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O0mme nmooKeHNs

[enb METOAWYECKUX MATEPHAJIOB MO OCBOCHUIO JUCIMILIMHBI - 00ECIIEYUTh 00YydJaroeMycs
ONTUMAJILHYIO OPraHH3aIMIO MpoIecca M3YYCHHS IUCIMILIMHBI, a TAKKe BBINOJHEHUS Pa3IMYHBIX
(hopM caMOCTOSTEIBHOMN pabOTHI.

OcBoeHHE JUCHUIUIMHBI OCYIIECTBISICTCS Ha AayIWTOPHBIX 3aHATHUSX W B IpoIecce
CaMOCTOSITENIbHOM paboThl 00ydaromuxcsi. OCHOBHBIMU BUAAMU ayJUTOPHON pabOThI O AUCLUILIMHE
SBIISIFOTCSL 3aHATHUS JIEKIIMOHHOTO M CEMHHApCKOro THma. KoHKpeTHbie (OpPMBI ayIUTOPHON pabOTHI
oOyJaromuxcss MPeACTaBICHbBl B Y4eOHOM IUTaHE OOpa3oBaTelIbHON MpOrpaMMbl M B PabOUmMX
porpamMmax JTUCIHILIHH.

W3yuenne pekoMEHAyeTcs HadaTh C O3HAKOMJIEHHS C pabodell MporpaMMoil TUCHUTUIMHBI
(Mozyns1), ee CTPYKTYpO U cosepkaHueM, (POHIOM OLIEHOYHBIX CPE/ICTB.

Paboras ¢ paGoueit mporpamMmoii, He00X0UMO 0OpPaTUTh BHUMAaHUE Ha CIEAYyIOIIee:

- HEKOTOPBIE pa3zeibl I TeMbI JUCHUIUIMHBI He Pa30MparoTCcsl Ha JICKIUAX, a BBIHOCITCS Ha
CaAMOCTOSITEIbHOE HM3y4YeHHE [0 PEKOMEHJYEeMOMY IIepeYHI0 OCHOBHOW U  JOTMOJHHUTEIHHOMN
JTUTEPATyphl U y4eOHO-METOJMUECKUM pa3padoTKaM;

- YCBOGHHE TEOPETHYECKHX IIOJIO)KCHNH, METOJNK, pacueTHBIX (OPMyJ, BXOIAIIUX B
CaMOCTOSITEIIbHO HM3yYaeMble TEMbI TUCIHMILIHHBI, HEOOXOJAUMO CaMOCTOSITEIbHO KOHTPOJIUPOBATH C
MTOMOTIIBIO BOTIPOCOB JIJIsI CAMOKOHTPOJIS;

- COJIep)KaHHWE TeM, BHIHECEHHBIX HA CaMOCTOSITEIBHOE M3YyYeHHE, B 00S3aTEIHHOM MOPSIKE
BXOJIUT COCTABHOW YaCThIO B TEMBI TEKYIIETO KOHTPOJIS ¥ IPOMEKYTOYHOH aTTECTAIlUH.

Kaxmass pabGouas mporpamMma IO JWUCHUIUIMHE COMPOBOXKIAIOTCS  METOHUECKUMHU
MaTepHallaMH 110 €€ OCBOCHUIO.

OtnenbHBIE Y9€OHO-METOAMYECKUE PAa3pabOTKH IO JUCIUIUIMHE Yy4YeOHBIC ITOCOOMS WIIH
KOHCIIEKThI JICKIMI, METOJUYEeCKHEe PEKOMEHJAIMM IO BBIMOJIHEHHIO J1a0OpaTOpHBIX padboT u
pelIeHuIo 3a1a4 U T. 1. pazmenensl B OUOC MAY.

OO6yuaromumMcsi pEeKOMEHAYETCs MOJyduTh B OuOmuoreke MAY yueOHyr0 JuTEparypy,
HE0oOXoIUMYI0 Al paboThl Ha BCEX BUAAX AyIUTOPHBIX 3aHATHH, a TakkKe AT CaMOCTOSTENbHON
paboThI MO0 U3YYEHHUIO AUCLIUTLITUHBL

Buner yueGHOM paboThl, CPOKU UX BBITIOJIHEHUS, 3aINIAHUPOBAHHBIC 110 JAUCLUUIUIMHE, a TaKKe
CUCTEeMa OIL[CHUBAHUS Pe3yJIbTaTOB, 3a()MKCUPOBAHBI B TEXHOJIOTUYECKOM KapTe AUCUUILINHBIL:

Taboauna 1 - TexHosoruvyeckasi KapTa TeKylero KOHTPOJIsi 1 MPOMEKYTOUYHOH aTTecTaluu 1Mo
aucuunanae pusnka 1A o4Hoil popmbl 00ydeHHsi (IPOMEKYTOYHASL aTTeCTAIMS — IK3aMeH, 2
Kyp¢, 3 cemecTp)

Ne 3aueTHOE KOJIUYECTBO I'padux
KonTpoabHble TOUKH 0aJ1J10B MPOXO0KAEHHU s
min min (Hemean
caaum)
Texyuuii KOHTPOJIb
1. | BemmonHeHue u 3aniuTa 1abopaTopHbIX padoT 12 16 ITo pacnicanuto
2. | IlpakTHueckue 3aHATHS 12 16 ITo pacnicanuo
3. | Pacuerno-rpaduueckas padora (PI'P) 12 16 ITo pacnimcanuto
4. | Ilocewenue 3aHATHIA 12 16 Ilo pacnicanuto
5. | CBoeBpeMeHHas caya KOHTPOJIbHBIX TOUEK 12 16 ITo pacnincanuto
HUTOrO 60 80
ITpome:xyToUHAA aTTECTAIUS
JK3aMeH 10 20 DK3aMeHalOHHAas
ceccHst
HUTOI'OBBIE BAJUIBI IO JUCIUIIJIIMHE 70 100




Tabauua 2 - TexHoJIOrHYecKasi KApTa TEKYIIEro KOHTPOJISI U MPOMEKYTOYHOH aTTecTaAlMU 1O
aucuuIuInHe GU3NKa Ui 04HOH (pOopMBbI 00yueHHs (MPOMEKYTOUYHASI aTTeCTALMA — «3a4yeT», 1
KYPC, 2 cemecTp)

3adeTHoE I'padux
Ne KouTtposabHbie TOUKH KOJIN4eCTBO 0a/1710B MPOXO0KIEHUS
min | max (Hemesm caaum)
Texymuii KOHTPOJIb

1. | BeimonHeHue U 3amuTa JJabopaToOpHbIX padboT 12 20 ITo pacnmcanuto
2. | Ilpaktuyeckue 3aHATUSA 12 20 ITo pacnicanuto
3. | Pacuerno-rpaguueckas pabora (PI'P) 12 20 ITo pacnicanuto
4. | Ilocemienue 3ausaTH 12 20 ITo pacnmcanuto
5. | CBoeBpemMeHHas cadya KOHTPOJIBHBIX TOUEK 12 20 ITo pacnmcanuto

HUTOIo 60 100

IIpome:KyTOUHASI ATTECTAIIUS «3a4eT»
MTOI'OBBIE BAJLTBI O 60 100 3aueTHas Hezemnst
JUCIHUIIVIMHE

Tabauna 3 - TexHoJIOorHYecKasi KapTa TeKylero KOHTPOJsl U MPOMEKYTOYHOH aTTecTaluu Mo
AUCHHUILINHE PU3NKA 1151 3204HOM GopMBbI 00y4eHHs (MPOMEKYTOYHASL ATTECTAUMS — IK3aMeH, 2
Kypc, ceccust 2)

3a4yeTrHoe I'padux
Ne KOJIH4eCTBO 0aJJIOB MPOXOKIEHUS
B KouTtposabHbie TOUKH . (Henesn
min max
CIa4Hn)
Texyuuii KOHTPOJIb
1. | BemonHeHue U 3ammTa JJabopaTopHbBIX padoT 12 16 ITo pacnucanuto
2. | IlpakTrdeckne 3aHATHS 12 16 ITo pacnucanuto
3. | KoutponbHas pabora 12 16 ITo pacnmcanuto
4. | Ilocemenue 3aHATHIA 12 16 ITo pacnucanuto
5. | CBoeBpeMeHHas ciaya KOHTPOJIbHBIX TOYCK 12 16 ITo pacnmcanuto
HUTOIo 60 80
IIpoMesKyTOUHAS ATTeCTALUSA «IK3aMeH»
JIK3aMeH 10 20 DK3aMeHallOHHAas
ceccust
HNTOI'OBBIE BAJUJIBI IO JUCHUIIVIMHE 70 100

Tabumnua 4 - TexHoJioru4eckasi KapTa TeKylIero KOHTPOJIsi U MPOMEKYTOYHOH aTTecTAMH IO
AUCHUILINHEe PU3NKa 1A 3204HOI GopMBbI 00ydeHHs (IIPOMEKYTOYHAS aTTECTAUA — «3a4eT», 1
Kypc¢, ceccusi 2)

3ayeTHoe I'padux
Ne KoHnTposbHbIE TOUYKH KOJIMY€eCTBO 0AJ1JI0B MPOXO0KICHUSA
min | max (Hemesan caayum)
Texyuuii KOHTPOJIb

1. | BemmomHeHue U 3antUTa Ja00paTOPHBIX padboT 12 20 ITo pacniucanuto
2. | IlpakTuyeckue 3aHATHS 12 20 ITo pacnicanuo
3. | KouTponbHas pabota 12 20 ITo pacnimcanuto
4. | Iocemenue 3aHsATHIl 12 20 Ilo pacnicanuto
5. | CBoeBpeMeHHasl cjaua KOHTPOJIbHBIX TOYEK 12 20 ITo pacnimcanutro

HUTOI'O 60 100

IIpoMe:KyTOUHAS ATTeCTANMA «3a4eT»
HUTOTI'OBBIE BAJIJIBI ITO 60 100 DK3aMeHaIMOHHas
JUCIHUIIJIMHE ceccus




Pabota 1O W3yYeHHMIO MUCIHMIUIMHBI JOJDKHA HOCUTH CHUCTEeMAaTW4ecKuid xapakrep. s
YCHELIHOTO YCBOEHHsI TEOPETUYECKOro MaTepHana I0 IIpeularaéMoil AUCLUIIIMHE HEO0O0XOAUMO
PEryasipHO TOCEIaTh JIEKIUH, aKTUBHO paboTaTh Ha Y4YEOHBIX 3aHATHUSAX, BBIMOJHATH IMHUCbMEHHBIE
paboTBl MO 3aJaHMI0 TIPENoJaBaTessi, MEePeUYUTHIBATh JICKIMOHHBIA MaTepual, 3HAuYUTEeIbHOE
BHUMAaHUE yJIEIATh CAMOCTOSITEIIBHOMY U3YYEHHIO JUCLIUIUIMHBI.

BaxxHpIM yClIOBHEM YCHEHNIHOTO OCBOCHMS JHCLMIUIMHBI SBIAECTCA CO3/aHUE CaMHUM
00y4JaromuMCsl CUCTEMBI NPAaBUIBHOW OpPraHU3allMM TPYAA, MO3BOJIAIOIIEH paclpeneinTs ydeOHYIo
Harpy3Ky paBHOMEpPHO B COOTBETCTBHH C KAJIICHAAPHBIM YUYE€OHBIM rpadukom.

1. MeToanueckue PEKOMEHIAINA IIPHA paﬁoTe Ha 3aHATHUAX JICKIMOHHOI'0 THIIA

K 3aHATHAM JIEKIMOHHOTO THUIA OTHOCATCA JIEKUMM M UHbIE Y4eOHble 3aHATHA,
IpelycMaTpuBalole IPEeUMYLIECTBEHHYIO Nepeaady yueOHoM nH(popmaluu rpernojaBaTesieM.

Jlexuus mpencraBisger co0Oil MOCIeNOBATEIbHOE U3JI0KEHHE IpPerojaBareiaeM yueOHOro
MaTrepuaina, Kak MpaBUJIO0, TEOPETHUECKOro Xapakrepa. Llenb JeKIMOHHOrO 3aHSTHS — OpraHU3aIs
L[E€JICHANPaBJICHHON I03HABATEIbHON JEATENIbHOCTH OOYYaroIIMXCS IO OBJAJECHUIO MPOTrPaMMHBIM
MaTepuaioM y4eOHOU TUCIUTUTNHBI (MOTYIIS).

B psane ciydaeB Jnekuus BBINOJNHSET (QYHKIMIO OCHOBHOTO MCTOYHHMKA WH(pOpMaIuuy,
HampuMmep, IpU OTCYTCTBUM Y4eOHHMKOB M Y4eOHBIX MOCOOWM; B ciyyae, KOTJa HOBBIE Hay4yHbIE
JaHHbIE 10 TOW WJIM MHOW TeMe HEe HAllJIM OTpaX€HUS B yueOHHKaX; OTAEIbHBIE Pa3leibl U TEMbI
OYEHb CIIOKHBIE JIJISI CAMOCTOSITENILHOTO U3YyYEHUS 00yJaroIIUMUCS.

B xone mpoBeneHusi 3aHATUN JIEKIMOHHOTO THUMAa HEOOXOJMMO BECTH KOHCIIEKTHPOBAaHHE
M3JIaraeMoro Mpeno aBaTesIeM MaTeprara.

Haubosiee TouHO M MOAPOOHO B XOJ€ JIEKLIUHU 3alMChIBAIOTCA CIEAYIOIINE aCIEKThl: Ha3BaHHUE
JEeKIUH; IUIaH; UCTOYHMKM HMHGOpPMALUU IO TeMe; MOHATHUSA, OINpPEJeNICHHs; OCHOBHBIE (DOPMYIIbI;
CXEMBI; IPUHIUIIBI; METOIbI; 3aKOHBI; TUIIOTE3b]; OLICHKU; BEIBOJBI M IPAKTUYECKUE PEKOMEHIALIUN.

KoHCeKT — 3TO He TOYHas 3aluch TEKCTa JIEKIMH, a 3alUCh CMBICIA, CYTH Y4eOHOIl
uHpopmanuu. KoHCIEKT NUIIeTCs JUlsl MOCIEAYIOIIEr0 YTEHUs M 3TO 3HAYMT, 4TO (OPMbI 3alHCH
CllefyeT JeNaTh TaKUMH, 4TOObI MX MOXKHO OBUIO JIETKO M OBICTPO NMPOYMTATh CIIYCTS HEKOTOpOE
Bpemst. KoHcnekT noimkeH 001er4yarts NIOHMMaHUe U 3allOMUHaHKe yuyeOHOH nHpopmanuu.

Pexomennyercst 3agaBaTh JIGKTOPY YTOUHSIOIIME BOIPOCHI € LEIbI  yIIyOJeHus
TEOPETUYECKUX IMOJIOKEHUH, pa3pelieHUs] IPOTUBOPEUYMBBIX CUTyauui. 1Ipu nmoAroroBke K 3aHATHAM
CEMHMHAPCKOI'0 TUIA MOXXHO J0pabaThIBaTh CBOM KOHCIEKT JIEKIMH, JieJlasi B HEM COOTBETCTBYIOIIME
3aIllMCH U3 U3YYEHHOMW JINTEpaTyphl, yKa3aHHOU B paboyell mporpaMMe AUCHUIINHBI (MOTYIIs).

Temaruka ekl naeTcsi B pabodeld mporpaMme TUCITUTUTHHBI (MO ).

2. Metoan4eckne peKOMEHJAIUH 110 MOATr0TOBKE M padoTe HA NPAKTHYECKHUX U

JIA00PATOPHBIX 3AHATHUAX

IIpakTHyeckoe 3aHsiTHEe — 3T0 opMa OpraHuzaluu y4eOHOTO Ipolecca, Mpeanoiararonas
BBITIOJIHEHUE CTYJICHTaMH 0 3aJaHHUI0 M MOJ PYKOBOACTBOM MPEIoaBaTessl OJHON WM HECKOJIbKHX
MpakTH4eckux pabot. M ecnm Ha JEKIUU OCHOBHOE BHUMAHHE CTYACHTOB COCPEIOTOYMBAECTCS Ha
pPa3bsACHEHUH TEOPUM KOHKPETHON yueOHOW IUCHMIUTUHBI, TO MPAKTUYECKHE 3aHITHS CIYyXKaT s
oOyueHus: MeToJIaM ee MpUMEeHEeHHsI. [ TaBHOW UX LIEeTbI0 SBISETCS YCBOCHHE METO0Jia MCTIOJIb30BaHUS
TEOpHUH, MPHOOpETEHHE MPAKTHUECKUX YMEHUN, HEOOXOOUMBIX M HW3Y4YeHUS TOCIEeIYIOIINX
JUCIUTLINH.

[ToaroToBKy K MpakTUUECKOMY 3aHATHIO JIy4dllle HAUUHATH Cpa3y ke MOcye JEKIUH M0 JaHHOU
TeMe WM KOHCYJNbTallud TpenogaBarens. HeoOxomuMo monoOpaTe juTeparypy, KoTopas
pEKOMEH/I0BaHa JJisi MOATOTOBKH K 3aHSATHIO U MPOCMOTpeTh ee. JItobas TeopeTudeckas mpobiema
JOJIKHA OBITh OCMBICIIEHA CTYJICHTOM C TOUKH 3PEHUS €€ CBS3H C PEATbHON KU3HBIO U BOZMOXKHOCTBIO
peanu3ainyuy Ha TPAKTHKE.



Tabumna 5. — IlepeyeHb NPAKTHYECKUX 3AHATHH

I‘R‘Qn TeMbl NPAKTHYECKUX 3aAHATHH
1 2
Ounas ¢popma
1 kypec, 2 cemecTp
1 | KunemaTuka nocTynaTesbHOIO U BPalllaTEIbHOTO JIBUYKEHUS.
2 | /lunaMMKa MOCTYNaTEeIbHOTO JABMKEHHUSL.
3 | /lunamuka BpamaTeabHOTO JIBHKEHHUS.
4 | MonekynsipHO-KHHETHYEeCKast TEOPHsl. DJTIEMEHThI CTATUCTHYECKON (DU3UKH.
5 | OCHOBBI TEPMOJAUHAMHUKH.
6 | DrnemeHTHI PU3HYECKON KHHETHKH.
7 | DnexTpocraruka.
8 | DmexTpuyeckoe moJje B BEMIECTBE.
9 | IlocTOSTHHBIH IMEKTPHUECKHI TOK.
2 Kypc¢, 3 ceMecTp
1 | MaraeTtusm.
2 | DmexTpoMarHuTHast MHAYKIW. YpaBHEeHUs MakcBea.
3 | l'apmoHnyeckne KoeOaHus. DIEKTPHUECKIE KOJICOaHMSI.
4 | UnTepdepeHiiss MOHOXpPOMATUYECKUX BOJIH.
5 | Audpakuus ceera. [onspusarus ceera.
6 | BzauMoeiicTBIE CBETA C BEMIECTBOM.
7 | U3nydyeHue yepHOTO Tea.
8 | B3zaumoneiictBue hOTOHOB C BIIEKTPOHAMHU.
9 | BoJyiHOBBIE CBOMCTBA YaCTHIL.
3aounas popma
1 kypc, ceccusi 2
1 | Kunematuka  moCTymaTelbHOTO M BpallaTelIbHOTO  JBIKeHWS.  J{uHamuka
MIOCTYNATEJIFHOTO U BPAlIaTEeIbHOTO JBUKEHUSI.
2 | MonekynsipHo-kuHeTnuyeckasi Teopusi. OCHOBbBI TEPMOJIMHAMUKHU.
3 | DnekTpocTaTHKa. DJIEKTPUUYECKOE M0JI€ B BEHIECTBE.
4 | TIoCTOSIHHBIN AJIEKTPUUECKHI TOK.
2 Kypc, ceccusi 1
1 | Marnetu3Mm. YpaBHenus MakcBeuia.
2 | Untepdepennns ceeta. dudpakuus csera. [lonspuszamnus cera.
3 | U3nyyenne uepHOro Tena. BzaumopeilictBue (QOTOHOB C 3yeKTpoHaMH. BoiHOBBIE

CBOMCTBA YaCTHII.

Pemenue 11000i1 3a7aun CKJIAAbIBAETCS U3 YeThIPEX TANOB:

Hepeqeﬂb KOHTPOJIbHBIX BOIIPOCOB, KOTOPbIC MOIYT ObITH PEKOMEHAOBAHDbI IJIsl NMPOBECACHHUS

1. AHanu3 conepkaHus 3aJa4M, KpaTKas 3auch yCIOBUI U TpeOOBaHMIA;
2. [MTownck crocoda perieHns 1 COCTaBICHUE €ro IJIaHa;

3. Pemenne 3a1aun, npoBepka MpaBUIBHOCTH U 0(OPMIICHHE PEILICHHS;
4. OO6cyxaeHune pemeHus 3a1a4m.

aHaJIn3a yCjJaoBUsA 3a1avun:

1. O kakoM 00BeKTe (MaTepuaibHasi TOUKa, TBEPAOE TENO, UACaNbHBIN ra3, peallbHbIN ras,
TOYCYHBINA 3apsij, 3apsDKEHHOE TENO, JJCKTPUUYECKOE IOJie, MarHUTHOE MOoJie U T.M.) UAET Peub B
3aymayge?

2. O kakoM sIBJICHUU ([IBWKEHHE, HarpeBaHUe, OXJIAKICHHUE, PacIIUpPEHHe, CKaTue U T.J.)

HUACT pCYb B 38.,[[8.‘-16?

3. B kakux ycloBusSiX HaXOIUTCS OOBEKT?




B kakux ycinoBusIX poTeKaeT sBjieHue (mpoiecc)?

Kakyto BennunHy (XapakTepUCTUKY 0ObEKTa MIIU SIBICHUS ) HYKHO HATH?
3HaeTe JIM Bbl ONPEACICHUE UCKOMOM BEIMYUHBI?

Pa3mepHoit unu 6e3pa3MepHOi SIBIIIETCS UCKOMas BeTHIHHA?

CkansipHOM WM BEKTOPHOM SIBJIIETCS UCKOMasl BEIMUMHA?

W3BecTHa 1 BaM eIMHUIA U3MEPEHUS NICKOMOW BEJIMYHHBI?

ROo~NoOA

0. B emuHMIax Kakoi CHCTEMBI HY)KHO CUUTATh UCKOMYIO BEJTHYHHY?
11.  IlocTosiHHa MM IEpEeMEHHA UCKOMasl BEJIMYMHA B IIPOLIECCE, ONMCAHHOM B 3aj1aue?
12. Kaxue BeTMYMHBI JaHBI B YCIOBUU 3a1a4H?
13.  3naere M BBI ONpeACTCHUS 3aJaHHBIX BETUIHH?
14.  CopnepwuT Ju yCIOBHE 3a/1a4ll BEJIMUMHBI, 33/1aHHbIE B HEIBHOM BHJIE?
15.  3HaueHus KaKMX BEJIMYUH HYXKHO B35Th U3 CIPABOYHBIX TAOIUIL?
16.  MoskHO 1u sBIIeHHE (TIPOIIeCcC), ONTMCAHHOE B 3a/1aue, N300pa3uTh CXeMaTHIHO?
17.  IlpumepHblil My1aH perieHys HeCTaHAApTHBIX 3aau:
18.  Mmeercst m1 MeXIy HCKOMOW M 3alaHHBIMH BEIMYMHAMHU KOCBEHHAs (pyHKIIMOHAIbHAS
CBSI3b?
19. BcnoMmuuTe, penianach Jii BAMU paHee aHaJIOrMyHas 3aaaqa’
20. MOoHO 1T1 B JTaHHOM 3a7ja4ye MPUMEHHTH 3TOT K€ METOJ| pelIeHUs?
21.  MoxHO 1 pa30UTh 3a/1a9y Ha HECKOJILKO 0oJiee MPOCThIX?
22.  MOXHO JIM pelInTh 33/1a49y B TPEICTBHBIX CITydasix?

23.  Henw3ss mu 3agaqy chopMynmupoBaTh HHAUE?
24.  MoxHo 1 MpuayMarth OoJiee JOCTYIHYIO 3a1a4dy? boiee o6mryro? bosee yacTHyr0?

IMocsenoBaTe/ILHOCTDH ONEPALMIA IPH PellleHUH 3a1aY:

Kakas BenuuuHa omnpenensiercs B 3a/1a4e;

OOBbeKT UM sIBJICHHE, O KOTOPOM UJET pedb B 33/1a4e;

3HaueHUs BEIMYMH, YKa3aHHBIX B TEKCTE 3aJauu;

3HaueHUs BEIMYMH, B3ATHIX U3 TAOJIUI] U CIPABOYHHKOB.

UucnoBsie 3HaYCHUST BCEX BEIUYMH pekomMeHayeTcs opate B CH, ecnu 3T0 criennaibHO
HE OTOBOPEHO B YCJIOBHUH 33Ja4H.

6. Boibop maTtemaruueckoil Momenu Ui onucaHus  (U3MYECKOTO  Ipolecca,
npuBeAeHHOTO B 3azade. OOocHOBaHME Takoro BbiOOpa. HeoOxomumo y4MTHIBaTH, 4TO
MaTeMaTH4ecKas MOJejb - 3TO TOJbKO MPHOIMKEHUE K JeHCTBUTENBLHOCTH, HO BCETJa UMEETCs OT-
JU4He OT Hee.

aogrwnPE

7. CocraBieHue CHUCTeMbl YpaBHEHMH (3amuch (OpMyi), CBA3BIBAIOIIEH HCKOMYIO
BEITMYMHY C BETUYMHAMH, 33JaHHBIMU B YCIOBHH 3a/1a4H.

8. [IpoBenenne  HEOOXOAMMBIX  MaTeMaTHYECKMX  MpeoOpa3oBaHU M BBIBOJ
OKOHYATEJILHOTO YpaBHEHHUs 331a4Hl (pElIeHHE 3aja4ul B 0011IeM BUJIE).

9. [IpoBepka pa3MepHOCTEl: €cu OHU COBIAJAIOT B 00EUX 4YaCTAX PaBEHCTBA, TO 3TO
MIePBBIN MPU3HAK MPABUIILHOCTH MOJYYEHHOM BaMu (POPMYIIBI.

10.  ITlogcraHoBKa B KOHEUHYIO (DOpPMYJy YMCIOBBIX 3HAYEHUH BEJWYMH U BBIYHCICHHE

pe3yibTara. HOMHI/ITC, YTO YHCJIO 3HaydYallluX I_II/ICI)p B KOHCYHOM pE3YJIIbTAaTC ONPCACIIEICTCA HC
BO3MOKHOCTAMU MUKPOKAJIBKYJIAATOPA, a IpaBUJIaMHA HpI/I6J'II/I)KeHHLIX BBIUMCIICHUH.

11. OI_IeHKa MOJIYYCHHOTO pe3yjibTaTa C TOYKU 3pCHHA 3ApaBOTO CMBICIIA (pGSYHBTaT
HAOJIKCH COOTBETCTBOBATH PCAJIBHOCTH U OBITh paSYMHLIM)

AHaJIU3 pelieHus 3a/1a4m:

1. Emé pa3 BHUMATEIBbHO IPOCMOTPUTE YCIIOBUE 3aJa4U U XOJI €€ PEILCHMUS.

2. Boraenure TeopeTUyeCKUe MOI0KEHUs, UCXO0 U3 KOTOPBIX BbI PELIUIIM 3a1a4y.

3. BcnomuauTe, BCTpeyaaucs 1M BaM paHee 3a4a4d TaKOrO THIIA.

4. [TombITaliTech OTHICKaTh HOBBIM, OoJiee palMOHAIBHBIM WM Oosiee OOmHUN cHocod

pCUICHUA 3aavH.
5. BrisiBute TO MOJIC3HOC, YTO JAJIO BaM PCIICHHUC JIaHHOM 3aJ1a4H.



6. O0600uMTE pe3yapTaT peleHus ITON 3a/1auu U MOJAyManTe, PU PELIICHUH KaKUX 3a/1a4
BbI MOTJIM OBl HCIIOJIB30BATh €ro B JaJbHEHIIIEM.

IIpumepHoe cofepxaHne NPAKTHYECKUX 32IaHUM

1 kypec, 2 cemecTp.
KunemaTnka nocrynarejbHOro ¥ BpamaTelbHOI0 IBHKeHHS.

1)  JIBmxeHue MaTepuaabHOM TOUKH 3a1aHo ypaBHeHueM L(t) = A-(1 cos ot+] sin ot), Tae A
= 0,5 M, ® = 5 pan/c. HauepTuth TpackToputo Touku. ONpenenuTh MOIYJIb CKOPOCTH U
MO/1yJIb HOPMAJIBHOTO YCKOPEHHS.

2) Touka aBwKercs B IUIOCKOCTH (Xy) mo 3akoHy: x=A-t, y=At-(l-at), rie A u o -
MOJIOKUTEIHBIE TIOCTOSHHBIE, t - BpeMsl.

Haiitu: a) ypaBHeHHMe TpaeKTOpUM TOYKM  Yy(X); H300pa3uth ee rpaduk;
0) CKOpOCTh M  YCKOpEHHE TOYKM B  3aBUCUMOCTH  OT  BPEMEHHU;
B) MOMEHT BPEMEHH, B KOTOPBIH BEKTOP CKOPOCTH COCTAaBIISIET yrodl m/4 ¢ BEKTOPOM

YCKOPEHHUSI.
3)  JIBwKeHHE TOYKH 1O OKPY)KHOCTH paanycoM R = 4 M 3amano ypaBHenuem § = A + B-t +
C-tz, rme A=10m B=-2wm/c, C=1 m/c?. Haiitu TaHT €HIIMAJIbHOE HOPMAJIbHOE U

MOJTHOE YCKOPEHHSI TOUKH B MOMEHT BPeMEHH t = 2 C.

4)  Koieco Bparaercsi BOKpYr HEMOABMKHONW OCH TaK, YTO YrOJI €ro MOBOPOTA 3aBUCHT OT
BPEMEHM KaK ¢ = A%, tie A = 0,2 pap;/cz. Haiitu nmonHoe yckopeHue TOYkH Ha 000]1e
KoJieca B MOMEHT BpPEMEHH 2,5 C, €CJIU JMHEWHass CKOPOCTh TOYKUA B 3TOT MOMEHT 0,65
M/C.

JAuHaMHKa MOCTYNATEeJIbHOI0 U BpalmaTeJIbHOro.

1) IlIap maccoit 10 kr u paguycom 20 cM BpaIaeTcsi BOKPYr OCH, IMPOXOAIIEH Yepes ero
LIEHTPp. YpaBHEHHE BpaAICHHS IIapa MMeeT BUm ¢ = A + B-t? + C-t3, rne B=4 paz[/cz,
C=-1 paﬂ/cg. Haititn 3axkoH W3MEHEHUsS MOMEHTa CHJI, JEWCTBYIOIIMX Ha IIap.
OnpenenuTb MOMEHT CHJI B MOMEHT BpeMEHHU 2 C.

2) Ha onHopoansiii criomHoN nriiMHAp Macchl M 1 paguyca R HamoTaHa jierkas HUTh, K
KOHILYy KOTOPOM IPUKPEIUIEHO TeJI0 Macckl m. B momeHT t = 0 cucrema npuiuia B
nsuxenue. [IpeneOperast TpeHHEM B OCH HUJIMHJIPA, HAWTH 3aBUCUMOCTD OT BPEMEHHU:

a) YIrI0BOM CKOPOCTH HIJIMHAPA; 0) KHHETUYECKOM SHEPTUU BCEH CUCTEMBI.

3) T'opu3OHTANBHBIA TOHKUI OIHOPOIHBIH CTEPKEHb MAcChl M U JUTHHBI | MOXKET CBOOOTHO
BpalaTbCs BOKPYr BEPTUKAIBHON OCH, MPOXOJAIIEH yepe3 ero KoHel. B HekoTophli
MOMEHT Ha JIpyrodl KOHEL CTep)KHs Hadajla JeWCTBOBATh NOCTOsiHHAsA cuia F, xoropas
BCE BpeMsl MEPIEHIUKYISIPHA K IEPBOHAYAIBHOMY IOJIOKEHUIO TOKOUBIIETOCSA CTEPIKHS
Y HallpaBj€Ha B TOPU30HTAJIbHOM IIIOCKOCTU. HallTH yriioByr0 CKOpPOCTH CTEp)KHS Kak
(YHKIIMIO €ro yriia MOBOPOTa U3 HAYalIbHOTO MOJI0KEHHUS.

4)  HaiiTh MOMEHT MHEPIIMH: a) TOHKOTO OJJHOPOHOTO CTEP)KHSI OTHOCHTEIILHO OCH,
MEPIEHIUKYIISIPHON K CTEPKHIO U IPOXOSAIIEH uepe3 ero KOHell, €CJIM Macca CTEPKH m
U ero anuHa l; 6) TOHKOH 0 THOPOTHOM MPSMOYTOIBHON MIACTUHKA OTHOCUTENBHO OCH,
MPOXOJAIIEH NEPIEHAUKYISIPHO K TUIOCKOCTH MIJIACTUHKU Yepe3 OJHY U3 €€ BEpLIUH,
€CJIM CTOPOHBI TUIACTUHKY a U b, a ee Macca m.

5)  Ha xpato ropu3oHTaNIBHON TIATHOPMBI, UMEIOIIEH GOpMy IHCKa PagdycoM 2 M, CTOHUT
yenoBek Maccoit 80 kr. Macca margopmsl paBHa 240 kr. [Inardopma MoxeT Bpammarscs
BOKPYT BEpTHUKAIBHOU OCH, poXosiiel uepe3 ee 1eHTp. [IpeneOperas TpeHuem, HailTH,
C KaKoW YIJIOBOHM CKOPOCTBIO OyJeT Bpamarbes miaTdopma, eciid 4eJOBeK OyJaeT UATH
BJIOJIb €€ Kpasi CO CKOPOCTHIO 2 M/C OTHOCUTENHHO MIATPOPMBI.

