IIporpamMmma rocy1apcTBeHHOI0 IK3aMeHa
no HanpaBJjennio 03.04.02 «®u3zuka»
MexaHuka

Kunematuka touku. Cucrema otcuera. Cucrema koopauHat. Paauyc-BekTop,
CKOpPOCTb, 3aKOH JIBUKCHHUS W TPACKTOpUs TOYKU. KpHBONIMHEWHBIE KOOPIUHATHI.
CKOpOCTh U YCKOPEHUE MAaTEpUaIbHON TOUKU B KPUBOJMHEUHBIX CUCTEMAX KOOPAUHAT.

Junamuka wmatepuanbHOM Touku. OCHOBHas 3ajaya JWHAMHUKA MaTepUaTbHOMN
TOYKH. NHepuuanbHble  CUCTEMBI  OTCYETA. 3akonsl  Hrprorona. [TpunIMI
OTHOCHUTENIBHOCTHU [ anuies.

NmnynbC, MOMEHT HMMNYJIbCA W KHHETUYECKAs JHEPTUS MAaTEPUATIbHOW TOYKHU.
[Torenumaneubie cwibl. [loTeHumanbHass >Heprus MarepuaibHOM ToukW. IlosHas
MEXaHUYECKasl SHEPIrusl MaTepUabHONW TOUYKH. 3aKOHBl U3MEHEHUSI MMITYJIbCa, MOMEHTA
MMITYJIbCA U TIOJIHOM MEXAaHWYECKOW SHEPIUU MaTEPUAIbHON TOYKH.

OO01ee pelleHue ypaBHEHHMsSI OJHOMEPHOTO JIBUKEHUS MaTepHaIbHOM TOYKU B
CTallMOHapHOM cujioBoM Tmone. KadecTBeHHOe wuccienoBaHue oOiacTeld JIBUKEHUS.
Touku ocrtaHoBku. PUHUTHOE W WHPUHUTHOE ABWXKEeHUsA. Dopmyna s mepuoaa
(UHUTHOTO IBMYKCHUSL.

[lenTpansHO-cUMMETPUYHOE CcwioBoe Tone. OOmiee perieHne  ypaBHEHHMH
JIBOKEHUSI MATEPUATBbHOW TOYKH B IEHTPAIbHO-CUMMETPUYHOM MOJI€, HE3ABUCAIIEM OT
BpemeHu. KauecTBeHHOEe wuccienoBaHue obOnacteid JABWKEHHA. TOYKHM TMOBOPOTA.
®uHUTHOE W WH(OUHUTHOE JBIKECHUS. Y CIOBUE 3aMKHYTOCTH TPAaeKTOPHUH (UHUTHOTO
JBW>XKeHUs. 3akoHbl Kemuiepa.

Cucrema maTepPUalbHBIX TOUYEK. YPAaBHEHUSl ABUKEHUS CHUCTEMbl MaTEpUATIbHBIX
ToueK. LleHTp Macc cucTeMbl MaTEPHAIBHBIX TOYEK. 3aKOHbl W3MEHEHHsI HMITYJIbCa,
MOMEHTA UMITYJIbCA U MTOJTHON MEXaHUYECKOW YHEPTUU CUCTEMBI MaTEPUAIBHBIX TOYEK.

MexaHu4yeckue CBsI3M, HajaraéMble Ha CHCTEMY MaTEpUaJbHBIX TOYEK.
['ononomuble cBsi3u. Yucno creneHeil cBoOoabl cucteMbl. OO0OIIEHHBIE KOOPAUHATHI.
JlelicTBUTENIbHBIE, BO3MOKHBIE W BHPTYyajbHblE MNepeMelleHus. MueanbHbpie CBS3H.
Oynkuus Jlarpamka. OOo0OmeHHBIE cHiIbl. YpaBHeHus Jlarpanka B 0OOOIICHHBIX
KOOPIMHATaX.

[TepBrie wnTerpansl ypaBHenui Jlarpamxka. O606menHas sueprus. OO00OIICHHBIN
UMITYJIbC. 3aKOHBI HM3MEHEHUSI W COXPaHEHUs OOOOIIEHHBIX WMIYJIbCAa U DHEPTHUU.
Ornpenenenue 3aKoHa IBUKEHUS C TIOMOIIIBIO MEPBBIX UHTErPAJIOB yPaBHEeHU Jlarpanika.

Oyukiusa [amunerona. KanoHnueckue ypaBHeHus [amumnbrona. Ilepsbie
uHTerpansl ypaBHeHMid ['amunbronHa. CkoOku IlyaccoHa M MX OCHOBHBIE CBOMCTBA.
3anucek ypaBHeHu# ["amuinbToHa ¢ moMotisio ckoOok [lyaccona. Teopema Ilyaccona.

VYpaBuenne [amunprona-fAko6u. IlonHblii wuHTerpanm ypaBHeHHs [aMuiabTOHa-
SxoOu. Pa3nenenne mnepeMeHHBIX B ypaBHeHMH [ammibroHa - Skobom. Cxema
HaXO0XJICHMSI 3aKOHA JIBMXKEHUS C TOMOIIBIO0 YpaBHEHUs ['aMusibToHa- Ak0OH.



