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1. HAMMEHOBAHME U IEJIb OCBOEHHUA JUCIUIIVINHBI

VyeOnass nucuurmHa «®Pusuka» HU3ydaercs OO0y4aloUIMMHCS, OCBAaWBAIOIIMMHU
oOpa3zoBatenpHyto mnporpammy «llpuknannas wuHdopmatuka» no upodwio IIpuxnagHas
uHpOpMAaTHKa B HOKOHOMHKE B COOTBETCTBHMH ¢ DenepaibHbIM TOCYAAPCTBEHHBIM
00pa3oBaTeNbHBIM CTaHAAPTOM BBICIIEro oOpa3zoBanus mo HampasieHuto 09.03.03 [puxnagHas
uHPOpPMATHKa, YTBEP)KICHHBIM IPUKAa30M MuHUCTepcTBa oOpa3oBaHus W Hayku P®D ot
19.09.2017 N 922 (®I'OC BO 3++).

OcHoBHas 1eMh y4eOHON IUCHUIUIMHBI COCTOMT B TOM, YTOOBI JaTh OOYyYarOIIUMCS
yIiyOJICHHOE M3Y4YeHHE OCHOB (M3MKH, TaK KakK (PU3MKa CO3/1aeT YHHBEPCAIbHYIO 0azy s
OOLIEMHKEHEPHBIX TUCHUIUIMH, 3aKJIabIBacT (PyHIAMEHT MOATOTOBKH COBPEMEHHOI'O HHKEHEpa
U JIaeT LIeJbHOE MPE/ICTaBlIeHUE O (GU3UUYECKUX 3aKOHAX OKPYKAIOLIET0 MUPA B UX €IUHCTBE U
B3aMMOCBSI3M, BOOPYXA€T CTYAEHTOB HEOOXOAMMBIMU 3HAHMSIMHM Ui PEIICHUS Hay4HO-
TEXHUYECKHUX BOIIPOCOB B TEOPETUUECKUX U MPUKIIAIHBIX aCTIEKTaX.

W3yuenne y4eOHOW MUCHMIUIMHBI HANpaBICHO Ha TOATOTOBKY OOyYaroImuxcs K
OCYIIECTBJICHUIO JEATEJIBHOCTH MO KOHILENTYyalbHOMY, (DYHKIHOHAJIBHOMY U JIOTUYECKOMY
MPOEKTUPOBAHUIO CHUCTEM CpPEIHEr0 M KPYMHOro Maciitaba U CIO0XKHOCTH, IJIAHUPOBAHUIO
pa3pabOTKH WM BOCCTAHOBJICHUSI TPEOOBaHWN K CHUCTEME, aHAINW3y MPOOJIEMHOM CHUTYyaIlu
3aMHTEPECOBAaHHBIX JIMII, pa3paboTKe OM3HEC-TpeOOBAHUN 3aMHTEPECOBAHHBIX JIMII, TOCTAHOBKU
Heneil Co3MaHusl CUCTEMBbI, pa3pabOTKH KOHLEMIMM CHUCTEMBbl M TEXHHUYECKOTO 3aJaHus Ha
CHCTEMY, OpraHH3allMd OLEHKHM COOTBETCTBHS TPEOOBAHMSIM CYLIECTBYIOIIUX CHUCTEM H HUX
aHaJIOTOB, MPEICTABICHUIO KOHIICTIIIUH, TEXHUYECKOTO 3aJJaHUsl Ha CUCTEMY M M3MEHEHUH B HUX
3aMHTEPECOBAHHBIM JIMIAM, OPTaHM3ALMU COIJIACOBaHUs TpPeOOBaHMU K cHcTeMe, pa3paboTke
1a0JIOHOB  JIOKYMEHTOB TpeOOBaHM, IMOCTAaHOBKE 3aJaud Ha pa3paboTKy TpeOoBaHUH K
MOJICUCTEMAM M KOHTPOJIb UX KayecTBa, COMPOBOXKICHUIO MPUEMOYHBIX HMCIBITAHUN U BBOJA B
SKCIUTyaTaIldi0 CHUCTEMBI, 00pabOTKe 3ampocoB Ha HU3MEHEHHE TPeOOBaHMI K CHCTEME,
OTpeieNIeHHBIX MPO(eCcCHOHATBHBIM CcTaHAapTOM «CHCTEMHBIM aHATUTHKY», YTBEPKIACHHOTO
npukazoM MUHHCTEPCTBA TpyJa U colaibHoM 3amuThl Poccuiickoit ®enepanun ot 28.10.2014
N 8091 (Peructpannonnsiit Homep Ne34882).

2. MECTO JUCIUILINHBI B CTPYKTYPE OEPA3OBATEJIBHOM
IMPOI'PAMMBI

VYyebnas nucnumuinHa ®u3nka OTHOCHTCS K 00S3aTebHOM 4YacTH y4yeOHOTO IUiaHa M
n3y4daercs Ha 2 Kypce.

2.1. TpeGoBaHuUsI K TPEABAPUTEILHON TOATOTOBKE 00YJarOIIEroCs:

N3ydyennro maHHON y4eOHOW IWCHMILTUHBI 1O OYHOU (popMe MpeAIiecTBYeT OCBOCHHE
CIEIYIOMNX y4eOHBIX AWCHHUIUTUH: «Marematukay, «MaTemaTrueckas JIOTUKA M JAUCKpETHas
mareMaTHkay, «MHpopmaruka u nmporpammupoBanuey. [lapamienbHo ¢ yueOHOM AUCIUIUIMHON
«Du3uKa» U3y4aroTCs AUCHUILIMHBL «H(MOpMalMOHHBIE CUCTEMBI U TEXHOIOTHH», «Teopus
BEPOSITHOCTEM W MaTeMaTU4ecKas CTaTUCTUKa», «Teopus cUCTeM M CHCTEMHBIA aHaIHU3»,
«OnepalmoHHbIE CUCTEMBI».



2.2. ucruminHbl (MOAYJIN) M MPAKTHUKH, JUISI KOTOPHIX OCBOCHUE HAHHOW THCIIUTLIAHBI
(MomyJs1) HEOOXOAMMO KaK MPeIIIeCTBYIOMIEeE:

Pe3ynbrarel OCBOEHMS IUCHUIUTMHBI «DU3WKa» SBISIOTCS 0a30U I MPOXOKIACHUS
o0ydJarmuMucs MIPOU3BOJICTBEHHOMN MPaKTUKH: TEXHOJIOTHYECKOU (poeKTHO-
TEXHOJOTUYECKOW) H TPEIAUIUIOMHON, a TakkKe [UIsl HW3YYeHHs] YYeOHBIX JUCIUTUIMH:
«Meronyka MpPOBENEHUS HAYYHO-HCCIEAOBATEIbCKUX U OIBITHO-KOHCTPYKTOPCKUX padboT»,
«HTemnekTyanbHble  HUHPOpPMAIMOHHBIE  CUCTeMbl»,  «Cuctembl  HMHGOPMALMOHHON
0€30MacCHOCTH.

PazButne y oOydaromuxcsi HaBBIKOB KOMAaHAHOW  pabOThl, MEXIMYHOCTHOMN
KOMMYHHKAITUH, TPUHSATUS PEIICHUH, JUIEPCKUX KAYeCTB OOECIICUYMBACTCS UTCHHEM JIECKIIUM,
MPOBEJICHUEM 3aHITHI, COJAEpKaHUE KOTOPHIX pa3paboTaHO Ha OCHOBE PE3yJIbTaTOB HAYUYHBIX
WCCJICIOBAaHMA, TPOBOANMBIX IHCTUTYTOM, B TOM YHCJIE C YUETOM PErHOHAIBHBIX OCOOEHHOCTEH
npodecCHOHATBLHOM 1eATENTFHOCTH BHITYCKHUKOB M TOTpeOHOCTEl paboToaarenei.

3. INIAHUPYEMBIE PE3YJIbTATbBI ObYYEHUA 110 JUCHUIIJIMHE,
COOTHECEHHBIE C INTAHUPYEMBIMMH PE3YJIbTATAMHN OCBOEHMUAA
OBPA30OBATEJIbHOH ITPOT'PAMMBI

B pesynbrare OCBOGHHS AMCHUILIUHBI OOYYAIOIIUICS IO IMporpamme OakajaBpuara
JIOJKEH OBJIAJICTh:

- Cnocooen npumeniams eCcmeCcmeeHHOHAay4YHble U oﬁmeumfceuepnble 3HAHRUA,
Menoobl mamemamuiecKkozo anaiusza u Mooeﬂupoeanuﬂ, meopemuuecKozo u

IKCHEPUMEHMAILHO20 UCCNe008aHUs 6 npodheccuonanvhoii deamenvnocmu; (OIIK-1)

[Tnanupyemble pe3yiabTaThl 00y4eHHS MO AUCHUILTHHE

Popmupyemas [Tnanupyemble pe3yabTaTbl 00y4eHUs Ko pesynsTata
KOMIIETEHIUS 00y4YeHHs
3HaTh:
OCHOBHBIC YpaBHEHUSI KHHEMATUKU U TUHAMUKH, OIK-1-31
MEXaHWYECKUI MPUHIUIT OTHOCHTEIBHOCTH
CriocoGeH mpHMEHATS [lepBoe 1 BTOpOE Hauano0 TEPMOAMHAMUKH, TIOHATHE OIK-1-32

OHTPONMH U TCPMOJIUHAMHUYICCKOI'0 paBHOBECCHU S

€CTECTBEHHOHAYYHBIC
1 00IIEHH)KEHEPHBIC
3HAHUS, METObI

OcHOBHBIE 3aKOHBI AIEKTPUYECTBA U MAarHETU3Ma,
ypaBHeHUs MakcBesuia U ux GU3NIECKUN CMBICIT, OIIK-1-33
npuHuun I'ronrenca—Openens

MaTeMaTU4ecKoro =
AHAII3 I [Tpunuun Heonpenenennoctu I eitzendepra,
aBHeHue [lIpennnrepa, [loctynarst bopa
MOJICIMPOBAHUS, yp el pa, y pa, OIIK-1-34
npunun [aynu, Knaccudukanuio snemeHTapHbIx
TCOPETHHCCKOTO 1 YaCTHUL, KBAPKOBYIO MOJIENIb aJPOHOB
JKCIIEPUMEHTAJIBHOTO » KBAPKOBYIO P
YMerh:
HCCIEA0BaHUs B
. | [IpumMeHATh ypaBHEHUSI MEXaHUYECKOTO JBHKCHUS OIIK-1-V1
npodeccuoHaTbHON B —
IeATelbHOCTH BIBOJIUTH 3aKOHBI COXPAHEHUs U3 aHAJIM3a CBOMCTB OIK-1-Y?2
(OTIK-1) IIPOCTPAHCTBA U BPEMEHHU _
[IpoBOAUTH CTATUCTUUECKUMN IKCIIEPUMEHT U
CTPOUTH rpaMKH paclpeAesICHUN CITy4alHbIX
p paduKu pacrpen yd OIK-1-Y3

BEJIMYMH. PacCUnTHIBaTh MapameTpsl
MHTEp(EPEHIIMOHHBIX KAPTUH JIJIS 331aBa€MbIX




HCXOAHBIX JaHHBIX

PaccunThIiBaTh CTPYKTYpY JIEKTPOHHOM 000IOUKU U
XapaKTEPUCTUKHU CIEKTPAJIbHBIX JINHUN KOHKPETHBIX

OIIK-1-Y4
aTOMOB, OLIEHUBATh MOCIEACTBUS pacnaaa TsHKebIX
a5ep
Baaxers:
peuieHus 3a1a4 no pasneny MexaHuka u
TEPMOJIMHAMUKA OTK-1-B1
peuieHus 3a1a4 no paszaeny JIeKTPUIeCTBO U OITK-1-B2
Marunetusm
pelIeHus 3a1a4 1o pasaeny BoaHoBas onTuka OIIK-1-B3
pelIeHus 3a/1a4 10 paszieny DJIeMeHTbl GU3UKU OIK-1-B4

ATOMHOTO sAJpa U 3JICMCHTAPHBIX YaCTHUI]

4. OBPBEM JUCHUIIVINHBI B 3AYETHBIX EJIUHUIIAX C YKASAHUEM
KO/INYECTBA AKAJEMHUYECKUX YACOB, BBI/IEJIEHHBIX HA KOHTAKTHYIO

PABOTY OBYYAIOIIUXCHA C TIPENNIOJABATEJIEM (1O BUJAM YYEBHbIX

3AHATHUI) U HA CAMOCTOSATEJIbHYIO PABOTY OBYUAIOIIUXCS

OO6m1ast TpyI0eMKOCTh TUCIMIUIMHBI COCTABIISIET 4 3a4eTHBIX enuHuilbl (144 vaca).

Oo6mas B Tom uncne koHTakTHas paboTa ¢
TPyIOEMKOCTh MIPEeToIaBaTeIeM Cam. Popma N
Ne B B KonTposs pabora POMEKYTOUHOM
Bceero | JI | JIa6 | Cem | KoP | Konc | D aTTeCTaluu
3.. | 4Jacax
1 4 144 18 8 2 4 1,6 2 0,4 6,6 1194 DK3aMeH
Pacnipenenenne yaeOHOTro BpeMEHH 110 TEMaM U BUAaM YUEOHBIX 3aHATHI 3a09HAs
dbopma oOyueHus
HaumenoBanue KonTakTHas padoTa ¢ nmpemnojaBareieM dopmupyembie
Ne paszaenoB, TEM Beero > S Can. pgsynziaml
’ . | gyacoB | Beero | JI | JIa6 | Cem | KoP | Kouc | O | Pa0.
y4IeOHBIX 3aHATHI o0yJeHMSI
®du3nyecKkre OCHOBBI MEXAHHUKU
dusnueckue OIIK-1-31,
1. | oCHOBBI 21 2 2 19 OIIK-1-Y1,
MeXaHHUKH OIIK-1-B1
MonekynspHas pusmka u TepMoarnHaMUKa
MonekynapHas OIIK-1-32,
2. | dusuka 23 3 2 1 20 OIIK-1-Y2,
TepmonnHaMuka OIIK-1-B2
DNeKTpudYecTBO U MarneTusm
DIEeKTPHYECTBO U OIIK-1-33,
3. MarHerusm 23 3 2 1 20 OIIK-1-V¥3,
OIIK-1-B3
BonnoBas onTuka
OIIK-1-34,
4. | BoiHoBas onTHKa 23 3 1 2 20 OIIK-1-Y4,
OIIK-1-B4
DeMeHTHI KBAaHTOBOH MEXaHHUKU
DJIEMEHTBI OIIK-1-34,
5. | kBaHTOBOH 22,4 2 1 1 20,4 OIIK-1-Y4,
MeXaHHUKH OIIK-1-B4

DJIEMEHTBI (l)I/I3I/IKI/I ATOMHOTI'0 Apa U 3JICMCHTAPHLIX YaCTUI]




DNIEMEHTHI
(113637197
6. | aToMHOrO s7pa U 21 1 1 20
3JIEMEHTAPHBIX
JaCTHIL
IIpomesxyTounas arrecrarus (9K3aMeH)
7. | Dx3amen | 4 | 4 | ] | | 1,6 ] 2 |04] |

5. COJEP)KAHME JUCHMILINHBIL, CTPYKTYPUPOBAHHOE IO TEMAM
(PA3JIEJIAM)

Tema 1. ®usnyeckre OCHOBBI MEXaHUKHU

[Tpeamer duszuku. Metoasl pusznueckux uccinenoBanuii. Cuctemsl orcueta. Kunemarnka
MaTepUAIbHON TOYKU. YTJIOBBIE CKOPOCTh U yCKOpeHue TBepaoro tena. Cuibl. MHepiuansHas
cucreMa orcyera. JluHaMuKa MarepualbHOM TOUYkH. LleHTp Macc. YpaBHeHHE H3MEHEHUs
UMITYJIbCA MEXAHUYECKOW CHUCTEMBI. 3aKOH COXPAaHEHHs HMIyJabca. MoMmeHT cuibl. MOMEHT
MMITyJbCa MaTE€pPUAIbHOM TOYKM H MEXAHUYECKOM CHUCTEMBbL. YPAaBHEHHE MOMEHTOB
MEXAHUYECKON CHUCTEMBl. 3aKOH COXpPaHEHMsI MOMEHTA HMITYJIbCA MEXAHUYECKOM CHCTEMBI.
PabGoTa n xuHemarnueckas sHeprusi. Konceparupasie cuibl. [loTennmansHas sHeprus. Csi3b
MEX]ly TOTEHIMAIbHOM SHEprue M CWIOW. 3aKOH COXpaHEHUs JHEepruu. ['apmMoHMYeckue
koneOanus. CrokeHrue TapMOHWYECKUX KojieOaHui. CBOOOAHBIC HE 3aTyXalollue KOJICOaHWS.
DHeprusi W HMMIYJIbC TapMOHHYECKOTO ocimuiaropa. Pusznueckuii MasTHUK. CBOOOIHBIC
3aryxaromue KosebaHus. BpIHyXIeHHble KoneOaHus. MexaHW4Yeckuii pe3oHaHC. Buuel
MEXAHUUYECKUX BOJH. BonHOBoe ympaBieHue. OHeprus ynpyroil BosHbl. Crosdas BOJIHA.
[IpeobpazoBanus ['anunes. CrenuanbHasi TeOpUsl OTHOCUTENBHOCTH. IlocTynarel DiHIITEHHA.
[IpeobpazoBanust Jlopenuna. Kunemarnueckue creactBus u3 mpeoOpasoBanuii JlopeHna.
PensTUBUCTCKMIT 3aKOH CIIOXKEHHSI CKOpOCTed. B3auMocBsi3b Macchl U sHepruu. CBsi3b MEXKIY
MMITYJbCOM M DHEPTUEN PEIISITABUCTCKOM YaCTHIIBI.

Tema 2. Monexymsipaast ¢pusuka u TepMoanHaMuka

CrarucTuyeckuii M1 TEPMOJMHAMMYECKUH METOAbl M3YYEHHUS] MAKPOCKONMWYECKHUX TeJl.
Temnepatypa. Mneanbusiii ra3. OCHOBHOE ypaBHEHME KMHETUYECKOW TEOPUH MICATBHOIO rasa.
Pacnipenenenne sHEpruM Mo CTENEHSIM CBOOOABI MOJEKYI. BHYTpeHHssI 3HEprusi MaeanbHOTO
ra3a. [lonarue o cratuctuueckux pacnpeneneHusx. Pacnpenenenne Makcsemna. Oneit Ll tepHa.
Bapomerpuueckas ¢opmyna. Pacnpenenenune bonbumMana. DQQpeKkTHBHOE CEUCHHE MOJICKYIIBI.
CpenHee dHCIO COyHapeHW W CpemHss JOIuHa CBOOOAHOrO mpobera  MOJEKYIL
TennonpoBoAHOCTh M BA3KOCTH Tra3zoB. [uddy3us B raze. [lonstue o pusmdeckoM BakyyMme.
PaBHOBECHBIE TEPMOAMHAMUYECKHE CHCTEMBl. YPaBHEHHsI COCTOSHUA. TepMOJIMHAMHYECKHE
nporeccol. [lepBoe Hauano TepMoarHaAMUKH. TermioeMKocTh ra3oB. Pabora waeanbHOroO rasa B
u3omnporieccax. Aauadbarudeckuii npouecc. Pabora nukma. Kosddurment nonesnoro nencTaus.
TemoBele u xosnoaunpHble MamuHbl. [ukin Kapno. IlpuBeneHHoe KOIMYECTBO —TeEIUIA.
HepaBenctBo Kiaysuyca. Bropoe Hauano tepMoauHamuku. OHTpomnus. CraTucTHYeECcKOe
ob0ocHoBanue sHTporuu. @opmyna bonbiiMana. DHTponust U BeposTHOCTh. Teopema HepHcra.
IIpupoma MONEKYJNSpHBIX B3aMMOJEWCTBMM B rasax. YpaBHeHue Ban—nep—Baainsca.
Kputnueckoe cocrosiuue. BuyrpeHnsis sHeprus peanpHoro rasa. Iddexr Jxoyns—TomrcoHa.
Ucnapenne u konaeHcauus. [lnaBnenwe u kpucraumzauus. TpoitHas Touka. [[uarpamma
cocTossHUs. OCHOBHBIE MPEACTABICHUS O CTPOCHUU KUAKOCTEH. [I0BEpXHOCTHOE HATSKEHHE.




®opmyna Jlammaca. CMauMBaHUE >KUIKOCTSAMM TMOBEPXHOCTEH TBEpAbIX Tes. KanuuispHbie
SIBIICHUS.
Tema 3. DnexkrpuuecTBo 1 MarneTusm

Onextpuueckuid 3apsan. 3akoH Kynona. HanpspkeHHOCTb 3J1€KTPOCTATHUECKOIO ITOJIS.
Cunobie smHuu. [lpunnun cyneprnozunmu. Pabora 31eKTpOCTaTMYECKOrO TOJS  IpH
nepemMenieHny 3apsaoB. Lupkymsanus BekTopa HanpsDKEHHOCTH. CBS3b HAIPSKEHHOCTH H
noreHnuana. IloTok BekTOpa HaANpSIKEHHOCTH JJIeKTpuueckoro mnojis. Teopema [aycca B
WHTETpaibHOW W auddepeHmanbHoi  GopMax B BakKyyMme. OJEKTPUYECKUN AUMOIb B
anektpocratnueckom mnodae. llomsapusamus ausnekrpuko. IlomspuzoBanHocTh. CTOpOHHHE M
CBsi3aHHBIE 3apsibl. BekTop snekTpuyeckoro cmemenus. O6o6menne Teopemsl ["aycca. [Tone Ha
TpaHuIle pas3jena AUAIeKTpUKoB. [lone BOIHM3M MOBEPXHOCTH MPOBOJHHUKOB. DJIEKTPOEMKOCTb
IIPOBOJAHMKOB M KOHJEHCATOPOB. ODHEPIUsl CHUCTEMBI HEMOJBMKHBIX 3aps0B, 3apsSKEHHOIO
IIPOBOJHMKA, KOHJIeHcaTopa. [IIoTHOCTE 3HEpruM 3neKTpocTaTuueckoro nossd. Hocurenu Toka B
cpenax. Cwia M IUIOTHOCTh TOKA. DJIEKTPUUECKOE I0JI€ B MPOBOAHUKE C TOKOM. CTOpOHHHE
cunbl. 3akoH Oma u Jlxoyns — JleHna. BekTtop MHOyKIIMM MarHuTHOro moss. 3akoH buo —
Capapa. [lpuHUMO cynepno3ulMM MarHUTHBIX moJieid. [lome mpsMoro u KpyroBoro TOKOB.
TeopeMa 0 HUPKYJALMM BEKTOpPAa MHAYKIIMM MAarHUTHOro mnosisi. HamarHnueHHOCTh BelecTsa.
MarautHas BOCIPUUMYMBOCTD M MAarHuTHas INpoHHuaeMocTb. llone Ha rpanuue pasnena
MarHeTukoB. 3akoH Ammepa. MarHuTHbII MOMEHT KOHTypa ¢ ToKoM. KoHTyp ¢ TokoM B
MarHuTHOM 1noze. IoTok BexkTropa mMarHuTHOM MHAykuuu. Teopema ['aycca muisi MarHUTHOTO
NOJIS1 B MHTETpaJbHON U quddepeHnmanbHoi popmax. Pabota mo nepeMenieHnto npoBOAHNKA C
TOKOM B MarHUTHOM mosie. Cuiia Jlopenua. /[BrxkeHue 3apsKE€HHOW YaCTUIIBI B AJIEKTPUUECKUX U
MarHUTHBIX TMOJISIX. YCKOpeHHE 3apsbKeHHbIX vacTull. [IpaBuiio Jlopenuma. CamouHIyKIHs.
B3anmuas nnaykuus. Buxpesbie TOkH. [I10THOCTh SHEPrUM MAarHUTHOTO MOJIA. DHEPTUS U CUJIbI
B MarHUTHOM TIOJIE.

Tewma 4. BonHoBas ontuka

OcCHOBHBIE ~ TIOJIO)KEHHS  JJIEKTPOMarHMTHOM  Teopun  MakcBemia.  Buxpesoe
anekTpudeckoe mnojie. Tok cmemeHus. 3akoH IIOJHOTO ToOKa. YpaBHeHHe MakcBenia B
UHTErpaibHON U quddeperunansHoil popmax. BonHoBble ypaBHEHUS A7 3JEKTPOMArHUTHOTO
nosisi. CKOpOCTh pacnpoCTpaHEHMsI 3JEKTpOMarHUTHbIX BoNH. Bekrtop Iloiitunra. Illkana
3JIEKTPOMAarHUTHBIX H3Iy4eHUH. ONTHYECKOE WU3JIy4EHHE, €r0 MHTEHCUBHOCTh. OTpakeHHue Hu
MpEeJIOMJICHUE TUIOCKOM BOJHBEL. MHTEpdepeHus >aeKTpoHHBIX BOJH. I[IpocTpaHCcTBEHHO —
BpeMEHHass KorepeHTHOCTh. [Ipumenenune wuHTepdepenumu. [Ipuanun [rolirenca—Dpenerns.
Meton don Ppenens. Judpakius oT Kpyrioro oTBEPCTHS U OT Kpyrjoro nucka. Judpakus
Opaynrogepa or menu. Jdudpakumonnas pemierka. CHEKTpalbHbIE XapaKTEPUCTUKH
TUpakinoHHBIX pemeTrok. Popmyna Bynbda—bperroB. EcTecTBeHHBIH M MOISPU30BAHHBIN
cBeT. 3akoH Mamoca. 3akoH bprocrepa. PacnpocTpaHeHne 531€KTpOMarHUTHBIX BOJIH B
OJIHOOCHBIX KpUCTaJIJIax.

Tema 5. DiieMeHTBI KBAaHTOBOM MEXAHUKHU

KBanTtoBsie cBolicTBa n3nydeHus. ['unoresa [nanka, TMCKPETHBIA XapaKTep UCITYCKAHUS
U TIOTJIOIICHMSI 3JEKTPOMArHUTHOTO HM3JIy4eHUs BellecTBOM. KBaHTOBOE OOBSICHEHHE 3aKOHOB
TEIJIOBOTO M3iydeHus. KopmyckyssipHo BoMHOBOW ayanusm cBeta. @oronbl. Dotodrddext u
spdpext Kommnrona. I'mmoreza ge—bpoitna. dudpaxkmus  mukpouactun.  IlpuHimmn
HeonpeneneHHoctu ['eiizenOepra. [udpakuus mukpouactull. BomnoBas ¢ynkmus. OOrmiee
ypaBHeHnue lllpenunrepa. Ypasuenue lllpenunrepa Ui cTalMOHapHBIX COCTOAHMM. HacTuua B
NOTEHIMATBHOH M€ ¢ OECKOHEYHO BBICOKMMHU cTeHKamMH. lloHsATHE O BBIPOXKICHUH



SHEPreTHYecKuX ypoBHEH. OIHOMEPHBIM W TMOTCHIMAIBHBIA TOpOr M Oapbep. TyHHEIbHBINA
apdext. IlpencraBnenne ¢(u3NYecKHX BeTUYMH oreparopamu. OnepaTopbl KOOPIHHATHI,
UMITyJbCa, MOMEHTA HMIIyJbCa, NOTEHLUMAIbHOW M KHHETUYECKOW HHEpruu. I'aMuiabTOHHMAH
KBaHTOBOM CHCTEMBI KaK OIEPAaTOp IOJHOM DHEpruu. BepOosATHOCTHBIM XapakTep pe3yJbTaToB
U3MEPEHHUI B KBAaHTOBOW MexaHuke. flnepHas Mozens aroma. Ilocrymarsl bopa. BosHOBBIE
(GyHkuuum M kBaHTOBble uyncina. CnekTp atoma Bojopoja. IlpaBuna oTOopa A KBAaHTOBBIX
yucen. MeXaHn4eCKui W MarHUTHBIH MOMEHTHI atoMa. OpOWTaNbHBIM, CIIMHOBBIA M TIOJHBIN
YIJIOBBIE MOMEHTHI. ATOM BO BHEITHEM MarHUTHOM moje. Dddekt 3eemana. CIOHTaHHOE U
WHIYLIUPOBAHHOE U3IYy4YCHHE. AKTHBHBIE CPEJbl C NHBEPCHON 3aCEICHHOCTBIO DHEPreTUYECKUX
ypoBHeil. JlazepHoe wu3znyuenue. Jlazepbl. KBaHTOBbIE CHCTEMBI M3 OJWHAKOBBIX YacTHII.
[punanun Ilaymu. Ilepuoauueckas cuctema 31I€MEHTOB. KBaHTOBBIE CTaTHUCTHUYECKHE
pacnpenenenus. Pacnpenenenne @Pepmu — Jupaka. OnHeprus @Pepmu. BbuIpoxaeHHBII
ANEeKTpOHHBIH ra3. @PoroHbl u (QoHoHBL Pacnpenenenne boze—DiiHmrTeliHa. OMuccus
JIEKTPOHOB W3 MeTauia. Pabora BbIXOAA JJIEKTpPOHA U3 MeTala. TepMOI3JIEKTpOHHAas H
XOJIOTHASI YMHUCCHH.
Tema 6. DeMeHTHI (GU3UKH ATOMHOTO sJIpa M DJIEMEHTAPHBIX YaCTHI]
CrpykTypa aToMHOTrO A1pa. XapaKTEpUCTHUKH siipa: 3apsijl, Macca, SJHEPTUs CBS3H, CIIMH U
MarHuTHBIH MoOMeHT. CBolcTBa M OOMEHHBIM XapakTep sIepHbIX cui. Jlenenue spaep.
TepmosinepHble peakiuu. PaanoakTUBHOCTh. 3aKOH pPaJAMOAKTUBHOIO pacnaaa. Buasl
PaAMOAKTUBHBIX H3JIydE€HUN. DJIeMEHTapHble 4acTUIbl. 11X OCHOBHBIE XapaKTepUCTHKU. THIIbI
B3aumoseiictBuil. Knaccugukamus dactun. JlenTtoHsl u agpoHbl. CHUMMETpHUS U 3aKOHBI
COXPAaHEHHs B MUPE DJIEMEHTAPHBIX YaCTHULL.
Tema 7. Ox3ameH
Du3nYeCcKrue OCHOBBI MEXAHUKHU

. [IpeameTt ¢usuku. MeToap! GU3NIECKUX UCCIICTOBAHUM.

