHNE U MUHUMAJIbHAS DHEPI Ul 3aKUTaHUS.
Teopurs 1 3aKOHOMEPHOCTH CTAIlIMOHAPHOT'O TOPEHUS Ta30Bo cmecu. HopManbeHas cKOpoCcTh
pacipocTpaHeHus I1aMeHu. lIpenensl pacnpocTpaHeHus MIaMeHu, MPEACIIbHBIA TUaMeTp U
npejienbHasi KOHLIEHTPalKs KOMIOHEHTOB cMecH. JIn(py3noHHO-TEmI0Basi HEYCTOMYMBOCTD
wiamenu. IlpencraBienue o TypOyJneHTHOM ropeHMH. XojoAHble IutaméHa. ['openue
HEIepeMEIIaHHbIX T'a30B.

["openue TBepAbIX U KHUJKHUX BEIIECTB B OKMCIUTEIBHON aTMocdepe. 3a)KUraHue u ropeHue
YaCTUI[ M KalleJb TOPIOYEro B OKHUCIMTEIBHOM cpeae. l'opeHue neTydnx M HeJleTydHx
B3PBIBUATBIX  BELIECTB, IIOPOXOB, CMECEM Troprodero ¢ okucaureneM. @Dusuka
HECTallOHAPHOT'O TOPEHMSI.

I'openue KUIKUX B3PbIBYATBIX BEIIECTB. ['OpeHME MOPUCTBIX 3apsI0B B3PbIBUATHIX BEILECTB
U 1opoxoB. (DUIBTPAMOHHOE TOPEHHWE. YCJIOBHUSA IEPEX0/]a IMOCIONHOTO TOPEHHS Ha
KOHBEKTUBHBIN PEXKUM U BO B3PBIB.

VY napHble BoaHBI U AeToHanus. CucteMa ypaBHEHUM Ia30BOM JMHAMHUKH ISl OJTHOMEPHBIX
JBIUKEHUM B KoopauHatax Jlarpamxka m Oiinepa. XapakTepUCTHKH, HHBapUaHThl Pumana.
ITonsiTHEe MPOCTOM BOJHBI. Y JapHbIE BOJIHBIL. YPAaBHEHHS COXPAHECHMS MAacChl, UMITYJIbCa U
SHEpPruu Ha (PpoHTE yAapHON BOJHBI. YPaBHEHHS COCTOSHHUS Ta3a U KOHJIECHCHPOBAHHBIX
cpen. YnapHas aguabara, M302HTPOIBI, UX B3aMMHOE PacMoJIOKEHHUE. YJapHble BOJHBI B
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pearupyromux 1 peJakCUpYIOIHX cpefax. B3zaumonencTBue BOIH — pacnalbl pa3pbIBOB,
3aTyXaHUE yIapHBIX BOJIH.

CoBpemenHas Teopus aeroHauuu. IIpaBuino oTbopa CKOpPOCTH CTallMOHAPHOHN JETOHALUU.
CrpykTypa JETOHAlMOHHON BOJHBI. YCTOMYMBOCTH JETOHAIMOHHBIX BOJH. Ilpenenst
neroHauuu. Ilpenensl Bo3Oyxkaenus neroHanmu. [Ipunnun Xaputona. OcobeHHOCTH
MEXaHU3Ma DHEPrOBBIACICHUS B TOMOICHHBIX M TI'€TEPOI€HHBIX KOHJECHCUPOBAHHBIX
BeniecTBax. MeTobl M3MEPEHNsT OCHOBHBIX IApaMETPOB JeTOHAUUNA. COBPEMEHHBIE METObI
peueHus 3a1a4 GU3NKU TOPEHUS U B3PhIBA.

Paznen «Jlazepnas ¢pusukar»

VYpaBaenus MakcBemia. [loTeHimanbHble 1 BUXpeBbIe Mojs. Teopema YMoBa-lIloiiHTHUHTA.
[Tonsipu3anus 3IEeKTPOMAarHUTHBIX BOJIH; MapameTpbl CTokca.

YpoBHM SHEpruM aTOMOB, MOJIEKYJ, KpHUCTaioB. Ilormomenne W HCIycKaHUE
AJIEKTPOMAarHUTHOTO U3Iy4eHUsI. BEpOsATHOCTH CIIOHTAaHHBIX U HHAYLIUPOBAHHBIX IEPEXOJIOB.
[Ipuniun  geiicTBUs  J1azepoB.  MeToapl  CO37aHUsT  HMHBEPCUU  HACEJICHHOCTEH.
Penakcaumonnsie npoueccel. [lupuna nuaun nepexona. Koaddunuent ycunenus. Ipdext
HACBIIICHUS

OnTuueckue pe3oHaropbl. CriekTp MoJ pe3oHaTopa. JJoOpoTHOCT pe3oHaTopa. Y CTOWYNBBIC
U HEYCTOWYHUBBIE PE30HATOPHI. MeToIbl MOAYJISIUU TOOPOTHOCTH pE30HATOpa Jas3epa.
MeTo1bl aKTUBHOM U MACCUBHOW CUHXPOHHM3ALMK MOJI U3JTy4YECHHS B JIa3epe.

