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Hacrosimass mporpamma paspaboTaHa Uisi MOCTYHAIOMIMX B aCIHPAHTYpPy Ha HAYYHYIO
cnenuanbHOCTh 1.3.6 «OnTukay.

AOUTYPHUEHTBI, KeJAIIIUe OCBOUThH OCHOBHYIO 00pa30BaTEIbHYIO MPOrPaMMy MMOATOTOBKHU
HAy4YHBIX M HAyYHO-MEAArorMyecKuxX KaJpoB B aclHUpaHType MO Hay4dyHOU cneruanbHocTH 1.3.6
«OnTHKay, TOMHKHBI MMETh 00pa3oBaHME HE HMKE BBICHIETO OO0pa30BaHUS (CHELUATUTET WIH
MarucTpaTypa), B TOM 4Hcie 00pa3oBaHKe, TOJyYCHHOE B MHOCTPAHHOM T'OCY/1apCTBE, IPU3HAHHOE
B Poccuiickoit @enepanuu, u o3HakoMuthes ¢ [IpaBunamu npuema B bantuiickuii henepanbHbIii
yuuBepcuter uMm. M. Kanra Ha oOydenue mno o00pa3oBaTelbHBIM MPOTrpaMMaM BBICILIETO
oOpa3oBaHHsl — TIporpaMMaM IIOATOTOBKM HAy4YHBIX W HAyYHO-TIEJarOTHYECKHX KaJpOB B
acIupaHType.

[lenpo BCTYNUTENBHOTO MCIBITAHUS SIBIISICTCS OIEHKA 0a30BBIX 3HAHUM, MOCTYHAIOMINX B
aCMHUPaHTYpPy € TOYKHU 3PEHUS UX JOCTATOYHOCTU JJISi MPOBEACHUS HAYyYHO-HCCIIEI0BATEIbCKON
JEeSATEILHOCTH M0 HAY4YHOU criennainbHOCTH 1.3.6 «OnTukay.

BerynurensHoe ucnbplTaHue MO ClENMaIbHON JHUCHUIUIMHE Hay4HOM crenuanbHocTd 1.3.6
«OnTrka» MPOBOAUTCS HAa PYCCKOM WM AHTIMHACKOM $sI3bIKE MO OuiieTaM B YCTHOH (opme.
DK3aMEHAIlMOHHBIM OWJIeT BKIOYaeT 2 BOMpoca W3 IMpeAjJaraeéMoro IepeduHs, a Takke
cobecejoBaHME C UICHAMH 5SK3aMCHAIMOHHOW KOMHCCHHM, B XOJ€ KOTOpOTO aOWUTypHEHT
00OCHOBBIBAaET BBIOOp HAyYHOW CIEUUAIbHOCTH, BBIOOp MPEAINOJIaraéMoro Hay4HOIO
PYKOBOJUTEIS U3 YKCIIA IPENoaBaTeNel i HayqHbIX paOOTHHUKOB YHUBEPCUTETA, MMEIOIINX ITPaBO
OCYHIECTBJISITh HAy4YHOE PYKOBOJCTBO AacHUpaHTaMHd MO COOTBETCTBYIOIIEH  HAay4dHOU
CHEIHAIbHOCTH, HW3JIaraeT MNpoQecCUOHANbHbIE IUIAHBI W LENH TOATOTOBKM U 3alUThI

KaHJIMJATCKOW JUCCepTaliy 110 BEIOpaHHON HaAyYHOW CHEeMaIbHOCTH

Copaeprxanue nporpaMmmbl

Pa3zgen I
OPUBUKA

1 MEXAHUKA

1.1 OcHoBHBIe 3aKOHBI MexaHMKH. [IpocTpaHcTBO M BpeMms B ¢usuke. CrocoObl U3MepeHHs
MPOTSHKEHHOCTU M JJIMTENBHOCTH (B J1abOopaTOpHOW MpaKTHKEe, B KOCMMUYECKHUX MaciiTadax, B
MUKpoMupe). MarepuanpHas Touka. MHepimanbHas cucreMa orcueta. SBnenue naepuu. [lepBorit
3akoH HbloToHa. /[BMKeHHME MaTepualbHOM TOYKM IOJ AEUCTBHEM cCuibl. Macca Kak mepa

MHEpTHOCTU. Bropoi 3akoH Herorona. B3aumonelcTBue MaTepHalbHBIX TOYEK. TpETHl 3aKOH



Herotona. I'paBuranmonHoe mnosne. Macca Kak HCTOYHUK TpPaBUTALMOHHOIO IOJIA. 3aKOH
BCEMMPHOI'O TATOTEHMs. PaBEHCTBO rpaBUTALlMOHHON U MHEPTHOU Macc. J[BMKEHUE MaTeprUaIbHON
TOYKM OTHOCUTEJIBHO HEHMHEpLHMANbHBIX cucTeM orcuera. Cwia uHepuuu. Cuna Kopuosuca.
JIBrkeHre aOCOIIOTHO TBEpAoro Tena. BpamatenbHoe IBUXKeHUe. YrioBas ckopoctTs. ITnockoe
NBIKEHUE. [[BUKeHHE BOKPYT 3aKpEIICHHOW TOYKHU. YTIbl Ditniepa. Tenzop mHepiuu. [ naBHbie

OCH MHEPILIMU TeJa. YpaBHEeHUs Diliepa.

1.2 3akoHbl coxpaHeHHMsi B MexaHMKe. VIMIyJlbCc MaTepuaibHOM TOYKW. 3aKOH HU3MEHEHUS U
coxpaHeHus umnyiabca. CTOJKHOBEHHUE Tel. MOMEHT UMITyJbca. 3aKOH U3MEHEHHUS M COXPaHEHUS
MOMEHTa MMIyJbca. MOMEHT cuibl. [[BH>KEHME MOJ JEWCTBMEM MOMEHTA CHI. MexaHuyeckas
pabota. DHeprus. Kunernueckasi v MOTEHIMAIbHAS SHEPTUsl CUCTEMBI MAaTepUATbHBIX TOUYEK Tea
U CUCTEMBI Tell. 3aKOH COXPaHEHUsl MeXxaHW4eckoil 3Hepruu. CBs3b 3aKOHOB COXPAHEHUS CO
CBOWMCTBAaMH NPOCTPAHCTBA-BpEMEHU. POJIb 3aKOHOB COXpaHEHUSI B MeEXaHHKe. [[BH>KeHue B

LEHTPAJIBLHOM IT0JIe. 3a7a4a ABYyX Tell. 3akoHbl Kemnepa. PaccessHue yactui.

