MHHUCTEPCTBO HAYKH U BBICHIEI'O OBPA30BAHM S POCCUHMCKOU GEJIEPALIUUA
DeniepalibHOE TOCY1apCTBEHHOE OI0IKETHOE 00pa3oBaTe/IbHOE YUpekKIeHHEe
BBICLIET0 00pa30BaHus

«CamapcKHii rocy1apcTBEeHHbIH TEXHHYECKHI YHHBEPCUTET»
(®I'BOY BO «CamI'TVY»)

INPOI'PAMMA BCTYINUTEJBHOI'O 9K3AMEHA
B acnupantypy CamI'TVY

110 HanpapiaeHuo noArotoBky 03.06.01 PU3HKA H ACTPOHOMHSA

npodhumu:
Quzura konoeHcuposanno2o cocmosnus (01.04.07)

Tennogpusura u meopemuuecxkas meniomexnuxa (01.04.14)
Xumuueckas usuxa, 2operue u 83pui6, usuxa skempemanvivlx cocmosnut eeujecmea (01.04.17)

Camapa 2019



PA3JIEJI 1. PUBUKA KOHAEHCUPOBAHHOI'O COCTOsHUA

1.1. Iud¢py3usi B TBepABIX Teaax

VpaBHenne ®uka. OcHoBHbIe pelieHUs ypaBHeHUs Puka. deHoMEHOIOrMYEcKas TEOpHUs
muddy3un. Metoasl m3mepeHust koddduimentoB auddy3un. ATOMHBIE MeXaHU3Mbl TUD y3uu.
D¢ dexrer Openkenst u Kupkennana. Peakunonnas auddysus.

1.2. O0bequHEeHUE ATOMOB B TBep/0€ TeJI0

BzaumopeicTBus HOHOB: HOHHAA CBsA3b, KOHCTaHTa MajenyHra. B3auMoeicTBUs 3JIEKTPOHOB:
KOBaJICHTHast CBsA3b. (CodeTaHWe MOHHOIO M 3JEKTPOHHOrO B3auMmoneucTBus. KomiekTuBHOE
B3aMMO/ICHCTBUE: METAJUIMYECKAS CBA3b. BomopoaHas cBs3b.

1.3. Orkiauk TBEPAOro TeJia HA MEXAaHUYIECKOEC BO3/eilicTBHE

Hedopmarus u ee craguu. Yrpyrocts. Koadduuments: ynpyroctu. TeH30pbl HanpsiKeHUH |
nedopmarnuu. [Inactuyeckoe teuenue. Jucnokanuu u ux asuxenue. /sorinukoBanue. Pazouenue Ha
cy03epHa. Xpymkoe u Bsizkoe pa3pyiienue. [lonsydects. Y cTanocTts.

1.4. YnopsinoueHHblIe U HeYNOPsiI04UeHHbIe TBEP/AbIe Teja

OcobenHoctu KPUCTAJUIMYECKOIO CTPOCHUS. [Tonukpucramisl, MOHOKPHCTAJLIBL,
HaHOKpHCTALIBL. TBepmapie pacTtBopbl. KBasukpucramiel. Ctpykrypa amopdHbIXx Ten. [lommmepsl.
Kunkue kpuctaiusl. [IoBbIIEHNE U TOHUKEHUE CTENIEHU MOPSIIKA.

1.5. Poxxnenne u ucue3HOBeHHe /1e(DEKTOB B KPUCTAJINYECKHUX TBEPABbIX Tejax

Todeunsle nedeKThl: BaKaHCUM, MEXY3elIbHble aToMbl. OHOMEpHBbIE NePEKThI: POXKICHHUE U
WCYE3HOBEHHE Juciokanui. JIBymepHble aedeKTbl: JBOMHHMKH, JUCIOKAIMOHHBIE T'PAaHUIIBL.
OObemHbIE TeQeKThl: TPELUHbI, Ophl. BinsHue TEpMUYECKOr0 M MEXaHMUYECKOTO BO3/AEHCTBHS Ha
Ne(PEKTHOCTh CTPYKTYPHI.

1.6. PenTtrenoBckoe H3JYYCHHUE TBEPABIX TEJ

OCHOBHBIE CBOWMCTBA PEHTT€HOBCKOIO M3JIYyYeHHS. Y CTAaHOBJIEHUE THUIA CTPYKTYPhI KpUCTALIA.
OmpeneneHne pa3MepoB 3€peH M WX OpHUEHTAIMH. PacueT HampshpKeHWH Ha PA3IUYHBIX YPOBHSX
CTPYKTYphl. BO3MOKHOCTH M3yueHUsI KBa3UKPUCTAIUIOB, aMOP(HBIX TeNl U MHOTOCIOWHBIX CTPYKTYP.

1.7. ®opmupoBanue CTPyKTYyp

CrpykTypsl Ipu HeoOpaTUMBIX mporeccax. [uccunatuBHble CTpYKTypbl. CaMoopraHu3alus
nepeKTHhIX CTPYKTyp. HaHocTpykTypupoBaHHBIE MaTepuaibl. TOHKHE IJIEHKH, T€TEePOCTPYKTYPHI,
HU3KOPa3MEpPHBIE CUCTEMBI.

Cnucok pekoMeHayeMoil JTuTepaTypsbl
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PA3JIEJI 2. TEIVIO®U3NKA U TEOPETUYECKASA TEINIOTEXHUKA

2.1. Tennopu3znka TEXHOJIOTHYECKHX MPOILECCOB HATPeBa H 00PadOTKH MeTAJIJIOB

OcHOBHbBIE YpaBHEHMSI MEXAHUKHU CIUIOIIHBIX Cpell. YpaBHEHHE OajlaHCa SHEPruu, KOJU4YecTBa
JBUKEHUSI, Hepa3phIBHOCTH. Temnodusnka TEXHOJIOTHYECKUX IIPOIECCOB HarpeBa MeTalia B
IIPOMBIIIJIEHHBIX  nevyax. Ilpomeccel  HecTalMOHAapHOM  TEIUIONPOBOJHOCTH  IIPU  HAarpeBe
TEIUIOTEXHUYECKU-TOHKMX M MACCHBHBIX TeJl BHYTPEHHHUMHM M BHEIIHMMHM HCTOYHHKAMH.
TermonpoBoHOCT, B THOABMXKHBIX cpenax. /JluddepennmanbHoe ypaBHEHHE KOHBEKTHBHOTO
teriooomena Oypre-Kuproda. OcHOBHBIE MTOJI0KEHHUSI KOHBEKTUBHOTO TeriooOMeHa. KOHBEKTHBHBIM
TEINIOOOMEH B OJHOpPOIHOW cpene. TemnmooOMeHHUKH. JlMHAMHMKa OPSIMO- ¥ MPOTHBOTOYHBIX
npoueccoB. TeroBoe u3ydenue. CBONCTBA M OCHOBHBIE MOJIOKEHUA. Terodusnka MIpoIEeccoB
00paboTKM MaTepuana KOHICHTPHUPOBAHHBIMUA HMCTOYHUKAMH PHEPTUU. MaremMaTuyecKoe OMHCaHue
HMCTOYHHMKOB TEIlIa: MECTHBIM, COCPEAOTOYEHHBIM, MTHOBEHHBIN, pacipeaeauTenbHblid. CTanuoHapHbIe
U HECTal[MOHAPHBIC TEIUIOBBIC IOJISA, BO30YKIaeMble KOHLEHTPUPOBAHHBIMH HCTOUYHUKAMH TEIUIA.
TemneparypHble 1OJIS OT MOABUKHBIX HCTOYHUKOB TEILIA.