AOGCOMOTHO TBEpAOe Teno. YrioBas CKOpocTb. TeH3op wuHepuuu. Mmmynsc,
MOMEHT HMMITyJIbCA U KHHETUYECKas SHEPrusi TBEPAOro Teja. YpPaBHEHUS ABUKEHUS
TBEpIOTO Tena. Yribel Jiniepa. @ynkuus Jlarpanxka TBEpAOro Tejaa B MOTEHUHUATBHOM
CHUJIOBOM IIOJIE.

Manble nuHelHbIe KONeOaHWsT CHCTEMbI TOJ JCHCTBHEM MOTEHIMAIBHBIX CHIL.
Cucrema nuHeapu3OBaHHBIX ypaBHeHMM Jlarpamka u ee oOllee pelieHue,
XapaKTepUCTUUECKOE YpaBHEHHE, COOCTBEHHbIE YacTOThl. HopMasbHbIe KOOPIUHATHI.

MOJIeKy.]'alHaﬂ (l)n3m<a, CTaTUHCTHYCCKAasA (l)l/I3I/IKa H TEPpMOANHAMUKA

Tepmonunamuyeckass  cucteMa.  CTaTUCTHYECKUMH  MPEAECNbHBIM  MEPEXO..
Tepmudeckoe U KaJOpUYECKOE YPABHEHUS COCTOSHHUS. AJNIUTUBHBIE M HEaIJUTHUBHBIC
BennuuHbl. CBOWMCTBO TEPMOJMHAMUYECKOW TpaH3UTUBHOCTH. KBaszucrarnueckue
MIPOLIECCHI.

[lepBoe u BTOpOE Havajla TEPMOJMHAMHKUA. XUMHUUECKUN MNoTeHHHal. Teopema
KapHo. Y aenbHas 3HTpONHS UACATBHOIO rasa.

Bropoe Hauano TepMOAMHAMUKHU AJI1 HEPABHOBECHBIX IpolieccoB. O0Imure ycaoBus
paBHOBECHS U YCTOMUYUBOCTH U30JIMPOBAHHON CUCTEMBI.

Tperbe Hayaso TepMoanHAMUKHU. [loBefeHHE SHTPONUU U TEMJIOEMKOCTH BOIU3U
a0COJIIOTHOTO HYJISl TEMIIEPATYPHI.

Tepmonunamudeckue moTeHIManbl. CBOOOAHAas SHEPrusi, TEPMOIUHAMUUYECKUIN
noTeHman ['mbbca, TepMOIMHAMHYECKUN MOTeHIHan (. DKCTpeMalbHbIE CBONCTBA
JAHHBIX TEPMOJUHAMHUYECKUX MTOTCHIIUAJIOB.

DHTanbplus Kak TEPMOAMHAMUYECKUI MOTEHIHal. BelpaxeHue i TEIIOEMKOCTH
IIPU TIOCTOSIHHOM JIaBJICHUU Y€pe3 SHTAIBIINIO.

YcnoBus yCTOMYMBOCTH CUCTEMBI 110 OTHOLIEHUIO K MEXAHUYECKOMY M TEILIOBOMY
BO3JICUCTBUIO HA HEE.

da3oBbIe IEPEX0/IbI MEPBOTO poaa. Y paBHeHue Knaneripona-Knaysuyca.

dazoBble nepexoibl BToporo pojaa. Cuctema ypaBHeHu# DpeHdecra.

TepmonMHAMUYECKHE CBOWCTBA PABHOBECHOI'O DJIEKTPOMAarHUTHOIO W3JIYy4YCHUS.
3akon Ctedana-bosbliMaHa 1 XMMHUYECKHI MOTEHIIMAT PABHOBECHOTO U3TyYEHUSI.

MukpokaHoHnyeckoe pacmpenenenne [uO0ca, ycinoBus €ro  MONMYYECHHUS.
CTaTUCTUYECKHUI BEC U €T0 CBS3b C TEPMOJUHAMUYECKUMHU XapaKTEPUCTUKAMH CUCTEMBI.

Kanonnueckoe pacnpenenenne I[ub06ca. IlpubnmxeHus, m0pu KOTOPHIX OHO
nonyueHo. Ilonstue cratucTuueckoi cymmbl. CBsI3p CTaTUCTHYECKOM CYMMBI CO
CBOOOTHOM SHEPTUEH TEPMOIMHAMUYECKONW CUCTEMBI.

Bonbmoe kanonnveckoe pacnpenenenue ['nd6ca. CBs3p OONBIION CTaTUCTUYECKON
CYMMBI C TEPMOJUHAMHYECKUM MTOTEHIIUATIOM Q2 .

Pacnipenenenune MakcBenia, ero cBsizb ¢ KAHOHUYECKUM pacnpeneneHuem [ uooca u
YCJIOBUSL €r0 NPUMEHUMOCTH. PacmpeneneHus i KOMIIOHEHTBI HUMITyJIbCa W
a0COJIFOTHOT'O 3HAYEHHUSI CKOPOCTH.



[IpeacraBineHue yucesn 3aroIHEHUs B KBAHTOBBIX CHUCTEMAax OJMHAKOBBIX YAaCTHII.
BoipaskeHus U1sl CpeIHUX 4YMCcel 3al0JIHEHUSI B UJI€aIbHOM (pepMH-Ta3e U B UICAITbHOM
003e-rase.

BoipoxxneHHblii HepensITUBUCTCKUN (pepmu-ra3z. CTpyKTypa OCHOBHOIO COCTOSIHUS.
3HaueHUs uMIyinbca U SHeprun @Pepmu. BeipakeHue mjid 4YMciia YacTULl CUJIIBHO
BBIPOXKJICHHOTO (hepMuU-Ta3a uepe3 uMmnyibc Oepmu.