1.3 IIpuHOMO OTHOCHTEJBHOCTH B MexaHuke. [IpuHIMI OTHOCUTENBHOCTH [ anmwes.
[IpeoOpazoBanne [amunes. Crio)keHHEe CKOpPOCTeH B Kiaccuueckod ¢usuke. [IpuHIMn
OTHOcUTENbHOCTH OuHITelHa. [IpeoOpazoanust Jlopenna. CokpalieHue IJIUH U 3aMeJICHHE
BpemeHH. ClI0KeHHe CKOPOCTel B PENATUBUCTCKON (hr3HKe. DKBUBAICHTHOCTh MAaCChl i SHEPTUH.

I/IMHy.]'ILC " DHCPIruAa peHHTHBHCTCKOﬁ 4acTUIbl. PensaTuBUCTCKOE YpaBHCHHUEC OBUKCHU.

1.4 Mexanndyeckue Ko0JI€OAHHSI M BOJIHBI. YCJIOBHME BO3HHKHOBEHHS KoyieOaHuK. Maibie
konebOanus. 3aryxatonrue konebanus. BruiHyxkaeHHole konebanus. Pesonanc. KonebGanus B
cuctemax cBsi3aHHbIX Ted. CoOcTBeHHBIE YacTOThl. BomHbl. [IpogonbHbIe U MONepeuHble BOJTHBI.
Yacrora, quMHaA BOJHBI, 3aKOH JUCIIEPCUHU, CKOPOCTh, moyigpusanus. [lnockue u chepuueckue

BOJIHBL. BonHOBEIE makeTrl. Pa30Bas M rpyNmoBasi CKOPOCTU. DIIEMEHTHI aKyCTHKH.
1.5 BapuannoHHble NPpUHOMIBI B MeXxaHuKe. [IpuHiun HamMmensuiero aeictBus. OyHKIUA

Jlarpanxa. YpaBHeHus nBuxeHuss B ¢opme Jlarpamxka. dynkuusa [amunbroHa. YpaBHeHHs

nBuxkeHus B popme ['ammiibToHa.

2. MOJIEKYJISIPHAS ®PU3UKA.
TEPMOJJNUHAMUKA U CTATUCTUYECKAKSA ®U3NKA

2.1 OcHOBHbIE MOHATHS U MOCTYJIAThl TEPMOAMHAMMKHN. Makpockonuueckas cucrema. OCHOBBI



MOJIEKYJIIPHO-KMHETUYECKOM  TEOPUM  CTPOCHHSI  BELIECTBA. | E€pMOJMHAMUYECKUH U
CTaTUCTUYECKHI METOJbl ONUCaHus. BHEIIHME U BHYTpEHHUE napameTpsl. TepMoarnHaMHUUECKOE
cocrosstHue u ero ¢yHkuuu. CocTosiHME TEpPMOAMHAMHUYECKOTO paBHOBecus. IlocTynaTsl
TEPMOJAMHAMUKH. Y CTAHOBIIEHHE TEPMOJMHAMUYECKOTO PAaBHOBECHS B M30JUPOBAHHOM CHUCTEME.

PaBHOBecHEIEC U HCPAaBHOBCCHLIC IMTPOLCCCHI.

2.2 Hayajga TepMoaMHAMHUKH. BHyTpeHHss sSHeprus, Temiaora u pabora. IlepBoe Hauaso
TePMOJUHAMHUKHU. TEIIOeMKOCTH M CKpPBIThIe TEIUIOTHL. M3ompoliecchl M ra3oBble 3aKOHBI Ha
MpUMeEpe HUIeaNbHOro rasa U raza Ban nep Baanbca. L{uknuueckue mpoLECCHI, TEIUIOBAS U
XOJIOAWJIbHAsT MamuHbel. BTopoe Hawano TtepMoaumHaMuKu. OHTponus. Brtopoe Hauamo
TEPMOJUHAMHUKHU JJII HEpaBHOBECHBIX mporeccoB. HepaBencrBo Kiaysmyca. Tperbe Hauano
TepMoauHaMUKU (TeruioBas Teopema Hepucra). [loBengeHune TepMOAMHAMHYECKUX BEIUYUH MPHU

TeMIIepaType, CTPEMSIILENCS K aOCOINIOTHOMY HYIIIO.

2.3 TepmoaumHamuyecKue MOTEHUHAbI, YCJIOBHS paBHOBecusi U (a3oBble mepexoabl.
BuyTpennss sueprus, cBoboaHas sHeprusi, noteHuuan ['md6ca, sutanbnusa. TepMoanHaAMUYECKHE
MOTEHLMAJIbl i CHUCTEM C IepeMeHHOW Maccoid. Xumuueckuil mnoreHuuan. OCHOBHOE
COOTHOIIEHHE pPABHOBECHOM TEPMOJIMHAMUKU. YCIOBHUS TEPMOJMHAMUYECKOIO pPAaBHOBECHSI.
I'omorenHass u rereporeHHas cucrembl. OOIIME YCIOBHS TEPMOJMHAMUYECKOIO PaBHOBECHS.
Heo6xoauMele ycioBusi paBHOBecHs! ABYX(a3HOW OIHOKOMIIOHEHTHOW CHUCTEMBI. Y CIIOBUS
yCTOMYMBOCTU paBHOBecHUsi ofHO(a3Hoi cuctemsbl. [Ipuniun Jle IllaTense. da3oBbie nepexoibl
nepBoro poja. [loBenenne TepMoiMHaMUYECKUX BETMUMH IIPU (a30BbIX IEepexoax NepBoro poja.
VpaBuenne Kunaneiipona — Kiay3uyca. IlnaBnenue. CyOnumarnus. McmapeHune u KuIeHue,
JaBleHHE HachbllleHHoro mnapa. Kpaesoit yrosn. CwmaumBanue. KanwuisipHele —sBIEHHS.
MeracrabunbHbie coctosiHus. TpoitHas Touka. Kputuueckas touka. IlpaBuno ¢a3z I'mG6ca.
dazoBble nepexoasl BToporo pona. [loBeaenne ¢uznyeckux BeIMUUH MpH (Ha30BBIX Mepexoax

BTOPOT'O pOJa.

2.4 OcHOBHbBIE T0JIOKEHUSI CTATUCTHYECKON (pu3uku. Daykryanun. Da3zoBoe MPOCTPaHCTBO.
AncamOnp ['n60ca (cratucTrdeckuii ancamOub). OyHKIUS pacnpeaeneHus. Teopema JlnyBumis.
MukpokaHoHuyeckoe pacnpezgenenue. Kanonuueckoe pacnpenenenne ['nu66ca. Csszb
CTaTHUCTUYECKOM CYMMBI cO CBOOOJHOW »sHeprueil. Pacmpenenenune MakcBemna-boibimana.
Teopema o paBHOpacnpeeIeHn KHHETUIECKOH YPHEPTHH IO CTENEeHSIM CBOOObI. TernnoeMKocTh
KJIAaCCMYECKOro ujaeanbHOro rasza. Heuneanbnbie ra3el. ['a3  Ban-nmep-Baanwsca. bousbiioe

KaHOHHMYecKoe pacnpenenenue ' md6ca. KBanrosas cratuctuka. Pacnpenenenus @epmu-/lupaka n



Bboze-Oitnmteiina. OOmue cBoiicTBa (Gepmu-razoB. PacnpeneneHue BeposTHOCTEH (uykryanui

(pactpenenenue ['aycca). @aykTyanuu B uacabHOM rase.