. Cucremsl orcuéra. Kunemaruka To4ku.

. Kunemaruka TBEpOro Tena npu BpallaTeIbHOM JBUKECHHUH.

. Cunpl. MHepumanbHas cucteMa oTc4YETa, JUHAMUKA MaTEpUaIbHON TOUKH.

. 3akonbl HproToHa.

1
2
3
4
5
6. Llentp Macc. YpaBHEeHUE U3MEHEHUSI UMITYJIbCA MEXAHUYECKOU CHCTEMBI.
7. 3aKOH COXpaHEHUS UMITYJIbCA MEXaHUYECKON CUCTEMBI.
8. MoMeHT cuiibl. MOMEHT UMITyJIbCa MaTEPUATBLHON TOYKH U MEXaHUYECKOW CUCTEMBI.
9. 3aK0H COXpaHEHUS MOMEHTA UMITYJIbCAa MEXaHUYECKON CUCTEMBI.
10. Pabora u xunetnueckas sHeprusi. KoncepBatuBHble cuiibl. PaboTa B MOTEHIIMATEHOM
noJe.

11. TloTeHIIMaNbHBIE SHEPTUU TATOTEHUS U YIPYTHX AePopMarimii.

12. CBs3b MeXk Ay NOTEHIMAIBHON 3HEPTHEN U CUIION. 3aKOH COXpPaHEHUsI MEXaHUYECKON
sHeprun. Konebanus

13. T'apmonuveckue koneOanms. Bekroprnas nuarpamma. CloXeHHE TapMOHUYECKUX
KoJie0aHUI OJTHOTO HAIPaBJICHUS PaBHBIX U OJIM3KUX YaCTOT.

14. CnoxeHue B3aMMHO NEPICHAMKYISPHBIX TapMOHMYECKHX KOJIeOaHWUN paBHBIX H
OJIM3KUX YaCTOT.

15. CBobGoxHble He3aTyxaromue KoneOaHus. DHEprusi U HUMIIYJIbC TapMOHHUYECKOTO
OCLMJUIATOpA.

16. Matematuueckuit u pusnueckuit MasTHukH. KBasuynpyras cuna.



17. CBobGoanbie 3aryxaroniue KoneOanus. JlekpeMeHT U JorapuPMUYECKUid AEKPEMEHT
3aryxaHus. JloOpOoTHOCTh KOJIeOaTEIbHOM CUCTEMBI.

18. BeiHyXIeHHble KoJeOaHUS. YCTAaHOBMUBIIMECS BBIHYXKJIEHHBIE KOJIEOaHMUS.
MexaHnueckuii pe3oHaHC. MexaHU4eCKHUe BOJIHBI

19. Buasl MEXaHUUYECKUX BOJIH. YIIPYIHe BOJIHBI B CTEPKHAX. BolnHOBOE ypaBHEHME.

20. ITnockast rapmoHuueckas BosiHa. JlnmnHa BoiHBI. PDaszoBas ckopocTh. Cdepuueckue
BOJIHBI.

21. DHeprus ynpyroii BojgHbl. OObEMHAS TNIOTHOCTh SHEPTUU BOJIHEI.

22. Bektop YMoBa. BekTop mJI0THOCTH TOTOKA SHEPTUH.

23. Korepentubie BonHbl. HMHTepdepenuuss BonH. Crosyast BomHa. MomnekynsipHas
¢u3uKa 1 TepMOAUHAMHKA

24. CraTuCcTUYECKUI U TEPMOJAMHAMUYECKUN METOJIbl U3YUYEHUSI MAKPOCKOITMYECKHUX TEl.
Cocrosnue BeniectBa. [lapamerpsl cocrosnus. Temneparypa.

25. UneanbHpli ra3. OCHOBHOE ypaBHEHHE KMHETUYECKOW TEOPUH HACATBHOTO rasa.

26. PacnpeneneHue sHEPTUHM MO CTEMEHSIM CBOOOJBI MOJICKYJIBI. BHYTpeHHSS SHEprus
UJCAIBHOIO rasa.

27. TloHsTMe O CTAaTUCTUYECKUX PpACTpPENCTICHUsIX B (a3oBOM MPOCTPAHCTRBE.
MakcBeoBCcKOe pacnpeaeneHue MoieKkys no ckopoctsaM. OnsIT HITepHa.

28. Pactipenenenue bonbumana. bapomerpuueckas popmyna.

29. Pacnipenenenune Maxkcgesnia-bonbiimana.

30. DddexTuBHOE ceueHue MONeKyabl. CpenHee YHCI0 COYAapeHUN M CpelHss UIHHA
CBOOOTHOTO TIpoOera MOJICKYJI.

31. TenmonpoBOAHOCTH U BA3KOCTH ra3oB. uddys3us B rase.

32. Ilonsitue o pu3nuecKkoM BaKyyMe.

33. PaBHOBECHBIC TEPMOJIMHAMHYECKHE CUCTEMbI. DKBUBAJICHTHOCTh TETUIOTHI U PAOOTHI.

34. Buytpenuss sHeprus. [lepBoe Hauano TepMOAMHAMUKH.

35. Temnoémkocth ra3oB. Pabora mueansHOro raza B m3omporeccax. Annadbatunyeckui
IpoLecc.

36. Pabora nukia. KoaddunueHnt monesHoro aeictBus. TemnoBbie W XOJIOAUILHBIC
mammHbl. [ukn Kapao. Teopema Kapno. IlpuBenénnoe konmdectBo Teruia. HepaBeHCTBO
Kinaysnyca.

37. DHTponus Kak (YHKIHS COCTOSHUS TEPMOJAMHAMHUYECKON cHCTeMbl. BTOpoe Haudaso
TEpMOJIUHAMUKH. [ paHHIIBI €r0 MPUMEHUMOCTH.

38. Craructuueckoe obocHoBanue 3HTponnu. ®opmyna bonsiimana. Teopema HepHcera.

39. Ilpupoaa MEKMOJIEKYIISIPHBIX B3aUMOJICHCTBUI B ra3ax.

40. YpaBuenue Ban-nep-Baansca. Kputuueckoe cocTostHueE.

41. BHyTpeHHss SHEPIHS pealbHOIO rasa.

42. OcHOBHBbIE IPE/ICTABIICHUS O CTPOCHUH KUJKOCTEH. [ToBepXHOCTHOE HATSIKEHUE.

43. ®opmyna Jlamnaca.

44. CMaunBaHUE KUIKOCTAMHU TOBEPXHOCTEN TBEPBIX TEI.

45. KanwuisipHbI€ SBICHUS.

DIEeKTpUYECTBO U MarHETU3M

46. Omnextpuueckuil 3apan. 3akoH KynoHa. DnekTpuyeckoe IOJ€  CHCTEMBI
HETOJIBUYKHBIX 3apsII0B B BAaKyyMe.

47. HanpsoxkéHHocTh anekTpocTatuyeckoro mnons. CuwioBele  auHMM. [IpuHIMN
CYINEPIO3UIMH U €r0 IPUMEHEHHUE K PACUETY NOJISI CUCTEMBI HEMOBUKHBIX 3apPsII0B.



48. TloTox BekTOpa HaNpPsHKEHHOCTH JJIEKTpUdeckoro mnois. Teopema [aycca B
UHTETpaIbHON W muddepeHnnanbHON (popMax B BakyymMe M e€ MpHUMEHEHHE JJs pacuéra
IEKTPUYECKUX TIOJICH.

49. Pabora 3IEKTPOCTATUYECKOTO TMOJA NpU MepeMerieHuu 3apsanoB. [loTeHuuman
AJIEKTPOCTATUYECKOTO MOJISL.

50. Hupkynsiiusa BekTopa HaNpsHKEHHOCTH. CBs3b HANPSHKEHHOCTH U IOTEHIIMAa.
VYpasnenue Ilyaccona.

51. DNeKTpUUECKUi TUTOIb B JIEKTPOCTATUYECKOM TOJIE.

52. DNEKTPOCTaTUYECKOE TIOJI€ B JUAJIEKTPUKE.

53. llonsgpuszauust AMSJIEKTPUKOB. OJIEKTPOCTATUYECKOE TII0JIE B  JHUAJIEKTPHUKE.
[Tonsspu30BaHHOCTE.

54. CpoOonmubple W cBA3aHHbIE 3apsafbl. CBs3b MOISPU3OBAHHOCTH C IJIOTHOCTBIO
CBSI3aHHBIX 3apsA10B. BEKTOp 3JIEKTPUUECKOIO CMEIICHHUS.

55. O606menue Teopemsl ["aycca. [Tose Ha rpanwuIle pa3aena JUIICKTPUKOB.

56. Tlome BOAWM3M TMOBEPXHOCTH TPOBOAHUKA. OJIEKTPUUECKOE TIOJIE 3apsKCHHBIX
IIPOBOJTHUKOB.

57. DneKTpOEMKOCTH MOJIYNPOBOIHUKOB U KOHJIEHCATOPOB.

58. DHeprusi CUCTEMbI HETIOJIBUKHBIX 3aPsI0B.

59. DHeprus 3apsHKEHHOTO MPOBOIHUKA, KOHAEHCATOPA.

60. DHeprus 31€KTpOCTaTHUECKOTro MoJid. [IJIOTHOCTH 3HEPrHM 3IEKTPOCTATHUECKOIO
HOJIS.

61. Dnexrpuueckuii Tok. Hocutenu Toka B cpenax. Cuia ¥ IiIOTHOCTh TOKA.

62. YpaBHEHHUE HEMPEPHIBHOCTH.

63. DeKTpUUeCcKOoe MoJi€ B MPOBOJHUKE C TOKOM. CHIJIOBBIC JIMHUU 3JEKTPUUECKOTO MOJIS
Y JIMHUH TOKa.

64. Croponnue cuibl. 3akoH Owma wu JDkoyns-JIeHma B MHTErpaJibHOM U
muddepenmanbHoi popmax. (3akonsl Kupxroga).

65. MarauTHoe nosie B BaKkyyMe. BeKTop HHIYKIIMM MarHUTHOTO MOJIS.

66. 3akon buno-Casapa. IIpuHnun cyneprno3uuuy MarHUTHBIX nosiei. Ilose mpsmoro u
KpyroBOT'O TOKOB.

67. TeopeMa O HUPKYJISAUUM BEKTOpA MHAYKIUH MArHUTHOTO TOJISI B UHTETPAJIbHOU M
nuddepernuanbHon hopmax.

68. JIBumKEeHUE 3apsIKEHHBIX YacCTUIl B JJEKTPUYECKOM M MarHuTHoOM mnojsix. Cuna
Jlopenua.

69. JIBr>keHue 3apsyKEHHOW YacTHIIbl B 3JIEKTPUUECKUX U MAarHUTHBIX MOJSAX. Y CKOPEHHE
3apsHKEHHBIX yacTull. DdexT Xoia.

70. IIpoBOTHUKH C TOKOM B MarHUTHOM I0JI€. 3aKOH AMIIEpa.

71. MarauTHbII MOMEHT KOHTYpa ¢ TOKOM. KOHTYyp ¢ TOKOM B MarHuTHOM II0JIE.

72. 1loTok BeKTOpa MarHUTHOM MHAYKIMH. Teopema ['aycca s MarHUTHOrO TOJIS B
WHTErpasibHON U AuddepeHmanbsHoi hopmax.

73. PaboTa 1mo nepemMenieHuIo MpOBOTHUKA C TOKOM B MAarHUTHOM ITOJI€.

74. MarauTHoe nosje B BeniecTBe. HaMarHn4eHHOCTh BEIIEeCTBa.

75. BekTop HanpsyKEHHOCTH MAarHUTHOIO IIOJIL U €ro CBSI3b C BEKTOPAMH MHIAYKLUHUHU U
HaMarHU4YeHHOCTH.

76. MarauTHasi BOCOPUMMYHMBOCTh M MAarHUTHAsI POHUIIAEMOCTb.



77. llome Ha TpaHulEe pa3aena MarHeTukoB. dusuueckas nOpupona Aua- U
napamarietuzma. GeppoMarHeTuKH.

78. 3akon @apanes. [Ipasuno Jlenna. CamonHIyKIus.

79. B3anMHas uHAyKLIKs. BUxpeBble TOKH.

80. [I10THOCTB HEPTUU MarHUTHOTO MOJISL.

81. DHeprus u cuibl B MAarHUTHOM TIOJIE.

BonnoBas ontuka

82. OCHOBHBIE TIOJOKEHUS AJIEKTPOMAarHUTHOM Teopuu Makcemna. Buxpepoe
3neKkTpudeckoe noje. Tok cMemeHus.

83. 3aKOH MOJHOTO TOKa. YpaBHEeHHE MakcBesula B MHTETPalbHOM U quddepeHInaIbHOI
dopmax.

84. BomHOBOE ypaBHEHUE JJIs AJIEKTPOMArHUTHOTO TOJIs, ero oomiee pemenue. CKOpocTh
pacnpoCTpaHeHus JIEKTPOMArHUTHBIX BOJIH.

85. DHeprusa u uUMNyJIbC 3JeKTpoMarHUTHOro mnoiis. Bekrop IloiinTuHra. Teopema
[ToitHTHHTA.

86. MH3nydeHue dJIEKTPOMArHUTHBIX BOJIH. M3lydeHue 5SJIeKTPOMAarHUTHBIX BOJIH
YCKOPEHHOJBWXKYIIUMUCS 3apsJaMd MU JUINOJEM. YPaBHEHHE >SJIEKTPOMAarHUTHOW BOJIHBI B
nuaiekTpuke. HopmanbHOE majieHue 37eKTpOMarHUTHOM BOJIHBI HAa IIOBEPXHOCTh pasjiesa IBYyX
JDIIEKTPUKOB.

87. B3aumoaeicTBUE 3JIEKTPOMArHUTHBIX BOJH C BEIIECTBOM. OJIEKTPOHHAS TEOPHS
mucnepeun. HopmanbHas n anoManbHas nucniepcus. 3akoH byrepa. Paccestnue cBera.

88. OnektpomarHuTHas Tnipupoaa cBera. Illkama 53JI€KTpOMArHUTHBIX U3JIYYEHUM.
OnTuueckoe HW3IIyde€HUE, €ro UHTEHCHUBHOCTh. MHTepdepeHIuss 3IeKTPOMArHUTHBIX BOJIH.
Pacuér untepdepeHINOHHONW KapTUHBI C JBYMS HMCTOYHUKaMHu. [IpocTpaHCTBEHHO-BpeMeHHas
KOT€pPEHTHOCTb.

89. UnTepdepeHius cBera B TOHKUX IUIEHKAX. MHTEpQEpeHIIMOHHBIE TTOJIOCHI PaBHOU
TOJIIIMHBI U paBHOTO HakinoHa. [IpumeHenne untepepeHnu, HHTEPPEPEHIINOMETPHI.

90. dudpaxuus cera. [punmun I'toiirenca-®Openens. Merox ¢on ®@penensi. Bekropuas
muarpamma. Jludpakuuss OT KpYriioro OTBEpCTUS W OT Kpymioro naucka. Judpakuus
@paynrodepa ot menn. [IpenensHblil Tepexoa 0T BOTHOBON ONTHKH K T€OMETPUYECKOM.

91. MmnoronyueBass wuHTepdepeHusa. Judpakmuonnas pemérka. CrekTpalbHbIE
XapaKTepUCTUKU TUGPAKIMOHHBIX peméroK. Judpakuus peHTreHoBckux iydeil. dopmyna
Bynwda-bperra. [TonsTHe 0 peHTTeHOCTPYKTYPHOM aHAIIU3E.

92. Ilongpusanus cBeta. ECTECTBEHHBIN U MOJISPU30BaHHbBIN CBET. 3aKkOH Maitoca. 3akoH
bprocrepa. PacnpocTpaHeHue 3IEKTPOMAarHUTHBIX BOJH B OJHOOCHBIX KpucTajiax. J(BoitHOe
nyuyenpenomiuenue. [longpuzanus cBera npy ABOMHOM JIy4eIIPETOMIIEHUN.

DneMEeHTHl KBAaHTOBOW MEXaHUKH U SIIEPHOE B3aMMOJECHCTBHE YaCTHIL

93. TenoBoe u3nydeHue. MIHTerpagbHble U CIIEKTPAIbHBIE XapAKTEPUCTUKN U3ITYUECHHUS.
3akon Kupxroda. 3akon cmemenus Buna. 3akon Credana-bonbimana.

94. JIuCKpEeTHBI XapaKTep UCMYCKAHHUS U TMOTJIOMIEHUS 3JIEKTPOMAarHUTHOTO TEIJIOBOTO
n3iydeHus BeuiectsoM. @opmyia [1nanka 11 paBHOBECHOTO TEMIIOBOTO U3TyYEHHUS.

95. ®ororddexT, ero 3akoHbl. YpaBHeHHE OiHmTEHHA 11 doTodddekra. Jyamusm
BOJIHOBBIX U KOPITYCKYJISIPHBIX CBOWCTB U3JTyUEHUS.

96. Dddexr Komnrona. SAnepuas moxens aroma Pezepdopna-bopa. Iloctynarsr bopa.

97. KopnyckynsipHo-BOIHOBOM nayanu3M marepuu. ['mnore3a ne bpoitnsg. Onwitel 1o
nudpakuuu MuUKpouyacTull. Boxnsl e bpoitns.



98. BomHoBast (yHKIMS, €€ CTATUCTHYECKUN CMBICT U YCIOBHS, KOTOPHIM OHA JIOJDKHA
yAOBIETBOPATh.  [lpuHIMO  cynmepmo3uimu B KBaHTOBOM  MexaHuke. COOTHOIICHHE
HeonpeneneHHoctei ['elizendepra.

99. Vpasuenue lllpenunrepa, ero cBoiictBa. CTaTUCTUYECKAss HHTEPIPETALIMS BOTHOBOM
byHKINN.

100. CtaunoHapHbI€ COCTOSHUS, UX BpEMEHHAasl 3aBUCUMOCTh. Y paBHeHue lllpenunrepa
JUISl CTAlITMOHAPHBIX COCTOSTHUM.

101. CnontanHoe | wuWHAyNHpoBaHHOe wu3nydeHue. Kosdounuenter “A” u “B”
OWHIITENHA.

102. Ipunamun padoTs! nazepa. OcoOCHHOCTH NazepHOro u3nydeHus. OCHOBHBIC THUIIBI
Ja3epoB, UX IPUMEHEHHE.

103. IlpuHUOMI TOXXIECTBEHHOCTHM OAMHAKOBBIX MHUKpouyacTHll. CHUMMETpUYHBIE U
AHTUCUMMETPUYHBIE COCTOSIHHSI TOXKIECTBEHHBIX MUKpOYacThil. DepMUOHBI U O030HBI.

104. Craructuka boze-DitHmTelina. @yHkuus pacnpenenenus bo3ze-ODiHuTelHa.
CaoiicTBa 003€-4acTHIl.

105. Crartuctuka @epmu-upaka. Dynkums pacnpenenenus Depmu-/lupaka.
BripokaeHHBIN 37eKTpOHHBIN ra3. JHeprusa Oepmu.

106. KBanToBasi Teopusi CBOOOAHBIX 3JEKTPOHOB B MeTaiuie. [IIOTHOCTh 3JEKTPOHHBIX
COCTOSIHUH.

107. IlpenenbHblil IEpexo] KBAaHTOBBIX CTaTUCTHUECKUX pacnpeaeneHuii @epmu-Jlupaka
u bo3ze-OliHIITElHA B Kllaccuueckoe pacipenenenrue Makcsemia-boiabsimana.

108. Pabora BeIXOAa AJCKTpOHA W3 MeTauia. TepMolnekTpoHHas smuccus. Dopmyna
Puuapncona-Jlemmana. Sddext [lorTku. XomomHas (aBTOAIEKTPOHHAS ) SMUCCHSI.

109. CummeTpus U 3aKOHBI COXPAHEHUSI B MUPE 3JIEMEHTAPHBIX YaCTHII.

110. CtpykTypa aTOMHOTO fAnapa. XapaKTEPUCTUKU SAAEp: 3apsl, Macca, pasMephl,
sHeprus cBsi3u. CBOMCTBAa 1 OOMEHHBIN XapakTep SACPHBIX CHIL

111. PanuoakTHBHOCTb. 3aKOH pPaJMOAKTUBHOTO pacnajga. Buuabl paguoakTUBHBIX
U3JIy4CHUM.

IL1aHbI cCeMUHAPCKHUX 3aHATHI

Tewma 2. MonekynspHas Gu3nka ¥ TepMOJUHAMUKA.

Bpewms - 1 yac.

OCHOBHBIE BOITPOCHI:

1. MonekynapHo — kuHeTHueckas teopus. 2. Pacnpenenenus Makcsemna u boisimana.
3. IlepBoe Hauano TepmoauHaMuku. 4. [{ukinueckue npoueccol. 5. PeanbHbie ra3bl.

Tema 3. D51eKTpUUECTBO U MarHETU3M.

Bpewms - 1 yac.

OCHOBHBIE BOITPOCHI:

1. Dnexrpuueckoe mosie B Bakyyme. 2. Teopema I'aycca. Ilosne B ausnektpuke. 3.
DJIEeKTpUYECKUH TOK. 4. MarHuTHOE MOJIE TOKOB.

Tema 5. Di1eMeHTBl KBAHTOBOW MEXaHUKHU.

Bpewms - 1 yac.

OCHOBHBIE BOIIPOCHI:

1. KBantoBble cBoiicTBa cBera. 2. BonHOBBIE CBOWCTBAa MHKpoudacTuil. 3. J[BrkeHHE
MHUKPOYACTHI] B CTAIMOHAPHBIX MOJISX.



Tema 6. DnieMeHTHI (PU3UKH ATOMHOTO S7Ipa M 3JIEMEHTAPHBIX YaCTHII.
Bpewms - 1 yac.

OCHOBHBIE BOIIPOCHI:

N3ydeHue aneMeHTapHbIX YaCTHI] U UX ITOBEIACHMS.

6. IEPEYEHb YYEBHO-METOJJUYECKOI'O OBECIIEYHEHUSA JJI51
CAMOCTOSTEJBHOM PABOTHI OBYUAIOIINXCS IO JTAUCIUILIMHE

6.1.1. OcHOBHBIE KaTeTOPHH YICOHOU TUCHIUTUINHBI JIJI1 CAMOCTOSTEIbHOTO U3yUCHUS

AJIpoHBI — KJIacC 3JEMEHTAPHBIX YacTHI], YYaCTBYIOLIUX B CHJIbBHOM B3aUMOJICUCTBUU; K
aJpOHAM OTHOCATCS BCE OAPUOHBI M ME30HBI, BKJIFOYAs PE30HAHCHI.

AHanu3 — BBISBJICHHE JCHCTBYIOIIETO B CHCTEME aITOpUTMa (PYHKIIMOHUPOBAHUS IIO
YCTaHOBJICHHOMY 3aKOHY (DYHKIIMOHHPOBAHUSI.

AHHUTHIIALMSA — OJIWMH U3 BHUJAOB  B3aUMOJCIHCTBUS  DJIEMEHTApHBIX  YacTHII,
MPOUCXOSAIINNA MPU CTOJIKHOBEHUU YAaCTHUIIBI C aHTHYACTULIEH (Hampumep, MpH aHHUTHIALUN
3JIEKTPOHA U NMO3UTPOHA BO3HUKAIOT KBAHTHI JIEKTPOMATrHUTHOTO TOJIf).

AHTHYACTULIBI — 3JI€MEHTAapHbIE YaCTHUIlbl, UMEIOIINE TaKue K€ Maccy, CIIUH U JIpyrue
BHYTPEHHUE XapaKTEPUCTUKH, YTO U HUX «IBOMHUKHW», HO OTJIUYAIOUIMECS OT HUX 3HAKOM
HEKOTOPBIX XaPAKTEPUCTUK B3aUMOJICHCTBHUSI.

ATOM — 35IeMEHTapHasl €MHULIa XUMUYECKOT0 AJIEMEHTA, COXPAHSIONIasi €ro CBONCTBA.

Bapuonbl — rpynma «TSDKENbIX» JJIEMEHTapHBIX YacTUIl, C TMOJYIEIbIM CIHUHOM,
Y4aCTBYIOIIMX BO BCEX M3BECTHBIX (DYHIaMEHTAIbHBIX B3aUMOJICHCTBUSX.

Bo30HBI — 4YacTUIBl C LEJIOYUCIEHHBIM CIIMHOM, MOYMHAIOIIMECS cTaTHCcTuke bose-
OWHIITENHA.

bauskoaeiicTBUS MPUHIUMIT — MTPEACTABICHHE, COIMVIACHO KOTOPOMY B3aMMOJAECHCTBHUE
MEXly TeJIaMH MPOUCXOAUT OT TOUKH K TOUYKE C KOHEYHON CKOPOCTBIO.

bopa mocrtynmatel — gABa mocTynara, OOBSCHSIONIME IUTAHETAPHYIO MOJENb aroma,
npemioxkeHnyto J. Pesepdhopmom

apmonnueckoe konebaHue — KojebaHWe, B KOTOPOM CMEIICHHUE W3 TMOJIOKCHUS
paBHOBECHS U3MEHSIETCS] BO BPEMEHU IO CUHYCOUAAIbBHOMY 3aKOHY

['mnotes3a — HayyHOE TIPEAIoIoKeHne (MPOoOHAst MOJIETh), BRIIBUTAEMOE ISl OObSICHEHUS
KaKoTO-JIM00 SIBJICHUS U TPeOyIolee OMBITHON MPOBEPKH M TEOPETUIECKOTO 0OOCHOBAHUS.

JlanpHONEHCTBUA NPUHUMUII — MPEACTaBICHHUE, COTJACHO KOTOPOMY B3aMMOJACHCTBHUE
MEXly TeJIaMH MepeaaeTcss MTHOBEHHO HE3aBUCUMO OT PACCTOSIHUS MEXI1Y HUMHU

JlerepMUHU3M — y4deHHE 00 OOBEKTUBHOW 3aKOHOMEPHOH B3aWMOCBSA3M M NPUYUHHOU
00YCITIOBJICHHOCTH BCEX SIBJICHHIA.

JleTepMUHUPOBAHHBIA TMPOLIECC — YIOPSJAOYCHHOE BO BPEMEHU MHOMKECTBO COOBITHIA,
KaXJI0€ U3 KOTOPBIX OJTHO3HAYHO MPEJICKa3yeMo

JlnHamuka — pazaen MEXaHUKH, U3y4arolnil ABUKEHHUE C YYETOM JIEUCTBYIOIIMX CHII

JIMCKPETHOCTh — MPOTUBOIMOCTABIISIETCS HEMIPEPHIBHOCTH, BMECTE C KOTOPOI COCTaBIISIET
KaTeropuy, XapaKTepU3yIOLIIe CTPOCHUE MaTepUH U MPOIIECC €€ pa3BUTHS.