WneanbHbiit  HepensTUBUCTCKUM 0o03e-ra3. CTpyKTypa OCHOBHOTO COCTOSIHHS
CUCTEMBI U SIBJICHUE 003€-KOH ICHCAIUH.

KBaszutepmogunamuyeckass Teopus (Quiykryanuil. BwiBog  BeIpaxkeHHS IS
BEPOSTHOCTH KPYMHOMACIUTAOHON (PIIyKTyalli B pAaBHOBECHOW M30JMPOBAHHON CUCTEME
C IOMOILIbI0 MUKPOKAHOHUYECKOTO PacipeiesICHHUS.

VYpaBuenue CMOITYyXOBCKOTO JJIsI MAPKOBCKOTO TIpoliecca U ero (Gu3nyecKuii CMBICIL.
VYcnoBusa NpUMEHUMOCTH K OITMCAHUIO0 OPOYHOBCKOTO JABHXKEHHUS.

VpaBuenne ®okkepa-Ilnanka. duznueckas MHTEpPIpPETALUs] 3TOTO YpPAaBHEHUS B
TpEXMEpHOM ciy4ae. PerieHue 3Toro ypaBHEHUs Ui ciay4as cBoOoAHOW Auddy3uu B
OJTHOMEPHOM CIIy4ae.

BeiBon ypaBHenuss JImyBWiUISL A7sSi  TUIOTHOCTH  BEPOATHOCTH B (pazoBoM
IIPOCTPAHCTBE M3 YypaBHEHMHU [‘aMuiapTOHAa JUIsI DBOJIONUM MHUKPOCKOIMYECKOTO
COCTOSIHUS KJIACCHUECKOM CUCTEMbI MHOTHX YaCTHII.

Kunetnueckoe ypaBHEHHME C PENAKCAlMOHHBIM WIEHOM BMECTO HHTErpaja
CTOJIKHOBEHHHU U €T0 CTallMOHAPHOE PEUICHUE B MIEPBOM MOPSAIKE IO MAPAMETPY T .

KoHuenmuss camMocCorinacoBaHHOIO TIOJISI B CHCTEMaxX C  JaJbHOACHCTBHEM.
Kunernueckoe ypaBHeHnue Biacosa.

Kunernueckoe ypaBHeHue bonbpiiManHa. PU3MYECKHE OrpaHUYCHHS HA HMHTErpall
CTOJIKHOBEHHU B CHUCTEMAXx THUIIA ra3a ¢ KOPOTKOAECHCTBUEM.

H —teopema bonbiiMana. Bo3HMKHOBEHHME BpEMEHHOW HEOOPATUMOCTH B
cratuctuyeckoM onucanuu. [lapanokc Jlommunara.

DJIeKTPOAUHAMHUKA

CuctemMa ypaBHeHUU MakcBemia [ 3JIEKTPOMArHUTHOTO TMOJ B BaKyyMe:
buznvecKoe coaepikaHue, B3aUMOCBSI3b YpPaBHEHUN. Y CJIOBHS 3aMKHYTOCTH CHUCTEMBI U
MOCTAaHOBKA OCHOBHOM 3a7a4M 3JEKTPOAUHAMUKHU.

3aKOH COXpPaHEHUsI DJHEPrud [JIsi JJIEKTPOMArHUTHOTO TIOJII B BaKyymMe B
WHTerpasibHON U nuddepenimansuoit hopmax. dusnyeckas HHTEPIPETAIUS ClaraeMbIX
B 3aKOHE COXpaHEHUs dHEepruu. [IIOTHOCTH HEPrUr 3JAEKTPOMATHUTHOTO Mos. BekTop
[ToiinTHHTA.

[ToreHnmansl  SIEKTPOMArHUTHOTO  TOJs B Bakyyme. KamuOpoBouHas
WHBApUAHTHOCTh. Y paBHEHUS JUIsl IOTCHIIMAIOB NpH KanuopoBkax Jlopenna u Kymnona.

DIIEeKTpOCTaTUYECKOE ToJie B BakyyMe. YpaBHeHue IlyaccoHa u ero peuieHue npu
3aIaHHBIX UCTOYHUKAX. MyJbTUIIOJIBHOE PA3JIOKEHUE MOTEHLINAIIA AJIEKTPOCTATUYECKOTO
nosst. IloTeHnmMan W HampsHKEHHOCTh TOJISL B DJIEKTPUYECKOM  JIUMOJBHOM U



KBaJIPYMOJIHOM MPUOIHKEHUSX.

MarsuTocTaTH4eckoe II0Jie B BaKyyMe. YCJIOBHUE CTAallMOHAPHOCTH TOKOB.
MynbTUIOJIBHOE PA3J0KEHHE JUIsl BEKTOPHOT'O MOTEHIIMAa MarHUTOCTATUYECKOTO TOJIS.
MarHuTHbIil JUMNOABHBIA MOMEHT TOKOB M HAaNpsDKEHHOCTh MAarHUTHOTO TIONS B
JTUTIONIBHOM — MPUOJMMKEHUU. ODHEPrusi MarHUTHOTO TOJS  JIOKAJIbHOW  CHCTEMBbI
CTallMOHAPHBIX TOKOB.

