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I. METOJIAYECKHWHA PA3IEJ

1.1. AHHOTAIIMSA AMCIMILIUHBI

Kypc ¢u3uku coBMECTHO ¢ KypcaMH BbICIIEH MAaTEMAaTUKU TEOPETHUYECKON Me-
XaHUKU COCTaBIIIET OCHOBY TEOPETUYECKOM IMOATOTOBKU MH)KEHEPOB M UI'PAET POJIb
byHIaMeHTabHON (U3MKO-MAaTeMaTH4ecKou 0a3bl, 6€3 KOTOpOil HEBO3MOXKHA Yc-
nenrHas AesiTelbHOCTh MHXKeHepa Jto0oro npoduist. Kypc ¢usnku npeacTaBisieT co-
0ol equHoe nenoe. M3ydeHue 1enocTHOro Kypca GU3MKH CocoOCTBYET (OPMHUpPO-
BAaHUIO y CTYJIEHTOB HAYYHOI'O MUPOBO33PEHHUS U COBPEMEHHOr0 (PU3UUECKOTO MBIIII-
JICHUS.

WnxeHep n0mKEeH: UMETh IIpe/icTaBleHue: - 0 BeeneHHol B 1esioM Kak pusnye-
CKOM OOBEKTE U €€ IBOJIOLNH;

- 0 GyHIaMEHTAIILHOM €JIMHCTBE €CTECTBEHHBIX HAyK, HE3aBEPUICHHOCTH €CTe-
CTBO3HAHMS U BO3MOKHOCTH €r'0 JaJbHEUIIEro pa3BUTus,

- O IMCKPETHOCTU U HENPEPHIBHOCTU B IIPUPOJE;

- 0 COOTHOIIICHUH TIOpAJIKa U Oecropsiika B MPUPOE, YIOPSAIOUEHHOCTH CTPOE-
HUSL 00BEKTOB, MEPEX0IaxX B HEYNOPSIAOUYEHHOE COCTOSTHUE U HA00OPOT;

- 0 IMHAMHWYECKHUX U CTATUCTUYECKUX 3aKOHOMEPHOCTAX B IIPUPOJIE;

- 0 BEPOSITHOCTU KaK OOBEKTUBHOM XapaKTEPUCTUKE MPUPOIHBIX CUCTEM;

- 00 U3MEepEeHUAX U UX CEeNU(PUIHOCTH B PA3IUUHBIX pa3/iesiaXx eCTeCTBO3ZHAHUS;

- 0 G yHIaMEHTAJIbHBIX KOHCTAHTAaX €CTECTBO3HAHMUS;

- O IPUHLMUIIAX CUMMETPUU U 3aKOHAX COXPAHEHUS;

- 0 COOTHOILIECHUAX IMIIMPUYECKOTO U TEOPETUYECKOI0 B [IO3HAHUY;

- 0 COCTOSIHUAX B IIPUPOJIE U UX U3MEHEHUSAX CO BPEMEHEM;

- 00 UHAMBUAYATBbHOM M KOJUIEKTUBHOM MOBEEHUN OOBEKTOB B PUPO/IE;

- 0 BPEMEHHU B €CTECTBO3HAHUMU.

3amaun, KOTOpble CTaBATCA MPU M3yyeHUU (pU3mku, MHOrooOpasHbl. Baxheil-
LIM€ U3 HUX COCTOSAT B

- U3yYEHUU OCHOBHBIX (PM3HUECKUX SBICHUM;

- OBJIaJICHUU (PYHJIAMEHTAJIbHBIMU MOHATUAMHU, 3aKOHAMH U TEOpPEMaMH KJIACCH-
YEeCKOM 1 COBpEMEHHOHN (U3HKH, a TaKKE METOIaMH (PU3UYECKOT0 UCCIIET0BAHMS;

- OBJIAJICHUU NPUEMAMU U METOJNAMM PEILICHUs KOHKPETHBIX 3a1a4 U3 pas3iind-
HBIX obOJsactelt pU3UKY;

- O3HAKOMJICHUU C COBPEMEHHOW Hay4YHO! amnmapaTypoil, GopMHUpOBaHUN HABbI-
KOB IMPOBeACHUS (U3HUUECKOT0 IKCIIEPUMEHTA;

-YMEHUHU BBIICNIUTh KOHKPETHOE (PU3NYECKOE COJIep)KaHKUE B MPUKIIAAHBIX 3a/a-
yax Oyayuiei crennuanbHOCTH.



1.2. PaGouasi vueOHast mporpaMmMa JMCIMILIAHBI

1. HEJIM U 3AJAYU JUCIHUATTITINHBI
Henamu oceoenun oucyunaunvt «@Duzukay SBIAIOTCS:

1. ITonyunTh mpeacTaBieHUE O KJIacCHMUECKOW (pu3myeckoil Teopun Kak 0000-
IIEHUHU HAO0JII0IEHU, MPAKTUYECKOTO OIbITa U SKCIIEPUMEHTA, O €IMHCTBE U B3aHMO-
CBSI3M SMIUPUYECKOTO U TEOPETUUYECKOTO YPOBHEH MO3HAHUS IPUPOJIBI.

2. [lony4ynTh 3HaHUE O (PUBNYECKUX SIBJICHUAX U 3aKOHAX, ONPEACIISIONINX BEK-
TOp Pa3BUTHsI COBPEMEHHON TEXHUKHU U TEXHOJIOTHUH.
3adauu OucuuniuHbL:

1. 3yuenue pyHaaMeHTaIbHBIX (PU3MUECKUX 3aKOHOB, TEOPUM, METOJIOB KJac-
CUYECKOUN U coBpeMeHHOH ¢u3nku. @opMupoBaHUe HAYYHOTO MUPOBO33PEHUS.

2. ®opmupoBaHK€ HABBIKOB BIAJEHUS OCHOBHBIMHM MPUEMAMH U METOJAMH pe-
HIEHUS MPUKIAIHBIX MPAKTUUECKUX 33]]a4 B Pa3IMUHbIX 001acTAX (U3MUECKOro 3Ha-
HUSL.

3. ®opMHupoBaHHUE HABBIKOB MPOBEACHUS HAYYHBIX HMCCIEAOBaHUI, O3HAKOMJIE-
HUE C COBPEMEHHOW Hay4yHOW ammapartypoi. OBiageHue MeTojaMH HaOJIIOJCHUS U
u3MepeHus (PU3NUYECKUX BEJIMYUH, CIOCOOAMH CTaTUCTUUYECKON 00pabOTKM 3KCTIIEpH-
MEHTaJIbHBIX JTAHHBIX, YTO JIOCTUTAETCS B XOJI€ BBIMOJIHEHUS J1a0OpATOPHBIX padboT B

o0mieM (pU3NIECKOM MPAKTUKYME.

2. MECTO JUCIHHUIIJIMHBI B CTPYKTYPE OOII BIIO

Huciumuinaa «Pu3nka» BXOAUT B LUK OOIIMX MaTeMaTUYECKUX U €CTECTBEH-
HOHay4yHBIX AuciuIuind (EH.®.3).

Jlisi OCBOEHHS AMCHMIUIMHBI HEOOXOAMMO 3HATh: JEWUCTBUS HaJ BEKTOPaMH,
BKJIIOYAsl TIOHATHUS CKAJIIPHOIO M BEKTOPHOT'O MPOW3BEICHMS, TPUTOHOMETPHUUECKUX
¢byHKuMlA, ocHOBBI AUG HepeHInpOoBaHuUs, UHTETPUPOBAHUS, IOHATHE JorapudpmMma.

B pe3ynbrare ocBOGHMS IUCHUUILIUHBI OOYYarOUIUMHCS JOHKEH JE€MOHCTPUPO-
BaTh CJIEIYIOLINE PE3YIbTATHl OOPA30BAHNUSA:

1. 3HaTh: TeOpEeTHYECKUE OCHOBBI (TIOHATHS, 3AaKOHBI, MOJIEJIH) (PU3UKU, OCHOB-
Hble (PU3UYECKUE SBJICHUS U 3aKOHBI MEXAHUKH, JIEKTPOTEXHUKH, TEINIOTEXHUKH,
OINTHUKH, aTOMHOM U SiAEPHON (DU3HKH.

2. YMeThb: IOHUMATh, U3JIaraTh U KPUTUUECKU aHATU3UPOBATh 0a30BYyI0 (HU3H-

YCCKYIO I/IH(i)OpMaI_II/IIO; BBISIBJIATD (1)1/131/111601(}7}0 CYITHOCTDb SIBJICHUU U IMponecCcoB B
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YCTPOICTBAX pa3InyHON (PU3MUECKON MPUPOIbI U BBHIOIHITH NPUMEHUTENbHO K HUM
HE0OXOIUMbIE TEXHUUECKHE PACUEThI; MOJIb30BATHCSI OCHOBHBIMH MOHSITUSIMH, MOJIE-
JSIMU, 3aKOHAMHU J1J1s1 00bICHEHUS HA0MI0JaeMbIX (DU3UUECKUX SIBJICHUIA.