2.2. MeToabl MAaTeMaTHY€CKOT0 MOIeJTHPOBAHHUS 32124 TEXHOJOTHYECKOH Ter10(pu3nKu

MeTtoapl pemieHus KpaeBbIX 3alad maremarudeckoi ¢usuku. Merog ®ypwe. dopmansHoe
pelIeHre KPAeBbIX 33]]a4 TEOPUHU TEIUIONPOBOAHOCTH. MeToa uctouHukoB ((yHkims ['puna). Mero bt
MHTETPAIbHBIX TpeoOpa3oBaHMii B OCECKOHEYHBIX IIpejaesiaX. ACHMITOTHYECKHE METOJbl TEOPHUHU
BO3MYILEHUH.

2.3. YncjieHHbIE METO/IbI pelieHus 3a1a49 TemI0(pHu3nKu

Annpokcumanus GyHKUMNA. YUCIeHHOE MHTErpUpOBaHUE M YUCIEeHHOE au(depeHIupoBaHueE.
UucneHHoe peleHue CUCTEM YpaBHEHMM. MeTobl pelieHus JMHEHHBIX CUCTEM ypaBHeHuUM. Pemienue
YPaBHEHUI C OJHUM HEU3BECTHBIM. CHCTEMbI HEJIIMHEHHBIX ypaBHEHUH. UUCIIEHHBIE METO/BI IIOUCKA
MUHUMYMa. YWCIEHHBIE METOABI pEHICHUS OOBIKHOBEHHBIX IU(PEpEeHIMATBHBIX YpaBHEHHI.
YucneHHble METO/AbI pelleHHs] KpaeBbIX 3ajad. Pa3zHocHas anmpokcumanus JuddepeHIraabHbIX
onepatopos. [Topsanok anmpokcuManuu. Y CTOMYUBOCTh Pa3HOCTHBIX cXeM. CXOMMOCTh Pa3HOCTHBIX
cxeM. UucieHHble METO/bl peleHHs MapabdoIvyecKuX ypaBHEHUH. UMCIEHHbIE METOABI peIleHUs
ypaBHEHUH nepeHoca. YncieHHbIe METOAbI PEIICHMS IIIMNTUHYECKUX YPAaBHEHUM.

2.4. TIpudin:KeHHbIE AHAJTUTHYECKHE METO/IbI PellIeHNs 32124 TeNJIONPOBOIHOCTH,
TEMJI0MACCONePeHoca H TEPMOYIPYTroCcTH

CoBMecTHOE HCIONb30BaHUE HWHTETpalIbHBIX IpeoOpa3oBaHuil Jlammaca M BapHallMOHHBIX
MmeTton0B. CoBMecTHOe ucnojib3oBaHue MeroqoB dDypbe u byOnoBa-T'anepkuna. OpToroHajibHbIN
meton JI.B. KanropoBuua. IlpuOnrkeHHble aHATUTUYECKHE PELICHUS TEIUIONPOBOAHOCTH IS
MHOTOCIIOMHBIX ~ KOHCTPYKLHMH. MeToabl IOCTpOEHUs KOOPAMHATHBIX CHCTEM B 3aJadax
TEIJIONPOBOJHOCTH JUIsi MHOTOCIIOMHBIX Ten. HenuHelHble 3agaduM  TEIUIONPOBOJHOCTH IS
MHOTOCJIOMHBIX KOHCTPYKLIMH. 3aJaud TEIUIONPOBOAHOCTH JJIsi MHOTOCJIOMHBIX KOHCTPYKIHUH C
MIEPEMEHHBIMH BO BpeMEeHH K03(pPHIIeHTaMu TeTIO0Tauu.

2.5. Texunuyeckasi TepMOJAMHAMHKA

KpaTkue ncropuyeckue CBEACHHS] O Pa3BUTHM TEPMOJMHAMUKH. BKaa pyccKHX yUeHBIX B
pa3BuUTHE TepMOAMHAMHUKH. TepMmoaMHamMHuKa, Kak Hayka o ¢opmax oOMeHa DSHepruei.
DeHOMEHOJIOTUYECKU I XapaKTep TEPMOAMHAMUKY M METO/I €€ TIOCTPOEHUS Ha TPeX 3aKOHAX.

OcHOBHBIE TEPMOAVHAMMUYECKHE MOHATHSA. TepMOIMHAMUYECKHE CHCTEMBI, OKpY’Karolas
cpena, B3auMojielicTBue Mexay HUMU. PaBHOBecHOe cocrostHue. [lapameTpsl (PyHKIIMHM) COCTOSHUS.
BuytpeHnHss sneprus. Tepmoaunamudeckuil npouecc. PaBHOBECHBIE M HEPaBHOBECHBIE ITPOLIECCHI.

[TepBblit 3aK0H T/ Kak opMa 3aKOHA COXpAaHEHUS U MPeBpALECHUs SHEpruu. Busl sHepruu u



¢dopmbl 0OMeHa sHeprueil. Mexanuueckas paborta u Apyrue Buasl padot. Temnora kak popma oOMeHa
sHepruei. BelpakeHue konmdecTBa padOT M TEIUIOTHI B PaBHOBECHBIX IpOIECCaX yepe3 MapameTpbl
CHCTEMBbl U UX M3MEHEHHH B OECKOHEYHO MalbIX W KOHEUHBIX Imporeccax. Pabora um Temiora Kak
¢bynkuun  nponeccoB. IloHATme o0 TepMOAMHAMHUYECKMX  KOOpAMHATAX W  IOTEHLMANAX
B3aUMOJCHCTBUA.  DHTponuss  Kak  TepMuYeckas  KoopAuHata  cocTosHuA.  OCHOBHOE
TEPMOJIMHAMHUYECKOE PaBEHCTBO I PAaBHOBECHBIX MPOLIECCOB. Y PaBHEHUE IIEPBOro 3aKOHA T/1 AJIs
MPOTOYHON CHUCTEMbI. DHTaNbIUs, paboTa MPOTAJIKMBAHUS, TEXHHUYECKas padoTa, pacroiararoas
pabora.

YpaBHEHUS COCTOSIHMS T/I cHcTeM. TepMUYecKne M KaJOpUYECKHE YpPaBHEHUS COCTOSIHHUA.
OO6mme cBOWCTBA ypaBHEHUH COCTOSHMS. Tepmuueckue KOADPHUIIUEHTH: H30TEPMHYCCKOM
CKUMAEMOCTH, TEPMHYECKOW YIPYrOCTH, TEPMHUYECKOrO PACHIMPEHHS. Y CIOBUS MEXaHUYECKOU
crabmibHocTU. [IoHATHE O TEPMOAMHAMUYECKON MOBEPXHOCTH U JIMHUAX T/ MPOLECCOB. Y paBHEHUS
Kitaneiipona-MenmiieeBa u Ban-nep-Baanbca kak npuMepsl ypaBHEHUN COCTOSHUS.

[ToHATHE O TEIUIOEMKOCTH. 3aBUCUMOCTh TEIUIOEMKOCTH OT Xapakrepa T/I Ipolecca.
Bripaxkenue u30XOpHOH U M300apHOM TEIIOEMKOCTEH 4epe3 MPOU3BOIHBIC OT SHEPTHH U DHTAIBIINU
no temneparype. MorbHas, MaccoBas U O0OBEMHas yJelbHbIE TEMJIOEMKOCTH. 3aBUCUMOCTh
TEIUIOEMKOCTH MJI€albHBIX Ta30B OT TemmepaTypbl. VcTUHHasE M cpelnHss TEIUIOEMKOCTH.
TemnoeMKoCTb cMecH H1ealbHbIX Fa30B.

Bropoii 3akoH TepmoauHamMuku. T/1 00paTUMOCTh B HEOOPATUMOCTh. M3MeHEeHUEe SHTPOIUH B
HeoOpaTUMBbIX npoueccax. T/ HepaBeHCTBO. Y CI0BUS B3aUMHOI'O IIPEBPAILEHHs] TEIJIOTh U paboThl B
o0paTHBIX T/1 TUKIaX. TepMudyeckuid KOAPPUIMESHT TPSIMOTO IUKIA M XOJOAWIBHBIA KOA(PHUIIHEHT
obpartHoro mukia. [ukn u teopema Kapno. ®dopmynuposka 2 3akona 1/4. T/n mkana temmeparyp.
[ToHsATHE O BEPOSITHOCTH T/I1 COCTOSIHUS M CBSI3b BEPOSTHOCTH COCTOSTHHSI C DHTPOIHEH.