[T1n0cKkue 371eKTpOMarHUTHBIE BOJIHBI B BAKYyM€ U UX CBOMCTBA (3aKOH JIUCIIEPCHH,
COOTHOILIEHWE MEXAY BEKTOpaMHM HAMpPSHKEHHOCTH TOJS, MOJSIpU3alisl  BOJIHBI).
DNIEKTPOMArHUTHOE T0JIE TOYCYHOM 3apakeHHOM YaCTHIIbI, JBIKYIIEHCS MO 3aIaHHOMY
3akoHy. llorenmmansl Jluenapa-Buxepra. I3mydeHne DIIEKTPOMArHUTHBIX  BOJIH
3apsHKEHHOW YaCTHUIIEH.

DJEKTPOMarHUTHOE U3JIyYEHUE JIOKAIbHOW CUCTEMBI 3apsiIoB U TOKOB. PU3NYECKue
YCIIOBUSL MPUMEHUMOCTH MYJIBTUIIONIBHOTO pPAa3joKEeHUs B 3agadye 00 U3IyYeHUH.
[ToTeHumansl 1 BEKTOPHI HANPSYKEHHOCTH TOJIS U3IYYEHUS B DJIIEKTPUUECKOM JUITOIBHOM
U MarHuTHOM JIUMOJBHOM  MPUOMIDKCHUSX. ODHEPreTHUYECKHUE  XapaKTEPUCTUKH
U3ITyYEHUs: NHTEHCUBHOCTH U YIJIOBOE pacIpeiesieHue MHTEHCUBHOCTH U3TyUEHUS.

BnusiHue coOCTBEHHOTO U3JTydyeHUsT Ha JABWKCHHE 3apsSHKEHHOW YaCTHUIIBI.
VYpasuenue Abpaxama-Jlopenia u ¢popmyna JlopeHia s CUIIbl paaAuamOHHOTO TPEHUS.
[IpobGneMa camMOaeHCTBUS U3TYYCHUS 3apsHKEHHOW YaCTHUIIBI (CAMOYCKOPEHHUE YaCTHUIIbI).
[Tpubnmxenne Jlannay-Jlubmmumna. DddexTuBHAsS cuia peakuuu U3TYyYEHUS IS
3apsPKEHHOTO TAPMOHUYECKOTO OCHHIIIATOPA.

[TocTynatel crnenuanbHOM Teopuu OTHOcUTeNnbHOCTU. [IpeoOpazoBanust JlopeHiia
oI koopauHaT u BpeMeHu. MHrepBan.  OTHocuUTelbHasi  OJIHOBPEMEHHOCTD
POCTPAHCTBEHHO-PA3CICHHbIX COOBITUN (MpuBEeCTH mpuMepsl). PenaruBucrckas
kuHematuka. [IpeoOpazoBaHue NpPOMEXKYTKa BPEMEHM W JJIMHBI TE€OMETPUYECKOTO
OTpe3Ka.

PensTuBUCTCKUN 3aKOH CIIOKEHHUSI CKOPOCTEH. 3aKOHbI MpeoOpa3oBaHuUsl YaCTOTHI U
KOMIIOHEHT BOJHOBOT'O BEKTOpPa 3JEKTPOMATrHUTHOW BOJHBL. 3aKOH MpeoOpa3oBaHUs
yria, 0Opa30BaHHOTO BOJHOBBIM BEKTOPOM M HAaNpaBJICHUEM CKOPOCTH CHCTEMBbI
oTcueTa. ACTpoHOMUYECKas abeppalius U penasTuBucTckuii 3¢ dext Jlomrepa.

VYpaBHeHHE JBHKEHUS PEIATUBUCTCKOW 3apsDKEHHOW 4YaCTHIbI BO BHEIIHEM
ANIEKTPOMArHUTHOM MoJie. YeTbIpeXMepHbIE BEKTOPhI CKOPOCTHU U YCKOPEHUS YaCTULIbI U
UX CBOMCTBA. DHEPrusi U UMIYJIbC PEISTUBUCTCKON YaCTUIIBI. 3aKOHBI TPeOOpa3oBaHUs
HHEPrUM U UMITYJIbCA YACTHUIIBI TP npeodpazoBanusx Jlopenia. MHBapuanTHas Macca.

YpaBHeHuss MakcBeiuia B MaTepUAIbHBIX Cpenax. BekTopsl nonspuszanuu H
HAMarHMYE€HHOCTH CpeJibl, UX (U3MUYECKUA CMBICI U CBSI3b C IJIOTHOCTBIO CBSI3aHHBIX
3apAI0B M TOKOB.  JIMHeapu3OBaHHbIE MaTepHUajbHblEe YpaBHEHUS Jisi BEKTOPOB
ANIEKTPOMArHUTHOTO TOJIE B Cpellax C MPOCTPAHCTBEHHO-BPEMEHHOU JIOKAJbHOCTHIO.
[Tpumepbl >P¢ekToB, 00YCIOBIECHHBIX KaXKIbIM M3 CIaraéMblX B JIMHEAPU30BAHHBIX
MaTepUaIbHBIX YPaBHECHHUSIX.