3. Baaaerb: HHCTpyMEHTapUeM JJid petieHus: Gu3nuecKux 3a/1ad B CBOei
peIMETHON 00J1aCTH; METOIaMH aHalIn3a (PU3NUYECKUX SBJICHUN B TEXHUYECKUX YCT-
pOICTBAaX U CUCTEMAX; METOJJaMU 0OPaOOTKHU M aHAIHM3a HKCIIEPUMEHTAIBHON U TEO-
peTrdeckoit puznyueckoit nHpopMaIuu (B TOM YUCIIE, C IPUMEHEHUEM KOMITbIOTEP-
HOM TEXHUKHU U UHPOPMALIMOHHBIX TEXHOJIOTHIA).

3. CTAHJAPT 110 JUCHUIIJIMHE HAITPABJIEHUS ITOJAT'OTOBKHA

@u3nYeCcKue OCHOBBI MEXAHUKU: TIOHATUE COCTOSIHUA B KIACCUYECKOW MEXaHU-
K€, YPaBHEHUS JBWKECHUS, 3aKOHBI COXPAaHEHHUsI, HEPIIUAIbHbBIE U HEWMHEPLHUAJIbHBIC
CUCTEMBI OTCUETa, KHHEMAaTUKa U JUHAMHKA TBEPAOrO TeJa, )KUIAKOCTEN U ra3oB, OC-
HOBBI PENISITUBUCTCKON MEXaHWKH; (U3MKa KOJeOAaHWH W BOJIH: TAPMOHHYECKUU U
arapMOHUYECKUH OCIMIUIATOP, CBOOOJIHBIE W BBIHYKJEHHbIE KosieOaHusd, UHTepde-
peHIus U AU paKLuusg BOJH; MOJIEKYyJsApHas (pu3nka U TepMOJAMHAMMKA: TPU Havasia
TEPMOJIMHAMUKH, TEPMOJUHAMUYECKHE (PYHKIIUU COCTOSHMS, KJIacCU4ecKas U KBaH-
TOBasi CTATUCTUKH, KMHETHYECKHUE SIBIICHMS, MOPANOK U OECHOpsSIoK B IPHUPOJE;
ANEKTPUYECTBO U MArHETU3M: 3JIEKTPOCTATHKA U MAarHUTOCTAaTHKa B BaKyyMe€ M Be-
LIECTBE, AIEKTPUUYECKHUI TOK, YpaBHEHHUE HENPEPBIBHOCTH, YpaBHEHUs Makcpemia ,
ANEKTPOMArHUTHOE I0JI€, MPUHIUIT OTHOCUTEIBHOCTH B JIEKTPOJWHAMUKE; ONTHKA:
OTpakeHHEe M MPEJOMIICHHE CBETa, ONTHYECKOe H300pa)k€eHUe, BOJIHOBAs ONTHKA,
MPUHIIUI roIorpauu, KBAaHTOBas ONTHKA, TEIJIOBOE U3IIyYeHHE, (POTOHBI; aTOMHAS U
anepHasi GU3HMKa: KOPMYCKYJSIPHO-BOJHOBOM Jyaln3M B MUKPOMUPE, MPUHIUIT HeE-
ONPENICICHHOCTH, KBAaHTOBBIE YPAaBHEHHUs [BW)XEHUS, CTPOCHHE aTOMa, MAarHETU3M
MHKPOYACTHIL], MOJIEKYJIIPHBIE CIEKTPBI, 3JEKTPOHBI B KPUCTAJJIAX, aTOMHOE SAPO,
PaANOAaKTUBHOCTb, AJIEMEHTApHbIE YACTHULIbI; COBPEMEHHasl (pu3nyeckas KapTuHA MU-
pa: uepapxus CTpyKTyp MaTepuu, 3Bojtouus Beenennoil, pusndeckas kapTuHa Mupa
Kak ¢uiocodcekas kareropus, GU3NYECKUil MPaKTUKYM.



4. CTPYKTYPA U COAEP KAHUE JTUCHUIIJINHbI

OO61mas TpyA0eMKOCTh AUCHUILTNHBI «Du3uka» coctaiseT 550 yaca.

Ne Bujibl yueOHOI paboThI
n/m p o |/lex- |[Ipak- [JIaGo- |CPC
asJel JUCHHIUIA- | &
il 3 |umu  |Tude-  [paTtop- |(4ac.)| POpMBI TEKYIIETO KOH-
2 |(4ac.) |ckue  |HBIE TPOJIs
°© 3aHATHUs |pad.
(dac.) |(gac.)
1 2 3 4 5 6 7 8

1. |Beeoenue 6 Kypc 1 1 4 4 |OT4eTsI IO BBINOJIHEHUIO
Quzuxu 71a00paTOPHBIX PadoT.

2. (1.®dusuveckmue oc- | 1 2 4 8 |domamHee 3amanue (ca-
HOBBI M€XaHUKH MOCTOSITEIBHOE PEIICHHUE
1.1.91emenmul Ku- 3amad). Tecr.
HeMamuKu

3. |1.2. Junamuka ua- | 1 3 6 4 8 |OTyeThl N0 BHINOJHECHUIO
cmuy 1a00paTOPHBIX PadoT.

Jlomamaee 3aganue (ca-
MOCTOSITEIBHOE PEIICHHUE
3a/1a4).

4. |[1.3. Cucmema ma- | 1 4 4 6 8 |OT4eThl MO BBHITOJTHEHUIO
mMepuanbHuIX mo- 1a00paTOPHBIX PadOT.
yek Jlomamaee 3aganue (ca-

MOCTOSITEIBHOE PEIICHUE
3anay). [luceMeHHbII
orpoc.

5. |1.4. 3akonuwl co- 1 4 4 8 8 |OT4eThl MO BBHITOJTHEHUIO
Xpanenus ¢ mexa- 1a00paTOPHBIX PadOT.
HUKe Jlomamaee 3aganue (ca-

MOCTOSITEIBHOE PEIICHUE
3a1a4).

6. |1.5. Dnemenmot 1 2 4 6 8 |OT4eThl MO BBHITTOJTHEHUIO
MexXaHuku cniaoul- 11abOPATOPHBIX PAOOT.
HBIX cped Jlomamaee 3aganue (ca-

MOCTOSITEIBHOE PEIICHHUE
3a1a4).

7. |1.6 IIpunyun om- | 1 2 4 |domarmrHee 3aganue (ca-
HOCUMEeSIbHOCIUL 6 MOCTOSITEIBHOE PEIICHUE




MEXAHUKe

3a/1a4)
KomnokBuym (paznenst
1.1-1.6)

8. 2. MoaekyasipHasi 2 4 2 8 |HdomamHee 3ananue (ca-
¢u3nKa u Tepmo- MOCTOSITEJIbHOE PEIICHHE
AUHAMUKA 3aj1a4)

2.1. Mukpockonu-
yeckue cOCMmoAHUA

9. |2.2. Cmamucmuue- 6 2 6 |[lomammHee 3amanue (ca-
cKue pacnpe@eﬂe_ MOCTOATCIIbBHOC PCIICHUC
Hus 3a/1a4)

Tect (2.1-2.2 paznenbl)

10. |2.3. Ocnoeswvt mep- 4 4 2 8 |OTueTsl MO BHIIOJHEHUIO
MoounamuKu 1a00paTOPHBIX PadoT.

JlomarHee 3agaHue (ca-

MOCTOSITEJIbHOE PEIICHHE
3anayd) KontpoasHas pa-
6ota (pazgeinsl 1.1-2.3)

11. |2.4. Aenenusa nepe- 2 2 2 4 |OT4eTsI IO BBINOJIHEHUIO
HoCa 1a00paTOPHBIX PadOT.

JlomarHee 3agaHue (ca-
MOCTOSITEJIbHOE PEIICHHE
3a/1a4)

12. |2.5. Peanvnuie 2a3ut 2 2 4

13. |2.6. Konoencupo- 2 4
6AHHOE COCMOsIHUE
Hroro B 1-m ceme- 36 36 36 82 3auer

JK3amMeH

cTpe




14. |3. DaekTpuyecTBo 10 6 12 16 |OTueTrhl NO BHITOJIHEHHUIO

H MATHETH3M 1a00paTOPHBIX PadoT.
Jlomamaee 3aganue (ca-

3.1. dnekmpocma- MOCTOSITEJIBHOE PEIICHHE

muka 3ama4). [IncrMeHHbIH
ompoc.

15. |3.2. Ilocmosannbli 10 2 12 18 |OTueThl 10 BHIIOJIHEHUIO
IeKmpuyecKuii 1a00paTOPHBIX PadoT.
mokK Jlomamaee 3aganue (ca-

MOCTOSITEJIbHOE PEIICHHE
3a/1a4).

16. 3.3. Maznumnoe 16 6 8 18 |OTueThl 10 BHIIOJIHEHUIO
nosne 1a00paTOPHBIX PadoT.