2.5 ®usnyeckasn KuHeTnka. Yactnuneie QpyHKIuU pacnpenencHus. Kunernyeckoe ypaBHEHHE
Bonprmana. uddysus. 3akonsl @uka. Bsazkocts. 3akoH HproToHa. MexaHU3MBI BHYTPEHHETO
TpeHUsl (BSI3KOCTH) B Ta3ax, *KUAKOCTIX, TBEPAbIX Tenax. CBepXTeKyuyecTh. TermionpoBOIHOCTb.
3akoH ®Oypse. MexaHu3Mbl TEIUIONPOBOJHOCTH B Tra3ax, KUIAKOCTAX, TBEPAbIX TeJax.

OnektpornpoBogaHocts. ®opmyna Hpyne-JlopeHa s 37eKTPOIPOBOJHOCTH.

3 JIEKTPUYECTBO U MAT'HETU3M

3.1 OcHoOBHBIE 3aKOHBI (PM3MKH FJIEKTPOMATHUTHBIX SIBJEHHI. DJICKTPUUCCKUN 3apsi] U €ro
CBOMCTBA. 3aKOH COXpaHEHUsl AJIEKTpUUECKOro 3apsaa. 3akoH KynoHa. DiekTpuueckoe moie.
Hanpsioxkennocts anextpuueckoro mnoisi. Teopema [Maycca. O6o0menue 3akoHa Kynona B Buue
nuddepeHInanTpHOr0  ypaBHeHHUS. [lOTEHIIMATBHOCTh AJICKTPUYECKOTO TIONS  HEIOIBHKHBIX
3apsnoB. [lorenuunan noss Touednoro 3apsiia. [loTeHan cucreMsl 3apsa10B. DIEKTPUUYECKUM TOK.
MarnuTHoe none Toka. 3akoH buo-Caapa-Jlamnaca. Tok cMmelenus. SIBieHne 31eKTpOMarHuTHON

MHIYKIHUH. 3aKOH deKTpoMarHnTHoW nHaykuun ®dapanes. [pasuno Jlenna.

3.2 Daexrpuyeckue nenu. Conporusnenue. 3akoH Oma. Emxocts. Konnencarop. Konnencarop B
Henu mnepeMeHHoro Toka. CONpoOTHBIIEHHE KOHJEHCATOpa IEPEeMEHHOMY TOKY (€MKOCTHOE
compotuBieHne). CamMo- M B3aUMOMHAYKIHMA. VHIYKTUBHOCTh B IIENHM NEPEMEHHOTO TOKA.
WunyktuBHOE compoTtuBiieHue. Dnektpuuyeckue nenu. IIpaBuna Kupxroda s mocTOSHHBIX U
IMEPEMEHHEBIX TOKOB. COHpOTI/IBHCHI/Ie ey nNepeMCEHHOMY TOKY. MOI_HHOCTB MEPEMECHHOTO TOKaA.

[lepemenHsIit TOK U ero npuMeHeHue. KoaeGaTenbHbINH KOHTYP.

3.3 DuleKTpOMarHuTHbIe BOJIHbI. BOJIHOBOE ypaBHEHHE ISl JIEKTPOMArHuTHOro noiist. [lnockue
MOHOXPOMATHYECKHE AJIEKTPOMArHUTHBIE BOJHBI M UX OCHOBHBIE CBOMCTBA (YacTOTa M BOJHOBOE
YHUCJIO, CBSI3b YaCTOTHI C BOJIHOBBIM YHCIIOM (3aKOH JTUCIEPCHH), CKOPOCTh PACIPOCTPAHECHHUS,
opueHTalus nosei). [I1oTHOCTh 3Hepruu U IIIOTHOCTH MOTOKA YHEPTUU SJIEKTPOMArHUTHOTO TOJISL.

Wznyyenne OMB nunonem I'epua. Chepuueckie BOIHBI.

3.4 BzaumojgeiicTBHe 3apsiioB M TOKOB C JJIEKTPOMATHUTHBIM moJieM. Cuna JlopeHua.



JIBrkeHue 3apsifa B JIEKTPUYECKOM Ioiie. J[BHKEHHME 3aps/ia B MATHUTHOM I10JI€. Y CKOPUTEIU
3apsoKeHHbIX YacTull. Cuia, AelcTBYyROIIas Ha IPOBOAHMK C TOKOM B MarHMTHOM Iojie (cuiia
Awmnepa). MarHUTHBII MOMEHT 3aMKHYTOI'O TOKa. B3aumozaelicTBue MarHUTHOrO MOMEHTA C IOJIEM.
IIpeoOpa3oBaHue SHEpPruv B IOJE€ IEPEMEHHBIX TOKOB. OJEKTPOJBUIaTEeId M I'€HEPATOPHI

MEPpEMCHHOT'O TOKaA.

3.5 MarepuagbHbie cpeabl B  JJEKTPOMATHUTHOM  moJie.  MakpOCKONMUYECKHE
JIEKTPOMAarHUTHBIE IMOJII B cpenax. YpaBHeHMs MakcBemia. MarepualbHble YpaBHEHHS.
JvsnexkTpuyeckass W MarHuTHas IpoHunaemMoctu. Jluoanexkrpuku. CBs3aHHbIE — 3apsjibl.
[longpuzanus IUANEKTPUKOB B 3JIEKTpUYECKOM Iosie. BekTop mnosgpuzanuu. OieKTpuuecKast
BOCIIPUUMYHUBOCTH (TOJIsIpU3yeMocTh). [lonsgpHble u HenosipHble AU3AeKTpUKU. OcOOEHHOCTH UX
IIOBEICHHUS B IIOCTOSHHBIX M IIEPEMEHHBIX INOJIAX. MarHuTHbIE CBOMCTBa BellecTBa. Bekrop
HaMarHM4yeHHoCcTU. MonekynspHsle TokW. Jlua-, mapa- W QeppoMarHeTMKd. MarHuTHas
[IPOHUIIAEMOCTh U MAarHuTHas BocpuuM4MBOCTh. Ilpupona nuamarserusma. [luamarmerusm
Jlannay. CnuHOBBIM MarHUTHBIA MOMEHT. [Ipuposa napa- u peppomaruerusma. [lpumenenue napa-
u  ¢eppomarserusma. CBepXIpPOBOAUMOCTb. JIEKTPUUYECKHME W  MarHUTHbIE CBOWCTBA

CBEPXIIPOBOJHUKOB. BhICOKOTEMITEpATYpHAsk CBEPXIIPOBOJAUMOCT.