KBazucranuonapHoe npuOIMKeHNE U YCIOBUS €r0 MPUMEHUMOCTH. Y paBHEHUS IS
NEPEMEHHOI0  3JIEKTPOMAarHUTHOTO TMOJsI K TOKAa B MPOBOAALIMX Cpelax B



KBa3ucTalmoHapHoM npuOmmkeHnn. CKuH-3((PeKT Ha TUIOCKOW TpaHMIe MPOBOJHHUKA:
r1yOMHa MPOHUKHOBEHUS, MPOCTPAHCTBEHHO-BPEMEHHAsI 3aBUCUMOCTh BEKTOPOB MOJIS U
(a30BbIE COOTHOIICHUS MEXIY HUMHU BHYTPU MPOBOTHUKA.

MarepuanbHble  ypaBHEHUS g ObIcTpomepeMeHHOro mojis. Jucnepcus
IUAJIEKTPUYECKOM  NpOHULIaeMocTH B Mozaenu JlopeHna ansg  pa3peKeHHOTO
OJIHOB3JIEKTPOHHOTO Tra3a. AHAJIUTHYECKUE CBOMCTBA KOMIUIEKCHON IUAJIEKTPUYECKOMN
MPOHUIIAEMOCTH U (U3UYEeCKUd cMmbica €€ MHuMoM wactu. Popmynsl Kpamepca-
Kponwra.

PacnpocTpaneHue 371€KTpOMarHuTHHIX BOJIH B AUCHEPTUPYIOLIUX CpeAax MpU ydeTe
nornomeHusi. KOMIUIEKCHBIA  BOJIHOBOM BEKTOp U 3akoH jaucnepcun. CBs3b
ko3 PuIMeHTa 3KCTUHKIMKA U TOKa3aTessl MPeIOMJICHUSI C BEIIECTBEHHOW MU MHUMOM
YacThl0 KOMIUIEKCHOM JHM3JIEKTPUUECKOM MPOHULIAEMOCTH ISl OJHOPOJHBIX BOJH.
®da3o0Bast ¥ rPyNmnoBasi CKOPOCTHU AIEKTPOMATHUTHOU BOJIHBI B JUCIIEPTUPYIOLLIEH Cpefe.

OnrTuka

BonnoBoe ypaBHeHue. beryiiue snekTpoMarHuTHbIE BOJHBI. CKOpOCTh CBETa B
ONHOPOJHBIX H3OTPOIIHBIX JUAIEKTpUKax. ILIOTHOCTE d2HEprmMm W HUMIyJbca
AIEKTPOMArHUTHBIX BOJIH. Bektop Ymosa-IlovinTuHra. IaTeHCMBHOCTH cBeTa. /laBienue
cseta. OnbiTel JIeObenena.

Mogenu ONTHUYECKOrO0 U3JIydeHUs. BOIHOBbIE TyYKM U BOJHOBBIE MAKETHI.
MoHnoxpomaTuyeckue M KBa3UMOHOXPOMATHYECKHE  BOJHBI,  IIMPOKOIIOJIOCHOE
uznyueHue. Oypoe-ananu3 u Oypbe-CUHTE3 BOJHOBBIX Moiei. CriekTpanbHasi IIIOTHOCTh
MOIIHOCTH. COOTHOIIEHNE MEXK1Y IJIMTEIbHOCTHIO UMITYJIbCA U IIMPUHON CIIEKTPA.

HNuTepdepenuns MOHOXPOMAaTHUYECKUX BOJIH. WNuTtepdepenuus
KBa3MMOHOXPOMAaTUYECKOT O CBETA. OyHKIUA BHUJIHOCTH. OcHoBHbIE
uHTepepeHnoHHble cXeMbl. [lonyueHue HHTEp(EPEHIIMOHHBIX KapTUH JEJICHUEM
BOoJTHOBOTO (hpoHTa (MeToa FOHra) u genenuem ammutyasl (metoa ®penens). [Tomocs
paBHOM TONIIMHBI U paBHOTO HakioHa. HTEepdepomeTp MalikenbcoHa.

BpemeHnHas KOTepeHTHOCTb, BpEMs U IJIMHA KOTE€PEHTHOCTH. B3auMocCBs3b cniekTpa
u KoppensiuuoHHoi QyHkiuu. Ilonstue o dypne-cnekrpockonuu. [IpocTpaHcTBeHHas
KOI'€PEHTHOCTb.

Panmnyc m creneHp NpPOCTPAHCTBEHHOM KOTE€PEHTHOCTH, MX OLEHKAa I IOJIEH
TEIJIOBBIX HCTOYHUKOB M JIa3epoB. MeTOAbl MOBBILIEHUS CTENEHU KOTEPEHTHOCTH.
[IpocTpancTBeHHbIE (PUIBTPHI.

MmuoronyueBast unrepdepenius. Muareppepomerp Dadpu-Ilepo. Gopmyna Diipu.
[Inactunka Jlrommepa-I'epke. Ctosturie cBeToBble BoJIHBL. OnbIThl Bunepa. [Ipumenenne
UHTEPHEPOMETPOB B HAYKE U TEXHHUKE: U3MEPEHHE MAJIbIX CMEUICHUH, pepakTOMETpHsI.
WNuTepdepeHtinonHbie GUIbTPHI U 3epKaa.

SAsnenue mudpakuun. [lpubmmwxenne dpenens u npudmmkenue Ddpaynrodepa.
[TpoctpancTBeHHOe npeobOpa3zoBanue Dypre. JudpakiyonHas kapTUHa B JajbHEH 30HE
kak Dypbe-00pa3 audpakunoOHHOTO 00BEKTa. YTIOBOH CHEKTP, CBA3b €ro IIMPHHBI C



pasmepamu otBepctusi. Judpakuuss dpaynrodepa Ha mienu, Ha OPSIMOYTOJIBHOM U
KpPYIJIOM OTBEPCTUSX. AMIUITUTYHBIE U (pa3oBbie TUPPAKIUOHHBIE PELIETKH.