6)  UenoBek CTOUT B IEHTpPe CkaMbH JKyKOBCKOTO M BMECTE C HEH BpAIaeTCs 10 WHEPIIUH.
Yacrtora Bpamenus 0,5 c~!. MOMEHT MHEpPUMHU Tela YeIOBEKA OTHOCUTEIBHO OCH
BpAILICHHS paBeH 1,6 Kr-M°. B BBITSHYTHIX B CTOPOHBI PyKaX UENOBEK ACPXKMHT IO THpPE
Maccoi 2 kr kaxpaas. Paccrosiuue mexay rupsimu 1,6 M. OnipeenuTs 4acToTy BpallleHUst
CKaMbHM C YEJOBEKOM, KOTJIa OH OITYCTUT PYKH M PACCTOSTHUE MEXKIY THPSIMHU CTaHET
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paBHbIM 0,4 M. MOMEHTOM MHEPLIMH CKaMbU ITPEHEOPEYb.
K npyxuHHBEIM Becam mojBenieH Onok. Uepe3 OIOK MEPEeKUHYT MIHYP, K KOHIAM
KOTOpOTO MpUBs3aIu Ipy3sl Maccamu 1,5 kr u 3 kr. KakoBo Oyner nokasaHue BECOB BO
BpeMsl IBIKEHUS rpy30B? Maccoii 0:10ka 1 n1Hypa npeHedpeys.
HeGounbiioe teno mycTusii CHU3Y-BBEPX MO HAKIIOHHOM IMJIOCKOCTH, COCTABJISIONIEH Yo
15° ¢ ropusonTom. Haiitu ko3¢ dunueHT TpeHus, eciiv BpeMs oJAbeMa Tejla 0Ka3ajloch B
2 pa3za MeHbIIIE BPEMEHH CITyCKa.
Ha skBarope c¢ BbicoThl 500 M Ha MOBEPXHOCTHh 3eMJM Madaer Teno (0e3 HauvanbHOU
CKOpoCTH OTHOCHUTENIbHO 3emun). I[IpeHeOperass compoTHBIEHHEM BO3/yXa, HaWTH, Ha
KaKO€ PacCTOSIHUE U B KaKyl0 CTOPOHY OTKJIOHUTCS OT BEPTUKAJIN TEJIO IPU NaJACHUU.
Snpo aroma pacnagaercs Ha JBa OCKOJIKA MaccaMu 1,6:10® kr u 2,410 kr.
Onpenenutb KHHETHYECKYIO SHEPTHIO BTOPOTO OCKOJIKA, €CJIM 3HEPTUs ePBOT0 OCKOJIKA
paBHa 18 u/[x.
HeGonpiioe Temo HauMHAET CKOJB3UTh C BBICOTBI h TI0O HAKIOHHOMY KeJlo0y,
MepexXoIIeMy B TMOJYyOKpY)KHOCTh pamuyca h/2. TlpeneOperas TpeHHeM, HaWTH
CKOPOCTH T€JIa B HAUBBICIIEH TOUKE €T0 TPaeKTOpHUH (TI0CIIe OTPHIBA OT Keo0a).
Yactuma maccbl m HMCHBITajda CTOJIKHOBEHHE C IMOKOMBIIEWCS 4YacTUIEd Macchl M, B
pe3yibTaTe KOTOPOro 4acTUlla m OTKIOHMWIACch Ha yroji /2, a yactuia M oTckoduiia moj
yriioM 30° K IepBOHAYAJILHOMY HAIIPaBICHUIO JBHKEHHs dYacTUIbl m. Ha ckosbko
MPOIIEHTOB M KaK W3MEHWJIACh KWHETWYECKas OSHEPrus OTOM CHCTEMBI TIOCIe
CTOJIKHOBEHHS, eciii M/m = 57

OCHOBBI MOJIEKYJISIPHO-KHUHETHYECKON TEOPHUH.
Opnna TpeTh MoJiekyn azota maccoil 10 r pacmamace Ha aroMbl. OnpeAenuTh MOJHOE
YHUCJIO YaCTHUL], HAXOJAIMIMXCS B rase.
B 6ammonax BMectumocthio 20 11 u 44 11 conepxutcs ra3. JlaBnenue B mepBoM OayuioHe
2,4 MIla, Bo BTopom- 1,6 MIla. Onpenenuts oOmiee JaBjeHUE W MapIUaIbHBIC MOCIE
coelMHeHUs OAJUIOHOB, €CJIM TEMIIEpaTypa ra3a ocTajlach MpekKHeN.
B U-o0pa3splii MaHOMETp HaiHMTa PTyTh. OTKPBITOE KOJICHO MAaHOMETpa COCAUHEHO C
OKPY)KAIOIIUM MPOCTPAHCTBOM IPH HOPMAIbHOM aTMOC(EPHOM JaBJICHUU, U PTYTh B
OTKPBITOM KOJICHE CTOHUT BbIlIE, YeM B 3akpbeiToM, Ha 10 cMm. Ilpu 3TomM cBoGonmHas OT
PTYTH 4acTh TPYOKHM 3aKpbITOro kojeHa umeer anuHy 20 cM. Korga oTkpbiTOo€ KOJIEHO
MPUCOECIUHIUIM K OaUIOHy C BO3IAYXOM, Pa3HOCTb YPOBHEH PTYTH yBEIUYMIACh U
JOCTHTJIAa 3HaueHus 26 cM. Haiitu naBneHue Bo3ayxa B OajioHe.
Haiitm cpemHior0 KHHETHYECKYI0 DHEPrui0 OJHON MOJeKyJabl aMmuaka NHsz mpu
temriepatype 27 °C U CpeJHIOI 3HEPrui0 BPAILATEIbHOIO JIBHKEHHUS 3TOMH MOJIEKYJIbI
IIpU TOM K€ TeMIiepaType.
B Oamone HaxoguTcs KUCIOPOJ MPH HOpPMalbHBIX ycinoBusix. [Ipu HarpeBanuum a0
HEKOTOPOM TeMIlepaTypbl 4YacTh MOJIEKYJ OKa3ajlach IUCCOLUMUPOBAHHOM HAa aTOMBI.
Cremnenn JMCCOoIMaluU 04. Onpenenuthb KOHIIEHTpaL! JaCTHIL:
1) 1o HarpeBaHus rasa;2) MOJIEKYJIAPHOTO KHCIOpOJa TOCJIE€ HarpeBaHUs;
3) aToMapHOTO KHCIOPO/1a MOCIe HarpeBaHusl.
Haiiti MonsipHyt0 Maccy cMecH KMCIIOpoJa Maccoil 25 r u a3ota maccoi 75 T.
3Has QyHKIMIO pacmpeneneHuss MOJIEKYN MO CKOPOCTSIM, BbIBECTH (GopMyilny Hambojee
BEPOSATHON CKOPOCTH.
Hcnonb3ys (QyHKIHIO pacmpelneneHus MOJIEKYN MO CKOPOCTSM, MONYy4YUTh (YHKITHIO,
BBIPAXKAIOLIYIO PaCIPEEICHHE MOJIEKYI IO OTHOCUTEIBHBIM CKOPOCTSIM.
Haiitu nu3smenenue BHICOTHI, COOTBETCTBYIOIIEE U3MeHeHuto naBieHus Ha 100 [la, B 1Byx
cnydasx: 1) BOnm3u nmoBepxHocTu 3emiy, rae temmeparypa 290 K, nasnenne 100 klla; 2)
Ha HEKOTOpOH BbIcOTE, rae temneparypa 220 K, nasnenue 25 klla.
Cuntas GyHKIHIO paclpeaeseHIs] MOJISKYII [0 YHEPTHsIM U3BECTHOM, BEIBECTH (OPMYTY,
OTIPENIENIAIONIYIO JIOJI0 MOJIEKYJ, SHEPrUsi KOTOPBIX MHOTO OOJIbIIEe 3HEPTrUH TEIIOBOTO
JBUKEHUSI MOJIEKYIL.
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OCHOBBI TEPMOAUHAMMKH.
Kucnopona npu Hensmennom nasiennu 80 klla HarpeBaercs. Ero o0bem yBennuuBaeTcs
ot 1 M° 10 3 M°. Onpenenuts: 1) H3MeHEHHE BHYTPEHHEil SHEPI I KHCIOPOa; 2) paGoTy,
COBEPILEHHYIO UM IIPH PaCIIUPEHHH; 3) KOJIUYECTBO TEIUIOTHI, COOOIIEHHOE ra3y.
BoruncnuTh ynenbHbIE TEIUIOEMKOCTH HEOHA M BOJOpOJA IPH IOCTOSHHBIX 00bEME U
JABJICHUU, IPUHUMAs 9TH ra3bl 3a UJI€AJIbHbIE.
Onpenenuth noKazarenb aauadaThl YacTUYHO JUCCOLMHUPOBABIIEr0 TIa3000pa3HOro
a30Ta, CTENEeHb AUCCOIMAIIMN KOTOoporo pasHa 0,4.
[Ipu agmabGatHOM CKaTHHM KHciIopona maccoil 1 kr cosepmeHa pabora 100 k.
Onpenenuth KOHEUHYIO TEMIIEpaTypy ra3a, €ciy 0 CXaTHs KUCIOpPOJ HaXOAWJICS MNpu
temneparype 300 K.
Wneanprbnii Ta3z coBepmaer muki Kapro. Temmeparypa oxmagutens paBHa 290 K. Bo
ckonpko pa3 yBenmuurtes KIIJ[ nukia, ecom temmepaTrypa HarpeBarels IOBBICHTCS OT
400 K no 600 K?
Boruncnute KITJI mukia, cocrosimiero u3 M30TEPMbI, M300apbl U M30XOPbI, €CIU MpHU
M30TEPMHUUECKOM Tpoliecce O0BbEM HIEAIbHOTO rasza C IOKaszaTejaeMm aauadaTrel v:
a) yBEJIMYMBAETCS B h pa3; 0) yMEHbIIAETCS B N Pas.
DyieMeHThI PU3NUYECKOil KMHETUKH.
Haiitu cpenHioro mpoAonKUTEIBHOCTh CBOOOJHOIO Mpodera MoJIeKys KHCIopoda MHpu
temriepatype 250 K n nasnennn 100 Ila.
Haiit 3aBUCUMOCTB cpefHel JUTHHBI CBOOOTHOTO MPoOera MOJIEKYN UICAIBHOTO Ta3a OT
JABJICHUS TIPU CIIEAYIOUIUX Mpoleccax: 1) u3oxopHoM; 2) nzorepmuueckom. Mzobpazurte
9TH 3aBUCUMOCTHU Ha rpadukax.
Onpenenure kodbdunueHnT muddysnn U KodDPHUIIMEHT BHYTPEHHETO TPEHHS a30Ta,
Haxomsuerocsa npu temneparype 300 K m nmaBnenum 105 Ila. IlnotHOCTh Taza npu
HOPMAJIbHBIX yCIOBUSX 1,25 Kr/m®.
N3 cocyna otkavanu Bo3ayx no aasienus 0,13 ITa. Onpenenure: 1) mI0THOCTH BO3/IyXa B
cocyle; 2) KOHIEHTPAIMI0 €ro MOJEKYN; 3) CpPeAHIo JJIMHY CBOOOIHOTO mpobera
MoJIeKyJ. JluaMeTp MoJieKya Bo3ayxa NpuHATh paBHbIM 0,27 HM. TeMneparypa Bo3ayxa
300 K.
Onpenenutb, NpU KaKOM TpaJdeHTE IJIOTHOCTU YIJIEKHCIOTO Tra3a uepe3 KaKIIbli
KBaJIpaTHBIA METP MOBEPXHOCTH MOYBBI NpoAuPPyHaUpyeT B aTMOochepy B TeueHue 1 u
Macca rasa 720 mr, eciu koddduuuent nuddysuun 0,04 cm?/c.
HapyxHas noBepXHOCTh KUPIIUYHOM CTEHBI TUIOMIAJbI0 25 Mm% 1 TonmuHOM 37 cM HMeer
temriepatypy 259 K, a BHyrpeHHss noBepxHocTh — 293 K. momenieHue otamivBaeTcs
anektporuutoil. Ompenenure €€ MOIIHOCTb, €CIH TemmepaTypa B IOMEIICHUU
nojyiepkuBaercs rnmocrosHHoi. TermonpoBoaHocts kupnuya 0,4 Bt/(m - K).
DJIeKTPOCTATHKA.
Toukas GeckoHeuHass HUTH corHyra mox yriaoM 90°. Hute HeceT 3apsii, paBHOMEPHO
pacnpeeneHHbIN ¢ TMHeHHON ToTHOCTRI0 1| MKKI/M. OnpenenuTs cuity, IeiCTBYIONIYIO
Ha ToueuHbld 3apan 0,1 MK, pacnosiokeHHbIM Ha MPOAOHKEHUH OJHOM U3 CTOPOH U
yIaJeHHbIN OT BEpIIMHEI yria Ha 50 cMm.
Ha otpe3ke TOHKOro mpsiMoro npoBojHHMKa JIMHOM 10 cM paBHOMEpPHO pachpenesneH
3apsa ¢ TUHEHHON MIOTHOCTHI0 3 MKKJ/M. BBIYMCTUTE HAMpsKEHHOCTD, CO3/1aBaEMYI0
S9TUM 3apsJ0M B TOYKE, pACIOJOKEHHOW Ha OCH MPOBOJHHMKA W YJAJICHHOM OT
OmKaiiIero KOHIa OTpe3Ka Ha pacCTOsHUE, paBHOE JJIMHE 3TOT0 OTpe3Ka.
Ilo ToHkoMy Koublly paguycoM 10 cM paBHOMEPHO pacHpelesieH 3apsii C JUHEHHOU
mwiotHocThio 10 HKN/M. Onpenenuts MOTEHIMAT B TOYKE, JIeXKAIllel Ha OCH KOJbla, Ha
PacCTOSIHUU 5 €M OT LIEHTpA.
JIBe KOHIICHTpHYECKHE METAITMYecKue 3apshkeHHbIe cdepbl paaumycamMu 6 cm u 10 cm
HecyT cooTBeTcTBeHHO 3apsabl 1 HK u -0,5 uKin. Haiitu HanpsiakeHHOCTh NOJIA B TOUYKAX,
OTCTOSAIIMX OT IeHTpa cdep Ha paccTrosiHUAX S5 cM, 9 oM, 15 cm. Tloctpouts rpadux
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3aBucumoctu E(r).
JIBe nnuHHBIE TOHKOCTEHHBIE KOAKCHAIbHBIE TPYOKH paauycamMud 2 c¢cM U 4 CM HECyT
3apsipl, PABHOMEPHO PACIPE/ISIICHHBIC TI0 [UTMHE ¢ TMHEHHBIMU MI0THOCTMH | HKI/M 1
-0,5 sKn/m. TlpoctpancTBO Mexay TpyOKamMu 3amoiHeHO 300HUTOM. OmnpeaenuTh
HaIpsLKEHHOCTD MOJI B TOYKAX, HAXOAALIUXCS Ha paccTosHusAX 1 cM, 3 cm, 5 cM OT ocH
TpyOok. [TocTpouts rpaduk 3aBucumoctu E ot 1.
JileKTpr4ecKoe MmoJje B BelecTse.
DOOHUTOBBIM  CIUIOIIHOM IIap PpaadycoM S5 CM  HeceT 3apsl, PaBHOMEPHO
pacnpeserIeH bl ¢ 00beMHOi mioTHOCTEI0 10 HK/M®. Onpenennts HANPSHKEHHOCTD I
CMEIIEHHE JICKTPUUECKOTO TOJIsl B TOUKAx: 1) Ha pacCTOSHUM 3 ¢M OT IeHTpa chepsl; 2)
Ha TmoBepxHocTH cdeprl; 3) Ha paccrosHud 10 cM  oT 1ueHTpa cdepsl.
[Toctpouts rpaduku 3aBucumocteit E(r) u D(r).
JUiHHBIA nmapadUHOBBIM IWIMHAP pagdycoM 2 CM HeCeT 3apsl, pPaBHOMEPHO
pacrmpeiefieHHbId 1Mo 00BeMy C 00BEeMHOW IIOTHOCThIO 10 aKi/v®, Ornpenenursb
HaIpsDKEHHOCTh U CMEIEHUE 3JIEKTPUYECKOTO MOJs B TOUYKAX, HAXOJSIIMXCS OT OCU
nwinHapa Ha pacctosHuu: 1) 1 cm; 2) 3 cm. OOe TOUKM PaBHOYJAJIEHbI OT KOHIIOB
umnuHapa. [loctpouts rpaduxu 3aBucumocteit E(r) u D(r).
CrmutomHoi mapaduHOBBRIA mmap paguycoM 10 ¢cM paBHOMEpPHO 3apsbKeH ¢ 00BEMHOU
mIoTHOCTHIO 1 MKKI/M®. OnpenennTh MOTEHIMA 3JIEKTPUYECKOTO MOJIS B LIEHTPE 1Iapa U
Ha ero noepxHocTH. [TocTpouts rpaduk 3aBUCUMOCTH MOTEHIIMANA.
Mertannnueckuil map paauycoM 5 ¢cM OKpY»KeH paBHOMEPHO cioeM (apdopa TONIUHOMI
2 cM. OnpenenuTh NOBEPXHOCTHbIE MJIOTHOCTH CBSI3aHHBIX 3apsI0B COOTBETCTBEHHO Ha
BHYTPEHHEH U BHEIIHEH MOBEPXHOCTAX AUAIEKTpUKaA. 3apsia mapa paseH 10 uKo.
Onpenenuth MOJSIPU30BAHHOCTh CTEKJIA, MOMEIIEHHOTO BO BHEIIHEE SJIECKTPHUECKOe
T0JI€ HAMPSHKEHHOCThI0 5 MB/M.
[lokazath, 4T0 Ha TpaHUIlE IUAIEKTPUKA C MPOBOJHUKOM IMOBEPXHOCTHAS IUIOTHOCTH
CBSI3aHHOTO 3apsja JMdJIeKTpuka o'= -6 (¢ - 1)/e, roe &- AMAIEKTpUYECKas
MIPOHULIAEMOCTb, G -TIOBEPXHOCTHAsI IJIOTHOCTH 3apsijia Ha MIPOBOTHHUKE.
IlocTOSIHHBINM JIeKTPUYECKUI TOK.
OnpeaenuThs 3apsi, NOPOMICAIIMM II0 HOPOBOAY C compoTuBieHueM 3 Om mpu
paBHOMEPHOM HapacTaHWUW HANPSDKEHUS Ha KOHIIAax mpoBoja ot 2 B 1o 4 B B Treuenue 20
C.
OJIC 6arapeun akkymyssaTopoB 12 B, cuina Toka KOpoTKOro 3aMbikanus paBHa 5 A. Kakyro
HauOOJBIIYI0O MOIIHOCTh MOKHO TOJYYUTh BO BHEIIHEW LIENH, COCIUHEHHOW C Takon
Oarapeeii?
Onpenenuth MIOTHOCTh TOKAa B KEJIE3HOM MPOBOAHUKE IMHON 10 M, eciau mpoBOJ
HaXOJUTCS MO HarnpsbkeHueM 6 B.
Hanbl 12 snementoB ¢ 9JIC 1,5 B u Buyrpennum conportusieHueM 0,4 Om. Kak Hy»)HO
COEIMHUTH ATU AJIEMEHTBI, YTOOBI MOJIYYUTh OT COOpAaHHOU U3 HUX O6aTaper HauOOJIbIIYIO
CHUJly TOKa BO BHeEIIHEH 1enu, umerwnied conportusieHue 0,3 Om? Onpenenuth
MaKCUMaJIbHYIO CHIIY TOKA.
Cuna Toka B npoBogHUKE conpotuBieHreM 100 Om paBHoMepHO HapacTtaeT oT 0 10 10 A
B TeueHue BpemeHu 30 c. Onpenenuth KOJUYECTBO TEIUIOTHI, BBIACIMBIIEECS 3a 3TO
BpeMsI B IPOBOJTHUKE.
Buytpennee conpoTtuBieHue 6atapen akKyMmyiasTopoB paBHO 3 OM. CKOJIBKO MPOIIEHTOB
oT ToyHOro 3HaueHuss OIJIC cocTaBiseT MNOTPEUIHOCTb, €CIH, H3MEpss Pa3HOCTh
MOTEHIIMATIOB HA 3aKMMax Oatapeu BOJIBTMETPOM ¢ compoTtusieHneM 200 OM, IpUHSATH
ee pasHoit D/1C?
2 Kypc. 3 cemecTp.
Marnerusm.
ITo xpyroBoMy BUTKY paguyca 100 MM U3 TOHKOTO IIPOBOJA LUPKYIUPYET TOK 1 A.
HaiiTu MarHuTHY0 MHIYKIHIO: a) B IIEHTPE BUTKA; 0) HA OCH BUTKA B TOYKE, OTCTOSIIEH
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oT ero 1eHTpa Ha 100 mm.
Tox I Teuer mo ATMHHOMY MPSIMOMY TPOBOJHHKY, CEYCHHE KOTOPOTO HMeeT (hopMmy
TOHKOIrO Ioyiykosibua paguyca R. Halitu MHAyKIMIO MarHMTHOIO IOJS B ILIEHTPE
KPUBU3HBI TIOJIYKOJIbIIA.
[To ceyenuto MpOBOJHUKA PABHOMEPHO PACHpPEIECH TOK IMJIOTHOCTHIO 2 MA/M®. Haiitu
LHUPKYISIITUIO BEKTOPA HAMPSHXKEHHOCTH BIOJIb OKPYKHOCTH PAIUYCOM 5 MM, TTPOXOISIIIEH
BHYTpH MPOBOJHUKA U OPUEHTHPOBAHHOMN TaK, YTO €€ INIOCKOCTh cocTaBisieT yroia 30° ¢
BEKTOPOM IIJIOTHOCTHU TOKA.
[To ToHkOoMy crepxHIO anuHOU 20 cM paBHOMEpHO pacnpenenen 3apsn 240 uKi.
CrepxeHb TIPHBEACH BO BpAlICHHE C TOCTOSHHOW YIIIOBOH ckopocThio 10 pan/c
OTHOCHUTENILHO OCH, MEPHEHAUKYISIPHON CTEP>KHIO U MPOXOJSIIEH Yepe3 ero CepeiuHy.
Ompenenuthb: 1) MarHUTHBIA MOMEHT, OOYCJIOBJIICHHBIA BpAIICHHEM 3apsKEHHOTO
CTEP>KHSI; 2) OTHOIIIEHHE MAarHUTHOTO MOMEHTa K MOMEHTY HUMIYJIbCa, €CIU CTEPKCHb
nMeer maccy 12 r.
[lepnenukynsapHo MarHUTHOMY Moo ¢ uHAykuuei 0,1 Tin Bo30yX1eHO AJIeKTpUUecKoe
noje HanpsbkeHHOCThio 100 kB/M. [lepneHaukynsipHO 000OMM TMOJSIM JIBHKETCS, HE
OTKJIOHSISICH OT TPSIMOJIMHEWHOW TPAaeKTOPHM, 3apspKEHHas 4YacTUlla. BBIYMCINTH
CKOPOCTh YaCTHIIBI.
[IpoTOHBI YCKOPSIIOT B HUKJIOTPOHE TaK, YTO MAKCHUMAJIbHBIA paguyC KPUBHU3HBI HX
tpaektopuu 50 cm. Hailtu: a) KMHETHYECKYIO SHEPTUIO MPOTOHOB B KOHIIE YCKOpPEHUS,
€CIM WHIYKIUS MarHuTHOro Toyisi B IukioTpoHe 1 T, 6) MUHUMANbHYIO 4YacTOTy
reHeparopa MHUKJIOTPOHA, MPH KOTOPOM B KOHIIE YCKOPEHHUS MPOTOHBI OyIyT WMETh
KUHETH4YECKYo 3Hepruio 20 MaB.
[lnockuii KOHTYp, IWIOMAAL KOTOporo paBHa 300 CMZ, HaXOAUTCA B OJHOPOJIHOM
MarauTHoOM noJie ¢ uaaykiuen 0,01 T [InmockocTh KOHTYpa NEpPHIEHANKYIISIpHA JTUHUSAM
WHIYKIMU. B KoHType momnepkuBaeTcs Hen3MeHHBIM TOkK 10 A. Ompenenuth paboTty
BHEITHUX CHJI MO MEPEMEIEHUIO0 KOHTypa C TOKOM B 00JacTh MPOCTPAHCTBA, MATHUTHOE
10Jie B KOTOPOH OTCYTCTBYET.
Ha »xene3noe konpuo Hamotano B ofuH ciod 200 BuTkoB. OnpenenuTs 3HEPTHUIO
MAarHUTHOTO TI0JISI, €CJIU TIPH TOKe 2,5 A MarHUTHBIN MOTOK B kele3e paseH 0,5 mBO6.
HamnpspkeHHOCT,  MarHuTHOro moJis B Meaun paBHa 1 MA/M.  Onpenenutsb
HaMarHM4eHHOCTh MEAU U Mal“HI/ITHg/}O MHIYKIMIO, €CIM HW3BECTHO, YTO YJeNbHas
MarHuTHas BOCOIPUUMYHUBOCTD -1,1-10 M/KT.

DJIeKTPOMArHUTHAsI MHAYKIMS. YpaBHeHuss MakcBeJia.
[I70CKMH KOHTYp, IUIOM[AAh KOTOPOro paBHA 25 cM°, HAXOZMTCS B OJHOPOIHOM
MarHuTHoM 1moje ¢ wuaaykomedn 0,04 Ta.  OnpenenuTh MarHUTHBIM — IIOTOK,
MIPOHU3BIBAIOIIUN KOHTYp, €CIH IUIOCKOCTh ero coctaBisgeT yroia 30° ¢ IMHUAMU
WHIYKIWU.
KBanpaTtHast mpoBoJIOYHAsl paMKa CO CTOPOHOW a M MPSIMOM MPOBOJHHUK C MOCTOSHHBIM
ToKoM | nexxar B ogHOM mockocTd. HAYKTUBHOCTD M CONTPOTUBJICHHE paMKU paBHBI L u
R. Pamky noBepnynu Ha 180° BOKpyr CTOpOHBI, OTCTOSIIEH OT MPOBOJHUKA C TOKOM Ha
paccrosiHue b. HaliTi KOMW4ecTBO 2NEKTPHUUECTBa, MPOTEKIIIEe B PAMKE.
[IpoBoHUK Macchl M CKOJB3UT 0€3 TPeHHUs MO ABYM UIMHHBIM MPOBOMISIINAM PEbCaM,
PacmoNio’)KeHHBIM Ha paccTosHuM | Apyr oT apyra. Ha neBom KOHIE penbChl 3aMKHYTHI
conpotuBieHueM R. Cucrtema HaxoauTrcs B  OJHOPOJHOM MAarHUTHOM  IIOJIE,
MEePIEeHIUKYIIPHOM K TIOCKOCTU KOHTYpa. B MoMeHT t = 0 cTep KHIO COOOIIUIN BIIPABO
HavyalbHYIO CKOpOCTh Vo. [IpeHeOperass cOMpOTUBIEHUEM PENbCOB M CTEPXKHS, a TaKKe
CAaMOWMHJIKIINEH, HAWTH: a) pacCTOSIHUE, TMPOWICHHOE CTEepPKHEM J0 OCTaHOBKH; 0)
KOJIMYECTBO TEIJIA, BBIJICIICHHOE IPU 3TOM Ha CONPOTUBIEHUU R.
Tomaas MIACTHH KOHACHCATopa 60 cM°, MepBOHAYATLHOE PACCTOSHHE MEXLY HUMH
0,43 cMm, 3apsaa Ha KaXI0M IJIaCTMHE KOHJEHcaTopa 10 K. Ilnactums: KOHJIEHCaTopa
CTalli pa3fBUTATh CO CKOPOCTHIO 3 MM/MUH. OnpenenanTh MIOTHOCTh TOKA CMEIICHUS B
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KoHJieHcaTope uepe3 220 ¢ mocie Havaia JBUKEHHUS TJIACTHH, €CIIH: a) 3aps/bl IJIACTUH
OCTalOTC TOCTOSIHHBIMM;, 0) pa3HOCTh MOTEHIMAJIOB MEXIY IUIACTUHAMHM OCTaeTCs
IMOCTOSTHHOM.
[To MegHOMY MPOBOIY, CEYEHHEM KOTOPOTO SIBISETCS KPYr, UMEIOIIHUA paanyc 2 cM,
tedeT Tok 500 A. Ompenenuts MHIYKIUIO B TOYKAX, OTCTOSIIMX OT OCH MpPOBOJA Ha
paccrosiauu 0,5 u 5 cMm. T[loctpouts rpaduk 3aBucumoctu B=1(r).
[Tmockuii BO3AYIIHBIN KOHAEHCATOP, 0OKJIAIKK KOTOPOTO UMEIOT OPMY AUCKOB paanyca
6 cM, MOAKIIIOUEH K MEPEMEHHOMY CHHYCOUJAIbHOMY HampsikeHuto yactoTbl 1000 c?
Haiitn oOTHOLIEHWE AMIUIMTYIHBIX 3HAYEHUW MAarHUTHOW M OJIEKTPUYECKOM JHEPruu
BHYTPH KOHJICHCATOPA.
[Tnockas snexTpomarHuTHas BosiHa ¢ yactoTo 10 MI'p pacmpoctpansiercss B cimabo
MpOBOJSAIIEH cpene ¢ yaenabHoM mnpoBoguMocThiol0 MCM/M M TUANIEKTPUYECKON
MIPOHULIAEMOCTbI0, paBHOH 9. HaliTu oTHOIIEHNE aMIUIUTY/l TOKOB MPOBOJAUMOCTH U TOKa
CMEIIEHUS.

Il'apmonnueckue kosedanus. JaeKTpUUYECKUE KoJIeOaHUS.
Hanumure ypaBHEHHE TApMOHUYECKOTO KOJICOAHMS TOUKH, €CJIA €ro aMIuTuTya 15 cMm,
MaKCUMaJbHas CKOPOCTh KoJsieOromierics Touku 30 cm/c, HadabHas daza 10°.
Touka y4acTByeT OJHOBPEMEHHO B JIBYX TapMOHHMUYECKHX KOJEOAHHSIX, MPOUCXOISAIINX
BO B3aWMHO TIEPICHAUKYISIPHBIX HAMPABICHUSX M OMHCHIBAEMBIX YPABHEHUSIMH X =
3cosmt, cM U y = 4coswt. Onpenenute ypaBHEHUE TPACKTOPUU TOYKHA U HAYEPTHUTE €€ C
HaHeceHHeM MaciuTaba.
JIBe TOUKM eKaT Ha JIyde W HAXOIATCS OT HCTOYHHKA KOJIeOaHUI Ha PacCTOSHUU 4 M U 7
M. [lepnoa konebanuii 20 MC U CKOPOCTh pactpocTpaHeHus BoJHbI paBHa 300 M/c.
Omnpenenure pazHOCTh (a3 KoIeOAHUM ITUX TOYEK.
Ba JMHAMHUKA PACMOJIOKEHBI HA PACCTOSHUU 2,5 M IpYyT OT ApYyra U BOCIPOU3BOIAT OJVH
U TOT K€ MY3BIKAIBHBIM TOH Ha ONPEACIEHHOM YacTOTe, KOTOPHIM PErucTpupyercs
NPUEMHUKOM, HAXOISIIMMCA Ha pacCTOSSHUU 3,5 M OT IeHTpa AuHaMHuKOB. Eciu
NPUEMHHUK TME€PEABUHYTh OT LEHTPAJIbHOM JIMHUM TNapajUleIbHO JMHAMHMKAM Ha
paccrossaue 1,55 M, To OH (QuKCHpyeT mNepBbId HHTEPPEPEHIIMOHHBIH MHUHUMYM.
CxkopocTts 3Byka 340 m/c. OnpenenauTe 9acToTy 3ByKa.
B xonebarenbHOM KOHTYpe MHAYKTHBHOCTH KaTymku L = 2.5
MI'H, a emkoctu KoHAeHCAaTOpoB C1 = 2 MKD u C; = 3 MkD.
Konpnencaropsl 3apsauiu a0 Hanpsbkenus 180 B u 3amkHynu g
kimod. Haiitu: a) mepuon coOCTBEHHBIX KojeOaHuil; 0)
aMIUIUTYIHOE 3HAYEHUE TOKA Yepe3 KATYILKY.

