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I. OPTAHU3AIIMOHHO-METOJUYECKHUM PA3IEJ

HCJIB H 3a1a491 0CBOCHHUA JUCIHHUIIIIMHBI

Henpro mucnummiuabl «Du3uKka»: sBIIeTCS (GOPMUPOBAHUE CITOCOOHOCTEH MPUMEHSTH
OCHOBHBIC 3aKOHBI (PM3HKU U (PU3UUECKHE METOJbI UCCICIOBAHUN NJIsi PEIICHUS 3a/1a4

poeCCUOHATIBHON JIEATEIbHOCTH.

3a):[aq1/1 JUCHUITIINHBI «Duszukay.
- H3Y4YCHHUC OCHOBHBLIX (1)I/ISI/I‘ICCKI/IX

(UBUKO-XUMHUYECKUX  METOAOB IS

MHCTPYMEHTAJIbHOW OIEHKH MTOKa3aTesel KauecTBa U O€30M1aCHOCTH POy KIIHH,
- HU3Y4YCHUE OCHOBHBIX (U3UKO-XMMHYECKUX U (U3HUECKHMX METOJOB MOBBIIICHHUS
3¢ ()EKTUBHOCTH TEXHOJIOTUH B PECTOPAHHOM OM3HECE.

MecTo TUCUMILVIMHBI B CTPYKTYpPe 00pa30BaTeIbHOM NMPOrpaMMbl
Huctmmumaa « @U3nKay, OTHOCUTCS K 00s13aTEIHHOM YaCTH YU4eOHOTO TIJIaHa.

O0beM TMCHUIVIMHBI U BUABI Y4e0HOH padoThI

Taomuma 1

Iloxa3aresu o0bema JAUCHHUIIJIMHBI *

Bcero yacoB no ¢popmam o0yueHnust

OUHAaA

3a04HaAn

O0nem JUCHUINIIMHBI B 3a4C€THBIX €IMHHUIIaX

33ET

O0beM JUCLHUIIIIMHBI B aKaJ.9acax

108

[IpoMexxyTouHast aTTecTarus:
dbopma

3auem

3auyem

KonTakTHas padora ody4yarommuxcs ¢
npenogasaresieM (KoHTakT. yacel), Bcero:

42

10

1. KonrakTHasi paboTa Ha MpoBeIeHUE 3aHATUI
JIEKIIMOHHOTO U CEMUHAPCKOTO THUIIOB, BCETO
4acoB, B TOM YHCIIE:

40

® JICKIIMH

12

® [PAKTHUYCCKUC 3aHATUS

e 1a00paTOPHBIC 3AHITHUS

28

B TOM YHCJIC IPpaKTHYCCKasd IMOAroTOBKa

2. NnguBuayanbubie koHcynbranuu (1K)

3. KonTakTHas pabota mo mpoMexyTo4HON
arrectanuu (Karr)

4. Koncynpranus nepeq sk3amesom (K9)

5. KonTakTHas pabota o mpoMexyTo4Hon
aTTeCTalllU B IEPUOJ] IK3. CECCUM / CECCUU
3a04yHukoB (Kartak)

CamocrositesbHas padora (CP), Bcero:

66

98

B TOM YHUCJIC:

e caMocCToOsTeNIbHas paboTa B MEPUOJT IK3.
ceccu (CPak)

e camocTosiTesnbHas paboTa B cemectpe (CPc)

66

96

B TOM YHCJIC, CAMOCTOATCIIbHAaA pa60Ta Ha




KYpPCOBYIO pabO0Ty / KypCOBOM MPOEKT

e usyuyenue JOP

e N3y4YCHME OHJIANH-Kypca WU €ro 4acTH

¢  BbIIIOJHCHUC MHAUBUAYAJIbHOTO NN

IPYNIOBOTO NPOEKTa

® U Ipyruc BUJbI

66 96

IlepeyeHb MJIaHUPYEMBIX Pe3yJabTATOB 00y4YeHHA MO TUCHUILINHE

Tao0nuua 2
®opmupyembie NHaukaTopsbl J0CTHKEHUS Pe3yabTrarsl 00yueHus (3Hanus,
KOMIIeTCHIIUH KOMIIeTeHIUH yMmenus)
(k00 u naumenosanue (k00 u naumenosanue
KOMRnemeHyuu) UHOUKAMOpa)
OIIK-2. Cnocoben npumensats | OIIK-2.2. Ucnons3yet OIIK-2.2. 3-1. 3Haer OCHOBBI

OCHOBHBIE 3aKOHBI M1 METOIbI
HCCIICIOBAHNM €CTECTBECHHBIX
HayK JUIsl peleHus 3a1a4
npo¢eCCHOHATTBHON
JIeSITEILHOCTH

OCHOBHbIE (pr3HKO-
XUMHYCCKHE U XUMHUYCCKUE
METO/JIbI aHATH3a JIJIS
pa3pabOTKH, UCCIICIOBAHHUN U
AKCIEPTU3BI TPOAYKIIHH
0OIIIECTBEHHOIO IUTAHUS U
UCTIOJIb3yEeMOT0 CBIPbs

bu3NYECKUX, XUMHYECKUX, (PU3UKO-
XUMHUYECKUX W OHMOJIOTMYECKUX
METOMOB Il HMHCTPYMCHTAIBHOM
OIICHKHM IIOKa3aTeleil KadecTBa U
6€30MaCHOCTH IPOAYKIIUH

OIIK-2.2. V-1. YMeer npoBOIHTH

CTaHJIapTHHIE HCHBITAHUI 110
ONPEACIICHUIO oKazarejieu
($U3UKO-MEXaHUYECKUX U (U3UKO-
XUMHYECKHUX CBOICTB
UCII0JIb3YEMOTO CBIPBS,
nosry(habpuKaToB u rOTOBOM

MPOAYKUWHU MUTAHUSA




1. CONEP)KAHWUE JUCTIMTILIAHBI

JTanbl (POPMUPOBAHUS M KPUTEPUH OLEHMBAHHUA C(POPMHPOBAHHOCTH KOMIIETEHIIUI Y CTYICHTOB 04HO# (pOpMbI 00yUeHUA
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Cemectp
1. TeMa 1 q)I/I3I/ILIeCKI/Ie OCHOBBI MCXAHUKH. IIpemver ¢usuxku. MeToasl (PU3NIECKOrO 4 6 14/ - 24 0] K/ ,Z[
P
UCCIIE/IOBAHMUS: OIBIT, TUIIOTE3a, SKCIIEPUMEHT, Teopus. BaxkHeiimue srans! ucropun ¢pusuku. Ponb dhusuku B
Pa3BUTUH TEXHHUKU U BIMSHUE TEXHUKU Ha pa3BHTHE GH3UKH. PazmepHOCTh (usmdeckux BenmduH. OCHOBHBIE
eaunuipl CU. TIpenmer mexanuku. Kunemaruka n quHamuka. Kinaccudeckast Mexanuka. @usnyeckue Moaemu:
MaTepuaabHas TOYKa (YacTulla), CHCTEMa MaTepHalIbHBIX TOUEK, aOCOMIOTHO TBEPIOE TEJIO, CIUIOIIHAS CpeJa.
IIpoctpanctBo U Bpems. Kunemaruueckoe ommcaHue IBIDKEHUS. [IpsMonuHEHHOEe IBIKEHHE TOYKH.
JIBI)KEHHE TOYKU IO OKPY)KHOCTH. YTJIOBas CKOPOCTb M YIJIOBoe yckopeHue. CKOpOCTh M YCKOpPEHHE HpH
KpUBOJIHHEHHOM JBrkeHnn. HopmansHoe u KkacatenbHoe yckopenue. CTemeHH CBOOOIBI U 00OOIICHHBIC
KoopAMHATHL. YHUCII0 cTeneHeil cBoOoabl abCOMOTHO TBEpPAOro Teia. BekTop yrioBoit ckopoctu. OcHOBHas
3aja4a TUHAMHUKH. [IOHATHE COCTOSHHMS B KIIaCCHYECKOH MeXaHHKe. Y paBHEHUS ABIDKeHHS. Macca U HMITYJIbC.
I'paHHUIBl NPEMEHUMOCTH KJIaCCHYECKOro crocoba ormucanus ABWKeHHs dacThil. IlepBblii 3akoH HpioToHa U 0] OIl
MOHATHE WHEPLUATbHOW CHCTEMBbI OTcyera. BTopoil 3akoH HproToHa kak ypaBHeHHe IBIKeHHS. Cuila Kak I K-
Ipom3BoHas UMITynbca. Tpernii 3akoH HeroToHa 1 3aKOH cOXpaHEHHSsI UMITyJbca. HenHepIiaibHble CHCTEMBI
orcyera. Cuibl HHEpLUH. 3aKOH COXPAHEHUsI UMITYJIbca Kak (yHIaMEHTAIbHBIII 3aKOH MPUPOABI. PeakTHBHOE K- | 2.2.
nBmkeHue. LlenTp uHepnuu. AIIUTHBHOCTS Macebl. TeopeMa o IBrokeHUH IeHTpa nHepiuy. CucreMa neHTpa 2. 3-1,
nHeprMd. MOMEHT HMIylbca. 3aKOH COXpPAaHEHHS MOMEHTa HMITyibca. MOMEHT CHJIBL. YpaBHEHHE 2. v-1

MOMEHTOB. [IBMXEHHE B LIEHTpalbHOM moje. PaboTa M kuHeTuueckas sHeprus. MomHocTb. CBS3b MEXIY
KAHETUYECKIMH DHEPrHAMU B DPa3IMYHBIX CHCTEMax OTcUeTa. OHEpPrus [BIDKCHUS Tella KaK IeJIOoro.
Buytpennss sHeprus. KoHcepBaTuBHBIC W HEKOHCepBAaTHBHBIC cHiIbl. IloTeHIManbHas dHEpPrus. 3akoH co-
XpaHeHHs SHepruu B MexaHuke. OOIIEU3MUECKHil 3aKOH COXPAaHEHHs SHEPTHU. Y PaBHEHUs ABIDKCHHUSA H
paBHOBecHsI TBepIOro Tena. IIOHATHE CTATHYECKH HEONPENENCHHBIX CHCTEM. DHEPrHs IBIDKYIIETOCS Telna.
MOMEHT HHEpIMH Tella OTHOCHTEIBHO ocH. Bpamiatensbrii MoMeHT. OOIue CBOWCTBA UAKOCTEH U ra3oB.
VpaBHeHHs paBHOBeCHs] H JBIDKGHMS OKUAKOCTH. MpjeanbHas u Bs3Kas OKMAKOCTh. ['HapocraTuka
HEC)KIMaeMOH KUIKocTH. KuHemaTHdeckoe OIMCAHHWE IBIDKCHUS XUAKOCTH. CTaluMOHapHOE IBIDKCHHE
uneansHol xuakocti. Kosdduuuent Bs3koct. Teuenne sxuakoctr mo Tpyoe. dopmyna Ilyaseitns. 3akoHs!
nopodust. @opmyna Crokca. ['maponuHamuyeckas HeYCTOMYMBOCTh. TypOYJICHTHOCTb. YIIpyrue HanpspKeHUs..
3akoH ['yka. PacTsbkeHue u cokaTHe CTepKHEH.




Tema 2. MonekynsapHas Quzuka U TEPMOJUHAMHUKA. [lumawmdeckne n
CTaTUCTHYECKHE 3aKOHOMEpHOCTH B (usuke. CTaTHCTHUECKHI M TepMoAMHamMHueckuil meronsl. TemoBoe
IBIDKEHHE. MaKkpOoCKOIIMYecKHe MapaMeTphl. YpaBHEHHE COCTOSHUS. BHyTpeHHss sHeprus. IHTeHCHBHEIE U
SKCTECHCHBHBIC ITapaMeTphl. YPaBHEHHE COCTOSHHS HeaNbHOrO rasza. OCHOBHBIC 3aKOHBI HJCAJBHOIO Ta3a.
JlaBieHue rasa ¢ TOYKHM 3pEHUSI MOJIEKYJISIPHO-KMHETHYECKOW Teopuu. MoJeKynspHO-KHHETUYECKUH CMBICT
TemnepaTypel. BepositTHocTs n  mokTyanmu. Pacmpenenenme MaxkcBemna. Pacnpenenenue wacTun 1o
a0COTIOTHBIM 3HAUEHHSM cKOpocTH. CpesiHss KHHeTHYeCKast SHeprus 4acTuil. CKOPOCTH TEIUIOBOTO JABMKEHHUS
yactul. Pacnpenenenne bonbumana. Pacnpenenenwe I['mO6ca. TemaoeMKOCTh MHOTOATOMHBIX —Ta30B.
O6patuMble ¥ HeoOpaTHMBIE TEIUIOBBIE Ipolecchl. [lepBoe Hada 0 TepMOAMHAMUKH. ODHTpomus. Bropoe
Ha4aJo TepMOJIMHAMHKH, TEPMOAMHAMUYECKHE MOTECHIMANBI U YCIOBUS paBHOBecHs. TepMoguHaMHUUYecKue
npeoOpa3oBanus. TernoBbie MammHbl. [{ukn KapHo. Makcumanbnbiit KITJ TemnoBoit Mamussl. [TpuHimn
Bo3pacTanus dHTporuH. [lonsatue o dusndeckoil kuneruxe. Judpdysns u reruonpoBoxHocTs. Koo pumuent
mpdysun.  Koadduuuent temnonpoBogHocTn. TemmnepaTyponpoBoaHOCTb. Bpems BbIpaBHUBAaHHS.
Huddysus B razax u TBepAbIX Tenax. BsaskocTs. JnHaAMUYeCKHil 1 KHHEMATHUECKUI KO3(DDHULUEHT BA3KOCTH
ra30B ¥ )KUIKOCTEH. DJIeKTPHIECKHil TOK B BakyyMme. TepMOIIEKTPOHHAS IMHUCCHS. DIEKTPHYECKHU TOK B
rase. [Ipomecchl HOHM3ANU ¥ PEKOMOMHALNHN. DNEKTPOIPOBOJHOCTD CIIAOOMOHM3UPOBAHHBIX ra3oB. ITonsTHEe
o miasme. [Inasmennas wacrota. [/lebaeBckas AnuHA. DIEKTPONPOBOAHOCTH I1a3Mbl. Pas3bl u (asoBble
npeBpalenus. YciaoBue paBHoBecus (a3. daszoBble nuarpamMmbl. YpasHenue Kiameiipona — Kiaysuyca.
Kpurnueckas Touka. MetactabuibHble cocTostHMA. TpoiiHas Touka. YpaBHenne Ban-nep-Baanbca. ®asoBbie
Hepexobl BTOPOro poJa.