Hudpakmuonnas Tteopussi (opmupoBanus uzobOpaxenuil. Ponp mudpakinuum B
npubopax GopMHUPYIOIINX U300paKeHUe: JIMH3E, TeJecKone, MUKpockore. CriennanbHble
METOJIbl HaOI0IeHUsT (a30BbIX OOBEKTOB: METOJ (pa30BOTO KOHTpACTa, METOJ TEMHOTO
OJISL.

Hucniepcuss cBeta. Mukpockonuueckass KapTHHA paclpoOCTpaHEHUsT CBETa B
BenlecTBe. Kiaccuueckasi 3J€KTpOHHAs TEOpUs TUCHEPCHH. 3aBUCUMOCTH IOKa3aTenein
NpEJIOMJICHUS W TOMJOLIEHUs OT dYacToThl. (a3zoBasgs M rpynmoBas CKOPOCTH, HX
cootHomienue (popmyna Panes). HopmanbHas u aHomallbHas JUCHEPCUM TOKa3aTels
IIPEJIOMIICHHS.

CnexkTpayibHblii  aHanmu3 B onTuke. CHEKTPOCKONHUsS € MPOCTPAHCTBEHHBIM
pasjoxxeHueM crnekTtpoB. I[lpusmenHble, audpakuuoHHbIE U HHTEPHEPEHIIMOHHbBIE
CHEKTpaJibHble TPUOOPHl M HUX OCHOBHBIE XapaKTEPUCTUKHU: amnmnaparHas (QyHKIuS,
yIJI0Basi ¥ TUHEIHAS AUCTIEPCHs, pa3peniaromias ClocoOHOCTh, 0071aCTh TUCTIEPCHH.

[Tonsspuzauus cera. JIMHENHHO-, HUPKYISIPHO- U AIUTUNTUYECKU-TIOIAPU30BAHHBII
cBeT. MaremaTuueckoe  ONHMCAHUE  COCTOSHUS — mondsipuzanuu.  [lonspuzanms
€CTECTBEHHOI'O CBETA.

Onrtuueckue SBJICHHUS Ha TPAaHMIIE pa3fena U30TPOMHBIX JUIIEKTPUKOB. DOpPMYIIbI
@penens. [Homspusanus oTpaKeHHOW M MPEIOMIEHHON BOJIH. YToa bprocrepa. SBnenue
MOJIHOTO BHYTPEHHEI0 OTPa)KEHUs CBETA U €r0 IPUMEHEHHUE.

Paccesinue cBeta. 3aBUCMMOCTh MHTEHCUBHOCTH PACCESIHHOTO CBETAa OT YaCTOTHI
ceera (popmyna Poanes) m yrioBas aumarpamma paccesiHus. CIIOHTaHHOE paccesiHHe
Manpensimtama-bpuiitoeHa U KOMOMHAIIMOHHOE paccesHue, Kpbulo JUHUM Panes.
Paccesinue cBeTa B MEIKOAMCIIEPCHBIX U MYTHBIX Cpeaax.

Henunelinple  ontuueckue — saBieHus.  llonsgpuszauus  cpegpl B IOJe
BBICOKOMHTEHCUBHOTI'O Jla3epHOro u3nydeHus. Cpeapl ¢ KBaJpaTHUYHON HEIMHEHHOCTHIO.
['enepanyss rapMOHUK, ONTHYECKOE AETEKTHpoBaHHE. Da30BbIM CHHXPOHM3M MU €r0
peanmuzamus. Cpenpl ¢ KyOumdeckoil HenmuHenHHOCThI0. CamMo(OKyCHpOBKa BOJIHOBBIX
Ny4KOB. BbIHYX/IeHHOE KOMOMHAIIMOHHOE PaccesHUE CBETA.

KBanroBas ¢pusuka

['mnpOepToBO TpOCTpaHCTBO. baszuc. YHUTapHBIE, 3PMHUTOBHI U MPOCKIIMOHHBIE
onepatopsl. Ux ¢usudeckuii cmpici. CeKTpallbHOE Pa3ioKEHHUE IPMHUTOBA OmepaTopa.
Teopembl 0 3PMHUTOBBIX ONEPATOPAX U UX COOCTBEHHBIX BEKTOpaX.

PesynbTatsl u3mepenus HabmogaeMoi. Matpuia mioTHOCTH, ee cBoicTBa. Hucroe
coctossHue. OmHMcaHWE YUCTOTO COCTOSSHUSI C TIOMOIIBIO BEKTOpa TUIbOEpTOBa
npoctpancTBa. [IpuHIMT Cynepno3UITNN.

CoBMecTUMBbIE U HECOBMECTUMBIC HaOmromaembie. [lomHbIil HaOOp HAOIIOTAEMBIX.
CooTHoIlIeHHE HEOTIPEICICHHOCTE.



ITpencraBnenus Iaiizenbepra u Ulpenunrepa, cBsi3p MeXAy HUMH, (OpMalbHbIE
pemienus ypaBHeHuid laiizenOepra u Illpenunrepa. WHTerpanel ABMKEHHS, HX
¢uznueckuii cMpici. CTallMOHAPHbBIE COCTOSTHUSL.