Jlomamaee 3aganue (ca-
MOCTOSITEJIbHOE PEIICHHE
3amay). Tecr.

17. |3.4. Ypasnenus 4 8 |[domarmnee 3aganue (ca-
Makceenna MOCTOSITEJIbHOE PEIICHHE

3a1a4).

18. |3.5. Maznummnoe 2 2 8 |OTyeThl MO BBHIINOJIHEHUIO
none ¢ gewecmee 1a00paTOPHBIX PadoT.

Jlomamaee 3aganue (ca-
MOCTOSITEJIbHOE PEIICHHE
3a/1a4).

19. 4. Konedoanus u 6 2 2 8 |OT4YeTHI IO BBHINOJIHEHUIO
BOJIHBI 71ab0paTOPHBIX paboT.

Jlomaraee 3aganue (ca-
4.1. I'apmonuue- MOCTOSITEJIBHOE PELLIEHUE
CKUIlL OCUUNTAMOP 3aj1a4).

20. |4.2. Boanoesoie 6 2 6 |[lomammHee 3amanue (ca-

npoueccol MOCTOATCIIbBHOC PCIICHUC
3anay). KontponbHas
pabora o Temam 3.1-
4.2.

HToro Bo 2-M ce- 54 18 36 82 JK3aMeH

MecTpe




21. |5. BoatHoBasn om- 6 4 8 16 |OT4eThl 110 BHINOJIHEHUIO
THKA 1ab0paTOPHBIX PadoT.
5.1. Humepdepen- Jlomamaee 3aganue (ca-
WA CEeMOBHIX MOCTOSITEIBHOE PEIICHUE

3a1a4).
60J1H

22. |5.2. Jugpparkuyusn 4 4 6 16 |OT4eTsl MO BHIMOJIHEHUIO
8OJIH 1a00paTOPHBIX PadoT.

JlomamHee 3aganue (ca-
MOCTOSITEIBHOE PEIICHUE
3ama4). [IncrMeHHbIH
orpoc.

23. |5.3. HHonapuzayusn 2 2 4 10 |OT4eTsl MO BBINOJIHEHUIO
ceema 1a00paTOPHBIX PadoT.

Jlomamaee 3aganue (ca-
MOCTOSITEIBHOE PEIICHHUE
3a/1a4).

24. |6. KBanToBas pu- 4 8 |domamrHee 3amanue (ca-
KA MOCTOSITEIBHOE PEIICHUEC
6.1. Ocnosnuie 3anay). KontponbHas
HOCH KeAHM OGO 15)a360Ta o Temam 5.1-
meopuu o

25. 16.2. Keanmoeoe 6 4 8 10 |OT4eThl 110 BHINOJIHEHUIO
COCOAHUE 1a00paTOPHBIX PadoT.

Jlomamaee 3aganue (ca-
MOCTOSITEIBHOE PEIICHHUE
3a/1a4).

26. |6.3. Ypaeuenue 8 2 6 10 |OT4eTsl MO BBINOJIHEHUIO
IlIpéounzepa 1a00paTOPHBIX PadoT.

Jlomamaee 3aganue (ca-
MOCTOSITEIBHOE PEIICHHUE
3amad). Tect

27. 16.4. @uzuxa amo- 6 2 4 10 |domarmmHee 3aganue (ca-
Ma U MOJIEKYT MOCTOATCIIbBHOC PCIICHUC

3ama4). CaMOCTOSTEIb-
Has paboTa 1o Temam
6.2-6.3.
Hroro B 3-Mm ceme- 36 18 36 80 3auer
JK3amMeH

cTpe
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5. COAEP’KAHUE PA3JAEJIOB U TEM JUCHUIIJINHBI

5.1. JEKIIUHA
1-ii cemecTp

Beenenne B Kypc o0meil Gpu3nku

[Ipeamer pusuku. Metoa Ppu3nUecKOro UCCIEAOBaHUS: OIBIT, TUIIOTE3a, IKC-
MepuMeHT, Teopusi. Matematuka u pusuka. Ponbs ¢uzuku B pa3BUTUU TeXHUKH. Du-
3UKa U WHXeHepHble Hayku. OOIIas CTpyKTypa W 3amadd Kypca ¢uzuku. Pazmep-
HOCTh (pu3nueckux BenuunH. OcHoBHble enqunuibl CU. [lpeanaraemas mutepatypa.
1.®du3uyecKkue OCHOBBLI MEXaHUKH
1.1. Dnemenmol Kunemamuxku

dusnyeckrue MOJEU: MaTepruaibHas TOUKa (J4acTuila), CucTeMa MaTepruagbHbIX
TOYEK, a0CONIOTHO TBEPAOE TeJo, CIUIomHas cpeaa. [IpoctpaHcTBO U Bpems. Diie-
MEHTBI BEKTOPHOU aJireOpBhl.

Kunematnueckoe onucanue aBuxeHusi. CKOPOCTh U YCKOPEHUE NPU KPUBOJIH-
HEWHOM JBM>XeHUU. HopManbHOE U TaHTE€HIIMAIBLHOE YCKOPEHUE.

Crenenu cB00OJbI U 0000IIEHHBIE KOOPJAUHATHI. J[BHKEHHE TOUKHU MO OKPYXK-
HOCTH. YTJIOBasi CKOPOCTb M YIJIOBOE YCKOpEeHHE. BEKTOp yriioBOW CKOPOCTHU U YIJIO-
BOI'0 YCKOPEHHS.

1.2. /lunamuka wacmuuy

OcHoBHas 3amaua quHaMUKH. IIoHSITHE COCTOSIHUS B KJIACCHUECKOM MEXaHHKE.
VYpaBHenue asuxeHus. Macca u umnynbc. JtaiioH maccel B CU. ['panunsl npume-
HMMOCTH KJIACCUYECKOTO CII0C00a ONMMCAaHUs JBUKECHUS YaCTHII.

CoBpemMeHnHas TpakToBKka 3akoHOB HrroToHa. IlepBrbiiit 3akoH HproTOHA M moHS-
THE WHEPLUAIIBHONW CUCTEMBI OTCU€Ta. BTOpoit 3akoH HproTOHA Kak ypaBHEHUE JIBU-
xeHus. Cuia Kak Mpou3BOIHAS UMITYJIbca. BUABI CUI B MEXaHUKE.

Tperuit 3akoH Hpr0TOHA M 3aKOH COXpaHEHUS UMITyJIbCa.

1.3. Cucmema mamepuanvbHovix mouex

BuyTpenHue u BHEIIHUE CUIIbl. IMITyJIbC CUCTEMBI MaTepHUATbHBIX TOYEK. 3aKOH
COXpaHEHHMsI UMITYJIbCca KakK (yHIaMEHTAJIbHBIM 3aKOH Mpupojbl. OCHOBHOE ypaBHE-
HUE JTMHAMHUKH CUCTEMbI MAaTEPUAIbHBIX TOYECK.

AnnutuBHOCTh Macchl. LleHTp macc (uieHTp umHepuuu). TeopeMa O JIBHKEHUU
neHTpa macc. CucreMa 1eHTpa UHEPIUU.

MoOMEHT uMMMyJibca. 3aKOH COXPAHEHHUS] MOMEHTa HUMMYyJbca. MOMEHT CHIIBI.

YpaBHEHHE MOMEHTOB.

11



TBEpaoe Teno B MexaHUKe. MOMEHT MMIYJIbCa BpPAUIAOLIErocs Tejia. MOMEHT
WHEPUUHU TBEPIOrO Tejla. Y paBHEHUE JUHAMUKHA U PAaBHOBECHUS TBEPIOIO TEA.
1.4.3axon coxpanenus rnepzuu

Pabota u xunernueckas sHeprus. Paborta nepemennoit cuibl. [Ipumepst. Mor-
HOCTh. KMHETHMYECKAss SHEPTUs B Pa3IMUHBIX cUcTeMax OoTcyéra. [lonHas kuHeTHYe-
CKasi DHEPTHUsl IBUKEHUS TeJla KaK LIEJIOTO.

KoHcepBaTuBHBIE 1 HEKOHCEpBAaTUBHBIE CHIIbL. [loTeHIIManbHas sHeprusa. CBA3b
MEXKJy KOHCEPBAaTUBHOW CWJIOW M MOTEHUHAIBHOW H»HEpPrHeil. 3aKOH COXPaHEHHUs
sHEepruu B Mexanuke. O0uiedu3nueckuii 3aKOH COXpaHEHUsI SHEPTUH.

1.5. Dnemenmot mexanuku cnaiouWHBIX Cpeo

OO6mue cBoiicTBa xKUAKOCTEH U razoB. MeanbHas U BsA3Kas )KUJIKOCTU. Y paBHe-
HUS PABHOBECUS W JABWKEHMS KUAKOCTU. ['MapocTaTHka HECKUMAEMOM JKUIKOCTH.
Crauuonapnoe teuenue. JIunum u TpyOka Toka. YpaBHeHHE HepazpbiBHOCTH. CTa-
LIOHAPHOE JBUKEHHUE HJICAIBHOW KUIKOCTH. YpaBHeHue bepHyinu. Bsskas xun-
KOCTb.