HNuTepdepenurisi MOHOXPOMATHYECKUX BOJIH.
Ha tonkyro mienky (n=1,33) mamaeT napauienbHbIi My40K O€I0ro cBeTa. YTOJ MajeHUs
52°. ITpu KaKoii TOJNIIMHE [UICHKN 3ePKAIbHO OTPAKCHHBIH CBET OyieT HanGolee CHIbHO
OKpaIleH B JkenThli et (A=0,60 Mkm)?
[Tnocko-BeImyKiasi CTEKIsSHHAS JMH3a C paauycoM KpuBm3HBI 40 cM compukacaercs
BBIMTYKIIOM MOBEPXHOCTHIO CO CTEKISHHOW IMIacTUHKON. [Ipu 3TOM B OTpa’keHHOM CBETE
paanyc HeKOTOporo kousbla 2,5 MM. Habmronas 3a JaHHBIM KOJIBLIOM, JTUH3Y OCTOPOXKHO
OTOJBUHYJIM OT TUIACTUHKYU Ha 5 MKkM. KakuMm crtan paanyc 3Toro koibia?
[Tnocko-BeImyKiasi CTEKIsSHHAS JMH3a C paauycoM KpuBm3HBI 40 cM compukacaercs
BBIMTYKJION MOBEPXHOCTHIO CO CTEKISHHOW MiIacTHHKOW. [Ipu 3TOM B OTpa’keHHOM CBeETe
paanyc HEKOTOporo kousibla 2,5 MMm. HabGnromas 3a JaHHBIM KOJIBIIOM, JTUH3Y OCTOPOXKHO
OTOJBUHYJIM OT TUIACTUHKYU Ha 5 MKkM. KakuMm cran paanyc 3Toro xoibia?
Paccrosinue mexay AByMsl KOTepeHTHbIMH UcTOYHMKamMu cBeTa (0,5 mkm) paBHo 0,1 mMwm.
Paccrosinue Mexay wHTEpGEPEHIMOHHBIMHM TIOJIOCAMH Ha JKpaHe B CpeJHEH uacTu
UHTEpPEepPEHITMOHHON KapTUHBI paBHO 1 cM. OmpeAenuTh pacCTOSHHUE OT UCTOYHUKOB 0
JKpaHa.
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[ToBepXHOCTH CTEKJISIHHOTO KIWHA oOpa3yrT Mexay coboit yron 0,2'. Ha xmunH
HOPMaJbHO K €ro IMOBEPXHOCTHU MAJAET IY4YOK JIyded MOHOXPOMAaTHYECKOIO CBETa C
uHOM BosHB 0,55 MxM. OnpenenuTs HIMpUHY HHTEPPEPEHIIMOHHOH MOJIOCHI.
JAu¢ppaknus ceera. Ilonspusanus csera.
Cser ¢ A=589,0 HM mamaeT HOPMAaJIbHO Ha JU(PPAKIMOHHYIO PEIIETKY C Mepuoaom 2,5
MKM, coaepxkamyo 10000 mTpuxoB. Haiitu yrioByro mwupuHy Iu(pakimoOHHOTO
MaKCUMyMa BTOpPOTO MOPSIIKA.
[Inockas MOHOXpoMaTHWyeckass CBETOBas BOJHA MaJaeT HOPMaJbHO Ha Kpyrioe
otBepcTue. Ha paccrossiHun 9 M oT HEro HaxoAUTCs AKpaH, /i€ HaOJI01al0T HEKOTOPYIO
madpakuoHHyl0 KapTtuHy. [namerp otBepctus ymeHpmwium B 3 pasa. Haiitm HOBoe
paccTosiHMe, Ha KOTOpPOM HaJ0 TIOMECTUTh 3KpaH, 4YTOOBl MOJY4YUTh Ha HEM
TUQPaKIMOHHYIO KapTUHY, MOJOOHYI0O TOH, YTO B MpeAblAyllleM ciy4yae, HO
YMEHBIIIEHHYIO B 3 pasa.
Mexly TOYEUHbIM HUCTOYHHMKOM CBETa M 3KPaHOM IMOMECTHIN AuadparMy ¢ KpyribIM
OTBEPCTHEM, PAJAUYC KOTOPOIO MOKHO MEHSTh B Ipoliecce ombiTa. PaccrosHus oT
nuadparMsel 10 UCTOYHHMKA U 9kpaHa paBHbI 100 cm u 125 cM. Onpenenuts AJIMHY BOJTHBI
CBETa, €CJIM MaKCUMYM OCBELIEHHOCTH B LIEHTpe AU(PPAKIMOHHON KapTHHBI Ha JKpaHe
HabmogaeTcs npu 1 MM U crenyromuid MakcuMyM npu 1,29 mMm.
[Ipn HOpManbHOM MaJIeHUU CBETA Ha MPO3PayHyIO NU(PAKIUOHHYIO PEIIETKY IIUPHHBI
10 MM O0OHapyX€HO, YTO KOMIIOHEHTHI XelTol JuHuu HaTpus (589 u 589,6 HM)
OKa3bIBAIOTCS pa3pellIeHHBIMU, HAUMHAS C MSTOTr0 NMopska crekTpa. OLUeHUTh: a) Mepuo
9TOM pemeTky; O) MpH KakoW IIMPUHE PEIIeTKH C TaKUM JK€ MEepHuoJOM MOXKHO
pa3penIuTh B TPEThEM MOPSIKE MyOleT CIEKTPATHHON JIMHUK C JJIUHOM BOJHBI 460 HM,
KOMITOHEHTBI KOTOpPOTO oTiinyatorcs Ha 0,13 HM
[Ty4ok ecTecTBEHHOIO CBETa NMAJaeT HAa CUCTEMY M3 6 HUKOJIEH, IIOCKOCTh MPOITYCKaHUS
U3 KOTOpBIX TMoOBepHyra Ha yroa 30° OTHOCHUTEIBHO IUIOCKOCTH MPOIMYCKAHUS
npenpiaymero Hukois. Kakas yacte cBETOBOrO MOTOKA MPOXOIUT Yepe3 3Ty CUCTEMY?
Ha moBepxHocth Boabl moj yriom bprocTepa magaer my4ok MIIOCKOTOJISPU30BAHHOTO
cBeta. [ImockocTh kosiebaHMI CBETOBOTO BEKTOpa COCTABIISET Yrod 45° ¢ MIOCKOCTHIO
nagenus. Haiitn koahpuimeHT orpaxeHusl.
Crenenp NoJsIpU3alMM YaCTUYHO MoJsipu3oBaHHoro csera 0,25. Hailtu oTHoumeHue
WHTEHCUBHOCTU TOJSPU30BAHHON COCTABIISIIOIIEH 53TOr0 CBeTa K HWHTEHCHBHOCTH
€CTECTBEHHOW COCTaBJISAIOLLIECH.
B3aumoaeiicTBre cBeTa ¢ BEIECTBOM.
Ha wmetannuueckyio IUIAaCTUHY HampaBieH IYYOK YIbTPapHOJIETOBOIO H3Iy4YEHUS
(A=0,25 mxm). QPOTOTOK MpEKpamlaeTcss Npyu MUHUMAIBLHOU 3a/Iep>KUBAIONIEH Pa3HOCTH
noteHuuanos 0,96 B. Onpenenuts paboTy BbIX0/1a AIEKTPOHOB U3 METaIa.
Ha noBepxHOCTh MeTaia majgaeT MOHOXPOMATUYECKUI CBET ¢ JUIMHON BOJHBI 0,1 MKM.
Kpacnas rpanuna dotosddekra 0,3 mxm. Kakas monst sHepruu GotoHa pacxoyercs Ha
COO0O0IIIeHNE PNIEKTPOHY KUHETUYECKOM 3Heprun?
®otoH npu 3¢pdexkre Komnrona Ha cBOOOAHOM 3JIEKTpOHE OBLI paccesH Ha yros m/2.
Omnpenenuts umnyiasc (B MaB/c), npruoOpeTeHHbli 3JIeKTPOHOM, eciu 3Heprust (oToHa
1o paccestaust Obuia 1,02 MaB.
@®oToH ¢ JUIMHON BOJHBI 15 TM paccesiics Ha CBOOOJHOM dJeKTpoHe. J[TuHa BOJHBI
paccessHHOTO (hoToHA 16 M. OnpeAeauTh YroJl paccesHusl.
Onpenenuth  HHEPreTHYECKYIO  OCBEIIEHHOCTh  (OOJY4YEHHOCTb)  3epKajbHOMN
IIOBEPXHOCTH, €CIIU JaBJIECHHE, IPOU3BOAUMOE H3iTyueHueM, paBHo 40 Mmklla. M3myuenue
MaJjaeT HOPMAJIbHO K MOBEPXHOCTH.
JaBnenue cBera c JMHOW BoiHBI 40 HM, NAJArONIErT0 HOPMAJIbHO HAa YEPHYIO
TIOBEPXHOCTS, PaBHO 2 ulla. Onpeaenuts ynciao GOTOHOB, Magaromux 3a Bpems 10 ¢ Ha
momaab 1 MM“ 3TON MOBEPXHOCTH.
HN3nyyenune yepHoOro reJa.
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Wznyyenne ConHna mo CBOEMYy CHEKTPAIbHOMY COCTaBy ONM3KO K H3IYYECHHUIO
aOCOJIIOTHO YEpHOTO Teja, A KOTOPOro MaKCHMyM HCITyCKaTeNbHOW CIOCOOHOCTH
npuxoautcs Ha anuHy BoaHsl 0,48 wmkMm. Haiitu Maccy, tepsemyro CoiHilem
€KECEeKYHJHO 3a cueT wusnydeHus. OLEeHUTh BpeMs, 3a KoTopoe Macca CoiHua
yMeHbIIuTcs Ha 1%.
[ToTok u3myueHus abcomaoTHO uepHoro tena 10 kBr. MakcumyM sHepruu u3mydeHUs
npuxoautcs Ha JuiMHY BoJHbl 0,8 MkM. OnpenenuTs Iuomanb S U3Iydaromen
MTOBEPXHOCTH.
BcenenctBue u3MeHEHMs TeMIEpaTypbl YEPHOIO Tejla MAaKCUMyM —CIEKTpaJbHOMU
mwioTHoctu cMectmwicd ¢ 2,4 MM Ha 0,8 MkMm. Kak ¥ BO CKOJIBKO pa3 M3MEHWIUCH
JHEepreTuyeckas CBETUMOCTh Tejla M MaKCHUMallbHas CHEKTpajibHas IUIOTHOCTh
SHEPTreTUYECKOU CBETUMOCTH?
DTaloH €IUHUIIBI CUJIBI CBETA - KaHJela - IPeACTaBIseT cOO0M MONHBIN (M3Tydaromuii
BOJIHBI BCEX JUIMH) U3JIydaTelb, OBEPXHOCTh KOTOporo mwiomaapio 0,5305 MM HMeeT
TEMIEpaTypy 3aTBepJeBaHusl IulaTuHbl, paBHyto 1063 °C. OmnpeneauTb MOIIHOCTb
U3ITy4yaTens.
Wznyuenne ConHIAa MO CBOEMY CIEKTPAJIbHOMY COCTaBy OJHM3KO K H3JIYYEHHUIO
abCOJIIOTHO YEepHOTo Teja, Uil KOTOPOr0 MAaKCHUMYM MCITYCKaTelIbHOM CHOCOOHOCTH
npuxoautcs Ha anuHy BosiHbl 0,48 wMkM. Haittm maccy, Tepsemyro CosHueM
€KEeCeKyHIHO 3a cueT wusnydeHus. OuLeHuTh Bpems, 3a KoTopoe Mmacca ConHia
yMeHbIIuTes Ha 1%.

BosiHoBbBIE CBOMICTBA YacTHII.
Kakyio »Hepruto HeE0oO0XOaUMO JIOTIOJHUTEIBHO COOOIIUTH JJIEKTPOHY, YTOOBI €ro
neOpoieBcKas JiuHa BOJIHBI yMeHbImiIach ot 100 1o 50 mv?
OueHnTh HAaMMEHbBILINE OUIMOKH, C KOTOPHIMH MOHO OTPEENIUTh CKOPOCTh AJIEKTPOHA,
MpPOTOHAa M IIapHKa Macchl | MI, eciau KOOpIMHAThl YacTHIl M ILIEHTpa IIapuKa
YCTaHOBJICHBI C HEOMPEIETIEHHOCTHIO 1 MKM.
Bo ckonbko pa3 orimuarorcs edpoilieBckas UIMHA BOJHBI 3JIEKTPOHA, MPOIIEAIIEro
pa3HOCTh MOTEeHIMAIOB B 1B, u nebpoiineBckas AIMHA BOJHBI JEKTPOHA, MPOIIEIIETo
pPa3HOCTh NMOTEHINANIOB B [ KB?
YacTtuiia HaxogUTCSI B OCHOBHOM COCTOSIHUM B OJHOMEPHOW MPSAMOYTOJbHON
MOTEHIUAIBLHON sIME IMUPUHON ¢ aOCOJIOTHO HempoHHIaeMbiMu cTeHkamu (0<Xx <lI).
HaiiTu BepossTHOCTH MpeObIBaHUS YaCTHUIIBI B CPETHEH YACTH MOTEHIIMATBHOMN SMBI.



JlaGopaTopHasi pa6oTa — 3TO 3aHATHE, B XOJI€ KOTOPOTO CTYJACHTHI OCBAaMBAIOT KOHKPETHHIE
METOJbl ~ M3y4YECHUS  JUCHUIUIMHBL, OOY4aloTCs  AKCIEPHUMEHTAIbHBIM  cllocobaM  aHau3a
JEWCTBUTENFHOCTH, YMEHHIO pPa0dOTaTh C COBpEMEHHBIM oOopynoBanueMm. Ilpu moaroroBke k
nabopaTopHoii paboTe HEOOXOAMMO: W3YYUTh WIM TOBTOPHTH JIGKLIMOHHBIA Marepuanl Io
COOTBETCTBYIOIIECH TeMe; U3YUUTh MaTepUallbl y4eOHO-METOANYECKUX pa3pabOTOK 10 33aJaHHOH TeMme,
ynensist o0co0oe BHUIMaHHE pacueTHBIM (OpMyJiaM; IIPH BBITIOJHEHUH TOMAITHUX PACUYETHBIX 3a/IlaHUH -
W3YYUTH, IOBTOPHUTH THITOBBIC 33/1aHUS, BHITIOTHSBIIUECS HA ayIUTOPHBIX 3aHATHUSX.

[Tpu HeoOX0oIMMOCTH clienyeT 00pamaThes 3a KOHCYIBTAIMEH K ITPETIo1aBaTelto.

Tab6auua 6. — [lepeyeHsn J1aGOPATOPHBIX padoT

Ne

m\n

1 2
Ouynas ¢popma
1 kype, 2 cemecTp

dusnyueckue u3MepeHns 1 00paboTKa X PE3yabTATOB.
OmnpeneneHne MOMEHTOB HHEPIMH TBEPBIX TEJ O MEPUOTy KPYTHIBHBIX KOJICOaHHIA.
OmnpeneneHne MOIYIS CABUTa BPALIAIOIIETOCS TBEPIOTO TeJa IPU TIOMOIIH KPYTHIBHOTO
MasTHUKA.
Omnpenenenne kodpuimenTa BI3KOCTH KUAKOCTH 10 MeTo1y CTOKca.
HccaenoBanne noae3noi Momuaocty u KITJI ncrounnka moCTOSHHOTO TOKA.
I'panynpoBanune TepMonapsl.

Tembl 1a00paTOPHBIX padoT

OO W |INF

2 Kypc, 3 cemecTp
Omnpenenenre OTHOIIEHUS 3aps/a 3JIEKTPOHA K €ro Macce METOI0M MarHeTpoHa.
N3yuenue pacnpeneneHus MAarHUTHOTO TOJISI COJICHOUAA U OTIPEIENIEHUE €ro
WHIYKTUBHOCTH.
N3ydenue nonsipuszanuu CBeTa.
W3yuenune siBieHnit, 00yCIOBICHHBIX AUPPAKITHCH.
TemioBoe n3TyyeHNe U ero XapakKTePUCTUKH.
Omnpenenenre Macchl AEKTPOHA U paanyca nepBoil bBopoBckoii opOUTH aTOMa BOIOPOAA.
3aounas popma
1 kypc, ceccusi 2
duznyeckue u3MepeHus u 00paboTKa UX pPe3ylnbTaToB.
Uccnenosanue nosne3noit momrHocTy U KITJ[ icTouHKMKa MOCTOSHHOTO TOKA.
2 Kype¢, ceccusi 1
Omnpenenenre OTHOIICHHS 3aps/ia SJIEKTPOHA K €ro Macce METOI0M MarHeTpoHa.
W3ydeHue nonsipusanuu cBeTa.
TemioBoe M3y4eHNE U €ro XapaKTePUCTUKH.
Omnpenenenre Macchl AIEKTPOHA U paanyca nepBoii bBopoBckoii opOUTH aTOMa BOIOPOAA.
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Metoanveckne yKa3aHHs K BBINIOJHEHHIO J1a00paTOPHBIX padoT:

1) I'natiok, B.C., fposa, O. FO. (mox pexa. nokropa TexH. HayK, npodeccopa Moposzosa H
.H.). JIaGopaTopHBIii MpakTHUKyM NO MEXaHHMKE M MOJIEKYISIpHOW (u3uke [DIEKTPOHHBIH pecypc]:
3JIEKTPOHHOE ydueOHOe 1nocodue no AucHuIuInHe «Pu3nKay i CTyIeHTOB-0aKalaBpOB TEXHHUUECKUX
HaIpaBJIEHUH U cnenuanbHocTel. — Mypmanck: U3zn-so MI'TY, 2013. — 191 c.

2) I'natiok B. C., Mypamosa 3. ®., (mox pea. JoKTopa TeXH. HayK, mpodeccopa Mopo3oBa
H. H.). JlaGopaTopHblii NpakTUKyM IO 3JIEKTPUYECTBY M MAarHeTusmy. [DnekTpoHHBIH pecypcl:
AJIEKTPOHHOE yd4eOHOe 1mocodue Mo AucHUILInHe «PU3MKa» Ui CTYIEHTOB-0aKalaBpOB TEXHHUUYECKHX
HaIpaBJIEHUH U cnenuanbHocTel. — Mypmanck: U3n-so MI'TY, 2014. — 200 c.

3) BnacoB A. b., Mopo3os H. H. Metoz. pekoMeHAaluu 1O BBITOJIHEHHUIO JTAO0OPATOPHBIX
paboT o kypcy obuieit puzuku. — Mypmanck, MBIIMY.



Bonpocs! k 3amuTe 1a00paTOPHBIX padoT:
1 kypec, 2 cemecTp.
JlaGopaTopnasi pabora Ne(
«@Pusznyeckue U3MepeHus1 1 00padoTKa UX pe3yJbTATOB)

1. Kakne n3mepenus: Ha3pIBAIOT MPSIMBIMU U KaKH€ — KOCBEHHBIMH?
2. Urto npencTaBisitoT co00i aOCOIIOTHASI U OTHOCUTENbHAS IOTPELLIHOCTU?
3. Kakass morpemrHocTh TOKa3bIBAET TOYHOCTh H3MepeHui? Yem o0OYCIOBICHO TMOSBICHHUE

CHUCTEMATUYECKUX TOTPEUTHOCTEH?

4. Kakue norpentHocty Ha3pIBatOT ciydaHbIMU? YKaXUTE UX UCTOUHUKH.
S. Kak onpenensior cucTeMaTuyecKyro MOrpeuHOCTb B IPSIMbIX U3MEPEHUAX?
6. Uro Takoe npomax? Kak M0XHO ero oOHapy uTh?
1. Jlj1g yero u3mMepeHne NpoBOAST HECKOIBKO pa3?
8. UT0 03HauUaeT KIacc TOYHOCTH IIpubdopa?
9. 3anuuuTe pe3yibTaT U3MEPEHHH B BUJI€ JOBEPUTEIHLHOTO HHTEPBAA.
10. Ilo kakoit QopmMmyne pacCUMTHIBAIOT CpeIHEEe KBAIPATUYECKOE OTKIOHEHHWE CITyJaliHOM
BEJINYUHBI?
11. B kakmx caydasgx pocT uyMciaa U3MEpPEHUWH HE NPUBOJMT K YBEIMYEHUIO TO4YHOCTH? Yem
00ycoBJI€Ha MOTPEIIHOCTh B 3TUX CAy4asx?
12.  Jlns gero ucnonb3yroT kodgdunueHT CteroneHTa? Yem onpenensercs ero 3HaueHue?
13. Kaxk paccunThIBarOT JOBEPUTENBHBIN UHTEPBAJI IIPU IPSIMBIX U3MEPEHUIX?
14,  Kakum 00pa3oM HaxXoJAT OTHOCUTENbHYIO MOIPEUIHOCTh Pe3yIbTaTa KOCBEHHbBIX H3MEPEHUIT?
JlaGopaTtopnasi padora Ne2
«OnpenesieHHe MOMEHTOB HHEPIHMH TBEPABIX TeJ 110 NEPHOAY KPYTHJIBLHBIX K0JIe0aHHiI»
1. BriBoa nuddepenimanbHOTO ypaBHEHHS TapMOHUYECKUX Kosebanuid. [leprnoa kosebaHui.
2. JluHaMuKa BpPAIIATEIbHOTO JBUXKEHUS aOCOJIIOTHO TBEPJAOrO Teja: MOMEHT CHJIbl, MOMEHT

WHEpIUU (MaTepuaJbHOM TOYKH, CHUCTEMBl MaTEpPHAIBHBIX TOYEK, CIUIOIIHOTO Telia), TeopeMa
[IITeitHepa, BHIBOJI MOMEHTA HHEPILIUH IUCKA.

3. OcCHOBHOE ypaBHEHHE TMHAMHKH BPAIIaTEIIbHOTO ABMKEHHS aOCOJIOTHO TBEPAOTO TeJa.

4, Hedopmarnus: onpenenenue, BUAbI aedhopMaryu, abCOJIIOTHAS U OTHOCUTEINIbHAS Jedopmaru,
3aKkoH ['yka mpu pa3in4HbIX BUAax Aedopmanuu.

5. BriBoa quddepeHnaabHOTO ypaBHEHHS KPYTUIIBHBIX KOJIEOAaHUH a0COJIFOTHO TBEPOTO Tea.
6. BbIBOJI Teproja KpYyTHIIBHBIX KOJIEOaHUH aOCOFOTHO TBEPIOTO Tela.

7. BriBo1 pacueTHOM HOPMYIIBI TSI HICKOMOTO MOMEHTa WHEPIHH TeJa.

JlabopaTropnasi padora Ne3
«OmnpenesieHue MOAYJISI CABUTAa BPAIIAIOIIEr0Csl TBEPAOro TeJia NPU MOMOIIY KPYTHJIBHOIO

MASITHHKA)
1. Omnpenenenue nedpopmanuy, ynpyras u Heynpyras aehpopManuu, Maisle aedopmarum,
2. Bunbl nedopmariuu, moHaTHE a0OCOJIOTHOM U OTHOCUTEIBLHOM JAe(OpMaIIHH.
3. 3akoH ['yka npu MainbIx fedopManmsx.
4. 3akoH ['yka npu ynpyroit manoii aepopmaruu casura. Pu3ndeckuil CMbICI MOJYJIS CABUTA.
S. 3akoH ['yka mpu ynpyroil mamoit nepopmanuu kKpydeHus. Du3MuUecKUil CMBICT MOy
KpY4eHHSI.
6. CBs3b MEX1y MOJIYJIEM KPYUEHHSI U MOJTYJIEM CIBHIA.
7. JluHaMuKa BpaIlaTelIbHOTO JIBUXKEHUs aOCOJIIOTHO TBEPJOrO Tejla: MOMEHT CHJIbI, MOMEHT
UHEepUUN (MaTepUalbHOW TOYKH, CHCTEMBl MaTepHalbHBIX TOYEK, CIUIOIIHOTO Tejna), Teopema
[relinepa,
8. OcCHOBHOE ypaBHEHHE TMHAMMKH BPAIaTebHOTO ABUKEHHSI a0COJIIOTHO TBEPOTO Tela.
9. BriBon nuddepeHanbHoro ypaBHeHUs! KpYTHIIbHBIX KoJle0aHui aOCOIIOTHO TBEPAOro Tefa.
10.  BsiBojx mepHoa KpyTHIIBHBIX KOJIEOaHUI aOCOIIOTHO TBEPJIOTO Tea.

11.  BeiBojx pacueTHON GOPMYIIBI VI MOIYJIsI KPYUEHHUSI U MOJYJIS C/IBUTA.



JlaGopaTopnasi paGora Ned
«Omnpenesenne Ko3(ppuuueHTa BA3KOCTH KHIAKOCTH 110 MeToay CTokca»

1. OcHOBHBIE TIOJIOKEHUS MOJIEKYJIIpHO-KHMHEeTUYecKol Teopun Beuiects (MKT).

2. Kakue mnponeccol Has3biBalOT “gBieHUs nepeHoca’? HasoBute wusBecTHble Bam  sBieHus
nepeHoca. Kakast ¢pusnueckasi BeTMUrHa IEPEHOCUTCS B KaXKJIOM U3 ITUX SBJICHHIA?

3. OO0BbscHUTE MEXaHU3M MIEpEHOCa UMITYJIbCa B razax ¢ Touku 3peHuss MKT.

4. 3anuute (BbIBeaUTE) popMyity 3akoHa HbroTOHA JUIs BSI3KOTO TPEHUS.

S. JluHamuueckass BS3KOCTb (KO3(DQUIMEHT BS3KOTO TPEHMs) Ta30B U JKUIKOCTEH, €IMHUIIBI
U3MEpEeHUs, 3aBUCUMOCTb OT TEMIIEPATYPHI.

6. BriBenuTe pacyetHyro hopMyiy A onpeaenaeHus Ko3hduimenTa BI3KOTO TPEHUS KUAKOCTH
o metoay CTokca.

1. 3aBUCHUT JM BeIMUYMHA KO3((ULMEHTA BSI3KOTO TPEHUS KUIAKOCTEH OT BEIMYMHBI YCKOPEHHS

CBOOOJTHOTO TaJIeHUs?
JlabopaTtopnasi padora Ne5
«Hccaenoanue nosiezHo MmomHocTy M KIIJI ucrounnka»

1. Cuna Toka, TJIOTHOCTh TOKA. EMHUIIBI UX U3MEpEeHUs, 1aTh ONpeCIICHUE.
2. VYcnoBue BOBHUKHOBEHUS M CYIIIECTBOBAHMS AJIEKTPUUECKOTO TOKA. MIcTOuHMK TOKA.
3. Croponnue cwibl, ux npupona. IJC u BHyTpEeHHEE CONPOTHUBJIEHHWE WCTOYHHUKA TOKA, HMX

n3mepeHue. DOU3NYECKUI CMBICI AJIEKTPOJABIWKYIIEW CHIIbI, JEHCTBYIOIIEH B LEMNH, Pa3HOCTH
noTeHuuanos. [loueMy HampsikeHue BiseTcss 0000IIEHHBIM OHATHEM PA3HOCTHU MOTEHIUAIOB?

4, 3akon Oma [Uis HEOJHOpPOJHOTO y4yacTKa LEeMU, s OJAHOPOIHOIO YydacTKa IemH, IS
3aMKHYTOH 1enu, B auddepennuanbaoit popme (3akoH Oma B muddepeHnnanbHoi popme BHIBECTH).
5. 3akon Jlxoyns—Jlenna B quddepenmanbHoi hopMe (BHIBECTH).

6. Momnocts u KIIJ[ ucTOYHMKAa TOKa, MOJE3Has MOIIHOCTb, MOUIHOCTH IOTEpPb, MOJIHAsS
MOIIIHOCTh X 3aBUCHMOCTb OT COITPOTHUBIICHUS U TOKA LIETIH (BBIBECTH).

7. BriBect hopmyiry 3aBucumoctu KIIJ[ nctounnka ot CHITbI TOKa U CONTPOTHUBIICHHUS IICTIH.

8. [Ipy kakoM BHEIIHEM M BHYTPEHHEM COINPOTHUBICHUHU TMOJE€3HasT MOIIHOCTh Oyner
MaKcuMaibHa?

JlaGopaTtopHasi padora Ne6

«I'panyupoBka TepMmonapbn»
KoHTakTHBIE SBIEHUS.
PaGota BbIX0/a 3MEKTPOHOB U3 METANIOB M MOIYIPOBOJHUKOB.
KonrtakTHas pa3HOCTh NOTEHIMAIOB. [[pUurHBI €€ BOSHUKHOBEHUSI.
3akoHbl Bosbra.
Onuiunre npupoay BOSHUKHOBEHUs TepMO-DJ]C 1 METO1 ee onpeaesieHusl.
BriBon popmynel ans onpenenenust tepmo-2/1C.
VYaensnas TepMo-3/1C u ee puzrueckuii cMbICI.
Tepmonapbl 1 X TPUMEHEHUE.
Tepmonnexktpuueckue sBienus (3eedeka, [lenbThe, ToMcoOHa) 1 UX MaTeMaTHYecKas 3aMuCh.

CoNO~WNE

2 Kypc, 3 cemecTp.

JlaGopaTopnast paGora Nel
«OnpenesieHne OTHOLICHHS 3aps/Aa 3JIEKTPOHA K €ero Macce MeTOA0M MarHeTPOHa»
MarauTHOE MOoJI€ U €ro XapaKTEPUCTUKH.
JIMHUM MarHUTHOM MHAYKIMHU (IIPaBUJIO MPABOTO BUHTA).
3akoH buo-Casapa-Jlamnaca. MarHuTHoe noJie ABMKYILErocs 3apsija.
[loueMy sneKkTpuyecKUil 3apsA] MO CBOMM MAarHUTHBIM CBOMCTBAM 3KBUBAJICHTEH JJIEMEHTY
TOKa‘? Cuna AMniepa, HarpaBjeHHE CUIIbl AMIiepa.
S. Cuna JlopeHua, HampasiaeHue cuiabl JlopeHma. VYBenMuuMBaeTCs JIM DHEPrUsl YacTHULBI,
nomnajaroniei B MarauutHoe nose? Yemy paBHa pabota cuisl Jlopenma?

el A



6. 3aBHCHMOCTD TPACKTOPHH JBMKEHUS 3apsHKCHHBIX YACTULl B MArHUTHOM TI0JI€ OT yIila HAKJIOHA
BEKTOpa CKOPOCTH YacTUIBl K BEKTOPY MAarHUTHOM WHAYKIHMH. BbeiBOJ (opMyn s BbIUUCICHUS
[IapaMeTpoOB TPAEKTOPUH (paauyc, IEPHOJI, YaCTOTa, I1ar BUHTOBOM JIMHUN).

1. BriBectu ¢opmyny ans onpeneneHus OTHOLICHHMS 3apsia 3JEKTPOHA K €ro macce "MeTo/I0M
MarHeTrpoHa'.

JlaGopaTopnasi paGora Ne2
«M3yyeHue pacnpeneeHuss MATHUTHOIO MOJISI COJIEHOWAA U ONpe/ie/ieHHe ero HHAYKTHBHOCTHY

1. Pamka ¢ TokoM (Kak BbIOMpAeTCs MOJIOKHUTENIbHAs HOPMaJlb K TOBEPXHOCTH PAMKH C TOKOM,
BpAIIAIOIIUKA MOMEHT CUJI, BEKTOP MArHUTHOI'O MOMEHTA PAMKH C TOKOM).

2. MarautHoe 1HoJjie M €ro XapakTepUCTUKU. JIMHMM MarHUTHOW MHIYKUMHU (IIPaBWJIO IPABOTO
BHUHTA). HanpsykeHHOCTh MarHUTHOTO MOJISL.

3. [IpuHIHN cynepno3uuyu MarHUTHBIX MOJIEH.

4. MaruuTtHas IpOHUIIAEMOCTb CPE/IbI.

o. 3akon buo-Capapa-Jlamnaca (BbIBOJ HANpsHKEHHOCTH MAarHMTHOTO MOJS MPSIMOJIMHEHHOTO
MIPOBOJTHUKA, KPYTOBOT'O TOKA).

6. Hupkynsuus BEKTOpa MHAYKIUHM MarHUTHOTO TOJIS MO 33JJaHHOMY KOHTYpY. 3aKOH IOJIHOTO
TOKa.

7. [ToToK BekTOpa MHIYKIIMM MAarHUTHOTO MOJIsi (MarHUTHBIN MOTOK) (B ciydasix OJHOPOJHOTO U
HEOHOPOJHOTO MAarHUTHBIX TOJIEH).

8. Conenoun. BriBectn (opmynbl ans pacuera MarHUTHOM HWHIYKUIMU BHYTPU U CHapyXHu

0ECKOHEYHO JUIMHHOTO coJieHouaa. BeiBecT hopMyiibl Ui pacyeTa MarHUTHOW MHIYKIUU BHYTPU U
CHapyXH COJIEHOUJAa KOHEUYHOU JIJTUHBI.

9. MarnuTHas UHIYKIUS 1 WHAYKTUBHOCTH COJICHOMA M Topouaa (BeIBO). DU3UYECKUN CMBICI
WHYKTUBHOCTH.
10. Nunyknumonnsiii  Tok. IlpaBuno Jlenma. 3akoH asnekTpoMarHuTHOM wuwHAYKOMU. IJIC
CaMOUWH/TYKIIHH.

JlabopaTopnasi padora Ne3
«M3yvyeHne noJsipu3alMu CBETA»
1. [Tonspuzanusi cBera. EcTecTBeHHBIH M TOJISIPU30BaHHBIM CcBeT. [lnockocTh mossipU3anuu.
Crenenp monspuszanmd. MOTYT JIM  TPOJOJIBHBIC BOJHBI OBITh  IJIOCKOTOJSPU30BAHHBIMU ?
[Tepeunciute crmocoObl MOTYYSHHS TIOJIIPU30BAHHOTO CBETa?

2. 3akoH Masroca (BBIBO).

3. [lonsipuzanusa mpu OTpaXEHUH U MPEIOMIIEHUM Ha TPaHUIE JBYX JUAIEKTPUKOB. 3aKOH
bprocrepa.

4. JIBoitHOe myuenpenomiieHne. AHU30Tpomus BemecTB. OObIKHOBEHHBIH M HEOOBIKHOBEHHBIN
myuu. OnTuyecKasi Ocb KpUcTaa.

5. [Tonspuzanmonnsie mpu3Mbl (pu3Ma HuKosist) 1 mosisspouas! (AUXpPOH3M).