Bnusinue HEOOpaTUMOCTH Ha  3(QQEKTUBHOCTh  TEPMOJMHAMMYECKMX  IIMKJIOB.
Xapakrepuctuueckue T/m  ¢yHkmmn.  lloHsATHE O  XapaKTEpPUCTHUECKUX T/ (PYHKIHX.
XapakrepucTuueckue (pyHKIUM Kak T/ MOTeHUUaNbl. BHYTpEeHHAsA SHEprusi, SHTAIbIMS, U30XOPHO-
M30TEPMUYECKUN MOTEHLHUAN, H300apHO-U30TEPMUUYECKHII MOTEHIMal KaK XapaKTepUCTHUECKUE
¢yHKkuMU. BO3MOXHOCTBH BBIpQKEHUS TEPMHUECKUX M KAJIOPUYECKHH CBOWCTB CHCTEMBI 4epe3
xapakrepuctuueckue Gpyakun. YpasHenus [ n66ca-I'ensmronbua. CooTHomenne Makcsea.

JuddepeHunanbHbple  COOTHOIIEHHS ~ TEPMOJMHAMHMKM B YAacTHBIX  IPOM3BOJHBIX.
HuddepeHnunanbible BBIPRKEHUS JJII BHYTPEHHEH SHEPIruUM, OSHTAIBIMS W DHTPONUS dYepes
TeMmIeparypy, 00beM M JaBJIeHHE KaK He3aBUCUMBbIE NepeMeHHbIe. [IoHATHE 0 BBIYMCICHUN 3HAUYEHUN
T/ GYHKIMI WEaNbHOTO Ta3a U PeajbHbIX BEIIECTB. BHYTpEHHSSI SHEprus, SHTAJIbIUSA U SHTPOMHS
uaeanbHoro raza. Jluddepenunanbapie COOTHOIEHUS [T TemoeMKocTel. CBs3b MeXay N300apHOM
U U30XOPHOW TEMJIOEMKOCTAMHU. 3aBUCUMOCTh M300apHOM TEIIOEMKOCTH OT JIaBJICHUS U W30XOPHOU
TEIUVIOEMKOCTH OT oObema. lcrnosnbp3oBaHWE MAAaHHBIX O TEIUIOEMKOCTSX JUISL  YCTaHOBJICHUS
SMIUPUYECKUX YPABHEHUH COCTOSHUS.

T/n paBHoBecue. CroxHble T/I cuUCTeMbl ¢ ()a30BOM M XHMHYECKOH HEOTHOPOJHOCTHIO.
OcHOBHBIE YpaBHEHMSI T/M JUIsl CIIOKHOM CHUCTEMbl. XUMHUYECKUM MOTEHIIMA. Y CIIOBUS PaBHOBECHUS
CJIOKHOM CHUCTEMBI IIPH Pa3INYHBIX CONPSIKEHUAX C OKpYKarolen cpenoi. [IpuHImn MUHUManbHOCTH
XapaKTepUCTHUECKUX (YHKIMM. CBS3b NPUHIMIA MUHUMAJIBHOCTH C MPUHIMIIOM BO3pacTaHUs
SHTPOIIMH B HEPAaBHOBECHBIX IIPOLIECCAX.

T/n cBoiictBa uMcThIX BeniecTB. KauecTBeHHblE OTJIMYUS CBOMCTB pEAIbHBIX Ta30B OT
uaeanbHbIX. Kputnueckoe 1/ cocrosinue. YpaBHenue Bannep-Baanbca.

T/n cBolicTBa BemiecTB Ha JUHUHM (Pa3oBBIX mepexoaoB. T/m CBOWMCTBa meperperoro mapa u
BIakHoro napa. ®opma norpaHn4HbIX KpUBBIX. [loHATHE 0 METOMAX pacueTa SHTPONHH, SHTAIBIINU U
BHYTpPEHHEH SHEPruu pealibHbIX BEIIECTB C MCIOJIb30BaHUEM JIAHHBIX O TEPMHUUYECKUX CBOMCTBaxX. T/1
JMarpaMMbl COCTOSIHUSL 00BEeM-AaBlieHHe, O0BbeM-TeMIlepaTrypa, SHTPOMHSI-IHTAJIbINS, IdaBlICHHE-
SHTAJIBIINUS.

OcHoBHBIE T/ mpouecchl. OO0beM pacueTa TepMOJMHAMHYecKoro mpouecca. Ilporeccsr:
M30XOPHBIN, M30TEpPMUYECKUH, aanabaTHBIA, MOMUTPONHBIA. OmpeneraeHre napaMeTpoB COCTOSHUSA,
M3MEHEeHMs T/1 (YHKUMH B mpolecce, KOJIMYECTBO TEIJIOThI, paboThl, pacroyiaraeMoil paboTsl B



Clly4ae MIealIbHOrO ra3a U pealbHbIX BEILECTB.

Hcnons3oBanue auarpaMM it pacuera npoueccoB. [Iponeccel cMenmenns ra3oB B IOTOKE U B
o0beme.

HpoccenupoBanue. Onucanue npouecca. Ipdext [xoynsa-Tomcona. JuddepeHnmanbHpiii 1
WHTETPANBHBIN Ipoccenb-3(dexTrr. TOUKM U KprBasi HHBEPCHUU.

T/n anamm3 paboThl KOMIIpECCOpPOB. MacalbHBIM W pEabHBIA TOPITHEBOH KOMIIPECCOPHI.
Pabora mpuBoma kommpeccopa. MHOroctyneH4aTbie KOMIPECCOphl. BBIOOp CTENEeHM MOBBINICHUS
naBiieHus B cTyneHu. M3o0paxeHnne pabouux MpoLeccoB KOMIIPeECccopa B SHTPOIUMHHBIX Tuarpammax.
[TonsaTue o pabore HEHTPOOEKHBIX U OCEBBIX KOMIIPECCOPOB. BinsHue TpeHus Ha mokasareian paboTbl
KOMIIpeccopa.

CunoBeie T/m 1tukibl. Lluknel aBurateneld BHYTPEHHETO cropaHus. BiusHue mapaMeTpoB
nukioB Ha ux tepmuueckuii KITJ[. [lukibl ra30TypOMHHBIX YCTAaHOBOK M PEAKTHUBHBIX JIBUTATEIICH.
PereneparuBnbie nukibl. [lapocunoBoil nuki PeHkuHa. BiusHue naBieHus M neperpeBa mapa Ha
tepmuueckuii KIIJI. [Tonsitue o nukiie MI'/] ycTaHOBKH.

XonoaunpHble (0OpaTHble) LUKIBL. [{UKIBI XOJOAMIBHONW MAIIMHBI M TEIUIOBOIO Hacoca.
[Tokazarenn »sddexTuBHOCTH O0OpaTHBIX UUKIOB. LIMKIIBI BO3AYIIHBIX W MapOKOMIIPECCOPHBIX
XOJIOAWJIBHBIX YCTaHOBOK. [IOHSITHE O METOIaX MOTYyUYEHUS CKUKEHHBIX Ta30B.

Bnaxnpiii BO3MyX. XapakTEpUCTUKU COCTOSIHUS BJIQXKHOTO BO3ayxa. AOCONIOTHas W
OTHOCHUTEJNIbHAsL BIAXHOCTh. JlMarpaMma cOCTOSIHMM BiaxkHOoro Bo3ayxa. lloxcuer mapamerpoB
COCTOSIHMSI BIAKHOTO Bo3ayxa. [Iponeccel HarpeBaHus, OXJIaXAEHUs, YBIA)KHEHUS U OCYILKH.