OcHoBHble THUIBI J1a3epoB. JluHamuka ja3epHOi reHepanuu. Knaccudukanus pexuMoB
nazepHoil renepanuu. [lopor renepanuu. MyabTUCTaOUIBHOCTh M TUHAMUYECKHH XaoC B
Jazepax

@uyKTyalluu J1a3epHOTO HW3JIyuyeHus. EcTecTBeHHas MIMpHUHA JIMHUM U €CTECTBEHHAas
pacxoJMMOCTh Jla3epHOro u3nydeHus. llpenenbHas NpPOCTPaHCTBEHHAs KOT€PEHTHOCTh
Ja3€pHbIX ITYYKOB.

Crabunuzanus 4acToThl reHepanuu (akTuBHas U naccuBHasi). CTabunn3anus HUHTEHCUBHOCTH
ITepecTpolika 4acTOTHI J1a3epHOM reHepanu. MeTo bl U3MEPEHHUS IIUTEIbHOCTH JIA3€PHBIX
HMITYJIbCOB.

OTkiuK BemiecTBa Ha JAEWCTBHE 3JIEKTPOMAarHUTHOro mojis. BekTtopa nonspuzanuu u
HaMarHM4eHHOCTH cpeibl. Paznoxenue nonsipusanuu B psja 00 CTENEHAM noiid. BpemenHas
(dacToTHasi) W TPOCTPAHCTBEHHAs Jucnepcus. TeH30pbl JMHEWHOW W HEIMHEHHOU
BOCIIPUMMYMBOCTEHN BelllecTBa. BiusHNE CHUMMETpUU Cpelbl Ha HEIMHEHHBIM OTKIMK.
MexaHu3Mbl MOBEPXHOCTHOTO HEJTMHEWMHOTO OTKJIMKA.

Pe3onancHele mpoueccel. JIByxypoBHEBBII aToM. YpaBHeHHs bioxa. KorepeHTHble
HECTallMOHApHbBIE IMPOLIECCHI: ONTHUYECKass HyTalMsl, 3aTyXxaHHe CBOOOJHON MOJSpU3ALINH,
COJIMTOHBI CAaMOWHAYLIMPOBAHHOM MPO3payHOCTH, (HOTOHHOE X0, CBepxu3iyudeHue Jluke.
CBeToMHAYLMPOBAaHHBIN apeid B razax.

MHorogoToHHble pe3oHaHCHbIE Mpouecchl. OO0oOIIeHHas JBYXypOBHEBas CHCTEMA.
MHuorogotoHHOe morjouieHre. BeiHyXIeHHOe KOMOMHAIIMOHHOE paccesHue. | 'eHepanus
rapMoHuK. CMemenne yactot. [lapamerpuueckoe paccesHue.

B3aumoseiicTBue 3I€KTPOMAarHUTHOIO U3IYyYEHHUS C KpUCTalJIaMU. 3O0HHAs CTPYKTypa
SHEPreTUYecKnX ypoBHeW. DHeprusi @epmu. [(udrnekTpuKku, MOJYNPOBOAHUKH, METaJUIbL.
Bo30yxxnenust B Kpuctauiax: (OHOHBI, MOJIAPUTOHBI, SKCUTOHBI. OCHOBHbBIE HETUHEIHbIE
KpPUCTAJUIBIL.

CrekTpocKonMsl HACBIIIEHUsT HEOJHOPOJHO YIIMPEHHBIX mepexoqoB. JIByxdoToHHas
CIEKTPOCKOMUS, CBOOOHAS OT JOIUIEPOBCKOTO yMpeHHs. CIeKTPOCKONHsST KOTepEeHTHOTIO
AHTHCTOKCOBA paccesiHus cBeTa. CeKTpOCKOMUS MHOTOBOJIHOBOI'O CMEIIEHHUS.

BonHoBass onTHKa CBETOBBIX NMYYKOB M HUMIIYJIBCOB: ypaBHEHUs MakcBenia, BOJHOBOE
ypaBHEHUE, YpaBHEHUS KBAa3MONTHKHU, YPABHEHUS ISl MEAJIEHHO MEHSIIOIIUXCS aMIUTUTYIL.
['ayccoBbl mydkH, HUX NpeoOpa3oBaHUE ONTUYECKUMHU cucTeMaMu. JludpakunonHoe
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paciuibIBaHue, AIuHa qudpakuun. BonHel B cBeToBoAaX. JAudpakius ciaydaiHbIX BOJTHOBBIX
nosier, reopema Ban L{urrepra-LiepHuxe.