Jlucniepcusi — 3aBUCUMOCTh TIOKa3aTelis MPEeTOMIICHHUS O JUTMHBI BOJTHBI U3ITyYEHUS

Hudpakiuss — CBOHCTBO BOJH JIOOOH MNpUPOABI OTrMdaTh MPEmsATCTBUS —IpU
pacrpocTpaHeHUH B OJJHOPOIHOM cpene.

JIMAIEeKTPUK — BEIIECTBO, MPAKTHUYECKH HE MPOBOISIIECE IEKTPUUECKHUI TOK

JI0OpOTHOCTH — CKOPOCTh YOBIBAaHMS SHEPTUU B CUCTEME



3HaHMs — 3aKOHOMEPHOCTHM TpeaIMETHOW o0nacTu, TOJy4YyeHHble B pe3yibTare
MPAKTUYECKON JEATENHOCTH, MMO3BOJISIONINE CICIIMATUCTaM CTaBUTh M PellaTh 3aJa4d B ATOU
o0macTH.

W3mepeHnue — aaropuTMHUECKas OIepalys, KOTopas CTaBUT B COOTBETCTBUE KaKIOU
HaOIroMaeMol  XapaKTEepPUCTHUKE  HAMIMPUYECKOM  CHCTEMBI, Tpolecca WINW  SBICHUA
ornpezeneHHoe 0003HaYeHHE.

W3mepuTenbHas mikaia - 3HakoBas CUCTEMa C OTHOLICHHEM, SIBIISIOLIASCS 0TOOpaKeHHEM
SMIUPUYECKON CUCTEMBI B BUJI€ HEKOTOPOI YMCIOBOM CUCTEMBI COOTBETCTBYIOIIEH M3MEPAEMOM
SMIUPUYECKON CUCTEME.

NHBapnaHTHOCTh — HEU3MEHHOCTh KaKOH-TUOO BEIHYMHBI MPU U3MEHEHUH (PU3NIECKUX
YCIOBUH WM IO OTHOUICHHWIO K HEKOTOPBIM IpeoOpa3oBaHUSM, OOBIYHO MpeoOpazoBaHHIM
KOOpJMHAT U BPEMECHH

WueprimanbHble CHCTEMbI OTCYETA - CUCTEMBI OTCUETA, ABWXKYIIHECS IPYT OTHOCUTEIHLHO
JIpyra paBHOMEPHO U MPSIMOJIMHEIHO

WnTtepdepennuss — mnepepacupesielieHHe SHEPruu M3IydeHHs B OO0JAacTH HaIOKEHUS
(Cymepno3uinm ) BOJTHOBBIX ITPOIIECCOB.

WNudopmanus — Mepa CHATHUSL allpUOPHON HEONpeAETIEHHOCTH B MPOLIecce UCCIEI0BAHUS
IIPOU3BOJILHOU CHUCTEMBI.

KBaHT — 3n1emeHTapHas eAMHNALIA U3TyYEHUS (3JIEKTPOMArHUTHOTO MOJIs).

KBapku — MaTepuanbHble YaCTHIIBI, W3 KOTOPBIX IO COBPEMEHHBIM IPEICTABICHUSIM
COCTOSIT BCE aJIPOHBI.

KunemaTtnka — pa3aen MexaHUKH, H3yJarolIui IBIKCHUE 0€3 yueTa AeHCTBUS CHJL.

Kunernueckass »Heprusi — OHeprus, OOYCIIOBJICHHAs JBM)KEHHEM BEIIECTBEHHBIX
00BEKTOB.

Knaccudpukanus — AeKOMIO3MLIMS MHOKECTBA Ha TOJMHOMKECTBA IO BBIOPAHHOMY
MPU3HAKY.

KorepeHTHOCTh — ClIOCOOHOCTH CBETOBBIX BOJIH MPOSBIIATH SIBIICHHE HHTEPPEPEHIIH.

Konnencarop — cucrema npoBOJHUKOB, CIIOCOOHAS HAKATUIMBATh SJCKTPUUECKUN 3apsl.

Konnenmusi — onpeneneHHbId CIOCO0 TPAKTOBKU KAKUX-THOO SIBICHHMA, PYKOBOSIIAS
uzes ux oObSICHEHUS, BEAYIIMIA 3aMBICEN NCCIICIOBAHUSL.

KopnyckynsipHo-BOJTHOBOM Jyaiau3M — TIOJOKEHHUE, COIJIACHO KOTOPOMY JIFOObIE
MHKPOOOBEKTHI MaTepUH (BEIIECTBA U U3IIYUYCHHS ) 00J1a1al0T CBOMCTBAMU W YACTHII, ¥ BOJIH.

Kpurepuii — mepa u crioco6 ocyiiecTBiIeHHs BbIOOpa Ha MHOXKECTBE ajbTePHATHUB.

JlenTOHBI — «IerKkue» 3JIeMEeHTapHbIE YACTHIIbI C MOJYLEIbIM CIUHOM, HE YYaCTBYIOIIHE
B CHJIbHOM B3aUMOJICHCTBUH; K JIEITOHAM OTHOCSATCS 3JIEKTPOH, MIOOH, TAOH M TPH HEUTPUHO:
AJIEKTPOHHOE, MIOOHHOE U TAOHHOE.

JlopeHua npeoOpa3oBaHus — ypaBHEHHUs, JIekKallie B OCHOBE KHHEMAaTUKU CIIEUAIbHOM
TEOPHH OTHOCUTEIBHOCTH.

MaruurtosnekTpuueckasi HUHAYKLIHUS — SBJICHHE MOPOXKJIEHUS MAarHUTHOTO  IOJIS
MEPEMEHHBIM 3JIEKTPUUECKUM MOJIEM.

Me30oHbl — HecTaOUIIbHBIE AJIEMEHTAPHbBIE YaCTHIIbI, MPUHAJIekKAIINE K KIacCcy aJpOHOB
U SIBJISIIOIIMECS IEPEHOCYMKAMU SIACPHBIX CHIL.

MogenupoBaHie — TPOLECC MCCIENOBAHUS PEATbHON CHCTEMBI, BKIIOYAIOMIUN
IIOCTPOEHUE (CHHTE3) MOJENH, M3YUYEHUE €€ CBOICTB M IIEPEHECEHUE CBOWCTB MOJENM Ha
UCCIIEyEMYIO CUCTEMY



Mopnens — cuctema, CBsi3aHHAsi OTHOIICHUSMHU IMOJOOMSI C CUCTEMOW — MPOTOTUIIOM U
CJIy’Kallasi CpeZCTBOM ONHMCaHUsl, 0OBSICHEHUS M IPOTHO3UPOBAHUS €€ TIOBEICHUSI.

Heiitppuno — craOunbHas »JJIEKTPUYECKH HEHTpasbHAs »JJIeMEHTapHas 4YacTHla ¢
HOJIYIENIBIM CIUHOM, YY9aCTBYET TOJIBKO B CJIA00OM M IPaBUTALIMOHHOM B3aUMOCHCTBUH.

HelTpoH — 31eKTpU4eCKN HEUTpalIbHAs JIEMEHTAPHAs YacTULA C MOJIYLEJIBIM CIIMHOM U
Maccoi, paBHOM 1838 3JIEKTPOHHBIX MAacC, OTHOCHTCSl K KJIacCy aJpOHOB M BXOJUT B TPymHIy
0GapHOHOB.

HproToHa BTOpO# 3aKOH — OCHOBHOE YPaBHEHHUE KIIACCUYECKOU MEXAHUKH.

Heonpenenennoctu npuHuun - (yHAaMeHTaIbHOE IIOJIOKEHHUE KBAHTOBOW TEOPHH,
yTBEp)KIarolee, 4Tto Jodas (u3nueckas cucTeMa HE MOXET HAaXOJUThCS B COCTOSIHHUAX, B
KOTOpPBIX OIpPEAEICHHBIE NIaphl IAPAMETPOB IIPUHUMAIOT BIIOJIHE ONPECICHHbIE 3HAUEHUS.

Hykiion - obiiee Ha3BaHWE NMPOTOHA UM HEUTPOHA, SBISIOMIMXCS COCTAaBHBIMH YacTIMU
ATOMHBIX fJIEP.

OnTuMusanus — JOCTUKEHUE HAWIYUILIEro pe3ysibTara IpHU ACHCTBYIOUIUX YCIOBUAX
OTPaHUYECHUSIX.

[TapameTp — KOTMYECTBEHHAsA XapAKTEPUCTUKA CUCTEMBI.

[Taynu npuHIMO — 3aKOH NMPUPOJBI, COTJACHO KOTOPOMY KBAHTOBAsl CUCTEMA HE MOXKET
coJiepKaT OJUHAKOBbBIE (PEPMHOHBI

[1na3zma — 2JIEKTpUYECKH 3apsHKEHHOE COCTOSIHUE BELIECTBA

ITo3uTpoH — 2yeMEHTapHas YacTHLAa C IOJOKUTEJIBbHBIM 3apsioM, aHTUYacTULA II0
OTHOLIEHHUIO K JIEKTPOHY.

[TocTynmar — yTBepkaeHHE, TPUHUMAEMOE B paMKax KaKOW-THOO HAydYHOW TEOpHHU 3a
HCTUHHOE, XOTS U HE I0Ka3yeMoe €€ CPeACTBAMU, U TOTOMY UTPAIOIIEee B HEM pOJIb AKCUOMBI.

[Ipenomnenne — M3MEHEHUE HAIpaBJICHUS CBETOBOIO Jiyda IpU MEpPEXoJe W3 OJHOH
cpenbl B APYTryro

[Ipunnun otHOocuTenbHOCTH [anumes — TOJIOKEHWE, COracHO KOTOPOMY BCeE
MEXAHUUYECKHE IIPOLECCH BO BCEX MHEPLUAIBHBIX CUCTEMAX OTCYETA IPOUCXOAAT OAUHAKOBO

[IpoToH — cTabuiabHAsA JIEMEHTapHas YacTULA C MOJIYLEIbIM CIIMHOM M Maccod B 1836
AJIEKTPOHHBIX MacC.

PensaruBuctckue 3¢dektsl — sBIeHUs, HAOIIOAaeMble IPU OTHOCHTEIBHOM JIBUKCHHUU
CUCTEM OTCUETa CO CKOPOCTSAMH, OJTU3KUMH K CKOPOCTH CBETa

CBsi3b — BHJI OTHOIICHUN MEXY 3JIEMEHTaMH, KOTOPOE MPOSIBISIET ce0sl KaK HEKOTOpOe
B3aUMOJICHCTBUE.

Cucrema - MHOXXECTBO B3aMMOJCHCTBYIONIUX KOMIIOHEHTOB, 00JIaaroiiee CBOWMCTBOM
(YHKINOHATBHON SMEPHKEHTHOCTH.

CooTBeTcTBUS MPUHIMIT — CHOPMYTUPOBAHHBI BOpoM MeTOm0NIOrHYeCKU TMPUHIIMII,
3aKIIOYAOIIMNCI B TOM, 4YTO BCAKas HOBas TEOpUs HE OTBEPracT IOJHOCTBIO
IPEILIECTBYIONIYIO, a BKIIIOYAET €€ B ce0s B KaUeCTBE YaCTHOTO CIIydasi.

CnuH — COOCTBEHHBII MOMEHT HMITYJIbca MHUKPOYACTHIIBI, HMEIOMUNA KBAHTOBYIO
MIPUPOJY U HE CBSI3aHHBIN C IEPEMEIICHUEM YaCTHILIbI KAK LEJI0T0.

@da3a — BpeMeHHas XapaKTEPUCTUKA BOJIHOBOTIO IpoLecca

QdanbcuduKay TPUHLIUI — NPUHIUI pa3rpaHUYEHUs HAYYHOTO M HEHAyYHOTO 3HAHUS,
COCTOSIIMM B TOM, 4YTO KPUTEPHUEM HAYyYHOCTH TEOPUM SBISETCA €€ IOTEHIHMAIbHas
OIPOBEPKUMOCTb.

@epMUOHBI — YaCTULIBI C IMOJIYLIEJIBIM CIMHOM, MOAYMHSAIOIIUECS CTaTUCTHKE DepMu-

Hupaxa.



@OTOH — KBAaHT 3JIEKTPOMArHUTHOIO MOJs, HEUTpalbHass 3JEMEHTapHas YacTHLa C
HYJIEBOW MAaCcCOU U €JUHUYHBIM CIIMHOM.

@paynrodepa audpaxius — 1uppakIMOHHBIC IBICHUS B JalbHEH 30HE.

@penens nuppaxkys - TpaKIMOHHbIC SBICHHUS B OJMIMKHEN 30HE.

HGHHOCTB HH(bOpMaL[I/IH — HU3MCHCHHUC BCPOATHOCTU  HOCTHIKCHHUA LCINW TIpU
MCIIOJIb30BaHUU TIOTyYEHHOTO COOOIICHHUS.

[lIpenuHrepa ypaBHEHHE — OCHOBHOE YpPAaBHEHHE HEPEISATUBUCTCKOM KBAHTOBOM
MEXaHUKH.

DOBpUCTHKA — METOJI pelIeHUs 3a]a4, OCHOBAaHHBIM Ha HE(POPMAIM30BAHHBIX MPABHIIAX,
BBITOJIHSAEMBIX JKCIIEpTaMH, OOECHEeUMBAIOIIMK MOJMyYeHHE pe3ylbTaTa B CIydasx, KOI/a
AHAIIUTUNYCCKHUEC U aJIFOpI/ITMI/I‘-IQCKI/Ie METOAbBI OKA3bIBAKOTCA 6€CHOH€3HBIMI/I.

3KCTpaHO.HI/IpOBaHI/Ie — HpOI_IGCC BBIYHUCIICHUA 3HAUYCHUS (byHKI_[I/II/I, HaxogAmerocsa 3a
NpeaeaaMu psia 3aJaHHbIX 3HAUCHUH.

DONeKTpoH — TiepBas DJIEMEHTAapHAas 4YacTHIA, OTKphITas B (U3MKE, MaTepuaIbHBII
HOCHUTEJIh HAMMEHBIIIEH MacChl 1 HAUMEHBIIIETO YJIEKTPUUECKOTO 3apsiia B MPUPOJIE.

DNEeKTPUYECKH UTIONh — CHCTEMa M3 ABYX OJMHAKOBBIX IO MOAYJII Pa3HOWMEHHBIX
TOYEUHBIX 3aPsA0B, HAXOAAIIUXCS Ha HEKOTOPOM PACCTOSIHUH JAPYT OT JIPyTa.

DNEeKTPUYECKHUI TOK — IEPEHOC 3apsiia Yepe3 Ty UM UHYIO TOBEPXHOCTb.

3H€M€HTaprIe qaCTHUIbl — Meanal‘/’lmne HU3BCCTHBIC YACTHUIIbI MaTepI/II/I, CHOCOGHBIG K
B3aMHBIM HpeBpaH_IeHI/IHM.

DHeprus — Mepa CriocOOHOCTH MaTEePHH K IBHKEHUIO.

OHTponus — PYHKIUS COCTOSHUS TEPMOJUHAMUUYECKON CHCTEMBI, MEpa €€ XaOTHYHOCTH,
HEYMOPSATOYCHHOCTH.

OWHIITEHHA MOCTYJaThl — JBa IOCTYyJaTa, JISKAIIME B OCHOBE CHEIUATBHOW TEOpUU
OTHOCHUTEJIBHOCTH

DONeKTpOMarHuTHasE WHIAYKIUS - SIBJICHUE TOPOXKIACHUS DJICKTPUYCCKOTO  ITOJIS
HepeMeHHBIM MAariuTHBIM II0JIEM

SAnapo atroMHOe — LEHTpajibHAasi MacCHUBHasi 4acTb aTOMa, COCTOSIIAs W 3 HYKJIOHOB
(TPOTOHOB M HEUTPOHOB), CBSI3aHHBIX CHUJIBHBIM SIZICPHBIM B3aUMOICHCTBUEM.

6.1.2. 3aganus AJ11 MOBTOPEHUS U YIITyOIeHUS TPHOOPETAEMBIX 3HAHHH.

Kon pesynbrara

Saganus
o0yueHus A

1.3anummTe OCHOBHBIC YpaBHCHUS KUHCMATUKHA MaTCpPIaJ'IBHOﬁ TOYKHU

1 OIIK-1-31 "
2.3anumuTe OCHOBHbIE YPaBHEHUS IMHAMUKU MaTe€pUaJIbHON TOUKH

3.00BsACHUTE, B YEM COCTOMT MEXaHUYECKUN IPUHLIUI OTHOCUTEILHOCTH
2 OIIK-1-31 lanunes
4.B gyem cocTouT huznueckuii cMpica npeoOpazoBanuii Jlopenua

5.ChopmynupyiiTe iepBoe ¥ BTOPOE HAYAJIO0 TSPMOTHHAMHUKHI

3 OIIK-1-32 6.Kaxk cBsI13aHbI MOHATHSA MTOHATHE SHTPOITHH U TEPMOTTHAMUYECKOTO
paBHOBECHS
7.B uem coCTOUT MpUHIMIUATBHAS Pa3HUIA MEXK]TYy 3ByKOBBIMH H

4 OIIK-1-32 CBETOBBIMH BOJHAMH.

8.Urto orpaxaet nmpuHIui | oiirenca-Openens

9.00mbscHUTE PU3HUECKHU CMBICT ypaBHEeHUH MakcBenia
5 OIIK-1-33 10. 3anuimuTe OCHOBHBIE COOTHOLIEHUS, OTPAKAIOIINE TPUHITUIL
HeonpeneneHHoctH I eizenbepra

11.3anummre crarmonapHoe ypasuenue llpexuarepa

6 OIIK-1-33 12.Ha3nauenue nocrynaros bopa




7 OIIK-1-34 13.Kakue cneacTBus BHITEKAIOT U3 MpUHIMIA 3anpeTa [laymn
14.B veM coCTONT 0COOCHHOCTh HEUTPHHO

] OIK-1-34 15.Kakue 4acTUIbl OTHOCSITCS K KilaccaM (DepMHOHOB U 0030HOB
16.Kakue gacTHIIbI OTHOCATCSI K KJlaccaM JISNTOHOB M OapHOHOB

6.2. 3aganus, HanpaBJieHHbIC Ha (POPMUPOBaHHUE POPECCHOHATBHBIX YMEHUH.

o | Konpemmama o

9 OMK-1-Y1 17. ITokaxuTe, YTO MEXaHUYECKUU MPUHIIUI YKBUBAJIEHTHOCTH HE
corjacyeTcs ¢ KOHLenuen s¢pupa

10 OIK-1-Y1 18. Iokaxwute, uTo mpeoOpazoBanus ["anuies sSBISIOTCS MpeaeabHBIM
ciryyaeM npeoOpaszoBanuii Jlopernua

1 OIK-1-Y2 19. Iokaxkute, 4TO 3aKOH BO3PACTAHUs SHTPOIIUH BbITEKAET U3 IEPBOTO
Hayajla TePMOAMHAMUKH

12 OIK-1-Y?2 20. O6OCHyI71TS CTAaTHCTHHECKH IIEPEXO/l MAKPOCHCTEMBI B COCTOSHHE C
MaKCHMaJbHOM 3HTpONUEH

13 OIK-1-Y3 21. PaccuunTaiiTe mpOCTPaHCTBEHHYIO YaCTOTY HHTEP(EPEHIIMOHHBIX
10JI0C 10 33/JaHHOMY YIJIy CXOKICHUS CBETOBBIX IIyYKOB

14 OIK-1-Y3 22. TlokaxxuTe, KaK CBsI3aH NEpUOJ TUPPAKIHOHHON PEIIETKH C YTIIOM
JrQpakiy IepBOro NOPsIIKa
23. IIpoBeauTe CpaBHUTEIBHBIM aHAIN3 KJIACCUYECKOTO U KBAHTOBOTO

15 OITK-1-V4 IIPUHIIUIIOB CYNIEPIO3ULILH.
24. TlosicHUTE PUHIMIT pabOTHI Jla3zepa, 0COOCHHOCTH JIa3ePHOTO
U31y4EHUs!
25. O0BsICHUTE 3aKOHOMEPHOCTH 3aITOJTHCHHSI SJIEKTPOHHBIX 000JI09eK

16 ONK-1-v4 | J7O70%
26. IlokakuTe Kak IpOSIBIAETCSA TEPMOIJIEKTPOHHASI SMUCCHSL, XOIOAHAS
IMUCCHUSL

6.3. 3agaHus, HampaBlICHHbIE Ha (HOPMUPOBAHHE MNPOPECCHOHATHHBIX HABBIKOB,
BJIAJICHUM.

Kon pesynberaTta

No
o0yJeHMSI

3aganus

27. IBmKeHUE Tella MACCOM 2 KT 3a7]aHO YPaBHEHUEM: T/IE ITyTh BRIPAKCH
B METpax, BpeMs - B ceKyHaax. HaliTu 3aBUCUMOCTb YCKOPEHUS OT
BpeMEHHU. BBIUNCINTD PaBHOJECUCTBYIONIYIO CUITY, NIEUCTBYIOIIYIO HA
TEJIO B KOHIIE BTOPOH CEKYH/bI, U CPETHIOI0 CHITY 3a 3TOT IMPOMEXKYTOK
BPEMECHH.

17 OIIK-1-B1 28. I1o HaKJIOHHOM TIOCKOCTH, COCTABIISIONIEH C TOpU30HTOM yrou 30°,
JIBIDKETCS T€I0 Maccoit S kr. K aToMy Teny ¢ mMOMOIIbI0 HEPACTAKUMOU
HUTH, IEPEKUHYTON Yepe3 OJIOK, MPUBI3aHO TEJIO TAKOW K€ MACCHI,
JBIDKYIIEECS BEPTUKATHLHO BHU3. KO3 QUIIMEHT CKOMBKEHUS MEXKTY
TEJIOM M HaKJIOHHOH 1tockocThio 0,05. Onpeaenuts yCKOpeHHE Te |
CWJTy HATSOKEHSI HUTH.

29. AMnepMeTp B BOIBTMETP MOAKIIOUYHIIH MTOCIe0BaTeILHO K OaTapee ¢
a.0.c. &= 6,0 B. Ecnu napaniensHo BOTBTMETPY HOAKIIOYUTH HEKOTOPOE
COIIPOTHUBIIEHUE, TO [IOKAa3aHUE BOJIBTMETpA yMeHbIaercs B 1 = 2,0 pa3a,
a MoKa3aHUe aMIIEpPMETPa BO CTOJIBKO e pa3 yBenuuuBaercs. Halitu

18 OIIK-1-B1 [IOKa3aHUE BOJBTMETPA IOCIE IMOAKIOYEHUS CONIPOTUBIICHHUS.

30. DneKTpOH, YCKOPEHHBIN pa3HOCTHIO IOTEHITHAIOB 6 KB, BileTaeT B
OJTHOPOJIHOE MAarHUTHOE TToJIe 1Mo yriioM 30° K HampaBIeHUIO IO U
HauYWHAET JABUTATHCS MO crupanu. MHAYKIMS MarHUTHOTO T0JIs paBHa B
=. Haiitu pagnyc BUTKa U IIar CIUpajy.

31. JIBa paBHBIX OTPHUIATENLHBIX 3apsaa o 9 HKJI HaxoasTcs B BOJIE Ha

19 OIIK-1-B2
paccTosHUM 8 cM IpyT OT apyra. OnpeaenuTs HAPSHKEHHOCTh U




MOTEHIIMAN MOJIS B TOYKE, PACHOI0KEHHON Ha PACCTOSHUU 5 CM OT
3apsIoB.

32. IIpoBosaoyHoe Kokl paguycoMm 10 cM nexut Ha ctone. Kakoi 3apsin
MOTEYET MO KOJbILY, €CITH €r0 MOBEPHYThH C OTHONH CTOPOHBI Ha APYTYIO.
Comportusnenne konbila 1 OM. BepTukansHas COCTABIISIONIAS HHIYKITHH
MarauTHOTro nojs 3emuun paBHa S0 MTm.

20

OIIK-1-B2

33. IIpoBof B BHI€ TOHKOTO MOITyKosbla paguycoM R=10 cm HaxoguTes
B 0JHOpoAHOM MarHuTHOM nojie (B=50 mTmn). [1o mpoBoay Teder Tok
I=10 A. Haiitu cuty F, nelicTByroIyio Ha IPOBOJ, €CIIH ITOCKOCTh
MOJIYKOJIbLIA IEPIEHANKYIIIPHA JIMHUAM MarHUTHOW MHIYKLIUH, a
MO/IBOASIIIME IPOBOJA HAXOAATCS BHE MOJIS.

21

OIIK-1-B3

34. MarHuTHBI MOMEHT pm TOHKOTO MTPOBOIAIIETO KOJIbIa pm=>5 A*M2.
Omnpenenuts MArHUTHYIO HHIYKINIO B B Touke A, Haxojsieics Ha ocH
KOJIbIIA U YJAJICHHOW OT TOYEK KOJIbIA Ha paccTtosHue 1=20 cM

22

OIIK-1-B3

35. Ha 3epkana ®@peHnenst, yroa Mexxay KotopsiMu a = 10", magaet
MOHOXPOMATHYCCKHM CBET OT Y3KOH menu S, HaxoasImelcs Ha
paccrosiauu r = 0,1 MOT TuHNK UX niepecedeHns OTpaXeHHBIN OT 3epKal
CBET AaeT HHTep(EPEHIIMOHHYIO KaPTHHY Ha SKpaHe D, OTCTOAIIEM Ha
paccTosiHuM a =2,7M OT JIMHUU UX TIepEeCceUCHUs], IPUIEM PACCTOSTHHE
MEX 1y HHTePPEPEHIIHOHHBIMU 10JI0cCaMH paBHO X =2,9 10-11 m.
Omnpenenuts JUIMHY BOJHBI A CBETA.

23
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36. OT UCTOYHMKA M3ITyYEHUS C JUTMHOW BOJIHEI A CBET Ma/IaeT Ha TOHKYIO
MPO3pAvHYIO TUIEHKY TONIIMHOH d ¢ ToKa3areseM MmpeIoMIIeH s n
(oTHOCHTENBHO BO3MyXa). ONpeneinnTe pe3yinbTaT HHTepGEPEeHIIUU s
CBETOBOTO MyYKa, OTPAXEHHOTO 10 HeOombIuM yriioMm o? [Touemy
nHTep(EepeHIIMOHHASI KAPTUHA HE BO3HUKACT HA MPO3PAYHBIX ILIACTHHAX
3HAYUTEITHLHON TONMIMIHUHEI (OKOHHOE CTEKJIO, HarpuMep)?

24
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37. Kenezusrii map quamerpom d = 0,1 M, HarpeTIi 10 TEMIEPATYPHI
T1=1500K, ocTeIBaeT Ha OTKPHITOM BO3AyXe. Uepes Kakoe Bpemsl ero
Temriepatypa morusutcs A0 T2 = 1000 K? [Ipu pacdere npuHATE, 9TO
Iap u3jayJaer Kak cepoe Teo ¢ kodddumumuentoM usaydenus e = 0,5.
TennonpoBoJHOCTHIO BO3AyXa MPEeHEOPEYb.

7. ®OHJl OHEHOYHbIX CPEACTB JIA TPOBEJEHUSA TEKYIIEI'O
KOHTPO.ISI U MTIPOMEXYTOUYHOM ATTECTAIIUU OBYYAIOIINUXCS IO

JUCUMUILIMHE (MOAY.JIIO)

7.1. CpencTBa OLIEHUBAHUS B XO/€ TEKYIIErO0 KOHTPOJIS:

- 3aJIaHMsI U YITPAXKHEHUS, PEKOMEHIOBAHHBIC JJIsl CAMOCTOSTEIILHON paOOThI;
- TabopaTopHbIe PabOTHI O TEMaM Kypca;

- 33J]aHUs U YIIPAXHEHU B XOJ€ CEMUHAPCKUX 3aHATHH 110 TEMaM Kypca;

- OTBCTLI Ha BOIIPOCHI ITPU MMOATOTOBKC K 3K3aMCHY.

7.2. ®OC py1s1 TEKYIIETO KOHTPOJIA:

Ne KOI([) é);:g;am ®OC Texymero KOHTPOIIS
1 OIIK-1-31 3amanus sl caMOCTOSATENIbHOM paboThl 1-2

2 OI1K-1-31 3agaHus I CaMOCTOSTEILHOM paboThl 3-4

3 OIIK-1-32 3agaHus I CaMOCTOSATEILHOM PaboThI 5-6

4 OIlK-1-32 3amanus A5l caMOCTOSATENIbHON paboThl 7-8

5 OIIK-1-33 3amanus s caMocTosATeNIbHOM paboTsl 9-10

6 OIIK-1-33 3amanus A5l caMoCTOATENIbHON paboThl 11-12

7 OI1K-1-34 3agaHus I CaMOCTOsATEIbHOM paboThl 13-14




8 OIIK-1-34 3amaHus s CaMOCTOSATENBHOM paboThl 15-16

3amaHus A1l CAaMOCTOSATENBHOM paboTsr 17.
9 OIIK-1-V1

CemmuHapckue 3aHATHA K TeMaM 1-3. JlabopaTopHbie paboTh! 1
10 OIK-1-Y1 3amaHus A1 CaMOCTOSATENBHOM paboThl 17-18.