14/-

22

K/p

Tema 3. SHCKTpI/ILICCTBO 1 Mar"He€TU3M. IIpenmer KiacCHYECKOH dIEKTPOAUHAMUKH. Mmest
6nu3koneicTBUs. DNEeKTPUUECKU 3aps] U HaIpsDKEHHOCTh DIIEKTPHYECKOro mois. JIMCKpEeTHOCTh 3apsija.
3axon Kymona. IlpuHnmun cymepnosuiuu. DiaeKTpudeckuil numonb. IToTok BekTopa. DieKTpocTaTHdecKas
teopema I'aycca. Pabora anekrpocrarideckoro moms. Lupkyadnus siaexrpocratudeckoro noist. [lorenuman.
CBs13b NOTEHIHANIA ¢ HAPSDKEHHOCTBIO DJIEKTPOCTATHUECKOT0 MO, IIpOBOIHHUK B IEKTPOCTATHYECKOM HOJIE.
M neansusiii npoBogHuk. [ToBepXHOCTHAS IIIOTHOCTD 3apsiia. | paHUYHbIE. YCIIOBHS Ha IPAHHIIE (IIPOBOJHHK —
BaKyyM». OIEKTpOCTaTH4ecKoe IIone B MHOIOCTH. Ko3(pdHIMEHTB 3IEKTPOCTATHYECKON €MKOCTH |
NIEKTPOCTATHYECKONH HHIYKIMHA. EMKOCTh KOHAEHCATOPOB pA3IMYHONH TI'€OMETPHYECKOW KOH(UTypauuu.
OHeprus B3aNMOJACHCTBHUS dIEKTPHICCKHUX 3apsI0B. DHEPTHUs CHCTEMBI 3apsHKCHHBIX NIPOBOIHHKOB. DHEPrHs
KoHleHcaTopa. I10THOCTh SHEPTUH 3JEKTPOCTATHYECKOTrO MO0JIs. Y CJIOBHE CYyIECTBOBAHHU TOKa. 3akoHsl OMa
u Jlxoynsa — Jlenua. Ctoponnue cunbl. DJIC raapBaHudeckoro sneMeHrta. 3akoH OMa Ui y4acTKa Lenu ¢
ranpBaHnYecKuM aaeMeHToM. Ipasuna Kupxroda. Dnexrpuueckuii Tok B cruromHoi cpene. Cuna Jlopenna u
cuna Amnepa. Bekrop MaruuTHON MHIYKIMH. OCHOBHBIE ypaBHEHHs] MarHETOCTATHKU B BaKyyme. MarHutHoe
NoJIe NPOCTEHIINX CUCTEM. JIBUKEHUE 3apSsKEHHOM YacTHUIIb B 2IEKTPUYECKOM M MATHUTHOM NOJAX. Burok ¢
TOKOM B MarHUTHOM noie. [loTeHnuanbHas SHEprus BUTKAa ¢ TOKOM BO BHEIIHEM MarHHTHOM mole. Pamka c
TOKOM B OJJHOPOJHOM MarHUTHOM moje. MOMEHT cuil, JeHCTBYIOmUi Ha paMKy. VIHIYKTUBHOCTb JJIMHHOTO
coneHonna. Koadduunenrt BzaumHoit nuuaykuuu. 3akon buo — Casapa. [IpuHuun cynepnosunuu. MarautHoe
ToJIe KPYTOBOTO TOKa. SIBIeHMe 3eKTpoMarHuTHOH nHAyknud. [IpaBmio Jlenma. MarnutHas SHeprus Toka.
ITnoTHOCTH MarHUTHOIH Hepruu. DHeprus U cuibl. Ilnockuil KOHIEHCATOp ¢ AMAIEKTPHKOM. DHEPIUs TUIIONSA
BO BHEIIHEM dyeKTpocTaTndeckoM mone. [lomspusamuonnsie 3apsigbl. IlomspusoBannocts. HeomHopomHas
HOJIIPH30BAaHHOCTD. DJIEKTpHdeckoe cMenieHne. OCHOBHBIE YpPAaBHEHHS OJICKTPOCTATHKH JUIJICKTPUKOB.
I'paHnuHble yCJIOBUS Ha TpaHMIE pasjiela «AUIIEKTPUK - AUDIEKTPUK» M «IPOBOTHUK — JIUIIEKTPUK».
[110THOCTH DHEPIHH DNIEKTPOCTATHYECKOrO IO B AMIIEKTpHKE. JIMHHBIA CONEHOHJ C MAarHeTHKOM.
Monexynspasle Toku. Hamaramaennocts. HeomHopomHas HaMarHWYeHHOCTh. HampspkeHHOCTH MarHHTHOTO
nons. OCHOBHBIE YpaBHEHHs MarHeTOCTaTHKUM B BemlecTBe. I'paHuunble ycnoBusa. PapajgeeBckas u
MAaKCBEJIOBCKash TPAKTOBKA SBJICHUS JJICKTPOMArHUTHOM MHAYKIHU. Tok cmemenus. CucTeMa ypaBHEHHH
MakcBemna. BekTOpHBIH 1 CKaIsIpHBIH MOTeHIHAIB! ossl. CKOPOCTh PAacIpOCTPAHEHUS JIEKTPOMAarHUTHBIX
Bo3MyLIeHUH. BonHoBoe ypaBHenue. IInoTHOCTh 3HepruM. IIIOTHOCTH MOTOKA 3HEPrUu. YCIOBHE MAJIOCTH
TokoB cMemenus. Toku @yko. KBasucranmonapHsie SBICHUS B THHEHHBIX IIPOBOJHUKAX. Y CTAHOBICHHE U UC-
YEe3HOBEHHE TOKa B IleNH. I'eHepaTop mepemenHoro toka. Vimmenanc. llemm mepemeHHOro Toka. JIBrkeHue
IPOBOIHMKA B MATHUTHOM H0JIe.

14/-

22
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Tema 4. ®usuka kojgeOaHUl W BOJIH. Monste o komebaTenbHBIX mpoueccax. Eaumbiit
MOAXOA K KONeOGAHUAIM pa3Iu4yHOM (U3MYECKOW MNpuUpojsl. AMIUIMTYJIA, KpyroBas dacrora, (asa
rapMoHHYecknX KoneOaHui. Cllo)keHHE CKASIPHBIX M BEKTOPHBIX KoneOanumil. KommiexcHas dopma
npeJcTaBiIeHus KoneOanuil. BektopHble nuarpamMmel. MasTHHUK, Ipy3 Ha IpYKHHE, KOJeOaTeIbHbIH KOHTYP.
CBoOoanble  3aryxatomue  koneOanus. KoadduuumeHnt 3aryxanus, Jorapu)MUUECKUil  JIEKPEMEHT,
no6poTHOCTE. Pa30Bast IIOCKOCTh OCLHILIATOpPA. DHEPreTHIeCKue COOTHOLICHUS il ocumuiiTopa. [Tonstue
0 CBSI3aHHBIX OCHMWILIATOpaX. J[efCTBHE MEPHOJMYECKHUX TONYKOB HA TAPMOHHUYECKUH ocLuIATOp. Pe3oHaHc.
Ocumiarop Kak — CHeKTpajbHbI mpubop. MonynupoBaHHble KoneOaHus. CHEKTp  aMIUITMTYAHO-
MOJIyITUPOBAHHOIO KoneOaHus. BBIHyXJeHHbIE KONeOaHUS OCIHIUIATOpPA IO JeHCTBHEM CHHYCOHTAIBHON
cuiIbl. AMIUIMTYa U (ha3a IpH BBIHYXKICHHBIX KoleOaHHsX. Pe3oHaHcHBIe KpuBble. I[Ipouecc ycTaHOBIICHUS
KojeOaHui. BpeMs ycTaHOBIGHHS U €r0 CBSA3b C JOOPOTHOCTBIO. BBIHYXIEeHHBIC KONEOaHHS B DIEKTPUIECKUX
nermsx. MeTos KOMIUICKCHBIX aMmIumuTynd. IlapameTrpuueckue KoieOaHUS OCIIILIATOpA. ODHEpreTHYecKue
cootHowenus. [Tapamerpudeckuii pezonanc. Hemneitneiil ocummstop. @usHdyeckue CUCTEMBI, COAepIKaIlie
HeJNMHEHHOCTh. ABTOKONeOanus. OOparHast CBs3b. [IOHSTHE O peNaKkCalMOHHBIX KoyieOaHHsAX. BoHbL
ITnockast craruoHapHass BonmHa. Ilmockast cMHycoWpanbHas BolHA. berymme m crosume BoiHbL DazoBas
CKOpOCTb, [UIMHA BOJIHBI, BoONHOBoe umcio. O¢pdexr Jomnmiaepa. CkamspHble M BEKTOPHBIC BOJHBI.
Honspuzanus. MaTepdepeHys CHHYyCOMAANbHBIX BONH. PacmpocTpaHeHue BOJIH B Cpelax ¢ JUCHEPCUEH.
I'pynmoBast ckopocTs U ee cBsi3b ¢ (pa3zoBoil ckopocTsio. HopMansHas u anoMansHast qucnepeu. OqHoMepHOe
BOJIHOBOE ypaBHeHHe. IIpoosibHbIe BOJHEI B TBepOM Telie. Bektop YMoBa. Yrpyrue BONHBI B ra3ax H JKHA-
KoCTsX. Ypaapuble BoiHbl. Ilnockue snextpomaruuTHbie BosHbl. [lomsipusanus BonH. Bekrtop IloitHTuHTra.
Nznydenne munons. Coepruueckue W NIIHMHAPUYECKHE BOJMHEL MHTEpdepeHys MOHOXpOMATHYECKHX BOJH.
KBasumoHnoxpoMaTnueckie BOJIHbI. DYHKIUS KOrepeHTHOCTH. MHTepdepeHIHs KBa3UMOHOXPOMATHIECKHX
BonH. HHTepdepomeTpsl. BpemeHHoe H CHEKTpagbHOE pPAacCMOTpeHHE HHTeP()EPEHINOHHBIX SIBICHHUIL.
Ipunnun Ioiirenca — ®penenst. [pudmmkenne Openens. Materpan u qudpakius Openens. [Ipudbmmkenue
Opaynrodepa. Ilpoctsie 3amaun gudpakuun: Aupakiys Ha OJHONW M Ha MHOrMX wiensax. JludpakunonHas
pemerka. dudpakius Ha kpyrioMm orBepctud. Judpakuus @DpayHrodepa M CHEKTpaIbHOE Pa3IOKEHHE.
JludpaknyionHas penreTka ¢ CHHYCOWJAIBHOI mpomyckaeMocThio. [IpuHnmmn ronorpadun. PacnpoctpaneHne
cBeTa B BelecTse. Jucnepcus quanexTpuyeckoii nponunaemoctu. Iornomenue ceera. I1po3paunsie cpembl.
IMonsgpuzanuss BOJH TPU  OTPAKGHHU. OIEMEHTHl  KPHCTAUIOONTHKH.  ODIEKTPOONTHYECKHE |
MarHUTOONTHYECKHE SBICHUSL.
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Tema 5. KBanToBasi 1 aTOMHasi PU3HKA. Tporusopeuns kiaccuueckoii pusukn. Tpo6remsi
n3nydeHus: uyepHoro tena. DorosnexTpuueckuit 3¢ dexr, crabunbHOCTH U pazMepbl atoma. OTKpbITHE
nocrossHHOM [Tnanka. KBaHTOBast MexaHUKA. PensTHBHCTCKas MeXaHHKA. DIIEMEHTHI CHEIHAIbHOH TEOpHU
otHOocuTenbHOCTH. CTpoeHHe aToOMHOro sapa. AromHas ¢usuka u oSHepreTHka. OOOCHOBaHHWE uueH
KBaHTOBaHMs (AMCKpeTHOCTH): onbiThl ®panka u ['epua, omeitel Llltepna m I'epnaxa, pe3oHaHCH BO
B3aUMOJIEHCTBUU HEITPOHOB C AaTOMHBIMU sJpaMu, MHOHOB ¢ HykJIoHaMu. IIpaBuiio yacror bopa. JInneluaTsie
CIIEKTPbl aTOMOB. IIpHHIMIT COOTBETCTBHS. DHEPrHsl M MMITYJILC CBETOBBIX KBaHTOB. PoToaddexr. Dddexrt
KomnTona. DneMeHTapHas KBAHTOBas TEOPHs U3IMyUeHHUs. BbIHY)XIeHHOE CIIOHTAHHOE H3IydeHHEe (OTOHOB.
Koadpoumuents: Oiinmreiina. TemioBoe paBHoBecne u3nmydeHus. I'mmoreza ne bpoitma. Jludpaxnus
anekTpoHoB. Jludpakius HelitpoHoB. MMuKpouyacTHHa B JByXIIeaeBoM HHTephepomerpe. COOTHOMEHHS
HeompeeneHHOCTeH. OIeHKa OCHOBHOIO COCTOSHHS aToMa BOJOPOAA M DHEPIHU HYNEBHIX KoieOaHUH
octmuiiTopa. OOBSICHEHNE TYHHENFHOro 9((eKTa U yCTOHIMBOCTH aToMa. BoHOBEIE cBOIiCTBa MUKPOYACTHI]
U COOTHOILICHUS HeompeneneHHocTeil. Habopsl 0HOBPEMEHHO M3MEPUMBIX BEIUYMH. 3aJJaHHE COCTOSHHUS
MHKPOYACTHUII; BOJMHOBas (DyHKIHMS; ee CTaTUCTHYECKHH cMbIcld. Cymepmo3uuusi COCTOSHHMH B KBaHTOBOU
TeopHU. AMIUTHTYa BeposiTHOCTel. OOBsCHEHNE TIOBEICHNSI MaKpoJacTHIB! B HHTepdepomerpe. OObiIcHeHHE
IUpakUKd HEHTPOHOB Ha KpHCTa/uie. BeposATHOCT, B KBaHTOBOW Teopuu. BpeMeHHOe ypaBHEHHE
Hlpenunrepa. Cranuonapuoe ypasuenue lllpenunrepa; crampoHapHOe cocTosHUE. YacTHUIIBI B OJHOMEPHOM U
TpeXMepHOM sIuKax. YacTuma B OZHOMEPHOH IpsSMOYroibHOH siMe. IIpoxokaeHHe JacTHIBI Hamg M HOX
GapbepoM. ['apMoHMUeCKHH OCHMUIITOP. MHEepLUHaIbHBIE CHCTEMBbl OTCYETa W NPUHIMI OTHOCHUTEIBHOCTH.
[IpeoOpaszoBanue [amnmnes. MuBapuantsl npeoOpa3zoBaHus. AOCOIIOTHBIE M OTHOCHUTENBHBIE CKOPOCTH H
yckopenus. IToctymaTsl crenuanbHOIl Teopun oTHocuTenbHOCTH. [IpeobpasoBanue Jlopenmna. Cnenctus u3
npeobpaszoBanus JIopeHna: coKpaleHHe JBIKYIINXCS MAacIITaboB [UTHHBI, 3aMEICHHE JBIDKYLINXCS 4acoB,
3aKOH CJIOXKEHHSI CKOpocTed. PensTUBUCTCKUI MMIynbc. YpaBHCHHE IBWKCHMS PEIATHUBUCTCKOW YaCTHUIIBI.
Pabora u oHeprus. MHBapHaHTHOCTH ypaBHCHUs [BIDKEHHS OTHOCHTENBHO IpeoOpasoBanus JlopeHma.
WuBapuantsl mpeobpasoBanus. [IpeobpasoBanusi Mmmynbca W SHepruu. 3aKOHBI COXPAHEHHUSI YHEPTUH H
nMiynbca.  CromkHoBeHme wactun. Cucrema 1eHTpa uHepnuu. [loporoBast osHeprus. IlpuHmum
OTHOCHUTEIBHOCTH B DJEKTpOAMHAMUKe. OTHOCHTEIFHOCTh MATHUTHBIX U dJIEKTpHYecKuXx mnoned. Yactuma B
cdepuyuecki CHMMETpHYHOM mosie. BomopomormomoOHble atombl. DHepreTHdeckue ypoBHH. [loTeHimanst
BO3OyxaeHHss H HoHH3anuu. CHEKTPHl BOJOPOAOIONOOHBIX aTOMOB. IIpocTpaHCTBEHHOE pacHpeeneHue
JJIEKTpoHa B atome Bojopoxa. lllmpuna ypoBuei. CTpyKTypa dIEKTPOHHBIX YPOBHEH B CJIOXHBIX aTOMax.
Twurnsl cBsi3U 31eKTpoHOB B aroMax. [Ipunuun [Maymu. Ilepuoauyeckas cucrema snemenros Jl. . Menzeneesa.
Monekyna Bogopona. O6MeHHOe B3aumoneicTBue. Dusnueckas NPUPOAa XUMUYECKOil cBsizu. MoHHas u
KOBQJICHTHAsl CBSI3U. DJEKTPOHHBIE TEPMBI ABYXaTOMHOWH MoJeKynbl. KoixeOaHHS W BpallleHHs! ABYXaTOMHON
Monekynbl. KonebarenbHas M BpamiaTelibHas CTPYKTypa TepMoB. KoneGaHHS MHOTOaTOMHBIX MOJEKYII.
Monexynspusle criekTpsl. CTpoeHHe aTOMHBIX siiep. DeHoMeHOoIornIecKre MOAeI! Aapa. SInepHsle peakium.
MexaHH3MEBI SICPHBIX peakiuil. PannoakTHBHBIE IpeBpaIeHHs] AaTOMHBIX saep. Peakiys saepHoro JeleHus.
Hennas peakius neneHus. SnepHsiit peaktop. IIpoGiema MCTOUHMKOB 3HEpruu. TepMmosaepHbIE pEeaKLUH.
DHeprus 3Be3/1. YHpapisieMblil TepMosiiepHblil cuHTe3. KoadduuuenTsl DiHIITEHHA A1 MHAYLUPOBAHHBIX
[IePEeXoJ0B B JABYXYPOBHEBOH cucTeMe. I[IpuMHIMI paboTHl KBAaHTOBOTO TIeHepaTopa. TBepHOTENbHBIE H
rasopaspsaHsle nasepsl. Paguocnexrpockonus. Ilepsblid Mazep. Meton Tpex ypoBHeH. OTKPBITHIA pe30HATOP.
ITepssie mazepsl. CTaTHCTHYECKOE ONMUCAHUE KBAHTOBON CHCTEMBI, Pa3IHINe MEXTy KBAHTOBOMEXaHHIECKOH 1
CTaTHCTHYECKOH BeposTHOCTAMH. Teopema HepHera u ee crnenctust. CHMMETPHS BOTHOBOH (DYHKIIH MHOTHX
OJIMHAKOBBIX yacTll. KBaHTOBbIE ujeanbHbIE rasbl; pacupenencHus boze u ®epmu. CrpoeHue KpUCTaLIOB.
HccnenoBanue KPHCTAUIMYECKUX CTPYKTYp METOAAMHU PEHITEHO-, 3IEKTPOHO-, HelTpoHorpaduu. Toueunsie
nedeKTsl B KpPHCTAUIaX: BaKaHCUM, NPUMECH BHEIPCHWs, NpPHMecH 3aMelieHus. KpaeBble M BHHTOBBIC
JUcIoKauuy. JIMCIIOKalus M IUIACTUYHOCTh. AKYCTHYECKHE M ONTHYECKUE KOJIeOaHHs KPUCTAJUIMYECKOU
pemieTku.  OKCHEepUMEHTalIbHOe HCCIIeOBaHHE KOlIeOaTelIbHOr0 CHEKTpa: MOIIIOIICHHEe HH(PAKpPacHOro
W3JIy9eHUs] B HOHHBIX KPHCTAJUIaX, KOMOMHAIIMOHHOE paccesHue, Heynpyroe paccesHue HeitpoHoB. [lonsTre
0 ¢ononax. TemIOEMKOCTh KPUCTAUIOB MPH HHU3KUX UM BBICOKHX Temmeparypax. Pemrerounas
TeronpoBoaHocTe. O kBasummmynece  ¢onoHa. IIpomeccsl  mepebpoca.  Pa3mepHblii  dddexT
TEIUIONPOBOAHOCTH KpucTayuioB. Dddexr Meccbaydpa U ero npuMeHEeHHe. DJIEeKTPOIPOBOIHOCTh METAJLIOB.
Hocurenn toka B MeTajuiax, TOYHOCTb KJIACCHYECKOH 3JIEKTPOHHOM TEOpUH. DIEKTPOHHBIN (epmMu — ra3 B
Mmeramie. HocuTenmn Toka Kak KBa3sHYAaCTUIBI, OJICKTPOHHAS TEIUIOEMKOCTb. ODJIEMEHTHl 30HHOW TEOpHU
KPUCTAJUIOB. 30HHAsI CTPYKTypa JHEPreTHYeCKOro CIEeKTpa 3JIEKTPoHOB. YpoBeHb Pepmu. IloBepxHOCTH
®epmu. Yucsao 3MeKTPOHHBIX COCTOSIHUN B 30HE. 3alOJIHEHUE 30H; METaJLIb, TUIEKTPUKH, OIYIPOBOAHHKY.
IMonstue gmplpounoil mpoBopuMocTd. CoOOCTBEHHBIE M IIPUMECHBIE IIONYIPOBOAHHKU. SIBiIeHHe
cBepxnpoBoauMocTd. TepMoauHaMHKa CBEpXIPOBOJHUKOB. KymepoBckoe cmapyBaHume Kak HEoOXOAUMOE
ycioBUe cBepXnpoBoauMocTH. KynoHoBckoe oTTajkuBaHue U ()OHOHHOE NpuTskeHHe. IloBepxXxHOCTHas
SHEprus Ha TpaHHUIe MEXIy HOpMalbHOH U cBepXmpoBomsmeil ¢aszamu. CBepXIPOBOIHHKH IEPBOTO U
BTOpOro poxa. Ponp mpumeceil. BricokoremmepaTypHas CBEpXNPOBOAMMOCTb. 3aXBaT M KBaHTOBAaHHE
MarHuTHOro motoka. TyHHeNbHbIH KOHTAKT. DPdext Jko3edcoHa u ero npuMeHEeHHE.
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Konmaxmmnas paboma no npomexcymounoii ammecmavuu (Kamm)