1.6. IlIpunyun omuocumenbHOCmMU 6 MeXaHUKe

[Ipuniun otHocutensHocTH ["anunes. [IpeoOpazoBanus [anunes. MaBapuanTsi
npeoOpazoBanusi. [IpeodbpazoBanus Jlopenua. CrnenctBust u3 npeodpazoBanuit Jlo-
pEHLIa: OTHOCHUTEJIBHOCTh JJIMH U MPOMEXYTKOB BpPEMEHU. PENSITUBUCTCKHN 3aKOH
CJI0KEHHSI CKOPOCTEM.

DNEeMEHTBl PEJSITUBUCTCKOM JUHAMHUKHU. PensTHBUCTCKas Macca, UMIIYJIbC M
SHEprusi. Y paBHEHHE IBUKEHUS PEIATUBUCTCKON YAaCTHULIBI.

2. Moaexkyasipaasi Gpu3suka 1 TepPMOAMHAMHKA
2.1. Mukpockonuueckue cocmoanus

TennoBoe aBuMxkeHHE. MaKpOCKONMYECKUE NapaMeTPbl. Y paBHEHUE COCTOSHMUS.
BHyTpeHHsIs 3Heprus. YpaBHEHUE COCTOSIHUS HJAEalNbHOro rasa. JlaBieHue rasa c
TOYKH 3PEHUS MOJEKYISIPHO-KMHETHUYECKONW TeopuH. CpenHss KMHETHYECKas dHep-
st MOJIEKYJ. MoOJNeKyIsIpHO-KMHETHUYECKUN CMBICI a0COJIIOTHOW TeMIlepaTyphl.
Yucino creneneit cBo00Abl. 3aKOH paclpeeseHHsl JHEPTUH MO CTENEHsIM CBOOOIbI.
2.2. Cmamucmuueckue pacnpeoenienus

Krnaccuueckast u kBaHTOBasi CTaTUCTUKU. BepositHOCTh M uiykTyauus. Pacmpe-
nenenre Makcgesuia. Pacnpenenenue yacTuil o abCOMIOTHBIM 3HAYEHUSIM CKOPOCTH.
Cpennsas xkuHeTndeckas 3Heprus dactull. CKOpOCTh TEIUIOBOIO JIBMKEHUS YACTHII.

Pacnipenenenne bonbsumana.
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2.3. OcHoebl mepmoouHamuku

Buyrpennsis sneprusi. Pabota raza npu usmenenuu oobréma. KonandectBo ter-
notel. Tennoémkocts. IlepBoe Hauano TepmoanHamMuku. llpumenenne k u3omnporuec-
cam.

[IpuBe1€HHOE KOJIMYECTBO TEIUIOTHI. DHTPOIHS M CTATUCTUYECKUN BEC COCTOS-
HUs. DHTponus B TepMoanHamuke. O6parumbie 1 HeoOpaTUMBbIe mpoiiecchl. Bropoe
Hayajao tepMoAauHaMuku. TeroBeie MamuHbl. Lukn Kapuo, Tepmuuecknii KI1/ Te-
IJIOBOM MamuHbBL. TenjaoBOM ABUraTeNb U XOJOAWJIbHAS MallWHA. TepMoauHamMuye-
ckue pyHkuuu cocrosinua. PazoBbie paBHOBeCHUs U (ha30BbIe MpeBpalieHus. Tperbe
Hayajao TEPMOJNHAMUKH.

2.4. Aenenusa nepenoca

[lonsTue o ¢pusznueckoii kuHetuke. Bpems penakcanuu. DppexkTuBHOE ceueHue
paccesiHus. Yucio CTOJIKHOBEHUH U JIMHA CBOOOIHOTO ITpoOera MOJIEKyII B rase.

SBnenus nepenoca. Huddy3us, TEIONPOBOAHOCTh, BA3KOCTh. JMHaMUUecKas
Y KUHEMAaTH4YeCcKas BSI3KOCTb.

2.5. Peanvnuie 2a3ul

Y4ér MONEKyIsApHOTO B3aUMOJEUCTBUA. YpaBHeHne Ban-nep-Baanbca. Kpurtu-
yeckas Touka. CpaBHEHUE TEOPETUUECKUX U SKCIIEPUMEHTAIIBHBIX U30TEPM.
2.6. Konoencuposannoe cocmosanue

Kunxoctu. IloBepxHocTtHoe HaTskeHHe, (opmyna Jlammaca. CmauuBaHue.
CtpoeHue U CBOMCTBA KPUCTAIUIMYECKUX U aMOP(HBIX TE.

2-1 ceMecTp

3. DJIeKTPUYECTBO U MATHETU3M
3.1. Dnekmpocmamuka

3akoH Kynona. Hanpsk€HHOCTB anekTpuyeckoro nojis. IIpuHuun cynepnos3u-
nuu. OnekTpudeckuil numnonb. Paborta snekrpoctatnueckoro mnons. upkymnsuus
anektpoctaTudeckoro mnoiid. IloreHuman. CBs3p HANpPsHKEHHOCTH C MOTEHLMATIOM.
IToTtox Bekropa. Teopema I'aycca anexTpocTaTuyeckoro mojisi B BakyyMme. ['ycTora
CWJIOBBIX JUHUN. [IoOHATHE O OUIIOTBHOM MOMEHTE. DHEPrus AMMOJSA B AJIEKTPOCTA-
Tr4YecKoM Tmosie. [lossipHble M HEMONSPHBIE MOJEKYIbI U AUANEKTPUKH. [lonspuzanms
IUANEKTpUKOB. llonsipu3zoBaHHOCTB. JM3JIEKTpUUECcKass BOCIIPUUMYUBOCTD JIUAJICK-
TpUKAa OJEKTPUUYECKOE IOJIE BHYTPHU AUAJEKTpUKA. [[Wdnekrpuueckas NpOHHUIAE-
MOCTb JUAJIEKTpHKA. BekTop anekTpudeckoro cMmemenus (MHaAykun). [IpoBogHuk B
ANEKTPOCTATUYECKOM MoJie. [ paHNYHbBIE YCIIOBUS HA TPAHULE "TIPOBOAHUK-BAKyyM'.

9JICKTpOéMKOCTB IMPOBOJHUKOB. EmxocTth KOHICHCATOPOB pa3J11/1qH0ﬁ reoMeTpuic-
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CKOM KOH(UTypanuu. DHEeprusi B3aUMOJEUCTBUS AJNEKTPUUYECKUX 3apsA0B. DHEPrus
CUCTEMBI 3apsKEHHBIX MPOBOJHUKOB. DHEprus KoHaeHcaropa. ITOTHOCTh 3HEprun
AIEKTPOCTATUYECKOTO MOJIS.
3.2. Ilocmosannwlii 31eKmpuyecKuil mok

Cwia ¥ IUIOTHOCTh TOKA. YCIIOBHS CYIIECTBOBAHMS TOKA. VICTOYHMKM TOKa.
Croponnue cunbl. DJIC. DneKTpUYECKUil TOK B CILUIOIIHOM cpene. DIEKTPUUYECKOE
CONPOTHUBIICHUE, YJIEIBHOE COMPOTUBJIEHNUE MPOBOJHUKA, YJEJIbHAS NPOBOJUMOCTD.
SIBneHne cBepXmpoBOAMMOCTH. 3akoHbl OMa u J[koynsg-JIeHna B MHTErpajibHON U
muddepenunansHoit popme. [IpaBuna Kupxroda.

DNEeKTpONpOBOAHOCTh MeTauioB. Hocurenu Toka. DnekTpoHHbIN ra3. IlonBux-
HOCTb HOcuTenel. HenocTaToOuHOCTh KIIaCCUYECKOM 3JIEKTPOHHOU TEOPHUHU.
3.3. Mazhnummnoe none

XapaKkTepUCTUKH MarHuTHOro noisis. 3akoH buo-Casapa-Jlanmaca. IlpuHiun
cynepno3uunu. MarHuTHOE IoJIE KPYroBOro M MPSMOJMHEWHOro Toka. IloHsTHEe O
LUPKYJISUAYU BeKTOpa B. 3aK0oH MOJHOrO TOKa AJisl TOKa MPOBOJIUMOCTH.

Cuia JlopeHua u cuna Amnepa. Bektop MarHuTHOM MHAYKUMHU. EquHnna cuibl
TOKa - AMrep.

JIBM)KEHHE 3apsSKEHHBIX YaCTHUI] B JIIEKTPUUECKOM U MarHUTHOM MOJsAX. BUTOK
C TOKOM B MATHUTHOM NoJie. MOMEHT CHJI, IEUCTBYIOIIUI HA PAMKY.