2.6. Teopus Teri0- 1 Maccoo0OMeHa

[Tpeamer Teopun TemnoooMena. O61acTH MPAKTUUECKUX MPUIOKEHUH. POk OTeueCcTBEHHBIX 1
3apyOeXHBIX YUEHBIX B Pa3BUTUHU Y4€HHUd O TermiooomeHe. Tpu anementapHbix Buja IlepeHoca remna
U UX MEXaHMU3M.

OCHOBHBIC TIOJIOKEHUSI YUYCHHS O TEIUIONPOBOJHOCTH. MeTonbl H3y4eHUs (PU3UUECKUX
apneHuid. ['unoresa dypre. Kosadpduuument rtemnonpoBogHoctu. [JuddepenuuanbHoe ypaBHEHHE
TEIIONPOBOJHOCTH. Y CJIOBHSI OHO3HAYHOCTH ISl IIPOLIECCOB TEIJIONPOBOIHOCTH.

TemIonpoBoAHOCTH NPU CTALIUOHAPHOM PEXKHUME.

[lepenava Teruia yepes MIOCKYIO CTEHKY MPU I'PaHUYHBIX yclIoBUsX 1, 2 u 3 pofa.

Ilepenava Teruia yepe3 LWIMHIPUYECKYIO CTEHKY NpPU T'PAHUYHBIX yclnoBusx 1, 2 m 3 poxa.
Kputnueckuii nuamerp HUIMHApPUYECKOW CcTeHKHW. llepegaua Temna wyepe3 MIAPOBYKO CTEHKY.
OO00O01IeHHBI MeTO/ pelIeHus 3a/a4 TEIJIONPOBOJIHOCTU B IUIOCKOW, HMJIMHAPUYECKON M 1IapoBOM
CTeHKaX. TeIuIonpoBOJHOCTh B CTEpPKHE IMOCTOSIHHOTO MONEpeYHoro ceueHus. Temnonepenaya uepes
peOpHCTyI0O IUIOCKYKO CTEHKY. TemaompoBOJHOCTh IUIOCKOW IMOJYOTPAaHWYEHHOM IJIACTHUHBI
TennonpoBoAHOCTh MOPUCTOM  OXJAXKJAEMOW IUIACTUHBL.  TEIUIONpOBOJHOCTE NIPU  HAIWYUHU
BHYTPEHHUX UCTOYHUKOB TEIUIA.

Hecranumonapusle mporecchl  TemaonpoBogHOCTH. HecrannoHapHas TemIONpPOBOAHOCTD
HEOrpaHMUYEHHOW IutacTUHblL. OmnpeneneHue KOJIMYecTBa TEIUIa, OTJAHHOIO IUIACTUHOW B IIpolecce
oxjaxaeHus. HecrannonapHas TenjaonpoBOJHOCTh OECKOHEYHO JUIMHHOTO LuiauHapa. Onpenenenue
KOJIMYECTBA TEIUId, OTAAHHOIO LMJIMHAPOM B IIpolecce oxjaxaeHusd. OxaxieHue Iapa.
OxnaxaeHue (HarpeBaHue) TeJl KOHEYHBIX pa3MepoB. PerynspHblil peskuM oXJIaKIeHHs (HarpeBa) Tell.
[TpubnuxeHHble METOABl pEIIeHus 33had  TeIUIONpOBOJHOCTH. VccrmemoBaHMe — IMPOLECCOB
TEIUIONPOBOJHOCTH METOJOM aHAJIOTHA.

2.7. KoHBeKTHBHBIIi TeMJI000MeH B OJTHOPOTHOI cpe/e

Juddepenunanbaple ypaBHEHUS KOHBEKTHMBHOTO TEIUIOOOMEHAa M MaccooOMeHa U YCIIOBUS
omHo3HaYHOCTH. CuCTeMa YypaBHEHWH T'HIPOAMHAMHUYECKOTO, TEIUIOBOTO M JU(PPY3HOHHOTO
MOTPaHUYHOTO c10s. TypOyneHTHBIH epeHoC KOJIMYeCTBa ABHKEHHSI, TeTJIa U MaccChl.

Teopuss mogo0OMs W METOA aHalM3a pa3MEpHOCTEH B Teruonepenave. BbIBog KpHUTEepHeB
noJ00usl M KPUTEPUAIBbHBIX YpaBHEHUH TersiooOMeHa. YCIOBUS NMOJ00MS (PU3MUECKUX IPOLECCOB.



Meroa ananusa pa3sMepHOCTEN.

TennooOMen mpu CBOOOAHOM KOHBEKIMH. TeIjoOoTAa4a IMpPU CBOOOJHOM JIAMHUHAPHOM
JIBUKCHUHM BJIOJIb BEPTUKAIBHOW IJIACTHHBIL. TemuooTmada mpu TypOYJICHTHOM JBUKCHUU.
Temnmoornaua mnpu CcBOOOAHOM JBMKEHMHM OKOJIO TOPU30HTaNbHON TpyObl. Temmoobmen mpu
CBOOOJTHOM JBUKEHUU KUJAKOCTH B OTPAHUYEHHOM MPOCTPAHCTBE.

Temnootnauya mpu BBIHYKJICHHOM JaMHHAPHOM TEUYEHUH >KUIKOCTH. JlamMMHapHOE TedyeHue
KUJIKOCTU B TpyOe. Teroornaya miocKOM IJIACTUHBI MPU MOCTOSHHON TeMIlepaType MOBEPXHOCTH.
VY4er nepeMeHHOCTH (PU3UUECKUX TapaMeTPOB.

TemnooTna4a mpyu BEIHYKICHHOM TYpOYJICHTHOM TEUCHHH KUAKOCTU. Ilepexo] TJaMrUHapHOTO
TedeHust B TypOynentHoe. [lomysmnupudeckue Teopun TypOyiaeHTHOCTU. VHTerpanbHOe ypaBHEHHE
TEIUIOOTAAYN I CTa0WIM3UPOBAHHOTO TEUCHUS JKUIKOCTH B TpyOe. 3aKOHBI TEIIOOOMEHa MJist
TypOyJIE€HTHOTO MOTPAHUYHOTO CJIOSI.

TenmooOmeH n3nydenneM. OCHOBHBIE 3aKOHBI TEIUIOBOTO HM3iydeHHs. 3akoH [lmanka. 3akoH
Credana - bonsimana. 3akon Kuproda. 3akon JlamGepra. JIyducteiii Tem1000MeH, MEXIY TEIaMH.
TemmooOMeH U3 TydeHHEM MEXIy TellaMH, TIPOU3BOJIBHO PACIIONIOKEHHBIMH B TIPOCTPAHCTBE. YTIIOBHIC
KO3 dULMEeHThl u3NydeHus. TeriooOMeH B MOTJIOMIAIONIMX W U3Nydaroummx cpeaax. Onrtuueckas
TOJNIIMHA CPeAbl W PEXKUMbl u3NydeHus. OCOOCHHOCTH H3TydyeHUs Ta30B M mapoB. Jlyuucrerit
TEIUIOOOMEH MeXay Tra3oBoil cpegoi U oOomoukod. CrnoxHbld  TemooOMeH. Kpurepuu
paguamoOHHOTO MOI00Us.

TemnooOMeHHbIe anmapathbl. TEIIOBOI pacdyeT peKynepaTUBHBIX TEINIOOOMEHHBIX amlapaToB.
Cpenusis pa3HOCTh TEMIIEPATYP U METObI €€ BbIYKCIICHUs. PacueT KOHEUHBIX TeMIEpaTyp U METObI
ee BbIUMCIECHHS. PacueT KOHEUHBIX Temieparyp pabouux skuakocTei. TerioBoit pacuer
pEereHepaTHBHBIX TEIJIOOOMEHHBIX aIllapaToB.
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PA3JIEJI 3. XUMHNYECKASA ®PU3UKA, TOPEHUE U B3PbIB,
®U3UKA YIKCTPEMAJIBHBIX COCTOSSHUM BEIIIECTBA

3.1. DjeMeHThI KHHEMATHUKH

[IpoctpancTBeHHO — BpeMmeHHble oTHoueHusA. Cucrema otcuera. CKalsipHble U BEKTOPHBIC
¢busnueckue BenuurnHbl. OCHOBHBIE KHHEMATUYECKHE XapaKTEPUCTUKH IBIKEeHUS yacThll. CKOpOCTh U
YCKOPEHHE YaCTHUIbI IPU KPUBOJIMHENHOM JABUKEHUU. [[BHKEHME YaCTULBI IO OKPYKHOCTH. YTJIOBAs
CKOpOCTb U YIVIOBOE YCKOPEHUE.