Hmozo

12

28

66/2

108

Dopmul yueOHbIX 3a0AHUT HA AYOUMOPHBIX 3AHAMUAX:
Onpoc (0.)

Dopmbl meKyuyeco KOHmpOoa:
Konmponvuvie pavomut (K/p)

Dopmbl 3a0aHUTL 011 MEOPUECKO20 PEUMUH2A:

Hoknao (/1.)
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Cemectp 1
. . . eaMeT (Gu3uKA. MeTosbl (PHU3UIECKOro -
1. | Tema 1. ®usnueckre OCHOBBI MEXAHHMKH. Ilp M 2 2 24/ 28 O |K/ Ji|
HCCIIeIOBAHHKS: OMBIT, THITOTE3a, IKCIIEPUMEHT, TeopHs. Baxueliue stamnsl uctopun ¢pu3uku. Porb Gpusnku B
Pa3BUTHH TEXHHKU U BIUSHUE TEXHUKH Ha pa3BUTHE QU3nKU. PazMepHOCTh (u3ndeckux BeaunduH. OCHOBHBIC
eaunubl CU. TIpenmer mexanuku. Kunemaruka u auHamuka. Kilaccnueckas Mexanuka. @U3nuecKue MOJIEIH:
MarepruaibHas TOYKa (YaCTHIA), CHCTEMa MaTePHAIBHBIX TOUEK, aOCOMOTHO TBEPOE TEJO, CIUTOIIHAS CPe/Ia.
IIpoctpancTtBo W Bpems. KuHemaruueckoe ONMHUCAaHWUE JBWKCHUS. I[IpsSMOJMHEHHOE BHKEHHE TOYKH.
JIBI)KEHUE TOYKU IO OKPY)KHOCTH. YTJIOBask CKOPOCTh U YIJIOBOE yckopeHue. CKOpOCTh W YCKOPEHHE MpU
KPHBOJIMHEIHOM nBMXeHMH. HopmanbHoe M KkacatenpHoe yckopeHue. CremneHu cBoOOABI M 00OOIEHHBIE
KoopAuHaTel. YUCIO cTeneHeil cBoOoabI abCONOTHO TBEPAOro Tena. BekTop yriioBoii ckopoctu. OCHOBHas
3ajaya TMHAMUKH. [IOHATHE COCTOSHHMS B KIACCHYECKOH MEXaHUKe. Y paBHEHHs JBIDKECHUA. Macca U HMITYIIbC. OIl
I'paHuLIbI MPUMEHHMMOCTH KJIACCHYECKOro Croco0a OmMCcaHMs ABMXKeHMS yacTull. [lepBbiii 3akoH HeroToHa 1 0
TIOHATHE HMHEPLHUAIBHON cHcTeMbl oTcuera. Bropoii 3akon HbloToHa kak ypaBHeHue nBmkeHus. Cuia Kak I K-
npou3BogHas UMIyabca. Tperuii 3akoH Hpl0TOHA 1 3aKOH COXpaHEHHS HMITy/bca. HenHeprmanbHble CHCTEMBI 2.2.
orcyera. Cuibl HHEPIUH. 3aKOH COXPAHEeHHs UMITYJIbCa KaK (hyHAAMEHTaIbHBIH 3aKOH IPHPOAbI. PeakTrBHOE K- 3-
nBrkeHue. LIeHTp uHepuu. AJJIUTHBHOCTh Macehl. Teopema o ABMKEHHH IIeHTpa uHepiuu. CucteMa 1eHTpa 2.
uHepiHd. MOMEHT HUMITylbca. 3aKOH COXPaHEHHsT MOMEHTa HMITyJbca. MOMEHT CHJIbl. YpaBHEHHE 2. 1,
MOMEHTOB. J[BIDKEHHE B IIEHTpaJbHOM moje. PaGoTa u KuHeTHYecKas dHeprus. MomHocTs. CBsI3b MEXIY V-1

KHHETHYECKUMH DJHEPrHsSMH B Da3UYHBIX CHCTEMax OTcUeTa. OHEprusl MABIDKEHHS Tela Kak Ienoro.
Baytpennss sHeprus. KoHcepBaTHBHbIE M HEKOHCEPBAaTHBHbIE CUIIbl. [loTeHIManbHas 3HEprus. 3aKOH CO-
XpaHEeHHs PHEprud B MexaHuke. OOmedH3nueckuil 3aKOH COXPAHCHUsS JYHEPIUH. YPaBHEHHS IBIDKCHHS U
paBHOBeCHs TBepHOro Tena. [IoHATHE CTATHUSCKH HEONPENEICHHBIX CHCTEM. DHEprHs ABIDKYIIErocs Tela.
MOMEHT MHEpLHMH TeJla OTHOCUTENBHO OCH. BpamarenbHbiii MoMeHT. OOIime cBOWCTBA JKUIKOCTEH M ra30B.
VpaBHeHHs paBHOBeCHS M [BIDKCHHS OKHUIKOCTH. lVjeampHas ¥ Bs3Kas OKHUIKOCTh. [ mapocTaTHka
HEC)KUMaeMOH JKUIKOCTH. KHWHeMaTHdeckoe ONMCaHHWe IBWKEHUS SKUIKOCTH. CTalMOHapHOE MIBIIKCHHE
upeansHoit xuakoctu. Koaddurment Bsskoctu. Teuenne xuakoctu mo tpyde. @opmyna I[lyaseitnss. 3akoHbt
nonodus. Popmyna Crokca. ['maponuHaMuyeckas HEYCTOWYUBOCTh. TypOyIeHTHOCT. YTIpYTrue HanpspKeHHUS.
3akoH I'yka. PacTskeHHe U coKaTHE CTEPHKHEH.
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Tema 2. MonekynsapHas ¢u3uka W TEPMOIUHAMHUKA. Jlunamuucckie u
CTaTUCTHYECKHE 3aKOHOMEPHOCTH B ¢u3uke. CTaTHCTHYECKMI M TepMOAMHAMUUYECKHH MeTonsl. TemoBoe
JBIDKEHHE. MaKpOCKOIIIYecKHe apaMeTpsl. Y paBHEHHE COCTOSHUSA. BHyTpeHHss sHeprus. VIHTEeHCUBHBIC H
OKCTEHCHUBHEIE MTApaMeTphl. YPaBHEHHE COCTOSHMS HJEaJbHOro rasa. OCHOBHBIE 3aKOHBI HJEANBHOIO Ia3a.
JlaBieHue rasa ¢ TOUKH 3PEHUS MOJEKYJISPHO-KMHETHUYECKON TeOpHH. MONeKyIsIpHO-KMHETHUECKUI CMBICI
TeMmmepaTypel. BepostHocTs M mokTyanmu. Pacmpenenenme MaxkcBeiua. PacnpeneneHue wacTui 1o
a0COJTIOTHBIM 3HAaUEHHAM cKOpocTH. CpenHss KHHeTHYecKas SHeprus 4acTuil. CKOPOCTH TEIUIOBOTO JABMKEHUS
yactul. Pacnpenenenne bonbumana. Pacnpenenenne I'mO0ca. TeroeMKOCTh MHOTOATOMHBIX —T'a30B.
OObpaTtuMble U HeoOpaTHMBIE TEIUIOBBIE Iporecchl. IlepBoe Hawaao TepMOIMHAMUKH. DHTpomus. Bropoe
Hayajo TEPMOAMHAMUKH, TEPMOJIMHAMMYECKHE MOTEHIHAbl M YCJIOBHMs paBHOBecHs. TepMoanHaMHYecKue
npeoOpa3oBanus. TemnoBbie Mammubl. [ukn Kapro. Makcumanbsibiit KIT[[ TernoBoi mammusl. [Ipunimn
Bo3pacTanus HTporuu. [lonsitue o pusmdyeckoit kuneruke. Juddysns u teruonposogHocts. Koo punment
mupdysun.  Kosdduuuent temnonpoBogHoctn. TemmepaTyponpoBoaHOCTb. Bpems — BbIpaBHUBaHUS.
Juddy3us B razax u TBepAbIX Tenax. Bsskocte. JMHaMuUuYecKkMii M KuHeMaTHdeckud KoddduimeHt
BA3KOCTH Ta30B U OJKHAKOCTEH. DJIEKTPHYECKHH TOK B BakyyMe. TepMOOJICKTpOHHAs OMHCCHS.
OnexkTpudeckmii Tok B Trase. IIpomecchl HOHM3ALUMM M PEKOMOMHALMU. DNEKTPONPOBOAHOCTH
c1a0OMOHU3MPOBAHHBIX ra3oB. [loHsiTHE 0 MJIa3Me. Ilna3mennast vactora. JlebaeBckas iuHA.
OnexTponpoBogHOCTs Ma3Mbl. Pa3pl U (a3oBele NpeBpamieHus. YcloBHe paBHoBecus ¢a3. dazosble
jquarpammbl.  YpaBHeHue Kmameiipona — Kiaysuyca. Kputnueckas Touka. MeracTaOuIIbHBIE COCTOSHUSL.
Tpoitnas Touka. YpaBHenue Ban-gep-Baanbca. da3zoBble nepexoibl BTOPOro poja.
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Tema 3. 3HeKTpI/ILIeCTBO 1 Mar"He€Tu3M. Ilpenmer KiacCHIeCKOH dIeKTponuHaMuku. Wnes
6mu3KoeHCTBUS. DNEeKTPUUECKUH 3aps] U HANpsHKEHHOCTh JJIEKTPUYECKOro moms. JMcKkpeTHocTh 3apsza.
3axon Kymona. Ilpunnmun cymepnosuiuu. DnekTpudeckuil numons. [IoTok BekTopa. DIeKTpocTaTHUYecKas
TeopeMa I'aycca. PaGora anekrpocraruueckoro momus. Lupkynsanus snekrpoctatuyeckoro mnojs. IloreHuuman.
CBs13b OTEHIHANA C HATIPSHKEHHOCTBIO 2JIEKTPOCTATHYECKOTO MOJIA. [IpOBOAHHK B 31€KTPOCTATHIECKOM IIOJIE.
VW neansHblit npoBoaHNK. [ToBepXHOCTHAS IIOTHOCTE 3apsia. I paHHYHBIE. YCIOBUS HA TPAHULE «IIPOBOIAHHK —
BaKyyM». ODIEKTpPOCTaTH4ecKoe Iode B MOJNOCTH. K03 HUIMEHTB 3JIEKTPOCTATUYECKOH EMKOCTH H
JNEKTPOCTATUYECKON HHIYKIMHU. EMKOCTh KOHAEHCATOPOB Ppa3IMYHOM T'€OMETPHUYECKOW KOH(QUTypaliH.
OHeprust B3aNMOACHCTBUS SIEKTPHICCKHX 3aps0B. DHEPTHUs CHCTEMBI 3apsHKCHHBIX NIPOBOAHHKOB. JHEPIHs
KoH/ieHcaTopa. III0THOCTb SHEPTUH 3IEKTPOCTATHIECKOTO Mo, Y CJIOBUE CYIIECTBOBAHMUS TOKa. 3akoHsl OMa
u Jxoyns — Jlenua. Croponnue cunbl. DJIC ragpBaHudeckoro siaeMeHTta. 3akoH OMa ajs ydacTka Lienu ¢
rajbBaHHYeCKHM dieMenToM. [IpaBmna Kupxroda. Dnekrpudeckuil Tok B ciuionrHoil cpexe. Cuna JlopeHna u
cuna Amnepa. Bekrop MarauTHOM MHIYKIMH. OCHOBHBIE ypaBHEHUsS] MATHETOCTATUKH B BaKyyMe. MarHuTHoe
1oJie MPOCTEHIINX CUCTEM. JIBIKEHUE 3apsyKEHHOM YacTHILBl B 2JIEKTPMYECKOM M MarHUTHOM MOJIAX. BUTOK ¢
TOKOM B MarHMTHOM noie. [loTeHnuanbHas SHEPrus BUTKA ¢ TOKOM BO BHEIIHEM MarHHTHOM Ioie. Pamka c
TOKOM B OJJHOPOJJHOM MarHMTHOM mojie. MOMEHT cuil, JeHcTBYyOmuUi Ha paMKy. MHIyKTUBHOCTD JIMHHOIO
conenouna. Koadduunenr B3aumuoit unaykuun. 3akon buo — Casapa. [Ipuniun cyneprnosuiuu. MarHutHoe
IoJIe KPYTrOBOTO TOKa. SIBieHHe anexTpoMarHuTHOH MHmykiuu. [Ipasuino Jlenna. MarnuTHas HEprus TOKa.
ITnoTHOCTH MarHUTHOI SHepruM. SHeprus U cuibl. I1nockuil KoHAEHCATOP ¢ AUIIEKTPHKOM. DHEPIHs THIIONST
BO BHENIHEM JJeKTpocTaTudeckoM moie. Ilomspusanuonnsie 3apsanbl. IlomspuzoBanHocTs. Heomnopomnas
MOJIIPH30BAaHHOCT. DIEKTpHdeckoe cMenieHne. OCHOBHBIC YPaBHEHHUSI DJIEKTPOCTATHKU IUDJIEKTPHKOB.
I'paHnuHbIe YCIOBUS Ha TIpaHMIE pasjiela «IUINEKTPUK - TUIIEKTPUK» U IIPOBOJHUK — IMAIECKTPHK».
[110THOCTS JHEPrHH DIEKTPOCTATHYECKOrO IONSA B AUINIEKTpUKe. JIMHHBIA COINCHOHJ C MAarHETHKOM.
Monekymsipasie Tokd. HamaramdeHnocts. HeoqHopoaHass HaMarHUYeHHOCTh. HanpspkeHHOCTh MarHUTHOTO
nonst. OCHOBHBIE YpaBHEHHs MAarHeTOCTaTHKH B BellecTBe. IpaHuunsle ycioBus. PapaneeBckas u
MAaKCBEJUIOBCKasl TPAKTOBKA SBICHUS JIEKTPOMArHUTHOW MHAYKIHHU. Tok cMmemenus. CucreMa ypaBHEHHI
MakcBemna. BekTopHBI U CKaJSIpHBIH MOTeHIMANBI o1s1. CKOPOCTh pacHpOCTPaHEHHUS JIEKTPOMArHUTHBIX
BO3MyLIeHUH. BomHoBoe ypaBHenue. I1n0THOCTH 3Hepruu. IIIOTHOCTH MOTOKA 3HEPruu. YCJIOBUE MajOCTH
TokoB cMenienns. Toku @yko. KBazucramonapHsie SBICHHS B TMHEHHBIX IPOBOAHUKAX. Y CTAHOBICHHE U HC-
Ye3HOBEHHE TOKa B Ienu. ['eHeparop mepemeHHoro Toka. Mmmenanc. Ilenn nmepemenHoro toka. J[BrskeHue
MIPOBOIHMKA B MATHUTHOM H0JIe.