SBneHune anexTpomarautTHol uHAykuuu. [IpaBuno Jlenna. Camounnaykuus. Na-
TYKTUBHOCT.
3.4. Maznummnoe none 6 éeujecmee

[loHsiTHE O MAarHUTHOM MOMEHTE TOKa. MeXaHW4YeCKUd U MArHUTHBI MOMEHT
atoma. IIpomecc HamMarHnumBaHUsT MarHeTMKOB. HamarnmueHHOCTh. MarsHuTtHas
BOCIIPUMMYHBOCTb. MOJIEKYJIIpHBIE TOKM. MarauTHoe mosie B MarHetukax. Hamps-
KEHHOCTh MarHWTHOI'O MOJsA. MarHuTHas NMpOHULAEMOCTh. /[namMarHeTMku W mapa-
MarHeTukd. OObsicCHEHWEe HaMarHW4YMBaHUsA. 3aBUCHMOCTh HaMarHU4MBaHUS OT Ha-
NPsSKEHHOCTH BHEWIHEro nojisi. Peppomarnetuku. Jlomensl. KpruBass HamarHnuuBa-
Hus. SIBnenue HacobiieHus. OCHOBHBIE CBOWCTBA (PEppOMArHETUKOB.
3.5. Ypaeuenua Maxceenna

@apaneeBckas 1 MakcBEIUIOBCKasi TPAKTOBKA SIBIEHUN 3JIEKTPOMATHUTHOW MH-
nykund. BuxpeBoe anektpuueckoe none. Tok cmemenus. Cucrtema ypaBHeHU Mak-
CBEJIa B UHTETpaJIbHOM (hopme.

[IpyHOHAI OTHOCUTENBHOCTU B 3JIEKTpoAnHAMUKE. CKOPOCTh PacIpOCTPAHEHUS

QJICKTPOMAruouTHBIX BOSMYHICHHﬁ. IImoTHOCTE ITOTOKA OHCPTUU.
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4. KosieGaHus1 U BOJIHBI
4.1. Teopua konevanuit

["apMonunyeckuit U arapMmonunyeckuit ocuusuiarop. I[lonarue o xonedaTeabHBIX
npoueccax. EnuHbI moaxoa K KojaeOaHusM paznudyHor (usndyeckoit npupoasl. Bu-
IIbI KOJIEOAHMIA.

I'py3 Ha npyxuHe, GU3NYECKUN MasSTHUK, KPYTUIbHBIA MasiTHUK, KOJeOATelb-
HbI KOHTYp. duddepenuunanbHoe ypaBHEHHE TapMOHUYECKUX KoJjiebaHUH, ero pe-
neHue. AMIUIMTY/AA, Kpyropas dactoTa, ga3a. Bekropubie quarpamMmbl. CioskeHue
KOJIeOaHUI.

3aryxaromue koiebanusa. Koadduiment 3aryxanus, sorapupMuueckuil exkpe-
MEHT, T0OPOTHOCTb.

BhIny>XIeHHBIE 3JIEKTPOMarHUTHbIE KojebaHus. Pe3oHaHc.

4.2. Boanoewie npoyeccol

Bonnbl. Ilnockas u chepudeckasi cTalioHapHbIE BOJHBL. Y paBHEHUE IIOCKON
BOJIHBI. BonmHoBoe ypaBHenue. [IpoonbHble U onepeyHbie BoHbl. MHTephepenus
CUHYCOUJAIbHBIX BOJIH. YCJOBHUS YCWIEHHS M OcJablieHus. DJIEeKTpOMarHUTHbIE
BoJIHBI. [1IKaJia 371eKTpOMarHuTHEIX KOJIeOaHMiA.

3-ii cemecTp

5. BosiHoBasi onTHKa
5.1. Humepdghepenuyusa ceemogvix 6011

HNutepdepeniius MoOHOXpoMaTHYECKUX BOJIH. KBaznMMOHOXpOMAaTHUECKHE BOJI-
Hbl. KorepentHocth. OCHOBHBIE MHTEpPEPEHIIMOHHBIE CXeMbl. BpeMeHHOe U CIiek-
TpajgbHOE PACCMOTPEHUE UHTEP(HEPEHIITMOHHBIX SIBICHUMH.
5.2. lugppaxyusn éon

[Mpunnun Ioitirenca-Openens. [pubmkenue Openens. Uaterpan B audpak-
uuu Openens. Ipocteie 3agaun audpakiuu (qudpakius Ha KPYrJioM OTBEPCTHH,
nudpakius Ha menn). Judpakinuonnas pemeérka. {VcciaenoBanue KpUCTANIMUECKUX
CTPYKTYp, ypaBHeHue Bynwda-bparros.}
5.3. loaapuszayus ceema

[Monstpuzanus cBeta. Buibl nmoispu3amuu: miIoCKO-MOISIPU30BaHHBIN CBET, KPY-
roBasi, JJUIMIITHYEeCKas noyigpu3anus. 3akoH Mamoca. [onspuzanuus csera npu oT-
paXeHUH OT OBEPXHOCTH AUAJIEKTPUKA. 3aKoH bproctepa. J[BynyuernpenomieHue.
6. KpanToBas pusnka
6.1. Ocnoenvle uoeu K6anmoeoi meopuu
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[IpotuBopeuns knaccuueckoit pusuku. I'unoresa [lnanka. CBeToBbIE KBAaHTHI.
doroaddexrt. {Idpdext Komnrona.}

[IpaBuno yactor bopa. ['mnore3a ne bpoitns. {{Audpakuus 31eKTPOHOB (OMBIT
HeBuccona u Jlxepmepa).} CootHomenue HeomnpeaenéHHocteit [eiizendepra. ['pa-
HULIBI TPUMEHUMOCTH KJIACCUYECKON MEXAHUKH.

6.2. Keanmogoe cocmoanue

CocTostHe MUKPOYACTHUIbl B KBAHTOBOW MEXAaHHMKE: BOJHOBas (QYHKIMS U €&
CTaTUCTUYECKUI CMBICI.

6.3. Ypasuenue Illpéounzepa

Bpemennoe ypaBHenue pénunrepa. Cranmonapnoe ypaBuenue llIpénunrepa.
[IpocTeimme 3a1a4n KBAaHTOBOM MEXAHUKH.

6.4. Qu3uka amoma u MoeKyn

ATOM BOZOpO/Ia B KBaHTOBOM MexaHuke. BompoponononoOHblil aToM. DHepre-
Thyeckue ypoBHU. CHEKTpbl BOJIOPOIONOI00HBIX aToMOB. [IpocTpancTBeHHOE pac-
MIPEAEIEHUE DJIEKTPOHOB B aroMe Boaopoaa. CTpyKTypa 3JEKTPOHHBIX YPOBHEHN B
CIIOXHBIX atoMax. Tumsl cBsizeil anekTpoHoB B aromax. {[Ipunuun Ilaymu. [lepuo-
nudeckas cucrema anemenToB JI.M. Menpeneena. }

Monekyna Bogopoaa. O6MeHHoe B3auMmojeiicTBue. dusnueckas NpUposia Xu-
MUYecKol cBs3u. MOHHast W KOBajJeHTHAsl CBs3b. {DJNEKTPOHHBIE TEPMbI JIBYXaTOM-

HOM Monekynbl. KonebarenbHas v BpamiaTenbHasi CTpYKTypa TEpMOB. }

5.2. HIPAKTHYECKUE 3AHATUA

1-i1 cemecTp

No Tema 3agauu qus ayaurop- | Jomamnee 3a- | Uuc-
HbIX 3aHsTUi [1 mon] | manume [1 mom] |70
4acoB
1. | Kunematuka 1.6,1.16, 1.19,1.21, |1.5,1.18, 1.22, 6
1.42, 1.48 1.45, 1.46
2. | luHamMuKka yacTuil 2.1, 2.4, 2.96 2.5, 2.17, 2.98 6
3. | Aunamuka Bpamarensuoro |3.8, 3.11, 3.14 3.10, 3.13, 3.15| 4
JIBKEHUSI
4. | 3aKOHBI COXpaHEHHS UM- 2.20, 2.22, 2.32 2.23, 2.38, 4