3.2. DjIeMeHThI IUHAMHUKH YACTHII

[TonsATHEe cOCTOSHMS YacTULbl B Kiaccuueckod MexaHuke. OCHOBHasl 3ajadya JAMHAMUKU.
IIepsbiit 3akoH Hprorona. [IoHATHE MHEpLMATBHOM CUCTEMBI OTCYeTa. Macca U uMITyJsc Tena. Bropoi
3akoH HploToHa Kkak ypaBHeHue aBMKeHMs. Tperuil 3akoH HproToHa. CoBpeMeHHas TPaKTOBKa
3akoHOB HpioTOHA. ['paHUIIBI MPUMEHEHUS KIACCHYECKOTO CIIOC00a ONMMCaHMsl JBMYKEHUS YACTHIL.

3.3. 3aK0oHBI COXpaHEeHHUsI B MEXaHUKeE

3aKOH COXpaHEHHs HUMITyJIbca KaK (yHIAMEHTAIbHBIM 3aKOH Tpupoabl. CBs3b 3aKOHA
COXpaHEHMs HMMIIyJIbCca C OJHOPOJHOCTBIO INPOCTpaHCTBa. PaboTa cuibl W ee BbIpakeHUE 4epe3
KpUBOJIMHEWHBIM uMHTerpas. Kuneruueckas sHepruss MEXaHUYECKOW CUCTEMBI U €€ CBsI3b C paboToi
BHEIIHUX M BHYTPEHHMX CHJI, IHPWIOKEHHbIX K cucreme. Ilone xkak ¢opma Mmarepuu,
OCYLIECTBJIAIOIIEH CHJIOBOE B3aMMOJECHCTBHE MEXAY YacTHIAMM BemecTtsa. KoHcepBaTUBHBIE H
HEKOHCEpBAaTUBHbIE CWibl. lloTeHnnanbHass >HEPrusi CUCTEMBI. 3aKOH COXPAHEHUS MEXaHUYECKOU
SHEPTHH U €r0 CBS3b C OAHOPOJHOCTHIO BpeMeHU. Jluccunanus s3HEprun.

3.4. D1eMeHThI MEXaHUKH TBEPAO0To Tejia

YPaBHeHI/IH JABHIXKCHHA W PAaBHOBCCHUA TBCPAOI'O TECJA. ITonsaTue cratudecku HCOIMPCACIICHHBIX
cucreM. MomeHT HHCPLOUN TBEPAOro TEjIa OTHOCHUTCIBHO OCH. MOMEHT CHIBI OTHOCHUTEIHLHO OCH.
Kunernueckas SHEPTHUA TBEPAOT'O TCJId, COBEPIIAOMICTO ITOCTYIIATCIIBHOC U BPAIIAaTCIIbHOC JIBUKCHHU.
YPaBHGHI/IG ABVIKCHUS TBEPAOTO TEJIA, Bpalllaromerocsa BOKPYyr HCHOI[BI/I)KHOI\/JI ocu. MomeHT HUMITYJIbCa
T€Ja OTHOCHUTEJIBHO HEMOJBM)KHOM OCH. FI/IpOCKOH. 3akoH COXPAaHCHUA MOMCHTAa HUMITYJIbCa U €TI0
CBA3b C U3OTPOIMTHOCTBIO MPOCTPAHCTBA.

3.5. DreMeHTHBI PeISITUBHCTCKON THHAMUKH

[IpuHIIUTT OTHOCHUTEILHOCTH B PEISITUBUCTCKOM MexaHuke. IIpeoOpazoBanue Jlopenma st
KOOpJAMHAT U BPEMEHU M HX CIEACTBHs. PensTuBucTCKMI uMmIlysnbc. MIHBapHMaHTHOCTH ypaBHEHHH
JIBUKEHMSI OTHOCUTENbHO TpeoOpa3zoBanuii Jlopenma. IlomHas sHeprus yactuupl. YeTblpeXxMepHBIN
BEKTOP DJHEPIrUU-UMIIYJbCa 4YacCTHUIBl. 3aKOH COXPAHEHHs YETBIPEXMEPHOIO BEKTOpa HHEPrUu-
uMnyibca. CTOJTKHOBEHUE PESITUBUCTCKUX YaCTHUII.

3.6. DIeMeHTHI MEXaHUKH CIJIOIIHBIX Cpef

OOmme cBOMCTBA ra3oB M KuUAkocTed. KuHeMaTrmyeckoe omMcaHUE IBWIKEHHUS JKUIKOCTH.
VYpaBHEeHUsI IBH)KEHUS W PABHOBECHS KUAKOCTU. MneanbHas XKuakocTh. CTalMOHApHOE TEUYEHUE
uaeanbHON >KUAKOCTU. YpaBHeHue bepHymin. Bsskas xuakocTs. CHIIbl BHYTPEHHETO TPEHUS.
CranmioHapHO€  TE€YEHHE  BS3KOM  JKUIKOCTA.  3aKOHBI  THAPOAMHAMHUYECKOTO  TOJI00WUS.
IMunpoauHamudeckast HeyCTOHYMBOCTE. [loHATHE O TYpOYIEHTHOCTH.



3.7. du3uKa KoJIe0aHUH M BOJIH

OOmme mpeacTaBieHUss O KoyebaTeldbHBIX M BOJHOBBIX mporeccax. EauHbIl momxox K
OMMCAaHUIO KOJeOaHUW M BOJH pa3inuyHoi Qusnueckoir npuponsl. CBOOOIHBIE HE3aTyXaIOLIUE
konebanus. KommiekcHast popma npencTaBieHus] TApMOHHUECKUX KoJeOaHui. AMIUIMTYa, KpyroBast
yactoTa M (aza rapMOHUYECKHX KojeOaHui. DHeprusi konebaHuid. ['apMOHMUYECKUN OCHHILISATOP.
Mogens rapMOHHYECKOT0 ocuuyuisaTopa. IIpumMepsl rapMOHHUYECKUX OCIMJUIATOPOB: MAsTHHK, TPy3 Ha
MpyXUHe, KoneOaTeNbHbIl KOHTYp. Bekropuble nuarpammbl. CloXeHHE CKaJSPHBIX U BEKTOPHBIX
konebanuid. buenus. @urypst Jluccaxy. KommiekcHas ¢opma mnpenctaBieHUs TapMOHUYECKHUX
konebanuii. CBoOoaHble 3aryxaroniue koneOanus. Koaddumment 3aryxanus. Jlorapudmmdaeckuit
nekpeMeHT. J[oOpoTHOCTh. DHEprusi TapMOHHYECKOTO OCHMIUIATOpa. BBIHYXIEHHBbIE KoieOaHus
FapMOHHYECKOTO OCHWUIATOpa TMOJ JACWCTBUEM CHUHYCOMAANbHON cuiibl. Amminutyna u  (dasa
BBIHY)KJICHHBIX KoJieOaHuil. BpeMmsi ycTaHOBIIEHUS BBIHY)KICHHBIX KOJNEOaHUII U €ro CcBs3b C
nooportHocThi0. Pe3onanc. BomnoBbie mponeccol. Ilnockas cunycounanbHass BoiHa. OmHOMEpHOE
BOJIHOBOE YypaBHEHHE. YTIPYrHe BOJIHBI B ra3ax, XHAKOCTSIX U TBEPABIX TeJax. DHEepreTudecKue
XapaKTepUCTHKHU yNpyrux BoyH. BekTtop YMoBa. IloBenenue 3Byka Ha TpaHUIle pas3jena ABYX Cpel.
[TonsTre 06 ynapHbix BomHaX. Dddext Jlormepa.