KBaHTOBas1 3amyTaHHOCT M OTCYTCTBHE JIOKaJbHOro peanusma. OIIP-mapanokc.
Teopema u HepaBeHcTBa benna. KBanToBas Tenenopranus.

OTKpBITBIE KBAHTOBBIE CHUCTEMBI. Jluccumanuss M JEKOTEepeHLMs. Y paBHEHHE
JInnponana.

OOmue cBoiicTBa CIEKTpa NpU OJHOMEPHOM JABMKEHHH. JIUCKpPETHBIA CHEKTD,
HENPEPBIBHBIA CIIEKTP, KPATHOCTH BBIPOXKACHUA. OCHWIIIALMOHHAs Teopema. JBrkeHne
BOJIHOBBIX ITAKETOB.

[TorennmanpHas sima. JJMCKPETHBIN CIEKTP U CBSI3aHHBIE COCTOSTHUSA.

KoaddurmeHnTs! oTpaykeHus u MpoXoxkaeHus. TyHHeIbHbIN dheKT.

Yactuusl B nepuogudeckoM noreHmuane. Teopema biaoxa. OCHOBBI 30HHOM TEOPHH.

OnHoMEpHBIM  rapMOHMYECKHH  ocuuiuisATOp. CTanMOHapHBIE COCTOSIHUSL B
KOOpDAMHATHOM M  MMIYJbCHOM  IpeICTaBICHUAX. KorepeHTHble  COCTOSHMS
TrapMOHMYECKOT0 OCHUIIIATOPA.

Omnpenenenne MomeHTa. MaTpuuHBIE JJIEMEHTHI orepaTopa MoMeHTa. CHuH.
OpOuTtaneHblii MOMEHT. C0XKEeHHEe MOMEHTOB.

CranuoHapHbIE COCTOSIHMS 4YacTHLBI B IIOJIE LEHTPAJIBHOIO IOTEHIHMAaNa.
VYpasuenue Illpenunrepa mist atomMa BOJOPOJA, BUJ M OCHOBHBIE XapaKTEPUCTUKHU €TO
pemenuii. KBanToBbIEe Unca.

CranvoHapHass TEOPUM BO3MYIICHUH I HEBBIPOXKJICHHOIO YPOBHS. Y CIIOBUS
npuMeHnMocTd. CTtanmoHapHas Teopys BO3MYILIEHUH IS BBIPOKIEHHOTO YPOBHSI.

O¢pdexr 3eemana. ['aMuIBTOHMAH MHOTO3JEKTPOHHOIO aromMa B MPUCYTCTBUU
OAHOpOJHOrO MarHuTHoro mnonss. @Pakrop Jlawge. Belpaxkenue g caBura
HHEPreTUYECKUX YPOBHEH aToMa BOAOPOAA B C1a0OM MarHUTHOM I10JIE B PAMKax TEOPHH
BO3MYLICHUM.

O¢pdexr Hrapka. ['aMunpTOHMAaH atroMa BOAOPOJA B MPUCYTCTBUM OJHOPOIHOTO
AIEKTPUYECKOro IojsA. PaciieruieHue ypoBHEM aroma BOJIOpOAAa IO JECUCTBHEM
anekTpuyeckoro nois. Otnuune 3¢ddexrta IllTapka B MHOTORJIEKTPOHHOM aTroMe OT
s dexra [llTapka B aTome Bogopoaa.

MHOTr03/1eKTpOHHBIA ~ aTOM, MPUONMKEHUE UEHTPAJIbHOTO TIOJIsA, HWHTErpasbl
IBWKEHUs, KoHpurypamwms, Tepmbl. Juarpammbl FOnra. ToHkas cTpykTypa TEpMOB.
[TpaBuna Xynaa, ux oowsicienue. Meroa Xaptpu-doka.

[TpyHIMI HEPa3NTMUYMMOCTH TOXKJECTBEHHbIX 4acTull. COOCTBEHHbIE 3HAUYCHUS
orepaTropa NMepecTaHOBKH JBYX 4acTull. bo3onsl u (epmuonsl. Bonmnosas ¢ynkums N
TOXJIECTBEHHBIX (epMuoHOB (06030HOB). basuc B mnpoctpanctBe coctossHuic N
TOXJIECTBEHHBIX (pepmuoHOB (0030HOB). CBolCTBa HaOMIOgaeMbIX i1 cucTeMbl N
TOXKIECTBEHHBIX YaCTHII.

[TocTanoBka 3amaunm 00 ympyrom paccesHuM Ha moteHnmane V(X). Ammimryna
paccesnusi, quddepeHimanbHoe U MojaHoe ceueHue. YpapHeHue Jlunnmana-llIBunrepa.



BopHOBCKMIT psii U yCIOBUS MPUMEHMMOCTH MEPBOrO0 OOPHOBCKOTO MPHUOJIMKEHHUS.
[TapumansHOE pa3iioxkeHue. Pe30HaHCHI B paCCEsSHUM.

Hecraunonapnas  Teopus  BO3MYILIECHUM. [lepexonpl  MTHOBEHHBIE H
annabatuueckue. llepexonpl moj AEMCTBHEM MEPUOAMYECKOIO BO3MYULIEHHS. 30JI0TOE
npasuiio Gepmu.