16



myJibca u sHepruu. Pabora. |2.65, 3.19 2.62,2.78, 2.20
5. |3akoH coxpanenust MoMeHra |3.32, 3.35, 3.36 3.33, 3.37, 3.38 4
HUMITYJIbCa
6. | Kontponwshas padota 1 2
7. |1 HayaJI0 TePMOIMHAMUKH 5.156, 5.158, 5.160 |5.157, 5.159, 4
5.161
8. | Il Hauano TepMOAMHAMUKHN 5.178, 5.181, 5.183 |5.179, 5.182, 2
TerutoBble MamuHbL. [k 5.184
Kapno
9. | 9uTponus 1/4 cuctem. 111 5.197, 5.201, 5.203 |5.188, 5.200, 2
Hayaso T/1I. 5.202
10| KontponwsHas padota 2 - - 2
2-ii cemecTp
No Tema 3anauu qs ayaurop- | Jomamnee 3a- | Ywc-
HbIX 3aHsATU [1 mon] | manwme [1 mom] |70
4acoB
1. | Hanmpsixennocts. [lpunnun |9.20, 9.22, 9.43 9.18, 9.21, 2
CyHEPIIO3UIUU 9.23,
2. | Teopema I'aycca 9.35, 9.39, 9.42, 9.32,9.37,9.40 2
3. |Tlorenmman anektpocratud. |9.56, 9.61, 9.96, 9.58, 9.62, 2
rojg. PazHocTs motennua- |9.107 9.97, 9.122
JIOB. DJIEKTPOEMKOCTb.
4. |ITocTOSHHBIN TOK 10.5, 10.14. 10.30, 10.9, 10.15, 2
10.58 10.34, 10.61
5. | MaruuTtHoe noJe 11.3, 11.8, 11.10, 11.7, 11.17, 2
11.20
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6. | Cuna Amnepa u Jlopenua 11.52, 11.62, 11.73 |11.46,11.63, 2
11.74
7. | SABnenune >n/marautHoi nH- |11.84, 11.85, 11.103,|11.88, 11.101, 2
TYKIIUU 11.111 11.110
8. | Konebanus u BOJIHEI 12.6, 12.20, 12.68, 12.7, 12.21, 2
14.5 12.67, 14.8
9. | KonTponbHas pabora - - 2
3-ii_ cemecTp
No Tema 3anauum qs ayaurop- | Jlomamuee 3a- | Ywc-
HbIX 3aHsATul [1 mon]| | manwme [1 mom] |7o
4acoB
1. | UaTepdepenuus cera 16.2, 16.4, 16.8 16.3, 16.6, 16.7| 4
2. |AnTepdepennns B Toukux |16.10, 16.12, 16.15, |16.14, 16.19, 4
IJICHKaX 16.26
3. | dudpakuus cera 16.32, 16.39, 1648 |16.29, 16.41, 6
16.45
4. | TITonsipuszanus cBeTa 16.60, 16.63, 16.67 |16.61, 16.64, 2
16.68
5. | KonTtponbHnas pabora 1 2
6. | 3akoHbl TemioBoro uznyde- |18.3, 18.8, 18.16, 18.5, 18.10, 2
HUSA 18.17,
7. | Dororddexr. [aBnenue 19.14, 19.21, 19.24 |19.15, 19.20, 6
CBeTa 19.26
8. | Atom bopa. 20.4, 20.6, 20.13, 20.12, 20.17, 4
20.28,20.32 20.29, 20.31
9. |Ctpoenue siipa atoma 21.18, 21.26, 22.22, 21.20, 21.36, 4
22.26 22.24,22.27
10| KonTponbhas padora 2 - - 2
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5.3. JABOPATOPHBIN TIPAKTUKYM

JlaGopaTopHBbIil TPAKTUKYM BBITIOIHSAETCS MO0 UHAMBUIAyAIbHOMY rpaduky Opu-
rajaMu, COCTOSIIIUMH U3 2-3 CTyIEHTOB. BhINoHEHNE 1a00paTOPHOTro MpakTUKyMa
OpPraHU3YyeTCs MO MUKINYECKOMY MPHUHITUITY, HA KXyl paboTy OTBOAMTCS 2 yaca
ayJIUTOPHOTO BPEMEHHU.

[lepen BBIMOTHEHUEM DKCTIEPUMEHTA CTYJICHT JOJKEH MPOUTH coOeceI0BaHHE C
npernojaBaTeseM U MOJy4IUTh JomycK K padote. [loaroroBka k madbopaTopHoit paboTe
OCYIIECTBIISIETCSI CTYJICHTOM JI0 ayJIUTOPHBIX 3aHATUN B Yachl, OTBEICHHBIC HA CaMO-
CTOSITEILHYIO PadoTy.

Jl1s1 monmydeHus 3a4eTa 1o BBINOJHEHHON J1abopaTopHO paboTe CTYASHT Ipe-
CTaBJISICT MpeTnojaBaTesito 0OPMIICHHBINM OTUYET CO BCEMU HEOOXOIUMBIMH pacueTa-
MU M 3alllMIIAET ero B XoJie mocieaytoniero cooecenqopanusi. OpopmieHue otyeTa u
MOATOTOBKA K 3aluTe JIabopaTOpHOU PabOThl OCYIIECTBISICTCS CTYIEHTOM B Yachl,
OTBEJICHHBIE HA CAMOCTOSITEIIbHYIO paldoTYy.

Ha 3auetnsbie 3ansatust oTBoAUTCS 10 yac ayTMTOPHOTO BPEMEHH.

BrinonHeHnue 1adopaTopHBIX pabOT U OTYET 110 HUM B MOJTHOM 00beMe SBIISICTCS
00s13aTeNIbHBIM YCJIOBHEM JIOMyCKa K IK3aMeHY (3aueTy) Mo TaHHOW TUCIUILIMHE.
Tembl 1a00paTOPHBIX PadoT
1-if cemecTp

1-0. O6paboTka pe3yIbTaTOB U3MEPEHUH.

1-1. 3mepeHue TMHEHHBIX pa3MepoB U ONpeeIeHUE TIIIOTHOCTU TBEPABIX TE.

1-2. ITpoBepka BTOporo 3akoHa HetoToHa Ha MamHe ATBYya.

1-3. M3yueHue 3aKOHOB COXpaHEHUs MPHU yJape IIapoB.

1-4. VI3ydyeHue OCHOBHOTO 3aKOHA JUHAMUKHU BpaIaTEIbHOTO JIBUKEHUS HA MasTHH-
ke O6epoeka.

1-5. N3ydeHne 3aKOHOB COXpaHEHUS MOMEHTa WMMITYJIbCAa W DHEPTUM MPHU TOMOIIH
KPYTHJILHOTO MasiTHUKA.

1-6. OnpeneneHre MOMEHTa UMITYJIbCa TUPOCKOIIA.

1-7. IIpoBepka 3aKkOHa COXpAHEHUs SHEPTUU HAa MasiTHUKE MakcBeia.

1-8. OmnpeneneHne MOMEHTAa MHEPITUH TEJ TP MOMOIIU KPYTUIILHOTO MasiTHUKA.

1-9. Onpenenenue yckopeHusi CBOOOTHOTO MaJeHUs IIPU MOMOITH 000POTHOT'O MasIT-

HUKA.
19



1-10. Onpenenenne kodpdpunuenta Ba3KocTu Meto1oM CTokca.
1-11. Onpenenenue nmokazaTens aauadaThl

1-12. Onpenenenune moayns FOura meronom Jlepmanrtosa.

2-i cemecTp

2-0. DneMeHTHI IAEKTPUUECKUX LeTNei U 3JIeKTPOU3MEPUTENbHbIE TPUOOPHI.

2-1. HccnenoBanue 3eKTPOCTaTUYECKOTO MOJIS.

2-2. OnpeneneHue yaeabHOro CONMPOTUBICHUS METANIMYECKOTO MTPOBOTHUKA.

2-3. 3mepenue conpoTUBIECHUS MOCTOBBIM METOJIOM.

2-4. Ilposepka 3akoHa OMma 115l HEOJHOPOAHOIO y4acTKa LEeMu.

2-5. UccnegoBanue KIIJ ncrounuka Toka

2-6. M3ydenue paboThI JJAMIIOBOT'O TPUO/IA.

2-7. I3y4eHue 3JeKTpOHHOT0 ocuuiuiorpada.

2-8. OnpeneneHue ropu30HTAIBHON COCTABISAIONIEH MAarHUTHOTO MO 3€MIIH.

2-9. 3amepenue MHAYKIUU MAarHUTHOTO TOJISl AJIEKTPOAMHAMOMETPOM.

2-10. Onpenenenue yneabHOTO 3apsiaa dJIEKTPOHA METOJIOM MAarHUTHOW (POKYCHUPOB-
KM DJICKTPOHHBIX ITYYKOB.

2-11. UccnenoBanue CETHETOAIEKTPUUECKUX CBONCTB TPUTIIHITUHCYIb(DATA.

2-12. HUccnenoBanue MpoIeccoB HAMarHMIMBaHus (eppoOMarHeTHUKOB.

3-ii cemecTp

3-1. M3yuenue unreppepeHuu cBeTa Ha yCcTaHOBKe ¢ ounpusmoit dpenens.

3-2. Omnpenenenue nokasaress MPEJOMIIEHUS MPO3PAYHOM IIACTUHKU C MOMOIIBIO
MHUKPOCKOIIA.

3-3. Onpexnenenue paanyca KpUBU3HBI JIMH3BI IO KObllaM HbroTOHA.

3-4. OnpeneneHue AIMHBI BOJHBI CBETA MPU MOMOIIU JU(PAKIIMOHHON PEIIETKH.

3-5. N3yuenue 3axkona Mantoca.

3-6. M3ydeHue cepuaibHbIX 3aKOHOMEPHOCTEH B CIEKTpPE BOAOPOJA U ONpE/IeTICHUE
noctosiHHoM Punbepra.

3-7. Onpenenenue SHepruu akTUBALUU MTOJYIPBOJIHUKA

3-8. OmpeneneHne MaKCUMalbHOW 3HEPruu O€Ta-CleKTpa MO TOJIIMHE CJIOS MOJI0-
BUHHOT'O OCJIa0JICHUSI.