CemuHapckue 3aHstus K TeMam 1-3. JlabopatopHslie paboThI 2
1 OIK-1-Y2 3agaHus 71 CaMOCTOSTEIFHOU paboThI 19.

CemmuHapckue 3aHaTus K TeMaM 1-3. JJabopaTopHbie paboThI 3
12 OIK-1-Y?2 3amaHus A1 CaMOCTOSTENBHOM paboTh 20.

Cemunapckue 3austus K Temam 1-3. JlabopatopHslie paboTs 3
13 OIK-1-V3 3agaHus I CaMOCTOSATEILHOU paboThl 21-22.

CemmuHapckue 3aHATHA K TeMaM 4. JlabopaTopHbie paboTs! 4
14 OIK-1-Y3 3amaHus A1 CaMOCTOSTENBHOM paboThl 23-24.,

CemuHapckue 3aHsTus K TeMaMm 5. JlabopatopHslie padoTs 4
15 OIK-1-V4 3agaHus 71 CaMOCTOSTEIFHOU paboThI 25.

CemuHApCKHE 3aHATHS K TeMaM 6. JlabopaTopHbie pabOTHI 5
16 OIK-1-Y4 3amaHus A1 CaMOCTOSTENBHOM paboThI 26.

CemuHapckue 3aHstus K TeMam 6. JlabopaTopHbie paboThI 5
17 OIIK-1-B1 3agaHus I CaMOCTOSATEIRLHOM paboThl 27. KortponbHas pabora
18 OIIK-1-B1 3agaHus s caMocTosATeIbHOM paboThl 28. KortponbHas pabora
19 OIIK-1-B2 3amanus s caMocTosTeNbHON paboThl 29. KonTponbHas paboTa
20 OIIK-1-B2 3ananus ans camocrtostenbHON paboTsl 30. KonTponbHas paboTa
21 OIIK-1-B3 3agaHus A1 caMoCTosATeIsLHOM paboThl 31. KortponbHas pabora
22 OIIK-1-B3 3agaHus s caMoCTosATeIbHOM paboThl 32. KorTponbHas pabora
23 OIIK-1-B4 3aganus s camoctostebHOU paboTsl 33-35. KonTponsHas padora
24 OIIK-1-B4 3amaHus s CaMOCTOSATENBHOM paboThl 37-37. KoHtponsHas paboTa

7.3 ®OC 115 NpOMEXYTOUHOM aTTECTALIMMU:

Bal[aHI/I}I JJIs1 OICHKHU 3HAHUM.

Kon pesynbrara

3aganus
o0yueHus A

dusnvecKkre OCHOBBI MEXAHUKH.

1. [TpeameT puzuku. MeToapl GU3MUSCKUX UCCIICIOBAHUI.

2. Cuctemsl orcuéra. Kunematuka TOukH.

3. KunemaTtuka TBEpAOro Tena MpH BPaIlaTEIbHOM JABHKEHHH.

4. Cunpl. UaepumanbHas cucTeMa OTcuéTa, TMHAMIKA MaTepHaTbHOM
TOYKHU.

5. 3axonsl HetoTOHA.

6. LlenTp Macc. YpaBHEHUE U3MEHEHNUS UMITYJIbCA MEXaHNYECKON
CHUCTEMBI.

7. 3aKOH COXpaHEHUs UMITyJIbCA MEXAaHUYECKON CHCTEMBI.

8. MoMeHT cuisl. MOMEHT UMITyJIbCa MaTEPUAIbHON TOUKHU U
MEXaHUYECKON CUCTEMBI.

9. 3aKOH coXpaHEeHUsI MOMEHTa UMITYJIbCa MEXaHNUECKOH CHCTEMBI.

10. PaboTa n kuneTnueckas sneprusi. KoncepBarusasie cuibl. PaboTa B
MOTEHLIUAIILHOM TI0JIE.

11. [oreHnManbHbIe JHEPTHH TATOTCHUS U YIPYTUX AedopMalui.

12. CBs13bp MeX 1y IOTEHIIMAIBHON 3HEPTrUeH U CHIION. 3aKOH COXPAHEHUS
MexaHndeckoi sHeprun. Konebanus

13. 'apmonmndeckue xonebanus. Bekropuas nuarpamma. CioxeHue
TapMOHHYECKUX KOJIeOaHHWH OJJHOTO HATPaBJICHUS PABHBIX M OJIU3KUX
9acToT.

14. CnoxeHune B3aMMHO MEPIEHIUKYIISIPHBIX TAPMOHUYECKHIX KOJIeOaHni
PaBHBIX U OJIM3KHUX YaCTOT.

15. CBoOoiHBIC HE3aTyXaromue Konedanusi. JHEPrHsi 1 HMITYJIbC
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TFapMOHHYECKOTO OCIHILISITOPA.

16. MaTemaTudeckuit 1 pu3NIeCKUi MasTHUKH. KBazuymnpyras cuna.

17. CoOonHEIC 3aTyxatomue konedanus. J[ekpeMeHT u
nmorapuMUYecKuil TeKpeMeHT 3aTyxaHus. Jlo0poTHOCTh KoJiebaTenbHON
CHCTEMBI.

18. By IeHHbIe KoJIeOaHus. Y CTAHOBUBIIIUECS BBIHYK/ICHHEIE
KojeOaHus. MexaHWn4ecKuil pe30HaHC. MeXxaHMUeCKUE BOTHBI

19. Buapl MexaHUYECKUX BOJH. YTOPYTHUe BOJIHBI B CTEPKHIX. BonHOBOE
ypaBHEHHE.
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dusznyecKre OCHOBbI MEXaHUKHU.

20. ITnockas rapMoHndeckas BosHa. J[nrHa BosmHbL. da30Basg CKOPOCTb.
Cdepuueckrie BOJIHBI.

21. DHeprus ynpyroi BojgHbl. O0BEMHAS IIIOTHOCTH SHEPTHUH BOJTHBL.
22. Bextop YMoBa. BekTop MIIOTHOCTH TOTOKA SHEPTHH.

23. Korepenrhslie Bonubl. MaTepdepenus BoaH. CTosdas BOTHA.
MonekynspHas Gpusnka ¥ TepMOJUHAMUKA

24. CTaTUCTUYECKUNA U TEPMOJUHAMUYECKUN METOIbI U3yUEHUS
Makpockonnieckux Ten. CoctossHue BemecTsa. [lapameTprl cocTosiHYSL.
Temneparypa.

25. Uneanpubrii ra3. OCHOBHOE ypaBHEHHE KHHETUYECKOW TEOPHH
UAEaIBHOTO Ta3a.

26. PacnipeeneHre SHEPTHH MO CTENEHSIM CBOOOBI MOJIEKYJIBI.
BHyTpeHHss SHeprus UIeaIbHOTO Ta3a.

27. IloHATHE O CTATUCTHYECKHUX paclpeesieHUsX B (ha30BoM
npoctpancTBe. MaKkCcBEIUIOBCKOE paclpeesieHHe MOJIEKYJI IO CKOPOCTSIM.
Omprit llTepHa.

28. Pacnpenenenue bonpiimana. bapomerpudeckas dhopmyna.

29. Pacnpenenenue Makcpenna-bonpumana.

30. DddextuBHOE ceuenne MoneKybl. CpeHee YiCio coyaapeHuid 1
CpenHsist JNTMHA CBOOOHOTO Mpodera MOJIeKYI.

31. TermonpoBOIHOCTD U BA3KOCTH ra3oB. Juddysus B raze.

32. IonsiTHe 0 (HU3NIECKOM BaKyyMe.

33. PaBHOBECHBIE TEPMOAMHAMHYECKUE CHCTEMBI. JKBHBAJICHTHOCTh
TEIUIOTHI U paboThI.

34. Buytpennsis sHeprus. [lepBoe Hauano TepMOAMHAMUKH.

35. TemmmoémkocTh ra3zoB. PaboTta uaeanbHOro raza B H30MpoLeccax.
AnnabaTudeckuii mporece.

36. Pabota mukia. Koaddumment nonesHoro aeicteus. TermioBeie u
xonmoamnbHble MamuHbL. [ukn Kapro. Teopema Kapno. [IpuBeaéanoe
kosinuecTBo Teria. Hepasencrso Kiaysuyca.

37. DHTponHs KaK (PyHKIMS COCTOSIHUS TEPMOJIHHAMUIECKON CHCTEMBI.
Bropoe Hauano TepmoauHaMUKH. I'paHuUIIbl €r0 IPUMEHUMOCTH.

38. Cratuctiueckoe obocHoBanue 3HTpornnu. Popmyna bonbimana.
Teopema HepHcra.

39. IIpupoma MEKMOIEKYISIPHBIX B3aUMOICHCTBUI B ra3ax.

40. Ypasuenue Ban-gep-Baansca. Kputudeckoe coctosHue.

41. BHyTpeHHA SHEprusl peajlbHOro rasa.

42. OcHOBHBIC MPEACTABICHAS O CTPOSHUH kKUIKocTei. [loBepxHOCTHOE
HaTSDKEHHE.

43. ®opmymna Jlamnaca.

44, CmadnBaHue )XUIKOCTSIMHU TTOBEPXHOCTEH TBEPIBIX TEI.

45. KanwisipHble IBICHMUSL.
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DNEeKTPUYECTBO U MarHETH3M.

46. DnekTpryeckuii 3aps. 3akoH KynoHa. DIeKTprudecKoe mose
CUCTEMBI HETIO/IBIXKHBIX 3apsI0B B BaKyyMe.

47. Hampsik€HHOCTD DJIEKTPOCTATHIECKOTO 1M0J1s. CHIIOBEIC JIMHHH.
[TpuHIHKT CYTIEPIIO3UITNH U €70 IPUMEHEHHE K PacuéTy MOl CHCTEMBI




HEMOJIBUKHBIX 3apSAH0B.

48. I[ToToK BEKTOpa HAMPSKEHHOCTH IEKTPHIECKOT0 moJrst. Teopema
laycca B unTerpanbHoil n nuddepeHnnansHol popMax B BaKyyme U e€
MIPUMEHEHUE IS pacuéra dJIEKTPUUECKUX MOJIEH.

49. PaboTa 37eKTPOCTaTUIECKOTO TIOJIS TIPH IIEPEMEITICHIH 3apsIIOB.
IToreHuuan 3meKTpoCTaTUYECKOI O MOJIS.

50. Iupkynauus BekTopa HanpsukEHHOCTH. CBA3b HANIPSHKEHHOCTH U
noteHuuana. YpasHenue [lyaccona.

51. DneKkTpudecKuil AUMONIb B AIEKTPOCTATHYECKOM TIOJIE.

52. DNEeKTpOCTaTHUECKOE TI0JIE B AUIIEKTPHUKE.

53. Tlonsipuzanus AUNEKTPUKOB. DIEKTPOCTATHUECKOE TTOJIE B
ndnekTpuke. [onspru3oBaHHOCTS.

54. CoOoHbIC U CBsA3aHHBIC 3apsibl. CBsI3b MOJISPU30BAHHOCTH C
IJIOTHOCTBIO CBSA3aHHBIX 3apsiIoB. BEKTOp 31EKTpUYECKOr0 CMEIEHUS.
55. O6o0menne Teopemsl ["aycca. I[Tone Ha rpanuie pasaena
TUBIIEKTPUKOB.

56. Ilone BOMM3M MOBEPXHOCTH MPOBOAHUKA. DJICKTPHUUECKOE TI0JIE
3apsKEHHBIX TPOBOJAHUKOB.

57. DneKTpOEMKOCTb MOITYIIPOBOTHUKOB U KOHJICHCATOPOB.

58. DHeprusi CUCTEMbI HENOJIBUKHBIX 3apsI0B.

59. DHeprus 3apsLKEHHOTO MTPOBOJHHUKA, KOHAEHCATOPA.

60. DHeprus MEKTPOCTaTHIECKOro oI, [I10THOCTE 2HEpTUN
3JIEKTPOCTATHYECKOTO TIOJIS.

61. Dnextpuueckuit Tok. Hocutenu Toka B cpenax. Cuma v miIoTHOCTh
TOKa.

62. YpaBHEHHE HENPEPHIBHOCTH.

63. DneKkTpuUecKoe Moje B MPOBOJHUKE C TOKOM. CHJIOBBIC TUHUH
3JIEKTPUYIECKOTO I10JIS1 M JIMHUH TOKA.

64. Ctoponnue cuibl. 3akoH OMa u Jxoyng-JIeHna B MHTErpajabHON U
muddepennmansaoi popmax. (3akonsr Kupxroda).

65. MarautHoe noJie B BakyyMe. BekTop MHIYKIIMY MarHUTHOTO MOJIS.
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DNEeKTPUYECTBO U MarHETH3M.

66. 3akoH buo-Cagapa. [IpuHITUT CYTIEpIIO3UITNH MAarHATHBIX ITOJICH.
[Tone mpsiMOro U KPyroBOro TOKOB.

67. TeopeMa 0 HUPKYJISIIIUU BEKTOPA UHIYKIIUKA MAarHUTHOT'O TOJIS B
HHTerpalibHOM 1 auddepeHnnaabHol hopmax.

68. JIBmxenne 3apsHKeHHBIX 9aCTHI] B AJIEKTPUIECKOM U MATHUTHOM
nossix. Cuna Jlopenma.

69. JImkeHre 3apspKeHHON YaCTHIIBI B DJIEKTPUICCKUX M MATHUTHBIX
NoJIsiX. Y CKOpeHHeE 3apsHKeHHBIX YacTull. D ekt Xomra.

70. ITpoBOJHUKM C TOKOM B MATHUTHOM TOJI€. 3aKOH AMIiepa.

71. MarauTHbIi MOMEHT KOHTYpa ¢ TOKOM. KOHTyp ¢ TokoM B
MAarHuTHOM TIOJI€.

72. TloToK BeKTOpa MarHUTHOW MHAYKLIMHU. Teopema ['aycca s
MarHMTHOTO TIOJIA B MHTETPaNbHOU U nuddepeHnnaibHol popmax.

73. PaboTa 1o nepeMenieHuIo MPOBOAHUKA C TOKOM B MATHUTHOM II0JIE.
74. MarautHoe 1oJje B BelecTse. HaMarumyeHHOCTh BELIECTBA.

75. BexTop Hanps»kEHHOCTH MarHUTHOTO TIOJISL M €70 CBSI3b C BEKTOPaMHU
WHIYKITAU 1 HAMarHUIE€HHOCTH.

76. MarautHasi BOCIPUUMYHBOCTh U MarHUTHAS TIPOHUIIAEMOCTb.

77. llone Ha rpaHuLe pa3aena MarHeTukoB. dusndeckas npupoaa qua- u
napamarHetn3ma. GeppoMarHeTHKY.

78. 3axon ®Dapanes. [IpaBumno Jlenna. CaMmonHIyKIIHS.

79. Bzaumuast uHayKus. Buxpepble TOKU.

80. ILoTHOCTH SHEPrUK MarHUTHOTO TOJSL.

81. DHeprus v CUJIBI B MATHUTHOM TTOJIE.
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BonHoBas onrTuka.




82. OcHOBHBIEC MOJIOKEHUS JICKTPOMArHUTHON Teopuu MakcBesia.
BuxpeBoe anekTpudeckoe mose. Tok cMeleHus.

83. 3akoH MMOJHOrO TOKAa. YpaBHEeHNE MakcBelnia B UHTETpaJIbHOW U
muddepeHunansHOR Gopmax.

84. BoitHOBOE ypaBHEHHUE IS DIICKTPOMAarHUTHOTO TIOJIS, €T0 00IIIee
pemenre. CKOpOCTh pacrpoCTpaHEHHUs IIEKTPOMArHUTHBIX BOJH.
85. DHeprus u UMILYJIbC ANIEKTpOMarHuTHOro nossd. Bexrop IoliHTHHTA.
Teopema [loliHTHHTA.

86. M3nyueHue 27IeKTPOMarHuTHEIX BOJTH. M3myuenue
3JIEKTPOMATrHUTHBIX BOJIH YCKOPECHHOABMKYILIUMHUCS 3apsaJaMy U
JUTONIeM. Y paBHEHHE 3JIEKTPOMArHUTHOW BOJTHBI B TU3JIEKTPHKE.
HopwmanpHOe majieHne 31eKTpOMarHUTHON BOJHBI Ha MTOBEPXHOCTh
pazzena AByX JTUDJIEKTPHKOB.
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BonnoBas onruka.

87. BzaumoeicTBrE ANEKTPOMArHUTHBIX BOJIH C BEIIECTBOM.
OnexTpoHHas Teopus nucnepcuu. HopmanapHast 1 aHOManbHAS
nucnepcusi. 3akoH byrepa. PaccesHue cBera.

88. DnexTpomarnuTHas npupona ceera. [llkana 3neKTpoOMarHUTHBIX
m3mydeHnid. OnTHyeckoe nu3ydeHne, ero MHTEHCHBHOCTb.
HHTepdepeH s 37IeKTpOMarHuTHEIX BOJTH. Pacuér naTepdepeHIIMOHHOM
KapTUHBI C IByMsI HCTOYHUKaMu. [IpocTpaHCTBEHHO-BpEMEHHAs
KOT€pEHTHOCTb.

89. UnTepdepennns cBera B TOHKUX IUIEHKaX. IHTEpepeHIIMOHHBIE
I0JIOCH! PAaBHOM TOJIIIMHBI U PAaBHOTO HaknoHa. [Ipumenenune
UHTEpPEPEHLNH, HHTEPPEPCHLIUOMETPHI.

90. Judpakius cBera. [Tpunnmn INorenca-Openenst. Metoz Gpon
Openens. BekropHas auarpamma. Jludpakust oT Kpyriaoro OTBEpCTHI U
ot kpyrioro aucka. Judpaxaus @paynrodepa ot menu. [Ipenensupiit
nepexo ] OT BOJHOBOM ONTHUKH K TEOMETPUUECKOM.

91. MuorouryueBast uaTepdepernus. Judpaxnronnas penérka.
CriekTpasibHbIE XapaKTEPUCTUKN TU(PPaKIIMOHHBIX peméTok. Jndpakius
peHTreHoBckux nydei. opmyna Byneda-bperra. [Tonsitue o
PEHTTEHOCTPYKTYPHOM aHaJIM3e.

92. Tlonsipuzanus ceeta. EcrecTBEHHBIN M MOIAPU30BaHHBIN CBET. 3aKOH
Mamtoca. 3akoH bproctepa. PactipocTpaneHue 31eKTpOMarHUTHBIX BOJIH
B OJTHOOCHBIX KpucTaiuiax. J[BoitHoe yuenpenomienue. [longapuzanus
CBETa IIPU JIBOMHOM JIy4ETIPEIOMIICHUU.
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OneMeHThl KBAaHTOBOM MEXAaHUKH U SIAEPHOE B3aUMOICHCTBUE YACTHII.
93. TemnoBoe u3nydeHue. MIHTETpasbHBIC U CIICKTPATLHEIC
XapaKTEePUCTHKHU U3TydeHus. 3akoH Kupxroda. 3akon cmemenns Buna.
3akoH Credana-bonpmana.

94. JIuckpeTHbII XapakTep UCITyCKaHMs U MOMJIOIIEHUS
3JIEKTPOMAarHUTHOIO TEIIOBOI'O U3JIyueHUs BelecTBoM. Popmyiia
IInanka 17151 paBHOBECHOT'O TEIJIOBOI'O M3JTy4EHHUS.

95. ®oToaddexT, ero 3aKoHbL. Y paBHEHUE DUHINTEHHA IS
¢doroddhdexra. Jlyanrnszm BOIHOBBIX U KOPITYCKYJISIPHBIX CBOHCTB
W3ITyYEeHMS.

96. Dddext Komnrona. Anepnas moaens aroma Pesepdopaa-bopa.
[Toctynate! bopa.

97. KopmyckymsipHO-BOJIHOBOH ayann3M Matepuu. [ unoresa ne bpoits.
OmnpIT 0 JUdpaku MUKpodacTull. Bonusr ne bpoitns.

98. BonHoBast GyHKLHS, €€ CTATUCTHYECKUI CMBICI M YCIOBUS, KOTOPBIM
OHA JIOJKHA yIOBIETBOPATH. I [pUHIIMI Cynepno3UIMU B KBAaHTOBOM
MexaHuke. COOTHOIIICHUE HeonpeaeaeHHOCTeH [ elizeHOepra.

99. Ypasuenue lllpenunrepa, ero ceoiictea. CtaTucTudeckas
WHTEPIIPETAIUs BOJHOBOH (DYHKIINH.

100. CrarmoHapHbIE COCTOSIHVS, X BpEMEHHAs 3aBHCHMOCTh. Y paBHCHHE




[lIpeaunrepa nns cTallnOHAPHBIX COCTOSHUIM.

101. CnoxTanHOe 1 uHAYyHUpoBaHHOE u3inydeHue. Koapdunuents: “A” u
yuup y4

“B” DiHmTeitHa.
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OneMeHThl KBAHTOBOM MEXAaHUKH U SIAEPHOE B3aMOICHCTBUE YACTHII.
102. Ipuanum paboTsr 1azepa. OCOOEHHOCTH JTa3epHOTO H3TYICHUS.
OCHOBHBIE THUIIBI JIA3€POB, UX IPUMEHEHHE.

103. [IpyHLIMT TOXKAECTBEHHOCTH OAMHAKOBBIX MUKPOYACTHII.
CruMMeTpHUYHbIE U aHTUCUMMETPHUYHBIE COCTOSIHHS TOKIECTBEHHBIX
MHKpodacTHL. PepMuOHBI 1 0030HEI.

104. Cratuctuka boze-Ditamrelina. @yHKIHS pacnpeaenenus boze-
OnHmTeiiHa. CBolicTBa 603€-4acTHII.

105. Cratuctuka @epmu-/lupaka. @yaknus pacupeaeneHus Oepmu-
Hupaka. BeIposxqeHHBII 37€KTPOHHBIHN ra3. JHeprus Oepmu.

106. KBanrtoBas Teopusi CBOOOAHBIX 3JEKTPOHOB B MeTaiie. [lnoTHocTh
JJIEKTPOHHBIX COCTOSIHHUH.

107. IIpenenbHbIN epexo/1 KBAHTOBBIX CTATUCTUYECKHUX pacIpeaeieHuit
®epmu-/Iupaxa u boze-OUHIITEIHA B KITACCHYECKOE paclpeaeIcHIe
Makcenna-bonbimana.

108. Pabora BbIX0/1a 3JIEKTPOHA U3 MeTaJlIa. TepMOIIEKTpOHHAS
amuccust. Dopmyia Puuapacona-/emmana. D ekt Hlortku. XomoaHas
(aBTORIIEKTPOHHAS) SMUCCHSL.

109. CuMMeTpus 1 3aKOHBI COXPaHEHHUS] B MUPE 3JIEMEHTapHbIX YacTHII.
110. CtpykTypa aTOMHOTO Aapa. XapakTepUCTUKH S1ep: 3apsij, Macca,
pa3mepsl, 3Heprus cBs3u. CBoiicTBa 1 0OMEHHBIN XapakTep SAepHBIX CHII.
111. PagroakTUBHOCTD. 3aKOH paJuOaKTUBHOTO pacnana. Buas
paZuOaKTUBHBIX U3Ty4YEHHH.

3amaHus U1 OLICHKA

YMEHHIA.

Kon pesynbrara
0o0yJeHMS

3amganus

OIIK-1-¥1

B kauecTBe OHIOB OIICHOYHBIX CPEICTB IS OIICHKU YMCHHIMA
00yJaromerocst UCIOMb3YIOTCS 3a1aHus 17, pPeKOMEHIOBAHHBIC TSI
BBITIOJTHCHHS B YaChl CAMOCTOSITETEHON pa0boTHI (pazmen 6.2.)

OIIK-1-V¥1

B kadecTBe pOHIOB OIIEHOYHBIX CPEJICTB ISl OIICHKH YMEHUH
00yJaroerocst UCMOMb3YIOTCS 3a/1aHus 18, pPeKOMEHIOBAHHBIC IS
BBITIOJTHCHHS B YaChl CAMOCTOSITEITLHON pa0boThI (pazmen 6.2.)

OIIK-1-Y2

B kadecTBe pOHIOB OIIEHOYHBIX CPEJICTB ISl OIIEHKH YMEHUH
00yJaroerocst UCMOIb3YIOTCS 3a/1aHus 19, peKOMEHIOBAHHBIC IS
BEITIOJTHEHHS B YaChl CAMOCTOSITENILHOM paboThI (pa3aen 6.2.)

OIIK-1-Y2

B kauectBe GOHIOB OIIEHOYHBIX CPEICTB JIJISl OIICHKH YMEHUH
00yJaroIerocst HCIoNb3yoTcs 3ananus 20, peKOMEHIOBaHHBIC IS
BEITIOJTHEHHS B YaChl CAMOCTOSITENILHOM paboThI (paszaen 6.2.)

OIIK-1-VY3

B kauecTBe OHIOB OIICHOYHBIX CPEICTB IS OICHKU YMEHHMA
00yJaroIerocst HCIONb3YIOTCS 3a0aHus 21, peKOMEHIOBaHHBIC IS
BBITIOJTHCHHS B YaChl CAMOCTOSITEITEHON pa0boTHI (pazmen 6.2.)

OIIK-1-VY3

B kauecTBe OHIOB OIICHOYHBIX CPEICTB IS OIICHKU YMEHHMA
00yJaroerocst UCMOMb3YIOTCS 3a/1aHus 22, PEKOMEH/IOBAHHBIC TSI
BBITIOJTHCHHS B YaChl CAMOCTOSITETEHON pa0boTHI (pazmen 6.2.)

OIIK-1-Y4

B kauecTBe OHIOB OIIEHOYHBIX CPEICTB ISl OLICHKH YMEHHH
00yJaroIerocst UCMoMb3YIOTCS 3a1anus 23-24, peKOMEHI0BaHHBIC IS
BBITIOJTHCHHS B YaChl CAMOCTOSITEITLHON pa0boThI (pazmen 6.2.)

OIIK-1-Y4

B kadecTBe OHIOB OIIEHOYHBIX CPEJICTB IS OIIEHKH YMEHUH
00yJaroIerocst UCMoIb3YIOTCS 3aaHus 25-26, peKOMEHI0BaHHBIC IS
BEITIOJTHEHHS B YaChl CAMOCTOSITENILHOM paboThI (pa3aen 6.2.)

3ananusi, HarpaBJIeHHbIE Ha (hOopMUpOBaHHE TPOPECCHOHATBHBIX HABBIKOB, BIAJCHUN.




Kon pesynberaTta

Saganus
0o0yJeHMS 5

B kadectBe GOHIOB OIIEHOYHBIX CPEICTB JIJISl OIICHKH HABBIKOB,
BIIQJICHUH, OTIBITA JICATEITBHOCTH 00YYAaOIIETOCs HCIIOJIB3YIOTCS 3aJaHuSs
1 OIIK-1-Bl1 27-28, peKOMEHIOBAHHBIE JJIsT BEITIOJHEHHUS B YaChl CAMOCTOSTEIIEHOM
pabotsl (pazmen 6.3.), a TaKKe MpakTHIeckasi padoTa: YTCHUE JICKITHH,
MTPOBEJICHNE PA3IMYHBIX BHJIOB CEMUHAPCKUX M 1aOOPaTOPHBIX 3aHATHIA.

B kadectBe POHIOB OLIEHOYHBIX CPEACTB AJIs OLICHKU HABBIKOB,
BJIaJICHUH, OIIBITA JESITEILHOCTH 00yUaroIerocsi HCIONb3YOTCs 3aJaHus
2 OIIK-1-Bl1 29-30, pekOMEHIOBaHHBIE JJIST BEIIOJHEHHUS B YaChl CAMOCTOSTEIIEHOM
pabotsl (pazgen 6.3.), a Takke NpakTUUecKas paboTa: YTeHUE KU,
IIPOBE/IEHHE PA3JIMUHBIX BUIOB CEMUHAPCKUX U J1a00OPaTOPHBIX 3aHSITHH.

B kagectBe POHIOB OLIEHOUHBIX CPEACTB JJIs OLIEHKU HABBIKOB,
BJIaJICHUM, OIBITA JESITEIbHOCTH 00yUYaIoMIerocs HCHONb3YIOTCS 3aJaHuns
3 OIIK-1-B2 31-32, pekOMEHJOBaHHBIE 11 BBINIOJIHEHUS B 4aChl CaMOCTOSITEIEHOM
paboTsl (pazmen 6.3.), a TakKe MpakTHIeckasi padoTa: YTCHHUE JISKITHH,
[IPOBEICHHE PA3IMUHBIX BUIOB CEMUHAPCKUX U J1a00OPAaTOPHBIX 3aHITHH.