18/-

18

K/p
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Tema 4. ®usuka xoaeOaHUil U BOJH. Mousitue o KkoneGaTebHbIX mpoueccax. Emumbrii
MOJAX0J K KOJICOAHMSIM Ppa3Iu4YHOM (U3MYECKOi Hpupojbl. AMIUIHTYAa, KpyroBas dacTtora, (asa
rapMOHHMYeCKUX KoneOanuil. ClokeHHe CKaIIpHBIX M BEKTOPHBIX KoneOammil. KommiexcHas ¢opma
IpelcTaBiIeHus KoneOanuil. BekropHble nuarpamMMel. MasiTHHK, TPy3 Ha HPYXHHE, KOIEOATEIbHBIH KOHTYP.
CpoOozanble  3aryxatomme  koneOanms. Kosdduuument 3atyxanusi, jorapuGMuUuecKuid JIEKPEMEHT,
no6porHOCTh. Da30Bast IIIOCKOCTH OCLMINIATOPA. DHEPreTHISCKUe COOTHOMICHUS Ui ociuuistopa. [TonsTue
0 CBSI3aHHBIX OCHMILIATOpaX. J[eHCTBHE MEPHOANYECKUX TOMYKOB Ha TapMOHHYECKHi ocumuisiTop. PesonaHc.
OcumisaTop Kak — CHeKTpajibHbIi  mpubop. MonynupoBanHble koneOanusi. CrexkTp —aMIUIMTYIHO-
MOZYITUPOBAHHOIO KoneOaHUs. BBIHyXIeHHbIe KoleOaHHs OCHMILIATOpPA MOJ AEHCTBHEM CHHYCOUIAIBHOH
cuibl. AMIUIMTYa U (a3za Ipu BBHIHYXKICHHBIX KoneOaHusx. Pe3onaHcHsle kpuBble. IIporiecc ycTaHOBIEHHS
KonebaHuil. BpeMs ycTaHOBIGHHS U €r0 CBS3b C JOOPOTHOCTHIO. BEIHYKIEHHBIC KOIEOaHUS B DIEKTPUICCKHX
nemsx. MeTos KOMIUICKCHBIX aMIUIUTyA. Ilapamerpudeckue KoneOaHUS OCHHIUIATOpPA. DHEPreTHUECKHE
cootHomenus. ITapamerpudeckuii pezonanc. Hemuneineiil ocuumisatop. GusHdyeckue CUCTEMBI, CoepKalhe
HeJMHEHOCTh. ABTOKOJeOanus. OOparHas cBa3b. [loHATHE O penakCalMOHHBIX KoJjeOaHusX. BoiHbI
ITnockast craruoHapHass BonmHa. Ilmockas cuHyconpanbHas BonHA. berymme u crosunme BonHbL da3zoBast
CKOpOCTb, JUIMHA BOJNIHBI, BONHOBoe umcio. Oddekr Jommiepa. CkalaipHble W BEKTOPHBIC BOJHBI.
Honspuzanus. MurepdepeHiys CHHYCOMIANBHBIX BOJH. PacmpocTpaHeHue BOJH B Cpelax C JUCIEPCHEHl.
I'pymmoBast ckopocTb U ee CBsI3b ¢ (ha30Boii ckopocThlo. HopmanbHast 1 aHoManbHast qucrnepcuy. OqHOMepHOe
BOJIHOBOE ypaBHeHUe. IIpoosibHbIe BOJHEI B TBEpIOM Telie. Bekrop YMoBa. Ynpyrue BONHBI B ra3ax M yKHA-
KocTsIX. Yaapubele BonHbl. Ilnockue snexTpoMaruuTHble BonHbL. [lonmspusanus BonH. Bextop IloitHThHra.
Usnydenne nunons. Cdepudeckue U IMHAPHIECKUe BONHBL. WHTEphepeHIUs MOHOXPOMATHYECKUX BOJIH.
KBasumoHoxpoMaTnueckiue BOJMHBI. DYHKIUS KOrepeHTHOCTH. MHTepdepeHIys KBa3MMOHOXPOMATHYECKUX
BonH. MHTepdepomeTprl. BpemenHoe H CHEKTpaldbHOE pPacCMOTPEHHE HHTEPGhEPEHIHOHHBIX SBICHUM.
IMpuanun Irolirenca — ®Openens. [pudmokenne Openens. Uaterpan n nudpaknus Openens. [pudmmkenue
Opaynrodepa. IIpoctbie 3amaun quppakuun: AUpakiys Ha OJHOM M HA MHOTHX Iwesx. udpakiuoHHas
pemrerka. Judpakuus Ha KpyraoMm orBepcetud. Jdudpaxmus Ppaynrodepa H CIEKTpanbHOE Pa3IOKEHHE.
JludpaknyionHast penreTka ¢ CHHYCOUNAIBbHOM HpomyckaeMocTsio. [IpuHnun ronorpadun. Pacnpocrpanenue
cBeTa B BeecTse. Jlucnepcus auanekTpuyeckoii nponunaemoctu. Ilornonienue ceera. IIpo3pauHbie cpessl.
IMonspu3anust BONH TpPH  OTPAKEGHHH. OIEMEHTHl  KPUCTAJULIOONTHKH.  ODIEKTPOONTHYECKHE U
MarHUTOONTHYECKHE SBICHUSL.