4 OIITUKA

4.1 Teomerpmueckass onTuka #u (Qoromerpus. 3aKOHbBI TIE€OMETPUYECKOW  ONTHUKH.
[lenTpupoBaHHast ONTHYECKAsi CUCTEMA U €€ KapJInHalIbHbIE 3J1eMeHThI. [locTpoenne nzodpaxenuit
B COOMpAIOIIMX M pacceMBalOIMX TOHKMX JMH3aX. llomepeyHoe yBelIWYEHHE ONTHYECKUX
npubopoB. OnTHuecKue NpudopkI: Ia3, Tyna, MUKPOCKOI, TeJeckoIl. I 'eoMeTpruyeckas ONTHKa KakK
npenen BoaHOBOW. OCHOBHbIE (POTOMETPUYECKUE BEIMUMHBI: MIOTOK CBETA, CUJIa CBETA, SIPKOCTD,

CBE€THMOCTB, OCBCIIICHHOCTh, MHTCHCHUBHOCTDH CBETA. CHGKTpaJ'II)HaSI YYBCTBUTCIIbHOCTSD I'J1a3a.

4.2 BostHOBasi ONITHKA. DJIEKTPOMarHUTHAs MpUpoAa cBeTa. llonepeyHoCcTs 37€KTPOMarHUTHBIX
BoiH. [lomspusanus, BuAbI MOJSApU3alMA CBETOBOM BOJHBL l[lomspuzaropsl. 3akoH Mairoca.
Wnrtepdepennuss cBera, J[IByxiyueBas u MHoronydeBas wuHTephepeHuus. KorepeHTHOCTb.
OnTHyeckasi pa3HOCTh XoAa. MeTolbl MOJIy4YeHHs M pacdyeTa HHTEePPEPEeHLIUOHHONW KapTHHBI.
Knaccuueckne wunTepdepeHunonnsie onbiTel. WHTepdepomerpsl. Hudpakuus. INpunimn
Ioifrenca-®penens. dudpakuus Ppenens. Audpakuus PpeHens Ha KPYIIBIX OTBEPCTHIAX U
npensatcTBusX. 3oHb1 Openens. Judpakus Opaynrodepa. Jdudpakimonnsie pemerku. Pacdyer

nudpaKkIMOHHON KapTUHBI CBeTa Ha pemeTke. Judpakius peHTreHoBCkux gydeid. CrieKTpanbHbIe



npuOOpbl, OCHOBHBIE XapaKTEPUCTHUKU CIEKTPaJIbHBIX NpuOopoB. lomorpadwus: 3amuce u

BOCCTAaHOBJICHHC I/I306pa)KeHI/I$I.

4.3 U3ayuyenue cBera. Kiaccuueckas (usmyeckas Mojzeiab HM3Iy4YeHHUs CBeTa. EcTecTBeHHas
LIUPUHA CHIEKTPAIBbHON JUHUU. DOPMBI CIEKTPATIbHOM JTUHUU. Y IIUPEHUE CIIEKTPAIBHBIX JIUHUH.
3akonsl Kupxroda ans ternoBoro uanmydeHus. CriekTpaibHasi IUIOTHOCTh U3imydeHus. [lonsrtue
abCOJIIOTHO YEpHOTrO Tejla U 3aKOHBI ero m3nydeHus. KBantoBas gu3udeckas MOJIENIb U3Ty4YeHUS
cBeta. ®opmyna [1nanka s u3nydeHus: abCoNMOTHO YepHOro Tena. CIOHTaHHOE U BBIHYKICHHOE

HU3JTYy4YCHUC CBCTA aTOMAaMH.

4.4 KBantoBas ontuka. ®otonsl. ®otosdpdext, 3akonbl Gporodddexra. Gopmyna DUHIITEHHA
s potorpdexra. Ibhdext Komnrona u ero oobsicHenue. MICTOYHUKN KOTEPEHTHOTO U3JTYUEHUS —
nazepbsl. AxTtuBHas cpena. [lonstue 00 orpunarenbHoi Temneparype. Jlazep u  ero

MPUHLMIIUATIBHOE YCTPoicTBO. [IprMeHenue azepos.

4.5 PacnpocTpaHeHue cBeTa B pa3JIM4YHbIX cpeaax. OTpaxkeHue CBETa OT IPaHULbI pa3zeiia IByX
M30TponHBIX cpen: Tteopuss Ppenens, yron bprocrepa. [lonHoe BHYTpEeHHEE OTpaKeHHE.
CseroBonpl. [lucnepcusi cBeta. DJIEKTpOHHAs Teopus aucriepcuu cBera. dazoBas U rpymnnoBas
CKOpPOCTH cBeTa. 3akoH byrepa. PaccessHue cBera, paneeBckoe paccesHue ceeta. Pacripoctpanenne
CBETa B aHU30TPOIHBIX cpeAax. Onruueckue ocu. /[BoitHOE JIydenpeloMIIEHHE U €T0 TPUMEHEHHUE.
OnTtuuecku axkTHBHBIE cpenbl, 3@dext Papanes B MarHUTHBIX cpefax. HenuHelHble cpefbl.

OddeKkTsl B pacipoCcTpaHEHUHN CBETA B HETMHEWHBIX Cpefax.

S ATOMHASA ®U3UKA U KBAHTOBAS MEXAHUKA

5.1 Kparkasi uCTOpUsi BOSBHUKHOBECHHMSI M Pa3BUTHS KBAHTOBBIX NpeAcTaBJIeHuil. M3mydeHne
abcomoTHO uyepHoro Ttena. KBantoBas rumote3a Ilmanka. KBantel cBera. @Dorodddexr.
ITocrosinuas [Tnanka. OnbiTel Pesepdopaa. Knaccuueckue npeactaBieHust O CTPOSHUN aTOMa, UX
HECOCTOATENBHOCTh. ATOM Boaopona mo bopy. IIpocTpaHCTBEHHOE KBaHTOBAaHUE M OIBITHI
[tepua-I'epnaxa. Kopryckymnspro-BonHOBOM myanu3M. Bomubr ae-bpoiinsa. Dddexr Kommnrona.
OnbiTel  J[3Buccona u Jlxepmepa. HeEBO3MOXHOCTh KIIACCHYECKOTO ONUCAHUS JABUKECHUS

MHUKPOYACTHILI. HpI/IHI_II/IH HECOMPCACIICHHOCTHU Feﬁ3eH6epra, €T0 3BPUCTHUYCCKAA HECHHOCTD.