B kadectBe POHIOB OLIEHOYHBIX CPEACTB AJIs OLICHKU HABBIKOB,
BJIaJICHUH, OIBITA JESITENbHOCTH 00YUYaroIIerocs HCHONb3YIOTCS 3aJaHuns
4 OIIK-1-B2 33, peKOMEH/IOBAaHHEIE JIJIS1 BHITIOJTHEHUS B 9aChl CAMOCTOSTEIHLHOM
pabotsl (pazgen 6.3.), a Takke NpakTUUecKas paboTa: YTeHUE JISKIUH,
MPOBEICHNE PA3IMYHBIX BUAOB CEMUHAPCKUX M J1a00PaTOPHBIX 3aHITHH.

B xagecTBe (OHIOB OIICHOYHBIX CPENICTB IS OIICHKH HABBHIKOB,
BIIAJICHUH, OTBITA IEATEIHFHOCTH 00YJAIOIIETOCS UCTIONB3YIOTCS 3aTaHS
5 OIIK-1-B3 34, peKOMEH/I0BAHHBIC JJIs1 BBITIOTHEHUS B YaChl CAMOCTOSATEIBHOM
pabotsl (pazgen 6.3.), a Takke npakTUUecKas paboTa: YTeHUE KU,
MIPOBEJICHIE PA3TUNIHBIX BHIOB CEMHHAPCKHUX M JIA0OPATOPHBIX 3aHITHM.

B kadectBe GOHIOB OIIEHOYHBIX CPEICTB JIJISl OIICHKU HABBIKOB,
BIIQJICHUH, OTIBITA JICATEITHBHOCTH 00YYAaOIIETOCs HCIIOIb3YIOTCS 3aJaHus
6 OIIK-1-B3 35, peKOMEH/IOBaHHEIE JIJIS1 BHITIOJTHEHUS B 9aChl CAMOCTOSATEIHLHOM
paboThl (pazmen 6.3.), a TakKe MpakTHIeckasi padoTa: YTCHUE JISKITHH,
MPOBE/ICHNE PA3IMYHBIX BHJIOB CEMUHAPCKUX M 1a0OPaTOPHBIX 3aHATHIA.

B xadecTBe POHIOB OLIEHOYHBIX CPEACTB AJIs OLICHKU HABBIKOB,
BJIaJICHUH, OIIBITA JESITEILHOCTH 00yUaroIerocsi UCIONb3YTCs 3aJaHus
7 OIIK-1-B4 36, peKOMEH/IOBAaHHEIE JIJIS1 BHITIOJTHEHUS B YaChl CAMOCTOSATEIHLHOM
pabotsl (pazgen 6.3.), a Takke NpakTUuecKkas paboTa: YTeHUE KU,
MPOBEICHNE PA3IMYHBIX BUAOB CEMUHAPCKUX M J1a00OPAaTOPHBIX 3aHITHH.

B xagecTBe (OHIOB OIICHOYHBIX CPENCTB IS OIICHKH HABBIKOB,
BIIQJICHUH, OTIBITA JICATEIBHOCTH 00YYaOIIETOCS UCIIONIL3YIOTCS 3aJaHUS
8 OIIK-1-B4 37, peKOMEH/I0BAHHBIC /7151 BBHITIOJHEHUS B YaChl CAMOCTOSATEIBHOM
paboTsl (pazmen 6.3.), a TakKe MpakTHIeckasi padoTa: YTCHHUE JICKITHH,
MIPOBEICHIE PA3TUIHBIX BHIOB CEMHHAPCKHUX M JTJA0OPATOPHBIX 3aHITHH.

8. IEPEYEHb OCHOBHOM U JONOJHUTEJBbHOM YYEBHOM
JUTEPATYPBI, HEOBXOJIVUMOM JIJISI OCBOEHUS AUCIHUIIJIUHBI (MOLYJIS)

a) OCHOBHas JUTEparypa:
1. bo6ommuna C. b. Kypc obmeit ¢pusuku / C.b. bobommuna. - Mocksa: Ipoda, 2010. -

412 c. - ISBN 978-5-358-07961-8. - URL: https://ibooks.ru/bookshelf/340056/reading. - Tekcr:

JJIEKTPOHHBIN.




2. TapacoB O.M. JlaGoparopHsie paboThl Mo (u3uke ¢ Borpocamu u 3agaHusmMu / O.M.
TapacoB. - MockBa: ®opym, 2018. - 97 c. - ISBN 978-5-00091-472-4. - URL:
https://ibooks.ru/bookshelf/360804/reading. - TekcT: 31EKTPOHHBIHA.

3. Yepnsak B. I'. Mexanuka u MojexyispHas ¢usuka : npaktukym / B.I'. Yepnsk. -
Mocksa: ~ ®nmaTa, 2017. - 104 c¢. - ISBN 978-5-9765-3161-1. - URL:
https://ibooks.ru/bookshelf/354672/reading. - TeKCT: 2JIEKTPOHHBIHA.

0) IOTIOJTHUTEIbHAS JTUTEPATYpa:

1. Crapony6buesa I'. I1. Kypc nexkumii no ¢usuke. Mexanuka, MonekyispHas (usuka,
TepMoIuMHaMHKa. OnekrpuuectBo W marHetusm / [.II. CraponmybreBa, A.A. XalueHko. -
CraBponosnb: CTaBpomnoibCcKHii rocyaapcTBEHHbIN arpapHbiii yausepcuter (AIPYC), 2017. -
168 c. - ISBN stgau 2018 38. - URL: https://ibooks.ru/bookshelf/358040/reading. - Texkcr:
3JIEKTPOHHBIMN.

2. Capuna M.II. BonHoBast m kBaHTOBast onTuka: yueoHoe mocodue / M.I1. Capuna, B.H.
XonsBko. - HoBocubupck: HoBocuOMpCKHT TOCYZapCTBEHHBIM TEXHUYECKUN YHUBEPCUTET,
2019. - 124 c. - ISBN 978-5-7782-3813-8. - URL: https://ibooks.ru/bookshelf/367836/reading. -
TekeT: DIeKTPOHHBIN.

3. Hukepor B.A. ®usuka. CoBpemennbiii kypc / B.A. Hukepos. - Mocksa: Jlamkos u K,
2018. - 452 ¢. - ISBN 978-5-394-02928-8. - URL: https://ibooks.ru/bookshelf/356423/reading. -
TeKCT: AEeKTPOHHBIN.

4. Konuernmuu coBpeMeHHoro ectectBo3Hanus / [lox pen. mpodeccopa C. . Cambiruna.
Cepus «Briciiee oOpa3oBaHuey». — 6-¢ u3., nepepad. u non. — PoctoB v//1: «®Denukcey, 2005. —
448 c. — ISBN 5-222-03034-2. — TekcT: neyaTHbIN.

9. HEPEYEHb KOMIUVIEKTOB JIMHEH3MOHHOT'O U CBOBO/IHO
PACITPOCTPAHAEMOI'O IIPOI'PAMMHOI'O OBECIIEYEHUAA,
W CHOJIb3YEMOI'O ITPU U3YUYEHHUH YUYEBHOM U CIHUILIMHBI

[Ipy w3ydyeHun ydeOHON IUCHUILIMHBI (B TOM 4YHCIe B HMHTEPAKTHBHON (opme)
MPEIoiaraeTcs MPUMEHEHUE COBPEMEHHBIX WH(OPMAIMOHHBIX TexHoMoruid. Komrekr
MPOrpaMMHOTO OOECTEUEeHHs NJIsi WX HCIOJIh30BaHMUS BKIIOUAET B ce0s: MakeThl O(HCHOTO
nporpammuoro obecrneuenust Microsoft Office (Word, Excel, PowerPoint), OpenOffice;

Be0-Opaysep (Google Chrome, Mozilla, Microsoft Edge np.);

AJICKTPOHHBIC OMOJIMOTEYHBIC CHUCTEMBI 1books.ru.

Jlnst noctyna K yaeOHOMY TUIaHY U pe3yJibTaTaM OCBOCHUS AUCIUILINHBI, (JOPMHUPOBAHUS
[Toptdonmo obOydaromierocs: ucnonb3dyercs: JINuHpIl KaOUHET CTyAeHTa (OH-JIAWH JTOCTYI Yepe3
cetb Hutepner). [lns oOecnedeHus 0CTynma oOOydYarOIIMXCsl BO BHEyuyeOHOE BpeMs K
DJIGKTPOHHBIM 00pa30BaTEIbHBIM pecypcaM y4eOHOW MWCIMILIUHBI, a TaKXKe A CTYACHTOB,
00yJaromuxcs ¢ MPUMEHEHHEM JTUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTUH, HCIIONB3yeTCs
nopTaj 31eKTpoHHOro odyueHus Ha 6aze C/1O Moodle (on-naitn noctym uepes cets MHTEpHET).



10. IEPEYEHDb PECYPCOB HH®OPMAIIMOHHO-
TEJJEKOMMYHUKAIIMOHHON CETH «AHTEPHET», HEOBXOJUMBIX JJ5
OCBOEHMS JNCHHUAIIVIMHBI

https://cyberleninka.ru/ nayunast snekrponnas oubnuorexka «KUBEPJIEHVHKA»
https://elibrary.ru/ Hay4dHas >7IeKTpoHHas OMOIMOTEKA
https://ibooks.ru/ - DnexTpoHHas OMOIMOTEUHAS cCHCTeMa «AHOYKCY»

11. OBYYEHUE NHBAJINI0B U JINL C OI'PAHUYEHHBIMU
BO3MOXHOCTAMMH 3/10POBbs

N3yyenne y4eOHOM IUCHMIUIMHBI OOYYAIOIIMMHUCS WHBAIMAAMH M JHIAMH C
OTPaHMYCHHBIMH BO3MOXKHOCTSIMH 3/I0POBbS OCYIIECTBISIETCSI B COOTBETCTBHM ¢ [Ipmkasom
MunucrepctBa o0pazoBanus u Hayku P® ot 9 nHos16ps 2015 r. Ne 1309 «O6 yTBepkaeHUn
[Topsaka oGecrieueHus YCIOBHHA TOCTYMHOCTH U MHBAINIOB OOBEKTOB U IPEIOCTABISIEMBIX
yciyr B cdepe oOpa3oBaHHWs, a TAaKKe OKa3aHUS UM TPU ITOM HEOOXOAMMON MoMOIIm» (C
U3MEHEHUSMU U JIONOJHEHUSAMH), MeTOANYeCKMMH pPEKOMEHAAUsIMH 110 OpTraHU3aliH
o0pa3oBaTeNpHOrO Tpolecca s OOyuyeHUs UWHBAIMJAOB M JIMI C OTPaHUYCHHBIMH
BO3MOXKHOCTSIMH 3/I0pOBbsI B 00pa30oBaTEIbHBIX OPraHMU3AlUAX BBICIIEI0 OOpa3oBaHMs, B TOM
YHUCIe OCHAIICHHOCTH 00pa30BaTEIbHOTO IIPOIECCa, YTBEPXKICHHBIMH MMHHCTEPCTBOM
obpazoBanus u Hayku PD 08.04.2014r. Ne AK-44/058H.

Jluma ¢ OrpaHMYCHHBIMH BO3MOYKHOCTSIMH 3/I0POBbS M WHBAJIUABI 00ECIIEUNBAIOTCS
3JIEKTPOHHBIMHU 00pa30BaTEIbHBIMU pECYpCaMu, aalTHPOBAHHBIMH K COCTOSIHHIO MX 310POBBS.

[IpemocraBieHne CHENUANbHBIX TEXHUYECKUX CPEIACTB OOYYEHHS KOJUICKTHMBHOTO H
UH/IMBUYAJIbHOTO  TIOJIb30BAaHUs, MOX0Op M pa3paboTka y4eOHBIX MaTepuajoB JUis
00y4aromuXxcsi ¢ OrPaHUYEHHBIMU BO3MOXKHOCTSIMU 3JI0POBbsI IPOU3BOAUTCS MPENOAaBaTEIsIMU
C Y4YeTOM WHIUBUAYAIbHBIX ICUXO(U3NOIOTHUECKUX OCOOCHHOCTEH OO0ydJaromuxcs u
cneunuku mpuemMa-nepenadun yueOoHoi nHdopMalu Ha OCHOBaHUU NPOCHOBI, BEIPAXKEHHOU B
MMCbMEHHOU (popme.

C oOywarommMucsi 1O WHAWBUAYAJIbHOMY IUIAHY WIM WHAWBUAYaJIbHOMY Tpaduky
HPOBOJAATCS] MHANBUAYATbHbIC 3aHATUS U KOHCYIbTAIHH.

12. ONUCAHUE MATEPHAJIBHO-TEXHUYECKOM BA3bI,
HEOBXOJUMOIi J1J151 OCYIECTBJIEHHUSI OBPA30OBATEJIBHOI'O IPOLIECCA
MO JUCHUILIMHE (MOJLYJIIO)

VYyeOHas TUCHUIUIMHA peaTnu3yeTcs B ayauTopuu 329.

OobopynoBanue:

VYyebnas mebenb: pabodee MeCTO MperojaBaTels — CTOJ, CTYN;, y4eOHbIe MecTa JyIst
00y4aromuxcs — HapThl, CTYJIbS; OCKA.

TexHuveckue cpeacTBa 00y4eHHsI:

[TepeHocHOE MyIBTUMEIMITHOE 000PYIOBaHHUE:

HoyTtOyk, ¢ BbIX010M B ceTb MIHTEpHET U C JOCTYIOM B 3JIEKTPOHHO-UH(OPMALIMOHHYIO
Cpelly UHCTUTYTA, IPOEKTOpP, IKPaH JEMOHCTPALIMOHHBIMH.



Jlns mpoBeleHHs] 3aHITHM CEeMHHApCKOrO THIA, JIabopaTOpHBIX paboT, TEKYyIEero
KOHTPOJISI M MPOMEKYTOYHON aTTeCTallid W WHAWBHIYATbHBIX KOHCYJIBTAI[MH HCIIONB3yeTCs
aynutopus 310.

OobopynoBanmue:

VYuebnas meOenb: pabodee MECTO INpernoAaBaTesss — CTOJ, CTYJd;, ydyeOHble mecTa s
00y4aromuxcs — HapThl, CTYJIbs; OCKA.

TexHuueckue cpeacTBa 00y4eHus :

[TepenocHoe MybTUMEIUITHOE 00OPYIOBAHUE:!

Hoyt6yk, ¢ BbIx0o0M B ceThb HTEpHET U ¢ AOCTYIIOM B AJIEKTPOHHO-UH(OPMALIMOHHYIO
Cpelly UHCTUTYTa, MPOEKTOP, 3KPaH JEMOHCTPALIMOHHBIM.

Jlnst caMOCTOSTETbHON paboOThl CTYIEHTOB M HAITMCAHUS KYPCOBBIX Pa0dOT HCIONIB3YeTCs
aynurtopus 314.

OobopynoBanmue:

VYyebnas mebenb: pabodee MeCTO MperojaBaTels — CTOJ, CTYN;, y4eOHbIe MecTa JyIst
00y4aromuXxcsi — HapThl, CTYJbS; JO0CKA; KOHIUIIUOHED.

TexHuueckue cpeacTBa 00y4eHHs :

[TepenocHoe MynbTUMETUITHOE 00OPYIOBAHUE:

HoyTtOyk, ¢ BbIX010M B ceTb MIHTEpHET U C JJOCTYIOM B 3JIEKTPOHHO-UH(OPMALIMOHHYIO
Cpelly UHCTUTYTA, IPOEKTOP, IKPaH JEMOHCTPALIMOHHBIMH.



[Tpunoxenue 1

KonTtpoabsnas padora
(MpUMepHBII BapUaHT)

1. Yactuna ABMXKETCA MO JIyre OKPYXHOCTH paaumyca R 1o 3akoHy /=Asinwt, toe [ —
CMELICHUE W3 HAYaJbHOIO MOJOKEHMS, OTCUATHIBAEMOE BJAOJb IYTH, A U @ — IMOCTOSTHHBIE.
[onoxus R=1,00 M, 4=0,80 M 1 ©=2,00 ¢!, HaiiTH MOIHOE YCKOPEHHE YaCTHIIBI B TOUKaxX /=0 n
+A4.

2. llemouka Maccel m, oOpasyromias OKPYXHOCTh paamyca R, HajgeTa Ha TJaJKui
KPYroBOM KOHYC C yrjioM moixypacTBopa 6. HaiiTm cwily HaTsDKEHHS LIETIOYKH, €CIM OHa
BpaIIacTCs ¢ MOCTOSHHON YIJIOBOM CKOPOCTBIO (0 BOKPYI BEPTHKAJIbHOM OCH, COBIAAAOLIEH C
OCbI0 CHMMETPHUH KOHYCA.

3. Hemouka maccer m=0,80 xr, miuuHbI /=1,5 M JEKUT HA MIEPOXOBATOM CTOJIC TaK, YTO
OJIMH €€ KOHEIl CBEIIMBAaeTCs y ero kpad. Llemouka HaumHaeT cama COCKalb3bIBAaTh, KOTAA €€
CBEIITMBAIOMIASCSA YacTh cocTaBisieT #=1/3 mnuHbl nemouyku. Kakyro paboTy coBepmiaT CHIIbI
TpEHUs, ACHUCTBYIOLIUE HA LIETIOYKY, TP €€ MOJTHOM COCKaJIb3bIBAHUHU CO CTOJA?

4. bpycok Macchl m HaXOOUTCAd Ha TJIaJKOW TOPU30HTAJIbHOW MOBEepxXxHOCTU. K Hemy
MPHUKpEIICHA JIeTKasi PY>KUHA KEeCTKOCTU e. CBOOOIHBIN KOHEIl PYKHHBI HadaIH IepeMeIaTh
B FOPU30HTAJILHOM HaIIPaBJIEHUU BJOJb IPYKUHBI C HEKOTOPOM MOCTOSIHHOM CKOpocThio. Yepes
CKOJIBKO BPEMEHHU HAJI0 OCTAHOBUTH ATOT KOHEIl NPY>KUHBI, YTOOBI ITOCTIE OCTAHOBKH OPYCOK HE
Kosiebancs?

5. WneanpHbIl Ta3 ¢ mokaszarejieM aauadaThl y COBEpIIAET UK, COCTOSIIUN U3
IBYX M30XOp W ABYX m300ap. HaiiTu k.m.;. Takoro muKJa, eciau tTemmneparypa I rasza
BO3pacTaeT B n pa3 KaK NpU H30XOPHUYECKOM HarpeBe, Tak U NPU H300apHUIECKOM
pacmIMpeHNH.

6. Haxopnsmuiicss B BakyyMe TOHKHI MPSIMOM CTEPKEHb ITIMHBI 2a 3apsSyKEH PaBHOMEPHO
3apsaoM ¢. HaliTu Moaysih HanpsKEHHOCTH SJIEKTPUUYECKOTO MO KaK (YHKIIHIO PACCTOSIHUS 7
OT LICHTPA CTEP>KHSI 10 TOUKH MPSIMOU,

a) NEePHEHIUKYISIPHOM K CTEP KHIO M MPOXOAAIIEH, YeEpe3 €ro LEHTD;

0) COBIAIAIONICH C OCBIO CTEPIKHSA, €CITH 7>>.

HccnenoBath monydeHHbIE BRIPAKEHUS TIPU 7>>q.

7. OMHOPOIHBIN JUAICKTPUK UMEET BHUJI CPEPHUUECKOTO CJIOS ¢ paauycamMu a U b, mpudem
a<b. N3o0pa3uth mpuMepHbIe TpadUKA MOIYNSI HANPSHKEHHOCTH SJIEKTPUYECKOro mojisi £ u
NOTEeHLMaNa ¢ Kak (DYHKUMH pacCTOSHUSA 7 OT LEHTPa CHUCTEMBl, €CIH IUAJIEKTPUK HMEEeT
IIOJIOXKUTENbHBIM CTOPOHHUM 3apsifi, PaCIpeIeICHHbIN PAaBHOMEPHO:

a) 0 BHYTPEHHEH MOBEPXHOCTH €J10s1; 0) IO 00bEMY CIIOSI.

8. Merauinyeckuil map paguyca @ OKpy>KeH KOHLUEHTPUUYECKON TOHKOW METAJUIMUECKON
obooukoii pamuyca b. [IpocTpaHCTBO MEXIYy STUMHU JIIEKTPOJIAMHU 3aMOJHEHO OJHOPOIHOMN
c1abo TpOBOAIIEH Cpelnod C yIedbHBIM CONMpPOTUBIEHWEM p. Halitm compoTuBiieHHe
MEXAJIEKTPOIHOTO TPOMEKYTKa. PaccMoTpeTs Takke ciayuaid b—oo.

9. OnHOPOAHBIM TOK TJIOTHOCTH j T€YET BHYTPU HEOTPAHMYEHHOMN IUIACTUHBI TOIIIMHBI
2d mapannenbHO €€ TMOBEpXHOCTH. HalWTh WHAYKIMIO MarHUTHOTO TIOJII 3TOTO TOKa Kak
(GYHKIIUIO PAaCcCCTOSHUS X OT CPeIHEH TIOCKOCTH IIACTHHBI. MarHUTHYIO IPOHUIIAEMOCTh BCIOTY
CYUTATh PABHOW €IUHULIE.

10. Ha pacctosHusIX @ ¥ b OT HAJIMHHOTO MPSIMOTO




NPOBOJHUKA C TIOCTOSHHBIM TOKOM [p pacIOJIOKEHBI JBa NapaJIebHBIX €My IIPOBOJA,
3aMKHYTBHIX Ha OJIHOM KOHIIE conpoTuBieHueM R (puc.). Ilo mpoBogam 6e3 TpeHUS MMepeMeIaoT
C TIOCTOSTHHOM CKOPOCTBIO V CTepKeHb—TIepeMbIuKy. [IpeHebperasi conpoTHBIEHHEM MTPOBOOB,
CTCPIKHA U CKOJIB3AIINX KOHTAKTOB, @ TAKXXC MHAYKTHUBHOCTBIO KOHTYpa, HauTH:

a) 3HAUCHUE W HAIMPABJICHUE WHAYKIIMOHHOTO TOKA B CTEPIKHE;

0) cuiy, HEOOXOIUMYIO TSI TIOJIIEPKAHMSI TIOCTOSTHCTBA CKOPOCTH.



[Tpunoxenue 2

JlabopaTtopHas pabora Nel
JIBH:KeHHe TeJia ¢ MOCTOSIHHBIM YCKOpeHUueM

[{enb paboTHI:

3HAKOMCTBO C JBM)KEHHEM OOBEKTa, MOJENbI0 KOTOPOTO SBJISIETCS MaTepHabHasi TOUKa
(MT)

HccnenoBanue IBMKEHUS 0OBEKTA C TOCTOSIHHBIM YCKOPEHHUEM.

OKCIIepUMEHTAIIbHOE ONpEAEICHUE YCKOPEHHsI CBOOOJHOrO MaJeHHsl Ha MOBEPXHOCTU
3emiu.

Kparkas Teopus

Mamepuanvnas mouka — 3T0 aOCTPAKTHBIM OOBEKT (MOMAEIH), UMEIONINI OECKOHEUHO
Masible pa3Mepbl M OO0JaJaroIuii HEKOTOPBIMH XapaKTepUCTUKaMu peanbHoro tema. MT
IOpUMEHSeTCs Ul aHan3a JBU)KEHUS OOBEKTOB, pa3MepaMH KOTOPBIX MOXKHO NpeHeOpeub B
YCIOBHAX JaHHOW 3afaud. Takue OOBEKThl YacTO TOXKE Ha3bIBAIOT «MaTepUANIbHAs TOYKa», a
MHOTJA — «4aCTHLIAY.

Ionoxcenue MT — 5>TO XapaKTEpUCTHUKA, ONpeAesstomas pacnoyioxenne MT
OTHOCHUTEJIBHO TE€J OTCYETa M COOTBETCTBYIOLIEH CHCTEMBl KOOPAMHAT B JAHHBIA MOMEHT
BpeMeHU. MartemaTudeckoe onucanue nosnoxenus MT — ee paguyc-BeKTop 7, IPOBENCHHBIN U3
Hayaja CHCTEMbl KOOPAMHAT, OCH KOTOPOH HpPOXOAAT uepe3 Tejla OTCYETa, B TOUKY, Ile
pacnionnoxkeHa MT. Ilpoekuuu paguyc-BeKTOopa Ha OCH CUCTEMBl KOOPAMHAT Ha3bIBAIOT
KoopauHaramu MT

Mexanuueckoe O0susicenue eCTb U3MEHEHUE IOJIOKEHHUS O0BEKTa B IMPOCTPAHCTBE CO
BPEMCHEM.

rO=x 0.y 0,20

3akon oOsurcenuna — 310 (QYHKIHS ONMCHIBAIOLIAS 3aBUCHMOCTD
pamuyc-BeKTopa (KOOPAMHATHI) OT BPEMEHH.

Ckopocmb  eCTb  BEKTOpHAasT  KMHEMaTWU4ecKas  XapaKTepUCTHKAa  JIBM)KCHUS,
onpenensoomas ObICTPOTY M HallpaBIeHUE ABMKEHMsI. MaTtemaTHuecku

:f?lf.:]
7

=

Yekopenue  ectp BexkTOpHas — KMHEMaTHuYecKas ~— XapaKTEPUCTHKA  JBUIKECHMS,
ornpezensonas ObICTPOTY U HampaBiIeHNUEe U3MEHEHHs CKOPOCTU. MaTtemMaTndecku

T i ;m

Tpaekmopusa ecTb TEOMETPUYECKOE MECTO TOYeK, Koropble mpoxoautr MT mpu ee
JIBWKEHUH. B KaK10M TOYKE BEKTOP CKOPOCTH HAMpPaBJIEH 0 KacaTeIbHON K TPACKTOPHH.

—
@ = const
HpI/I ABVKCHHUU C ITIOCTOAHHBIM YCKOPCHUEM 3aKOH 06UIICCHUS IMEET BU .
P

—_ —_— —_— [
pE)=r o w id—
)=y + gt +—

—
b

E il
A€ — HayaJdbHOE MOJIOKEHUE U — HadajbHas ckopocTh MT.
—. — —
V= toat
3akon ckopocmu:



[Ipu cBOOGOJHOM [BMXKEHHMH Tela BOJIM3M TOBEPXHOCTH 3eMITU s YCKOpEHHE
CBOOOJTHOTO TaJICHUS Ha TIOBEPXHOCTU 3eMITH (TaOIMYHAs BETMYUHA).
Tanzenyuanvnoe yckopenue OmNpenenseT, Kak OBICTPO MEHSETCS BETHMYMHA (MOIYIb
BEKTOpa) CKOPOCTH: 7]
ﬂi:?,
OHO HAmpaBJIEHO MO KacaTeIbHOU K TPACKTOPHUH.
Hopmanvnoe yckopenue OTpeAenseT, Kak OBICTPO MEHSETCsS HampaBlIeHHE BEKTOpa

ckopoctu. DopMyia I 3TOM COCTABIISIONIEN YCKOPEHUS UMEET BU]T

rae R — paauyc KpUBU3HBI TPAEKTOPHH.
HopMmanbHoe yckopeHue neprneHIuKyISIPHO KacaTeJIbHOM K TPACKTOPHUH B JAHHOU TOYKE.
Ilonnoe yckopenue onpenensercs no reopeme [Iudaropa:

|:;| = a?‘ =+ ai ]

MeToauka u NOpPsiAOK U3MepeHusl

1. Ha wmonuTOpe mienkHutre Mblmblo KHONMKY COpoc (HIKHSS 4YacThb KHOIKH
yhpaBiaeHus). YCTAaHOBUTE 3HAYEHUS MapaMeTpoB, YKa3aHHbIE B COOTBETCTBYIOIIEH CTPOKE s
BaIleil OpUrajbl.

2. Haxxmure Mbimpio kHOnKy Ilyck (cpemHsisi 4acTh KHOIIKHM YIPaBJIEHUS) U, KOT/Ia
MT Oynet B BepxHel TOUKE TPAaeKTOPUH (BEPTHKAIbHASI KOMIIOHEHTa CKOPOCTHU L, OYJEeT OueHb
MalieHbKoi), Haxkmute Ilay3a. JloGeiitecs MUHUMATBFHOTO 3HAUEHHS BEPTUKAIBHON CKOPOCTU H
3aMUIIUTE PEe3yabTaThl U3MEPEHUN KOOPAWHATHI Vmax B Ta0d. 2, oOpasen KOTOpOW MpHUBEACH
Hxke. Haxxmure kHonky Haszan (neBast 4acTh KHONKM YIIPABJICHUSI) U TOBTOPUTE U3MEPEHUS 5
pas.