18/-

20

K/p

13




Tema 5. KBanToBast 1 aTOMHast PU3HKA. TMpotnsopeuns knaccuteckoit dusui. TpoGrembr
u3nydeHust depHoro Ttenma. DoTodmekrpuueckuil dhdexT, cTabMIBHOCTE U pazMepbl artoma. OTKpbITHE
nocrossHHOM [Tnanka. KBanToBas MexaHuWKa. PensTuBHCTCKas MeXaHHKA. DIEMEHTH CIICHUANbHOW TEOpUH
oTHOocUTenbHOCTH. CTpoeHHe aToMHOro sapa. ArtomHas ¢u3uka u dHepretuka. OOocHoBaHHME wuIeEH
KBaHTOBaHUs (aucKpeTHOCTH): onbiThl ®panka u Iepua, ombitel IllrepHa u I'epnaxa, pe3oHaHCH BO
B3aHMO/ICHCTBIN HEHTPOHOB C aTOMHBIMH S[IPaMH, ITHOHOB ¢ HykIoHaMu. IIpaBuio gactor bopa. JInneiiuaTsre
CIEKTPbl aTOMOB. IIpHHIMII COOTBETCTBUS. DHEPrUsi M MMITYJIbC CBETOBBIX KBaHTOB. Porodddekt. Dddext
KomnTona. DneMeHTapHas KBAHTOBAsI TEOPHs U3IyUeHHs. BrIHY)XIeHHOE CIIOHTaHHOe H3TydeHne (OTOHOB.
Koadoumuentsr Oinmrelina. TemaoBoe paBHoBecue m3mydeHus. I'mmote3a ne Bpoims. dudpaxmms
anekTpoHoB. Jludpakuus HelitpoHoB. MukpouyacTHma B AByXieiaeBoM uHTepdepomerpe. COOTHOMICHHS
HeomnpeeneHHOcTel. OIeHKa OCHOBHOI'O COCTOSHMSI aToMa BOZOPOJA M DHEPTHM HYNEBBIX KoleOaHmil
ocrmusiTopa. OObSCHEHNE TYHHENBHOTO 3(p(eKTa U yCTOHINBOCTH aToMa. BOoIHOBBIE CBOMCTBAa MHKPOYACTHIT
U COOTHOIIEHHs HeomnpezeneHHocTell. Habopbl ofHOBpEMEHHO H3MEPHMBIX BEIMYMH. 3aJaHUE COCTOSHMS
MHKPOYACTHUII; BONHOBAasl (yHKIHUS; ee CTATUCTHYECKHH cMbIcia. CyHmeprno3uuus COCTOSHHH B KBaHTOBOI
Teopuu. AMIIHTYa BeposiTHOcTel. OObsICHEHHE TOBEICHHST MaKpOYacTHIB! B HHTephepoMerpe. OObsicHeHHE
quppakuMd HEHTPOHOB Ha KpHCTauie. BeposTHOCTP B KBaHTOBOM Teopud. BpemeHHoe ypaBHeHHE
IIpenunrepa. Cranuonapuoe ypasHenue lllpenunrepa; cTaruonapHoe cocTosiHUE. YacTUIBI B OHOMEPHOM H
TpeXMepHOM sIuKax. YacTuma B OZHOMEPHOH MpsAMOYroiabHOH siMe. IIpoxokaeHHe YacTHIBI Hax U IO
GapbepoM. ['apmonnueckuii ocuuiusTop. VHepruanbHble CHCTEMbl OTCYETa M HPHHIMUI OTHOCHTEIBHOCTH.
IpeobpazoBanne [amnmnes. MHBapuanTtsl npeoOpa3oBaHus. AOCOTIOTHBIE U OTHOCHTENIBHBIE CKOPOCTH M
yckopenust. IloctymaTel crenuanbHOll Teopun oTHOcHTenbHOCTH. [IpeobpazoBanue Jlopenna. CiencTsus u3
npeobpa3oBanus JIopeHna: coKpaleHne JBIKYIIUXCS MaclITabOB JJIMHBI, 3aMeJICHHE IBIKYIIUXCS YacoB,
3aKOH CJIOKEHHs CKopocTeil. PensiTuBUCTCKMI UMITyNIbC. YpaBHEHHE JBM)KEHUS PENIATUBHCTCKOM 4YaCTHIIBL.
Pabora m oHeprus. HBapHaHTHOCTb ypaBHEHHs IBIDKCHHS OTHOCHTENBHO mpeoOpazoBanms JlopeHra.
VuBapuantsl mpeobpasoBanus. [IpeoOpasoBanust ViMmynbca W dHEpruu. 3aKOHBI COXPAHEHHs JHEPIUH U
nmmynsca.  CronkHoBeHme uacthn. Cucrema meHtpa wuHepnud. IloporoBas oHeprus. [Ipuxnun
OTHOCHTENIBHOCTH B JJIEKTpOoJMHAMUKe. OTHOCHTEIFHOCTh MarHUTHBIX M JJIEKTpHYeckux noneidl. Yactuma B
cepryeckl CUMMETPUYHOM Tose. BomoponononobHble aToMbl. DHepreTHuecKHe YpPOBHH. IloTeHImaibl
BO3OYXKIeHHd H HoHH3anuyu. CHEKTpHl BOAOPOJOMOJOOHBIX aTOMOB. IIpocTpaHCTBEHHOE paclpeaeiIcHHe
JNIEKTpOHA B aToMe Bopopona. lllmpuHa ypoBHel. CTpyKTypa JJICKTPOHHBIX YPOBHEIl B CIIOXKHBIX aTOMax.
Twurnsl cBsi3u 31eKTpoHOB B aromax. [Tpunuun IMaynu. [lepuoanyeckas cucrema snementoB [l. M. Menneneesa.
Mornekyna Bogopoaa. OOMmeHHOe B3amMmozelcTBue. dusmueckas mpupoga XUMHYECKOW CBs3U. VoHHas u
KOBQJICHTHAsI CBSI3H. DJIEKTPOHHBIE TEPMBI ABYXaTOMHOH MoieKyibl. KomebaHus 1 BpamieHHs BYXaTOMHOI
Monekynbl. KonebarenbHas M BpamaTenbHas CTPYKTypa TepMmoB. KoneGaHMs MHOrOATOMHBIX MOJEKYII.
Monekymnspable cnekTpsl. CTpoeHHe aTOMHBIX siaep. DeHoMeHoIornueckue MoAeNy sapa. SnepHble peaKium.
MexaHU3MEI SIIEPHBIX peakuuid. PalioakTHBHEIC NPEBPAICHUs] aTOMHBIX sep. Peakmus snepHOro JeneHus.
Llemnas peakuus neneHus. SloepHsiit peaktop. [IpoGnema HCTOYHHKOB dHEpPrHH. TepMOsIICpPHBIC PEaKLHH.
DHeprusi 3Be31. YTpaBisieMblil TepMosiaepHblil cuHTe3. KoadduumenTsl DifHIITeHA IS MHIYLUPOBAHHBIX
IIePeX0J0B B IBYXYpPOBHEBOH cucTeMe. IIpHHIMI pabOTHI KBAaHTOBOTO TIeHEpaTtopa. TBepHOTeNbHBIE U
ra3opaspsiaHbie sasepsl. Paguocnexrpockonus. [lepsriid Masep. Meto Tpex ypoBHEH. OTKpBITBII pe30HATOP.
ITepBere mazepsl. CTaTHCTHYECKOE ONMUCAHUE KBAHTOBOI CHCTEMBI, Pa3IUIHe MEXKIy KBAHTOBOMEXaHHIECKOU U
CTaTHCTHYECKOH BeposTHOCTIMH. Teopema HepHera 1 ee cinenctBust. CHMMETpUs BOTHOBOH (YHKIIHH MHOTHX
OJIMHAKOBBIX yacTull. KBaHTOBbIE WjeanbHbIe Tra3bl; pacnpeneneHus boze u ®@epmu. CtpoeHHe KpUCTAIIOB.
HccnenoBanne KPHCTALIMYECKHX CTPYKTYp METOJaMHU PEHTTE€HO-, MIEKTPOHO-, HelTpoHorpaduu. Toueunsre
nedeKTsl B KpPHCTAIAX: BaKaHCHM, IPHUMECH BHEIPEHHs, IPUMECH 3aMelleHus. KpaeBble U BHHTOBEIC
JUCIOKanuH. JIMCIoKanus M IUIACTHYHOCTh. AKYCTHYECKHE M ONTHYECKHe KoyeOaHHs KPUCTAaTIMYecKOn
pemieTku.  OKCHEepUMEHTAalIbHOE HCCIeJOBaHHE KOIeOATEeNbHOr0 CIEKTpa: IOrIOIEeHHe HH(paKpacHOTO
H3JIy9eHUs] B HOHHBIX KPHCTAJUIaX, KOMOMHAIIMOHHOE paccesHue, Heynpyroe paccesHue HeHTpoHoB. IlonsaTne
0 (oHoHax. TeIIOEMKOCTh KPUCTAUIOB MPM HHU3KUX U BBICOKMX TeMIeparypax. Pererounas
TeronpoBogHocTe. O kBasummmynsce  ¢onoHa. IIpomeccel  mepebpoca.  Pasmepmbiii  addexr
TEIUIONPOBOAHOCTH KpUcTaiioB. Dddexr Meccbayspa U ero npuMeHeHHE. DIEKTPOIPOBOJHOCTE METAIIOB.
Hocurenu Toka B MeTauiax, TOYHOCTh KJIACCHYECKOW JIEKTPOHHOH TEOpHHU. DIIEKTPOHHBIH (epmu — rasz B
meramie. HocuTenun Toka Kak KBa3sHYACTHIBI, DIEKTPOHHAS TEIUIOEMKOCTb. JJIEMEHTH 30HHOH TEOpUH
KPHUCTAJUIOB. 30HHAsl CTPYKTypa JHEPreTHYecKOro CHeKTpa JIeKTpoHOB. YpoBeHb Pepmu. IloBepxHOCTh
®epmu. Uncao 3MeKTPOHHBIX COCTOSHHI B 30HE. 3allOIHEHHE 30H; METAJUIbl, AUDIEKTPUKH, TTOTYIPOBOTHUKH.
IMonstre mpipounoil mpoBoxuMocTH. CoOOCTBEHHBIE U IPHMECHBIE IONYINPOBOAHMKHU. SIBIeHHE
cBepXnpoBoauMocTH. TepMoauHaMHKa CBEpXIPOBOTHUKOB. KymepoBckoe crapuBaHue Kak HEOOXOIUMOe
YCIIOBHE CBEpXIpPOBOAUMOCTH. KyrnoHOBckoe OTTankuBaHME M (OHOHHOE HpHTsDKeHHe. IloBepXHOCTHas
SHEprus Ha TPaHMIC MEKAY HOPMAIBHOU M cBepxXmpoBoasmeid (azamu. CBEpXIPOBOAHUKH HEPBOrO H
BTOpOro pozxa. Pomp mpumeceil. BricokoTemIiepaTypHas CBEpXIPOBOANMOCTH. 3aXBaT U KBaHTOBaHHE
MarHUTHOTO MoToka. TyHHEeNbHBIH KOHTAKT. D dext Jxo3edcona i ero npuMeHEeHHUE.
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Konmaxmmnas paboma no npomescymounoit ammecmavuu (Kamm)

Camocmoamenvnasn paboma 6 nepuoo k3. ceccuu (CPx)

Hmozo

108

Dopmul yueOHbIX 3a0AHUT HA AYOUMOPHBIX 3AHAMUAX:
Onpoc (0.)

Dopmvl meKyuyeco KOHmpOaA:
Konmponwsuwvie pabomot (K/p)

Dopmiul 3a0aHUIL 01 MEOPUECKO20 PeUMUH2A:

Hoknao (/1.)

15




I1l. YHEBHO-METOANYECKOE U MATEPUAJIBHO-TEXHUYECKOE
OBECIIEYEHME JUCIIUITJINHbI

PEKOMEHAYEMAS JIMTEPATYPA

OCHOBHAA JIMTEPATYPA

1. Temunuenxo, B. . ®uszuka : yueOnuk / B. U. Jlemunuenxo, U. B. Jlemunuenko. — 6-e
u3., nepepad. u pon. — Mocksa : UHOPA-M, 2023. — 581 c. + Jlon. Marepuansl [DIEeKTPOHHBIN
pecypc]. — (Bwicmiee oOpazoBanme: bakanaBpuat). - ISBN 978-5-16-010079-1. - Tekct :
anektpouHbiid. - URL: https://znanium.ru/read?id=426123

2. ITourennsiii, A. E. ®usuka : yuedHoe nocodue / A. E. Iloutennsiii. — Mocksa ; Bosoraa :
Wndpa-Umxenepus, 2025. - 360 c¢. — ISBN 978-5-9729-2662-6. - Tekct : snextponssrif. - URL:
https://znanium.ru/read?id=470135

3. Tkauesa, U. A. ®usuka : nabopatopusrii npaktuky™m / M. A. TkadeBa. - 4-e usn., cTep. -
Mocksa : ®JIMHTA, 2025. - 281 c. - ISBN 978-5-9765-2503-0. - Tekcr : snektponHsIif. - URL:
https://znanium.ru/read?id=471027

JOHNOJIHUTEJIBHAS JIMTEPATYPA

1. Hukepos, B. A. ®usuka 11 By30B. MexaHuka u MoJieKyJsipHas pu3uka : yueOHuk / B. A.
HuxkepoB. - Mocksa : HamkoB u K, 2021. - 136 c. - ISBN 978-5-394-00691-3. - Tekcr :
anektpouHbiid. - URL: https://znanium.ru/read?id=432244

2. Cmbik, A. ©.®uszuka. [locobue ans caMocTOSATENbHON pabOThl CTYJIEHTOB TEXHUYECKHX
YHUBEPCUTETOB : yueOHoe mocooue / A. @. Cwmbik, I'. 10. Tumodeera, T. M. TkaueBa. — Mocksa :
NH®PA-M, 2023. — 388 c. — (Bricmiee obpazoBanue: bakanaspuar). - ISBN 978-5-16-014670-6. -
Tekcr : anextponnsiit. - URL: https://znanium.ru/read?id=426720

3. Huxepos, B. A. ®uszuka : yueOHUK U cOOpHHK 3aaa4 : yueOHuk / B. A. Hukepos. - 4-¢
u31., mepepad. u jgom. - Mocksa : Mznatenscko-Topropas koproparus «/lamkos u K», 2026. - 582
c. - ISBN 978-5-394-06305-3. - Tekcer : anextponnslit. - URL: https://znanium.ru/read?id=485800

HEPEYEHb UH®OPMAIIMOHHO-CITPABOYHBIX CUCTEM

1. CripaBouno-mpaBoBas cucrema KoncysbranT [Lmroc http://www.consultant.ru
2. CrpaBouHO-mIpaBoBas cucrema ["apant https://www.garant.ru/

HEPEYEHD ITPOPECCHOHAJIBHBIX BA3 IAHHBIX

1. Baza otkpbIThIX TaHHbIX MuHTpyna Poccun https://mintrud.gov.ru/opendata

2. baza naHHBIX CTAaHAAPTOB U periaMeHToB DeepabHOro areHTCTBA M0 TEXHUYECKOMY
perynupoBanuto U Metposioruu (Poccranmapr) http://www.gost.ru

3. Poccuiickuii apXiB roCyIapCTBEHHBIX CTaHIAPTOB, & TAKIKE CTPOUTEIbHBIX HOPM U
npasus (CHull) u o6pasuos opuanueckux nokymentoB (PAI'C) http://www.rags.ru/gosts/2874/

INEPEYEHD JIEKTPOHHO-OBPA3OBATEJIBHBIX PECYPCOB

3bC «<MH®PA-M» http://znanium.com

Hayunas snekrponnas 6udnmnoreka elibrary.ru https://elibrary.ru/

3BbC BOOK .ru http://www.book.ru

OBC «Jlanw» https://e.lanbook.com/

YuuBepcurerckas oubnmoreka online http://biblioclub.ru/

3BC «Grebennikon https://grebennikon.ru/

Buneonexkuuu HITP KpacHomapckoro ¢unmana http://vrgteu.ru/course/view.php?id=6680

NogakownE
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8. Indigo
9. Moodle

IHEPEYEHDb PECYPCOB NHPOPMAIIMOHHO-
TEJJEKOMMYHUKAIIMOHHOU CETHU "UHTEPHET'', HEOBXOIUMBIX VIS
OCBOEHUA JMCHHUTIJIMHBI

Hayuno-texaunueckas 6ubdanoreka http://n-t.ru

Kypnan "Kpant" - http://kvant.mccme.ru/1994/02/index.htm

[azeta "®wusmka" - https://istina.msu.ru/journals/1475527/

OTKpBITHII KOJUIEK. AcTpoHomust. - http://www.college.ru/astronomy/index.php
Caiit "Knaccuas ¢usuka" - http://class-fizika.narod.ru/

KBanToBas u simepHas ¢usunka - http://nuclphys.sinp.msu.ru/introduction/index.htmi

IR N

INEPEYEHb MHO®OPMAIIMNOHHBIX TEXHOHOFHﬂ, NCIOJIB3YEMBIX
NP OCYHIECTBJIEHUN OBPA3OBATEJIBHOI'O ITPOHECCA 11O
JAUCHHUIIIMHE, BKJIFOUYAS INEPEYEHbD IMPOI'PAMMHOI'O
OBECIIEYEHMHA
. Onepanonnas cucrema Microsoft Windows 8.1; Microsoft Windows 10
. ITaker oducubix mporpamm Microsoft Office Professional Plus 2010 Rus B cocrase:
Microsoft Word
Microsoft Excel
Microsoft Power Point
Microsoft Access

e O o o NP

3. AnTuBupycHas nporpamma «Kaspersky Endpoint Security» anst 6usneca

4. Cumynstop cetr nepeaun nanabix «Cisco Packet Tracer»

5. Penakrop nuarpamm «Ramus Educationaly

6. Cpena paspaborku «Visual Studio community»

7. IHCTpYMEHT JUTsl BU3yaJbHOTO poeKTupoBanus 6a3 nanueix «MySQL Workbenchy
8. Cpena npoekTrpoBaHue auarpaMmmbl kinacco «Modelioy

9. UnTepakTuBHas cpena pazpadorku «Jupyter Notebook»

10. OducHBIN KOMITOHEHT IS aHAIK3a AaHHBIX «Power Pivoty

11. daiinoBelii apxuBaTop «7Zip»

12. Ipunoxenwue aus npocmorpa PDF ¢aiinos «Acrobat Adobe Reader»

MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE IUCHUIIJINHbI
Juctunnuaa «dusuka» odecreueHa:

IUTSL TIPOBE/ICHHS 3aHATHUH JICKIMOHHOTO THIIA!

- yueOHOU ayauTopHei, OO0OpYJOBaHHOW Y4eOHOW MeOenbio, MYJIbTUMEIUHHBIMU
CpeAcTBaMU OO0YYCHUS JIJISl IEMOHCTPAIMH JICKIHIA-TIPE3CHTAIHIA;

JUISL IPOBEICHUS Ta00PaTOPHBIX 3aHATHIA:

— ydeOHOM ayauTopuei, oOOpYyIOBAaHHON YYEOHOW MeEOENbl0 M TEXHUYECKUMH
cpeacTBaMu OOyUYEHHsI, CIYXAIUMHU JIJIsl IPeACTaBiIeHUsT yaeOHoH nHpopmanuu: CucremMa eIuHHIL
MHTEpHAIMOHATbHAs opMmaTa Al, TeMOHCTpAIIMOHHBIE TUIAKATHI [0 OCHOBHBIM pa3zeiaM Kypca;

- KaOnHeTOM (PU3HMKH, OCHALICHHOW JTaOOpaTOPHBIM 00OPYJIOBaHUEM: TUHAMOMETPHI,
AJIEKTPOCKOIIBI, AIEKTPO(OpHAsT MAIIMHA, MOJICIb JBUTATelIsl BHYTPEHHETO CrOpaHusi, Mpuoop s
M3y4YEHUs CBOWCTB MJICAIILHOTO Ia3a.
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- NOMEIIEHUEM JJIi CaMOCTOSITEJIbHOM palOOoThl, OCHAIEHHBIM KOMIIBIOTEPHOU
TEXHUKOM C BO3MOYKHOCTBIO MOJAKIIOYEHUs K ceTh «VHTepHeT» M obecrnedeHuneM JocTyna K
3JIEKTPOHHON HH(OPMAITMOHHO-00pa30BaTEILHON Cpe/ie YHUBEPCUTETA.