MarepuanbHass  gucnepcuss  CIUIOIIHOW  cpedbl.  PacmpocTpaHeHwe  MMITYJIbCOB B
JUCTIEPTUPYIOIIUX Cpelax: TPYNIOoBas CKOPOCTb, JUCIIEPCUOHHOE paciuibiBaHue, 3(dexTo
JUCIIEPCUU BBICIIUX NMOPALKOB. CIIEKTpaJbHO OrPaHUYCHHBIN UMITYJIbC.

BoaHbl B IpOCTpaHCTBEHHO- NEPUOAMYECKUX cpeAax. 3ampenieHHas 30Ha. DoToHHBIE
KPUCTAJIJIBI U MX JUCIIEPCUOHHBIE CBOMCTBA.

@ypbe-oNTHKA BOTHOBBIX ITYYKOB M MMITYJIBCOB; MPOCTpAaHCTBEHHAs (puibTparusi. OCHOBBI
aJlalITUBHOM ONTHMKM: yIpaBieHue (a30il CBETOBBIX KOJEOaHUIl B IPOCTPaHCTBE U BO
BpeMeHH, (popMupoBaHHE TyYKOB U UMITYJIHCOB C 3aJaHHON CTPYKTYPOH.

BonHel B cnaOOHENMHEWHBIX W AUCHEPrHPYIOIIUX Cpelax: METOJbl ONHCAHUSA U
KJaccu(puKanus HeTMHEHHBIX () (HEKTOB.

CaMOBO3/CHCTBME  CBETOBBIX  My4ykoB. Ilpupoma  KyOMYecKOW  HEIIMHEHWHOCTH.
CamodokycupoBKa B cpefiax ¢ KeppOBCKOW HETMHEHHOCTBIO, KPUTUYECKAsk MOIHOCTb, JJTUHA
caMO(OKYCUPOBKH. MenkomacuirabHast caMO(OKyCHUPOBKA. duitameHTanys.
ITpocTpaHCTBEHHBIE ONTUYECKUE COJTUTOHBI.

CamoBO3IeiiCTBHE CBETOBBIX HMIYJIbCOB B cpelaXx ¢ KyOMYHOW HEJIMHEHHOCTbIO:
CaMOMOAYJISILIUS, COJIMTOHBI, KOMIpeccus M paciibiBaHue. CaMOBO3/EHCTBUE Cly4yailHO-
MOJlYJINPOBAHHBIX HMITYJIbCOB. DOpPMUPOBAHUE CBEPXKOPOTKUX WMILYJIBCOB METOJAMHU
($a30BOil caMOMOYJISALIMU U KOMIIPECCHH.

I'enepanus onTuueckux rapMoHUK. Pa30oBbIil CHHXPOHM3M M €r0 peanu3alus, IpynnoBon
cunxpoHu3M. CrioHTaHHOE ITapaMeTpruecKoe paccesinue ceeta. [lapamerpuueckoe ycuienue
U TeHepauus. ['eHepanus CyMMapHBIX M Pa3HOCTHBIX 4acToT. BwIHyXIeHHOE
KOMOMHAIIMOHHOE paccesiHue. PamaHOBCKHME YCWIMTENU U TeHepaTopbl. BbIHYXIeHHOE
paccessHue Mannenbitama-bpuuitosna. O6parienne BOJIHOBOro (ppoHTa.

OnTuueckue OUCTAOMIIBHBIE U MYJIBTUCTAOMIIbHBIE cHUCTeMbl. ONTHYECKUE JIOTMUYECKUE
aneMeHThl. [IpoosibHas HEyCTOMYHMBOCTh B HEJIMHEHHBIX PE30HATOPAX: OT MEPUOJAUYECKUX
KoJieOaHWi  dYepe3  yIBOGHHE IepHoja K  ONTHYeCKoMy Xaocy. llomepeunsie
IPOCTPaHCTBEHHbIE 3(PQEKTHl B HEIMHEWHBIX pe30HATOpax, OOpa3oBaHUE U HBOJIOLMS
IPOCTPAHCTBEHHBIX CTPYKTYp. ONTHUECKOE MOJEINPOBAHUE HEHPOHHBIX CETEH.

OnHO- 1 MHOro(OTOHHAs MOHM3ALMS aTOMOB U MoJjekyid. TyHHenbHas M HagOapbepHas
MOHM3AIMsI aTOMOB U MOHOB. [loHIEpoMoTOpHOE ycKOopeHHe (OTOAIEKTPOHOB. YIIUPEHUE
cnekTpa. ['eHepanus BBICOKMX ONTHMYECKMX TapMOHMK M CYNEpPKOHTHMHYyMma. ['eHepanus
KacKaJla KOMOMHAIIMOHHBIX YacCTOT.