3. YcraHOBUTE HAYaIbHYKO CKOPOCTh JIBMOKEHUSI IJIA CIEAYIOIIEH TpaeKTOpHUH,
KOTOpas yka3zaHa B Ta0. 2.

4. [IpoBenuTe N3MEPEHUS Ymax, KAK YKa3aHO B II. 2.

Obpabomka pe3yrbmamos

1. Beuucnure u 3amumuTe B TabNI. 2 cpeAHHE 3HAYCHUS BEPTUKATBHOW KOOPIWHATHI
TOYKA MAKCUMAJIBHOTO MOABEMA <Vmax> M OTKJIOHEHUSI Ymax H3MEPEHHOIO 3HAYEHUS OT

CpEIHETO.

2. Boruucnure u 3anummre B Ta0J1. 3 Bce HEOOXOAMMBIE XapaKTEPUCTHKH.

3. [TocTpotiTe rpaduk 3aBUCUMOCTH CPETHUX 3HAYCHHI BEPTUKAIBHOU KOOPIUHATHI
TOYKH MAaKCUMaJIbHOI'0O MOJbEMA <Vmax™> OT KBaJApaTa Ha4YaJIbHOU CKOPOCTH.

4. Onpenenure 1o rpaduky 3HAYEHHUE YCKOPEHHS CBOOOAHOrO TMaACHUS g,
UCIONB3Ys GOPMYITy o 4 () |

27 A ()

S. Brruncnure ommobKy cpeiHero 3HaUYCHHS g.

6. 3anummTe OTBET U MPOAHATU3UPYNUTE OTBET U TpaduUK.

Bonpocsl u 3aaHus 1)1 CAMOKOHTPOJISA

1. [aiite onpeneneHue MaTepUaIbHON TOYKH.

2 Kak onpenensiercst moyiokeHue MaTepruagibHOM TOUYKHU?

3. Jaiite onpeneneHne CUCTEMbI OTCYETA.

4 UTo Takoe OCh CUCTEMBI KOOPIUHAT?



5. Urto Takoe aekapToBa cucTeMa KOOpAHHAT?

6. Janite onpeneneHue MEXaHMYECKOTO IBUKCHUS.

7. UYro Takoe cKOpoCTh MaTEpUaIbHOW TOUKH?

8. Kak wmaremarnyeckn 3amuchiBaeTcsi ObICTpOTa M3MEHEHHUS KaKoW—1mubo
NEePEMEHHOMN BETMYUHBI?

0. [Haiite onpenenenue yckopenuss MT.

10. Urto Takoe TpaekTopus ABUKeHUS MT?

11. YT0 Takoe 3aK0H IBHKEHUS?

12. 3anuIuTe 3aKOH ABMKEHUS Il ABUAKEHUSI MT ¢ TOCTOSTHHBIM YCKOPEHHUEM.

13.  3anummuTe 3aKOH HM3MEHEHMs CKOpocTH il aABMkeHHs MT ¢ nocTosHHBIM
YCKOpPEHUEM.

14.  JlaiiTe onpeneneHue MyTH NpU NPOU3BOJIBHOM ABM>KeHHH MT.

15. Hanumure GopMyny asst BBIMUCICHHS ITyTH TPU TPOU3BOIBHOM JBHKeHUH MT.

16. Jlaiite ompexneneHne cpeaHer ckopoctH. Hamumure dopmyny ana  ee

BBIYMCIICHHUS.

17. Jaiite onpeneneHne TAHTEHIUATBHOTO YCKOPEHUS.

18. JaiiTe onpeneneHrne HOPpMAIbHOTO YCKOPEHHUS.

19.  Hanummute Qopmyny A BBYUCICHHS BEIUYMHBI IIOJHOTO YCKOPEHHS TIO
M3BECTHBIM TAHTE€HIMAIBHOMY U HOPMAJILHOMY YCKOPEHUSIM.

20.  Kak pBuwxercs MT, ecnu ycKopeHHE OCTaeTCsl BCE BPEMs HAIPaBJIECHHBIM BJIOJIb
CKOpOCTH?

21. Kaxk nBmxerca MT, eciiu ycKopeHHE BCce BpeMsl HAPABJIEHO TPOTUB CKOPOCTH?

22. Kak nBuxkercs MT, eciu yckopeHHWe BCE€ BpEMs OCTAETCA HaNpaBJICHHBIM
NEPHEHANKYIISIPHO CKOPOCTH?

23. Kak npBuwxkercs MT, eciu CKOpOCTh BC€ BpeMsl HampaBlieHa BIOJb paguyc-
BEKTOpa?

24.  Kak gBmxerca MT, ecian ckopocTh Bce BpeMs HalpaBi€Ha IPOTHB paanyc-
BekTopa?

25. Kax pBumxercs MT, ecin ckopocTh BCe BpeMsl HallpaBlleHa INEPIEHAUKYIISIPHO

paauyc-BeKTopy?



Jlaboparopnast pabota No2

HN3y4eHue cBOMCTB MATHUTHOI'O MOJISI

[{enb paGOTHI:

3HAKOMCTBO C MarHUTHBIM TOJIEM OT PA3JIMYHBIX UCTOYHUKOB U €r0 MOJICIIUPOBAHUEM

DKCIepUMEHTAIBHOE TIOATBEPKICHUE 3aKOHOMEPHOCTEN ISl MATHUTHOTO T10JISI IPSIMOTO
MIPOBOJIa U KPYTOBOTO BUTKA (KOHTYpa) C TOKOM.

DKCIEPUMEHTAIBHOE OIPENEICHNE BETMYMHBI MATHUTHON TOCTOSIHHOU

Kpartkas Teopust

Maznummnoe none (MII) ects yacTHast ¢popmMa HPOSBICHUS JIEKTPOMArHUTHOIO MOJS,
OTIpeNeNAIONasl CHIly, NIEHCTBYIONIYIO Ha JBWXKYIIMECS 3apsabl M OOBEKTBbI, 00JaJaroliue
MarHUTHBIM MOMEHTOM. Y Ka3aHHas CUJia, Ha3bIBaeMasi MarHUTHOM.

Hemounukom MIT sBiseTcst IBUXKYIIASACSA SIEKTPUYECKH 3apsDKeHHAs yacTuia (3apsin).
IIpu 5TOM 3apsn cO3maeT TakKe U DIEKTPUUYECKOe Ioje. PaccMOTpUM 4acTHBINM Citydai, Koraa
BOJIM3M OJTHOM JBWIKYIIEWUCS 3apsHKEHHOW dacTHIpl (3apsima Ne 1) OymeT HaXOauThCs BTOpas
JBHOKYIIASICSL C TAKOM

)K€ CKOPOCTBIO  3apsDKeHHas wacThia (3apsig Ne 2), To Ha BTOpOil 3apsm OymyT

—

"
-~ EL
ACUCTBOBATD JABC CUJIBIL: BJICKTPUUCCKAsA (Ky.HOHOBCKaH) U MarouTHas

=
cuiIa i KOTOpast OyAET MEHbIIE IEKTPUIECKON B pas, T1ie ¢ — CKOPOCTb CBETA.
JUis  OpakTU4ecKH JIOOBIX MPO60OHUKOE C TOKOM  BBINOJIHACTCA  HPUHUUR
K6a3uHeumpanbHoCmu: HECMOTPSl Ha HAIWYME M [BIDKCHHE 3apsDKEHHBIX YaCTULl BHYTPHU
NPOBOJIHMKA, JI000H (HO HE CIMIIKOM Mallblii) €ro OTPEe30K HMEET HYJIEBOW CyMMapHBIN
anekTpuueckuil 3apsa. [loaToMy Mexy OObIYHBIMU IPOBOJAMH C TOKOM HaOIIOJAeTCsl TOJIBKO
MaZHUMHOE B3aUMOJICHCTBHE.

Macnumnaa unOyKyus — XapakTepucTUKa cuioBoro aeuictsus MII Ha npoBoaHUK C
—

B
TOKOM, SIBJIIETCSI BEKTOPHOI BEJIMYMHON, 0003HaUYaeMasi CUMBOJIOM
Junuu maznumnon unOyKyuu — JUHUU, B JIIOOOM TOYKE KOTOPBIX BEKTOP MHAYKIIMU
MII HanpaBiieH Mo KacaTeIbHOM.
AHanmu3 B3aUMOJICHCTBHSI IBIDKYIIUXCS (B BaKyyme) 3apsioB ¢ yueToM 3P deKToB Teoprun
dF
OTHOCHUTENIbHOCTH (PENATHBU3MA) JAeT BBIpAXKEHHE JUISl pacyeTa 3JIeMEHTapHON MHAYKUUU
di
MarHUTHOTO TIOJIS, CO3/IaBA€MOM SJIEMEHTAPHBIM OTPE3KOM C TOKOM /, pacrmoJIOKEHHBIM B
Hayvaje KoopauHar (3akon buo-Casapa—/lannaca v b—C-JI):

— H"Ulr — —
dB=—"0f]dL,s]

—
=i =

~TH€ — pagMyC-BEKTOp TOYKM HaOmIONEHHs, — EIMHMYHBIA pajuyc-BEKTOp,

. W
HAINPABJIEHHBIA B TOYKY HAONIOJEHNS, ' — MACHUTHAS TIOCTOSIHHAS.

MII nonuunsierca npunyuny cynepnosuyuu: uHaykuus MII B naHHOM TOYke OT
HECKOJIBKMX HCTOYHHMKOB SBISIETCS CYMMOM BEKTOPOB MHAYKIMHM IIOJEH, CO31aBacMbIX

B = ..

HE3aBUCHUMO KaXXIbIM HCTOYHUKOM: — Z —
1

i



Hupkynayuenn MII Ha3zpIBaeTCsl MHTETpal MO 3aMKHYTOMY KOHTYpPY Lo OT CKaJIpHOIO
npousBeneHus HHAyKuuu MII Ha anemMeHT KOHTypa:

Cog=§ B -dL.
L
3akon  yupkynayuu MII: umpkynsauus  MIT  no EI3aM1<HyT0My KOHTYpY Lo

IPONOPLHOHATIBHA CYMMapHOMY TOKY, IPOHU3BIBAIONIEMY OBEPXHOCTH S (Lo), OrpaHUYEHHYIO
3TUM KOHTYPOM Lo: o
Coa= § B dl=uyp I,
I i

3akoH b—C—JI u npunmmn cynepno3utiud MII mo3BOJSIOT MOJYYUTh MHOTHE JIPYTHE
3aKOHOMEPHOCTH, B YAaCTHOCTH, (POPMYIy JUIsl pacueTa BEIMYUHBI MHIYKIIMM MarHUTHOIO IOJIS
npsMOro OECKOHEYHO JIMHHOTO MPOBOJIHHUKA C ToKOM I B m000# TOYKE MPOCTpaHCTBA (BHE

0
: B=y

IIPOBO/IA) HA PACCTOSIHUHU 7 OT €T0 OCH: e

JluHMM ~ MarHMTHOM  MHAYKUMM  TOJAS  HPSAMOrO  IPOBOJAHHMKA C  TOKOM
NPEICTaBIPEACTABISAIOT CO00M KOHIIEHTPUYECKHE OKPYKHOCTH, JIeXKAllMe B IUIOCKOCTSX,
NEPIECHIUKYIAPHBIX IPOBOAHMKY, C LIEHTPAMH, PAaCIONIOXKEHHBIMUA Ha ero ocu. HampasneHnune
JVUHANR MHIYKIMM HOpSIMOT0O IPOBOJAA OIpeleNsercs Mo MpaBwily OypaBuMKa (pyKOsSTKa
OypaBuMKa BpalllaeTCs IO HANpaBJICHUIO JMHUN, a €ro CTEP)KEHb JBUIKETCS 110 HAIPaBICHUIO
TOKAQ).

®opmyna mis pacuera nHAYKIMU MII Ha ocu KpyroBoro KOHTypa (BUTKa) paguyca R ¢

TOKOM / Ha paccTosiHUU [ OT LEHTpa: - Ko P
T o (R2+r2)312’
7=, e,
rae — MAZHUMHDLIL MOMEHmM BUTKA IUIOIAALIO S ¢ TOKOM [,  — COUHWYHBIN

BEKTOpP HOPMAJIN K IIOBEPXHOCTH BUTKA.

Conienoudom Ha3bpIBACTCA NJIMHHAS MpsiMas Karyika ¢ TokoM. Bennunna nnaykuun MIT
BOJIM3U IIEHTpa COJICHOWIAa MEHSETCS OYeHb Mayno. Takoe moje MOXXHO CUHUTATh MPAKTHUYECKU
OIHOPOJIHBIM.

W3 3akona nupkyssaiun MIT MoxHO monyduTs hopMyIty A BenuuruHbl nHAYKIud MII B
LHEHTpe cojeHouaa B = poln , TA€ n — 4YKUCIO BUTKOB, NPUXOISIIMXCS HAa €AUHUILY JUTHHBI
COJICHOMJA.

MeToauka ¥ MOPSIAOK U3MEPEHH I

MaruauTtHoe 1nose npsMoro 0eCKOHEYHO JATUHHOTO MPOBOJAA C TOKOM

1. PaccmoTpuTe BHUMaTensHO puc. 1 U 2, M300pakaroIre KOMIBIOTEPHBIE MOJIEIH.

2. Haiinute Ha HUX BCE OCHOBHBIE PETYISATOPHI U MOJIE IKCIIEPUMEHTA.

Oxcnepumenm 1. Hccrnedosanue MacHUmno20 nojisa RPAMO20 NPo8ood ¢ MOKOM.

YcraHoBKA

MNapaMeTpbl CHCTEMBI NapameTpbl oTobpaxenns
A = s (*) Cunogsle mUHMK

Lo & i) taad e 10 = s () Kenesyeie ONMIIEH

0.5 2z

R= 500[vjem B=400mxTx Jimma sextopa B | 1 '



Puc 1

MaruuTioe N0 KPYTOBOTO BHTKA C TOKOM

Y
TapameTpsi cHCTEMbI Pexmm MarunTHOE none
B,=14242 wTn
s = = B, = 0,00 uxTx

y=| 00[ZfemaB= 60[TfuxTn O Kenewste onumat | 7142 43 ety

v=| 255 2= 305 e 1= 15[HA ® Cumomsre mumm

Puc 2

5. 3anyctutre Monenb «MarHuTHoe ToJjie MpsMOro Tokay. HaOmriomalite IuHUM
naaykiuu MIIT npsiMmoro npoBojia ¢ TOKOM.

6. [Ilenkass MBIIIBIO KHOMKY peryjisTopa TOKa, YCTAaHOBUTE BEJIUYMHY TOKa,
yKa3aHHYIO B Ta0u. | 1yis Batiei Opurapbl.

7. [epemernast MbIIIBIO «PYKY» BOJTU3M MPOBOJIA, HAKUMANTE JIEBYIO KHOIIKY MBIIIN
Ha PacCTOSIHUAX 7 10 OCH ITPOBOJIA, YKa3aHHBIX B Tabi. 1. 3HaueHus r u B 3anecure B Ta0II. 2.

8. [ToBTOpUTE M3MEpEHHS IS TPEX APYruX 3HaYeHUH Toka u3 Tad. 1.

Oxcnepumenm 2. Hccnedosanue MacHUmMHo20 NOJIA BUMKA C MOKOM.

7. 3aKkpolTe OKHO JKCIEpUMEHTa 1, HaXaB KHONKY B IIPAaBOM BEPXHEM YTy
BHYTPEHHEr0 OKHA. 3allyCTUTEe, [BaXAbl IIEIKHYB MBbIIIbIO, Mojaenb «MaruutHoe Ioie
KpYTOBOT'O BUTKa ¢ TOKOM». HaGmronaiite muanm nHaykuu MIT kpyroBoro Butka (KOHTypa).

8. [Ilenkass MBIMIbIO KHOTMKY pEryisiTopa TOKa, YCTAaHOBHUTE BEJIWYUHY TOKa, yKa-
3aHHYIO B Ta0J. 1 11 Bameit Opuraisl.

9. [lepemeniasi MBILLIBIO «PYKY» 110 OCH BUTKa (KoopauHaTa y = 0, KOOpAMHATA X =
r), HOKAMAWTe JIEBYIO KHOIKY MBIIIA HAa PACCTOSHUSX 7 O OCH BHTKA, YKa3aHHBIX B Tabx. 3.
3HaveHus ¥ U B 3aHecure B TabOI. 3.

[ToBTOpUTE M3MEPEHUS IS TPEX APYTrUX 3HAUCHUH TOKa U3 TadI. |

Obpabomka pe3yiomamos u oghopmieHue omuema

Brraucnure u 3anummuTe B Ta0J1. 2 ¥ 3 3HAUYCHUS JIJIS1 BTOPOH CTPOKH.

[TocTpotite Ha ogHOM JUCTE TpaduKu 3aBUCUMOCTH HHAYKIH MII (B) mpsimoro mpoBoja

C TOKOM OT 0OpaTHOTO PacCTOSTHUS i

|
[Toctpoiite Ha BTOpoM JincTe rpaduku 3aBucuMoctu uHAYKuu MII (B) Ha ocu BHUTKa ¢
1
TOKOM OT Ky0a 0OpaTHOTO PacCTOSTHUSE——
2 2302
(R2+ %
[lo TanreHcy yria HakJIOHa rpaUKOB Ha MEPBBIX JABYX JUCTaX OMPEIENINTE MOCTOSHHYIO,
UCIOJIB3YS JIsl IEPBOTO YepTexa GopMymny, sz

LLD_ I [l]
A =
¥

2 4B

Wp= -
0 g2 1
4 (R2 F .?"2:13 12



3anuIImMTe OTBETHl U IPOAHATU3UPYHTE OTBET U rpaduK.

B()l'lp()CI)I U 3aJaHUs AJId CAMOKOHTPOJISA

1.
2.
3.
4.

Yto Takoe maruuTHOoe T1osie (MIT)?

Hazosute ncrounuku MII.

Kakue cuibl IeMCTBYIOT MEXAY JBUKYIIUMUCA 3apsiaMu?

Bo ckoibKO pa3 MarHUTHas cujia MEHbBIIE AIEKTPUUECKOMN ISl IBYX JIBHKYILIMXCS

TOYEYHBIX JIEKTPUUECKUX 3apsiioB?

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

ChopmynupyiiTe onpeneacHue KBa3UHEUTPATbHOCTH MMPOBOJIOB C TOKOM.
Kaxue cuibl 1 moueMy JeHCTBYIOT MEXKAY IPOBOJAAMH C TOKOM?

[Ipu xkakux TOKax NpoBOJA IPUTATUBAIOTCSA?

[Ipu xkakux TOKax NpoBOJA OTTAIKUBAIOTCA?

Haiite onpenenenne nuany nHaykuuu MII. 3agem ux pucyror?

[Touemy MeTaNIMYECKUE ONUIIKU BBICTPAUBAIOTCS BOJISh MArHUTHBIX JIMHUN?
3anumure 3akoH buo—CaBapa—Jlannaca. B uem on noxox Ha 3akoH Kynona?
Chopmynupyiite mpuHIUI cynepro3uuu ais MIT.

Haiite onpenenenne nupkyiasiuuu MII.

Cdhopmynupyiite u 3anummre Gopmyy 3akoHa nupkyssiuu MIT.
Cdhopmynupyiite u 3anummre popmyiy s MII npsmMoro npoBoja ¢ TOKOM.
Kak Beirsinar auaun naaykuuu MIT npsimoro nposoaa ¢ Tokom?
Chopmynupyiite u 3anumure ¢opmyny ans MII Ha ocHM KpyroBoro BHUTKa

(KOHTYpa) C TOKOM.

18.
19.
20.
21.
TOKOM?
22.
23.

YTto Takoe MarHUTHBLIN MOMEHT BUTKA C TOKOM?

Kax BBITIAINT TUHUS UHAYKITUU, TIPOXOIAIIAS YePe3 IEHTP BUTKA C TOKOM?

B xakom mMecte Ha ocu BUTKa nHAykus MII makcumansHa?

Kax Beirmsaut nuHusS uHaykinuu MII, mpoxopsimas oKoJIo MPOBOJAHUKA BHUTKA C

B xakom Mecte unnykuust MII BuTka ¢ TokoM MakcumalibHa?
B kakux enununax usmepsercs uuaykuus MI1?



Jlaboparopnas pabota No3

JAuppakunoHHas pemerka

[leab padoThI:

3HAKOMCTBO C IIPOLIECCOM CJIO)KEHHSI KOT€PEHTHBIX 3JIEKTPOMArHUTHBIX BOJH U €r0
MOJIETTMPOBAaHUEM.

DKCIEPUMEHTAIBHOE UCCIEA0BAHUE 3aKOHOMEPHOCTEW B3aUMOJECHCTBUS CBETOBBIX BOJH
C IEPUOINYECKON CTPYKTYPOH (I (ppakIImOHHOM PEIIETKOM ).

Kparkas Teopust

HaxxmuTe MBIIIBIO KHOMIKY OKOJIO KOTOpOW HamucaHo «Cxemay.

3apucyiite ¢ 3kpaHa KOMIBIOTEPA TO, YTO MOSACHIET PadOTy AUPPAKIUOHHON PEIIETKH.

Jlugppakyuonnoii  pewremkoil Ha3bIBACTCS COBOKYIMHOCTH Oonbmioro yucima N
OJIMHAKOBBIX, OTCTOSIIMX APYT OT Apyra Ha OJIHO M TO XK€ PacCTOSIHUE NMPSMOYIOJIbHBIX IIeNIEH B
IUIOCKOM HEMPO3pavyHOM dKpaHe.

Ilepuooom (nocTostHHOM) MUQPPAKITMOHHON PEIIETKH HA3BIBACTCS PACCTOSTHUE d MEXKIY
cepeIHaMH COCEHUX ILeel WM cyMMa IIUPUHBI MIEeTH b U IHPUHBI HEMPO3PAuHOTo y4acTKa
a.

[Ipu ananuse U3MydeHUs, MPOXOIALIETO Yepe3 PEIIeTKY, OOBIUHO MCHOJIB3YIOT JIMH3Y U
9KpaH, PACMOJIOKEHHBIH B (DOKATBHOW IUIOCKOCTH JIMH3BI Ha paccTosiHuM L or Hee. JIuH3a
coOMpaeT napasuieNbHbIe JIy4d B OJJHY TOUKY Ha 9KpaHe, TO ecTb L = F.

[TonoxxeHne y TOUKHM Ha SKpaHe 3aBUCHUT OT yria najaeHus 0 ixydeit Ha skpan: y = L sin 6.
Jl1s1 oueHb MasbIX yrioB

snB=0uy=06L

Paznocme xo0a nyden OT COCETHUX ILIETIEH:

A= sin 8.

Paznocme ¢haz nmydeit oT IByX COCETHUX JIy4Eil:

pei s e
= TI:?L = 5 g B
VcnoBrue MakCHMyMa COOTBETCTBYET Pa3HOCTH X0/1a, KPATHOU JIJTMHE BOJIHBI
dsin®=xmk, (m=0,1,2, ... — IOPSITOK MAKCUMYyMa).

Humencuenocme uznyuenus, NIyIero oT pemeTky Mo yrioM 0:

_g|mbsnv| o[ Nudsinv
sin " sin n
I=1 = - :
Tt git v |2 o mden
% BT om

rne lo — MHTeHCUBHOCTD, CO3/IaBaeMast OHOM LIENbI0 MPOTHB LIEHTPA JIMH3bI, b — IMIUPHHA

HIEJIH.

[TepBbIii COMHOXKHUTENH 00OpAIIAETCs B HOJIb B TOYKAX, JUISI KOTOPBIX

bsinOr=+kA(k=0,1,2,..).

[Tockonpky OOBIYHO IIHMpPWHA b WIENHM MHOTO MEHBIIE TIOCTOSHHOW pereTku d
(paccTosiHUSA MEXIy LUEHTpaMHU IleJieil), MUpruHa HYJIEeBOT0 MaKCUMyMa JOCTaTOYHO BEJIHMKa U
MO’KHO HE YUUTBIBATh BIUSHUS IEPBOTO COMHOKUTEIS.

Bropoli COMHOXHTENb TNPUHAMAET MaKCHUMalbHOe 3HaueHme N’ B ToOuKax,
YIOBJIETBOPSIOIIUX YCIOBUIO

dsin (0,)=+mA(m=0,1,2,...), i

po=a E= :I:mEL= :I:mF.



HOCJ’IGI[HGG YCIOBHUE OMPCACIIACT IMOJIOKCHUE 2/IA6HBbIX MAKCUMYMO6 U3ITYUCHUS IOCIIC

NPOXOXKACHUS Yepe3 MU(PAKIMOHHYIO pEIIeTKY, a 71 Ha3bIBAeTCS TOPSAKOM TJIaBHOTO
Makcumyma.

MeToauka ¥ NOPANOK U3MePEHHH
BaumarenbHo paccmotpute puc. 1, HaWIUTE BCE PEryisITOPbl U JPYTHE OCHOBHBIE
3JIEMEHTHI U 3aPUCYHTE UX B KOHCIIEKT.

YCTaHOBKa

d= 10[Sjmor A= 600/ cfrm RS | W ©Cxema F=50cu d'sin B, =mh

== e AE
b= lijum m= Oij (*) VeTanoeka ymﬁm7=0=0m

Mogens 3KCepuMenTa ¢ AU(PPaKIUOHHON PELIETKOM.

Haxxumas neByi0 KHONKY MbIIIHM, MeHsiite m oT 0 mo 3 u HaOmonaiiTe M3MeHEHHE
YHUCIIOBOTO 3HAYEHUS KOOPAMHATBI MAKCUMyMa B OKHE «BBIXOJQHBIE NaHHBIE». YCTaHOBHTE
JUINHY BOJIHbl HW3JIY4YEHHUs, COOTBETCTBYIOUIYIO KpPacHOMY IIBETY, U, MEHA1 m U d, CHOBa
HaOMroaiTe KapTUHY UHTEP(DEPEHITNH.

HN3mepenus

HaxMuTe MBIIIBIO KHOTIKY, OKOJIO KOTOpOH HamucaHo «Cxemay.

YcranoBHTe paccTOsHUE MEX Ty iensaMu d = 10 MKM U mupuHy menn b = 1 MKm.

[TonBenuTe Mapkep MBIIIM K KHONKE HA CHEKTPE M HAXMHUTE JIEBYIO KHOINKY MBIIIH.
VY aepxuBasi KHONKY B Ha)KaTOM COCTOSIHUH, IepeMeIlaiiTe ee 10 TeX Mop, [oKa He MOonajeTe B
HY)XKHYIO 4acTh CIIEKTpa, yKa3aHHYIO B Ta0JI. 1 Jy1s1 Bamiel Opurassl.

W3meHsisi ¢ MOMOIBIO PETyNATOpa HOMEpP MaKCMMyMa m, OINpEAETUTe KOOpPIMHATHI
COOTBETCTBYIOIIMX MAaKCUMyMOB Ha J3KpaHe (MCMoip3ysd Tpaduk W HHPOPMAIMIO B OKHE
«BbIXoHbIE JaHHBIE»). 3aUIINTE 3HAUCHHSI KOOPAMHAT B Ta0I. 2.

VBennuuBas d Ha 3 MKM, TIOBTOPHUTE U3MEPEHHUS 110 1I. 2.

Y cTaHOBHB HOBOE 3HAYCHHE JUIMHBI BOJIHBI U3 Ta0J. 1 MOBTOpUTE U3MEPEHHUSI, 3alIChIBasI
pe3ynbTatel B Ta0I. 3 u 4.



Tabauua 1 (ae nepepucoBbiBath). [IpuMepHbIe 3HaAYeHH I IJTHHBI BOJTHBI

bpura
aa 1 2 3 45 6 7 8

A, HM 400410420430440450460 470
A2, HM 500510520530540550560 570
A3, HM 600610620630640650660 670

Obpabomxa pe3yrbmamos u oghopmierue omuema

Brerancnute u 3anumute B Ta01. 2, 3 1 4 00paTHBIC MEPHOIbI PEIIETKH.

[To pe3ynbTaram Tabi. 2 MOCTPOUTE HA OJHOM PHCYHKE I'papUKH IKCIEPUMEHTATBHBIX
3aBHCHUMOCTEH MMOJIOKEHUS TPEX MEPBBIX TJIABHBIX MAKCUMYMOB OT OOPaTHOTO MEPHOIa PEIICTKH
JUTSI IEPBOM JUTMHBI BOJIHBI (YKa3aB HA HUX HOMEP MaKCHMYyMa).