IV. METOAUYECKHME YKA3AHMSA JJ1S1 OBYYAIOIMXCS MO
OCBOEHWIO JTUCHUNIAHBI

» Meroanyeckre peKOMEHAAMU TI0 OpraHM3allid M BBINOJHEHUIO BHEAYJUTOPHOM
CaMOCTOSITENIbHOM paboThI

» Meronndeckue yka3aHus 110 TIOJrOTOBKE U o(hopMIIeHHUIO pedepaToB

» IlonoxxeHne O pPEUTHHTOBOM CHCTEME OLICHKH YCIIEBAEMOCTH M KadecTBa 3HAHHM
CTYACHTOB

» Ilonoxenne 00 yueOHO-UCCIENOBATEIBCKON PabOTe CTYIEHTOB

» Meroandeckoe MocoOue 1Mo BHIMOTHCHHIO KOHTPOJIBLHOU PabOTHI.

» Mertoandyeckoe Mocodue IO BBHIMOJHEHHIO J1a0OpaTOpHBIX padoT C MCIOJIb30BaHHEM
MHHOBAI[MOHHBIX TEXHOJIOTUI 00Y4YEHHUS 1 OpPraHNU3allui CaMOCTOSITEIbHBIX PA0OT.

V. METOAUYECKHE MATEPHAJIBL, OITPEAE/BTIOIMUE ITPONEAYPBI
OIEHUBAHUSA 3HAHUU U YMEHHNU, XAPAKTEPU3YIOHIUX JOTAIIbI
®OPMHUPOBAHUA KOMIIETEHIIAM

Pe3ynpTaThl TEKyIIEero KOHTPOJIS U MPOMEXKYTOYHOH aTrTecTauil (GOpMUPYIOT PEHTUHTOBYIO
OLIEHKY paboThl oOyyatomierocs. Pacnpenenenue 6amioB npu GoOpMUPOBAHUM PEUTUHTOBOM OLIEHKH
paboThI 00YUAIOIIETOCS OCYIIECTBISCTCSI B COOTBETCTBUH ¢ «[loOXKEeHHEM 0 PEUTUHTOBON cHCTEME
OLICHKM YCIIEBAEMOCTH U Ka4eCTBA 3HAHUI CTYJIEHTOB B IIPOLIECCE OCBOCHUS TUCUUILINHBI «Du3nka
B (emepanbHOM TOCYAapCTBEHHOM OIO/DKETHOM 00pa3oBAaTENbHOM  YUYPEXKICHUH  BBICIIETO
obpazoBanus «Poccuiickuii skoHoMuYeckuil yauBepcuteT umenu I'.B. Tlinexanosay.

Tabmuua 5
Bupgel pabor MaxkcHMaJIbHOE KOJIHYIECTBO 0aJII10B
BeinonHenue y4eOHbIX 3aJaHUi Ha ayJUTOPHBIX 3aHATHSIX 20
Texyluii KOHTPOIIb 20
TBopueckuil peTHHT 20
Ipomexyrounas aTrectanus (3auem) 40
HUTOI'O 100

B cootBetrcTBUM ¢ [1070KEHUEM O PEUTHHIOBOM CHCTEME OLIEHKH YCIIEBAEMOCTH U Ka4eCTBA
3HaHUU OO0ydYarouMxcs «IpernojaBaTesb Kadeapbl, HEMOCPEACTBEHHO BEIyIIUNA 3aHSATHS CO
CTYJICHUECKOW TpyNmoi, 00s3aH MPOMH(POPMHUPOBATH TPYIIY O paCIPECTICHUN PEHTUHTOBBIX
0amIoB MO BCEM BHUJaM PAa0OT Ha MEPBOM 3aHATHH YYEOHOro MOAyNs (CeMecTpa), KOJIUYECTBE
MOAyJied TO0 Yy4yeOHOW IHCUMIUIMHE, Cpokax u QopMax KOHTPOJS UX OCBOeHUs, Qopme
MPOMEXYTOUYHOM aTTeCTallMH, CHIDKEHHWH OasioB 3a HECBOEBPEMEHHOE BBIMIOJIHEHUE BBIJAHHBIX
3amanuil. OOyuaroluecss B TeYeHHE Y4YeOHOro MOAyis (ceMmecTpa) HojydaroT HHGOPMAILHUI0 O
TEKyIlIeM KOJIMYeCTBE HaOpaHHBIX MO AUCHHUILIIMHE 0aJIOB uepe3 INYHBIA KaOUHET CTY/ICHTa.

VI. OHEHOYHBIE MATEPHAJIBL V51 HPOBEJAEHUS TEKYIIEI'O KOHTPOJISI A
IMPOMEXYTOYHOU ATTECTALIUA

OIICHO‘-IHI)IC MaTepHrabl MO AWCHUILINHE pa3pa60TaHH B cooTBeTcTBHU C IlojlokeHmeM o
(I)OH)IC OLCHOYHBIX MAaTCpHAJIOB B (I)C,Z[epaHBHOM TroCcy1apCTBEHHOM 6IOI[)KCTHOM O6pa3OBaTCJ'ILHOM
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YUpEXJEHUN BbICIIEro oOpa3zoBaHus «Poccuiickuil skoHOMHMuUeckuil yHuBepcuTeT umeHu [.B.
[InexanoBay.

Ilepeuens 6onpocoe Kk 3auemy:

1. Ilpeamer ¢puzuxu. Meroas! GpU3NUECKOTO UCCIETOBAHMS: OIBIT, TUIIOTE3a, SKCIIEPUMEHT,
TEOpusl.

2. Baxmneiimme stanbsl uctopun ¢puzuku. Ponb Qu3uku B pa3BUTHHM TEXHUKH W BIIUSHHE
TEXHUKHU Ha Pa3BUTHE (HUUKU.

3. Pasmepnocth pm3mueckux BenmuuH. OcHOBHBIC eauHUIBI CU.

4. Tlpeamer mexanuku. Kunematuka n quHamuka. Knaccudeckass mexanuka. dusnueckue
MOJIESIU: MaTepHualibHas TouKa (4acTula), CUICTEMa MaTepUaIbHBIX TOYEK, aOCOJIOTHO TBEPJIOE TEIIO,
crutomHas cpena. IIpoctpanctBo u Bpems. Kunematnueckoe onucanue ABwxeHus. [Ipsamonuneiinoe
JBUKEHHE TOUKH.

5. JIBMXKeHHEe TOYKH MO OKPYKHOCTH. YTJIOBas CKOPOCTh M yrioBoe yckopeHue. CKopocTh
U YCKOpPEHHE NpU KpHUBOJMHEIHOM aBMkeHuu. HopmanbHoe u kacarenpbHOe yckopeHue. Bekrop
YIII0BOM CKOPOCTH.

6. OcHoBHas 3amada auHAMHUKH. [loHATHE COCTOSHHS B KIACCHYECKOW MEXaHHKE.
VYpaBHeHUs JBUKEHUsA. Macca M uUMIyJdbC. ['paHHMIBI NMPUMEHHMOCTH KJIACCHYECKOIo crocoda
OINMCaHUs ABM)KEHUS YaCTHIL.

7. Tlepssiii 3akoH HbpIOTOHA M TOHATHE MHEPLUHUATHHONW CHCTEMBbI OTcuYeTa. BTopoil 3akoH
Herotona kak ypaBHeHue nBrxkeHus. Cuila Kak pou3BoHas uMmyibca. Tperuit 3akon Heiotona u
3aKOH COXpaHEHMs uMnyibca. HenHepuuanbHbele CUCTEMBI OTCUETA.

8.  Cwmusl B ipupoje. Knaccudukarus v mpumMephl CHIL.

9. 3akoH COXpaHEHMs HMIIyJIbca KaK (yHIAMEHTAIbHBIM 3aKOH NpUPOJbl. MOMEHT
HMITYJIbCA. 3aKOH COXPAaHEHHsI MOMEHTA UMITYJIbCca. MOMEHT CUiIbl. Y paBHEHUE MOMEHTOB.

10. PaGora u kuHeTnyeckas sHeprus. MouHocTh. CBS3b MEXy KHHETUUECKUMU YHEPTUAMU
B PA3JMYHBIX CHUCTEMax OTCYETa. DHEPrus IBWKEHHs Telna Kak Leaoro. BHyTpeHHsAs sHeprus.
KoHcepBaTuBHBIE M HEKOHCEpBaTUBHbIE cuibl. [loTeHIManbHas 53Heprus. 3aKOH COXpPaHEHUs
sHepruM B MexaHuke. Oo6medu3nyeckuil 3aKOH COXpaHEHUs SHEPTUH.

11. VpaBHeHUS IBMXKEHUS W PABHOBECHS TBEPJOrO Tela. DHEPrus IBMXKYILErocs Tea.
MOMEHT MHEPIMHU TeJIa OTHOCUTENIBHO OCU. BpalmaTenbHbIii MOMEHT.

12. OGmiue cBOHCTBA XKUAKOCTEH M Ta30B. YPaBHEHUS PABHOBECHS U JIBHKCHMS KHUJIKOCTH.
WneanbHas u BA3Kast )KUJIKOCTb.

13. Tuppocratuka HecKHMaeMOW >KUAKOCTH. KuHemaTmueckoe ONUCaHHE JBUKCHUS
*)uakocTu. CTallnoHApHOE JBIKEHUE UealbHOM kukoctu. KoadduimeHT BA3KoCcTH.

14. Teuenue xxuaxoctu no Tpyoe. @opmymna [lyazeitns. 3akons! nogobus. Popmysna Ctokca.
IMaapoarHamMuveckas HeyCTOMUUBOCTh. TypOyJIeHTHOCTb.

15. Vmopyrue nanpspkenus. 3akon I'yka. PacTspkenue u cxaTtue CTepKHEH.

16. /luHaMuyecKHe W CTaTHUCTHUYECKHE 3aKOHOMEPHOCTH B (Qu3uke. CTaTHCTHUYECKUU W
TEPMOJMHAMUYECKUI METObI. TeruoBoe ABMkKEeHHE. MaKpOCKONMYECKHUE TapaMeTPhI.

17. VpaBHeHue coctosiHus. BHyTpeHHsis oHeprus. VIHTEHCHBHBIE U SKCTEHCHUBHBIE
IapaMeTpBhl.

18. VYpaBHeHue cocTOsIHUS UleanbHOro ra3a. OCHOBHBIE 3aKOHBI HJI€aTbHOIO Ta3a.

19. JlaBnenue raza ¢ TOYKH 3pEHHUS MOJIEKYJISPHO-KHUHETHYECKOW Teopuu. MoleKyssipHO-
KMHETUYECKUI CMBICI TEMIIEPATYPBI.

20. Pacmpenenenne MakcBemia. Pacnpenenenue yacTull MO aOCOJMIOTHBIM 3HAYEHUSIM
ckopoctd. CpenHsiss KuHETHuYecKas 3Heprus uactull. CKOpoCTHM TEIUIOBOTO JBMIKEHMSI YaCTHULL.
Pacnpenenenune bonbivana. TermioeMKocTh ra3os.

21. OOparumble U HEOOpaTHMBbIE TEIIOBbIE Tporecchl. [lepBoe HaYad0 TEPMOIUHAMMKH.
DHTpONHs.

22. Btopoe Hauano TepMoauHaMuKH. TerutoBsle MammHbl. L{ukn Kapro. MakcumanbHbIH
KII/I TermoBoi MamuHbl. [IprHIIUMIT BO3pacTaHUs SHTPOIHH.
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23. Tlonstue o ¢usnmyeckorr kuHetuke. Jnddysus u temmonpoBogHocts. Kosdduument
muddy3uu. Koapdunuent remnonpoBogHoctu. TemnepatypornpoBoanocts. Juddysus B razax u
TBEPABIX Tenax. Bs3kocTh. JIMHAMUYECKHA W KHHEMATHYSCKUH KOA((UIMEHT BSI3KOCTH Ta30B U
JKUIIKOCTEN.

24. ®a3pl u (Qas3oBble MpeBpaiieHus. YciloBue paBHOBecus ¢a3. Da3oBble IUArpaMMEI.
VYpaBuenune Knaneiipona — Knaysuyca. Kpurndeckast Touka. MeractabuiibHble cocTosiHUS. TpoiiHast
TouKa. YpaBHeHue Ban-nep-Baanbsca. @a3oBbie Epexo/ibl BTOPOTO POJaA.

25. IlpeaMeT KiacCUYECKOW 3JIEKTPOJMHAMUKU. DJICKTPUUYECKUN 3apsi U HaNpsKEHHOCTb
anekTpudyeckoro mois. JuckperHocts 3apsana. 3akoH Kynowa. [lpuHuun cyneprno3unuu.
ONEeKTPUUECKUN JUMOJIb.

26. Dnekrpocrarndeckas Teopema ["aycca. Pabora anmekrpocrarnueckoro moss. Llupkysiaus
AJEKTPOCTATUYECKOTO TIOJIS.

27. Tlorennuan. CBsA3b TMOTCHIHANA C HANPSHKEHHOCTBIO DIIEKTPOCTATUYECKOTO  TIOJSL.
[IpoBOgHUK B 3JIEKTpOCTaTUUECKOM IT0JIe. MneanbHblii IPOBOAHMUK.

28. TloBepxHOCTHAas  IUIOTHOCTh  3apsiia. EMKOCThP ~ KOHJEHCATOPOB  pa3IMYHOU
TeOMETPUUECKON KOH(Urypanuu. DHEpPrusi B3aUMOJCHCTBUS 3JIEKTPUUYECKUX 3apsAfoB. DHEPrHs
CUCTEMBbl  3apsSOKEHHBIX  IPOBOJHUKOB.  ODHeprus  KoHJeHcaTopa. [IIOTHOCTH  3Hepruu
AJIEKTPOCTATUYECKOTO TTOJIS.

29. YcnoBue cymectBoBaHus Toka. 3akoHbl Oma u JDxoyns — Jlenma. CTOpOHHHE CHITBI
O/1C ranpBaHUYECKOTO 3j1eMeHTa. 3akoH Oma U1 y4JacTKa LIENM C TaJIbBAHWUYECKUM DJIEMEHTOM.
[IpaBuna Kupxroda.

30. Cuua Jlopenua u cwia Amnepa. Bekrop MarHuTHON MHAYKIUH. OCHOBHBIE ypaBHEHUS
MAarHeTOCTaTUKKM B BaKyyMe. MarHuTHOe MoJie MPOCTEHIIMX cucTeM. JIBH>KeHuEe 3apsKeHHOU
YacTULIBI B 3JIEKTPUUYECKOM U MAarHUTHOM IOJISAX.

31. BuToKk ¢ TOKOM B MarHUTHOM mosie. [loTeHIManbHas J>HEPrusi BUTKA C TOKOM BO
BHEIIHEM MArHUTHOM IIojie. Pamka ¢ TOKOM B OJHOpPOJHOM MAarHUTHOM Iojie. MOMEHT cui,
JICUCTBYIOILIMIA HA PAMKY.

32. VHOyKTUBHOCTH ATMHHOTO coieHouaa. Koadduuuent Bzaumuoi nnaykuuu. 3akon buo
— Cagapa. [Ipuniun cynepno3uiuu. MarHuTHoe 1oJje KpyroBoro Toka.

33. SIBneHue snekTpoMarHuTHOM WHAYKUUH. IlpaBuno Jlenna. MarHuTHas sHEprusi TOKa.
[nioTHOCTP MarHuTHOW H3Heprur. MonekynsapHabie Toku. Hamarnnuennocts. HampsbkeHHOCTB
MarHuTHOrO 1noJjsi. OCHOBHBIE YPaBHEHHS MarHETOCTATUKY B BEILIECTBE.