JlazepHsblit po0oii ra3oB. JlazepHas uckpa. Jlazepnas mnaszma. JlaszepHblif TepMoOsiepHBIi
CUHTE3. DHEPreTUYECKUE CIEKTPhl 3JIEKTPOHOB, MOHOB U PEHTTEHOBCKOTO H3IIy4yeHUs
Ja3epHOM IUIa3MBbl. SIEpHBbIE peakuy B JIa3€pHOU II1a3Me.

MHorogoTtoHHass JuccOLMalUsl MOJIEKYJI B JiazepHOM 1osie. CTOJKHOBUTENBHBIM U
0ECCTOJIKHOBUTENBHBIM PEXUMBI MHOTO(GOTOHHOM muccommanuu. JlazepHoe pasneneHue
n30TornoB. ONTHYECKOE CTUMYJIMPOBAHNE XUMHUECKUX PEAKIINM.

JlazepHoe ymnpasineHue ABMKEHHEM dacTUl. ONTHYECKOe OXJIAXKIECHUE M 3aXBaT aTOMOB U
MOHOB. ATOMHBIE Yachl. YTIPaBJIeHUE aTOMHBIMU ITy4YKaMH € TIOMOIIbIO Ja3epoB. JlazepHbie
METO/Ibl YCKOPEHUS YaCTHULL.

[Tornouienue u penakcaus SHEPTruu Ja3epHOTo U3JTyUYEHHUs B IOJYIIPOBOJHUKAX U METaIax.
DJEeKTPOH- 3JEKTPOHHAS, JIEKTPOH- (JOHOHHAA U (OHOH- (POHOHHAs penakcanus. Bpemena
penakcauuu. HopmanbHbIi 1 aHOMaNIbHBIN CKUH 3D (EKT.

Jlazepublii HarpeB BeulecTBa. JlazepHoe IUIaBlIeHNE U UCHapeHUE NOBEPXHOCTH. Jla3epHbli
OT)KUT U JIETUPOBAaHUE TMOJYNpOoBOAHUKOB. JlazepHas 3akanka wmetayuioB. lIporeccs
abcopbuuu M jaecopOuUMU B TOJe Jla3epHOro u3nydeHus. JlazepHas (HOTOXMMUS, THIIBI
doroxumuueckux peakuuil. DoToakycTHuecKue sABJIEHUSA. MeXaHHU3MBbl J1a3epHOTO
B030yxeHHs 3ByKa. DoToakycTHdecKas CHEKTPOCKOIUS M MUKPOCKOITHSL.
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Jlazepnas ¢orobuonorus. GoTOOHMOIOTMYECKUE PEaKIMK: dHepreTudeckue (PoTocHuHTE3),
uH(pOpMaIMOHHBIE (3peHue), OMOCHHTETHYECKHE, JEeCTPYKTUBHO- MOIUQPUITUPYIOIIHE
(porocencubummzanmsi, (HOTOMOHHM3AIMSA) U JIa3epHBIE METOJbl M3 H3y4eHHs. JlazepHas
MHUKpPO- M MAaKpOJMArHOCTHKA OWOMOJICKYN, KJIETOK W OuoTkaHeid. JlaszepHas omTHKO-
aKycTu4eckast ToMorpadusi.

KBantoBanue momnsi. OmepaTopsl POXKICHHUS W YHUYTOXCHHsS (OTOHOB. ['aMHUIbTOHHMAH
KBaHTOBAHHOTO M0Jisi. KOMMyTaIllMOHHBIE COOTHOLICHHUS JJIsl OTIEPATOPOB TOJIS.
[TpocTpaHcTBEHHAss U BpeMEHHasi KOTePEeHTHOCTh. KoppensinoHHble (pyHKIIMH MIEPBOTO U
BTOpOro nopsiika. KorepeHTHOCTh BBICHINX TOPSIKOB. DOKOBCKOE, KOTEPEHTHOE U CIKATOE
cocrosiHusl mos. IlyaccoHOBcKas, CyOIyacCOHOBCKasi M CYIEpIlyaCCOHOBCKAasi CTaTUCTHUKA
¢doronoB. I'pynnupoBka ¥ aHTUTpynnupoBka (HoToHOB. CueT (GoTOHOB. J[poOOBOM HIyM.
Cas3b cTaTrCcTUKH (POTOHOB U HOTOOTCUETOB, opMyna Manens.

[Tepenyrannbie cocTosiHUs cBeTa. OnTHveckas peanu3anus KyOuToB U UX peoOpa3oBaHusl.
Cocrosinua bemna. Ilapamokc Ounmreitna- Ilononsckoro- Poszena. HepaBencta bena.
KBanToBas kpunrorpadus. KsantoBas Tenenopraiusi.
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