Ha BTOpOM M TpeTheM pHCYHKaxX IOCTPOWTE aHAIOTWYHBIC TPAaQUKH MO pe3yiabTaraM
Tabn. 3 u 4.

[To HakIOHY KaXAOro Tpaduka OmpelesuTe SKCIEPUMEHTAIbHOE 3HAUCHHE HIMPUHBI
IIEJIH, UCTIONB3YS POPMYITY

Ay

m

T

1
b A|—
d
Brruucnure cpemHee 3HaueHHWe (OKYCHOTO PACCTOSHUS JIMH3BI, TPOAHATU3HPYHTE
OTBETHI U TpauKH.
HUctuanoe 3nauenne F =50 cm.
Bonpocs! u 3a1anus 1Jisi CAMOKOHTPOJIS

I. [laiite onpeneneHre CBETOBOW BOJIHBI.

2. [aiite onpenencHue rapMOHUYECKON BOJIHBI.

3. Janite onpeneneHue 3JIEKTPOMAarHUTHOM BOJIHBI.

4. Hanumure ¢opmyny 3aBUCUMOCTH HAIPSDKEHHOCTH SJIEKTPUYECKOTO MOJS OT

BPEMEHU M KOOPAWHATHI U1 OJHOMEpPHOM rapmMoHuyeckoii OMB, pacnpocTtpasstomieicss BIojib
ocu Ox.

5. Kakwne BOTHBI Ha3bIBAIOTCS KOT€PEHTHBIMU?

6. JaiiTe onpeneneHue nuQppaxium.

7. Uro Ttakoe qudpakroHHAs perieTka’?

8. Jnist Kakux 1esner ucronb3yercs Au(pakiuoHHas pemeTKa?

0. Uro MBI yBUIUM, €ClId B IU(QPAKIMOHHON pEIIeTKE 3aKpbITh BCE ILIENTH, KPOME
OJIHOM?

10.  Yro Takoe mocrostHHas AU(PPAKIHOHHON perIeTku?

1. 3aueM Mexny TudPaKIMOHHOW PEIIETKOH W SKPaHOM CTaBHTCS coOMparoras
nuH3a?

12. Hanumure ¢opMyny pa3HOCTH X0na JIydeH, UAYIIUX OT JIBYX COCEIHHUX IIENIeH

T (HPaKITMOHHON PEIICTKH.

13. IIpu kakoi pa3sHOCTH XOAa Jy4del OT COCETHHMX IIeJel peleTKH HalogaeTcs
MaKCHMYM IIpU UX CIOKEHUU?

14. [Ipu kakol pa3sHOCTH XOAa Jy4del OT COCETHHMX INeJel peleTKH HalogaeTcs



MUHUMYM TPH UX CIOKEHUH?

15.  Hanwmure dpopmyny pazHocTH (a3 Jiyueit 0T COCeTHUX IIENIEH.
16.  Kak popmupytoTcs riiaBHble MAKCUMYMBI JU(PPAKIIUMOHHON KapTUHBI?
17. Hapucyiite, kak pacnpocTpaHsercss IIOCJIe pPEUIeTKH OAHAa  IUIOCKas

rapMOHHMYECKas BOJIHA, MAJJAI0Mas EPIEHIUKYIISIPHO IIIOCKOCTH PELIETKH.

18. Hapucyiite, kak OyayT pacmpoCTpaHSATHCS TIOCJIE€ PEIICTKA JBE TUIOCKHE
rapMOHUYECKHE BOJHBI C OJU3KUMH JJIMHAMHU BOJIH, MaJAIOLIUEe NEPIEeHIUKYISIPHO MIOCKOCTH
PEILIEeTKH.

19. MoskHO 71 caenath Tu(pakIuOHHYIO PEHIETKY ISl paauoIOKAIIMOHHONW BOJHBI?
Kak ona Oyzner oTnuuaThCst OT 0ObIYHON AU(PPAKIIMOHHON PELIETKH Il BUAUMOTO cBeTa?

20.  Ipumensitorcs nu AUpaKIHOHHBIE PEIIETKU B PAJAXOJIOKAIIMN?
21. Kak mnomoOpare UIMHY BOJHBI JIOKATOpa, HCIOJNB3YIOUIETO IU(PAKIIHOHHYIO
pemieTky Ha 60pTy camoseTa?



Jlaboparopnas pabota No4

H3yyeHue KBAaHTOBBIX CBOMicTBA n3ny4yeHus. ®orodddexr.

[{enb paGoThI

3HAKOMCTBO C KBAaHTOBOW MOJIEIBIO BHEIIHETO (PoTor(hdeKTa

DKcIeprMEeHTaIbHOE TOATBEP)KICHUE 3aKOHOMEPHOCTEH BHEITHETo (hoTorddexTa.

DKCnepuMEHTAIBHOE OmpeneeHne KpacHoi rpaHuiibl Gorodddexra, paboThl BhIXOAa
dboTokaTona u nmocrostHHOM [manka.

Kpartkas Teopust

Mooenu ranekmpomaznumnozo uziyuenus (OMN):

— y4 — JIMHUS pacnpocTpaneHuss DMMU (reomerpruyeckast ONTHKA),

— BOJIHA — TapPMOHUYECKasi BOJHA, UMEIOMIAsi aMIUTUTYy U ONpPEACTICHHYIO JIUHY
BOJIHBI HJTK 9aCTOTY (BOJTHOBAsI ONTHKA),

— noTOK 4acTHll ((poTOHOB) MCHOIB3yeTCs A O0BSICHEHUS! MHOTHX 3(QEKTOB, Ha
KOTOPBIX OCHOBaHA KBAaHTOBAsI TEOPUSI CTPOCHUS BEIIECTBA.

@omonbt — 3TO 4YacTUBl (KBAHTHI), TTOTOK KOTOPBIX SBISIETCS OJHON W3 Mojenei
3JIEKTpOMarHuTHOTrO M3ny4deHus: (OMUN).

Duepeusa gpomona: Eo = hv,

V — 9acTOTa U3NydeHus, i — nocrosuHas Ilnanka, 1 = 6,62:10* Jlx-c.

3Hepm;1 4acCTO U3BMCPACTCA BO BHECHCTEMHOM CANHUIIC «IJICKTPOH-BOJILT.
19B=1,6-10" ik
Macca ¢hpomona cBsi3aHa c €ro SHEPrUeil COOTHOLIEHUEM DWHILTENHA:

E¢, = quCQ’
A
Pig = ]
c
Hmnynoc pomona
mo ok g
BTy

rie A — JumHa BoJHsl DMU.

Buewnuit pomosrgpghexm ecthb siBICHUE BbUIETA SJIEKTPOHOB U3 BEIlIECTBA (MeTaJljIa) Mpu
ero OOJIydeHUH SJICKTPOMArHUTHBIM u3nydeHueM (OMMU), nanpumep, cBeToM. BrinereBmiue
3JIEKTPOHBI Ha3bIBAIOTCA (homornekmponamu. Jlanee uist KpaTKOCTH yKa3aHHOE siBJIeHHE OynieM
Ha3bIBaTh MPOCTO PoTorhdexTom.

Kunernueckast sHeprusi 3J€KTpoHa BHYTPH BEIECTBA YBEIUYMBAETCA Ha /v, HO MIpH
BbIIETE (DOTOBJICKTPOHA M3 BEIIECTBA UM coBepIuaeTcs padora Asux (paboTa BeIXOJa) MPOTUB
CHJI D3JICKTPOCTAaTHYECKOTO MPUTSIKEHUS K MeTaly. Y (OTO3JIEKTpOHA COOOIIEHHAs eMy
(OTOHOM MOPIUS SHEPTUU /v YMEHbBIIACTCS Ha BEIMYMHY, PaBHYIO paboTe BBIXOJa U3 METajula
(poTokarona), a ocraBmiascs yacTb MMEET BHJ KHHETHYECKOH »HEpPruu (HOTORNIEKTpOHA BHE
Metasuia (hoTokaroaa):

B =y — 4
EIH

EELC

DTO COOTHONICHUE HA3bIBAIOT POpMYIIOH (3aKOHOM) DitHuumeitna onsa pomorppexma.



Kpacnasa epanuya ghomorgpgpexma ects MuHUMaNBbHAS yacToTa DMU, 1ipu KOTOpOH ele
Habmomaercs GoTodhdexT, To ecTh I KOTOpoii 3Heprust (OToHA paBHA PabOTe BBIXOMAA Avip =
ABLIX.

Domosrnemenmom HaA3BIBAIOT YCTPOHMCTBO, B KOTOPOM HCIIOJIB3YETCS BHELIHUU
dororddekr. DTo ycTpOKWCTBO KaK MPABUIIO BKIIOYAET B ce0S JBa METAUTMYECKHUX JICKTPOJA,
BIASHHBIX B CTEKISIHHYIO KoJOy. OIMH U3 3JEKTPOJOB HAa3bIBaIOT aHOJOM, a BTOPOM —
dboTokaTom0M, U Ha HeM HabmoaaeTcst GoTodrhdexT.

Anon obecrieurBaeT MorjoueHne GoTodIeKTPOHOB U MPOTEKaHHE TOKA BO BCEH LEMU.

Konba Bakyymupyercs (U3 Hee OTKAYMBAeTCS BO3AYX JI0 OYEHb HHU3KHX JaBJICHUM,
nopsiaka 1077 MM pT. CT.) ¢ TeM, 9T0ObI (POTOIIEKTPOHBI MOTJIM O€3 CTOJIKHOBEHUIA JBUTaThCS OT
KaTo/a 70 aHOJa.

Ecnu HanpspkeHue Ha aHOJME TMOJNOXKHUTEIBHOE MO OTHOIICHHIO K (OTOKATOMy, TO
(OTORIIEKTPOHBI YCKOPSAIOTCS M TOMANAlOT Ha aHoA. Eciu HampsbkeHHe aHoa — KaToJ
OTpHULIATENIbHOE, TO (POTOIIEKTPOHBI TOPMO3ATCS INEKTPUUECKUM I0JIEM M MOTYT HE J0JIETaTh
JI0 aHO/1A.

3anupaowum  (3adepiricugarouium) HANPAI}CEHUEM  HA3BIBACTCS  MHUHUMAJIbHOE
TOPMO34IIee HANPsHKEHNE MEXKIY aHOAOM U (OTOKATOAOM, IIPU KOTOPOM MPEKpaliaeTcs TOK B
[ENU ITOU JIaMIbI, TO €CTh ()OTOAICKTPOHBI HE MOJETAIOT 10 aHoza. [Ipu TakoM HampsiKeHUU
KMHETUYECKasi YHEPTUsl JIEKTPOHOB Yy KaTojJa paBHA MOTEHIMATBHONH SHEPTUU AJIEKTPOHOB Y
aHOJIa, OTKY/1a CIIEAYET BBIPAKCHUE:

A hy— A el A

ELIL EBELC

20 2 e 2 A ]

IZIe e — 3apsj 2JICKTPOHa.

DTy 3aBUCUMOCTb MbI U OyZIeM UCCIIEI0BaTh B KOMIIBIOTEPHOM HKCIIEPUMEHTE.

MeToauka ¥ MOPSIAOK U3MePEHH I

BuumarensHo paccmorpute puc. 1. Halinure perynupoBKH, U3MEHSIONIME HANPSIKEHUE
MEXIy aHOAOM M (OTOKATOAOM, MAJIMHY BOJHBI M HWHTEHCUBHOCTH 3JEKTPOMArHUTHOTO
usnyyenus: (OMMU), 3apucyiite HEOOXOANMMOE B CBOI KOHCIIEKT J1a00paToOpHOil pabOTHI.

Cxema Ipadmk zaBucumoctn 1= I{0)
AL mA
ol °
0_9-‘
08
o1
Dﬁ'i
=
|
04-
03
02
0.1 ‘
U.B
T T T T T T e
e e T e~
MapameTpbl YCTAHOBKH Boibop pexcama DOTOTOK
v=_solcs NN Wl v G 124258
P= LUIE'JMBT Mertann: | amoMHHEMit ¥ O Yeranoska I =100mA

Monens 3KciepuMeHTa 1o ucciieaoBanuto Gorodaddexra
[IIénKHUTE MBIMIBIO KHOMKY PEryJsTOpa HMHTEHCHUBHOCTH (MOIIHOCTH P) o0nydeHus
¢doTokaToaa M YCTAHOBUTE MAKCUMYM MHTEHCUBHOCTH.



AHanorn4yHpiM  00pa3oM, 3aleNUB MBIIIBIO, [E€PEMEIIANTEe METKYy Ha CIEKTpe,
MOCTETNIEHHO YMEHbIIast JUIMHY BOJHBI OMU, ycTaHOBHTE MUHUMAIBHYIO JITHHY BOJIHBI A.

[I[énKkHNUTE MBILIBIO KHOMNKY OKOJIO KOTOpPOW HamucaHo «Cxemay». M3MeHsisl HanpsKeHHe
710 TIpeKpaieHus poToToka, HaOIr0AaNWTE TBUKEHUE SJICKTPOHOB B (POTOIIEMEHTE.

BuumarensHo paccmorpute puc. 1. Halinure perynupoBKH, U3MEHSIONIME HANPSIKEHHUE
MEXIYy aHOAOM M (DOTOKATOJOM, MAJIMHY BOJHBI M HWHTEHCUBHOCTb 3JEKTPOMArHUTHOTO
n3nyaenus (OMUN), 3apucyiite He0OX0IUMOE B CBOM KOHCIIEKT JIa0OpaTOPHOU PabOTHI.

HN3mepenus

Jkcnepument 1.

1. YcranoBute HysneBoe HanpspkeHue (U) Mexy aHOJOM U (POTOKATOIOM.

2. 3alenyB MbIIIBIO, MEPEMEIIANTE METKY Ha CIEKTPE, MOCTENEHHO YBEIUYMBAs

JUIMHY BOJHBI 00MyueHHs: (poTOKaTona (WM IIENKAWTe KHONKU PEryisiTopa UIMHBI BOJHBI).
JloGeiiTech MOIHOTO OTCYTCTBUS (POTOTOKA.

3. 3adukcupyiiTe camyio OONBIIYIO AJUHY BOJHBI (OHAa OyIeT paBHA Axp), MpPH
KOTOPOH (POTOTOK €IIle MPUCYTCTBYET.
4. 3anummuTe B TETPaab 3HAUYCHHE JUTMHBI BOJHBI KpacHOW rpaHuilsl (GoTodddexra

(hap)-

JKCNEePUMEHT 2.

Jliis Gonee TOYHOTO OIpPENeICHHs CBSI3U 3aMMPAOIIET0 HANPSDKEHUS C JUTMHOW BOJHBI
MaJAIoIEro U3IyYeHUs:

VYcraHoBUTE THUIT BELIECTBA W 3HAUYCHHME 3alUPAIONIETO HANpPSKEHUSI B COOTBETCTBUU C
Tabn, 1 Ay Bamiei Opurab.

[Tepemerniast MBIITEIO METKY Ha CIIEKTPE WM MIENKAs KHOMKH PETYJISATOPA JJTUHBI BOJTHBI,
YCTAaHOBUTE TAaKO€ MaKCHUMaJIbHOE 3HAYCHHE JUIMHBI BOJHBI, TPU KOTOPOM TIPEKpaIIaeTcs
¢dorqQrok (mpu BU3YyaTbHOM HAOMIOACHUU SJIEKTPOHOB Bbl BUAWUTE, YTO AJIEKTPOHBI IOYTH
JIOJIETAIOT 10 TOBEPXHOCTH aHOJA M TOCJIE 3TOr0 ABMXKYTCS 00paTHO K Kartomy). Ilpm sTtom
HANPSDKEHUE MEXKTy aHOJOM M (JOTOKATOIOM PaBHO HAMpsDKEHUIO 3anupanust Usan.

« 3naueHusi A u Usyn 3aHECUTE B TAOM. 2.

[ToBTOpUTE M3MEpEHUs NPU APYTUX 3HAUYCHUSX HAMPSKCHUS 3alUpaHusi, YKa3aHHBIX B
Taom, 1

Taoauna 1. 3anuparoiee HanpsKeHUE

bp
UTaIbI
BemectBo Ile3uii Llunk Ptyrs Ilnatmna Menp XKenezo Hukens Ile3uit

Ysanl -0,5 0,5 04 -03 04 04 -04 05

Ysam2 1,5 1,5 1,6 20 1,6 -1,6 -1,6 15

Ysam3 2,0 2,5 3,0 40 30 -30 -3,0 20

Usan4 2,5 3,5 4,5 55 45 45 45 25



Taouauna 2. Pe3yabTaTsbl H3MepeHuii (BenecTBo )

Homep n3mepenns i 1 2 3 4

Uzami» B

Ai, HM

1/A;, 108 m7!

B()l'lp()CI)I U 3aJaHUs AJI CAMOKOHTPOJISA

1.
2.
3.

Uro Takoe GpoToHbI?
HazoBute Bce Moenu 31€KTPOMAarHUTHOTO H3TYYCHHS.
Kakyro Mopens HaA0 NPUMEHATH IS DJIEKTPOMATHUTHOTO HW3Iy4YeHUS,

najaromero Ha oTod’1eMeHT?

4,

KaKYIO MOACIb Had0 MPHUMCHATb OJId OJCKTPOMAIrHUTHOI'O  HU3JIYUYCHUS,

MIPOHMKIIETO B (DOTOKATOA M B3aUMOJICHCTBYIONIETO CO CBOOOTHBIMH JICKTPOHAMH MeTajia?

5.

KakoBa Mopens Meramia, B3aUMOJACUCTBYIOUIEIO C  3JIEKTPOMArHUTHBIM

U3JIy4EeHUEM NP onrcanuu Gorodpdexra?

6.

b AR

5.

Hanumure hopmyny sHepruu ¢potoHa.

KakoBa ckopocTs nBrxkeHus GoToHa B MeTasuie?

Hanumure Gopmyiy, CBA3BIBAIONIYIO SHEPTHIO (POTOHA M €T0 Maccy.

Hanummure Bbipaxenue sHepruu GoToHa Yepes3 ero UMITYJIbC.

JHatite hopMyaupoBKY sBJIeHUS BHEIIHETO (oToddhPeKTa.

Onummre, 4TO MPOUCXOAUT C POTOHOM, MaIAIOIIUM Ha TPAHUILY METaslIa.
Onumwure, 4TO MPOMCXOAUT CO CBOOOJHBIM 3JIEKTPOHOM MeETalljia MOC]e €ro

B3aMMOJICHCTBUS ¢ (DOTOHOM.

6.

OHI/ILHI/ITG, YTO MPOUCXOAUT C BJICKTPOHOM, BXOAAIIMM B COCTaB aTOMa McETalllia

1OCJIE €r0 B3aUMOCHCTBUS C (POTOHOM.

7.
8.
9

10.
1.
12.
13.
14.

Uro takoe pabota Beixona? Ubst 3TO XapakTepuCcTUKa?

Hanumure hopmyny DitHimTeitHa a1 BHEIHETo GoTtodddexTa.

JatiTe onpeneneHue KpacHo# rpaHuiibl porodrddexra.

Kak ycrpoen dotosnement?

3adeM B OTOIIEMEHTE IPUMEHSIOT BAKYYMHPOBAHHBINA KOPITYC?

[Touemy kaToj poToIIEMEHTa HA3BIBAIOT (POTOKATOIOM?

Uro Takoe 3anuparolee HarpspkeHue Uit JaHHoro (oTokaTona?

Kakue 3akoHBl COXpaHEHUS BBINOJNHSIOTCS TPH JABWKEHUM JJIEKTPOHA OT

dorokarona Kk aHoay?

15.

Kak nBuxkercst GoTO37€KTpOH B (OTORIEMEHTE MPH IMOTEHIMANE aHOAA HUXKE

noTeHImana gorokaroaa’?

16.

Kak nBuxercst (oToanekTpoH B (OTORIEMEHTE MpH MOTEHIMAalIe aHOJa BbIIIE

noTeHImana gorokaroaa’?

17.

Kak cBsi3aHa xuHeTHYeCKas SHEPTHUd 3JICKTPOHA y KaTtoda C €ro HOTGHHH&HBHOﬁ

PHEprueil y anoga u nouemy?



Jlabopartopnast pabota No5
Anpa atomoB
Ilenp paboThl: 3HAKOMCTBO C OCHOBHBIMH CBOWCTBaMH sifiep aToMoB. lcciemoBaHwme

COCTaBa SIEP U €T0 BIMUSIHMS Ha KOJIMUYECTBO U30TOINOB

Kparkas Teopus

SAnpoM Ha3pIBaeTCA LIEHTPAIbHAs YaCTh aTOMa, KOTOpas UMEET OYeHb MaJIblil pa3Mep U B
KOTOpOM cocpenoToyeHa ocHoBHasi macca aroma. Ono B 2000— 4000 pa3 maccuBHEe, 4eM
3JIEKTPOHBI, 3aMOJIHAIOIINE OCHOBHOM 00beM aToMa.

B coctaB siapa BXOIAT 4acTUIIbI, Ha3bIBa€MbIE «HYKJIOHAMU» (B MEpEBOJAE — SICpHBIE
YACTHUIIBI).

A — MaccoBO€ YHUCIIO s1pa PaBHO KOJIMYECTBY HYKJIOHOB B IaHHOM SIJIpE.

Hyxkionsl noapasaeisroT Ha IPOTOHBI U HEUTPOHBI.

IIpoToHOM Ha3bIBacTCs HYKJIOH, HMEIOIIMM IIOJOXKUTEIBHBIA  3apsl, pPaBHBIA
3JIEMEHTAapHOMY.

Z — 3aps/0BO€ YHCIO SApa, PABHOE KOJIMYECTBY MPOTOHOB B JaHHOM siape. OHO ke
PaBHO TIOPSIKOBOMY HOMEpPY JAHHOTO XMMHUECKOTQ »'eVenTa B Tabiie Menesecsa.

CuMBoOa npoToHA «p». 3apan nporoHa Qp, = +e, rae € — JIEMEHTapHbIN 3apsi, paBHBIN
1,6-10—19 Kin. Macca nporona mp = 1839,7 me, rae macca snekrpona me= 9,11-10-31 kr.

[Iporon o6nagaer cOOCTBEHHBIM MOMEHTOM HMITYJIbCa — CIIMHOM, MOJYJb KOTOPOTO

|8 =tfs e, + 1,

paBeH

I'JI€ Sp HAa3bIBAETCSI CIIMHOBBIM KBAaHTOBBIM UHCJIOM IIPOTOHA.

ITpoToH — 310 pepmuoH (moxunHseTcs npuHuuny [laymnm).

[Iporon mmeer marHuTHbId MOMeHT: Mp = 1,3 MB.AJ, rae anepuslii MmarueToH bopa
paBeH

eh
M

EAR ™ 2 o
2mpc
HeliTpoHOM Ha3bIBacTCsl HYKJIOH, HE MMEIOIIMK 3apsiia (HEHTpalbHBIM — OTCIOA U
Ha3BaHUE).
Ero cumBon «n». Y HEUTpOHA HET 3eKTpuueckoro 3apsaa Qn = 0.

KonnuecTBO HEUTPOHOB B siApe

N=4-2

Macca HelTpoHa 4yTh O0JIbIIIe MAacChl MPOTOHA Mn = mp + 2,5me.

Heiitpon — 310 TOXKE (pepmuoOH (HMomgumHseTcs npuHuuny [laymu), T.K. €ro CnmHOBOE
KBaHTOBOE YHUCIIO Sn = 1/2.

HeliTpoH umeeT MarHUTHBIA MOMEHT, HECMOTPsI Ha TO, UTO OH HE 3apsIKCEH.



M =-1,91 MBAJIL.
OTHOIIEHHE MarHUTHBIX MOMEHTOB HYKJIOHOB OYEHb OJM3KO K OTHOLICHMIO IEJNIBIX
4yucen: M

Hecdepuunocts smpa ompenensercs OTKIOHEHHMEM b/a oT 1, kotopoe mis Bcex
W3BECTHBIX s1iep He npesbimaet 20 %.
Cpennuii pazmep sapa 10—15 m. Dmnupudeckas Gopmyna A paguyca sapa, KoTopas

R=1374-1070
BBITIOJTHSAETCS C JI0CTATOYHOMH TOYHOCTBIO M.

Takast 3aBUCHUMOCTbD SIBJIIETCS CIEACTBUEM TOTO, UYTO SIAPO COCTOUT U3 YACTHUIl, KOTOpPHIE
IJIOTHO YMAaKOBaHbI, TO €CThb PACIOJOXKEHbl BIUIOTHYIO. I[IMOTHOCTH sAzpa NIpaKkTUYECKU
OJIHOPOJHA BIUIOTH JIO €0 TPaHMI], TO €CTh BEIIECTBO 3aMOJHSCT AP0 0e3 «IycToT». B aTOoM
SIIPO KOPEHHBIM 00pa3oM OTJIMYAETCSI OT aTOMa, y KOTOPOTO IIEHTpalIbHAs 4acTh (SIpPO) UMEeT
mioTHocTh B 1018 pa3 Oomblire, yeM TUIOTHOCTh OCTAJIBHOM YacTH aToMa (DJIEKTPOHHBIX
00J1aKOB).

JIro0oe sapo uMeeT ANMEKTPUIECKUi 3apsia (MOJ0KUTEIbHBIN U KPAaTHBIN AJIEMEHTAPHOMY
3apsany € = 1,6:10—-19 Ku).

Qsin = Z-e, rae Z — 3apsa0BO€ YUCIO siipa (KOJIMYECTBO MPOTOHOB B IAHHOM SIIIPE).

SAnpo umeer civH U MarHUTHBIA MOMEHT - -
San Mo

IS =8fSE+ D),

rae S — CIMHOBOE KBaHTOBOE YKCIIO Spa.
[Ipoekuus crivHa sSApa Ha BBIJCIEHHYIO OCh TaKXKE€ KBAaHTYETCS.

MOI[y.HB CIIMHA Apa KBAHTOBAH:

KonnyecTBo pOTOHOB Z B siApe MOKET NMPUHUMATH JII000E LEIOYNCICHHOE 3HAaUCHHE,
MakcUMajbHasi TpaHUIa KOTOpPOro IOKa HE YycTaHOBJIeHA. KoJIMYeCcTBO NPOTOHOB pPABHO
KOJIMYECTBY JIEKTPOHOB B aTOME U, CJIEI0BATENIbHO, ONPEAENISIET MOPSAKOBBI HOMEDP JIEMEHTA
B Ta0Onuie MeHeneeBa 1 XMMUYECKHE CBOWCTBA TAHHOTO 3JIEMEHTA.

[Ipu ¢uKcHpPOBaHHOM KOJMYECTBE MPOTOHOB BO3MOXKHOE KOJIMYECTBO HEHTPOHOB N B
anpe He MOXeT ObITh J00bM! KOmW4ecTBO HEUTPOHOB y JETKUX sIep TPUMEPHO PAaBHO
KOJIMYECTBY MPOTOHOB, & y CaMbIX TDKENbIX — npuMepHo Ha 60 % Ooinbiie. Tonbko y ofgHOTO
3JIEMEHTa — BOAOPOJa — B IAPE OTCYTCTBYIOT HEUTPOHBI.

M30TOmaMu NaHHOTO 3J€MEHTa Ha3bIBAIOTCS BEIIECTBA, sipa KOTOPBIX UMEIOT OJHO U TO
K€ KOJIMYECTBO IPOTOHOB, HO Pa3HOE KOJIMYECTBO HEUTPOHOB.

N3oTon Bogopona, iApo KOTOPOIO COIEPKUT OJUH HENTPOH, HAa3bIBAETCS AEUTEPHUEM, a
ero a1po — neiToHoM. M3oron Bogopoaa, sApO KOTOPOro COJEPKUT J1Ba HEUTPOHA, HA3bIBAETCS
TPUTHUEM, A €TO SJIPO — TPUTOHOM.

CambIM HEOOBIYHBIM CBOMCTBOM SIEp SIBJISETCS] HAIMYME HEYCTOMYMBBIX SE€p, KOTOPbIE
CaMOIIPOU3BOJIBHO MPEBPAILAIOTCA B IPYTHE AAPA U HIEMEHTaPHbIC YaCTUIIBL.

CraOunbHbIMM  (YCTOHYMBBIMM) Ha3bIBAIOTCA s/ipa, KOTOpPbIE MOIYT CYILIECTBOBAaTb
OECKOHEUHO JI0JITO, HE MpPEBpallasichb B Apyrue. Y HEKOTOPBIX BELIECTB MMEETCS HECKOJIBKO
CTaOWJIBHBIX H30TOMNOB, Y KOTOpBIX HaOmromaercs omimune Ha 1-10 HelTpoHoB. bpiam
oOHapy>XeHbl TaKXe M HeCTaOWJIbHBIE s/pa, KOTOphle, KaKk M CTaOMJIbHBIC, MOTYT HMETh



n3otonsl. K HacTosimeMmy BpemeHu u3BecTHO OK0JIOo 300 ycToHYMBBIX M30TONOB U cBbIe 1000
HEYCTONYUBBIX.