6. CAMOCTOSATEJIBHASA PABOTA CTYAEHTOB

1. IloaroroBka u ogopmieHue Ja00PATOPHOrO NPAKTUKYMA.

2. [loaroroBka Kk NMPaKTU4YECKHM 3aHATHAM U CEMUHAPaM: TEMbl — B COOTBETCT-
BUU C TaONMIIEH MPaKTUYECKUX 3aHATUMN, COJlep)KaHHe — B COOTBETCTBUU C IIPOrpaM-

MOW M BOITPOCAMH JJIsI CAMOIIPOBEPKHU.
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3. BbinosiHeHne JOMANIHUX 3aJaHUH — B COOTBETCTBHUH C TAOIHIIEH MPaKTHUYECKUX
3aHSTUU.

4. IloarotoBKa K KOHTPOJBHBIM PaloTaM - B OCHOBHOM COCTOUT B BBHIIIOJIHEHUU

JOMAIIIHUX 3a7a4 U KPaTKOro MOBTOpPEHHUs. TeMbl - B COOTBETCTBHM C TabJUleH

MPAKTUYECKUX 3aHSATUH.

5. BpInoJiHeHNe MHANBUAYAJIBLHOT0 JoMalnHero 3ajgauus (PI'P).

NuauBuayanbHOe 3a7aHue TpeicTaBiisieT co0od Habop 3ahad MO HU3y4yaeMbIM
teMaM. KonnuecTBo 3a7a4, X UCTOYHUK U HOMEpPA OIpeAeIIsieTcs] IpernojaBaTeieM u
coo0IIaeTcs CTy/IeHTY B Hauaje ceMectpa. Bece 3a1aHusi BHIONHSIOTCS CTYJIEHTOM B
4achl, OTBEJICHHbIE HA CAMOCTOSTEIbHYIO paboTy, ONUPASICh HA U3YUYEHHBIA TEOPETH-
YecKUi MaTepuall, U3JI0KEHHBIN B JIEKIMOHHOM Kypce, U MpopaboTaHHBIN Ha Mpakx-
TUYECKUX AYJUTOPHBIX 3aHATHSAX. NHAMBUIyalbHOE 3aJ]aHUE CIAETCS Ha MPOBEPKY
no yactsm (1+3 3agaun) B TeueHue cemectpa (1o Mepe M3yueHUs COOTBETCTBYIOIINX
paszieros).

Kaxxnas 3amaua odopmiisercs Ha oTaenbHOM jucte popmatom A4. CxeMsl, pu-
CYHKU Y Tpa(UKH BBITOJHIIOTCS KapaHIAIIOM C MOMOIIBI0 YePTEKHBIX HHCTPYMEH-
TOB. IHIMBUAYyaIbHOE 33a/1aHUE 3aYUTHIBAETCS, €CIIM PEIIEHUs HE COAEPKAT OLIUOOK
MPUHIMITHAIBHOTO XapaKTepa U BHIMOJIHEHBI Bce TpeOOBaHUS 10 0(hOPMIICHHUIO.

Hezautennbie 3agaun MHAMBUIYAIBHOTO 3aJlaHMs JTOJDKHBI OBITH BBITIOJTHEHBI
3aHOBO U MPEJCTaBIEHBI Ha MOBTOPHYIO MPOBEPKY BMECTE C MEpPBOHAUYAIbHON pabo-
TOM W 3ameyaHusiMU mpernogaBaTens. Ha ucnpapnenue 3ameyaHuil OTBOAMTCS He-
JENbHBIA CPOK CO JHS UX BBIJAYM MOCJIE TIEPBOM MPOBEPKHU.

6. Iloaroroska k ko/utokBuymy. KomoxkBuym —10 yu. Henens cemectpa. Ha kon-
JIOKBUYM BBIHOCSITCS CJIEIYIOIIME BOIPOCHI (CM. CIUCOK 3K3aMEHAllMOHHBIX BO-
npocoB): 1 cemectp: 1-25 Bompocsl, 2 cemectp: 1-22 Bompocsl, 3 cemectp: 1-17
BOIIPOCHI.

7. IloaroroBka Kk 3k3aMeHny (3auery). [lonroroBka ocymecTBisieTcsi B COOTBETCT-
BUU C BONPOCAMH, BBIHOCUMBIMU Ha HK3aMEH. 3aueT BBICTABIISIETCS MO Pe3yibTa-
TaM Ja0OpaTOPHOTO MPAKTUKyMa, MPHU YCHEHIHOW 3aliuTe JaOopaTOPHBIX padoT
COTJIaCHO TpaduKy.

8. Bonpockl n3y4yaempie CaMOCTOSATEIBHO.

1-ii cemecTp

e CBoOoaHbIe ocu. ['mpockor.

e Oopmyia Ilyasens.
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2-ii

Hanpsokenus B ynpyroaedopmupoBanHoM Tene. 3akoH ['yka. Pactsokenue u
C)KaTHe CTepKHEU. J(narpamma HarpsKeHUN.

bapomerpuueckas popmyna.

OmnerT HlTepHa

DnemMeHThl Kpuctajuiorpaguu. BiausiHue Tumna cBa3u Ha CTPYKTYpPY U CBOMCTBa
KPUCTAJLIOB.

CceEMECTD

3-it

Turbl ra3oBbix paspsanos. [lorsatue o miaszme.

MarauTHoe 110J1€ COJICHOM1a U TOPOUA.

Buxpesblie TOKH.

MaruuToMsrkiue ¥ MarHuTOTBepAble MaTepuainsl. [lpumenenue peppomaraeTu-
KOB.

Crosiune BOJIHBI.

3BYKOBBIE BOJIHBI.

CceMECTD

HccnenoBanue KpUCTAIUIMYECKUX CTPYKTYD, ypaBHeHUE Bynbda-bparros.
S¢pdexr Komnrona.

Hudpakuus 31exkTpoHoB (onbIT JleBuccona u J>xepmepa).

ITpuamun [laymu. Ilepuonnueckas cucrema anemeHToB /(.M. Meneneesa.

9JI€KTpOHHBIe TCPMbI HBYXaTOMHOﬁ MOJICKYIJIBI. KonebarensHas n BpalaaTejibHasa

CTPYKTypa TEPMOB.

1-ii cemecTp
No Tema Bunpt paboTtsl Yuc-
710
JacoB
1. | Kunematuka MOATOTOBKA KOHCIIEKTA J1a0. pad., BbI- 18
MOJIHCHHE JIOM. paOOThI, PEIICHUE 3a/1a4
PI'P
2. | lunamuka gacTuil MOATOTOBKA KOHCIIEKTA J1a0. pad., BbI- 18
MOJIHCHHE JIOM. paOOThI, PEIICHUE 3a/1a4
PI'P
3. | JluHamMuKa BpamaTeJIbHOTO | TIOJITOTOBKA KOHCIIEKTA j1a0. pal., BbI- 18
TBUKCHUS MOJIHCHHE JIOM. paOOThI, PEIICHUE 3a/1a4
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PI'P
4. | 3aKoHBI COXpAaHEHUS M- MOJATOTOBKA KOHCIEKTa J1ab. pal., BbI- 18
nyfibca U sHepruu. Pabota. |mosHeHue J0M. paboThl, pelieHue 3a1ad
PI'P
5. |3aKOH coXpaHEHHs MOMEHTA | MOJrOTOBKA KOHCIEKTa J1al. pad., BbI- 18
UMITyJIbCa MOJIHEHUE TIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P
6. | KonTponpHnas pabora 1 MOJATOTOBKA K KOHTPOJIbHOM paboTe, K 18
KOJUIOKBUYMY
7. |1 Hauano TepMOIMHAMHUKM | TIOJIOTOBKA KOHCIEKTa jab. pal., BbI- 18
MOJIHEHUE JIOM. paboThl, pellieHre 3a/1a4y
PI'P
8. | Il Hayano TepMOAMHAMUKYN | IOJrOTOBKA KOHCIEKTA J1a0. pad., BbI- 18
TeroBbie MavHbL [k MOJTHEHUE JIOM. pabOThI, pEIICHHUE 3a1a4
Kapno PT'P
9. | OuTponus 1/4 cuctem. IlI MOATOTOBKA KOHCIIEKTA J1a0. pad., BbI- 18
HayaJo T/A MOJIHEHUE JIOM. pabOoThl, PEIlIeHHE 3a/1a4
PI'P
10| KonTpomapsHas padora 2 MOJTOTOBKA K KOHTPOJILHOU padoTe 18
11| 3auer, sx3ameH MIOATOTOBKA K 3a4€TY, SK3aMEHY 20
2-i1 ceMecTp
Ne Tema Bunbr paboTsl Yuc-
10
4acoB
1. | HanmpsiskennocTs. [lpuHnun | moaroroBka KoHcHeKkTa jgab. pad., Bbl- 18
CYINEepIO3ULIUU MOJIHEHUE JIOM. paboThl, pellIeHre 3a/1a4
PI'P
2. | Teopema I'aycca MOATOTOBKA KOHCIIEKTa J1a0. pad., BbI- 18
MOJIHEHUE JTIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P
3. |[loTeHuuman aneKTpocTaTHy. |MOJArOTOBKAa KOHCIEKTa jab. pal., BbI- 18
noJig. Pa3HocTh moTeHnma- | mojgHeHue A0M. paboThl, perieHue 3a1au
JIOB. DJIEKTPOEMKOCTb. PT'P
4. | TlocTOSTHHBIN TOK MOJATOTOBKA KOHCIEKTa J1ab. pal., BbI- 18
MOJIHEHUE JIOM. pabOoThl, PEIICHUE 3a/1a4
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PI'P