5.2 OcHoBHbBIE MOCTYJIATHI M NMPUHIMIILI KBAHTOBOH MexaHukH. Habmomaemple BETUUUHBI U

cocrosiHus. BonHoBas ¢GyHKIMS, ee cTaTucTHUecKass uHTeprnpeTauus. [IpuHIMI cyneprno3unuu.



Marpuunas mexanuka I'eiizenOepra. OnepaTopbl B KBaHTOBOW MexaHuke. [loHsTHe M3MepeHus..

Cpennee 3HaueHNE PU3NICCKON BEITHUNHBI.

5.3 DBosonMs COCTOSIHUII KBAHTOBBIX cucTeM. YpaBHeHnue lllpeaunrepa, ero cranuoHapHbie
pemenusi. CBOMCTBa CTAllMOHAPHBIX COCTOSIHUU. [[OTHOCTH BEpPOSITHOCTH, IJIOTHOCTH IMOTOKA

BEepOATHOCTH. CUMMETPUS U 3aKOHBI COXPAHEHUS B KBAHTOBOI MEXaHUKE.

5.4 IIpocTreiilue U TOYHO peliaeMble 321a44 KBAHTOBOM MeXaHUKH. OJTHOMEPHOE JIBUKEHUE.
TyHnHenupoBanue. ['apMOHMYECKUNA OCLHMILIATODP. [IBM)KEHHME YacTULbI B ILICHTPAJIBHOM IIOJIE.

IIpoctpancTBeHHBIN poTatop. HepensatuBucrckas Teopust aToMa BOAOPOAA.

5.5 Teopuss Bosmymenuii. CranuoHapHas TeopHs BO3MYyIIeHMH. HEBBIPOXKIEHHBIM YPOBEHb.
BoipoxnenHblil ypoBeHb. KBaHTOBBIE Iepexojbl, BEPOATHOCTb IEpexona. «30J0TOE» IMPaBUIIO

®epMu. 3aKOH COXPAHEHUS SHEPTUU U COOTHOILIEHUE HEOIIPEIETIEHHOCTEN SHEPrusi-Bpemsl.

5.6 BzanmopeiicTBHe KBAHTOBOM CHCTEMBI € 3JIEKTPOMATHUTHBIM NoJieM. [IpaBuna otbopa ans
9JCKTPOJUIIONBHOTO U3JyYeHHUs] M TIOTJIONMICHUS. PEHTreHO-37eKTpOHHAsT CHEKTPOCKOMUSI.

Pe3onancusie Mmetosl uccnenoanus semuiects (J11P, AMP u np.).

5.7 Cucremsbl TOXRIecTBeHHBbIX 4YacTul. CriuH. CHUHOBBIE BOJIHOBBIE (DYHKIMH. YpaBHEHHE
[Taymu. ToxxnecTBeHHbIE YacTUIBl B KBaHTOBOW MexaHuke. [Ipunnumn [laymu. IlepecranoBouHas
CUMMETpUsi BOJHOBbIX (yHKkumid. bozonel u  depmuonsl. Atom remusa. CrpoeHue
MHOTOJIEKTPOHHBIX ~ aTOMOB.  OJEKTpOHHBIe  KoH(uryparuu. Ilepmonudeckas cuctema
XUMu4Yeckux aneMeHToB. Tepmbl. IlpaBuno Xynpa. IlposiBieHune CHMH-OpOMTAIBHOTO
B3aMMOJCHCTBUA. MyJBTHIIETHOE PACIIEIUIEHNE TEPMOB. MoseKkyiia BOIOpoaa, BOSHUKHOBCHHE
XuMHueckol cBs3u. IlepekpbiBaHne aTOMHBIX OpOWTanel, KOBaJIEHTHOCTb. CBs3bIBalOIINE U
AHTHCBSA3BIBAIOIINE MOJEKYIApHbIe opOuTanu. OOMEHHOE B3aMMOJAEHCTBHE. DHEPreTHYEeCKHi
CIEKTp M BOJHOBBIE (DYHKIMHU 3JIEKTPOHA B HJCAIBHOM KpHUCTalie. DHEPreTH4YecKue 30HBI.

MeTaJ'IJ'II)I, AUSJICKTPUKH, ITOJTYIIPOBOIHHUKH.

Pasznen 11
OIITUKA

1 QJIEKTPOMAI'HUTHASA TEOPUS CBETA

VpaBuenuss MakcBemia. Bexkrop YmoBa — IloiinTtuHra. BomHoBoe ypaBHenue. Ilmockue u



cpepuueckue BodHBI. [lapaGonmmueckoe mnpuOmMKeHne. Mojabl CBOOOJHOTO IMPOCTPAHCTBA.
®azoBas u rpynnosas ckopoctu ceera. [lonsipuzanus ceera. Bekrop >xonca. [Tapamerpsr Crokca.
Cdepa [lyankape. Pacuetnbie metoasl [)xonca u Mrosuiepa. THITBI TOJMSIPU3AIIMOHHBIX YCTPOMCTB.
OtpaxkeHue U NpeIOMIICHHE CBETa Ha I'PAaHULE paszerna U30TponHbIX cpen. Popmyinsl Openens.
IlonHoe BHyTpeHHee oTpaxkeHue. KoMmIuleKcHasi AU3JeKTpruUecKas IpoHUuaemMocTs. OTpaxkeHue
CBETa OT NOBEPXHOCTH NPOBOJIHHKA. [IyOMHAa NpPOHMKHOBEHHs. PacrpocTpaHeHue cBera B
AHU30TPOIHBIX U TUPOTPOIHBIX cpeax. BoMHOBBIE OBEPXHOCTHU B KpucTailiax. JIyuu v BOJIHOBBIE
HopMaiu. Jmmuncons Ppenens. OnTudeckue CBOKWCTBA OAHOOCHBIX U JBYOCHBIX KPHCTAJLJIOB.
JlBoiiHoe nyuenpenomiienue. Konnueckas pedpakuus. Dnekrpoontudeckue 3pdextsl Keppa u
[Tokkenbca. OnTrueckas akTUBHOCTh. ekt Papanes. Ontuka ABWOKymuXcs cpen. OMBITHI
®duzo u Maiikenscona. IIpeobpazoBanus Jlopenmna. IlpomonbHbI W TOMEpedHBIH APHEKTHI

Hormepa.