Mogenu siaep

HauGonee Teopernmdecku pa3pabOTaHHBIMU MOJEISIMH SIIEp SBISIOTCS KameiabHas H
000JI04YeYHasT MOJIEITH.

B kanenbHOW Moaenu sSApO MOJAETUPYETCSA, KAaK KaIllsd JKUJIKOCTH, YACTHUIBI KOTOPOM
(HYKJIOHBI) y4acTBYIOT B SIIEPHOM B3aMMOJCHCTBUM (BHE KOHTAKTa HYKJIOHOB MEXIYy HUMHU
NEHCTBYIOT CHJIbl TPUTSDKEHHUS, NpPU KOHTAaKT€ M CKaTUUM — OTTajukuBaHus). HyKIIOHBI
HEC)KMMAEMbI, PACIIONOKEHBI MOYTH BIJIOTHYIO, HO 00J1aAat0T MOABMKHOCTBIO. DTY MOJENb Mbl
He OyJeM paccMaTpuBaTh.

CornacHo 000JI09€YHOM MOJENH s/Ipa KaKIbId HYKIIOH siipa IBHXKETCS KoJebaTeabHO B
o0mieM moJie SACPHBIX CHJI, CO3aBAEMOM BCEMHU HYKIIOHAMH Sipa. Y CPEAHCHHBIN MOTEHITHAI
ATOTO MOJII MOKHO aNMPOKCHUMHUPOBATH MOTEHIIUATIOM TPEXMEPHOTO OCHUIUISITOPA.

Pemenne ypaBHenuss IllpenuHrepa nmaer JOCTynHBIE  KBAaHTOBBIE  COCTOSIHMS
K0J1e0aTEeIbHOTO JIBUYKEHUS, KOTOPOE OINpeAeNseTcs KaK CYNEpIO3UlLlds TpeX HEe3aBHCHMBIX
OJIHOMEPHBIX KOJIe0aHUH M0 OCSIM X, Y U Z, UMEIOUTUX SHEPTHUIO

1 1
Emzﬁm rzx+§ ,E}‘nZI‘lm n}+§ ,Ezn=ﬁco .rsz+5,

rjae n, X, y, Z — Ienble uncia, npuHumatomue 3Hadenust 0, 1, 2, ..., ecTb KBaHTOBBIE
4yucla Ui KaKIOr0 OJHOMEPHOTO KOJIeOaHWsS BIOJb COOTBETCTBYIONICH OCH JIEKapTOBOMA
CHUCTEMBI KOOPJUHAT.

[Ipon3BOABLHO IBMKYIIMKCS HYKJIOH HMMEET JHEPIrui0, PaBHYI0 CYMME ITHUX HSHEPIHid,
KOTOpasi KBAHTOBAHA C ITOMOILbI0 KBAHTOBOI'O YHCIA N:

3
En = hm|x + E :
rJie LeJoe Yuciao n = nx + ny + ny, = 0, 1, 2, 3, ... SBISIETCS KBAHTOBBIM YKCIIOM,

ONPEIETSAIONIUM SHEPTHUIO ABUKEHUS HYKJIOHA.
1
Takum oOpa3om, TpoiKa LEeNbIX YUCeN NX, Ny, NZ COBMECTHO ¢ #g = ig
(MarHuTHOE CIIMHOBOE KBaHTOBOE YHCIIO HYKJIOHA) JaloT YETBEPKY
YHCEN,TIOJTHOCTHIO OMPEEIISIONIYI0 COCTOSTHIE HYKIIOHA B SIIpE.
KonnuecTBo NOCTYHNHBIX COCTOSIHMM € (PUKCHpPOBAHHBIM KBAaHTOBBIM YHCIOM N MOXHO
BBIUHCIIHTH 110 GopMyIie

Kn=(n+1)n+2).

[To aHaymorum ¢ aroMoM, COBOKYIHOCTH JOCTYITHBIX COCTOSIHHHA C (DPUKCHPOBaHHBIM
YHCIIOM N, TIPUHATO HAa3bIBaTh 000IOYKOH.

[Tono60109KOi MOKHO Ha3bIBaTh COBOKYITHOCTH COCTOSIHMH, UMEIOIIUX JaHHYIO TPONKY
grced nx, ny, nz. Jlrobas momoOonouyka WMeeT 2 JOCTYMHBIX KBaHTOBBIX COCTOSHUS,
OTJIMYAIOIIUXCS MATHUTHBIM CTUHOBBIM KBAaHTOBBIM YUCIIOM (+1/2 1 —1/2).

[TepBas ob6onouka (n = 0) umeet 2 noctynubix coctosiaus (0, 0, 0, 1/2) u (0, 0, 0, -1/2) u
onny nogobomnouky u (0, 0, 0, +1/2);



BTOpas (n = 1) uMeet 6 TOCTYIMHBIX cocTOsIHUM 1 3 mogodonouku (1, 0, 0, £1/2), (0, 1, 0,
+1/2), (0, 0, 1, £1/2);

TpeThs (n = 2) umeeT 12 AOCTYIHBIX cOCTOSHUE U 6 mogobonouek (2, 0, 0, +1/2), (0, 2, 0,
+1/2), (0, 0, 2, £1/2), (1, 1, 0, £1/2), (1, 0, 1, £1/2) m (0, 1, 1, £1/2).

COBOKYITHOCTh ~ NMPOTOHOB U COBOKYIHOCTh HEUTPOHOB B  SIApE  SIBISIIOTCS
CaMOCTOSITENIbHBIMH KBaHTOBBIMH CHUCTEMaMH, MO3TOMY JOCTYIIHbIE KBAHTOBbIE COCTOSHUS
3aIOJIHSIIOTCS] HYKJIOHAMU 110 OTAEIBHOCTU: OTJENBbHO MPOTOHAMHU, OTNIENbHO HelTpoHamu. [Ipu
9TOM, BBIIIOJIHSIOTCS] U3BECTHBIE OCHOBHBIE TPUHLIUIIBL

MPUHIMIT MUHUMaJIbHOCTH 3HEPIHH, TO €CTh CHayalla 3arloJHSIOTCS CaMble HUKHHE
YPOBHU dHEPTrUM (KBAaHTOBHIE COCTOSIHHSI ¢ MUHUMAIBHOW YHEPTHUEi), 3aTeM — PacloiIOKEHHBIC
BBIIIIE;

npuHiun [laymu: B 04HOM KBAaHTOBOM CHCTEME B OJHOM KBAaHTOBOM COCTOSIHUM MOXKET
HAXOJHUTHCS HE OOJIee OHON YaCTHUIIBI C TIOMYIIETBIM CITHHOM.

[TogoGoouka 3amoaHeHa, eciii B HEl HaXoAuTcs 2 HyKJIOHA. Bce ckazaHHOE OTHOCHUTCS
KaK K IPOTOHAM, TaK ¥ K HEUTpOHaM, BXOSIIUM B COCTaB sIpa.

Slnpa c 3amoJHEHHBIMU MPOTOHHBIMHU TOJ 00OJIOUKAMM COJAEPKAT YETHOE KOJIMYECTBO
IPOTOHOB M OYAYT MUMETh MOBBIIICHHYI0 YCTOWYUBOCTH U, CJIE€IOBATEIbHO, OOJNbIIE H30TOMOB,
YeM Si7Jpa C HEYETHBIM KOJIMYECTBOM IMPOTOHOB.

B naGoparophoii pabote Bbl yOeAUTECh B 3TOM Ha OTIBITE.

Jlnist aeMenTa, y KOToporo 2 mpoToHa (Tenuii), mepsast 000704Ka MOTHOCTHIO 3all0JHEHA
MPOTOHAMH (2 OCTAJIbHBIE MTYCTHI).

JI1st aeMenTa, y KOTOporo 8 MPOTOHOB (KUCIIOPOT), 3aMOTHEHBI TiepBast (2 COCTOSIHUS) U
BTOpast (6 COCTOSIHMIT) 000JTOUKH.

st snemenTa, umeromero 20 mpoTOHOB (KaJIbIUii), 3alOJIHEHBI NMPOTOHAMHU TIEpBasd,
BTOpasi M TPeThsi 0005104KH (12 cocTosHMIA).

Anpa naHHBIX XUMHUYECKUX AJIEMEHTOB 00JaJaf0T 0CO00H yCTOWYMBOCTHIO, KOJIHMYECTBO
MPOTOHOB B HUX HA3bIBAIOT «MAarM4eCKUMU YUCIIAMUY», & CAMU pa HA3bIBAIOT «MATUYCCKUMM.
XVUMUYECKUE AJIEMEHThI C MAarmueCKUMHU siIpaMH UMEIOT OCOOEHHO OOJBIIOE KOJIUYECTBO
M30TOIMOB.

JIBaxxapl MarvuecKMMH HAa3bIBAIOT SApa, y KOTOPHIX W KOJMYECTBO IPOTOHOB U
KOJIMYECTBO HEUTPOHOB PABHO MarMuecKoMy 4YuCIy. Y HHUX MOJHOCTBIO 3allOJIHEHbI 00O0JIOUKH,
KaK JIJIsl IPOTOHOB, TaK U JUIsl HEUTPOHOB.

DKCHepUMEHTAIBHBIC 3HAYEHUSI MAarMUECKUX YHCel 00pa3yroT claeayromui psaa: 2, 8, 20,
28,50, 82, 126 ...

B ynpomienHoii Mojenu MaruueckuMu aBisitores yucna 2, 8, 20, 40, 70 u 112. Yucno 28
HE NIpPEICKa3bIBACTCA B YIPOILIEHHOM MOJENU Sapa, HO MOJy4aeTcs B YTOUHEHHOW MOJEIH.
[Mocnenyromue yncna XOTs ¥ OTJIMYAIOTCS, HO JIOBOJILHO OJTM3KH K SKCIIEPUMEHTAILHBIM.

MeToauKka ¥ NOPAAOK U3MePEeHHH

Bri6epute paznen «KBanTtoBas ¢pusznka» U MOJEIb «DHEPTHUS CBI3H SIICP».



YOenbHan 3Heprus CBA3H MNapaMeTpbl Aapa
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Puc 1.Mognenb nis ucciienoBaHus YCTOMYUBOCTH SIAEP

Ha puc. 1 mnpencraBneHo H300pakeHHE 53KpaHa KOMIBIOTEpa, Ha KOTOPOM JIaHBI
pe3yabTaThl AKCIEPUMEHTAIBHBIX HMCCICIOBAHUN YCTOWYMBOCTH SACp W YIACIBHOW SHEPIHH
CBSI31 HYKJIOHOB B sI/Ip€ B 3aBUCHMOCTH OT COCTaBa siJipa.

B oxne «CocTaB Hanbosiee yCTOMYHMBBIX sifiep» Ha rpauke MpeICcTaBiIeHa COBOKYITHOCTh
TOYEK, COOTBETCTBYIOIIMX COCTaBY sep (Z 1 N) BceX XUMHYECKUX JIEMEHTOB, BCTPEUAFOIIINXCS
B npupone. DPHUKCHUPYs KOJIMYECTBO HPOTOHOB Z, BXOJSIIUX B COCTaB sjpa, Mbl 3a/aeM
XMMHYECKUE CBOWCTBA BEUIECTBA, COCTOSIIEIO M3 arOMOB C TaKUMH siapamu. V3meHsis
KOJINYECTBO HEHUTPOHOB N mpH (HUKCHPOBAHHOM KOJHYECTBE MPOTOHOB, IMOJIYY4aeM H30TOIBI
JTAHHOTO XUMHYECKOTO DJIEMEHTA. SIpa MoJiydeHHOr0 U30TOMa MOTYT OBITh KaK CTaOMILHBIMH,
TaK W HeCTAOMJIBHBIMH. DTO CBOWMCTBO SIEP MOYKHO HAOIOATh HA M300paXKCHNUH, TOMEIIICHHOM
B [IPaBOM HIDKHEM yriry Mojend. Kaxplid cTaOMiIbHBIA N30TON NIPY HABEJACHUU MapKepa MbIIIN
M300pakaeTcs B BUJE 3eJeHol Touku Ha rpaduke V¥ 9 HecTaOUIBbHEIN H30TON MMEET KPACHBIIA
IIBET COOTBETCTBYIOLICH TOUYKH Ha 3TOM rpaduKe.

[Ipu wuccnenoBaHMAX HA JAaHHOH KOMIBIOTEpPHOW MOZENH TpeOyeTcsl ONpeaeiIuTh
KOJIMYECTBO CTAOMJIBHBIX HW30TOIOB JUISI XUMHYECKUX D3JCMEHTOB, 3aJaHHBIX IS KaKIOH
Opuranbl CTy/ICHTOB.

3aMevaHue: 1o rpaduKy, IPUBEACHHOMY CBEpXY Ha puc. 1, BBI MOXKeTe HaOIII0OaTh, KaK

3aBHCUT y/eJbHasl SHEprusl CBs3M HYKJIOHOB B siipe ECB ot ero cocraBa (konndyecTBa HyKJIOHOB
A).

Tadauna 1 (He nepepucosbiBaTh). McXoaHbIe JaHHbIE

Homepa Opuran KonnyecTBo npoToHoB B siape — Z

lus 14 1516 17 18 19 20 21 22 23 24 25 26
2u6 58 5756 55 54 53 52 51 50 49 48 47 46
3u7 46 4748 49 50 51 52 53 54 55 56 57 S8
4u8 26 2524 23 22 21 20 19 18 17 16 15 14

Obpabomxa pe3yrbmamos u oghopmierue omuema



1. IToncuuraiiTe KOJIMYECTBO H30TOMNOB JUIA Ka)KIOr0 XHMHUYECKOrO JJIEMEHTa U
BHECHTE B COOTBETCTBYIOLIHI cTonber Tad. 2.

2. C;[enaf/iTe BBIBOJl IO KOJIMYCCTBY M30TOINOB XUMHUYCCKUX 3JICMCHTOB B 3aJaHHOM
Jara3oHe MopsIKOBBIX HOMEPOB. OOBSICHUTH NPUYUHY TAKOTO KOJIMYECTBA.

3.

4. [TocTpoiiTe rpaduk 3aBUCUMOCTH KojmdecTBa mu30TornoB NU3 ot kommuectBa
MPOTOHOB Z TOJIBKO /ISl Y4ETHBIX Z.

5. Cnenatite BeiBoA 10 (hopme rpaduxa NU3 (Z).

6. [To monoxenuto MakCUMyMa Ha rpauke OLIEHUTE 3HaYeHHE Maru4eckoro 4uca.

7. CpaBHUTE 3HAYEHME MAaruyecKoro 4ucia, MOJYYEHHOE 3KCIEPHUMEHTANIbHO, C

TCOPCTUUICCKHUM 3HAUYCHUECM YUCJId, PACTIOJIOKCHHBIM B JAHHOM IHWANa30HC U3MCHCHU Z.

8. Crenaiite BBIBOJ O KOJMYECTBE M30TONOB Yy BELIECTB, sipa KOTOPBIX HMEIOT
HEYETHOE KOJIMYECTBO IIPOTOHOB Z.

Bomnpocs! 1151 caMOKOHTPOJIA

1. UTo Ha3bIBAIOT SAPOM aToMa?

2. UTto Takoe HyKJIOH?

3. UTto Takoe 3apsI0BOE YKUCIIO SAPA U YEMY OHO PaBHO?

4. Uto ompenenser MOPSIKOBBI HOMEpP XHMMHUYECKOTO JJIEMEHTa B TalOiuIie
Menneneena?

5. B dyem cocTouT rimaBHOE OTJIMUKME HEUTPOHA OT MPOTOHA?

6. Kakne XapakTepuCTHKM HEWTPOHA TOYHO COBHAJAIOT C aHAJIOTHYHBIMHU
XapaKTepPUCTUKaAMU MPOTOHA?

7. UTO MOKHO CKa3aTh O KOJIUYECTBE MPOTOHOB U HEUTPOHOB B sA/Ipax?

8. Yro Takoe u30Tonsl?

9. Ha3zoBute Hanbosee U3BeCTHBIE MOJIEIH sIIpa aTOMA.

10. Onummre 0COOCHHOCTH KameIbHON MOJIENHU Spa.

11.  Onwumure IBMKEHUE HYKJIOHA B APE COTJIACHO 000JI0YEYHON MOJIEIH.

12. 3anumute GopMyTy SHEPTUU OJHOMEPHOTO KBAHTOBOT'O OCHUJUIATOPA.

13. 3anummTe GOopMyITy SHEPTUH TPEXMEPHOTO KBAHTOBOTO OCIMILIATOPA.

14. CKOJIBKO KBaHTOBBIX YHCENI OINPENENSIOT JOCTYIHOE KBAaHTOBOE COCTOSIHHE

HYKJIOHa B ;{/:[pe? HazoBute ux u YKaXXUTC UX 0003HAYEHHS U YHCJIOBLIC 3HAUCHHS.

15. Kakme cBoiicTBa OyayT CYIIECTBEHHO pPa3HBIMH Y XUMHYECKHX DIJIEMEHTOB,
MMEIOIIHX S/Ipa C YETHBIM U HEUETHBIM KOJIUYECTBOM IMPOTOHOB?

16. Urto Takoe Maruyeckue sjapa’?

17. Uto Takoe JBaXKbl Maruyeckue sjpa’?

18. Hanumure hopmyny st onpeaeneHus MarudecKux 9uced.

19. MHOrO MM Majlo W30TOMOB B CpeaHEM, KaK BBI MpeJronaraere, OyayT UMETh

XUMHYECKHE JIEMEHTHI B 3aJIaHHOM JIJIs Balllei Opurajbpl AMana3oHe W3MEHeHHs Z U IoYemy?
20.  Kak nmpumepHo noipkeH BoINIAEeTh Tpadhuk NU3 (Z) ¢ yueroM 3HadeHU Z 1ist
BaIleil Opurajpl, MpUBEIECHHBIX B Ta0d. 1?



[Tpunoxenue 1
TecToBBIC 3aJaHUA

1.CiocoGHOCTh MaTepUAIBHBIX 00BEKTOB K JBHIKEHHIO:
a) JHeprus
b) sHTpONIHUS
C) )KUBYYECTh
d) paboTocrocoOHOCTH

2. Amnynsc Tena 2t1o:
a) NIpou3BeieHuEe MacChl HA CKOPOCTh
b) mpou3sBezieHnE MacChl Ha KBaPaT CKOPOCTH
C) OTHOIIICHHE MAaCChl K 00bEMY
d) cuHOHMM yCKOpeHUs

3.ITapameTpaMu BOJTHOBOTO IpOIIecca SIBJISTFOTCS:
a) aMILINTY/Aa, YacToTa, (hasa,
b) nmuHa BOJIHBI, CHIIA, aMIUTUTY/IA,
C) UMITyJIbC, haza, 4acToTa,
d) yckopeHnue, yactoTa, IJIMHA BOJTHBI.

4. Touka OBWXKETCSA O MPSAMOW B OAHY cTOpoHy. Ha pucyHke mokaszaH rpadux
3aBUCHMOCTH MPOMAEHHOrO0 €0 NMyTH S OoT BpeMeHU t. OnpenenuTb CpeaHIO0
CKOpPOCTb TOUYKH 32 UHTEpBajiBpemeHnu 0-5 c.

Swmi

5
0
5

J 7 72 3 4 5 I
a) 3wl
b) 2wk
c) Swlc.
d) 10w

5.0npenenuTs HanpsKEHHOCTh 3JIEKTPUYECKOTO TOJIsl, €CIIU Ha TOUEUHBIH 3apsia 1
MKKU1 neiictByeT kyioHoBckas cuiia 1 MH.
a) 5kB/m.
b) 1 kB/m.
c) 10 kB/m.
d) 2 xB/m.

6.Ha xaxo# yroj moBepHETCsl OTPa)KEHHBIN OT 3epKajia COJTHEYHBIN JIyd MpHU
noBopoTe3epkaia Ha yroia 30°?7
a) 60°.



b) 30°.
0) 15°.
d) 90°.

7. OnpenenuTs HAaIPsHKEHHOCTD JIEKTPUYECKOTO OIS, €CIIU Ha TOUCUHBIH
3apsia 1 mxKnaeiictByer kynmoHoBckas cuna 1 mH.

a) kB/m.

b) 1 kB/m.

c) 10«kB/m.

d) xB/wm.

8. Ha ckomnbko rpagycoB Harpeetcs Boja maccoi 0,5 kr, ecnu eit cooommts 16,8 kJ{x
Tera?
a) 1°C
b) 8° C.
C) 16°C
d) 80° C

9.B napadune Ha paccrosanu 20 CM TIOMEIIIEHHI JIBa TOYEYHBIX 3apsaa. Ha kakom
PACCTOSIHUHUOHU OOJDKHBI HAXOJUTHLCA B BO3AYXC, ‘ITOGBI culia BSaHMOHeﬁCTBI/IH
MEX]ly HUMH OCTaJIaCh IPEKHEN?

a) 0,283 m.
b) 2,83 m.
C) 0,2 m.
d) 28,3 m.

10. ®opmynupoBka 3akona Ilackans:

a) [Ipu paBHOBeCHHM KUJKOCTEN JaBJICHUE MOKOSIICICS )KUAKOCTH TOJIBKO Ha JHO COCY/ia
OJIMHAKOBO ¥ PAaBHOMEPHO, IIPUYEM I10 BCEM OCTAJIbHBIM HAIPABJICHUSAM JIaBJICHUE
NepeaeTcsi BO BCE CTOPOHBI HEPABHOMEPHO;

b) Ilpu paBHOBeCHM KUIKOCTEH M ra30B JaBJIeHHE B JIIOOOM MecTe MOKos e cst
JKMIKOCTH OJJMHAKOBO 0 BC€M HANPAaBJICHUSIM, IPUYEM JaBJICHUE NepeaaeTcsi BO Bce
CTOPOHBI PABHOMEPHO;

c) IIpu paBHOBeCcHH TOIBKO T'a30B JABJICHHUE HA IHO COCYAa OJJUHAKOBO U PAaBHOMEPHO,
MIPUYEM T10 BCEM JAPYTMM HANPaBICHHUSAM JABIICHUE OTCYTCTBYET;

d) [Tpu paBHOBECHH KUAKOCTEH U Ta30B JABJICHHUE B TFOOOM MECTE MOKOSIICHCS
JKAJIKOCTH OJMHAKOBO MO BCEM HAIPABJIIEHUAM, IPUYEM JTaBICHUE MEPEIACTCSA BO BCE
CTOPOHBI HEPABHOMEPHO.

11. JlaBnenue uaeanbHOro ra3a ¢ BHICOTOW U3MEHSETCS 10 3aKOHY ...
a) Makcsenna

b) Menneneesa-Knaneiipona

¢) boabumana

d) JanpToHa

12. Pacnipenenenre MOJIEKYI HACATLHOTO Ta3a Mo a0COMOTHBIM 3HAYEHUSM CKOPOCTEM
MOMUYUHSETCS] 3aKOHY MakcBeiia B yCIOBHSIX...

a) TePMOAMHAMHNYECKOT0 PAaBHOBECHSI

b) TepMogUHAMUYECKOT0 PABHOBECUSI M JEHCTBUS I'PABUTALMOHHOIO IOJIS

€) KBa3MPABHOBECHOI'0 PACIIMPEHUS B JIIOOOM NMPOMEKYTOYHOM COCTOSTHUHU

d) HepaBHOBECHOT'O COCTOSIHUSI CHCTEMBI



13. IIpoBecTu COOTBETCTBUE MEKTY Ha3BAHUEM IPOIECCA U 3AMKUChIO0 IEPBOTO Havaja
TCPMOANHAMUWKU IJIs1 HCTO.

1. aguabarHbIi a. A=-AU

2. N30TepPMHUYECKUN b. Q=A

3. nu300apHbIit c. Q=AU +A
4. N30XOpHBIN d. Q=AU
1-a2-b3-c4-d

14. ITnockuii BO3AyIIHBINA KOHAEHCATOP NOCIE 3apsIIKK OTKI0YaeTcs OT UCTOUYHUKA
HAIPSDKEHUS U MIOTPY’KAETCSA B KEPOCHH. DHEPrus KOHACHCATOPA. ..

a) HE U3MEHUTCA

b) yBesiuuuTca B € pa3

C) YMEHBILIUTCS B € pa3

d) ymeHbIIUTCS B £y€ pa3

15. I'padmueckast 3aBUCUMOCTH COMPOTUBIICHUS IPOBOJHUKA OT TEMIIEPATYPhl UMEET
BU...

p.-’

_]F
-

a) b) T
p i/ pA
> JL
c) L) T

16. Ilo kpyroBsIM KOHTypaM TEKYT OJMHAKOBbIE TOKH. MHAYKIIMS MarHUTHOTO IO,
CO3JIaHHOI'O TOKaMH B TOUYKE a, OyJeT MaKCUMaJIbHOU B Clly4ae. ..

b) .
Q A
d)



17. Cuiia Ammiepa onpenensiercs mo Gopmysie. ..
A) F=[1xB]-¢
B) F=1-[{xB]
C) F=1-[Bx{]
D) F=1:(¢-B)

18. NaTepdepeHIimonHas KapTUHA OT IBYX Y3KHX OJIM3KO JISKANTUX MapaIeIbHBIX
1iesel MpyU OCBEUICHUH UX MOHOXPOMATUYECKUM U OEJIOM CBETOM ......

a) oTJIMYaeTcs

b) oguHakoBas

C) WIMpOKas Uik MOHOXPOMATHYHOI'O CBETa U y3Kasl sl 0e1oro

d) y3kast 111 MOHOXPOMATHYHOTO CBETA U IIUPOKas JIJIsl O€JI0ro

19. Ilpu ocBelieHnM TOHKOMN IUIEHKHU IEPEMEHHOMN TOJIIMHBI TAPAJIENbHBIM IIyYKOM
Oesoro csera HaOIIOIAIOTCA ......

a) paayKHasi OKpacka IoJioc

b) omHOIBETHAS OKpacKa KOJIEIT

C) IIOJIOCHI PABHOT'O HAKJIOHA

d) mosockl HyI€BOM MHTEHCHBHOCTH

20. Yacrora nepemenHoro toka 50 ru. [Ipu Hanpsokenuun 125 B TOK yepe3 KaTymiky 2.5
a.MHAYKTUBHOCTD KaTYIIKH. ..

a) 0.36I'n

b) 0.16I'n

c) 0.46I'u

d) 0.56I'n

21. PanuocTranuus nepegaeT nporpaMMbl Ha JyinHe BoJHBI 250M. YacToTa Ha KOTOpoi
paboTaer cTaHIMs paBHA...

a) 1,2MI'n

b) 1,5MI'n

c) 15MTI'n

d) 12MTI't

22. JInvHa BOJIHBI 3JIEKTPOMArHUTHOTO U3TyYEHHS, UCITYCKaEMOTO aTOMOM BOJOpOAa
IIpU TIEPEXO0/I€ B HEM BJIEKTPOHA CO BTOPOT'0 SHEPreTUUECKOTO YPOBHS Ha MEPBBI, paBHa. ..
a) 1,22:1077 m;
b)3-10719 m;
c) 5,8:10712 y;
d)23-107° m.

23. B o0yacTv HU3KHX TEMIIEpaTyp CpeaHsisi sHeprus E, , KaXI0ro HOpMajIbHOTO
KOJICOaHWsI KPUCTAITMICCKON PEHIETKH PACTET MPOMOPIUOHATIBHO
(abcomotHoit Temneparype T)

24. Y nenbHasi akTUBHOCTb PaJIMOAKTUBHOIO BEIIECTBA PaBHA. ..

a) YMCTTy s/Iep, paclalaroInXcs B €IMHHUIY BPEMCHH,

b) uncay saaep, pacnagaIKUXcs B eIMHUIY BpeMeHH B eIMHNUIIE MACCHI BellleCTBA;
C) BpPEMEHH, B TEUEHUH KOTOPOTO PACIaJaeTCs MOJIOBHHA UMEIOLIUXCS PaInOAKTUBHBIX
anep;

d) OTHOCUTENIEHOMY YMEHBIIICHUIO YHCIIa PATUOAKTUBHBIX SAEP 3a €AUHUILY BPEMEHHU.



25. BeposTHOCTB BBIHYKJIEHHBIX ITEPEX0JI0B AIEKTPOHOB ¢ O0Jiee HU3KUX Ha Oolee
BBICOKHUC YPOBHH 3aBHUCHUT KaK OT CBOIICTB aTOMOB, TaK 1 OT HHTCHCHUBHOCTH
. (magaromero U3 IydeHus )
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