Bropuunoe kBaHTOBaHHME. KOMMYyTalMOHHBIE COOTHOLIEHUS MJIA OIEPATOPOB
pOXIeHUs-yHUUTOKeHU. DOKOBCKOE MPOCTPAHCTBO. basuc B (POKOBCKOM MPOCTPAHCTBE.
Omneparopsl B IpeICTaBIEHUN BTOPUYHOTO KBAHTOBAHUS.

KBantoBanue cBOOOJHOTO AJIEKTPOMArHUTHOTO TOJSL M3IYYEHUS B KYJIOHOBCKOM
kanuOpoBke. DOTOHBI, UX PHEPTHUSI, UMITYJIbC, CIIMH U CIIUPATIbHOCTb.

VYpaBuenue Jlupaka. Pemenusi cBobogHoro ypaBHenusi Jlupaka ¢ ompeneieHHbIM
MMIYJIbCOM W CHUPAIBHOCTHIO. HepemaruBucTckuii mnpenen ypaBHenus Jlupaka,
ypaBHeHue [laynu.

Snepnas pusuka

CpoiictBa atomubix siaep. Omeir Pesepdopma. Pasmepst sinep. Pacnpenenenue
3apsiia B sape. Macca u sHeprus cBsizu aapa. CTaOwibHble UM paJMOAKTUBHBIE SIpa.
KBaHTOBBIE XAapaKTEPUCTUKHU sAEpHBIX cocTtosHui. CrnmH danpa. CratucTudeckne
MYJIbTUIIOJIBHBIE MOMEHTBI SIJIEP.

®opmyna Baiinzekkepa i sHepruu cBszu saep. OObeMHasi, MOBEPXHOCTHAS U
KYJIOHOBCKasl SHEPTUU. 3aBUCUMOCTb YIECJIbHOW SHEPrUM CBSI3M CTAOMIIBHBIX fJiep OT
MacCoOBOr0 4Wciia. BelneneHne dHeEpruu Ipu JEICHUU TSDKEIBIX Alep U B PEAKUUAX
CUHTE3a JIETKUX s1ep.

Onpenenenne paanoakTUBHOCTU. CTAaTUCTUYECKUI XapakTep pacnaja. 3akoH
panuoakTuBHOro pacmanga. llepuon nomypacmama. CBs3p mnepuoaa noisypacnajga ¢
IIOCTOSIHHOM pacnana. EcrecTBeHHas U HCKYCCTBEHHAs pallOaKTUBHOCTH.

Bunel paamoaktuBHOrO pacmaga. Anbda- pacnan. TyHHenbHbId 3 PexT.
3aBUCHMOCTh Tiepuojia ajiba-pacmana OT dSHepruu anb(a- uactuu. bera- pacnan.
DKCIEPUMEHTAJIBHOE JI0KA3aTEIbCTBO CYLIECTBOBAHMS HEWTpuHO. PaspemieHHsle u
3anpeuieHHble Oera-nepexoabl. Hecoxpanenue uetHocTn B Oera- pacnage. ['amma-
U3IydeHUuEe snep. ONEKTPUUYECKUE W MarHuUTHBIE Mepexopl. SlnepHas wu3zomepus.
Brytpennss kousepcus. Dddext Meccbayapa.

SlnepHble peakuuu. MeToabl M3ydeHUs SAEPHBIX peakuui. JleTeKTOpbl 4acTHII.
[TpyuHuMOBl  paboThl  ycKOpUTENeH. 3aKOHbl COXPAaHEHHMsS B SJAEPHBIX PEaKLUAX.
Pe3onanchbie snepHbie peakunu. Gopmyna bpenra - Buraepa.

[enenue sanep. [enenue n3oronos ypaHa HeWTtpoHamu. LlenHas peaxkuus neneHus.
SlnepHble B3pbIBBI. SnepHble peakTopbl. Peakiuu cuHTesa yierkux saep. TepmosaepHas
sHeprus. TpaHcypaHoBbIE 21eMEHTBI. CBEPXTSIKEIbIE sI/Ipa.

B3anmopeiictBue sIepHOro wu3nydeHus ¢ BenlecTBoM. [lorepu sHeprum Ha
MOHU3ALMIO U BO30YXJeHue atoMoB. [Ipoberu 3apsukeHHBbIX yactull. B3aumonelicTBue



HEHUTPOHOB C BEIIECTBOM. 3aMeJUIeHHE HEUTpoHOB. IIpoxokaeHue ramMma- WU3IydeHUs
4yepes BEIEeCTBO. bruosornueckoe AeCTBUE U3IYYCHHS U 3a1IUTa OT HETO.

OnemenTapHble 4Yactulbl. Cucremarnka dactull. DyHIaMEHTaJIbHBIE YaCTHUIIBI.
bapuoHbl U Me30HBI. DKCIEPUMEHTAJIbHbIE METOJABI MCCIECJOBAaHUS CTPYKTYpPbI YacTHLL.
Yckopurenu. Berpeunsie nydku. [lyukm BrOpmuHbIX udactui. Jlerexkropsl. Peaknuum c
JacTHLIaMH. B3auMonelcTBHs U paciaibl YaCTHIL.

Bcenennas. CugerenbcTBa OOJbIIOTO B3pbiBa. llepBble MIHOBEHUS BCEJIEHHOM.
Jlo3Be3nHbIil cuHTe3 sinep. bapuonHas acumMmerpus. 3Be3iHas 3pa. SAnepHble peakuuu B
3Be3/ax.
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