6. Bpamenue mockoctu nonspusanuu. ONTUYECKH aKTUBHBIE BerecTBa. OT 4ero 3aBUCUT Yol

IIOBOPOTA IMNIIOCKOCTH IOJIAPU3ALHUU ITIPU ITPOXOIKIACHUU CBETA YCPEC3 OIITHUYICCKHN dKTHUBHOC BEIIECTBO?

JlaGopaTopnas padora Ned

«H3y4eHue siBJIeHUH, 00yCI10BJICHHBIX TH(pPaKIHen»
1. BonHoBas onrtuka, pamku ee mnpumeHeHus. Judpakmus cpera. YcioBHe, NMpH KOTOPOM
Habmronaercs qudpakuus. [punnun [Nolirenca-Openerns.
2. Mertoxa 30H ®peHnens (MoaApoOHO, BKIIIOYas IUIOMAAb M-i 30HBI PpeHens, paauyc BHEIIHEH
rpaHUIbl M-i 30H6I DpeHens 1 aMIUIUTYAY pe3yJIbTUPYIOIIEro KoJiebaHus B MPOU3BOJIbHOM TOUKE).
3. Hudpakmus Ppenens (Iudpakuus B CXOAAMUXCA JydaxX) - AUQpakius Ha KpPYyriiom
OTBEpCTUH, IUdpakuus Ha qucke. Yem ompenensercs, OyAeT Ju 4ucio 30H OpeHens, OTKPbIBAEMbIX
OTBEPCTUEM YETHBIM UJIM HEYETHBIM.
4. Hudpaxus Opaynrodepa (Iudpakuus B napawieabHbIX Jydax). YCIoBUsS AUPPaKIIMOHHBIX
MaKCUMyMOB U MHUHUMYMOB. [ludpakius Ha AudpakMOHHONW pemieTke. YCnoBust TUGpPaKIHOHHBIX



MaKCUMyYMOB U MUHUMYMOB JJI1 ﬂH(i)paKHHOHHOﬁ PEICTKU P HOPpMAJIbHOM W HAKJIOHHOM ITaJICHUU
CBCTa.

o. CrioHTaHHOE M BBIHYXJECHHOE U3JyYCHHUE.
6. [TpuHIMT paboTh U YCTPOUCTBO Jlazepa.
1. CBoiicTBa J1a3€pHOro U3IydyeHus. TUIBI U UCIOJIb30BAaHUE JIA3E€POB.

JlabopaTropnasi padora Ne5

«TenioBoe u3JIy4yeHne U ero XapaKTepUCTHKI
1. TemnoBoe nznyuenne. OCOOEHHOCTH TEIJIOBOTO U3TyYEHHUSI.
2. CriekTpasibHas IJIOTHOCTb D3HEPreTUYECKOW CBETUMOCTH [0 YAacTOT€ W JJIMHE BOJIHBL.
OHepreruyeckass cBeTUMOCTb. CHeKTpajabHas NOMNIONIATENbHAs W OTpa)KkarelbHas CIOCOOHOCTb.
UYepnoe Teno.
3. 3axon Kupxroda u cieacTus U3 HEro.
4. [lokazaTh Ha pHUCYHKE KaK pacHpelensercs N0 CHEKTPY 3HEpPrus H3JIydyeHus aOCOIOTHO
YEepHOTO TeJa JAJIsl JAHHOM TeMIlepaTyphl.
Kakas remnepatypa Ha3biBaeTcs sHepreTrueckoii? LiBeTtoBoit? SpkocTHOI?
3akon Credana-bonabiimana
3akoH cMmenieHus BuHa.
®opmyna Panes-/Ixunca.
KBantoBas runore3a Ilmanka. @opmyna Ilnanka Uit CHEKTpadbHONW  INIOTHOCTH
SHEPreTHYECKOW CBETMMOCTH YEPHOTO Tela. BeIpasuTs I, 1 4epes I, 7 .
10. Ucnonb3ys popmyny [Inanka, BEIBECTH 3aKOHbBI, OMUCHIBAIOIINE TEIIOBOE U3IIyYEHHE.

©ooNO

JlaGopaTtopHasi padora Ne6
«OnpenesieHne Macchbl 3JEKTPOHA U paauyca nepBoii bopoBckoii opoMTHI aToMa BOAOPOAA»

1. Jucnepcus nmokaszaTenst npesoMiieHus Beniectsa. [Ipenomnenue ceeta B npusme. HopmanbHas
Y aHOMAJIbHAs IUCTIEPCHUSL.

2. CrieKTphl UCITYCKaHUS ¥ UX THUIIHI.

3. Onwiter Pezepdopaa mo paccesnuto a-vactun. Monens aroma Pesepdopna (mmanerapHas
MOJIENb), €€ TPOOIIEMBI.

4. CriekTppl H3JIy4€HHUST aTOMOB. OMIIMPUYECKHE cepuajbHble (OPMYIBI CIEKTpa BOAOPOJA:

Jlaiimana, banmemepa, Ilamena u ap., 0600menHas ¢opmyna banmbmepa. KakoB (usnyeckuii cMbict
yucel m U n B 0000mennoi popmyine banpmepa.

5. [Tocrynatet bopa. Moaens atoma Pesepdopma-bopa: paamyc G60poBCKOW OpOUTHI, SHEPTHUS
AIIEKTPOHA B BOJIOPONO00HOM cucteme (BbiBoa). [IpoTrBOpeuns u HegoctaTku Teopuu bopa.

TpeGoBanus K pe3yJbTaTaM padoThl, CTPYKTYPE H COAEPKAHHIO 0TYETA
JlaboparopHas paboTa — HeOOJIBIION HAYYHBIN OTYET, 0000IIAIONUI TPOBEACHHYIO CTYJCHTOM
paboTy, KOTOPYIO MPEACTABIISIFOT JUIsl 3aLIUTHI VIS 3alIUTHI IPETIOIaBaTEIIO.
B otuer no 1abopaTopHoii padoTe 10KHBI ObITH BKJIIOYEHbI CJICAYOIIHNE MYHKThI:
1) TUTYJIbHBIN JIHCT;
2) 1eJIb PabOTHI;

3) KpaTKHE€ TEOPETUUECKHUE CBEJICHUS;
4) ONMCAHUE IKCIIEPUMEHTAIBbHON YCTAHOBKH M METOJUKU SKCIIEPUMEHTA;
5) JKCIEPUMEHTAJIbHBIE PE3YIIbTATHI;
6) aHaJIN3 Pe3yabTaTOB PabOTHI;
7) BBIBO/IBL.
TpeGoBanus K CoOAePKAHUIO OTEJIbHBIX YaCTel 0TYETA 0 JIadopaTopHOi padore:
1) Ha3zBanue nabopatopHoii paboThl MPUBOIUTCS O€3 CI0BA TEMa M B KABBIYKM HE 3aKJII0YAETCs.
2) Lenp pa®oThl AODKHA OTpaXkaTh TeMy JabOpaTOPHOM pabOThl, a TakkKe KOHKPETHbIE 3a/1auH,
MOCTaBJICHHBIE CTY/AEHTY Ha MEPUOJ BHITOIHEHUS pabOTHI.
3) KpaTtkue teopernueckue cBeneHusa. B 3ToM paszene usnaraercs KpaTKOE TEOPETUYECKOE

OMMHUCAaHUC NU3YyIacMOTI'0O B pa60Te SABJICHHUA UJIKU IMIPOLECCCa, IIPUBOIAATCA TAKIKC HGOGXO,Z[I/IMLIC PaCUCTHBIC



¢dopmynbl. Marepuan pasaena HE JODKEH KOMHPOBATH COJIEPYKAHHE METOJMYECKOTO MOCOOUS WU
yyeOHMKa IO JaHHOW TeMe, a OrpaHMYMBACTCA M3JI0KCHHEM OCHOBHBIX MOHATUH M 3aKOHOB,
pacdeTHeIX Qopmyn, Tabmui, TpeOyomuxcs Ui JalbHEWIedl o0pabOTKH  IMOJy4eHHBIX
HKCTIIEPUMEHTAIBHBIX PE3yJIbTaTOB.
4) OnucaHue 3KCIEpUMEHTAIbHOM YCTAaHOBKM M METOAMKHM JKCIepuMeHTa. B nmaHHOM pasznene
MIPUBOAMTCS CXEMa SKCIEPUMEHTAIBHON YCTAaHOBKH C OTIMCaHUEM €€ paboThl M OAPOOHO H3JIaraeTcs
METO/IMKa MPOBEJICHUS IKCIIEPUMEHTA, IPOLIECC MOJIYYEHHS JaHHBIX U CI0Cc00 NX 00pabOTKH.
5) DKcliepUMEHTalbHbBIE  Pe3ylbTaThl. B 3TOM paszene TPUBOAATCS  HEMOCPEICTBEHHO
pe3yNbTaThl, MOJYYCHHBIE B XOJ€ IMPOBEACHHS JIA00OpaTOpHBIX pador. OOs3aTenbHO HEOOXOIMMO
OILICHUTH MOTPEUTHOCTH U3MEPEHUIA.
6) AHanu3 pe3ynbTatoB paboThl. Pazgen oruera MoJDKEH cojaepkaTh TMOAPOOHBIM  aHAIU3
MOJIydeHHBIX PE3yJIbTATOB, WHTEPIPETAIMIO 3TUX PE3YIbTATOB HA OCHOBE (PH3MUECKUX 3aKOHOB.
Crnemyer cpaBHUTH MOJTyYCHHBIE PE3YIIBTATHI C H3BECTHBIMHU JINTEPATYPHBIMH JTAHHBIMH.
7) BeBonel. B BBIBOJaX  KpaTKO — W3JAraloTCsl  pe3yibTaThl  pabOTHI:  IOJyYeHHBIE
HKCTIEPUMEHTAIBHO WA TEOPETHUYECKH 3HAYCHUS (PU3MUECKUX BEIMYNH, UX 3aBUCUMOCTH OT yCIOBHUI
OKCTIEPUMEHTA, YKa3bIBACTCA WX COOTBETCTBHE WM HECOOTBETCTBHE (DM3MUYECKHM 3aKOHaM,
BO3MOJKHBIE TIPUYHUHBI HECOOTBETCTBHSL.

Jlomyckaetcst opopmieHue oT4deTa 1Mo JIabopaTOpHOW pabOTE TONBKO B IJECKTPOHHOM BHJIE
cpeacteamu Microsoft Office.

3. MeToanueckne peKOMEHIAMH 10 OPTaHU3AIHH CAMOCTOSITEILHOI PadoThI

VYcnemHoe OCBOGHHE KOMIIETEHIMH, (GOpMUPYEMBIX Y4eOHOW IUCHUIUIMHON (MOIYIs),
MpeIoaraeT ONTUMAaIbHOE UCIIOJIb30BAHNE BPEMEHH I CAMOCTOSTEIbHOM pabOTHI.

CamocrosTensHas paboTa oOydaromierocs - ACSITEIBHOCTb, KOTOPYIO OH BBINIOJHSET 0e€3
HEMOCPEJCTBEHHOIO YYacTUsl MpenojaBareis, HO IO €ro 3aJaHuio, IOJ €ro pPYyKOBOJCTBOM U
HaOmoaeHruemM. OOywaronuiics, 00JIaJaloMUid HaBBIKAMH CaMOCTOSTEIBHOW pPabOThI, aKTHBHEE M
riy0xe ycBauBaeT y4eOHbII MaTepua, OKa3bIBaeTCs Jy4llle MOArOTOBIEHHBIM K TBOPYECKOMY TPYAY,
K CaM000pa30BaHUIO U MPOJIODKCHUIO OOYUCHHS.

CamocrosarenbHas paboTa MOKET OBITh ayAMTOPHOW M BHEAyIUTOpHOU. ['paHuisl mexmy
STUMH BUAaMU pabOT OTHOCUTENBHBI, @ CAMU BUbI CAMOCTOSITENILHONU pabOThl IEpeceKatoTCs.

AynuTopHas caMOCTOATelIbHasE pabdoTa OCYIIECTBISIETCS BO BpeMsi MPOBEICHHUS Y4eOHBIX
3aHSTHN MO0 TUCHUILIMHE (MOJIY/II0) IO 3a/IaHuIO MpenoaBaTens. Bkitoyaer B ceOs:

- BBINIOJHEHUE CAMOCTOSTENIBHBIX PA0OT, y4aCTHE B TECTUPOBAHMH;

- BBIIIOJHEHUE KOHTPOJILHBIX, IIPAKTUYECKUX U J1a00PAaTOPHLIX paboT;

- pellleHue 33/1a4 U yIPaKHEHUH, cocTaBIeHre rpaguuecKkux u300pakeHuii (CXeM, Tuarpamm,
TaOJIMII U T. I1.);

- paboTy CO CIPABOYHOM, METOJMYECKOM, CIIEIMAILHOM JTUTEPATYPOIA;

- o(popMIIEHHE OTYETA O BLINOIHEHHBIX PaboTaXx;

- IOJrOTOBKA K AMCKYCCHH, BHIIIOJIHEHHS 33/1aHHUH B ICIIOBOM UIPE U T. 1.

BHeaymiropHas camocTosTenbHas _pabora (B Oubnmorexe, B saboparopun MITY, B
JOMAIIIHUX YCIIOBHSX, B CIICHUAIBHBIX TOMELICHHUSX JUIsl CAMOCTOSITENIbHOM padotel B MI'TY u T. 11.)
ABIISIETCS TEeKyIled o0s3arenbHOM paboToil Hax yueOHBIM MaTepuaioM (B COOTBETCTBUM € paboueit
IporpamMmoii), KoTopass He NpeArojaraeT HENOCPEJICTBEHHOTO U HEMPEphIBHOIO PYKOBOJCTBA CO
CTOPOHBI IIPENoaBaTersl.

BHreayauropHas camocTosiTenbHast paboTa MOXKET BKIIIOYATh B ceOsl:

- TIOJArOTOBKY K ayJUTOPHBIM 3aHATHAM (JICKIHSIM, MPAKTUUECKUM 3aHATHAM, J1a00paTOPHBIM
paboTaM U Jip.) ¥ BBINOJIHEHUE HEOOXOAMMBIX JIOMAITHUX 3a/1aHUH;

- paboTy Haa OTAENbHBIMM TEMaMU JUCLUUIUIMHBI (MOJAYJsS), BBIHECEHHBIMH Ha
CaMOCTOSITEJIbHOE U3yYEHHE B COOTBETCTBUH € paboyeil mporpamMMoii;

- TpopaboOTKy MaTrepuana M3 NepedyHs OCHOBHON M JONOJHMUTENBHOM JIMTEpaTyphl IO
JUCLUIUIMHE, 10 KOHCIEKTaM JIEKIIHH;




- Hamucanue pedeparoB, OKJIAZOB, 3CCE, OTYETOB, IMOJATOTOBKA MYJIbTHMEIUIHBIX
IIpEe3EHTAlMM, COCTAaBIEHUE III0CCApUsl U Ip.;

- TOATOTOBKY KO BCEM BHJAM IPAKTUKH W BBIMOJHEHHUE 3a/JlaHUM, MPEAYCMOTPEHHBIX HX
pabounMu mporpamMmmamu;

- BBIIIOJIHEHUE KYPCOBBIX paboT (MIPOEKTOB) U pacueTHO-Tpadudyeckux pador;

- MOATOTOBKY KO BCEM BHJaM TEKYIIETO KOHTPOJIS, IPOMEKYTOYHON M UTOTOBOM aTTeCTaIiy, B
TOM 4YHCIIC BBINOJHEHHE W TIOATOTOBKY K MPOLEAYPE 3allUThl BBITYCKHON KBaTH(PUKALMOHHON
paboThI;

- yyacTHE€ B MCCIEJOBATEIbCKON, NPOEKTHOM U TBOPYECKON JNEATENbHOCTH B pPaMKax
M3y4yaeMOM JUCIUTUTMHBI (MOIYIIS);

- TIOJITOTOBKA K YYacTHIO B KOHKYPCax, OJUMITHANAX, KOHPEPEHIHAX, padoTa B CTYyICHYECKHX
HAyYHBIX OOMIECTBAX U KPYKKaxX;

- Jpyrue BHIBI CAMOCTOSATEIBHOW PaOOTHI.

CopnepxaHue caMOCTOATEIbHONH pabOThI ompenensercs padodeil MmporpaMMmon AMCHUITIMHBI
(mMonmynst), mpakTtuku, nporpammoit 'MA. 3amanus niasi caMOCTOSITENIBHOM pabOThl MMEIOT YETKHE
KaJICHJapHbIE CPOKHU BBHITTOJTHEHHUS.

BoimonHenune m1000ro  BHJa CaMOCTOSITENBbHOM paOOThl MpeArnojaraeT IMpOXOXKICHHE
00yyarouMcs CIIEIYIONUX STAloB:

1. Onpenenenue eI CaMOCTOATEIbLHON PadOTHI.

2. Konkperuzanus no3HaBaTelbHOH (MIPOOIEMHOM UITH MPAaKTUYECKO) 3a/1auH.

3. CaMOOIIeHKa TOTOBHOCTH K CaMOCTOSITENIBHOW paboTe IO PEIICHHIO TOCTABICHHOW WITH
BBIOpAHHOM 3a/1a4H.

4. Be1bop aZeKBaTHOTO crioco0a JCHCTBUM, BEMYIIETO K PEIICHUIO0 3a1avd (BBIOOD mMyTel u
CPEJIICTB JIJIsl €€ PEIICHHS ).

5. [ImanupoBanue (CaMOCTOSTENLHO WM C TOMOIIBIO TPETNOIaBaTelisA) CaMOCTOSTEIbHON
paboTHI TIO PEIICHUIO 3aa49H.

6. Peanu3zanus mporpaMmbl BBIIOJTHEHHS] CAMOCTOSTEILHON pabOTHI.

7. CaMOKOHTpPOJIb ~ BBITIOJTHEHUSI CaMOCTOATEIbHOW pabOThl, OIICHHBAHHE MOJyYEHHBIX
pe3yabTaToOB.

8. Peduiekcust coOCTBEHHOM Y4eOHOM IEATEILHOCTH.

Tabauna 7. — IlepeyeHb TeM I CAMOCTOSITEILHOTO U3YyYeHHsI

KosinuecTBo 4acoB, Bbljie/IieMbIX
Ha BU/bI y4eOHOIl padoThI MO

Conepxanue pasjaenos (MoayJieii), TeM M CHUILNINHBI ¢hopmam o0yuenus
OuHas 3aouHas
CPC CPC
1 kypc, 1 kype,
2 ceMecTp ceccusil+ceccus 2

KunemaTnka mocTynaTreJibHOTO M BpallaTeIbHOIO
JABHKEHUS.
OcHoOBHbIE KMHEMAaTHUYECKHE XapaKTEPUCTUKU

KPUBOJIMHEWHOTO JBWDKEHHsSI: CKOPOCTb M YCKOPCHHE.
HopmanbHoe u TaHTeHIMaNIbHOE ycKopeHHe. KuHemaTuka
BpaIaTeILHOTO JIBIXKCHHS: YIIIOBask CKOPOCTh U YIJIIOBOE
YCKOPEHHE, WX CBSA3b C JIMHEWHOW CKOPOCTBIO W
YCKOPEHHEM.

10 13

JlMHAMHUKA MOCTYNATEJIbHOI0 IBUKEHHUS.

WNuepumansHble CHUCTEMBI OTCYE€Ta H TEPBBIA  3aKOH
Herotona. Btopoi#t 3akon Hbrorona. Macca, ummyinbc, 10 14
cwia. YpaBHEHHE [ABW)KCHHS MaTepHAbHOM TOYKH.
Tperuit 3akoH HplOTOHA W 3aKOH COXpaHEHUS MMITYIbCA.




3aKkoH BCEMHUpPHOro TAroteHusa. Cunbl TpeHHs. 3aKOHBI
COXpPAaHEHUSI UMIYJIbCA U NTOJHON MEXaHUYECKOUN SHEPTUH.

JAuHaMuKa BpamaTeIbLHOr0 ABUKEHUS.

MoMeHT uMIysIbca MaTepUaIbHON TOYKU U MEXAaHUYECKOU
cucteMbl. MOMEHT CWiIbl. YpaBHEHHE MOMEHTOB. 3aKOH
COXpaHEHUsI MOMEHTA UMITYJbCa MEXaHHUYECKOW CHCTEMBI.
OcHOBHOE  ypaBHEHME  JMHAMUKH  BpaIlaTeIbHOIO
JIBUWKEHHsSI TBEPIOTO Teia. MOMEHT uMIyiIbca Telna.
Mowment nuepuuu. Teopema Illteitnepa. Kunermueckas
SHEPIHsl BPAIAIOIIEroCsi TBEPAOIO Tea.

10

14

OCHOBBI TEPMOIMHAMMKH.

VYpaBHeHHE COCTOSHUSA B TepMmoauHamuke. OOpatumble U
HEoOpaTUMbIe MPOLECCHI. ITepBoe Ha4aJio
TepMoanHamMuKu. TemnoemMKkocTh. YpaBHeHHe Maiiepa.
W3oxopuueckuif,  n3o0apuyeckui,  U30TEPMUUYECKHII,
annabaTUYeCKuil MPOIECCHl B WICAIBHBIX razax. Bropoe
Hayano TepMmoauHamuku. IIpeoOpa3oBaHue TEMIOTH B
MexaHuyeckyto pabory. Hukn KapHo u ero koadpdunment
MIOJIE3HOTO ACUCTBUS. DHTPOIMUS.

10

14

MoJiekyJSIpHO-KUHETHYECKAsE  TeopHusl.  JJIeMEeHTbI
CTATHCTHYECKOH PU3MKH.

HaBnenune raza ¢ touku 3peHuss MKT. TemmoemkocTs u
YHUCJIO CTETEeHeW cBOOOIBI MOJIEKY Ta3a. Pacrpenenenue
MakcBemia [ MOAYJA M MPOEKIUHA CKOPOCTH MOJIEKYJI
UJeaNbHOTO Ta3a. OKCHEepUMEHTaJIbHOE 00OCHOBaHHUE
pacnpenenenus Makcpemia. Pacnpenenenue bonbiimana u
OGapoMeTrpudeckas popmyia.

10

14

JyieMeHThbI (PU3UYeCKOl KHHEeTHKH.
SBnenuss nmnepeHoca. Juddysus, TEIIONPOBOTHOCTS,
BHYTpPEHHEE TPEHHUE.

10

13

DJIeKTPOCTATHKA.

3akon  Kynona.  HampsokeHHOCTh W MOTEHIMAN
AIIEKTPOCTATUYECKOTO OJIS. Teopema l"aycca.
DOneKTpOEMKOCTh  IPOBOJAHMKOB M KOHJIEHCATOPOB.
DHeprus 3apsyKEHHOT0 KOHJIEHCATOpa

10

14

3HeKTpH‘leCKOG 1moJjie B BemecCTBe.

HI/ISHGKTpI/IKI/I B OJICKTPUYCCKOM IIOJIC. HOJIﬂpI/ISaI_[I/IH
JUDJICKTPHUKOB. BCKTOP QJICKTPHYCCKOI'O CMCIICHUA.
HI/ISHGKTpI/ILICCKaH IMIPOHUIACMOCTb BCHICCTBA.

10

14

ITocTOAHHBIH 3TeKTPUYECKHUI TOK.

Cuna U MIOTHOCTh TOKa. 3akOH OMa B HMHTErpaJbHON U
middepenuuansioit  ¢popmax. 3akoH [Dxoyns-Jlenua.
DNEeKTpOABMKYIIasi cuila HCTOYHMKa Toka. [IpaBuia
Kupxroga.

10

14

Hroro 3a 1 kypc, 2 cemecTp:

90

Hroro 3a 1 kypc, ceccusi 1+ceccus 2:

124

2 kypec,
3 cemecTp

2 Kypc,
ceccusil+ceccus 2

Marunerusm.

MarautHoe B3aMMOJEICTBUE MOCTOSHHBIX TOKOB. Bektop
MarHutHou wuHAyKuuu. 3akoH Ammnepa. Cuna JlopeHua.
3akon buo-Casapa-Jlamaca. TeopemMa 0 IUPKYISIIMM

10

18




(3aKOH MOJIHOTO TOKa). MarHuTHOE IOJieé M MarHUTHBIN
JUIIOJIBHBIA MOMEHT KPYroBOro TOKa. HaMarHu4eHHOCTb
MarHeTukoB.  HanpskeHHOCTh ~ MAarHMTHOTO  TOJIS.
MarunutHas MPOHUIIAEMOCTb. Knaccudukamms
MAarHeTUKOB.

JIEKTPOMAarHUTHAsA HHAYKLHS. YpaBHenust
MakcaeJia.
[IpaBuno  Jlenma.  YpaBHEHHE  BJIEKTPOMAarHUTHOM
uHaykuud. CamMouHIyKuMs. VIHAYKTUBHOCTH COJIEHOU[A.
OHeprusg  MarHuTHoro mnoist. Cucrema  ypaBHEHHM
Makcaea.

10

18

T'apmonnyeckune KoJ1e0anus. DJIeKTpUYEeCKHE
KoJie0anusl.

Ammuutyzna, Kpyromas 4actoTa U (aza rapMOHHYECKHX
koseOannii. Crokenne kosebanui. KonebarenbHbIi
KOHTYP.

10

17

BosanoBasi onTuka-1.

DneKkTpoMarHuTHas MpUpoJia cBeTa. BoaHOBOE ypaBHEHHE.
Cxkopocts cBera. HHTepdepeHIus MOHOXPOMATHUYECKHX
BoyH. PaszHocte xoma. KorepeHTHOCTh.  YcnoBus
UHTEP(EPEHITMOHHBIX ~ MAaKCUMYMOB W MHUHHUMYMOB.
WNnrtepdepenius B TOHKMX IUIeHKaX. [lomocel paBHOI
TOJNIIMHBI W PaBHOTO HakioHa. [IpocBeTiieHHME ONTHKH.
HuTtepdepennimonnbie mpruOOopHI.

10

17

BosHoBas onTuka-2.

Hudpakuus ceera. [Ipunnun [toiirenca-dpenens. Meron
30H @penemns. dudpakunonHas pemerka. Paspemraromras
cnocoOHocTh. [lomsipu3anus cBeta. EcTecTBEHHBIN CBET.
JBoiiHoe nydenpenomiienue. llonspusanusa cBeta npu
JBOITHOM JTy4enpenoMIIeHUH. [TonsipuzaniioHHbIE
npubopel. 3akoH Maimoca.  BpamieHue  miockocTH
MOJISIPU3allMY B KPUCTAJUIMUECKUX TeJax.

10

17

B3aumoaelicTBHe CBeTa ¢ BEIECTBOM.

Jucnepcus cBeTa. DIEKTPOHHAs TEOPHUs JTUCIIEPCUU CBETA.
HopmaneHass w  aHomaibpHas  jaucrepcud.  JImHMM
norsionieHus. 3akoH byrepa. PaccesiHue cBera.

10

17

HN3nyyenue yepHOro reja.
3akonbl Kupxroda, Credana - bonsimana, Bwuna.
@opmynsl [Tnanka, KBaHTOBBIN XapakTep U3ITyYEHUSI.

10

17

B3aunmopaeiictBue (pOTOHOB € 3JIEKTPOHAMH.

Buemnuit  doroanekrpuueckuit  spdexr.  Dopmyna
Ounmreiina.  [Ipumenenue  doroaddexra.  Dddext
KomnTona. /laBnenue cpera.

10

17

BoJiHoBbBI€ cBOIiCTBAa YaCTHIL.

I'mnore3a ne bpoiura. Omneitel [[pBuccona m Jlxepmepa.
[Ipunnun HeompeneneHHocTu. YpasHeHue llIpenunrepa.
[Tpoxosk/ieHre YacTHll Yepe3 NOTEHIMAIbHbIN Oapbep.

10

17

Hroro 3a 2 kype, 3 cemecTp:

90

Hroro 3a 1 kypc, ceccusi 1+ceccus 2:

155

Hroro 3a kypc:

180

279




Copep:xaHue U MeTOAUYECKHE YKA3AHUA K CAMOCTOSITEJIbHOMY U3YUYEHHIO TeM JTHUCHUTLIMHbI
1 kypc, 2 cemecTp.

1) Kunemartuka.

Bonpocs! 1 caMonpoBepKu:

1. UTo Takoe CKOpOCTh, yCKOpeHue?

2. Uemy paBHBI ¥ KyJla HAIPaBJICHBI HOPMAITbHOE M TAHTCHIIMATLHOE YCKOPEHUE?

3. UTto Takoe paanyc-BeKTOp, TPACKTOPHS U BEKTOP MEPEMEIICHUS ?

4, 3anuimuTe CBSA3b JMHEHHBIX U YIIIOBBIX KHHEMAaTHYECKUX TTapaMeTPOB.

3agauu A1 caMONPOBEPKH:

1. MarepuanbHasi TOYKa JBUKETCS B TWIOCKOCTU XY 10 3aKOHY X = a'tz, Y = B'tz, IIe o 1

B - moyoxkuTeNbHBIEC MOCTOsIHHBIE. Haiftu: 1) CkopocTh TOUKHM Kak (GYHKIIMIO BPEMEHU; 2) 3aBUCUMOCTh
JUIMHBI IIYTH OT BPEMEHH; 3) TaHT€HLIMAJIbHOE YCKOPEHHE TOUKH.

2. Touka aBmwXkeTCs B mIockoctd XY 10 3akoHy X = A'sinot, Y = A-(1-coswt), rie A u ®
- IIOJIOXKUTENbHBIE MOCTOSIHHbIE. HalWThM IyTh, NPOXOAUMBIM TOYKOW 3a BpEMsl T; YroJl MEXIY
CKOPOCTBIO U YCKOPEHHEM TOUKH.

3. [To nyre oxpyxxHoctu paauycom 10 M IBIKETCS TOUka. B HEKOTOPBIIT MOMEHT BpeMeHHU
HOPMaJIbHOE YCKOpEHHUE TOYKU paBHO 4,9 M/c?; B 3TOT MOMEHT BEKTOPHI MOJHOTO U HOPMAaJIbHOTO
YCKOpEHHUH 00pa3yroT YIiIbl 60°. Haiitu CKOPOCTb Y TAHT€HIIUAJIBLHOE YCKOPEHNUE TOYKH.

2) JAunamMuka.

Bonpocsl 1i1s caMonpoBepKu:

Kaxkue cucreMbl oTcueTa Ha3pIBAIOTCSl MHEPIIUATBHBIMHA U HEUHEPITUATHLHBIMU ?
CdopmynupyiiTe TpUHITUT OTHOCUTEIBHOCTH [ anmies.

Cdopmynupyiite 3akonbl Hpr0OTOHA.

Kaxkue pynnamenTanbHbIe CHIIBI BB 3HaeTe?

Chopmynupyiite 3aK0H COXpaHEHHSI UMITYJIbCA I 3aMKHYTBIX CUCTEM.

Uemy paBHa paboTa CHJIBbI, MOIIHOCTb, KHHETHYECKash SHEPrusi W MOTEHIHAJTbHAs

ogakrwdE

SHeprug?

7. ChopmynupyiiTe 3aKOH COXpaHEHHs] MEXaHMYECKOM SHEPTUHU B IOTCHIIMAIIBHOM IT0JIE.

8. UYto Takoe ynpyruii ynap?

9. UYto Takoe Heynpyruil ynap?

3agayu ISl CAMOTNIPOBEPKH:

1. JIBa onuMHaKOBBIX IIapa MOJABENIEHbI Ha HUTAX JuiMHOW 0,98 M M KacarTcs JIpyr apyra.
OmuH w3 mapoB OTKIOHSIOT Ha yroia 10° u ormyckaror. OmnpeaesinTh MakKCUMalbHYIO CKOPOCTb
BTOPOTO Il1apa Mocje coyaapeHus. Y aap cuuTaTb a0COJIFOTHO YIPYTHUM.

2. Ilpu ynpyrom ynape HEUTpPOHA O IO yIiIepoja OH JBMXKETCA MOCIEe yaapa B HallpaBJICHUH,
MEepHeHIuKYIApHOM HavanpHOMy. CuMrtas, 4Tro Macca sapa yriepojna 12 pa3 0osbllie Macchl
HEHUTpPOHA, ONIPEICIUTh, BO CKOJIBKO pa3 YMEHbIIIAETCS SHEPTUsI HEUTPOHA B pe3ysbTare yaapa.

3. Baron maccoii 40 TOHH, IBIXKYIIUICS CO CKOPOCTBbIO 2 M/C, B KOHIIE 3allaCHOTO IMYTH
ynapsiercsi 0 MPYXUHHBIA amopTu3aTop. Ha ckoibko cokmercs mpyxkuHa, eciau ee Kod(hduuueHt
yIpyroctu paseH 2,25-10° H/m?

4. [lap maccoif 3 Kr JIBHXKETCS CO CKOPOCTHIO 2 M/C U CTaIKHUBAETCSA C TMOKOSIIUMCS
mapom maccoit 5 kr. Kakas pabora Oymer cosepuieHa npu aedopmanuu IapoB? Yiap cUUTaTh
a0COTFOTHO HEYIPYTHM, TMPSMBIM, IIEHTPATBHBIM.

5. ]_Hap KaTUTCA II0 FOpI/I30HTaJ'IBHOI71 IIJIOCKOCTH. KaKYIO 4aCTb COCTAaBJACT SHCPIrus
MOCTYHATCIbHOI'O ABUKCHUS OT 061_1_[6171 KUHETHYECKOM 3HepFI/II/I?
6. I[Ba Tena MaccaMd m 1 3m ABUT'AIOTCS BO B3aMMHO NCPICHANKYIISIPHBIX HAIIPABJICH UAX.