2TEOMETPUYECKASA OIITUKA

ACHMITOTHYECKOE peIIEHUE BOJHOBOIO YypaBHEHMA. | eoMeTpo-onTHYecKoe NpuOIMKeHue.
VYpaBHenue »siikoHana. OOnacTe npuMeHeHUs sydeBoro npubmmxenus. Ilpunnun depma.
I'omorneaTpudeckue mydku. [TorsTre onTHdeckoro nuzodpaxenws. [lapakcuanbHOe MPUOIIMIKEHHE.
[Ipenomiienne Ha cdepuyeckoil moBepxHocTu. Cdepuyeckue 3epkana u JuH3bl. OOpa3oBaHue
KayCTUK B OINTHYECKUX cHucTeMax. ['eomerpuueckue abeppali TpeThbero M 0oJjiee BBICOKUX

nopsAKOB. Xpomatuueckas adbepparusi. THUIbI ONTHYECKUX TPUOOPOB.

3 UHTEP®EPEHIUA U JTUPPAKIIUA CBETOBbIX BOJIH

WuTepdepeHis 4aCTUYHOKOTEPEHTHOrO u3aydeHus. KoMIleKcHas CTelneHb KOTe€pPEeHTHOCTH.
Teopema Ban — Llutrepra — Llepauke. J[ByxiyueBas u MHOTroydeBast MHTepdepenuus. Cripurosas
U criekInHTeppepomeTpus. MHorocionHble nokpbITHs. Audpakuus. JudpakiinoHHble HHTETPAJIbI
Kupxroda — Troitrenca. [udpakius Ppenens u Dpayarodepa. Dddexr Tanpbo. Brusaue
TU(QpaKkIUU Ha pa3pelIalonlyl0 CHIIy CUCTeM, oOpasyrommx uzo0paxenue. JludpakunoHHas
pemerka. Ilapabonuyeckas teopust qudpakuuu, raycckuil mydok. ABCD-meTon; KOMIIeKCHBIN
napameTp KpuBu3Hbl. OcOOEHHOCTH TU(PaKIUN HEKOTEPEHTHOTO U3ydeHHsl. OCHOBBI BEKTOPHOU
teopun audpakuuu. OOpaTHble 3aAauu Teopuu AuPpakiuu. CHHTE3 ONTUYECKUX AIJIEMEHTOB.

Kunodopmuas onrtuka.

4 TEOPUS U3JIYUYEHUS U B3AUMOJENCTBUA CBETOBBIX BOJIH
C BEHIECTBOM

Krnaccuueckast Teoprs B3aMMOJCHCTBUS M3JIy4€HHUs C BellecTBOM. Pe3oHaHcHOe mpubiImxKeHue.
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JHucniepcuonnsie cootHouenus: Kpamepca — Kponura. Ontuueckue Hyranun. Ontuaeckuit 3 et
Hrapka. POTOHHOE 3X0 M CAMOMHIYLUpPOBaHHAs IMpo3padyHocTh. ConnToHbl. PenakcannoHHble
IIPOLIECCHl. YPAaBHEHHUE Il MATPUIbl IUIOTHOCTH. CaMOCOIIaCOBaHHBIE ypaBHEHUS IS I10JI,
HOJISIPU3ALIMU M PAa3HOCTHU 3acelieHHOCTeH. D(ddekT HachlleHns. 3aKOHbI TEIJIOBOIO M3ITy4EHUs.

®opmyna [Inanka. Porosddekr.

S CHEKTPOCKOIIUA

Cnextpbl aToMOB. CHUCTEMaTHKa CLIEKTPOB MHOTOJIEKTPOHHBIX aTOMOB. THIIBI CBSI3€H 2JIEKTPOHOB.
Onpenenenue Habopa TepMoB. Mcxonubie TepMbl. MynbTUILIETHAS CTPpYKTypa. [IpaBuna orbopa.
BsaumopeiictBue koHpurypauuii. Crnexktpsl Mosekyia. AnuadaTudeckoe npuoamxenue. [ pymnms
cumMmeTpun Mosekyi. Konebartenbhble cnekTpbl. Kiaccudukanus HOpMabHBIX KOJIOAHUH IO
TUIaM cuMMeTpud. Beipoxienue. Pesonanc @epmu. [IpaBuina or6opa B KonebaTeIbHBIX CIIEKTPAX
MIOTJIOIIEHUS] 1 KOMOWHAIIMOHHOTO paccessHus. BpamarenpHas cTpykTypa Kone0aTeabHbBIX IMOJIOC.
DJNEeKTPOHHBIE CHEKTPhl MOJeKyl. Kiaccmpukamusi SIEKTPOHHBIX COCTOSIHHHA JBYXaTOMHBIX
monekyi. Ilpunnun ®@panka — Konjgona. Tumbl cBsS3M 3JEKTPOHHOTO JBMXKEHMS U BpalllCHHS.
JIromuHecnenuus. Knaccugpukanus THOMUHECHIEHIMU O JUIUTEIBHOCTU CBEYEHUS U CHoco0y ee

BO30y>kaeH!s1. MoJeKynsapHas 1 peKoMOnHannoHHast JIIoMUHecIeHIsL. 3akoH Ctokca — JlommMens.

6 OIITUKA JIASEPOB

[Mpunmun pabotsl nazepa. Cxembl Hakauku. Teopus JIomOa. DddexTsl 3aTsIruBaHus 4acToThl U
BbITOpaHus nabip. JIOoMOOBckuii mpoBas. Omnruueckue pe3oHATOpbl. MOIBI  ONTHYECKUX
pe3oHaropoB. CBoOMCTBa J1a3epHBIX IMYYKOB. THUIbBI JlazepoB. TBepaoTenbHbIe Jasepbl. ['a3oBbIe
Jla3ephl: Jla3epbl Ha HEUTPaJbHBIX aTOMaX, MOHHBIE JIa3epbl, MOJIEKYJIAPHBIE JIa3€phl, JIa3epbl Ha
CaMOOTPaHUYEHHBIX Mepexoiax. XuMuueckue nazepsl. [TomynpoBoaHukoBsie a3epsl. Jlazepol Ha

HECHTpax OKpaCKH.

Kpurtepuu oneHnBanusi ypoBHsl 3HAHU

OrneHka 3HaHUW MOCTYMAIOMIETO B acmupaHTypy mpousBoauTcs mo 100-OanmpHOM mIkase.
MaxcuManepHBIM Oa/ul 3a OTBET Ha 5JK3aMeHalHMoHHBIM Ouier — 100. MuHUMaNbHBIA Oa,

COOTBETCTBYIOIIUIU MOJOKUTETbHON OlleHKE — 50.