34. dapaneeBckas U MaKCBEUIOBCKAsl TPAaKTOBKA SIBICHHUS SJICKTPOMATHUTHOW WHITYKIIHH.
Tok cmenienus. Cucrema ypaBHeHuil Makcsesuia. Toku @yko.

35. IlonsTHe o KoJieOaTENBHBIX Mpolleccax. EJWHBIN MOAX0a K KOJCOAHUSM Ppa3TuIHON
¢usnyeckoil mnpuponabl. AMIUIMTYAA, KpyroBas dacToTa, (asa TrapMOHHYECKHX KoJeOaHuil.
CrnoxeHHue CKaJsIpHBIX U BEKTOPHBIX KOJIECOaHHIA.

36. MasaTHUK, Tpy3 Ha TpyxXuHe, KojeOarenbHbli KOHTYp. CBOOOIHBIC 3aTyXaromue
konebanus. Koaddumument 3atyxanus, mrorapuMuUIecKuii AEKPEMEHT, T0OPOTHOCTb.

37. BwIHYXIECHHBIEC KOJICOAHUSI.

38. DneKTpoMarHuTHBIE KOJeOaHuUs.

39. Bomnnsl. [lnockas cranmmonapHas BonHa. [Imockasi cuHycounanbHas BoiHA. berymue u
cTosture BoJHBI. Da3oBasi CKOPOCTh, JUTMHA BOJIHBI, BOJIHOBOE unciio. Dddekt Jlommiepa.

40. OcHOBHBIE 3aKOHOMEpPHOCTH TE€OMETPUYECKOW ONTHUKHU. 3aBKOHBI PaCHpOCTPAHEHUS
CBeTa.

41. Cdepuueckue U UWIHHIpHUYECKHE BOJIHBL. MHTEpdepeHuss MOHOXpOMAaTHUECKUX BOJIH.
Korepentnocts. HMurepdepenuuss BomH. HMHTepdepomerprl. BpemenHoe ©  cHekTpaibHOE
paccMoTpenre uHTephepeHIIMOHHBIX sBieHui. [lpuHnun [Moiirenca — ®penens. [IpubmmkeHue
Openens. [Tpubnmxerne OpayHrodepa.

42. Tlpocteie 3amaun audpaknuu: gudpaknowss Ha OJHOM W HAa MHOTHX  IIIEIIAX.
Hudpakimonnas pemerka. Jdudpakmuss Ha kpyrinom otBepctuu. udpaxmus DpayHrodepa u
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CHEKTpaJIbHOE pasnokeHue. JludppakunoHHas pemieTka C CHHYCOMJAIBHOW IPOITYCKAaeMOCTBIO.
[Tpunnun ronorpaguu.

43. Pacmpoctpanenne cBera B BemiectBe. Jlucmepcus cBera. [lormomenue cBera.
IIpo3paunbie cpeapl.

44. Tlonspuzauus BOJH MPU OTPAKEHUU. DJIEMEHTHl KPUCTAITIOONTHKHU. DJIEKTPOOIITHYECKUE
U MarHUTOOINTUYECKUE SIBIICHUS.

45. [lpotuBopeunsi kiaccuueckod ¢usuku. [IpoGnembl U3IydeHHs] YEPHOTrO Tela.
dotoanekrpuueckuii 3¢ ek, crabuIbHOCTh U Pa3Mepbl aTOMA.

46. 3akonsl Kupxroda, Credana-bonbimana, BuHa ajis TETIIOBOTO H3JTYICHUS.

47. OtkpeiTue noctosiHHOU Ilnanka. KBantoBast MexaHuka. PensiTUBHCTCKas MeXaHHKa.

48. DneMeHTHI CreUabHOW TEOPUH OTHOCUTEIILHOCTH.

49. CrpoeHue aTOMHOTO siipa. ATOMHas pU3MKa U SHEPreTHKA.

50. TToctynater bopa. JIuneiigarbie ciekTpsl aToMOB. [IpHHIIMTT COOTBETCTBHSL.

51. SBnenue gorosdpdekra. OnpiTel CroseToBa, 3akoHb! GoTodhdekTa.

52. DnemeHTapHas KBAHTOBAs TEOPHS M3ITydeHHs. TermoBoe paBHOBECHE U3TYUCHUS.

53. T'mnotesa ne bpoins. JJudpakuus snexrpono. Audpaxius HeTpoHOB. COOTHOLICHUS
HeomnpezaeneHHocTel. BogoponononoOHeie  atombl.  DHeprernyeckue ypoBHU. lloTeHuumanbl
BO30YKJICHUS 1 MOHU3AIUH.

54. Cnektpsl BOIOpoAonoa00HbIX aToMOB. [IpocTpaHcTBEHHOE pacmpe/ieieHue dIEeKTPOHa B
aToMe BOI0poJa. TUIIBI CBSI3U 2JIEKTPOHOB B aTOMAaX.

55. IMpunuun Ilaymu. [lepuoauueckas cucrema snementoB JI. M. MengeneeBa. Monekyna
Bosoposa. OOMEHHOE B3aMOICHCTBHE.

56. dusmyeckas Mpupoia XUMUIECKOM CBsI3U. MIOHHAst 1 KOBaJICHTHAS CBSI3H.

57. Crpoenue aToMHBIX sifiep. DEHOMEHOIOrHYECKHe MOJICIHU SApa.

58. Snepnble peakiuu. MeXaHU3MBI SICPHBIX PEAKIIHHA.

59. PanmoakTuBHBIE TpEBpalleHHUs] aTOMHBIX siAep. Peakuus sgepHoro aenenus. llenmHas
peakmus aenenus. Saepueiit peaktop. [IpoGiema HCTOUHUKOB SHEPTUH.

60. Ponp poccuiiCKUX ydeHBIX B CTaHOBJIEHUHM (u3uKU. Poccuiickue ydeHble — jaypeaTsl
HobGeneBckoit npemun no usuke.

61. I'mnotesa ne bpoiuia. udpakuus snekrpoHos. Judpakiys HeHTpOHOB

62. Bomopoomnogo0Hbie aTOMBI. DHepreTHUeckue ypoBHHU. [loTeHIMambl BO3OYKICHUS W
HMOHM3ALUHU.

63. CrekTpsl BOZOpO10MI0100HBIX aTOMOB. [IpocTpaHcTBeHHOE pacipeneieHue 3JIeKTpoHa B
aToMe BOoopoja. TUIIbI CBSI3U 3JIEKTPOHOB B aTOMAaXx.

64. Tlpunnun [Taynu. Monekyna Bogopoaa. OOMEeHHOE B3aUMO/ICHCTBHE.

65. Ilepmoaunueckas cucrema snemeHToB . 1. Menneneesa.

66. duszmyeckas nMpupojia XUMUIECKOM CBsI3U. MIOHHAst 1 KOBaJICHTHAs CBSI3H.

67. CtpoeHue aTOMHBIX sifiep. DeHOMEHOIOrHYECKHEe MOJICNHU SApa.

68. Snepnble peakiuu. MeXaHU3MBI SICPHBIX PEAKIIHHA.

69. PanmoakTuBHBIEC pEBpaIllEHHsI ATOMHBIX siiep. Peakius siepHoro qeneHus.

70. llemnas peaxius aenenus. Snepusiii peaktop. [IpodieMa HCTOYHHUKOB YHEPTHUH.

71. Poab pocCUIICKHX YYEHBIX B CTAHOBJICHHH (DU3UKH.

72. Poccuiickue ydeHble — naypeatbl HoOeneBckoi mpeMun 1o Gpusuke.

Tunoevie npakmuieckue 3a0aHUs K 3auemy

1. Ha pucynke R;=120m, R,=150mM, R3=130mMm, E1=12B, E2=32B. Haiitu TOK 4epe3
pesuctop R3
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2. Haiitn ypaBHEHHE TpacKTOpUU TOYKH Y(X), €CIIM OHa JBHXKETCS MO 3aKOHAM:
x=Asinot, y=Acosot. N300pa3uth rpaduk 3To# TpacKTOPUH.

3. Koneco karurcst mo TOPU3OHTAIILHOW TOBEPXHOCTH 0€3 MPOCKaIb3bIBAHUS CO
CKOPOCTBIO 2 M/c. MTHOBEHHAsI CKOPOCTh TOUKH, HAXOSIIEHCS Ha BEPIIMHE Kojleca paBHa?
4, JlBa Tema maccamm m; = 1 KT ¥ mp = 2 Kr IajgalT C OAWHAKOBOM BBICOTHI 03

HauaJbHOU CKOpOCTH. UeMy paBHO OTHOLICHHME BEJIMYMH KUHETHYEcKoi 3Hepruu ten Exi:Ex; B
MOMEHT CTOJIKHOBEHHMSI C MOBEPXHOCThIO? CONPOTUBICHUEM BO3yXa MOKHO IIPEHEOPEUb.

S. Koneco karuTcs MmO TOPU3OHTAIBHOM MMOBEPXHOCTH 0€3 MPOCKAIb3bIBAHUSA CO
CKOpPOCTbIO 2 M/c. MIHOBEHHasi CKOPOCTb TOYKHM, HaXOJAILIEHCS B MECT€ KOHTAaKTa Kojeca C
MIOBEPXHOCTBHIO paBHa?

Ilepeuens nadbopamopuvix pabom

JlabopaTtopnas padota Ne 1 «OnpezeseHre morpemHoCcTel mpyu U3MEPEHUSIX.

JlaGopatopnas pabota Ne 2 «VccienoBanue KOcoro yjapa 0 HakJIOHHYIO INIOCKOCTbY.

JlaGopaTtopnas pabota Ne 3 «Ympyruii ynap maposy.

JlaGopatopHas pabota Ne 4 «OnpeeneHe MOMEHTOB HHEPLIUU METOJIOM KOJIEOaHU.

Jlaboparopuas pabora Ne 5 «Ompexnenenue paavyca KpUBHU3HBI BOTHYTOM IMOBEPXHOCTHU
METOJIOM KaTaroILEerocs apuKay.

JlaGopaTtopnas pabota Ne 6 « BraxHOCTh BO3/TyXa U METO/IbI €€ U3MEPEHUS.

JlaGopatopHas pabota Ne 7 «Ompenenenue nokaszareis aauadbatel mMerogoMm Kiemana u
He3opmay.

JlaGopatopnast pabora Ne 8 «Ompenenenue ko3(p@uiMeHTa MOBEPXHOCTHOTO HATSKEHUS
BOJIbl METOJIOM OTPBIBA KOJIBLIAY.

JlaGopatopHnas padora Ne 9 «Omnpenenenue ko3pduimeHTa BI3KOCTH KUIKOCTU MO METOILY
Crokcay.

JlaGopatopnas padora Ne 10 «Omnpenenenue BI3KOCTH BO3AyXa, CpeHEl AITMHBI CBOOOIHOTO
npobera MoJIeKyJ U uX 3PPEeKTUBHOTO AHAMETPay.

Jlaboparopnas pabota Ne 11 «MocTOBO#T METOA U3MEPEHUI.

JlaGopatopnass padora Ne 12 «M3yueHue sBICHUS DSJICKTPONPOBOIHOCTH M OTMPEICICHUE
YIEIBHOTO CONPOTUBIICHUS METAIIIa.

JlaGopatopnas pabora Ne 13 «M3ydeHne 3aKOHOB K0JI€OATEIBLHOTO JIBH)KCHHSI C TTOMOIIBIO
MaTEMaTHYeCKOTO MasTHUKAY.

JlaGopatopnast pabora Ne 14 «OmnpeneneHrue yCKOpeHHUsI CBOOOJHOTO MAJACHHUS C MTOMOIIBIO
(hU3HYECKOTO MASITHUKAY.

JlaGopaTtopnas pabota Ne 15 «3yduenue konebanuii mpy>KMHHOTO MasiTHUKA.

JlaGopatopnass pabora Ne 16 «OmnpeneneHue UIMHBI CBETOBOM BOJHBI IPH TOMOUIH
TUGPAKIIMOHHON pEeHIeTKI.

Jlabopatopnass pabora Ne 17 «OmpeneneHue KOHIGHTPALUMU PacTBOPOB IMPHU IOMOIIH
MOJIAPUMETPAY.

Jlaboparopnas pabora Ne 18 «V3mMepeHHe BBICOKUX TEMIIEPATyp C TMOMOIIBID ONMTHYECKOTO
MIUPOMETPAY.

JlaGopatopnass pabora Ne 19 «CHsATHE XapakTEepUCTHK M OINpEJAEICHUE IapamMeTpoB
(dhoTodmeMeHTay.

JlaGopatopnas pabota Ne 20 «M3yueHue crekTpa BOJIOpOAAa M ONPEACIICHHE MOCTOSHHOMN
Punbepray.

Tunoevie mecmoeguie 3a0anu:
1. MarepuanbHas TOUKa — 3TO:
a) TeJo, BpalllEHHEM KOTOPOTO0 MOXKHO MpeHeOpeyb;
0) Teno, pazMepaMu KOTOPOTO B YCIIOBHUSAX JAHHOM 3a/1aud MOXKHO MPEHEOpEeUb;
B) TEJIO, MOCTYNATEILHBIM JIBIXKEHUEM KOTOPOTO MOKHO MPEeHEOpeYb;
T') TeJI0, HAXOAIIEeCs] B COCTOSTHUU TTOKOSI.
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2. Knaccuueckast MEXaHUKa U3y4daeT:

a) 3aKOHBI JBWKEHHMSI MaKpOCKOIMYECKHUX Tell, CKOPOCTH KOTOPBIX Majibl 10 CPAaBHEHHIO CO
CKOPOCTBIO CBETa B BAKYYME;

0) 3aKOHBI IBUKECHUS OTACIbHBIX ATOMOB UM JIEMEHTAPHbBIX YaCTHLI,

B) 3aKOHBI JBHKEHHSI MAKPOCKOMMYECKHUX TeJl, CKOPOCTU KOTOPBIX CPABHUMBI CO CKOPOCTHIO
CBETa B BaKyyMe;

I') 3aKOHBI JIBUYKEHUS BOJIH, CKOPOCTh KOTOPBIX PaBHA CKOPOCTH CBETA.

3. IloctynarenpHOE JBUKEHHUE — 3TO:

a) IBUKEHHE, IPU KOTOPOM BCE TOUKH TeJIa IBUXKYTCS 110 OKPY>KHOCTH;

0) ABMXKEHME, IPH KOTOPOM BCE TOUKH TeJa ABMXKYTCS 110 SJUIUIICAM;

B) JBIDKEHUE, IPU KOTOPOM BCE TOUYKHU TeJa JBUKYTCS IO CUHYCOUE UM KOCUHYCOU/IE;

r) JBWKEHHE, IPU KOTOPOM IIpsiMasi, COEAMHAIOIIAs JBE€ TOUYKHU Tela, IepeMELaeTCs
napajuiesibHO caMoil cele.

4. Monysb MTHOBEHHON CKOPOCTH PaBEH:

a) MepBO MPOU3BOJHON pasnyca — BEKTOpa ABMKYIIEHCS TOUKH 110 BPEMEHH;

0) BTOpO# NMPOU3BOAHOM pajiyca — BEKTOpa ABMXKYLIEHCS TOUKH 110 BPEMEHH;

B) BTOPOM NMPOU3BOIHOM MYTH 110 BPEMEHU;

I') IEPBOW IIPOU3BOJHON ITyTH 110 BPEMEHHU.