Ilocne coynmapeHusi Teno Maccod m OCTaHOBWIOCh. Kakylo wYacTb €ro HHEpruM COCTaBIIAET
BBIJICIIUBLIEECS NIPU YAAPE TEIIIO?

3) MoMeHT umItyJibca.

Bonpocsl 111 caMonpoBepKH:

1. YTo Takoe MOMEHT CUJIBI M UEMY OH paBEH?

2. Yro Takoe MOMEHT HHEPLIMM MAaTEPUATILHON TOUKU U YEMY OH paBeH?



3. ChopmynupyiiTe 3aKOH COXpaHSHHSI MOMEHTA UMITYJIbCA.

4. 3anuinuTe ypaBHEHHE MOMEHTOB.

3axauu 118 cCaMONIPOBEPKH:

1. Hute ¢ npuBsizaHHBIME K €€ KOoHIIaM rpy3amu maccamu 50 r u 60 r nepekuHyTa uyepes
om0k guamerpom 4 cMm. OrpenennTs MOMEHT WHEpPIUH OJIOKa, €ClM TMOJ JCHCTBHEM CHIIBI TSHKECTH
rPY30B OH MOJIY4HJI YIJI0BO€ YCKOpeHue 1,5 paﬂ/cz. TpeHuem U MpocCKaab3bIBAHHEM HUTHU IO OJIOKY
npeHeOpeuyb.

2. BeiBectn ¢opmyny A MOMEHTa MHEPUUH HMWIMHAPUYIECKOH MY()TBI OTHOCHUTEIHHO
OCH, COBIIJIAIONICH C ee OChI0 cMMMeTpuu. Macca My(Thl paBHSETCS m, BHYTpEHHHI paauyc — Ry,
BHemH — R».

3. OGpyu maccoil 1 kr u pammycom 0,2 M BpaIIaeTcsi PaBHOMEPHO C 4acToToil 3 ¢
OTHOCHTEIIEHO OCH, MPOXOISIIEH Yepe3 cepeluHy ero pajnyca MepreHauKyIsipHO MII0CKOCTH 00pyJa.
OmnpenenuTb MOMEHT HMITYJIbca 00pyYa.

4) JluHaMHUKa BpalaTeJbHOI0 IBHKeHUSI.

Bonpocsl 1i1s caMonpoBepKu:

1. ChopmynupyiiTe 3aKOH COXpaHEHUS UMITyJbCa ¥ MOMEHTA HMMITYJIbCAa MPU JABUKEHUU
TBEPAOTO Tea.

2. CdopmynupyiiTe OCHOBHOM 3aKOH JJMHAMHUKH BPaIaTEIIbHOTO JIBFKCHHSI.

3. Cdhopmymupyiite Teopemy IllTeiinepa.

4. Uemy paBHa KMHETHYECKasl SHEPTHsI BPALIATEIbHOTO JIBUKECHUS?

3agaum I CAMONIPOBEPKH:

1. B nentpe ckampn JKykOBCKOTO CTOMT YEJIOBEK M JIEPKUT B PyKax CTEPKEHb IIUHOM 2,4

M M Maccoi 8 Kr, pacHoJIOKEHHBIM BEPTUKAIBHO MO OCH BpalleHUs1 ckaMelku. CKaMmbs ¢ 4EJITOBEKOM
BpalllaeTcsl ¢ 4acToTon 1 ¢t C kaxoii gacroToit OyIeT BpamarhCsi CKaMbsi C YEIIOBEKOM, €CIIM OH
MOBEPHET CTEP)KEHb B TOPU3OHTaNbHOE MoJiokeHne? CyMMapHbBI MOMEHT HHEpILUHU 4YelloBeKa U
CKaMbHU paBeH 6 KrMP.

2. Jluck m 00py4 OAMHAKOBOTO paauyca, U MacChl OKATHIBAIOTCA 0€3 CKOJBKEHUS C
HAKJIOHHOM MJIOCKOCTH BBICOTOM 1 M. OnipeenuTh CKOPOCTh UX LIEHTPOB Macc B KOHIE CKaThIBAHUS.
3. JIBa Ttena maccamu 0,25 xr u 0,15 Kr cBS3aHBl TOHKOW HUTHIO, IEPEOPOIICHHON Yepe3

6nok. biok ykpermsieH Ha Kpairo FOPU30HTAIBHOTO CTOJIA, [0 MOBEPXHOCTH KOTOPOTO CKOJIB3UT TEIO
maccor 0,25 xr. C KakuM YCKOPEHHEM ABWKYTCS Teja M KaKOBBI CHJIBI HATSDKCHHS HHUTEH 1Mo 00e
ctoponsl oT 610ka? Koadduument Tpenus tena o moBepxHocTh cToja paeH 0,2. Macca 61oka paBHa
0,1 kr ¥ ee MOXHO CUMTATh PAaBHOMEPHO pacHpeleeHHON 1o 0001y. Maccold HUTH U TPEHUEM B
MTOIIIMITHUKAX OCH OJI0Ka MpeHeOpeYb.

5) OCHOBBI TEPMOTUHAMHKH.

Bomnpocsl 11 camonpoBepku:
CBOJICTBA XKUIKOCTEH U ra30B.
3anuinTe ypaBHEHUE TUAPOCTATUYECKOTO PABHOBECHS.
3anuinTe ypaBHEHUE HEPa3phIBHOCTH.
Chopmynupyiite 3akon bepuysmiu.
UYrto Takoe uucio PeiiHonbpaCca M UTO OHO ONpeaenser?

3agaum 118 CaMONIPOBEPKH:

1. B Gouky 3anmBaercst Boga co ckopocthio 200 cm’/c. Ha nme Gouku 06pasoBamoch
OTBEPCTHE IUIONIAIbI0 MomnepeyHoro cedenus 0,8 cM?. [IpeneOperasi BSI3KOCTbIO BOJIbI, OTIPEICINUTE
yYpOBEHB BOJIbI B OOUKeE.

2. [ITapuk BCIUIBIBAET C MOCTOSIHHOM CKOPOCTBIO B KUIKOCTH, INIOTHOCTh KOTOPOH B TpHU
paza Oombllle MIOTHOCTH MaTepHana mapuka. OnpeaenuTe OTHOIICHUE CHIIBI TPEHUs, ACHCTBYIOIIEH
Ha BCIUIBIBAIOIINM IIAPUK, K €r0 BECY.

aogkrwnPE

6) MonekyJIIpHO-KHHEeTHYeCKas Teopusl.
Bonpocsl 111 caMonpoBepKH:
1. Coopmynupyiite ocHoBHbIE nosokeHust MKT.

2. UYTto Takoe BHYTPEHHSS DHEPT U CUCTEMBI?



3. [lepeuncnure MaKpOCKOTHMYECKHE IAapaMETPbl COCTOSHUS CHCTEMBL.  3alUIIUTe
ypaBHEHHE COCTOSIHUS HICAILHOTO Tas3a.

3axauu 118 cCaMONIPOBEPKH:

1. B Gamone o6semom 0,5 am° COJIEPKUTCSL CMECh Ta30B, COCTOSIIASA U3 10% MOJIEKYJT
KHCJIOPOJIa, 4-10% MOJIEKYJ a30Ta U 3,3-10%° MoJieKya aprona. Ompenenute: a) nAaBjieHUe cMmecu; 0)
MOJISIpHYFO Maccy cmech. Temmeparypa cmecn 127 °C.

2. W3 Gamiona co cxkaTeiM BoJOpojgoM oObemoM 10 51 BCIEACTBHE HEHCIPABHOCTH
BEHTHIIS BbITeKaeT ras. Ilpu temmeparype 7 °C manomerp mokaspiBan nasienue 4,9:10° ITa. Yepes
HEKOTOpOe BpeMsi Ipu Temmeparype 17 °C MaHOMeTp moKasan Takoe e jgaBieHne. CKOIBKO Tasa
BBITEKJIO?

3. DHeprus MOCTYNaTeIbHOTO JBM)KEHUS BCEX MOJIEKYN a30Ta, HAXOJIIIUXCSA B OaisioHe
oGbeMoM 20 11, paBHa 5 kJIK, a Cpe/IHsIs KBaAPaTHIHAs CKOPOCTh ero MoJekyi pasra 2-10% m/c. Haiitn
Maccy a30Ta B OaJJIOHE U TABJIEHHUE, 10T KOTOPHIM OH HAXOIUTCS.

7) DyieMeHThI PU3NYeCKOH KUHETUKH.

Bonpocsl 1i1s caMonpoBepKu:

Uro Takoe siBIICHHE MEpeHoca 1 Kakas (pru3nyeckasi BeIMUNHA TEPEHOCUTCS?
Uto Takoe mirHA CBOOOHOTO TPOOETa, CPETHEE YUCIO CTOJIKHOBEHHIA?
Hudody3us. 3anummure 3akoH Duka.

TennonpoBoAHOCTH. 3anuimnTe 3aKk0H Dyphbe.

. Bsizkoctb. 3anummnTe 3akoH HproTOHA 1151 BA3KOTO TPEHUA.

3agaum 1J19 CaMONPOBEPKU:

1. [lnomane oxkHa paBHa 2 M°. PaccrosiHue Mexay pamamu paBHo 0,2 M. HapyxHoe
CTEKJI0O MMEET CpeHIor Temmeparypy -10 oC, BHyTpeHHee - +20 °C. JlaBnenue MEXIy paMamu
HOopMalibHOE. TemmnepaTypa TUHEMHO MEHSIETCA OT BHYTPEHHETO CTEKJa K HapyKHOMY. Onpenenutb
KOJIMYECTBO TEIJIOTHI, TEPSIEMOM Yepe3 3TO OKHO 3a OTOMHUTENbHBIN ce30H (7 MmecsieB). Koaddurment
TEITONPOBOTHOCTH Bo3ayxa paseH 0,025 Bt/(m-K).

2. Haiitn maccy azora, npomeamiero Beieactsue nubdysun depes miomanky 0,01 M% 3a
Bpems 10 ¢, ecnu rpaJMeHT MJIOTHOCTH B HAMPABJICHUHU, EPHIEHIUKYISIPHOM K IIJIOMIAAKE, paBeH 1,26
kr/m”. Temnepatypa azora paBHa 27 °C. Cpennsist ;yimHa cBOOOJHOTO TpoOera MOJIEKYJl a30Ta paBHA
10 MKMm.

3. Camouer neTuT co ckopocthto 360 km/gac. Cuurtas, 4TO TOJIIMHA CJIOS BO3ayXa Yy
KpblJIa CamoJieTa, YBJIEKAEMOTO BCIEJICTBUE BS3KOCTH, paBHa 4 CM, HAWTH KacaTeNbHYIO CHILY,
JNEUCTBYIOUIYI0 Ha €IWHHUIY MOBEPXHOCTH KphUia. Jlumamerp Mosekyn Bosayxa paBeH 0,3 HM.
Temneparypa Bo3ayxa paBHa 0 °C.

8) DJIEKTPOCTATHKA.

Bonpocs! 11 caMonpoBepKu:

GA W

1. Coopmynupyiite CBOWCTBA 3JEKTPUUECKOTO 3apsa.

2. Cdhopmynupyiite 3akon Kymnona.

3. Cdhopmynupyiite 3aKOH COXpaHEHUs JEKTPUUECKOTO 3apsa.

4. CdhopMynupyiiTe IpUHIMI CYNEPIO3ULMH MOJIEH.

5. UTo Takoe 3IEKTPUUECKUI UIOJIb?

6. Coopmynupyiite Teopemy I'aycca-Octporpaackoro.

7. Yro Takoe MOTOK BEKTOpa JIEKTPOCTATUYECKOTO MOJIs?

8. B 4yem n3mMepsieTcss IOTOK BEKTOPA 3JEKTPOCTATUUECKOTO MOJIS?

9. Uro Takoe MNOBEPXHOCTHas IUIOTHOCTb 3apsija, JMHEHHas IUIOTHOCTh 3apsija H
00BbeMHasi TNIOTHOCTD 3apsiia?

10.  UYro Takoe HMPKYISAIHUUA BEKTOPA SJIEKTPOCTATHUECKOTO MO ?

11.  Yro Takoe MOTEHLUAI IEKTPOCTATUUYECKOTO0  IMOJIs?

12. UYemy paBHa pa®oTa 3JIEKTPOCTATUYECKOT'O MOJIS [0 MepEeMEIIEeHUIO 3apsaaa’?

13. Uemy paBHa MOTEHUMAIbHAS SHEPT U 3apsAaa B AJIEKTPOCTATUYECKOM IoJie?

14.  UYemy paBeH OUMOJIbHBII MOMEHT MOJIEKYIIBI?

15.  UYro Takoe BEKTOp MOJSPU3ALUY U KyJla OH HalpaBiieH?



16.  Uemy paBHa OUAJIEKTPUYECKAsi BOCTIPUUMYUBOCTH?

17. U0 Takoe BEKTOp MEKTPHUUECKOTO CMEIEHUS, Ky/la OH HalpaBjieH?

18.  Urto mokasbIBaeT AUANEKTPHUECKasi IPOHUIIAEMOCTb?

3amauu 118 cCaMONPOBEPKH:

1. ToHKMI JMMHHBIA CTEpKEHb PAaBHOMEPHO 3apshKeH C JIMHEMHOM MioTHOCThio 10

MkKn/m. KakoBa cuna, meiictByromas Ha Toueunslid 3apsan 10 K, nHaxomsmuiics BOMM3u cpeaHei
YaCTH CTEP>KHS Ha paccTostHuU 20 ¢M, MaJIOM IO CPaBHEHUIO C €ro TMHOMU?

2. Tpu TOHKME MeTaNIMYECKUE IUIACTHUHBI, UMEIOIIME 3apsiibl g, 3q, 2q pacnoaokKeHbl
napajuienpHo JIpyr Apyry. Ilnomanp kaxaol miactunsl S. HaliTu cuity, 1EHCTBYIOILYIO Ha CPEIHION
IUIACTUHY. DJIEKTPUUECKOE T10JIE, CO3/1aBaEMO€ KaKI0M MJIACTUHOMN CUUTATh OJHOPOIHBIM.

3. Tonkoe ko110 HeceT pacnpenenennblil 3apsaa 0,2 MxKi. OnpenenuTs Hanps>)KEHHOCTh
AJIEKTPUYECKOTO TOJIs, CO3/1aBAEMOI0 paclpe/eNIEHHbIM 3apsiioM B TOYKE, paBHOYIAJIEHHOM OT Bcex
TOYeK KoJiblla Ha pacctossaue 20 cm. Paauyc xomnsia 10 cm.

4. [Tap pamuycom R = 10 cM 3apskeH paBHOMEPHO ¢ 00bEMHOM TUIOTHOCTHIO 10 HK/m>.
[Tonb3ysck Teopemoil 'aycca, onpenenuTs: 1) 3aBUCMMOCTb HANPSHKEHHOCTH 3JIEKTPOCTATHUECKOTO
nonst E kak (yHKIMM paccTOsIHUS r OT LIEHTpa IIapa; 2) paccuuTaTh 3HAUEHHE HANPSKEHHOCTU
AIIEKTPOCTATUYECKOTO TOJISi Ha pacCTOSHUU I = 6 CM OT ILIeHTpa Imiapa; 3) MOCTPOUTH Trpaduk
3aBucumoctu E(r).

o. Ha nByx koakcuanmbHBIX OECKOHEUHBIX IMJIMHApax paguycamMu R u 2R paBHOMepHO
pacnpeziesieHbl 3apsabl C MOBEPXHOCTHBIMU IIJIOTHOCTSIMU G1 U G2. Tpedyercs: 1) ucnomnb3ys TeopeMy
lNaycca, HaliTH 3aBHCHMOCTb HAIPSHKEHHOCTH AJIEKTPUYECKOTO KakK (YHKIMIO PAacCTOSHUS OT OCH
UWJIMHAPOB; 2) BBIYUCIUTD HANPSHKEHHOCTh B TOUKE, yIaJIEHHON Ha pacCTOSIHUE I' OT OCH LIWJIMHIPOB;
3) moctpouts rpaduk 3aBucumoctu E(r). [Ipunsate 61 = 6= 60 uKn/m 2; 62, = - 6, r = 3R.

6. Toueunsle 3apsaabl qi, (2, 03 pacHoOIOKEHBI B BEPUINHAX MTPABUIIBHOTO TPEYTOJIbHHUKA CO
CTOPOHOM a. ONpeAeIUTh YHEPTHUIO STON CUCTEMBI 3apSI0B.
7. JIBe KoHIIeHTpHUECKHe MeTaunueckue chepsl paguycamu R1=15 cm, R,=30 cm umeror

apsaael Q1=-0,2 vKn, Q2=0,4 vKn. BbluuciuTe noTeHIMAN 3JIEKTPUYECKOTO TMOJs B TOYKAaX,
yAIEHHBIX OT IIeHTpa cdep Ha paccrosiuue L1=10 cm, L,=20 cMm, L3=40 cm. M300pa3uts rpadudecku
3aBUCHMOCTD MTOTEHIMAIA OT PACCTOSIHUS OT IIeHTpa cdep.

8. Tonkast kBajpaTHasi paMKa pPaBHOMEPHO 3apsbKeHa C JIMHEWHOU MIIOTHOCTBIO 3apsija,
paBHo# 200 nKn/m. Onpenenuth MOTEHIMAN TOJISA B TOYKE IEPECCUCHUs] TUaroHaICH.
9. [Inockuii BO3AYIMIHBIA KOHACHCATOP IEKTPOEMKOCThIO 1,11 HD 3apskeH 10 pa3HOCTH

norediuaioB 300 B. Ilocie oTkiIrO4YeHHs OT HMCTOYHMKA TOKA PACCTOSTHUE MEXIY IUIaCTUHAMU
KOHJIGHcaTopa ObUIO yBenW4eHO B S5 pa3. OmpeaenuTh pabOTy BHEMIHUX CHJI 10 Pa3IBHKEHUIO
IUTACTHH,

10. Mesx 1y miacTUHaMH IIOCKOTO KOHJIEHCATOPa, 3apsSKEHHOTO JI0 Pa3HOCTH MOTEHIIMATIOB
600 B, HaxoauTcs JBa CIOSl AMAJIEKTPUKOB: CTEKJIA TOJIIMHONW 7 MM M 300HHTa TOJIIMHOW 3 MM.
[Tnomanp Kax 0¥ TIaCTHHBI KOHIeHcaTopa paBHa 200 cm?. Haiitu ANIEKTPOEMKOCTh KOHACHCATOpa U
MaJICHUEe HAMIPSOKEHUS B KOKJIOM U3 CJIOCB

11. PaccrosiHue Mex 1y miuacTHHaAMH TUIOCKOTO KOHAEHcaTopa cocTaBisier 5 MM. [locine ero
3apsJIKU A0 pa3HOCTH noTeHuanoB 500 B Mex 1y nmiacTiHaMu KOHAEHCATOpa BIBUHYIIH CTEKIISIHHYIO
mIacTUHKy (€=7). OmnpenenuTh AUINEKTPUYECKYI0 BOCHPUMMYUBOCTH CTEKJIa U TMOBEPXHOCTHYIO
IJIOTHOCTbH CBSI3aHHBIX 3apsi/I0B HA CTEKIISITHHOM IJTACTUHKE.

12. Pa3HOCTBh NOTEHIMAJOB Ha MJIACTHHAX IJIOCKOTO KOHJAEHCATOpa C JUAJIEKTPUKOM PaBHA
500 B, paccrosHue Mmexnay miuactuHamu 10 MxM. OmpenenuTbs OObEMHYIO IUIOTHOCTh 3SHEPIUU
KOHJIEHCATOPA.

9) ITocTOAHHBIN JJIEKTPUYECKHI TOK.

Bomnpocsl 111 caMonpoBepKH:

1. YTto Takoe 2IEKTPUUECKUH TOK?

2. Yrto Takoe cuia TOKa, IJIOTHOCTh TOKA, 3JIEKTPOIBUKYIIAsl CHIIA, TaJICHUE HANPSKECHUS

Ha y4yacTKe 1enu?
3. 3anumure 3akoH OMa Uit OTHOPOJHOTO U JUIsl HEOHOPOIHOTO y4acTKa LEMH.



UYTto Takoe CONPOTUBIIEHUE yUacTKa LIE€NH, yIEIbHOE CONPOTUBIIEHUE, TPOBOJUMOCTh?
Coopmynupyiite 3akonsl Kupxroda.

UYro Takoe paboTa 3NIEKTPUYECKOT0 TOKA, MOIIIHOCTD, BhIJEIsIeMasi B IPOBOIHUKE?
Cdhopmymupyiite 3akon  Jlxoyns-Jlenna.

Uemy pasen KIIJ] uctounuka toka?

3agaum 118 caMONPOBEPKU:

1. e Oarapen akkymymsitopoB ¢ OJIC &=g=100 B wu derpipe pe3ucropa c
conpotuBiieHusMu R1=20 Om, Ry=10 Om, R3=40 Om u R4=30 Om coenuHeHbl, KaK MOKa3aHO Ha
pucynke. Haiitu nokazanue amnepMerpa. BHyrpeHHUMU cCONPOTUBIEHUAMU OaTapeil akKyMyJIITOpPOB
peHeopeyb.

2. K 3axxumam Gatapen akkymymisITOpoB npucoeauHeH HarpeBarenb. DJ{C Oatapen paBHa
24 B, BHyTpeHHee conpoTuiaeHre 1 Om. Harpesarenb, BKIIOYEHHBIN B LIENb, MOTPEOIIIET MOITHOCTh
80 Bt. Beruncnute cuity Toka B nenu u KIIJ1 narpesarens.

3. 3amyHTUpOBaHHBIA amnepMerp usmepser Toku 10 10 A. Kakyro Haubonbiiyio cuimy
TOKa MOJKET M3MEPUTh ITOT amrepMmeTp Oe3 IIyHTa, eciu conportuieHue ammnepmerpa 0,02 Owm, a
conpoTHBiieHHE myHTa 5 MOM?

4, Cunma TOKa B MM M3MEHSETCA CO BpeMeHeM Mo 3akoHy I=Iy-sinwt. Omnpenenuts
KOJIMYECTBO TEIJIOTHI, KOTOPOE BBIIETUTCS B MPOBOAHMKE conpoTuBieHneM 10 Om 3a Bpems, paBHOE
YETBEPTHU NEPHOJIA, eciin repuoa paseH 10 c.

5. 3a BpeMss 10 cekyHJ NpH paBHOMEPHO BO3pacTarolled CHIIE TOKa OT HYJIA [0
HEKOTOPOTr0 MaKCMMyMa B IPOBOJHUKE BBLAECIWIOCH KoiaudecTBO TeruoTel 40 x/Dx. Onpenennuts
CPEIHIOI0 CUJTYy TOKA B TPOBOJIHHUKE, €CIIA €r0 COMPOTHUBJIEHHUE paBHO 25 OM.

N O

2 Kypc,. 3 cemecTp.
1) MarneTusm.
Bonpocs! 1u1s1 caMonpoBepKH:

1. Cdopmynupyiite 3akoH Amrepa.

2. ChopmynupyiiTe TpUHITUT CYTIEPIIO3UIINH TTOJICH.

3. Ha uro nelictByer cuia JlopeHiia u uemy oHa paBHa?

4, Chopmynupyiite u 3anumute 3akoH buo-CaBapa-Jlarmaca.

5. Cdhopmynupyiite mpaBuiIo IpaBoro BUHTA.

6. UYeMy paBeH MOMEHT CUJ1 AMIIepa, IEUCTBYIOIIUX Ha KOHTYP ¢ TOKOM?

7. Uemy paBeH U Ky/a HalpaBJieH AUIMOIbHBIA MAarHUTHBIM MOMEHT KOHTYpa ¢ TOKOM?
8. Uemy paBHa paboTa Mo NepeMeneH!Io0 KOHTypa ¢ TOKOM B MarHUTHOM ToJie?

9. Uemy paBeH MOTOK BEKTOpPa MarHUTHOTO TOJIS Yepe3 3aMKHYTYIO IIOBEPXHOCTH?
10.  Yemy paBHa HUPKYJIAIUS BEKTOPa MArHUTHOTO TMOJIS IO 3aMKHYTOMY KOHTYpPY?
11.  Yemy paBHa UHAYKIHUS U UHAYKTUBHOCTH TOPOUJA U COJieHOH1a?

12. Ha uto neiictByet cuia Jlopenia u ueMy oHa paBHa?

13.  Cosepmaer nu cuna Jlopenna paboty?

14.  Yrto mpoucXoauT C 3apsKEHHOM YacTHIICH B SJIEKTPUYECKOM U MAarHUTHOM TOJISIX?
15. CdopmynupyiiTe npaBuio g HaX0XKACHUS HaMpaBleHus cuibl JlopeHna.

16.  Kakwue BemiecTBa Ha3bIBAIOT MarHeTUKAMU?

17.  Yro moka3piBaeT MarHUTHas BOCIPUUMYHBOCTD?

18. B uewm 3akioyaeTrcs MarHUTHBIN TUCTEPE3UC?

19.  Yro Takoe Touka Kropu?

20.  Cdopmynupyiite 3akoH Kropu-Beiica.
3agaum VI CaMONIPOBEPKHU:

1. beckoHeuHO MIMHHBIN TOHKUH TPOBOJHUK ¢ TOKOM 50 A umeeT u3rubd paauycom 10 cm.
Onpenenutpb B Touke O MarHUTHYIO UHAYKIIUIO MOJIsI, CO3aBAEMOTO 3TUM TOKOM.
2. Haiitu Hanps>KeHHOCTh MAarHUTHOTO TOJISI HA OCH KPYrOBOTO TOKAa HA PACCTOSIHUU 3 CM

OT ero I1ockocT. Paguyc koHTypa 4 cM, TOK B KOHTYpe 2 A.



3. [To TOHKOMY ITPOBOJIOYHOMY KOJIbIlY T€UeT TOK. He M3MeHsist cuiibl TOKa B IIPOBOJIHUKE,
emy npupanu (opMmy kBagpata. Bo ckoinpko pa3 HM3MEHWIAch MarHUTHAas WHAYKIHUA B LEHTPE
KOHTypa?

4. Ilo ToHKOMY mnpoBOAgy B BHAe Koibla paauycoM 20 cm Ttewer Tok 100 A.
[lepnieHIUKYNIAPHO IMJIOCKOCTH KOJIbLIA BO30Y)KJIEHO OJHOPOJHOE MArHUTHOE IoJie ¢ MHAYyKuuen 20
MTi. Haittu cuity, pacTAruBaroniyro KoJblio.

o. ToHkui TPOBOJ B BHUIE OYTH, COCTAaBJISIONIEH TPETh KOJbLAa paadycoMm 15 cwm,
HaXOJUTCS B OJHOPOJHOM MarHUTHOM rmoiie ¢ uHayknueil 20 mTa. Ilo nmpoBoay Teuer Tox 30 A.
[InockocTh, B KOTOPOH JIEKUT yra, NEpIEeHUKYIIpHA JIMHUAM MarHUTHOM MHIYKIIUU, U TIOJIBOJSILIME
IIPOBOJIa HAXOAATCS BHE N0, OnpeaenuTs CUly, AeHCTBYIOIIYIO Ha IPOBOJ.

6. Topoun kBanpatHoro ceueHus: coaepxkut 1000 ButkoB. HapyxHbiit quamerp Topouaa
paBeH 40 cMm, BHyrpeHHu#H - 20 cM. HaliTu MarHUTHBIM TOTOK B TOpOHWJE, €CIU CHJIA TOKa,
npoTtekamomero no oOmorke, paBHa 10 A. VYuecTp, YTO MarHuTHOE IIOJI€ BHYTPU TOpOMIA
HEOHOPOHO.

1. KoakcuanpHbiil kabenb mpeacTaBisieT co00 UIMHHYI0 METALNTHYECKYI0 TOHKOCTEHHYO
TpyOKy paauyca 10 MM, BIOJIb OCH, KOTOPOH PACIONOkKeH TOHKUN NpoBojA. CUibl TOKOB B TpyOKe U
MIPOBOJIE PaBHBI, HAIIPABJIEHUS UX MPOTUBOMOJIOXKHBL. OMNpenenuTh MarHUTHYI0 MHAYKIUIO B TOYKaXx,
yIaJeHHBIX Ha paccTOssHUA 5 MM U 15 MM OT ocu kabensd, eciu cuia Toka pasHa 0,5 A.

9. [IpoToH, mpoiias yCKOpAIOIIYI0 pa3HOocTh noTeHmuanoB 800 B, Bieraer B CKpelieHHbIE
noa mpsMbeIM yriaom marHuTHoe (50 mTn) u snekrpuueckue mnosst. OnpeaenuTh HANpsSKEHHOCTh
AIIEKTPUYECKOTO TOJIsI, €CIH MPOTOH JIBUYKETCS B CKPEUIEHHBIX MOJISX IPSIMOJINHEIHO.

10. DJIEKTpPOH B OJHOPOJAHOM MarHuTHOM mnoJie ¢ uHaykumen 0,1 Tn gBmxkercs mo
OKPY)KHOCTH. HaliTi crily SKBHBaJIEHTHOTO KPYroBOI'O TOKa, CO3/IaBa€MOT0 JIBUOKEHUEM SJIEKTPOHA.
11. DJIEKTPOH JBWXKETCS B OJHOPOJHOM MAarHuTHOM mone ¢ wuHaykmued 0,1 T

MEPNEeHIUKYIAPHO JIMHUAM HHAYKIUH. OnpenenuTh CUily, JeHCTBYIONIYIO Ha 3JIEKTPOH CO CTOPOHBI
MOJIs, €CIIA PAaauyC KPUBU3HBI TpaeKkTOpHuu paseH 0,5 cm.

12. OmnpenenuTh 4YacTOTy JAPMOPOBOM TPEIECCHU AJICKTPOHHOM OpOUTBI B aToOME,
HaXOJAIIEMCSl B MATHUTHOM T10Ji€ 3€MJIM, MarHUTHasi MHAYKIHS KOToporo paBHa 50 MxTo.
13. Ha omun arom xeme3a B He3anmoJIHEHHOW 3d-o00Ji0uKe MPUXOIUTCS YETHIPE

HECIIAPEHHBIX AIEKTpOHA. OINpenenuTh TEOPETUYECKOE 3HAYEHWE HAMAarHWYEHHOCTH JKeJe3a IpHU
HAaCBIIICHUU

14.  BucMmyToBBI HIapuUK paauycoM 1 cM mHOMelleH B OJHOPOJHOE MAarHWTHOE IOJIe C
uaaykiued 0,5 Tn. OnpeaenuTb MarHUTHBIM MOMEHT, IPHOOPETEHHBIN IIAPUKOM, €CJIM MarHUTHAas
BOCIIPUMMYHMBOCTh BUCMYTa paBHa -1,5 - 10,

2) JJIeKTPOMATrHUTHAasI HHAYKIMsA. YpaBHeHus MakcBeJa.

Bomnpocsl 11 camonpoBepku:
3anuimuTe 3akoH HHAYKIMKM @apanes-Makcsesia.
Cdhopmynupyiite npasuio Jlenua.
B uewm 3akirouaercs siBI€HHE CAMOUHIYKUINN?
Uemy paBHaA 3HEPrHsi MArHUTHOTO MOJIS?
Uemy paBHa 00bEMHAs TUIOTHOCTh MArHUTHOTO TOJIS?
UTto Takoe TOK cMeleHus ?
3anumuTe W MpOAHATU3UPYHTEe YypaBHeHHs MakcBemna B auddepeHunanbHol U
WUHTETrpaibHON (opMax.

NoogkrwnPE

8. 3anuiuTe U MpoaHaIu3upynTe ypaBHeHUs: MakcBesula B MHTErpaibHOU (opme.

9. CoopmynupyiiTe NPUHIUIT OTHOCUTEIBHOCTH B 3JIEKTPOIMHAMUKE.

3agaum VI CaMONIPOBEPKHU:

1. B marautHOe mozue, m3MeHsAwIeecs Mo 3akoHy B=Bgcoswt, momeleHa kBaapaTHas

paMka co crtopoHoil 50 cMm, mpuyeM HOpMallb K paMKE COCTAaBJISIET C HAIllpaBIE€HUEM TOJIs YTroJl 45°,

-1 _
Omnpenenure 3/1C MHAYKIMH, BOSHUKAIONIYI0O B paMKe B MOMEHT BpeMeHHU 5 ¢, ecinu w=4c ™, Bp=0,1
Ton.



2. IIo nByM TJIagKUM BEPTHKAIBHBIM IIPOBOJAM, OTCTOSIIMM Jpyr OT Jpyra Ha
paccrostHue |, CKOJNB3UT MOJ JACHCTBHEM CHIIBI TSHKECTH NPOBOIHUK-TIEPEMbIYKa Macchl m. Beepxy
IIpOBOJIa 3aMKHYThl Ha comnpoTusieHue R. Cucrema HaxoauTcs B OJHOPOJAHOM MAarHUTHOM IIOJIE C
MHAYKIHEH B, mepneHauKyaIspHOM IIOCKOCTH, B KOTOPOH mepemernaeTcs nepeMbruka. [Ipenedperas
CONIPOTHBIICHUEM IPOBOJOB, IEPEMBIYKM M CKOJB3SIIMX KOHTAKTOB, a TAaKKE MAarHUTHBIM I10JIEM
MHJYKIUOHHOTO TOKA, HAMTH YCTAaHOBUBIIYIOCS CKOPOCTb IEPEMBIUKH.