86-100 Ga0B BHICTABIISICTCS JK3aMEHAIIMOHHON KOMMCCHEH 3a OOCTOSITEILHBIA M
00OCHOBAHHBIM OTBET Ha BCE BOITPOCHI 3K3aMCHAITHOHHOT' O ourera u JAOIIOJHHUTECIIBHBIC BOIIPOCHI

YJIEHOB SK3aMEHAallMOHHOW KoMuccuu. I[locTtynaronuii B acnupaHTypy B Mpollecce OTBETa Ha
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BOMPOCHI HK3aMEHAIIMOHHOTO OWiieTa MPaBUIBHO ONPEACTSeT OCHOBHBIC IMOHATHUS, CBOOOIHO
OPHEHTUPYETCS B TEOPETUYECKOM M MPAKTUYECKOM MaTepuaie MO MPeUIOKEHHOW TeMaThKe.
DK3aMEHYEMbIH MOKa3bIBAET BCECTOPOHHEE, CUCTEMAaTHUECKOE U INIyOOKOE 3HaHHE OCHOBHOTO U
JONOJIHUTEIBHOTO MaTepualla, yCBOWJI PEKOMEHJOBAHHYIO JIUTEPaTypy; MOXKET OOBACHUTH
B3aMMOCBSI3b OCHOBHBIX TOHSATHI; MTPOSBISIET TBOPYECKHE CIIOCOOHOCTH B MOHMMAaHUH U
U3JIOKEHUH MaTepuana. B xome coOecemoBaHHs YCTaHABIMBAETCS BBICOKAs  CTENEHb
MOTHUBHPOBAaHHOCTH K MOATOTOBKE M 3aIlUTE KaHAWIATCKOM IUCCEpTallMU B IEPUOJ OCBOECHHUS
IIpOrpaMMbl aclUPAHTYphl, HAJIMYME HAYYHOIO 3ajieia 10 TeMe IUIAHUPYEMOI'O HCCIIeJ0BaHUS,
y4acTus B UCCIIEIOBATEIbCKUX MPOCKTAX, HAYYHBIX TPAHTAX, CTYJCHUYECKUX KOHKYPCaX.

66-85 6a/1510B BHICTABIIIETCS TOCTYNAIOUIEMY B aCIIUPAHTYPY 3a MPaBUIIbHBIE U JOCTATOYHO
IIOJIHBIE OTBETHI Ha BOIPOCHI IK3aMEHAIIMOHHOI'0 OUJIeTa, KOTOPbIE HE COAEPIKaT rpyObIX OMINOOK
U HETOYHOCTEH B TPAKTOBKE OCHOBHBIX MOHSTUN M KaT€rOpHUid, HO B MPOLIECCE OTBETa BO3HUKIIHU
OIpeIeIeHHBIE 3aTPYAHEHUS IIPHU OTBETE Ha JOMOJHUTEIbHBIE BOIPOCH WICHOB 3K3aMEHAIMOHHOM
KOMHCCHHU. DK3aMEHYEeMbIil MOKa3bIBAET JOCTATOYHBIM ypOBEHb 3HAHHMW B MpeesiaX OCHOBHOTO
MaTepuana; YCBOWI JIMTEpaTypy, PEKOMEHJOBAaHHYI0 B IIpOrpamMme; CIOCOOEH OOBSICHUTh
B3aMMOCBSI3b OCHOBHBIX IOHSATHH IpU JOMOJHUTENBHBIX BOIpPOCAX 3K3aMeHaropa. Jlomyckaer
HECYIIIECTBEHHBIE MOTPEITHOCTH B OTBeTax. B xone cobOecenoBaHMs yCTaHABIMBACTCS BBICOKAs
CTETeHb TOJTrOTOBJICHHOCTH TOCTYMAIOIIEr0 B aCMUPAHTYPY K MPOBEACHUIO CaMOCTOSATEIBHBIX
Hay4YHBIX MCCIIEJOBAaHUMN MO BBHIOPAHHOM HAy4YHON CHEIMAIbHOCTM M MOTHBHPOBAHHOCTU K
MOJIFOTOBKE KaHAWIATCKOM AMccepTalMM B NEPUOJI OCBOEHHS MPOTrpaMMbl aclUpaHTypbl U €€
3aluTe.

50-65 6a110B BbICTABISETCS OCTYMAIOIIEMY B aCIUPAHTYPy NPU HEOCTATOYHO MOJTHOM U
000CHOBaHHOM OTBETE Ha BOIPOCHI IK3aMEHAIIMOHHOTO OMileTa U MPU BOSHUKHOBEHHH CEPhE3HBIX
3aTpy/IHEHUH MpHU OTBETE Ha JIOTIOJIHUTENbHbIE BOIMPOCH YWIEHOB 5K3aMEHAIMOHHOW KOMMCCHUHU.
DK3aMeHYeMbIi TTOKa3bIBAaeT 3HAHHMSI OCHOBHOTO Marepuaja B MHUHUMAILHOM 0OBbeMe, 3HAKOM C
JINTEPATYpPOi, PEKOMEHJOBAaHHOW MporpamMMoi. JlomyckaeT CylmecTBEHHbIE MOTPEITHOCTH B
OTBETaX, HO 00JazaeT HEOOXOMUMBIMH 3HAHMSAMU [UIS UX YCTPAaHEHHs IO PYKOBOJCTBOM
sK3aMeHaTtopa. B Xxozme coOeceoBaHMs yCTAaHABJIMBAETCS HHU3Kas CTENEHb IOATOTOBICHHOCTU
MOCTYMAIONIETO B aCHHPAHTYPY K MPOBEIEHUIO CAMOCTOSTEIFHBIX HAYYHBIX HCCIIEIOBAHHI (B TOM
qrciie Ha OCHOBAaHHWH aHAN3a MPECTABICHHBIX WHINBUAYAIBHBIX JTOCTHKEHUIN) 10 BBIOpaHHON
HAyYHOH CHENMaTbHOCTH, MOTHBAIUs K MOJTOTOBKE KaHAMJATCKOH IUCCEPTAllMUd B TEPUOJ
OCBOEHHUS MIPOTPaMMBbl aCITUPAHTYPHI HU3Kas UM COBCEM OTCYTCTBYET

0-49 0a/10B BBHICTABISIETCS B Cllyyae OTCYTCTBHS HEOOXOAMMBIX JJISi OTBETA HA BOIPOCHI
9K3aMEHAIlMOHHOT O OMjIeTa TEOPETHUECKUX U MPAKTUYECKUX 3HAaHUH. DK3aMeHYeMbli IIOKa3bIBAET

HpO6CHBI B 3HAaHUAX OCHOBHOI'O MaTtepuala, JOIMYyCKAaCT IMPUHIUIINAJIIbEHBIC OIIMOKHU B OTBETaXx, HE
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3HaKOM C pEKOMEHIOBAaHHOM JIMTEpaTypoil, HE MOXKET HCIPABUTh OMYIIECHHBIC OIINOKH

CaMOCTOATCIIbHO.