5. [lonHOE yCKOpEeHHE Tella MOKET OBITh OMpeIeIeHO 1Mo hopmyIe:

a) a=.a’+a’ ;

6) a =R ;
do

B) a=— ;
dt

r) a=eR.

6. MexaHn4eCKUM JIBUJKEHUEM HA3bIBACTCA:

a) IBI)KEHHE DJIEKTPOHA B aTOME;

0) ABMKEHME Tena 10 NPSMOH JINHUH;

B) JBMD)KEHUE Tella IO OKPYKHOCTH;

') I3MEHEHNUE C TEYEHUEM BPEMEHHU B3aUMHOT'O PACIIOJIOKEHHS TEN UM UX YacTel.
7. IIpumepom puU3NUECKON MOJIEIH B MEXAHUKE SIBIISIETCS:

a) abCOJIOTHO TBEPJOE TETO;

0) Teno Ha HAaKJIOHHOM TIOCKOCTH;

B) T€JO, NOJBELICHHOE HAa HUTKY,

I') HOKOSIIEECs Teo.

Ilpumepwt 6onpocoe 01a onpoca:
3akonbl M. HpI0TOHA B KITaCCHUYECKOM MEXaHUKE.
Hcnonp30BaHre ONTUYECKUX CBOMCTB MUIIEBBIX MPOIYKTOB JIJII HCCIIEIOBAaHUS UX KAaUECTBA.
[IpuMeHeHue 31eKTPOMarHUTHBIX SIBJICHUM JJI UCCIEAOBaHUs KaueCTBA MUILEBBIX
MPOAYKTOB.

Ilpumepvr munoewvix 3a0anuii 011 KOHMPOALHOU PAOOMbL.

1. OcoGennoctu rtpaduka (YHKIMM PpACTpPENENeHUs BEIMYUHBI CKOPOCTH MOJIEKYIT
U7eaIbHOTrO rasa.

2. JlaBieHue rasa ¢ TOYKU 3PEHHS MOJIEKYIIIPHO-KHHETHYECKON TEOPHH.
3. Knaccu@ukanus u ycTpoHCTBO TEIUIOBBIX MAIIKH.

4, OGparumble 1 HEOOPATHMBIE TETIIOBBIE MPOIIECCHL.

5. OCHOBHBIE THIIBI TEMIOOOMEHHBIX AMAPATOB.

Temamuxa 0oxkn1aooeé.
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GOk wdE

JlnHaMWYeCKHe U CTATUCTUYECKHE 3aKOHOMEPHOCTH B (PU3HKE.

I[aBJ'ICHI/Ie Traza ¢ TOUKHU 3pCHUA MOHGKYJIHPHO'KI/IHGTPI‘ICCKOI;'I TCOpHH.

MoteKyIapHO-KHHETUYECKUIA CMBICT TEMIIEPATYPHI.
[lepBoe u BTOpOE HA4YaJIO0 TEPMOIUHAMUKHU.
[uxn Kapro. Makcumanshubiii KITJI TeninoBoit MalvHel.
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TunoBasi CTpPyKTypa 3a4eTHOI0 3aJaHUS

Haumenosanue OUECHOYHO020 mamepuajia

Makcumanovrnoe Konuuyecmeo
oannoe

Bonpoc 1 YpaBHEeHHE COCTOSIHUSA HJeaIbHOro ra3za. OCHOBHBIE
3aKOHEBI UJ€aILHOI0 ra3a.

10

Bonpoc 2 Wnrepdepenuuss BonH. KBazuMoHOXpomaTHUecKHe
BoTHBI. DyHKIHMS KorepeHTHOCTH. MHTEepdepoMeTprl. BpeMenHoe u
CHEKTPaIbHOE  PAacCMOTpEHHE HUHTEP(HEPEHIIMOHHBIX  SBICHUM.
Wutepdepentust  BomH.  KBa3MMOHOXpOMATHYECKHE  BOJHBI.
OyHkuus korepeHTHOCTH. HTepdepomeTprl. BpeMeHHOE U CEeKT-
paslbHOE PaCCMOTPEHNE HHTEP()EPCHIIMOHHBIX SIBICHUIA.

10

Ilpakmuueckoe 3adanue 3aMkHyTas Karymka u3 100 BuUTKOB
mromaaeo 10 om? MOMEIIIEHAa B OJHOPOJHOE€ MAarHUTHOE IIOJE,
NEePHNEHAUKYISIPHOE  IJIOCKOCTHM  OCHOBaHMs — KaTywmiku. [lpu
n3MeHeHnn MarautHoro moist Ha AB =0,1 Tin3aspems At= 0,1
¢ B karymke Bbigensercs 0,001 Jlx rtemnorsl. Yemy  paBHO
COTIPOTUBJICHUE KATYIIKH.
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Iloka3aTeu U KpUTEPUHU OLICHUBAHMS IVIAHMPYEMbIX Pe3yJIbTATOB OCBOCHHMS KOMIIETCHIUI U Pe3yJbTATOB 00y4YeHus,
IIKAJ1a OLeHUBAHUSA

Tabmuma 6
Ikana oueHUBaHUA DopmMupyemMble NHaukaTop 10CTHKEHUSA Kpurepun oneHuBaHus YpoBeHb 0CBOEHUS
KOMIIETEHIINH KOMIIETEHITNHT KOMIIETEeHIN
OIIK-2. Criocoben OIIK-2.2. Ucnons3yet OIIK-2.2. 3-1. 3HaeT BepHO W B NHOJHOM OOBEME
IPUMEHATH OCHOBHBIE OCHOBHBIE (DPU3UKO- OCHOBBI (PM3UYECKUX, XHUMHUYECKUX, (PHU3uKO-
3aKOHbI U MCTO/bI XUMHUYCCKUEC U XUMHYCCKUEC | XUMUUYECKUX U 6I/IOHOFI/ILICCKI/IX METOO0B JIs
uccIeI0BaHHH METO/IbI aHaTTH3a T _ | 'HCTpYMEHTAJIbHOM  OLECHKM  TIOKasarele
CCTECTBEHHBIX HAYK JUIs | pa3spabOTKH, HCCICAOBAHUH | 1ayecTBa 1 6e30HACHOCTH PO YKL
petieHus 3aaaq Y 3KCIEPTHU3bI TPOIYKIIUU
86521;;;)(;0 «3aYTECHO» gepf?iiiiliociiﬂb}mﬂ Egie;::;:;?;s;?;::ﬂﬂ 1 | OIIK-2.2. V-1. Ymeer BEPHO U B MOJIHOM 00bEeMe IIponBuHYTHI
NPOBOJUTh  CTAHAAPTHBIE UCHOBITAHUS IO
OIIpEAECIICHUIO rokazaresieit ¢busuKo-
MEXAHUYECKUX 51 (HDUBUKO-XUMHYECKUX
CBOMCTB HCIIOJIB3YEMOTO CBIpb,
noyry()abpuKkaToB W TOTOBOM  MIPOIYKITUH
TIUTaHUS
OIIK-2. Cnocoben OIIK-2.2. Ucnonb3yet OIIK-2.2. 3-1. 3HaeT ¢ HE3HAYUTECIBbHBIMU
MIPUMEHSATH OCHOBHBIC OCHOBHBIE (PH3HKO- 3aMeYaHUSIMHU OCHOBBI bU3HYECKUX,
3aKOHBI ¥ METOJIBI XMMHUYECKUE U XUMHYECKUE | XUMHYECKUX, (pU3MKO-XUMHUECKHX "
UCCIIeIOBAaHUM METOBI aHAIH3A JIJIS GHOTOIMUECKIX METO/IOB s
€CTECTBEHHBIX HAYK Ui | pa3pabOTKH, UCCIIeIOBaHUN MHCTPYMEHTAIBHOH  OLEHKH  MoKasaTeneil
PCILICHHA 3a1at H OKCTCPTHSBI LIPOMLYKIHMH 1 yayectRa 1 Ge30macHOCTH MPOAYKIUH,
70_84 poeCCUOHAIBHOM OOIIECTBEHHOTO MMUTAHUS U )
SaILIoB «3aYTCHO» | JAESITEIbHOCTH HCIIOJIB3YEMOTO CHIPhS OMK-22. V-1. VMeer ¢ He3HAUHTCILHLIMA T[TOBBILIIEHHBIH
3aMeYaHUSIMU MIPOBOJIUTH CTaHJapTHHIE
UCIIBITAHUS 110 OINPEICICHUI0 IOKa3aTesen
(HDU3UKO-MEXaHUYECKUX M (PU3HKO-XUMHUECKHUX
CBOMCTB HCIIOJIb3YEMOTO CBIpb,
noyry()abpuKkaTtoB W TOTOBOM  MIPOIYKITUU
TIUTaHUS
OIIK-2. Crocoben OIIK-2.2. Ucnonb3yet OIIK-2.2. 3-1. 3maer Ha 0a30BOM YpOBHE, C
Zgn—ngg «3a4T€HO» | NPUMEHATH OCHOBHBIC OCHOBHBIE (PU3HKO- omuOKaMu OCHOBBI (PU3UYCCKUX, XUMUUYCCKHUX, BasoBbrit
3aKOHBbI 1 MCTO/bI XUMHNYECCKHUEC U XUMHNYCCKHUEC (1)I/I3I/IKO'XI/IMI/ILICCKI/IX u 6HOHOFHqCCKHX




HCCIIeIOBaHU N
C€CTCCTBCHHBIX HAYK IJId
pelieHus 3a1a4

PO EeCCHOHATTEHOM
JeSITeNbHOCTH

METO/IbI aHAITU3a JUIS
pa3paboTKH, UCCIETOBAHUI
U DKCIIEPTU3BI IPOAYKIUU
0OIIECTBEHHOTO MTUTAHUS U
HCTIOJIE3YEMOTO ChIPhSI

METONOB IS
nokasarelien
NPOAYKIIUH;

WHCTPYMEHTAJIBHOW  OLICHKHU
KayectBa U 0€30MacHOCTH

OIIK-2.2. ¥Y-1. VYmeer Ha 0a30BOM YpOBHE, C
omunbKaMu MIPOBOJIUTH CTaHJapTHBIE
WCIBITAaHUS TI0 ONPENETICHUI0 [OKa3aTesen
(hbUBUKO-MEXaHNYECKUX U (PU3HKO-XUMHUIECKIX

CBOWCTB HCIOJIb3YEeMOTO CBIPBS,
nonyaOpukaTtoB W TOTOBOM  MPOIYKIIHH
MTUTAHUS

MeHee 50
OayuIoB

«HC
3a4TCHO»

OIIK-2. Crocoben
HpI/IMCHHTB OCHOBHBIC
3aKOHBI 1 METOJbI
HCCIIeJOBAHMI
€CTECTBEHHBIX HAYK JJIs
peleHus 3a1a4
npoeccuoHaTbHON
EATENBHOCTH

OIIK-2.2. Ucnonb3yer
OCHOBHEIE (pr3HKO-
XMMUYECKUE U XUMUYECKHUE
METOAbI aHaIU3a JUIs
pa3pabOoTKH, HCCIICTOBAHMI
M 9KCIIEPTU3BI POIYKINU
00IIeCTBEHHOTO MTUTAHUS U
HCTIOJIB3YEMOTO CBIPbSI

OIIK-2.2. 3-1. He 3Haer Ha ©0a30BOM YpOBHE
OCHOBBI (PM3UYECKUX, XHUMHUYECKUX, (hu3mKo-
XUMUYECKUX U OMOJOTHYECKUX METOJOB JIs
WHCTPYMEHTAJIBHOM  OLIEHKH  I[IOKa3aTelsei
KauecTBa M 0€301aCHOCTH MPOAYKIIUY;

OIIK-2.2. V-1. He ymeer Ha 0a30BOM ypOBHE

MPOBOJUTh  CTAHAAPTHHIC HWCIBITAHUS 10
OTIpeJICIICHUIO nokaszaTeyen (usuKo-
MEXaHUYECKUX u (U3UKO-XMMHYECKIX
CBOMCTB HCIIOJIE3yEMOI0 CBIPbA,
nonyaObpukaTtoB W TOTOBOM  MPOIYKIIHH
IINTaHUus

Komnerenun He
c(hopMHpPOBAHEI
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MuHHCTEpPCTBO HAYKH U BbIciero oopasosanus Poccuiickoii @egepauun

(penepasibHOE rocyapcTBeHHOE OIOAKETHOE 00pa30BaTe/IbHOE YUPeKIeHHE
BbICIIIET0 00pa30BaHUSs
«Poccuiicknii 5JkoHOMUYecKuil ynusepcuter umenu I'.B. Ilnexanosa»
Kpacnonapckuit puimana PIY um. I'.B. Iliiexanosa

dakynpTET 5KOHOMUKHU, MEHEJKMEHTA U TOPTOBJIH
Kadenpa ToBapHO#i 3KCIEpTU3bI, TEXHOJIOTUU TOPTOBIIM U PECTOPAHHOTO OM3HECA

AHHOTAIIMSA K PABOYEH ITPOT'PAMME JUCIUILIAHBI

51.0.08 ®U3HUKA

HanpasJjenue noaroroku 19.03.04 TexHosiorusi NpoayKIuu U OPraHu3anus
00IIECTBEHHOI'0 NUTAHUS

HanpasiaenHocts (mpoguib) nporpaMmmal
«TexHo10TUA ¥ OPraHu3anMs PECTOPAHHOI0 OM3HeCa»

YpoBeHb BbICHIEro 00pa3oBaHus bakanaspuam

Kpacnomap — 2025 r.



1. Heap u 321241 TUCHUILIHHBI:

Lenpto mucummmuabl «@Pusuka»: sBIseTcs (OPMUPOBAHUE CHOCOOHOCTEH MPHUMEHSTH OCHOBHBIC
3aKOHBl (PM3UKU U (PU3MUECKUE METOIBl MCCIECJOBAHUI Ui peIIeHUs 3a1ad NpogecCHOHATBHON
JEATEIbHOCTH.

3agaun AUCHMIUTHHBL «DU3HKa»:

- U3y4€HHUE OCHOBHBIX (PM3MUECKUX U (PUIUKO-XUMHUYECKHX METOAOB JJISI HHCTPYMEHTAIBHOM OIICHKH
MOKa3aTesnei KauecTBa U 0€30MaCHOCTH MPOAYKIHH;

- U3yY€HHE OCHOBHBIX (PU3UKO-XMMHUYECKHX U (PU3UUYECKUX METOJOB MOBBIMECHUS YPPEKTHBHOCTH
TEXHOJIOTHI B PECTOPaHHOM OHM3HEce.

2. Coaep:xkaHue TUCHHUILINHBI:

Ne
w/ HaumenoBanue pa3iesioB / TeM TUCHHUILTHHBI
1 Ou3nyecKrue OCHOBBI MEXaHUKH
2. MonexymsipHasi GU3UKa 1 TEPMOIMHAMHKA
3. DIEKTPUYECTBO U MAarHETH3M
4, ®dusuka KonebaHui 1 BOJIH
S, KBanrtoBas u atomHas ¢usuka

TpynoemMkocTh AUCHMILIUHBI cocTaBJsieT 3 3.e / 108 yacoB

dopma KOHTPOJIS — 3a4eT

CocraBuTeib:
JlotieHT kadeapbl TOBApHON HKCIIEPTU3BI, TEXHOIOTUN TOPTOBIH M PECTOPAHHOTO OH3HECA
Kpacuonmapckoro punuana POY um. I'.B. [1nexanosa B. I1. Tanbpko

29