3. JlokaxuTte ¢ NOMOLIBIO YypaBHEHUN MakcBeiuia, 4TO IIEPEMEHHOE BO BPEMEHU
MarHUTHOE TI0JI€ HE MOXKET CYIIECTBOBAThH 0€3 AIEKTPUIECKOTO TOJIS.
4. JUIMHHBI UIMIMHAPUYECKUM KOHJEHcaTop 3apsbkaercss oT ucrtouyHuka c OJIC.

[Ipenebperast kpaeBbIMU PPEKTaMU, JOKAKUTE, YTO TOK CMEIICHHUS B JUIJICKTPUKE, 3aNOJTHSIOIIEM
MIPOCTPAHCTBO MEX]ly 00KJIaJKkaM1 KOHJIEHCATOP, a paBeH TOKY B 1ienu ucrounuka JJ[C.

3) Il'apmonnyeckue Koedanus. JIeKTPUUYECKHE KOJIeOAHNS.

Bonpocsl 1i1s caMOnIpoBepKu:

1. Uto Takoe rapMoHHuYecKoe Kojebanue? UTo Takoe mepuon, amIumTyga U (dasza
KoJieOaHus?

2. Uro Takoe 3aryxaromee kosnebanue? YUto Takoe aBTOkojeOanue? Uto Takoe
BBIHYXJICHHOE Kosie0aHue?

3. Uto Takoe (as3oBasi CKOpPOCTb, JJMHA BOJHBI, BOJHOBOE YHUCIO, (ha30BbIil (QpOHT,
BOJIHOBOU BEKTOp?

4. Kakue BOJHBI HAa3BIBAIOTCS MPOJOJBHBIMH W TIOTIEPEYHBIMHU? 3alUIIUTE BOJHOBOE
ypaBHeHHe. Kak 00pa3yroTcst cTosiaue BOJTHBI?

5. Kakast anexTprdeckas el Ha3bIBaeTCsl JICKTPHISCKUM KOJIeOaTSIIbHBIM KOHTYPOM?

6. Kaxkue xoxebanust Ha3bIBAIOTCA CBOOOJHBIMU?

7. Urto Takoe BBIHYXJCHHBIC KoJieOaHus? UYeMy paBHa dYacToTa BBIHYKICHHBIX
koJiebanuit? OT 4ero 3aBUCHUT YaCTOTa BBIHY)KJICHHBIX KOJICOaHMIA?

8. Kakue xonebanust Ha3bIBalOTCA COOCTBEHHBIMU?

9. UTO Ha3BIBAIOT 3aTYXAMOMIMMHU KOJICOAHUSIMU?

10. Kaxkoe siBnenne Ha3zpiBaeTcsi pesoHaHcoM? UTO Ha3bIBa€TCs, PE30HAHCHOW KPUBOM?

3agayu Il CAMOTNIPOBEPKH:

1. Touka coBepiraer rapMoHUYECKHE KoJiebaHus ¢ amiuuTyaou 10 cM u mepuogom 5 c.
HaiiTu 115 TOUKK MakCUMaIbHYIO CKOPOCTh M MAKCUMAaJIbHOE YCKOpPEHHUE.

2. Onpenenure  OTHOLIGHME  KHUHETHUYECKOM  SHEPruM  TOYKH,  COBEpIIAoLIeit
rapMOHUYECKHE

KoJiebaHus, K e MOTEHIMAIbHON SHEPruu.

3. B pesynbrate crnokenusi IByX KoseOaHuii, mepuon, oaHoro u3 kotopeix 0,02 c,
nosyyatot 6uenus ¢ nepuogom 0,2 c. Onpenenute nepruo BTOPOro CKIAIbIBAEMOr0 KoJieOaHwUsl.

4. Omnpenenure ATUHY BOJIHBI, €CJIM YHCIOBOE 3HAYEHHE BOJHOBOrO BekTopa paBHo 0,025
¢t

5. DNEKTPOIoe3 ] MPOXOAUT CO CKOPOCTHIO 72 KM/4 MHUMO HEMOJIBUKHOTO MPUEMHHKA U

naet rynok, yacrora kortoporo 300 I'm. Ilpurumas ckopocth 3Byka paBHOi 340 M/c, ompenenute
CKayOK YacCTOTbI, BOCOPHUHUMAEMbII IPUEMHHUKOM.

6. B Bakyyme BIOJIb OCHM X pacmpoCTpaHsE€TCA IUJIOCKas 3JIEKTPOMArHUTHAsl BOJIHA.
AMIUIMTY/1a HaMpsDKEHHOCTH AJIEKTPUYECKOro TMojs BOJHBI coctaBiseT 50 mB/Mm. Omnpenenute
WHTEHCUBHOCTH BOJIHBI, T. €. CPEIHIOI0 SHEPTHUI0, MPOXOAIIYIO 32 €IUHUIY BPEMEHU Yepe3 €ANHUIY
MMOBEPXHOCTH.

7. KonebarenbHblif KOHTYp COCTOUT H3 KOHAeHcaTtopa emkoctd C, KaTylmku
WHIYKTUBHOCTH L ¢ mpeHeOpekrMMO MalbIM CONMPOTUBJICHHEM U Kiroua. [Ipu pasoMKHYTOM Kitoue
KOHJICHCATOP 3apsIviIn 10 HanpspbkeHus Um u 3aTeM B MOMEHT t = (0 3aMKHynu Kiatod. HailiTu: a) Tok B
KOHType Kak ¢yHkiuio Bpemenu I(t); 6) DAC. caMOMHAYKIIMKM B KaTyIIKE B MOMEHTHI, KOTJa
AJIEKTpUYECKasi JHEPTUs KOHJAEHCATOPa OKa3bIBAECTCSl PAaBHOM YHEPTUU TOKA B KATYIIIKE.



8. B xontype ¢ emkocTbio C ¥ HHAYKTUBHOCTBIO L IIPOUCXOMAT CBOOOAHBIC 3aTyXaIOMIHe
KOJICOAHHSI, [IPH KOTOPBIX TOK MEHSETCsS BO BpeMerH o 3akony I = [ne ™™ Hajitn manpsskenue Ha
KOHJICHCATOPE B 3aBUCHMOCTH OT BPEMEHH M, B YaCTHOCTH, B MOMEHT t = 0.

9. Ha ckonIbKO MpOLIEHTOB OTIMYAETCA YacTOTa  CBOOOJHBIX KOJEOaHM KOHTypa ¢
T0OpOTHOCTEIO Q = 5 OT cOOCTBEHHOM 9acTOThI ®0 KOJIeOaHM TOTr0 KOHTYpa?
10. B konebGaTenpHOM KOHTYpe HMHIYKTUBHOCTH Karymku L = 2,5 mMI'H, a emkoctu

koHaeHcatopoB C1 = 2 Mk® u C; = 3 mx®. Konnencarops! 3apsauin a0 HanpsbkeHus U = 180 B u
3amkHyau ko4 K. Haiitu: a) mepuon coOCTBEHHBIX KOJieOaHWI; 0) aMIUIMTyIHOE 3HAYCHHE TOKa
yepes3 KaTylIKy.

4) BoanoBas onTuka-1.

Bonpocsl 1y1s caMonpoBepKu:

Cohopmynupyiire npuniun ['toiirenca.

UYTto Takoe KOTepeHTHBIE BOJIHbI?

Uto Takoe onTuyeckas pazHOCTh xoa?

3anumnuTe yCIoBUS MaKCUMyMa U MUHUMYMa.

Onumure npuHUUI paboThl HHTEphepoMeTpoB Maiikenbcona u ®adpu-Ilepo.

3agauu AJ18 caMONPOBEPKU:

1. Paccrosanune mexny 5-m m 25-m xonbnamu HeroroHa paBHO 9 mm. Paamyc kpuBH3HBI
qua3bl 15 M. Hailtm mpiMHy BOJIHBI MOHOXPOMATHYECKOTO CBETAa, MAJAlIIEro HOPMAIbHO Ha
ycraHoBKy. HabmtoeHue npoBoiuiiocs B OTPa)KEHHOM CBETE.

2. B omerte FOnra BHawanme Oepercs cBeT ¢ AMHON BoJHBI 600 HM, a 3aTeM C JPYrou.
KakoBa jmiiHa BOJTHBI BO BTOPOM CiTydae, eciii 7-51 CBETJIas ToJioca B IIEpBOM citydae coBnanaet ¢ 10-i
TEMHOH BO BTOPOM.

3. [Ipu 3anoiHEHNM HAXOAIEHCS HA MTYTH OJHOTO M3 MHTEPPEPUPYIONTUX JIYIESH MyCTOM
TpyOKH [muHON 5 cm kuciopoaoM (n;=1,000271) mpoucxomut cmemieHne HHTEpHEPEHITMOHHBIX
nojioc. Kakyio TOJNIMHY JOJKEH MMETh KOMIEHCHUPYIOIIUM CTEKJISHHBIM KIWH ¢ np=1,5 Ha myTu
BTOPOTO JIy4a, YTOOBI BOCCTAHOBUJIACH NTE€PBOHAYANIbHAS KapTHUHA?

5) BosiHoBast onTuka-2.

Hudpakuus ceera. [Ipunnun [toiirenca-®dpenens. Meton 30 @penens. ludpakunonHas
pemierka. Pazpematomas cnocoonocts. lonspuzanus ceera. JIuneliHas, KpyroBas U SJUTUITHYECKAs
noJispuszanuu. EctecTBeHHbIN cBeT. [[BoliHOE snydenpenomienue. [lomspusanus cBera npu JBOMHOM
nyyenpenomienuu. [longpuzaumonnsie mnpubopsl. 3akoH Mamoca. Bpaimienue miaockoctu
MOJISIPU3ALMN B KPUCTAJUIMYECKUX TEJax.

Bomnpocsl 11 camonpoBepku:

Cdhopmymnupyiire npunmun ['toiirenca-Openens.

B uewm 3akmrouaercs meron 30H Openens?

Uro Takoe nudpakiMoHHas pemeTka’?

Onumure AUQpakinio Ha MPOCTPAHCTBEHHOH pelIéTKe.

3anuimuTe yCIOBUS MAaKCUMyMa U MUHUMYMa.

Uto Takoe noJsspru30BaHHbBINA CBET?

Chopmynupyiite 3akon  Mamtoca.

Cdhopmynupyiite 3akon bprocrepa.

B uem 3akirouaeTcs siBIIeHHE MOJSPU3ALNN [IPH ABOMHOM JTy4enpesioMIIeHun?

B gem 3axmouaercs a¢ppext Dapanes?

3agauu 118 CaMONIPOBEPKH:

1. Ha mudpakimonnyro pemieTky HOpMalbHO MajgaeT My4oK cBera. Uemy NOKHA OBITh
paBHa MOCTOSIHHAS AU(PPAKIIMOHHON PEUIETKH, YTOOBI B HAMPABJICHUU 41° comanu MaKCUMYyMBbI JBYX
mmHuHA 656,3 HM u 410,2 HM.

2. Onpenenuts paanyc TpeTbeil 30HBI DpeHens, €cau pPacCTOSHHE OT TOYEYHOTO
uctounuka cera (A=600 HM) O BOJHOBOW MOBEPXHOCTU U OT BOJHOBOU MOBEPXHOCTH 0 TOUYKH
HaOmoIeHNs paBHO | M.
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3. CkonbKO MTPUXOB HAa | MM COAEPXKUT AUPPAKUMOHHAS pEIIETKa, €CIH IpU
HOPMAJIbHOM TaJICHUU MOHOXpomatudeckoro cpera (A=0,6 MKM), MakCUMyM ISATOTO TOpSIKa
orkione Ha 18°,

4. T110CKOCTH TPOTyCKaHMs ABYX HHKOIeil obpasyior yron 30°. B KkakmoMm HHKOIE
noryomtaercs 10 % manatomero cera. OmpenenuTh: a) BO CKOJBKO pa3 OCIabisIeTcsl CBET IMOCie
MPOXOXKICHHUS Yepe3 MOpU3aTop 0) BO CKOJBKO pa3 OCNIabsAeTcs CBET MOCIE MPOXOXKACHUS depes
aHaJIN3aToP; B) HAa KAKOW yroJl clieyeT IOBEPHYTh aHAIN3aTOpP, YTOOBI YEPE3 HETO CBET HE MPOXOAUI?

o. Yrona Mexay MmiI0CKOCTSIMU MPOIYCKAHUS MOJsIpU3aTOpa U aHAIM3aTopa PaBeH 45°. Bo
CKonLgco pa3 yMEHBIIUTCS MHTEHCUBHOCTh CBETA, BBIIICAIICTO U3 aHAIM3aTOPa, €CIIM YroJl YBEIUYUTh
1o 60°.

6. VYrous bprocrepa npu nmajgeHUH CBETAa U3 BO3JyXa Ha KPHUCTAUI KAMEHHOM COJIM PaBeH
57°, OrnpenenuTh CKOPOCTh CBETA B ’TOM KpHCTAJLIE.
6) B3aumopeiicTBue cBeTa ¢ BeleCTBOM.

Bonpocsl 11s caMonpoBepKu:
Urto Takoe nucriepcus ceera?
B uem 3akirouaeTcst aneMeHTapHast JJIEKTPOHHASI TEOPHS TUCTIEpCUn?
Yro Takoe morjionieHue ceera?
Cdopmynupyiite 3akoH byrepa-Jlambepra.
. Chopmynupyiite 3akon Panes.
3agauu AJ1 caMONPOBEPKU:
1. [Ipy mpoxokJACHWM B HEKOTOPOM BEHIECTBE IMYTH X WHTEHCUBHOCTH CBETa
yMeHbIuaach B 3 pasza. Ompenenurte, BO CKOJBKO pPa3 YMEHBIIUTCS WHTEHCHUBHOCTh CBETa TP
MPOXOXKJICHUH MYTH 2X.

GAwN e

2. Onpenenute KOHIICHTPAIUIO CBOOOTHBIX AJIEKTPOHOB HOHOCGHEPHI, €CIH I PAAHOBOH
¢ yactotoit 97 MI'l ee nmokazarensb npenomiienus 0,91.
3. [Tokazarens TpeoMIICHUST ISl KPAaCHOTO CBETa B CTEKJE (TSDKEIbIM (JIMHT) paBeH

1,6444, a nns puoneroBoro - 1,6852. HaliTu pa3HuUIly yIiIOB MPEIOMIICHUS B CTEKJIE TAHHOTO COPTAa,
€CJIM yroJi NTaJICHUs pPaBeH 80°.

4, [Tokazarens mnormoiieHus: Iia3mbl KpoBu paBeH (0,836 em?t. Kakas TOJIIIUHA CJIO0S
IU1a3Mbl KPOBU YMEHBIIAET HMHTEHCUBHOCTb 1aJIal0IIEro cBera B 3 pasza?

7) N3iaydeHune yepHOro Teja.

Bonpocs! u1s1 camonpoBepKu:

1. UYro Ha3bIBaeTCA TEIJIOBBIM U3ITydeHUEM ?

2 [lepeuncianre 0cOOEHHOCTH TEIUIOBOTO M3ITy4EHHS.

3. UTto Takoe abCOFOTHO YEPHOE TEJO0?

4 Coopmynupyiite 3akoH Kupxroga, 3akon Credana-bosbliMaHa U 3aKOH CMEILEHMS
Bumna.

5. B uem dusnueckuit cmpica yauBepcaibHoi pynkiuu Kupxroda?

6. KakoB ¢usnyeckuil cmbica NMOCTOsSHHOM © B 3akoHe Credana-bonpimana m Am B
3aKoHe cMelieHus Buna?

7. KakoBsl ycnosust nepexoaa ¢popmyssl [lnanka B popmyny Panes-/xunca?

3agaum 118 CaMONPOBEPKH:

1. Temneparypa BepxHux cnoes 3Be3apl Cupuyca 10 kK. Onpenenuts moTok 3HEPTUH,
M37Ty4aeMoif ¢ TTOBEPXHOCTH MIOMAnbio 1 kM TOM 3BE3/IbL.

2. Kakyto MomHocTh u3nydyenus umeet Connne? M3nyuenne ConHIa cuuTaTth OIM3KUM K
n3nyuenuto AYT. Temneparypa noBepxHoctu connua 5800 K.

3. MOIIHOCTh H3JIydyeHUs] pacKaJeHHOW MeTaluueckod mnoBepxHoctn 0,67 kBT.

Temnepatypa nosepxHoctu 2500 K ee miomans 10 cm?. Kakyto MoIHOCTh H3TydeHus uMena Obl 3Ta
MOBEPXHOCTh, eciu Obl OHa OblTa alcomoTHO uepHOW? HalTu OTHOIIEHHE SHEPreTHYEeCKUX
CBETUMOCTEH ATON TOBEPXHOCTH M a0COTIOTHO YEPHOTO Tella MpHU JaHHOH TeMIieparype.



4. Ha ckxonbko ymenpmmrcss Macca CojHIIA 3a Toj BCIEACTBUE HM3IydeHMsI? 3a Kakoe
Bpemsi Macca ConHua ymenbliutcs BaBoe? Temmeparypa moBepxnoctu Comnna 5800 K. Ero
HU3JTY4YCHUC CHUTATh NOCTOSAHHBIM.

o. Ha kakyr0o [nuHy BOJIHBI MPUXOJUTCS MAKCUMYM CIHEKTPaJIbHOM IUIOTHOCTH
SHEPTeTUYECKON CBETUMOCTH aOCOJIIOTHO YEepHOTO Tella, HMMEIOIIEr0 TEeMIEpaTypy, PpaBHYIO
temneparype 37 °C denoBedeckoro Tema?

8) B3aumopaeiictBue (pOTOHOB € 3JIEKTPOHAMH.

Bonpocsl 1i1st caMOnpoBepKuU:

1. Cohopmynupyiite KBaHTOBYIO runote3y Ilnanka.

2. Jaiite onpenenenue BHenIHero GoTodPdexra.

3. UTto Takoe TOK HachIICHUS U 3aJIep>KUBAIOIee HAaNlpshKeHHe?

4. Cdhopmynupyiite 3akoHbl poTorddeKTa.

5. Kaxk ¢ momomipio ypaBHeHue DitHIITeHA 00BsICHUTD 1 1 2 3akoHbBI (hoToIPderTa?

6. Kakne xapakrtepucTuku (OTOHA OTPEACISIIOT €ro BOJHOBBIE M KOPITYCKYJISIPHBIC
cBolcTBa?

1. ®oTOH ¢ AIMHON BONHBI | MM paccessicss Ha CBOOOJHOM JJIEKTPOHE TOJ YTJIOM 90°.
Kaxkyro gomto cBoeit sHepruu GOTOH nepeaann JEeKTPOHY?

2. Kaxkast monst sHeprum ¢GoToHa pacxoayercs Ha padoTy BbIXoJa (OTOIIEKTPOHA, €CIIU
KpacHas rpanuia goro3ddexra 307 HM, a MakcUMalbHasi KHHETHUYECKas sHeprus 1 sB?

3. ®oton ¢ sueprueir 0,4 mMdB paccesuics mon yriom 90° Ha cBOGOIHOM AJIIEKTPOHE.
OmnpenennuTh SHEPTHUIO PACCETHHOTO (POTOHA M KHHETHYECKYIO SHEPTHIO AIEKTPOHA OTIAYH.

4, Haittu noctosinnyto [1naHka, eciiym M3BECTHO, YTO AJIEKTPOH, BBIPHIBAEMBIA W3 METaslIa

CBETOM C YacTOTOM 2,2-1015 I'n, 3amepkuBaeTcsi pa3HOCTBbIO MOTEHIMAIOB 6,6 B, a BbIpbIBacMbIi
CBETOM C 4YacToToii 4,6 1015Fu 3aJIEP’)KUBAETCS PA3HOCTHIO MOTEHIMANOB 16,5 B.

5. B Bakyyme HaxomsATCs JBa KaJbIIMEBBIX OJEKTPOJa, K KOTOPHIM MOAKITIOYCH
koHaeHcaTop EMKOCThIO 4000 nd. [Tpu AIUTENHPHOM OCBEIIEHUH KaTOJa MOHOXPOMATHYECKUM CBETOM
¢ HHOK BOJIHBEI B 300 HM (OTOTOK MEXTy SJEKTPOaMH, BOZHUKIIMI BHAYaIe, MPEKpaIaeTcs, a Ha
KOHJIGHCATOpPE YCTaHABIMBACTCA JJeKTpuueckuit 3apsn. «KpacHas rpanumma» dotodddexra mist
kanpius 450 M. OnpenennuTe YCTAHOBUBIIHMIACA 3apsA] KOHJEHCATOpPAa. EMKOCTBIO CHCTEMEI
AJIEKTPOJIOB MTPEHEOPEYb.

6. @DOTOH C JJIUHHOW BOJIHBI, COOTBETCTBYIOIIEH KpacHOW Tpanuie (ororddekra,
BBIOMBAET DJIEKTPOH M3 METAUIMYECKOW IUIACTUHKH (KaToja), HaXOAIIETroCcsl B COCYAE, U3 KOTOPOTO
OTKa4yaH BO3JyX. ODJEKTPOH Pa3TOHSAETCS OJHOPOIHBIM JJICKTPUUYCCKHUM IIOJIEM HAMPSHKEHHOCTHIO
5-10* B/m. Jlo kaxoii CKOPOCTH JJIEKTPOH Pa3rOHUTCS B 3TOM TMOJI€, MPOJIETEB IYyTh 510" M.
PenstuBuctckue 3pdeKThl HE yYUTHIBATD.

9) BoJiHOBBIE CBOICTBA YACTHII.

Bomnpocsl 111 camonpoBepKH:

1. Cdhopmynupyiite runoresy e bpoitns

2. CoopmynupyiiTe 1 3alMIIATE COOTHOIICHHE HeonpeaenenHocTel [ 'elizenOepra.

3. 3anummTe cTalMOHapHOE U BpeMeHHoe ypaBHeHus Llpeaunrepa

4. UYro onpenensier KBajpat BOJHOBON QpyHKIMN?

S. Mo3keT a1 yacTUIa HaXOAUTCS Ha JHE NOTEHIMATbHON AMBbI?

6. Kakumu cBoiicTBaMH MUKPOYACTHUI] 00YCIOBIIEH TYHHENIbHbIN 3(h(exT?

7. Uro Ha3pIBaeTCs INIaBHBIM KBaHTOBBIM uuciioM? Kakoe cocTosiHMe aTomMa Ha3bIBaeTCs
BO30YXKICHHBIM?

3agaum A1 CaMONIPOBEPKH:

1. B npsMoyroipHON MOTEHUUAIBHON siMEe IMIMPUHOM | ¢ aOCOIIOTHO HENPOHUIIAeMbIMH

creakamu (0<x<l) HaxomuTcs dactuia B cocTosHUU n=4. HaliTu BepOSITHOCTH MECTOHAXOXKICHHS
yacTHIEI B o0mactu 1/3<x <l.

2. [Ipenmonarasi, 4TO HEOMPENEICHHOCTh KOOPAWHATHI JABIIKYIICHCS YacTUIBI paBHA
NneOpoiiNieBCKON JTUHE BOJIHBI, OMPENENIUTh OTHOCHTEIHHYIO HETOYHOCTH Ap/p uMMynbca 3TOH
BEJIUYHHEL



3. KoadduumeHT npoxoxaeHus 37eKTPOHOB Yepe3 HU3KUN NOTEHIUAIbHBIN Oaphep paBeH
KodpuuneHTy orpaxkeHus. OnpeaenuTb, BO CKOJIBKO pa3 KWHETHYECKast SHEPTHUs 3JIEKTPOHOB OOJIbIIIE
BBICOTHI MOTEHIIMATBLHOTO Oapbepa.

BrinosiHenne pacueTHo-rpaguyeckoil padoThl

Pacuerno-rpadmdeckas pabora (PI'P) - camocrositensHass mUCbMEHHAss paboTa CTY/ICHTA, B
OCHOBE KOTOPOIl JIC)KUT pelIeHNEe CKBO3HON 3aJaul, OXBAThIBAIOIIEH HECKOJIbKO TEM JUCIMIUIMHBI U
BKJTFOYAIOIIEH OCYIIECTBICHUE PAacue€TOB, 000CHOBAHU U BHIBOJIOB.

PI'P TpeOyroT 3HaHWU MO cpa3y HECKOJBKHM IAMCHUIUIMHAM, a TaKKe yMEHHe padoTaTh C
npodeccHOHaTBFHON JINTEPaTYpOil, TabIMIIaMH, aHAIM3UPOBATH TaHHBIE.

PI'P nomxHa mnOpencraBidATh coOOW €IMHYIO CBA3HYIO LENOYKY U3 IHCbMEHHBIX
YMO3aKIOYEHUH 1 MaTEMaTUYECKUX pacyeToB, KOTOPbIE MPUBOJAT K PEUICHUIO rpaduuecKoil 3agauu.
B coctaB paGoTel BXOmAT GOpMYIHpPOBKA 3alaHUs, HUCXOJHBIE JaHHBIE. 3aTeéM MPUBOIAT
MIPaKTUYECKHUE PEIICHUS, UCXOJIS U3 PallMOHATILHOCTU WX MPUMEHEHUS, B 3aBEPILIEHNUH MUIIYT BHIBO/IBI
110 33/1a4e, aHaJIu3 HH(OpPMalINU, OTPAKEHHOM B BHIE TpaUKOB, JUarpaMm, pUCyHKOB. TeKCT H0JKeH
ObITh HamucaH 0e3 TpaMMmaTH4ecKux W opdorpadpudeckux omudok. IIponecc cozmanus padbOThI
MoJipa3yMeBaeT Takke O(opMIIeHuE TUTYJIBHOTO JIUCTa, OIJIABJICHUS, CIMCKa JIUTEpaTrypbl, U
pacimn@poBKy BCEX TEPMUHOB U CUMBOJIOB, KOTOPbIE€ UCIIOJIb30BaHbI B PEIICHUH.

Yacrtu PI'P:

1) OnucarenpHass 4YacTh HAUYMHAETCS C TOSCHUTENBHOM 3allMCKU-BBEACHUA, TJIE
000CHOBBIBAIOTCS apTyMEHTHI B MOJIb3Y 3HAUMMOCTH 3TOW 3aJauu JJIsl MPAKTUYECKOM e TeNbHOCTH -
MIPOM3BOJICTBA U T. J. Jlanmee uaeT HaydHasi TeOpUsl, OCHOBHBIE 3aKOHBI, MOJIEIM U TEPMHHBI, KOTOpbIE
HY>KHBI JIJIS1 peLICHHUS.

2) B ananmutnueckoir yactu ecth (HOPMYIHMpOBKA 3aJaHHUS M XapaKTEPUCTHKA OOBEKTa
UCCIIeIOBaHUs. 3JieChb CTYACHT IMPOBOJUT MaTeMaTHYEeCKHE pacdeTbl M JeJaeT BCe HEOOXOAMMBbIE
rpaduku, cxembl. Bce manHpIe MoTyqaroT rpadguueckoe 0ToOpaxeHue.

3) BrIBoIbI OIpa3yMeEBaIOT CAMOCTOSTENbHBIE PACCYKI€HUs 00y4aloLIerocs o mporecce
pelIeHHs 3aJadyd M ee pe3y/nbTarax, OlleHKa pe3yabTaTOB, UX PEATUCTHUYHOCTH, MPUMEHUMOCTH B
KU3HHU, a TAK)KE€ PEKOMEHIAIUU.

PacuerHo-rpajduueckas padora Ne 1
«Du3nyeckne 0CHOBbI MexaHuKu. MoJiekyJsipHasi (pU3UKA U TEPMOJIMHAMUKA.
duaekTpocraTuka. [1oCTOSIHHBIN JIEKTPUIECKUH TOK»

3aganue Nel
Pagunyc-BekTop MarepuanbHON TOUKHM OTHOCHTEIBHO Hayaja KOOPIUHAT U3MEHSETCS CO BPEMEHEM I10
3aKOHY 7 = bti + ct?].

1. HaAlTH ypaBHCHUE TPACKTOPHH JBMKECHUS TOYUKH
2. NOCTPOUTH rpaduK TpaekTopuu Touku B mpomexytok Bpemenu ot §, =0 no t, =5,¢;
3. OTIPENICIUTh MOYJIb CKOPOCTH TOYKH B Ha4yajie KOOPAUHAT (XO, yo) ;
4. OTIPENIEeNUTh MOJYJIM TaHI'€HIIUATBHOTO, HOPMAJILHOTO U TOJIHOTO YCKOPEHUH TOYKHM B Hayaje
KOOPIMHAT (XO =0y, = 0);
5. OTIPENICIIUTh PAJANYC KPUBU3HBI TPACKTOPUH TOYKH B HayaJie KOOPAUHAT (XO, Yo ) ,
YucroBble 3HaYEHUSI TApaMETPOB JUTS PELICHHs 3a1a4l HEOOX0JMMO B3SITh M3 Ta0iHIb 1.
Tabmuma 1
Ne Bapuanra 1 2 3 4 5 6 7 8 9 10 11 12 13
b, m/c 101201510 (15|20 25|10 |25 | 15 | 25 | 20 | 25
¢, m/c” 2010110151520 | 10| 25|15 | 25 | 20 | 25 | 30
Ne BapuanTa 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 23 24 25 26
b, m/c 30(30(10(30{20|25|35| 10| 35| 20 | 40 | 30 | 40
¢, m/c 25/110(30(20(30]30]10|35]20)| 35| 30| 40 | 50




3amanue Ne2

TBEpI0E TENO BpaIaeTcs BOKPYT HEMOBHKHOM ocu Z 110 3akoHy: @ =a -t —Db 12,

1. KaKOB XapaKTep JBUKEHHS 3TOTrO Tea?

2. ONPEJEIUTh MOAYJIH YIJIOBOM CKOPOCTHM () M YIJIOBOIO YCKOPEHMs & Tella, MOJIHOE YHCIIO
o6opoto N , coBepuiénnbix Tenom 3a Bpems , =95,¢;

3. ONPENEINTh MOMEHT BpeMeHH [,, KOrja HampaBliCHHE BpALICHHS Tela H3MCHSCTCS Ha

IIPOTUBOIOJIOKHOE;

4. MOCTPOUTH I'paK 3aBUCUMOCTH YIIIOBOM CKOPOCTH M YTIIOBOTO YCKOPEHHS TeJia OT BPEMEHH;
u

S. yKa3aTh OTHOCUTEJIbHOE HalpaBjeHHE BEKTOPOB YIJIOBOM CKOPOCTH () M YIJIOBOTO YCKOPEHUs

1

E.

YucoBbie 3HAYCHUS MTAPAMETPOB IS PEIICHUS 33]a9i HEOOX0IUMO B3STh U3 TaOIHUIIBI 2.
Tabmnuua 2

No BapuanTa 1 2 3 4 5) 6 7 8 9 10 11 12 13

a, pax/c 50/50]50|30[40|60|60| 70|70 70 | 80 | 80 | 80

b, pawc? 10(2030(10(10| 20 (30|20 |30| 40 | 10 | 20 | 3,0

Ne gapmanra | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 23 24 25 26

a, pan/c 80|80(90(90|90| 90| 90 |10,0] 100/ 10,0 | 10,0 | 10,0 | 20,0

b, paw/c? 40|50(10(20|30| 40 |50|20|30| 40 | 50 | 60 | 1,0

3aganue Ne3
Ha o6ox maxoBuka B (hopMe OJTHOPOJHOTO CIUIONIHOTO JUcCKa Maccoi M, u pagmycom R wmamorana

JE€rKas HUTh, K KOHIly KOTOPOW IpPUKPEIUIEH Ipy3 Mmaccoi M,. YpaBHeHue BpallleHHs MaXOBHKa:

& -t?
Q= T . 1o Hauana BpamieHuss MaXOBHKa BBICOTA IPy3a HAJI ITOJIOM COCTaBJIsIa h.
Onpenenuts:
1. TaHTE€HIIMAJILHOE YCKOPEHUE U JIMHEHHYIO CKOPOCTh, HOPMAJIBHOE U TMOJIHOE YCKOPEHHS TOUYEK

000/1a MaxOBHKa, BpeMsl OIYCKaHUs Irpy3a 0 MoJia, KHHETUYECKYIO0 SHEPTUI0O Ipy3a B MOMEHT yJapa o
ToJI;

2. YIJIOBYIO CKOPOCTh U YINIOBOC YCKOPCHUC MAXOBUKA,

3. CUJIY HATSKCHUA HUTHU C I'PY30M, pa60Ty CHJIbl HATSKCHUS 10 OITYCKAHUIO I'py3a Ha I0JI;

4, MOMCHT CHJIbI HAaTAKCHUSA HUTU MaAXOBHUKA, €0 MOMCHT HUMIIyJIbCa WU MOMCHT HWHEPpLUU
MaXOBHUKa, KHHCTUYCCKYIO SGHCPIUiO MaXOBHKaA,

5. HalIpaBJICHUA BCKTOPOB yTJ'IOBOﬁ CKOpPOCTH, YTJIOBOT'O YCKOPCHH, MOMCHTA CHJIBI U MOMCHTA

HUMITYJIbCa MaXOBHKaA.
YucaoBele 3HAYSHUS napaMeTpoB I PCHICHUA 3a1a4n HCO6XO)II/IMO B34Tb U3 Ta6J'II/II_U>I 3.