3.8. MoJieKkyJISIPHO - KHHETHYECKasl TEOPHs

Makpockonuueckoe coctosiHue. OcHoBHOe ypaBHeHne MKT. Makpockonuyeckue rnapameTpsl
Kak cpeqHue 3HaueHus. TeruioBoe paBHOBecue. [lonsatue o temmeparype. Monenb uaeaabHOro rasa.
VYpaBHeHHE COCTOSIHMSI HJ€aJbHOIO Tra3a M €ro IpUMEHEHHe K Hu3olpoueccam. Pacnpenenenue
MaxkcBemna. Ckopoctu  Monekyn. Pacmpenenenme bonbumana. bapomerpuueckas ¢opmyna.
Pacnipenenenne MakcBemia — bonbimana. CpenHsisi KWHETHYECKass HSHEPrUsi YacTHUIBL. 3aKOH
PaBHOMEPHOTO paclpeiesieHuss KHHETUYECKOW 3HEPTUU MO CTEMeHsIM CBOOObI. SIBieHHE mepeHoca.
Huddy3usa. TemnonpoBogHocts. Koadpdumuenr muddy3un. KodddummeHT TEmionpoBo HOCTH.
Huddys3us B razax, KUAKOCTIX M TBEpAbIX TenaxX. Bsskoctb. KoadduiuueHTsl BA3KOCTU Ta30B U
KUJIKOCTEH.

3.9. OcHOBBI TEPMOAUHAMUKH

IlepBoe Hawano TepMOAMHAMHUKU. BHyTpeHHsAs »sHeprus. lIpumeHeHue mnepBoro Havaia
TEPMOJMHAMHUKN K u3ompoueccaM. TemnoemkocTs. Kiaccuueckas MOJEKYJISIPHO - KHHETHYECKAs
TEOpUsl TEIUIOEMKOCTH HAEAJbHOTO Tra3a M ee OorpaHu4eHHocTb. OOpaTumble UM HeoOpaTUMBbIe
mpoueccel. OHTponus. Bropoe Hadano TepMoaMHaMuKH. TepMmMoauHaMUYecKHe IOTEHLUANbl U
ycinoBusi paBHoBecus. [lukn Kapao. Makcumaneubiit KIIJ[ TeroBod MammHbl. DHTpONUS |
BEpPOATHOCTb. OmpenesneHne -HHTPONUM PABHOBECHOM CHCTEMBI YEpe3 CTAaTUCTHUECKHH BeC
MaKpOCOCTOSIHUS. ODHTPONMsSI KaK KOJIMYECTBEHHas Mepa XaoTH4YHOcTH. llepexon ot mopsiaka K
OecropsiIky B COCTOSHUM TemjoBoro pasHoBecusa. [IpuHumn HepHcta u  ero cieactBus.
TepmonrHaMuYecKue NOTEHIHMAIBI M YCIOBHS pAaBHOBECHS. XUMHUYECKHW MOTEHIUAN. Y CIOBUS
XUMHYecKoro paBHoBecus. Pa3bl U pa3oBble NpeBpalleHus. Y ciaoBus paBHoBecus ¢pa3. dazoBble aua-
rpamMmel. YpaBHenue Kunaneiipona-Knaysmyca. Kputnueckass touka. MetacTaOWiIbHBIE COCTOSIHHSI.
da3oBble nepexoabl BTOPOro poja. TepMouHaMHKa MOBEPXHOCTH pa3ziena JABYX ¢as.

3.10. DnekTpocTraTuka

3akon Kynona. HampspbkeHHOCTH —2nekTpuueckoro mnoss. IlpuHnmn — cynepnosuuuu.
Onekrtpryecknii qunoiib. [1oTok BekTOpa HanpsHKEHHOCTH. BEKTOp 3JIEKTpOCTAaTHYECKOW MHIYKIUU.
ITorox muaykumuu. Teopema Octporpaackoro - I'aycca i 2JIEKTPOCTATUYECKOTO IOJIS B BaKyyMe.
[Ipumenenue teopeMbl ['aycca K BBIYMCICHUIO HANPSYKEHHOCTH 3JIEKTpocTaThyeckoro nois. Pabora
3JIEKTPOCTATHYECKOTO TIOJISL. Hupkynsanus BEKTOpa HaIPSKECHHOCTH. ITorennuan
AJEKTPOCTATHYECKOTO TOJII M €r0 CB3b C HAaNpsDKEHHOCThIO. [lomspusanmsa nuanextpuka. Tumsl
JOUDJIEKTPUKOB. DJIEKTPOHHAs W OpUEHTALMOHHAs mojspusanus. [{usnekrpudeckas NpOHULIAEMOCTD.
Teopema T'aycca st mons B [OMONEKTpHKE. ['paHMYHBIE yCIIOBHSL Ha IIOBEPXHOCTH paslena



«IUBJIEKTPUK-TUDIIEKTPUK» U <«IIPOBOAHUK-IUNICKTPUK». [IIOTHOCTE 3HEPruM 3JIEKTPOCTATUYECKOTO
1oJisA B 1uaieKTpuke. [IpoBOgHNKY B A5IeKTpUYeCcKOM nosne. PacnpenencHue dJIeKTpUYECKUX 3apsiioB B
IIPOBOJHUKE. YCIIOBUsS HA IPaHULE ABYX AUNIEKTPUKOB. KoHneHcaTopbl. EMKOCTH KOHIEHCATOPOB.
OHeprus B3aMMOJEHCTBHS DJIEKTPUUECKHUX 3apsiioB. DHEPIHsl CUCTEMBI 3apsHKEHHBIX IPOBOJIHUKOB.
DOHeprus 3apsKEHHOro KoHAeHcaTropa. IIoTHOCTE AHEPrUM 37EKTPOCTATUYECKOTO MOJIS.

3.11. llocTOSAHHBIH 3JIeKTPUYECKH I TOK

VYcnoBus CyniecTBOBaHUS 3JIEKTPUYECKOro TOKa. [IpoBOIHUKM M M30iATOpHI. 3akoHbl OMa U
Jlxoymst - Jlenma B wHTerpambHoM W auddepennumanbHor popmax. Croponnme cuibl. D]IC.
Ucrounnku DJIC. 3akon Oma asis 3aMKHYTOM 1€MW M y4acTKa LenH, coaepskamiero ucrounuk JJ(C.
3aK0oH COXpaHEHHUs dSHEPTUH I 3aMKHyTOoH 1ienu. [TpaBuna Kupxroda.

3.12. MarauTHoe moJie

MaruuTtHas MHIYKOUS. BUTOK ¢ TOKOM B MarHUTHOM Iojie. MOMEHT CuJI, IEHCTBYIOIIMX Ha
BUTOK C TOKOM BO BHEIIHEM MarHuTHOM Tojie. MaruutHbeii MoMeHT. Cuna Awmmepa. 3akoH buo-
Capapa. MarauTtHoe 1oJje npsMOJIMHEHNHOIO IPOBOJHUKA ¢ TOKOM. MarHuTHOE 1osie KpyroBoro TOKa.
Buxpeoii xapaktep MarHuTHOro mnojs. LIUpKyisinus BeKTOpa MAarHUTHOM MHAYKIMH. MarHutHoe
noJsie JUIMHHOro cojeHounpa. Cuna Ammepa. BzanmopelicTBue NPOBOJHMKOB C TOKOM. JIBM>KEHHE
3apsSOKEHHBIX YaCTHUI[ B AJIEKTPUYECKOM M MarHuTHoM nojsx. Cuna JlopeHua. MarHMTHBIM HOTOK.
KoHTyp ¢ TOKOM B MarHMTHOM MoOJj€. OJIEKTpOoMarHutHas uHAykuusa. [IpaBuno Jlenna.
Koo duurenTsl WHAYKTUBHOCTH H B3aUMHOH WHIYKTHBHOCTH SIBI€HHE CAMOMHIYKIMU IIPH
3aMBIKaHUU M Pa3MbIKAHMM DJIEKTPUYECKOM Lienu. MarnutHas s3Heprus Toka. IlnoTHocTh 3Heprum
MarHMTHOro 1moJsigs. MaruutHoe 1mone B BemlecTBe. JUIMHHBIM COJEHOMJ C  MarHETHUKOM.
Hamaraunumsanue Bemectsa. Mosekyisipable Toku. HamaranuenHocts. HanpskeHHOCT MarHUTHOTO
noJyis MarnutHasi npoHuIaeMocTb. OCHOBHbIE YpaBHEHUS MAarHETOCTATUKU B BEIIECTBE. ' paHUuHBIE
YCIOBUSI Ha IIOBEPXHOCTH pasjesa JABYX MarHeTHKOB. IIMOTHOCTH 3HEprMM MarHMTHOIO MOJS B
BELIECTBE.