OcHoBHasi M JONOJIHUTEIbHAS JUTEpaTypa

OcHognas numepamypa

CagenbeB U.B. Mexanuka. MonekynsapHas ¢pusnka: yaedHoe mocobue s By3oB. Jlanp, 2021, §-¢
u3a. crep., 531 c.

CagenbeB U.B. DnekrpudectBo. Konebanus u BosHbl. BomHoBas ontuka: yueoHoe mocoodue. Jlans,
2019, 6-e u3n., crep., 468 c.

CagenbeB 1.B. KBanroBas ontuka. AtomHas ¢usuka. @usznka TBepaoro tena. Ousnka aTOMHOTO
siApa U dJIeMeHTapHbIX yactull. Jlans, 2019, 13-e uzg., crep. 320 c.

Cuyxun JI.B. Tepmoaunamuka u MonekynspHas ¢uzuka. @uzmariur, 2006, 5-e uz., cTepeort.,
544 c.

CusyxuH /I.B. ATomHuas u saepHas ¢usuka. @uszmarnur, 2002, 2-e uzz. crepeor., 784 c.

bytukos E.U. Ontuka. CII6.; M.: Jlans, 2012, 3-e u3z., gom., 607 c.

AnemkeBnd B.A. Ontuka: yue6. [Tocobue mist By3os, M.: @usmatnut, 2010, 318 c.
Kamureesckuit H.U. BonnoBast ontuka: yue6. [Tocodue. Cn6.; M.: Kpacnoraap: Jlans, 2006, 4-¢
u31., cTep., 466 c.

Hecht E. Optics: Global Edition. Pearson. Adelphi Univerrsity, 5™ Ed. 430 p.

Lahiri A. Basic Optics: Principles and Concepts. Elsvier. 990 p.

Degiorgio V., Cristiani I. Photonics: A Short Course. Undergraduate Lecture Notes in Physics.
Springer. 2" Ed. 262 p.

Llononnumenvras rumepamypa

Tapacos JI.B. ®usuka nazepos. Mocksa: JIEHAH/I, 2014, 4-e uzn. 423 c.

baiixos FO.A., Ky3ueros B.M. ®u3nka KOHAEHCUPOBAHHOTO COCTOSHUS: Y4e0. TOCOOHE AJIst BY30B.
Mocksa: BUHOM JIa6. 3uanuii, 2014, 293 c.

Uponos U.E. KanroBas ¢uzuka. OcHoBHbIe 3akoHbl. MockBa: BUHOM. JIa0. 3nanuit, 2013, 256
c.

Hesonun B.K. KBantoBas ¢pusuka u HaHoTexHonoruu, Mocksa: TexHocdepa, 2013, 126 c.
KysnenoB C.M. ®wusuka: onThka. DIEMEHTAa aTOMHOM W SAEpHON (QU3MKH. DIeMEHTapHBINA

gactuisl: yued. [Tocooue st By3oB. Tomck: Tomck. [Tonutex. Yuusepcurer, 2019, 267 c.
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3oteeB A.B., Cxisakun A.A. Ctatuctuueckas Gu3nka 1 TepMOAMHAMUKA, 2-€ U3., UCIP. U 0.
VYyebnoe nocobue s By308. M: FOpaiit, 2021, 209 c.

3oreeB A.B., Cxisaakun A.A. O0mas ¢pusnka: MexXaHuka. DJISKTPUYECTBO U MarHeTusM, 2-¢ U3,
UCIp. ¥ 1on. YueOHoe nocodue ais By3oB. M: IOpaiit, 2021, 244 c.

bexman M.H. Atomuas u saepHas Qpusnka: paInoakKTUBHOCTh M MOHU3UPYIOLINE U3ITY4YCHUs. 2-¢
W3]1., UCTIP. | JoT. Y4eOHuK as By30B. M: KOpaiit, 2021, 493 c.

JasbiikoB B.B. ®uszuka: Mexanuka. DIeKTPUYECTBO M MAarHETU3M. 2-€ U3/1., UCIIP. ¥ JI0T. Y4eOHoe
nocobue 11 By30B. M: FOpaiit, 2020, 169 c.

CxnspoBa E.A,, Ky3neno C.U., Kymokuna E.C. ®usuka. Mexanuka. 3-e¢ u3f., nep. U JOM.
VYuyebnoe nocobue s By308B, 2020, 248 c.
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nocobue s By3oB. M: FOpaiit, 2020, 118 c.

CrpokoBckuii E.A. ®u3uka aTOMHOIO sJipa U 3JE€MEHTAPHBIX YAaCTHUIl: OCHOBBI KHHEMATHKH, 3-€
U3]1., UCTIP. U J01. YueOHoe mocodue it By3oB. M: FOpaiit, 2020, 361 c.

Hlyxa A.A., Curos A.C. Dnextponuka B 4 u. Hacts 3. KBaHTOBas 1 onTuyeckas 3JIeKTPOHUKA. 2-€
W3/1., UCTIP. U JIoT. YueOHuK /s By30B. M: FOpaiit, 2021, 117 c.

Koposnenko I1.B. KorepenTHas onrtuka. 3-e uzn. Yue6Hoe nmocobue juist By3os. M: FOpaiit, 2021,
184 c.

Backesuu B.JI. Teopus BonH. 2-e uzn. Yuebnoe nocodue a1 By3oB. M: FOpaiit, 2021, 253 c.
baxxanos B.JI. Mexanuka neopMupoBaHHOTO TBEPAOTO Teia. YueOHoe mocodue ajisi By30B. M:
FOpaiir, 2021, 178 c.

EpmakoB A.M. KBaHTOBas MexaHWKa W KBaHTOBas Xumus: ydeO. WM mpakTukym [s axaji.
bakanaspuara. M: FOpaiit, 2017, 555 c.

Bonkos A.T'., TloB3uep A.A. KBantoBas ¢usuka: yuedOHoe nocooue. ExarepunOypr: YpdV, 2017,
155 c.

Yaesckuii A.E. ®usnka. Y. 1: Mexanuka. BI'TY, 2015, 145 c.

ManpspoB B.P. ®uzuka. Y. 5: Ctpoenue u coiictBa BemectBa, bI'TY, 2015, 86 c.

Capuna ML.IL., Xonssko B.H. BonnoBas u kBanToBas ontuka. HI'TY, 2019, 124 c.

3aukuH A.Jl., CyxanoB N.U., SAnasuuyc O.b. KorepenTtHas ontuka. utepdepenuus, audpaxius,
nonspusanus: yauebHoe nocodue. HI'TY, 2019, 80 c.

Toncroba H.Jl., Bosnecenckas A.O., barmacapoBa O.B., baxommun A.B., Kapnosa I'.B.
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Capuna ML.II1. Ontuka. KBantoBas npupoaa uznydenus, HI'TY, 2018, 123 c.
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