Tabmuma 3
Ne BapuanTa 1 2 3 4 5 6 7 8 9 10 11 12 13
m,, xr 50 (40(30|20|10|60]| 70 8090|100 10 | 20 | 3,0
m,, kr 1020|3040 (50|60 |100|90 80| 70 | 30 | 20 | 1,0
R, m 05,04(03|02|02,04|05|06]|07| 10| 02 ] 03| 04
h,wm 1015|1012 14|15 |20 |25|30| 40 | 20 | 10 | 05
Ne Bapuanra 14 |15 |16 | 17 | 18 | 19 | 20 | 21 | 22 23 24 25 26




m,., kr 30 [20[10|20[30|40|50|60]|70]| 80| 90 |100| 05
m,, xr 30 20(10|25(35|40 |50 |40|40/| 30 |20 | 40 | 02
R.um 025]02]02]025[03] 05| 0606070809/ 10015
h,m 20 [25[10]05[06[ 04|10 |15][12] 15 | 20 | 25 | 05

3ananue Ned
B 3akpbiToM pesepByape oobéMom V Haxoaurtes raz X . HauanbHoe coctosHue rasa (cocrosuue 1)

XapaKTEPU3yeTCs TEPMOJMHAMMYCCKMMHU IapaMeTpamu: macca rasa M, nmaenenme raza [,

Temmeparypa rasa I,. Ilocie TOTo, Kak B pe3epByap BIyCTHIM HEKOTOPOE KOJNMYECTBO TAKOTO XKe
ra3a, ero COCTOSIHME (COCTOSIHHE 2) CTajl0 XapaKTepU30BaThCS CIEAYIOIIMMH TEPMOIMHAMHYECKUMU
napametpamu: Mmacca rasa IM,, nasnenwe rasa [,, Temmeparypa rasa l,. 3aTeM ra3 M30XOPHO
TEPEBENH B COCTOSIHHAE 3 C TEPMOAMHAMUYECKMMH MapameTpamu: Py 1 1, =1, .

Cunras Ta3 WjealbHBIM, a 3HAYeHWs TepMoauHammyeckux mapamerpos V M, T,,M,u T,
HN3BECTHBIMH, HANTH:

1. 3HAYEHMs TEPMOJMHAMUYECKUX MTApaMETPOB rasa B coctosuuu 1: [y, B coctosnuu 2: P, U B
cocrosuuu 3: [Py; Maccy M, MOIeKyabl rasa, KOJMYECTBO MOJEH V rasa, oOmiee 4mcio N u
KOHLIEHTPAaUXIO0 1 MOJIEKYJI ra3a ¥ INIOTHOCTH L Tra3a B COCTOSIHUAX | u 2;

2. HanOoJee BEPOATHYIO V,, CPEHIOK <V>, CPEIHIOK KBAaJPATHYHYIO <VKB> CKOPOCTH MOJIEKYII
raza B COCTOSHHUAX | W 2; CpEIHIOI KHHETHYECKYH) HHEPrUHM IOCTYNATEIbHOTO <8H>,
BpaLaTEIbHOTO <gBP> JBUKECHUSI MOJIEKYJ Ta3a U CpEIHEe 3HAYCHUE WX IMOJHOW KWHETHYECKOU
SHEpruu <8> B COCTOSIHUSX | 1 2;

3. MOJISIpHBIE Cv , CP u yaenensie G, ,C, Temno€MkocTH rasa, moxasaTenb aguadaTel ¥ H
BHyTpeHHIow0 sHepruto U rasa B cocrosmusx 1 u 2;
4. CPEIHIOI0 JUTMHY CBOOOIHOTO IIpodera <|> MOJIEKYJI ra3a B COCTOSIHUAX | U 2, TUHAMHYECKYIO

BA3KOCTb 7] ¥ KO3(QQUIMEHT TEIIONPOBOHOCTH A rasa;
5. M300pa3uTh TEPMOJMHAMUYECKYIO TUarpaMmy paccMaTpUBaeMOro H30XOPHOIO Ipoliecca B

xoopmunarax (P, V), (P, u (V, T).

YucnoBbie 3HAaUCHUS mapaMCETpoOB 1A PCHICHUA 3a/la4u HeO6XOI[I/IMO B35Tb U3 Ta6J'II/II_[bI 4,

Tabnuua 4
Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
BapuaHTa

V, ™ 0,30 | 0,25 | 0,20 | 0.15 | 0.10 | 0,05 | 0,04 | 0,03 | 0,02 | 0,03 | 0,04 | 0,05 | 0,06

X H> He O, N2 NH3 C02 Ar H, He O, N2 NH3 C02

m,, kr 0,30 | 0,25 | 0,20 | 0.15 | 0,10 | 0,50 | 0,40 | 0.30 | 0,20 | 0,30 | 0,40 | 0,50 | 0,60

T,,K 330 | 325 | 320 | 315 | 300 | 350 | 340 | 300 | 320 | 350 | 270 | 300 | 330

m, , kr 0,10 0,15} 0,30 | 0,35 | 0,50 | 0,50 | 0,40 | 0,70 | 0,30 | 0,50 | 0,60 | 0,50 | 0,40

T,.K 360 | 330 | 340 | 330 | 250 | 370 | 350 | 320 | 300 | 290 | 300 | 350 | 360

Ne 14 | 15 16 17 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 26
BapHaHTa

V, ™ 0,10 | 0,15 | 0,20 | 0,25 | 0,30 | 0.25 | 0,20 | 0,15 | 0,10 | 0,05 | 0,04 | 0,03 | 0,025

X Ar H, He O, N2 NH3 C02 Ar H, He O, N2 NH3

m,, kr 0,250,30 | 0,40 | 0,20 | 0,60 | 0,25 | 0,20 | 0,30 | 0,40 | O,5 | 0,4 | 0,3 | 0,25




T,.K 300 | 330 | 250 | 350 | 360 | 300 | 320 | 330 | 340 | 250 | 300 | 330 | 350

m, , xr 0,25 0,20 | 0,60 | 0,80 | 0,40 | 0,75 | 0,80 | 0,70 | 0,60 | 1,00 | 0,60 | 0,70 | 0,75

T,,K 330 | 340 | 350 | 300 | 280 | 320 | 290 | 340 | 300 | 300 | 350 | 360 | 300

3ananue Ned
I'az3 X HarpeBaioT OT Temneparypbl |, 1o Temmeparypel 1,. Ilonaras, urto dynkims Makcsemia

m. )2 -mv®
UMeEET BUJ f(V,T)=472'-(2 ET) V2. 2T
T

Hcnonb3ys 3aK0H, BRIPAKAIOIIMIA pacipe/ielieHue MOJIEKy/ HealbHOTo ra3a no ckopocTam | (V,T ) )

1. BbIBECTH (OpMYJBI cpeHel apudmernyeckoit <V>, CpelHEeW KBaJpaTHUYHOMN <VKB>

HanOoJIee BEPOATHOU V, CKOPOCTEH M ONPEIENUTE UX YUCIOBEIEC 3HAYECHMS JUI TEMIIEPATYP T1 " Tz ;
2. paccuuTaTh Ul KaXJO0M M3 YKa3aHHBIX TeMIlepaTyp 3HaueHHs (yHKIMM MakcBenna mpu

VB
ckopocTax: V = Ex V=V, V= 2V,;

3. 10 TIOJTydEHHBIM JaHHBIM TOCTPOUTh rpaduk pynkmun f (V,T) JUTSL KXKJ0M U3 TeEMIeparyp;

Hcnonb3ys 3aK0H, BHIPAKAIOIIMIA pacipeieieHne MoJIeKyI HieanbHoro rasa no f (V,T ) :

1. MOJIY4UTh (YHKIMIO pachpeleleHus] MOJEKYJ rasa Mo 3HAYeHHUSM KUHETHYECKOW SHEepruu
NOCTYNATeNLHOTo ABMKeHus | (8);

2. HCIONB3ys (DYHKIMIO pacipesieieHusi MOJIeKyIl rasa mo sHeprusM | (8) BBIBECTH (OPMYJIBI
CpenHell KHUHETHYECKOH BSHepruu <8> MOJIEKYl M HauOojiee BEPOATHOE 3HAYEHHE DJHEPIUM &y

MOJICKYJ 1 paCCYUTATh UX YHUCJIOBLIC 3HAUCHUA IJIA TEMIIEpATYypP Tl u T ;

3. HaWTH 3dKOH, BI)Ipa)KaI-OH_II/Iﬁ pacnpeaciCHuc MOJICKYJI WACAJIBHOI'0 ra3a 1o OTHOCHUTCIIbHBIM

ckopoctsim | (U,T), rae U :l;

B

4, JUISL YKa3aHHBIX TEMIIEpaTyp OMNPEACNIUTh JOJI0 MOJEKYJI, CKOPOCTh KOTOPBIX JIEKHUT B
unTepsaie ot V; 1o V,.

I'az X cumrarh MaeajabHLIM, HE3aBUCHMO OT XapaKTepa IPOLECcca HAYalbHOE ¥ KOHEYHOE COCTOSIHUS
raza C4YuTaThb PaBHOBECHBIMU.

UwucnoBbie 3HAUCHUSI TAPAMETPOB IS PEIICHUS 3a]a4ll HEOOXO0IUMO B35Th U3 TaOJIHIIBI .

Tabauma 5

Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
BapHUaHTa

X H> He O, N, NHs | COs | Bosayx | H» He O, N, | NHs3 | CO,

T,,K 250 | 270 | 280 | 290 | 300 |310 | 320 330 | 340 | 350 | 360 |370 | 380

T,.K 270 | 290 | 300 | 310 | 320 | 330 | 340 | 360 | 380 | 360 | 370 | 390 | 400

Vv, M/c 350 | 400 | 410 | 420 | 430 | 450 | 460 | 480 | 490 | 500 | 510 | 520 | 530

V,, m/c 360 | 410 | 420 | 430 | 440 | 460 | 470 | 490 | 500 | 510 | 520 | 530 | 540

Ne 14 15 | 16 | 17 | 18 | 19 20 21 | 22 | 23 | 24 | 25 | 26
BapHaHTa

X Bosayx | H He Oy N, | NH3 CO, Ar H, He O, N, | NH3




T,,K 380 370 | 360 | 350 | 340 | 330 | 320 310 | 300 | 290 | 280 | 270 | 260

T,.K 400 | 390 | 380 | 370 | 360 | 350 | 340 | 330 | 320 | 310 | 300 | 290 | 280

V), M/c 550 | 540 | 530 | 510 | 500 | 490 | 480 | 470 | 460 | 450 | 440 | 430 | 420

V,, m/c 560 | 550 | 540 | 520 | 510 | 500 | 490 | 480 | 470 | 460 | 450 | 440 | 410

3aganue Neb
V Mozel raza X , 3aHUMAIOIIETO OOBEM V1 M HaxXOJAIIETocs II0J] JaBleHHEM [);, TMOJBEpraercs

N30XOPHOMY HAarpeBaHUIO JI0 TeMIIepaTypsl T2 =2 -Tl_ Ilocne »TOro ra3 moABEPrIU

M30TEPMHUUYECKOMY PACIIUPEHUIO O HAYaJIBHOTO JIABJIEHUS, a 3aTEM OH B pe3yilbTaTe HU300apHOro
CKaTHUs BO3BPAILEH B IEPBOHAYAIBHOE COCTOSIHUE.
[TocTpouTs rpaduk HMKIA U OTIPEAETUTD:

1. W3MEHEHHE BHYTPEHHEH SHEPTHH Ta3a B KaXJIOM W3 pacCMaTPUBAEMBIX TEPMOIUHAMUYECKUX
MPOLECCOB U B LEJIOM 3a LIUKJT;
2. paboTy raza B paccCMaTpUBAEMbIX TEPMOJMHAMHUYECKUX MPOIECCaX U B IIEJIOM 3 IIHKIT,
3. KOJIMYECTBO TEIUIOTHI, COOOMIEHHOE Ta3y B KaXKJIOM M3 PaCCMaTPUBAEMBIX MTPOIIECCOB U 3a UK
B IIEJIOM;
4, tepmoauHamuyeckuil KITJI nukia.
YucoBbie 3HAYCHUS MTAPAMETPOB TS PEIICHUS 33]]a9i HE0OX0IUMO B3STh U3 TaOIHIIHI 6.
Tabnwura 6
Ne 1 2 3 4 5 6 7 8 9 10 | 11 12 13
BapHuaHTa
X H, He | O, N, | NHsz | CO, | Bosayx | H, | He | Oy N, NH; CO,
V MOIIb 1 2 3 4 5 6 7 8 9 10 1 2 3
V1 , I 5 4 3 2 1 6 7 8 9 10 5 4 3
p,-10°,
- 0,5 101151201 25| 3,0 3,5 40|50 1| 55|10 2,0 3,0
a
Ne 14 15 16 17 18 19 20 21 | 22 | 23 | 24 25 26
BapuaHTa
X Bozayx | H He Oy N, NH3 CO, Ar H, He O, N, NH;
V , MOJIb 10 9 8 7 6 5 4 3 2 1 2 3 4
V1 , 0 10 9 8 7 6 5 4 3 2 1 2 3 4
Py ‘107,
- 5,0 45140 1] 35| 30| 25 2,0 1520|201 4.0 3,0 4,0
a

3aganne Ne7
B Gamnone o6sémom V Haxoamtcs raz X wmaccoit M npu temmnepatype T . PaccmarpuBast ras
X Kak peajbHBIN ras, ONpeIe/uTh:
1. BHYTpEHHEE JIaBJICHHE ra3a;

2. JlaBJIeHHE ra3a Ha CTEHKHU OalJIOHA, CPaBHUTH PE3yJbTAT C JABJIEHUEM HJICAIBHOTO Ta3a MpHU
TeX JK€ YCIIOBHUSX, KaKyl 4YacTh JaBJIEHUS ra3a COCTaBISET JaBlieHHE, OOYCIOBJIEHHOE CUJIAMHU
B3aMMO/ICHCTBHS MOJIEKYI?

3. 3(heKkTHBHBIN auaMeTp MOJEKydbl raza X , COOCTBEHHBIH OOBEM MOJICKYJ, KKyl YacTh
00BbEMa GayuIoHa CoCTaBIsIET COOCTBEHHBIN 00BbEM MOJIEKYI?

4. OTIPENIeNIUTh BHYTPEHHIOI SHEPTUIO Ta3a U CPaBHUTH €€ ¢ BHYTPEHHEN >HEprueil niaeaabHOro
rasa InpH Tex e yCIOBUSX;

5. BBIYHCIIUTh KPUTHYECKYIO TEMIIEPAaTypy., KPUTHYECKOE MABICHHE, KPUTHUECKUH OOBEM U
KPUTHYECKYIO IIOTHOCTH raza X .




YwucaoBble 3HAYCHUS napamMeTpoB I PCIICHUSA 3ala4r H€O6XOI[I/IMO B34Tb U3 T3,6J'II/II_U:I 1.

Tabnuua 7
Ne 11 21 3| 4|5 6|78 |9 |10 11| 12] 13
BapuaHTa
X N, | Ar | H, B;’i” He | O, |CO,| ChL | N, | Ar | H, Bgff‘ He
102
VMlgO,2434534565432

m , kr 050403040506 08|05)|06 ) 02)]02] 06|01

T,K 280 | 290 | 300 | 320 | 350 | 300 | 340 | 300 | 330 | 320 | 300 | 290 | 280

Ne 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26
BapHaHTa
X N, | Ar | H, B;’ff He | O, |CO, | CL | N, | Ar | H, Bgff‘ He
102
v Mlgo »101]02|03)| 04| 05|06 05| 04|03|021|011|02] 03

m , kr 01,02, 03|04 05|06 05|04 ]0302]01]02]|03

T,K 350 | 340 | 330 | 320 | 310 | 300 | 290 | 280 | 290 | 300 | 310 | 320 | 330

3aganue Ne8
3aBHCHMOCTh BEKTOpAa HANPSHKEHHOCTH — AJIEKTPOCTATHYECKOTO  IMOJISA, CO3JaHHOTO OOBEMHBIM
AIIEKTPUUYCCKUM 3apsI0M, BHIPAXKAETCS YPaBHEHHEM

= a - b > c 7
E = ﬁl + 37] + z_zk'
N
rae 1, ],k — emuanunsie optel oceit X,Y,Z ; a,b,C— nocrosnusre.

Onpenenuts:
1. 00BEMHYIO MJIOTHOCTh IEKTPUYECKOTO 3apsAla O B TOYKE IPOCTPAHCTBA C KOOPAMHATAMU

A%, Y:,2,);
MOJIyJIb ¥ HaIpaBJIEHHE BEKTOPA HapsHKEHHOCTH E B Touke A
CHITY F B3aumoneiicTBus TOueuHOTO sapsga (g ¢ 00BEMHBIM 3apsiIoM B TOuke A

2

3

4. 3HAYEHHE TOTEHIMAIA () HTOTO IOJIA B TOUKAX: B(Xl,0,0), C(O, yl,O), D(0,0,Zl);

5 NOTCHUMAIBHYIO YHEPIHI0 B3aMMOZCHCTBUS TOYeYHOro 3apsga (, ¢ 0OBbEMHBIM 3apsioM B
TOYKAX 3JIEKTPOCTATHYECKOTO I0JIs B(Xi,0,0), C(O, yl,O), D(0,0, Zl), 1 paboTy, COBEPLIAEMYIO
JIEKTPUYECKUM II0JIEM [IPH MEPEMELICHUN TOYeqHOro 3apsga (, U3 Touku B(Xi,0,0) B TOYKY

C(O, yl,O), U3 TOUKU B(Xi,0,0) B TOYKY D(0,0, Zl), U3 TOUKH C(O, yl,O) B TOYKY D(0,0, 21)

3HadeHue MOTCHIHMAJIA IIOJIsI B TOUKE HaYalla KOOPpAWHAT MPUHATH PaBHBIM HYIIIO: ¢0 = 0 . UucaoBeie
3HAYCHUA IMapaMCTPOB JIs1 pCUICHUA 3ala4un H606XOJII/IMO B34Tb U3 Ta6J'H/II_U>I 8.

Tabmuma 8
Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
BapHaHTa
a 2 1 3 4 5 1 2 3 4 5 1 2 3
b 1 2 1 2 3 4 5 1 2 3 4 5 1
C 3 4 3 1 2 3 4 5 1 2 3 4 5
Qo 10°°, 3 4 5 2 1 2 3 4 5 1 2 3 4




Kn

X, M 102,03 04)0506|0102)|03|04]05)|06 |01

Y, M 0203040501 02|03,04]05|01}02]03] 04

Z,, M 63 (02,01}02}03 0405|0102 )|03] 04/ 05|02

No

BapHUaHTa
a 1 12 3 4 5 1] 213415 1] 213
b 2 1 2 1 2 3 4 5 1 2 3 4 5
c 4 [ 3 112 34 5 1213251
-6
G105 1 5| 4 5| 2112|345 1|2]|3]a4
Kn

X, M 020203040506 |01602)|03)|04]05)|06 1|01

Y, M 0203040501 02|03,04]05|01}02]03] 04

Z,, M o4 0201}02}03 0405|0102 )|03] 04/ 05|02

3aganue Ne9
[Tnomaas 0OKIAOK TJIOCKOTO KOHJIEHCATOpa S, a PACCTOSHHE MeXAy OOKIAIKaMH pPaBHO d.
Konpgencarop 3apsiinim 70 pa3HOCTH TOTCHIIMAIOB U1 U OTKJIIOYMJIM OT UCTOYHHKA HANpPSUKEHUS,

ImoCJI€ 4Y€ro BIUVIOTHYIO K 06KJ'Ia,I[KaM BABHHYJIW IINIACTUHY JUOJICKTPHUKA C ,I[I/I3J'I€KTpI/I‘IeCKOI71
IIPOHHUIIAEMOCTBIO & .

Onpenenuts:

1. émxoctu konnencatopa C, u C, 1o u nocne Beesenus musnekrpuka;

2. ANEKTPUYECKUH 3aps]l Ha 00KIaIKaxX KOHIEHCATOPa,

3. pasnocts notennmanos U, Mesxty o6kiamkamu KOHIEHCATOPA NOCIIE BBE/ICHUS IUDJIEKTPHKA;
4. HaNpsHKEHHOCTh AJIEKTPOCTATUYECKOTO MOJISl BHYTPU KOHAEHCATOpa JO0 W IOCJIE BBEJICHMS
IUTACTUHBI AUIIEKTPUKA;

5. MIOBEPXHOCTHYIO IUIOTHOCTh 3apsja Ha OOKJIaJkax KOHJEHcaTopa IO W IIOCJ€ BBEJICHMS
IUTACTUHBI AUIIEKTPUKA;

6. SHEPIUI0 KOHAEHCATOPa J0 U MOCIIe BBEICHUS TUAIEKTPUKA;

7. JU3JIEKTPUUECKYIO BOCHIPUUMYHUBOCTD JU3JIEKTPUKA;

8. MOJIAPU30BAHHOCTD IJIACTUHBI IUAIIEKTPUKA;

9. MIOBEPXHOCTHYIO IUIOTHOCTh CBSI3aHHBIX 3apsJI0B Ha IUAJIEKTPUKE;

10.  snexkTpuyecKoe CMELIeHUE BHYTPU IUIACTUHBI TUAJIEKTPUKA;

11.  naBneHMe, UCTIBITHIBAEMOE IJIACTUHON AMANIEKTPUKA CO CTOPOHBI 0OKJIAZ0K KOHIEHCATOPA;

12. paboTy, KOTOpPYIO HY)XHO COBEpIIMTH NPOTHUB CHJI 3JEKTPUYECKOTO MO, YTOObI BBIHYTh
JMAJIEKTPHK;

13.  ompemenuth oOuIyr0 EMKOCTh OaTaped KOHJAEHCATOPOB, €CIM K KOHJIECHCATOpY C1

MPUCOCIMHUTh TMOCIEAOBATEIbHO JBa TAaKUX K€ KOHJEHCATOpa, COCTUHEHHBIX MEXAY Cco0oi
napauieNnbHoO.
UucnoBsie 3HAUEHUS MTAPAMETPOB IS PEIICHUS 33Jaui He0OX0IUMO B35Th U3 TaOIHUIIBI 9.

Tabmuma 9

Ne
BapHaHTa

1 2 3 4 5 6 7 8 9 10 | 11 12 13

S, 0,01 |0,02|003| 004 |005]|0,06| 0,07 0,02|0,03|0,04|0,05| 0,06 | 0,05

d-10? 5 6 5 4 5 6 7 5 3 2 3 5 2




M

U,B 300 | 200 | 100 | 400 | 250 | 300 | 200 | 400 | 100 | 200 | 300 | 400 500

g 7 2 5 2 5 3 7 5 3 2 3 5 2

Ne 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26
BapuaHTa
S.\2 | 0,05|003]003| 0,04 |0,05]|006| 007 |005]|003]|004]|0,06]| 005 005
103
d;0’5654567532352
U,B | 200 | 100 | 400 | 250 | 300 | 200 | 400 | 100 | 200 | 300 | 400 | 500 | 100
c 2 | 5 | 7 5 31 215 5] 2132 5 5
3amanue NelO

K ucrounuky toka ¢ 3/1C & ¥ BHYTpEHHUM COINpPOTUBICHUEM I

IMPHUCOCIUHCHBI TPU COIMPOTUBJICHUA Rl’ R2 n R3 KakK ITOKa3aHO
Ha cxeme. OnpenenuTs:
1. CHIy TOKa KOPOTKOTO 3amblkams |,  obmee

conporuBiienrne R BHemrHei nenm;

2. ciwiy Toka | BO BHemIHEH IemH, HampsDKEHHe Ur BO

BHYTpeHHel mnenu, Hampsokenne U Bo BHemmHel memu mpu

samkHyTOM Kitoue, cwitsl Toka |, |,, | n nanenne nanpsokennit U, U, , U, cootsercreenno na
conpornsnennsx R, R, u R;;
3. mOKasaHMsl BOJNBTMETPA CONPOTHBIEHHEM R, NpH Pa3soOMKHYTOM KIOYe, OTHOCHTELHYIO

MOTPEIIHOCTh B MOKAa3aHUIX BOJITMETpa 6e3 yuéra ToKa, HAYILIEro Yyepe3 BOJIbTMETP;
4. TNOJHYI0 MOWIHOCTh P MCTOUHMKa TOKa; TOJE3HYH MOIHOCTH P, Bo BHemHeil uenw;

MaKCUMaJIbHYIO T0JIe3HYI0 MotHocTh P,y ;
5. KIT[I 7 ucroyHuKa TOKa; KOJIUYECTBO TEIIOTHI Ql, Q2 u Q3, BBIICTISIEMOE B CEKYHAY MpHU

IIPOXOKACHUN TOKA COOTBETCTBCHHO Ha COIIPOTUBIICHUAX Rl ’ R2 u R3 ;

6. IIOCTPOUTD rpachK 3aBUCUMOCTHU IIAACHUA HAIIPSIKCHHA U BO BHEIIHEH Oy OT BHCIHIHEI'O
COITPOTHUBJICHHA R y COIIPOTUBJICHUC R B3ars KaXXabIC 2 Om.

YucoBble 3HAYCHUS MTApaMETPOB IS PEIICHHUS 337a4i He00X0IMMO B3sTh 13 Tabuib! 10.
Taomuua 10

Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
BapHaHTa
EB 6 5 4 3 2 3 4 5 6 7 8 9 10

r, Om 05| 04 0,3 020506 |07|08|0910] 11|12 | 13

R,, Om 1 2 3 4 5 6 7 8 9 10 9 8 7

R,, Om 2 1 4 3 4 5 6 7 8 9 10 9 8

R;,0m 3 2 1 2 3 4 5 6 7 8 9 10 9

R,,kOm | 2,0 | 25 3,0 35140 | 45 | 50| 45 |40 35| 30| 25| 20

Ne 14 | 15 16 17 18 19 | 20 | 21 | 22| 23 | 24 | 25 26
BapHaHTa

&B 3 2 1 2 3 4 5 6 7 8 9 10 8




r, Om 10| 11 1,2 13114 |15 16| 147 |18 19 | 20 | 21 | 22
R,, Om 10 9 8 7 6 5 4 3 2 1 2 3 4
R,, Om 5 4 4 3 3 2 2 3 4 5 6 7
R;, Om 3 2 1 2 3 4 5 6 7 8 9 10 9
R,,kOm | 50 | 45 4,0 35130 25|20 (|15 (10|15 |16 | 1,7 | 18

PacueTHo-rpaduyeckas padora Ne 2
«dnektpomarderu3m. KBanroBasi u aroMHas puznka»

3ananue Nel
DNEeKTpOH B BOJOPOAOINOJOOHOM HOHE ZA X IBHXKETCA MO KPYyroBoil opOHTE, paguyc KOTOPOH

2
r-n
1 — . .
oIpeJenseTcss cooTHomeHuem [, = , Tie =53 nMm - paguyc nepBoil GOPOBCKOW OpPOUTHI

SIIEKTPOHA, Z - MOPSAIKOBBI HOMEP aToMa B MIEPUOANIECKO cucteMe saeMenToB JI. Y. Menneneesa,

N - HOMep OpOUTHI ANEKTPOHA B aTOME (IJIaBHOE KBAHTOBOE YHCJIO).
Cuwras 3apsiz M Maccy JIEKTPOHA N3BECTHBIMHU, OTIPE/ICINTH:
1. cwity | SKBHBaJIEHTHOTO KPyroBOTO TOKA MPH JBHKEHHUHU 3JIEKTPOHA BOKPYT spa aTOMa,;

2. MArHUTHEI MOMEHT P, DKBMBaJEHTHOrO KPYroBOTO TOKa, OpOMTaNbHBI MeXaHHYECKHit
moment L, onekrpona, rupomarnutHOe OTHOmEHHE § OPOMTATBHBIX MOMEHTOB (OTHOIIEHHE
YHCIIOBOrO 3HAYEHUs OPOMTANLHOTO MArHUTHOTO MOMEHTA P. 3IeKTpOHA K YMCIOBOMY 3HAYECHUIO
ero OpOUTAILHOTO Mexanudeckoro Mmomenta L, );

3. MarHUTHYIO MHAYKIMO B; mouns, coznaBaeMoro sneKTpoHOM B LIEHTPE KPYroBOii OpOUTHL;

4, HU3MCHCHHUC ACO er'IOBOfI CKOpPOCTH DOJICKTpPOHA IIpW IIOMCHICHHMHM aroMa B OJHOPOJHOC
MAarHuTHOC IIOJIE C HHHYKHHCﬁ BZ’ HepHeH,HHKYHHpHOﬁ IIJIOCKOCTHU Op6I/ITI>I, YUUuThbIBaA, YTO

Aw= @,, rae @,- yrnosas cKOpoCTb OGPAILEHHs IEKTPOHA 110 KPYTOBOii OpOMTE BOKDYT SApa B
orcyrcTeuu nodis B, ;
5. M3MeHeHHe MarHuTHOrO MomeHTa snektpona AP, | 06ycioBienHoe n3MeHeHreM €ro yrioBoit

_—
ckopocTu Aw, HanpasjieHue Bektopa AP, B 000UX Ciiydasx.
YucoBble 3HAYCHUS MAPAMETPOB IS PEIICHHUS 33aul HeOOX0IUMO B35Th U3 TaOIHIBI 1.
Tabmnuua 1

No
Bap.

1 2 3 4 5 6 7 8 9 10 11 12 13

X [ ®PNe | JF | ®O | YN | 2C | ©B | /Be | LLi H | ZNa| 2Mg

4 4
,He ,He
n 3 3 2 1 2 3 2 3 2 1 2 3 1
EW 0,5 04 | 03 02 | 0,1 0,2 03 | 04 05 | 04 | 0,3 0,2 0,1
J1
32; 14 15 16 17 18 19 20 21 22 23 24 25 26
X ZMg| ®Na | [H PNe| PF | ®O | YN | 2C | ¥B | ;Be | [Li




n 1 2 3 1 2 3 3 2 3 1 2 3 2
?2’ 0,1 0,2 0,3 0,4 0,5 0,4 0,3 0,2 0102 | 03 0,4 0,5
1

3amanue Ne2
ITo kBagpaTHOM IPOBOJIOYHOM PaMKe CO CTOPOHOM @ M CONPOTHUBJIEHHEM R TEYET 3JeKTprUYecKuii TOK
cuwioit | . Hopmanb K IUIOCKOCTH paMKU COCTABJISIT C HAIPABJICHHEM MarHUTHOIO HOJISL Yol (.
PaccmarpuBaemast pamka momMenieHa B OJHOPOJHOE MAarHUTHOE MOJIE ¢ MHAYKIUEH Bz- HeiictBuem

MAarHUTHOTO TI0JISI 3eMJIU peHeOpeYb.

OrnpenenuTs:

1. nanpsokénnocts H; n unaykuuio B, mMarautHOrO Nons B uentpe pamxw;

2. MAarHuTHEIA MoMeHT P pamkn ¢ Tokom;

3. MarHuTHeI notok @, IPOHM3BIBAIOLIMIT PAMKY;

4. Bpamaronuiit MomeHT M |, reficTByromumil Ha paMKy, paboTy, KOTOPYIO HEOOXOIMMO 3aTPaTUTh

JUIS. TIOBOPOTAa pPaMKHA OTHOCHUTEIIBHO OCH, MPOXOJAIIECH 4Yepe3 CepeauHy €€ MNPOTHUBOIOJIOKHBIX
CTOPOH, Ha YyToJI @,
5. 3apsna Q, KOTOPBIA IPOWJET MO paMKe MPU U3MEHEHHH yria MEXJy HOPMAaJbl0 K paMKe H

JIMHUSIME MarHUTHOM MHIyKIK oT 0 10 @, B cilydae, eciu 1o Heil He Teuér Tok | .

YucoBble 3HAYCHUS MTAPAMETPOB IS PEIICHUS 33a9l HE0OX0IUMO B3SATh U3 TaOTHUIIBI 2.
Ta0mnuma 2

Ne
BapuaHTa

1 2 3 4 5 6 7 8 9 10 11 12 13

a, M 011 0,2 0,3 o405 06 |07|08|0910]09 ] 08/ 07

1, A 20 | 25 3,0 35|40 | 45 | 50| 55|60 50| 45 | 40 | 35

R, Om 2 1 2 3 4 5 6 7 8 10 9 8 7

®» 30 | 45 60 90 0 30 | 45 | 60 | 90 | O 30 | 45 60

B,, Tn 05| 04 0,3 0201 ,;02/|03|04|05|06]07]08]| 05

Ne 14 | 15 16 17 18 19 | 20 | 21 | 22| 23 | 24 | 25 26
BapHaHTa

a,m 05| 04 0,3 0201 ,02/|03|04/|05|06 ] 07 ] 08]| 09

1, A 10 | 15 2,0 25 |30 | 35|40 | 45 |50 45| 40 | 35| 30

R, Om 3 4 5 6 5 4 3 2 3 4 5 6 5

® 90 | 60 45 30 0 30 | 45 | 60 | 90 | O 30 | 45 60

B,, Tn 011 0,2 0,3 040506 |07|08|09|10]09]08]| 07

B, In

1,50 Kenezo

1,25 = =
3aganue Ne3 L

B conenonge mmHON |, auamerpoM D w ¢ umciom 10 7.4 R

ButkoB N Teuér Tox cumoit | . Jrry
Onpenenuts: 075 i

TyeyH

05 /

0,25

500 1000 1500 2000 1500 W, Afm



l. HaHpH)KéHHOCTL Hl n I/IHI[yKHI/IIO MAardmMuTHOI'O ITOJIA Bl BHyTpI/I COJICHOH A, I/IHIIyKTI/IBHOCTB
L, conenonna;

2. NOTOKOCHENIeHHe |/, , MarHuTHbIil Moment P atoro conenonna, suepruro W, u o6némuyro
IIJIOTHOCTH 3HepFI/II/I 0)1 MAarouTHOI'O I10JIsA BHyTpI/I COJICHOHU 1A, MaFHHTOHBI/I)KyHIYIO CI/UIy Fm ,

3. omuoOKy O , KOTOPYIO JOIYCKAaeM IPU HAXOKIEHUH HAMPSKEHHOCTH H1 MarHuTHOTO TIOJIS B
[EHTPE COJICHOUIA, IPUHUMAsSI COJICHOU] 32 OECKOHEUHO JUTMHHBIH;
4, WHIYKIIAIO MAarHUTHOTO TOJIst Bz’ WHYKTUBHOCTb L2, INOTOKOCLEIUIEHHE |/, SHEPIHIO W2 u

O6’I)éMHy10 INIOTHOCTH 3HEPIruu a)z MAaravMTHOI'O IIOJII BHYTPHU COJICHOMJA, KOrJa B HETO BCTABJICH

XKEJIE3HbIM CEpACYHUK, MArHUTHYIO NPOHMIAEMOCTb [, ¥ HAMarHUYEHHOCTh J2 CeplIeYHUKA
(rpadmk 3aBUCUMOCTH MHIYKIIMM MarHUTHOTO TOJIS1 OT HANPSHKEHHOCTH MPE/ICTABIICH HA PUCYHKE);
5. HOCTPOUTH JUIS COJICHOMJA C CEPACYHMKOM rpaduk 3aBHCUMOCTH MOTOKOCHEIUIEHHS I/, OT

toka | gepes xaxmprii 1 A.
UucnoBble 3HaUYEHUS MTApaMEeTPOB Ui PEIICHUs 3ajaul He0OX0IMMO B35Th U3 TaOIUIBI 3.