3.13. DeKTpOMarHuTHOE noJje

QapaneeBckass U MaKCBEUIOBCKas TPAKTOBKU SIBICHUS DJIEKTPOMArHUTHOM HWHIYKIIMH.
Buxpesoe anexrpuueckoe noie. Tok cmemenus. Cucrema ypaBHeHMM MakcBeiia B MHTETPaJIbHOM 1
mudpepernnanbHol hopmax. [IpuHIMT OTHOCUTEIBHOCTHU B AJIEKTPOIMHAMUKE.

3.14. DeKTpOMArHUTHBIE KOJIEOAHUSI U BOJTHBI

Konebatenbubiii kKOHTYp. CoOCTBEHHBIE 3JIEKTPOMarHUTHbIE KojeOaHus. 3aTyxawollue u
BBIHY)KJICHHbIE 3JIEKTpOMarHuTHble KojeOaHus. Ciydail pe3oHaHca. DJIEKTPOMAarHUTHBIE BOJIHBI.
BonnoBoe ypaBHeHHe. CKOpPOCTb pacHpOCTPAHEHUsI AJIEKTPOMArHUTHBIX BOJIH. 3aKOH COXpaHEHUS
SHEPrUM I 3JIEKTPOMAarHUTHOrO nouist. INOTHOCTE HEprum anekTpomMarHuTHOro mnois. IlnorHocts
MOTOKA SHEPTUU 3JIEKTPOMArHUTHOTO TOJISI.

3.15. UnTepdepeHuns BOJIH

[Tpuniun cynepno3unuu Aias BojH. MIHTepdepeHns MI0CKUX MOHOXPOMAaTHYECKUX CBETOBBIX
BOJXH. Bpems wu jmmmHa  KorepeHTHOcTH. IIpocTpaHCTBEHHass  KOTepeHTHOCTb.  Pacuer
UHTep(PEPEHIIMOHHON KapTUHBI OT JABYX KOTEPEHTHBIX MCTOYHHMKOB. VHTepdepeHLus B TOHKHX
mienkax. Konea Herotona. [1os10ckl paBHOM TONIIMHBI M paBHOT'O HAKJIOHA.

3.16. Iudpaxuus cBera

[Mpunuun [roiirenca-@Openens. Hudpaxkaus Dpenens. 3oubl  Dpenensa. Audpakuus
@paynrodepa. udpakius Ha KPYrjioM OTBEPCTUH, MPSMON IIEIW U Ha MHOXKECTBE MapajjieIbHBIX



meneit. Judpaxknuonnas pemerka. CrekTpaidbHOe paszioxkeHue. Paspemaromias cnocoOHOCTh
CHEKTPaJIbHBIX TPHOOPOB.

3.17. BzaumojeiicTBHE 3JIEKTPOMATHUTHBIX BOJIH € BellleCTBOM

Mopens cpeasl ¢ aucnepcueil. Ilokazarens npenomnenus. HopmanbHas v aHOMalibHAst
mucnepcuu. ['pynnosas ckopocts. Ilornomenue BosH. [loBeeHre BONH Ha TpaHULE pasfesa ABYX
cpen. Ilonmspuzanus. EcrecTBeHHBIM M TOJSPU30BAaHHBIN CBET. 3akoH Mamtoca.  AHU3OTPOIHbBIE
cpenbl. [lomsipuzanus mnpu  faBoiiHOM  Jydenpenomsienuu. Ilpusma  Hukomns.  DneMeHTbI
KPUCTAJIOONTUKU. DJIEKTPOONTHUECKHEe M MarHutoontuueckue spieHus. Ddpdext Keppa. Dddekr
QDapanes.

3.18. TensioBoOE M3TyYeHHE

TemoBoe u3nydeHue abCoaOTHO yepHoro Tena. [IpoTuBopeuns kiaccuueckon Gpusnku. 3aKoH
Kupxroda. 3akon Credana-bonpiimana. Pacnpenenenrne sHepruu B crieKTpe aOCOIIOTHO YEPHOTO
Tena. 3akoH cMemenus Buna. KBanToBas runoresa u popmyia [lnanka.

3.19. ®oToHbI

DHepruss ¥ WMITYJIbC CBETOBBIX KBAaHTOB. BHemHuii gorodddext u ero 3akonsl. Dopmyna
OuHmTeitHa s Gotosnektpudeckoro 3¢pdekra. KBaHTOBOE M BOJIHOBOE OOBSICHEHUE IaBIICHUS
cera. Dpdext Komnrona. Macca n ummynbsc ¢poToHa.

3.20. KopnycKyJIsipHO-BOJIHOBO JAyajiu3mM

['unoresa ne bpoitns. Audpakius 31eKTpoHOB U HEHTPOHOB. MHUKpOUYACTHIIA B OJTHOIIEIICBOM
unTeppepomerpe. COOTHOILIEHHE HEONPEAEICHHOCTEH KaK MPOSBIEHHE KOPIIYCKYJISPHO-BOJIHOBOI'O
Tyann3Ma cBOMCTB Marepuu. Habopsl 0THOBpEMEHHO U3MEPHUMBIX BeTHMYMH. BomHOBas QpyHKIMS U ee
CTaTHUCTUYECKUN cMbIcil. Bpemennoe ypaBHenue Illpenunrepa. CranuoHapHOe ypaBHEHHE
[penunrepa. CraunoHapHble cOCTOAHUSA. [IpUHIMI NPUYMHHOCTH B KBAHTOBOM MEXaHUKE.
JIBrxkeHne cBoOOAHOM uacTuibl. YacTuiia B OJHOMEPHOM M TpPeXMEpHOW MOTEHIHUAIBHBIX SMaXx.
KBaHTOBaHME HHEpPrUM M MMITyJIbCa YacTHUILBL. [IpoX0kIeHHME YacTUIBI HAJ W IOJ MOTEHUNAJIbHBIM
6apsepoM. TyHHenbHbIN 3 dext. 'apmonnueckuit ocunsuiatop. [IpuHuun coorBercTust bopa.

3.21. Teopusi aToma Bogopoaa no bopy

DKCIepuMEeHTaIbHOe OO0OCHOBaHME OCHOBHBIX HJEH KBaHTOBOM MexaHWKHU. JluHeidarbie
cnekTpbl aTromMoB. [IpaBuno yactor bopa. [lpunmun coorBerctBusa. OnbiTel @panka u ['epua. Cnextp
aToma Bojioposa o bopy.