Tabmuma 3

. pﬁm 1| 2| 3 | 4|5 |6 | 7|8 |9 ]|10]|11]12]| 13
I,w |03|04] 05 |06]05]|04][03][04 05060706 05

D,ev | 3| 4| 5 [ 65| 4|3 a|s5]6]7]6 5
N 150 | 200 | 250 | 300 | 400 | 300 | 200 | 250 | 300 | 350 | 400 | 300 | 200

I,A | 3| 4| 5 | a5 a]3]5]6]6] 7|5 4

. pg;m 14| 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26
I,w |120[09] 08 |07 ] 06| 05]|04]0304]05][06]|07]| 08

D,ewm | 5| 4| 3 | 4|5 | 6| 4|5 3| 4] 56 5
N 500 | 450 | 400 | 350 | 300 | 250 | 200 | 200 | 250 | 300 | 350 | 400 | 450

I,A | 10| 9| 8 | 7|6 |5 | 4|3 [2]1]2]3 4

3aganue Ned
B MarHuTHOM IOJIe HAXOJMTCS KBAJpATHAs IIPOBOJIOYHAS paMKa co cTopoHoii | m compoTuieHnem
R . Onpenenuts B citydae 0HOPOIHOTO MarHUTHOTO MOJIst HHAYKIKeH B :
1. JNIEKTPUUECKUN 3apsal (|, KOTOpPBIN IPOUIET Yepe3 paMKy, IIpU €€ IIOBOPOTE HA yroa & ;

2. SHC HHAYKOWH €;, KOTOPass BOBHUKHET B paMKE€ B ClIy4dac, €CJIM OJlHa eé CTOpPOHA MMOJABUKHAA U
nepeMemacTesa NepruCHANKYJIAPHO JINHUAM MarHuTHoOM HMHAYKIUHU CO CKOPOCTHIO,

3. CpCAHIOO 9[[(: HHAYKOWUN <8> , BOBHUKAIOIIYIO B PAMKC IIPpHU BKIIFOUCHUNW MArHUTHOT'O IIOJISI B

teuenue Bpemenn Al, ecru €€ mI0CcKOCTh MepeHMKYIApHA K HAPABIEHHIO MArHUTHOTO TIOJIS;
4. MmakcumanbHyto D/1C uHaykuuu &, , €ClIi paka paBHOMEPHO BpAIa€TCAd B MATHUTHOM I0JIe

C YIJIOBOM CKOPOCTBIO (¥, a OCh BPAIICHUS JISKUT B MJIOCKOCTH PAMKHU M MEPIEHIUKYISIPHA JTUHUSIM
MarHUTHON MHJTYKITHH.

WHAyKuus MAarHUTHOTO TIONS MeHseTcs 10 3akoHy B = Bo ‘SINwt, mmockocts paMku
NEePIEeHINKYIISIpHA K HAPABJICHNUIO MarHUTHOTO 1oJis. OnpeaennTh:
1. MarHuTHbIH ook F ., nponusbiBaronuit pamky, DJ1C uBAYKIHH &; , BOSHUKAIOILYIO B PAMKE,

cuiy Toka | , Tekyiero B pamke B MOMeHT Bpemenn { .
UucnoBsie 3HAYEHUS MTAPAMETPOB IS PEIICHUS 33Ja4ul HE0OX0IUMO B3STh U3 TaOIHIIBI 4.
Tabmnuma 4




Ne 11 2 3| 4|56 |7 |89 10|11 12] 13
BapHaHTa
| 01| 02 | 03 | 04|05| 04 03|02/01|02|03]| 04| 05
Rovw | 2| 1| 3 |45 |4 321211314/
B.Tn | 03| 04| 05|06 | 07| 08|09|10|09| 08| 07 06| 05
a 30| 45 | 60 | 90 | 0 | 30 | 45| 60 | 90 | 0 | 30 | 45 | 60
V. mlc 2| 3 | 4 | 5| 6|7 8] 9 10|21 213/ a
At.ve | 10| 9 | 8 | 7 5 | 4] 3| 4|5 6 | 7 | 8
@, pan. 314 628 942 157 314 628 042 | 1256 | 157 314 628 942 1256
BO R Tn 0,01 | 0,02 0,03 0,04 | 0,05 | 0,06 | 0,07 | 0,08 | 0,09 0,1 0,08 0,07 0,06
t ¢ 5| 4 | 3 | 21234 5|6/ 7 8 9
Ne 14| 15 | 16 | 17 | 18| 19 | 20| 21 | 22 | 23 | 24 | 25 | 26
BapHaHTa
| o 05| 06 | 07 | 05|04 03 02| 01/02|03| 04051 06
Row |51 6 7 | 5143 213145161 71 s
B.Tn |10 09 | 08 | 0706|0504 0302|0102 03] 04
a 0 ] 30 | 45 |60 | 90 0 |30 45 60 9 | 0 | 30 | 45
Vimie, |10 9 | 8 | 7 1615 32111213 4] 5
AM.mc | 10| 9 | 8 | 7 | 6|5 | 3|2 1] 2] 3] 4] 5
@, pan. 157 314 628 942 | 1256 | 157 314 628 942 | 1256 157 314 628
BO . Tn 0,08 | 0,07 0,06 0,05 | 0,04 | 0,03 | 0,02 | 0,010 | 0,02 | 0,08 0,07 0,06 0,05
t ¢ 1 21 3l als] 67 8lol1w| 1] 21 3

3aganue Neb

HyLIOK nmapalsICJIbHBIX MOHOXPOMAaTHYCCKHUX nyqeﬁ C ,Z[J'IPIHOfI BOJIHBI 2/ nagac€T Ha HaXOAAIIYIOCSA B

BO3JlyXe TOHKYIO IUIGHKY C IOKa3aTeileM mpeiomieHus 0N .
HauMEHBIIasl TONIMHA TUIEHKH, IPU KOTOPOH OTpa)KEHHBIE JTyYH MAKCUMAIIbHO yCUJICHBI (0CIabIeHbI)
unrtepdepenueil. Mcnonp3ys gaHHbIe TAONUIIBI 5, BHIIOIHUTE CIEAYIOIIEE:

Q - yroja TaJeHus JIy4yeu, d -

1. HaWJIUTE HEJOCTAIOIINE B TAOIMIIE BETHYMHEI;
2. HAYEPTUTE XOJI JIydeil B TOHKOU TUICHKE;
3. YKQOKUTE JTy49H, KOTOPbIe HHTEP(EpHpyIOT.
Tabmnuua 5
Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
Bap.
A ' 550 — 550 | 450 | 700 — 500 — 650 | 680 | 720 | 740 -
HM
d ' 217 125 104 94 — 152 104 | 104 - 129 | 272 - 255
HM
o 20 30 30 — 30 30 30 45 45 - 45 60 60
n - 1,3 — 1,3 1,3 1,3 — 15 15 15 - 1,28 | 1,28




2 E 2 ) ) ) ) ) ) ) ) ) 2 2 =
=35 5 = = = = = = = = = = = =
o = = 5 5 o o o 5 5 5 5) = = =
=le] (@] = = = = = = = = = (o) O O
= < < =~ = = = = = = = = < < <
SEl 5| BB 8| 8| & 8|8 8 El5]5%
2 s} s) s} s
Baf) 14 15 16 17 18 19 20 21 22 23 24 25 26
A ' 500 | 400 | 580 | 650 | 700 470 | 500 | 485 - 450 | 500 -
HM
d ' 248 74 287 | 253 — 163 — 204 92 88 100 | 104 | 104
HM
o - - 60 — 0 30 45 60 - 0 - 30 45
n 1,33 | 1,47 - 1,33 | 1,33 | 1,38 | 1,38 — 1,33 | 1,33 | 1,33 - 15
Y E 2 o 2 2 2 = = S Y g v 2 2
S€| € | B ‘8 'S ‘S ‘S 'S 'S = = = S S

3aganue Neb

Ha nudpakunoHHyio pemeTky HOpMalbHO K €€ MOBEPXHOCTH MaJaeT MapajlielbHbIA My4OK CBETa

JUIMHOMN BOJIHBI A. [Tomeniennas BONIM3M peHIETKH JIMH3A MPOEUUpyeT MU(PaKIMOHHYIO KapTUHY Ha
9KpaH, YJAJEHHBI OT IuH3bI Ha paccrosHue L. PaccrosHume wmexnay AByMsS MaKCUMyMaMu

MHTEHCUBHOCTHU TMEPBOTO MOPsAKa Ha SKpaHE PaBHO | Tocrosmuas TUGPAKIIMOHHON PelIeTKH - d.

Yo mTPUXOB PEHISTKH HAa eUHUILY JJIUHBL - N . MakcuManbHbIA NOPSAIOK CIEKTpa - M

MAX

. Yucno

MaKCHUMYMOB, KOTOpPO€ MpU 3TOM JaeT pelleTka - N . Yron Au(paKuuK IEPBOTO MOPAAKA - @),

I/ICHOJ'IB?)}’H JaHHBIC Ta6J'II/IHBI 6, HaUTH HEAOCTAOIUE BCJIMYUHBI.

Tabnuua 6

No
Bap.

10

11

12

13

v 434,1

500

449,4

598,9

700,2

697,6

449,2

649,7

1,5

1,5

' 16

20,1

15

20

28

30

25

25

30

25

40

30

10

2,5




14 15 16 17 18 19 20 21 22 23 24 25 26

' 500 | 602,4 | - 581 | 656,3 | 648,4 | 700,6 | 577,1 | 598,8 | 677,8 = 697,6 -

2 - 0,8 1 - 1,38 - 1 1,6 2,5 2,5 1,5 2

3amaunue Ne7
JBa nukons N, u N, pacrnosoikeHsl Tak, 4TO yroj MexIy MX IJIOCKOCTAMH IPOITYCKaH!s PaBeH ¢ .

IO - HHTCHCHUBHOCTH C€CTCCTBCHHOI'O CBE€Ta, MMaAaromiero Ha IMOJIApu3aTop, [ 1 HUHTCHCHUBHOCTb

IOJIAPU30BaHHOI'O0 CBETA, MaJarolIero Ha aHajliru3aTop, |2 - MHTECHCHBHOCTH CBE€Ta, BBIIICAIICIO M3

aHanu3aropa. KoadduuueHT noriomnieHns cBeTa B KaKJI0OM HHUKOJIC k . Crenenp mossapuzanuu - P .
Hcnonw3ys qaHHbie TaOIUIBI 7, HAWTH HEAOCTAIOIINE BETMYHHEIL.

Tabmnuua 7
Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
Bap.
@ 75 60 — 40 — 45 30 — 25 20 55 20 -

k 0,09 | 0,05 | 0,07 | 0,15 | 0,08 | 0,09 | 0,1 | 0,21 | 0,06 | 0,07 | 0,12 | 0,14 | 0,22

o, - 15 12 - 28 16 - 20 - - 11 - 34

P Y N A IE T I A IS

2, - - 35 | 83 | 49 - - 1,4 - 3,8 - - 8,5

14 15 16 17 18 19 20 21 22 23 24 25 26

@ 30 - 35 40 45 - 55 60 36 48 - 40 -




kK |021]022 017|019 018|005 006|007 | 008 009 | 01 |015] 008
BTI/(;\/IZ - 25 - - 39 18 - - 24 — 26 _ 8
BTI/lc’M2 138 - | - (13| - | - | - |163| - |114| - | - | -
BTI/ZC;VIZ 83 - - | 34| 29 | - - —~ 4 | 83 | 49

P - - - — _ _ _ _ B B ~ - B

3aganue Ne8

Ha moBepXHOCTh HEKOTOPOTO MaTepuaa MmajgaeT CBeT 4aCTOTON V. & - sHeprus (poToHa, MMaJaroIIero
Ha IIOBEPXHOCTh, A, - KpacHas rpanuna Gporosdpdexra,

‘BBIX

- paboTa BBIXOJA JIIEKTPOHA, V,  \ -

MaKCUMaJIbHas CKOPOCTh (hoTodnmekTponoB, U, - 3anepikuBaronlee HanpsokeHue. Mcnonb3ys naHHbie

TabMIbl 8, HaWJAWTe HEAOCTAIONIME BEIWYMHBL. VICIONB3ys CHpaBOYHBIC TAOJHIIBI, OMPEACITUTE

Ha3BaHUEC MaTcpHraja.
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3ananue Ne9
B tabmune 9 mnpuBenena cokpamieHHas Gopma 3amucu saepHOW peakiuu. [laiiTe MmonHyr0 3amuch
peaKkuyy U HaAAWTE SHEPreTUYeCKUi BeIXod B MaB. Vkaxkure xapakrep peakuuu — 3K30TepMUYECKast
WM 3HJ0TEPMHUYECKAs.

4 1 1 o
[punsiteie 0oGo3HaueHus: O = 2He' anbga-yactuna, P = 1H - mpotor, N= yN - meiirpon,

2 N N
n= 1 H - JEUTOH, y - raMMa-KBaHT, X - MCKOMBIN DJIEMEHT.

Tabmnuua 9
Ne 1 2 3 4 5
Bap.
Peaxims | 2H(d,p) X SH(X,2p) °Li(d, p) X SLi(d, 2a) X SLi(d, ) X
Ne 6 7 8 9 10
Bap.
Peakmus °*Be(p,a) X °Be(x,2a)d "Li(a,n) X "Li(a,n) X “B(p,2a) X
- 11 12 13 14 15
Bap.
Peaxius | °Li(n,x)°He “N (e, p) X *Be(a,n) X "Li(p,x) X ®Li(p, ) X
Ne 16 17 18 19 20
Bap.
Peakmmsa | °B(n,a) X °Li(n, @) X ZH(p,») X *H(p,») X 2H(d,n) X
Ne 21 22 23 24 25
Bap.
Peakius 2H(d,») X ZH(x,p)a *H(d,n) X *O(n,x)*°N *H(x,2n)a
Ne 26
Bap.
Peaxius | *He(x,2p)a
MeToauyeckne yKa3aHHus 10 BbINOJHEHHIO pacuyeTHO-rpaguyeckoil padboTsl
Homep Bapuanta  pacueTrHo-rpaduyeckoidi  padOTBI  BBIJIACTCS  IMPENOJABATEIIEM.

Oo6yuaromuecs BoimonHsoT PI'P Ne 1, 2.

IIpaBuaa ogopmiiennsi pacyeTHO-rpaduueckoil padoThbi:

1.

2.

3.

4.

5.

6.

DJNEeKTPOHHBIM BapHAHT pacyeTHO-rpaduuecKoil paboThl BBIOJIHSETCSA B JIH000 J1I000OM
TEKCTOBOM pellakTope J1ro0oM TekcToBoM peaakrope (MS Word, Open Office u np.) u coxpansiercs ¢
pacupenueM *.doc, *.docx, B umeHH (aiina ykassiBaeTcst (paMuiins U MHULUAIIB aBTOPA;

IlepBpiM JicTOM pacdeTHO-TpaduYecKkoil padoThbl SBIAETCA THUTYJIBHBINA JIHCT,
KOTOPBII 0(hOpMIISIETCS B COOTBETCTBUU C 00pa31oM;
PacuetHo-Tpaduueckas pabora opopmisieTcss Ha CTaHIAPTHBIX JUCTax (opMmaTa A4;
MoJis: ieBoe — 2,5 cM, mpaBoe — 2,5 ¢M, BepxHee — 2,5 cM, HUKHee — 2,5 ¢Mm;
HIpudt: Times New Roman, MeXCTpouHBIf HHTEPBAJ — OJMHAPHBIN, EPEHOCH CIOB
HE JIOMYCKaIoTCS;
I'paduxu, nmpuBeneHHbIE B pacyeTHO-Tpaduueckoil paboTe, TOJHKHBI ObITh BBITOJHEHBI
1100 Ha MIJUTUMETpOBO Oymare, 6o ¢ nomotnsio MS Word, Open Office, Excel u np.;

®opmynsl, npuBoauMbie B PI'P, nomkHbBl OBbITH, KaK MpaBWIIO, 3allMCaHbl CHayajla B
oOr1eM Bue, a 3aTeM yXKe T0JKHA OBITh IMPOU3BEICHA MTOICTAHOBKA UCXOAHBIX TAHHBIX U BBITIOJTHEHBI




HEOO0XO/IMMBIEC BBIYHMCIICHHUS; IPU MOJACTAHOBKE MCXOIHBIX JAHHBIX HY)KHO BHUMATEIBHO CIEIAHUTH 3a
cOoOJII0IeHHEM OJIMHAKOBOM Pa3MEpHOCTH;

1. Pemenue 3a1a4 10KHO CONIPOBOXKIATHCS KPATKUMU MOSCHEHUSMU;

8. Bee 3amaum pacu€rHO-Tpaduueckoil pabOThl JOJDKHBI BBIMONHATHCS M OTHABATHCS
MIPET0/1aBaTeI0 Ha MPOBEPKY B CPOKH, MPEIYCMOTPEHHBIE TPAUKOM PadOTHI CTYACHTOB B TEKYIIEM
CEMECTPE;

9. [locne ucnpaBieHusi BceX OMIMOOK, OTMEUEHHBIX IPEMNOJaBaTeleM IIPU IPOBEPKE,

KakJast 3a71a4a pacu€THO-Tpaduueckoil paboThl JOJKHA ObITH 3aIIUIICHA.

4. MeTtonuuecKue peKOMEHIAHHU N0 MOAT0TOBKE 00y4aI0Ierocs
K MPOMEKYTOYHOI aTTecTAllnu

Y4eOHpIM IJIAHOM MO JUCHMIUIMHE (U3MKa TNPEAYCMOTPEHBI CleAylole  (QopMbl
IIPOMEKYTOYHOU aTTECTALlNN:

1) 3a4er;

2) 9K3aMEH.

IIpoMexxyTounas arrecranus HalpaBlieHA Ha TNPOBEPKY KOHEUHBIX pPE3YyJIbTAaTOB OCBOCHUS
TVICTIMTUTAHBI (MOYJIST).

dopmMa TMPOMEKYTOUYHOH aTTecTalliil «3a4eT» H «3a4eT C OICHKOW» Mperosaraert
yCTaHOBJICHUE (akTa CHOPMUPOBAHHOCTH KOMIICTCHIIMH Ha OCHOBAaHWHM OIICHKA OCBOCHUS
oOyJaronuMcsl MPOTPAaMMHOTO MaTepuaia 1o pe3ydbTaTaM TEKYIIero KOHTPOJS JIWCIMILTAHBI
(MOyIIsT) B COOTBETCTBHH C TEXHOJOTMYECKOM KapTOH.

Ecnu oOywaromuiics HaOpan 3a4€THOE KOJIMYECTBO OallJIOB COTJIACHO YCTAaHOBJICHHOMY
JMaIa3oHy 10 AUCIUILINHE, TO OH CUUTACTCS aTTECTOBAHHBIM.

Takum 00pa3om, MOArOTOBKA K 3a4eTy MPEIIoJiaraeT MoAroTOBKY K ayAMTOPHBIM 3aHITHIM H
BHEAYJAUTOPHOMY TEKYIIEMY KOHTPOIIIO BCEX (POPM.

[Tpu moaroToBKE K AK3aMEHY I1es1ecO00pa3Ho:

- BHUMATEJIbHO M3YYUTh MEPEUCHb BOIPOCOB U ONPEACIUTh, B KAKUX UCTOYHUKAX HAXOJMSATCS
CBeJIeHUs, HeOOXOAUMBIE [T OTBETA HA HUX;

- BHUMATEJIBHO MPOYUTATH PEKOMEHIOBAHHYIO JIUTEPATYPY;

- COCTaBUTh KPATKUE KOHCIIEKTHI OTBETOB (ILJIAaHBI OTBETOB).

[Ipy mOBTOpEeHMH Marepuaia HEXKeIaTeJIbHO HMCIIOJIB30BaTh MHOTO KHHT. (OCHOBHBIM
MCTOYHHUKOM TOATOTOBKU K 9K3aMEHY SIBIISIETCS KOHCHEKT JieKIui. ClenyeT 3aliOMUHATh TEPMHUHBI U
KaTeropuu, IMOCKOJIbKY B WX ONPEACICHUAX COJCPIKATCS IMPH3HAKH, IMO3BOJISIONIME YACHUTh HX
CYIIHOCTh M OTJIMYMTH ITU IMOHATUS OT JPYruX. B Xone moAaroroBku oOydaromumcs HEOOXO0IUMO
oOpamniath BHUMaHHE HE TOJHKO HAa YPOBEHb 3alIOMUHAHMS, HO U HA CTCIICHb IOHUMAHUsI KaTEropui u
peanbHbIX MpoduiabHBIX TpoOieM. [loAroToBka K 53K3aMEHY JOJDKHA B Pa3syMHBIX IPOTIOPIHAX
COYETaTh U 3alIOMUHAHKE, ¥ IOHUMaHUE MPOrPaMMHOT0 MaTepualia. B 3TOT nmepro mojie3HbIM MOKET
ObITh OOIICHHWE OOYyYaroIMXCsl C MPENoJaBaTeNiIMA 10 JUCIMIUIMHE Ha TPYIIOBBIX H
WHIUBUIYAIbHBIX KOHCYIbTAIIHUIX.

[ToaroToBky mo OuneTy Ha ’K3aMEHE HaJ0 HAYMHATh C TOTO, YTO MOMHHTCS JIy4Ille BCETO.
OpHako, TOTOBSICH IO OJTHOMY BOTIPOCY, Ha OTAENFHOM JIUCTE HY>KHO TIOCTOSTHHO KPaTKO 3alUChIBATh U
T€ MOMEHTBHI, KOTOPbIE «BCIUIBIBAIOT» B MAMSTH U IO JPYTUM BOIIpocaM Ouiiera.

Bo Bpemsi ax3aMeHa o0y4aroniiuecst MOryT MOJIb30BaThCs MPOTPaMMO TUCIUTIIIMHEL, a TAKXKe, C
paspelieHus SK3aMeHaTopa, CIPaBOYHON JIUTEPATypO.

[To okOHUaHWM OTBETAa SK3aMEHATOP MOXET 3aJaTh OOyYaroIIeMyCsl IOTOJHUTEIbHBIE U
YTOYHSIIOIINE BOMPOCHI.

[TonoxutensHBIM OyJIET CTPEMIICHHE O0YJarOIIEroCsl M3JI0KHUTh Pa3TUYHbIe TOYKU 3PCHHS Ha
paccMmarpuBaeMyro mpo0jaeMy, BBIpa3uTh CBOE OTHOIICHHE K HEll, MPUMEHUTh TEOPETUIECKUE 3HAHUS
0 COBPEMEHHBIM TpobOIeMam.

Cnmcox BONPOCOB K 3K3aMeHy (2 Kypc, 3 ceMmecTp):



1) MaruuTHOE B3aUMOJEHCTBUE ITOCTOSHHBIX TOKOB. BEKTOp MarHUTHOM WHIYKLUH.
[IpuHUMI cynepno3uuy MarHUTHBIX MoJied. BeKTop HanpsHKeHHOCTH MarHUTHOTO TOJIS.

2) 3akoHn Awmrmepa. BisaumopeiicTBue mnapaieIbHBIX —TOKOB. Cuna JlopeHua
(3mexTpuuecKas 1 MarHUTHasl COCTABIISAIOLINE).

3) 3axkoH buo-Caapa-Jlannaca u ero npuMeHeHUe K pacyeTy MarHUTHBIX MOJIeH MpsSMOro
U KpYrOBOI'O TOKa, OTPE3Ka IIPOBOJIA C TOKOM.

4) Teopema o mUPKYyISIUM (3aKOH IOJIHOTO TOKa). MarHuTHOE MOJE COJEHOWJA U
toponna. [loTok BekTOpa MarHUTHOM MHIYKIMU. Teopema ["aycca mast marautHOTro moisi. PaGora mo
MIEPEMEILEHUIO ITPOBOIHUKA U KOHTYpa C TOKOM B MAarHUTHOM IIOJI€.

5) JIBuKeHME 3apsyKEHHbIX YaCTUILL B AJIEKTPUYECKUX U MarHUTHBIX MOJISX.

6) MarsuTHO€E 10JIe U MarHUTHBIN JUIIOJIBHBIA MOMEHT KpyroBoro Toka. Hamarnmduenue
MarHeTMKOB.  3aBUCUMOCTb  HAaMarHMY€HHOCTM  OT  HANpPSHDKEHHOCTHM ~ MAarHUTHOTO — TOJIS.
HanpsokeHHOCT  MarHUTHOrO 1oJisl. CBsi3b  BEKTOPOB MAarHUTHOM MHAYKIUH, HaNpsKEHHOCTU
MarHUTHOTO TOJII U HAMarHW4eHHOCTH. 3aKOH IOJHOIO TOKa JJsi MarHUTHOTO IOJSl B BEIIECTBE.
MaruuTtHas npoHuaeMocTb. MaruutHas BocipuuMunBocTh. Kitaccudukanysi MarHeTHKOB.

7) JluamarHeTuky, MapaMarHeTUKU U (QeppoMarHeTuku. ['paHuuHble yCcIoOBUS Ha
MOBEPXHOCTHU pa3jena JByX MarHetukoB. ['ucrepesuc. KpuBas HamMarHMuMBaHUS, OCTAaTOYHAas
UHIYKLIWSA U KodpuuTuBHas cuia. Touka Kiopu. O6beMHas MIOTHOCTh SHEPTHM MarHUTHOTO TOJIS B
BEILIECTBE.

8) OnexkrpoMarnuTHas uHAyKuus. lIIpaBuno JleHma. YpaBHEHHE 3IIEKTPOMarHWTHOM
uaaykuud. CamouHnayknus. WHIYKTUBHOCTH COJICHOWJA, TOPOUJA. DHEPTrHUs MArHUTHOTO MOJIS.
Buxpesoe snekrpruueckoe none. Tok cmenienus. Cucrema ypaBHeHUN MakcBeiuia B MHTErPAIBHON
dbopme M Pu3MUECKHIl CMBICT BXOISAIIMX B Hee ypaBHeHHiU. Cucrema ypaBHeHMH MakcBemia B
muhdepennmansHoi popme.

9) WNnrepdepentius cBera. [lpunnmn [roiirenca. Korepentneie BomHbL [lomydenue
KOTepPEHTHBIX Jiydei. OnTudeckas mjymHa myTH. OnTudeckas pa3HocTh xona. aTepdepenus ceera ot
JIBYX KOTE€PEHTHBIX HCTOUYHUKOB: YCIIOBHE MakcuMyMa U MuUHUMyMa. MHTepdepeHLns cBeTa B TOHKUX
IJICHKaX: TMOJIOCHl PAaBHOM TOJIIMHBI M PAaBHOTO HakiIOHA, KoJbla Hpeiorona. I[lomyuenue
unreppepeniuu (metoa FOura).

10) Hudpakums ceeta. [Ipunmun Iroiirenca-®dpenens. Meroa 300 OpeHens: aMIUIATyAa
PE3YIbTUPYIOLIEro KoJiebaHusl, IUIOIIAas m-i 30HBI DpeHens, paguyc BHEIIHEH TI'PaHULbI 30HBI
Openens. dubpakuus Dpenens (audpakius B cXomdmuxcs jaydax). Judpaxkmus Ha Kpyriom
oTBepcTuH U aucke. udpakuus Opaynrodepa (audpakius B mapamuieabHbIX dydax). Judpakmous va
menu. Judpakuusa Ha AMPpakIMOHHON peleTKe.

11) B3aumopeiictBue cBera ¢ BemecTBOM. Paccesnue 3akon Panesi. [ucnepcusi cpera.
Jucnepcus nokasaresis npejaoMiieHus BeuecTna. [Ipenomiienne csera B mpusme.

12) [Honspuzauus csera. I[lnockocts mossgpuzauuu. EcTeCTBEHHBIA W MOJSPU30BAHHBIN
cBeT (JMHeWHOo M 3munTuyeck). CreneHp nosspusanuu. 3akoH Maioca. Tlonspusanus csera npu
OTPaXXCHMM M NPEJOMIICHUM Ha TpaHMIE JBYX JAMIIEKTPUKOB. 3akoH bprocrepa. JlBoiiHoe
nydernpenomiieHre. OObIKHOBEHHBIN 1 HEOOBIKHOBEHHBIH JTy4H.

13)  TemsoBOe W3Ny4YeHHE W €ro XapakTepucTUKU. OCOOCHHOCTH TEIUIOBOTO H3ITyYCHHS.
AbcomotHo yepHoe Teno. 3akoH Kupxroda. 3axonsr Credana-bosbimana u cmemienuss Buna.
®opmyia Panes-/xunca.

14)  KgantoBas runote3a I[lmanka. ®opmyna IlmaHka s yHHBEpCalbHON (QyHKIHH
Kupxroga. KsanroBas rumore3a DiHmTelHa. 3akoHbl doTorddexra. Macca U umnynbe (GoTOHA.
Hasnenue cBeta. dpdexr Komnrona.

15) IlnanerapHast Mmoaenb atoma. OmbiTel Pesepdopaa mo paccesHuro o-yactui. Mogensb
atoma Pezepdopma, ee mnpoOneMbl. OMIHUpUYEcCKUe cepuanbHble (OPMYIBl CIEKTpa BOJOPOIA:
Jlaiimana, banbmepa, Ilamena u np., o6oOmenHas ¢opmyna. ITocrynatst bopa. Mogens atoma
Pezepdopna-bopa.

16)  KopnyckynspHO—BOJHOBOHW ayanu3m Matepuu. ['mnoresa ae bpoiins. CBsi3b BOJTHOBBIX
U KOPITYCKYJIIPHBIX XapaKTepUCTHK MUKpodacTHIbl. COOTHOIIEHHE HeomnpenenenHoctel I eiizendepra



IUI. KOOPJAMHATHI M MMITYJbCa, SHEPruu W BpeMeHH. OCHOBHOE ypaBHEHHE KBAHTOBOW MEXaHUKH.
Oobmee ypaBuenue Illpeaunrepa m ero ‘“craryc”. YpaBHenue lllpeaunrepa s cTanuoOHapHBIX
cocrossHuii. CoOcTBeHHBIE (YHKIMH, COOCTBEHHbIE 3HA4YCHHUsA HHEpPruu. YacTuia B OJHOMEPHOM
PSIMOYTOJIbHOM MOTEHIUAIBHON SIME ¢ OECKOHEYHO BHICOKMMHU CTEHKAMHU.

TunoBoil BApMaHT 3K3aMeHAIlHOHHOT0 OUJIeTa:

MUHUCTEPCTBO HAYKU U BBICILIEI'O OBPA3SOBAHUS POCCUMCKOM ®EJIEPALIAN
OEJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEX/IEHUE BbICHIEI'O OBPA3OBAHUA

«MYPMAHCKHWH APKTUYECKH YHUBEPCUTET»

I/IHCTI/ITVT HUHTCJIJICKTYAJIBHBIX CUCTEM U III/Id)DOBI)IX TEXHOJOTUN
HaunmenoBanue cTpyKTypHOro noapa3szesieHust

Kademnpa BeIciieil MaTeMaTUKA M QU3UKHA
HaumenoBanue xadenpst

Hampaeiienne w HamnpaBieHHOCTh (mpodwib) moarotoBku 13.03.01. TemmosHepreTnka w
TEIUIOTeXHHKA

3K3AMEHALIMOHHBINA BUJIET Ne 1
0 y4eOHOW nucuIuiMHe Pu3nka

1. Teoperuueckuii Bonpoc Nel. 3akon buo-Capapa-Jlamtaca u ero nmpuMeHEHHE K pacdeTy
MAarHUTHBIX MOJICH.

2. Teopernueckuii Bompoc Ne2. HuTepdepeHiys cBeta B TOHKUX IUICHKAX: MOJIOCH PaBHOM
TOJIILIMHBI ¥ PaBHOTO HAKJIOHA, KoJbla HeroToHA.

3. Teopernueckuii Bonpoc Ne3. KsanroBas runote3a DiHIITelHA. 3aK0HBI PoTOdhDEeKTa.

3aBenyromuii  kadeapoit BMud | JleButec B.B./

« » 2026 r.