3.22. ATom

Yactuna B chepuuecku cumMmerpuyHoM mnoie. BopopomonmomoGHble aTombl. ['nmaBHOE,
OopOUTAIbHOE U MarHUTHOE KBAaHTOBBIE UKCIIa. DHepreTuueckrue ypoBHH. [loTeHnansl Bo30yxaeHus u
noHu3anuu. CrHeKkTpsl BOJOPOIONOA0OHBIX aToMOB. IIpocTpaHcTBEHHOE pacipenesieHue MIOTHOCTH
BEPOSITHOCTH IS DJIEKTPOHA B aToMe BoAopoaa. MarHuTHeli MOMeHT aroMa. OmbIT IlTepHa u
I'epnaxa. Cnun anekrpona. Dpdext 3eemana. DIIP.

3.23. AToMHoe SI/IpO

CrpoeHue aTOMHBIX snep. SnepHble peakuuu. PainoakTuBHbIE PEBpALLIEHUS ATOMHBIX SJIEP.
ennas peakuus aeneHus. TepMOsAEpHBIN peakTop. TepMosIepHbIil CHHTES.

3.24. DjeMeHTbI KBAHTOBOM CTATUCTUKHU

CTaTHCTUYECKOE OIMCAaHHE KBAHTOBOM CUCTCMBI, Pa3JIMYUC MCKIY KBaHTOMEX aHUYECKON U



CTAaTHUCTUYECKOW  BEpOSATHOCTAMU. CHUMMETpusi BOJTHOW (DYHKIIMM MHOTHX OJMHAKOBBIX YACTHII.
KBantoBbrie wnaeanbHble Ta3bl: pacnpeneneHue boze u Pepmu. KoHIEHCHPOBAHHOE COCTOSHHE.
Crpoenue kpucrauioB. Todeunbie qedeKThl B KpUCTaUIax. AKyCTUYECKUE W ONTHYECKHE KOoleOaHus
Kpuctainueckord pemerku. KomOunanuonnoe paccesnue. [lonstue o ¢ononax. TemmoemkocTb
KPUCTAJUJIOB MIPU HU3KUX U BBICOKUX TEMIIepaTypax. DJIEKTPOIPOBOIHOCTh MeTaiioB. Hocurenu Toka
B MeTauiax. HeaocTaTo4HOCTh KJIACCMYECKOM 3JICKTPOHHOM TEOpUHU. DNEKTpoHHbIM depmu-ras B
MeTajlIe. DJIEKTPOHHAs TEIUIOEMKOCTb. JJIEMEHThl 30HHOM TEOpUH KpHUCTAIOB. YpoBeHb DepMu.
Yucno 37eKTPOHHBIX COCTOSHUN B 30HE. 3aMOJIHEHUE 30H: METAILIbL, TUAJIEKTPUKHU, MTOIYIPOBOIHUKH.
[Tonsitre napipoyHOi TMpoBOAMMOCTH. COOCTBEHHBIE W MPHMECHBIE TOJNYNPOBOJHUKH. SIBICHHE
cBepxmpoBoaumoctu. Kyneposckue napel. CepxnpoBoauMocTs 1 u 2 poga. BeicokoTemneparypHas
U CBEPXIPOBOJUMOCTh. 3aXBaT M KBAaHTOBaHME MarHUTHOro moroka. Oddekr Jxozedcona.
Marueruku. Ilapa-, nua-, peppo- u antudeppomarneruku. KBantoBas Teopus peppomarserusma.
JloMeHHas CTpyKTypa.

3.25. DeMeHTHI (pU3HUECKOH KMHETHKH

JloxkanpHOE M HenosiHOe paBHOBecue. PenmakcanuoHHble sBieHUA. BpemeHa penakcanuu
pa3IUYHBIX MPOLIECCOB MPUOIIKEHUST K TEIJIOBOMY paBHOBeCHIO. bpoyHoBckoe asmkeHue. CBs3b
maddy3un ¢ OpOYHOBCKHM MABIKEHHEM. UyBCTBUTEIBHOCTH H3MEPUTENBHBIX MpUOOpoB. IIIymbI.
ITonatue o mpunuune OH3arepa. DJIEKTPONPOBOAHOCTh Kak BbIHYKAEHHas auddysus. Ilonstue o
nepeKkpecTHhIX 3 dexrax.

3.26. CtaTucTHYecKHe pacnpe/eeHus

Pacnipenenenne I'mO6ca. Mogens cuctemsl B TepmocraTe. KaHoHMYeckoe pacrpeneieHue
['n66ca. CraTUCTHYECKUN CMBICT TEPMOJAMHAMUYECKUX MOTCHIIMAIOB W TemiepaTypsl.  Poib
cBoOomHOM »Hepruu. Pacmpenenenune ['mb0ca  uisi CHUCTEMBI C MEPEMEHHBIM YHCIOM YacTHIIL.
DHTpOIUS U BEpOATHOCTh. OnpeieneHne YSHTPOINH PaBHOBECHOM CUCTEMBI Yepe3 CTATUCTHUECKH Bec
MaKpOCOCTOSIHUSI. DHTPONHSA KaK KOJMYECTBEHHAass Mepa XaoTmyHocTH. Ilepexon or mopsiaka K
OecropsiIky B COCTOSHUM TemjaoBoro pasHoBecus. [lpuHumn HepHcta u  ero creactBus.
MakpocuctemMbl BAaau OT paBHOBecHs. OTKPBITHIE ITUCCHITATUBHBIE CHCTEMBl. POb HENMWHEHHOCTH.
[Tonsatue o 6udypkauusax. Mnen cunepreruku. AuHamudeckuit xaoc. CamoopraHusanus B MpUpOJIE.
Kackaner ®eiirendbayma. Teopema [lpuroxuna. [losiBnenrne caMoopraHu3alii B OTKPBITBIX CHCTEMAaX
U TIpeBpalieHne QIIyKTyauii B MaKkpocKonuueckue 3¢ (eKThl.

3.27. BemiecTBO B pa3jJMYHbIX YCJIOBHAX

Peanbuble Tasel. [loTeHnman MeXMOJEKYISpHOro B3aummojaencTeus. M3orepmbl Ban-nep-
Baanbca. 3akoH cOOTBETCTBEHHBIX cocTossHUM. Dpdekt [xoyns-Tomcona. J[poccenupoBaHue ra3os.
Kunkoe cocrossHue. Kuakoctu. [IOBEpXHOCTHOE HATSKEHHE. YCIIOBHE PAaBHOBECHS Ha TPAHUIE
xuakocred. Ctpykrypa xuakoctu. JKunkue kpucramisl. JKnakue pactBopsl. 3akoHbl Paynst u I'enpu.
Ocmotnyeckoe naBieHue. JlmarpamMma cocTOsiHUS pacTBopa. JlUcIepcHbIE CUCTEMBI. OMYJIbCHH.
VYcroliunBocts 3Mmynbeuid. CenumeHTanus. PU3NKO-MEXaHUYECKUE UM DIIEKTPUUYECKHE CBOMCTBA.
AbsponucriepcHble cHcTeMbl WM KosutouAsl. Ilputn, apIMbl, TymaHbl. JlaBaeHWE  HACBIIIEHHBIX M
nepechlieHHbIX napoB. Koarymsauusa. Komnongnsie pactBopsl. CycneH3uu. CTpoeHHE KPUCTAILIOB.
DKcriepuMEHTAIbHbIE METOJbl HCCIeOBaHUS KpucTaioB. ToueuHble AeeKkThl B KpUCTaIaX.
KpaeBbie 1 BUHTOBBIE AMCIOKAMH. J[MCIOKaNU U MJIACTUYHOCTb.

3.28. CoBpeMeHHasi KAPTHHA MUPa

BemectBo u mosie. ATOMHO-MOJIEKYJISIPHOE CTPOEHHE BelecTBa. AToMHOEe sipo. Kapkwu.
DneMeHTapHble 4YacTULbI: JIENTOHBI, aapoHbl. CuIIbHOE, JJIEKTPOMAarHUTHOE, claboe U
rpaBUTAllMOHHOE B3aumojercTeue. Mepapxus B3zaumopneictBuil. O eIUHBIX TEOPHUSX MaTEpPHUH.
dusnueckas KapTuHA MUpa Kak Qunocodckast KaTeropus.
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