5. | MarauTHoe 1noie MOJATOTOBKA KOHCIEKTa J1ab. pal., BbI- 18
MOJIHEHUE JTIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P

6. |Cuna Amniepa u JIopeHia | MOAroTOBKa KOHCHEKTA J1al. paod., BbI- 18
MOJIHEHUE TIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P

7. | SIBneHue 351/MarHUTHOM MH- | OJIrOTOBKAa KOHCIEKTa Jab. pal., BbI- 18

TYKIIUU MOJIHEHUE JTIOM. palbOoThl, PEIlICHHE 3a/1a4

PI'P

8. | Konebanus u BoJHBI MOJATOTOBKA KOHCIEKTa J1ab. pal., BbI- 18
MOJIHEHUE JIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P

9. | KontposnbHas pabota MOJATOTOBKAa K KOHTPOJIbHOM paboTe, K 18
KOJUIOKBUYMY

10| Ox3amen MOATOTOBKA K dK3aMEHY 18

3-i1 cemecTp
Ne Tema Bunbr paboTsl Yuc-
10
4acoB

1. | UaTepdepenuus cera MOATOTOBKA KOHCIIEKTa J1a0. pad., BbI- 15
MOJIHEHUE JIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P

2. |ntepdepenuns B TOHKUX | OJATOTOBKAa KOHCIEKTa Jab. pal., Bbl- 15

TJICHKaX MOJIHEHUE JTIOM. pabOoThl, PEIICHUE 3a/1a4

PI'P

3. | Audpakuus cBeta MOJATOTOBKA KOHCIEKTa J1ab. pal., BbI- 15
MOJIHEHUE JIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P

4. |Tlonsipu3zanus cBeta MOJATOTOBKA KOHCIEKTa J1ab. pal., BbI- 15
MOJIHEHUE JIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P

5. | KonTtponbhas pabora 1 MOJATOTOBKA K KOHTPOJIbHOM paboTe, K 15
KOJUIOKBUYMY

6. | 3aKOHBI TEIJIOBOTO U3Jy4ye- |MOJIrOTOBKAa KOHCIEKTa jab. pal., Bbl- 15
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HUS MOJIHEHUE JTIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P
7. | Dororddexr. [aBnenue MOATOTOBKA KOHCIIEKTA J1a0. pad., BbI- 15
cBeTa MOJIHEHUE JTIOM. pabOoThl, PEIlIeHHE 3a/1a4
PI'P
8. | Atrom Bbopa. MOJATOTOBKA KOHCIEKTa J1ab. pal., BbI- 15
MOJIHEHUE JIOM. pabOoThl, PEIlICHUE 3a/1a4
PI'P
9. | Ctpoenue sigpa atoma MOJATOTOBKA KOHCIEKTa J1ab. pal., BbI- 15
MOJIHEHUE TIOM. pabOoThl, PEIICHUE 3a/1a4
PI'P
10| Kontposnbhas pabora 2 MOJTOTOBKA K KOHTPOJIbHOHN padoTe 15
11| 3auer, sx3aMeH MIOATOTOBKA K 3a4€TY, SK3aMEHY 20
7. OBPA3OBATEJIBHBIE TEXHOJIOTI'A
Bug naHoBanmin Ilepedyenr MHHOBALIUIA
1. Mertozpl, npumMenseMbie B 00y- | HepMmuTanuoHHbe METOXbI OOYdYeHHs:  npo-

YCHHUU

OnemHas nexyus, 1eKyus-KoOHCY1bmayusl.

HeurpoBple nMUTAIIMOHHBIE METOMBI O0yYEHUS:
KOHMeEKCMHoe 00yueHue, Memoo peuleHus meop-
yeckux 3aoay (IPUMEHSAETCS B XOJ€ MpaKTUde-
CKUX 3aHATUMN); Ketic-MemoO (UCHOJb3yeTCs B
XO0/I€ J1a0OpaTOPHBIX 3aHATUM).

HUrpoBeie UMHUTALIMOHHBIE METOMBL: MO320801i
wmypm (TIPUMEHSIETCS Ha TPAKTHUYECKUX 3aHs-
THUSIX U Ha dTaIrle 3allUThl Ja00paTOPHBIX padOT

2. Texnonoruu oOy4eHus

KomMmneTeHTHOCTHO-OpHUEHTHPOBAaHHOE 00yUeHUE

3. MadopmaiinoHHbIe TEXHOJIOTHU

Jlekuuu mpoBOAATCA C HUCHOJIB30BAHMEM HWHTE-
PaKTUBHOM JTIOCKM U MYJIbTUMEIUIHOTO 000py-
JOBAHUS.

4. ndopmainimoHHbIE CUCTEMBI

DnekTpoHHbIN pecypc oubnuorexku AmI'Y:
http://www.biblio@amursu.ru/.

5. HHOBAIIMOHHBIE METOILI KOH-
Tpos

KomnbrorepHoe HHTEPHET-TECTUPOBAHHUE.
bamibHO-peTUHIOBass CHUCTEMA OLECHKH JIesi-
TEJIbHOCTHU CTYJEHTOB.
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8. OHEHOYHBIE CPEACTBA /UIA TEKYHIEI'O KOHTPOJIA YCIIE-
BAEMOCTH, MTIPOMEXYTOUYHOM ATTECTAIIUM IO UTOT'AM OC-
BOEHUA JUCHUIVIMHBI U YYEBHO-METOJINYECKOE OBECIIEYE-
HUE CAMOCTOSTEJBHON PABOTHI CTYJIEHTOB

8.1. BOITPOCHI J5s1 CAMOIIPOBEPKHA

1

DusnyecKkue OCHOBBI MEXaHUKH

1.1.9n1emenmot Kunemamuxu

1.

Yto Takoe BEKTOp mepemenieHusa? Beerna au ero MOAyJib paBeH MyTH, NPONJIECH-

HOMY TOUKOM? Kak BBIYMCIUTH IyTh, MPOWIECHHBIA TOUYKOW MPU KPUBOJIUHEHHOM

JIIBUKEHUN ?

. KakoBa cBs3b M€Ky TMHEHHBIMU U YIJIOBBIMH CKOPOCTSIMU U YCKOPEHUAMU ?

. IIpu Kakux yclOBUSIX CpEHSS CKOPOCTh MaTE€pHaIbHOW TOUYKH MPHUOIU3UTEIIBHO
paBHa MTHOBEHHOM ?

. Moxer nu Teno npu paBHOMEPHOM JBUKEHUHU UMETh OTIIMYHOE OT HYJISI YCKOpe-
Hue? Ilpu kakom yciaoBun?

. Kakoit ¢puznueckuit cMpicii uMeeT HopMalibHOE ycKopeHue? TaHreHuuanbHoe?

. IIpn xakoM JBMKEHUM BEKTOP YCKOPEHUS MapajUIeJI€H CKOpOCTH? AHTHUIIapasie-

nen? llepneHaukynspen?

1.2. /lunamuka wacmuuy

1.
2.
3.

Kaxoit ¢puznueckuii cMbica uMeeT macca?

Urto Takoe cuna? Kak ee MOxHO oxapakTepu3oBaTh? Kak nusmepsiercsa cuna?
3anuiuTe 3aKOHbI IEUCTBUS OCHOBHBIX CHJI: YIPYTOCTH, CYXOTO TPEHUS, BI3KOTO
TpPEHUs, TPaBUTALIMOHHOM.

Kak 3anucbiBaeTcs ypaBHEHUE JIBUKEHHUS NJii HEKOTOPOM MaTepHalbHOW TOYKH

cucteMbl? Kak 3anuceIBaeTCs YpPaBHCHUC IBUKCHHUA IJIA ONCHTPA macc?

5. [lepeunciure 0COOEHHOCTH ABMXKEHMSI LICHTPA MacC 3aMKHYTOW CHCTEMBI.

6. Uemy paBeH uMIyJibc Tena B cucteme 1eHTpa macc? O6ocnyite orBeT. Kak Bnus-

€T OTHOCUTCIIbHOC IBUKCHHUC TCJI HA UMITYJIbC CHUCTEMBI?
. Onmmmre OIIBITHI, O6OCHOBBIBaIOH_II/Ie HCO6XOI[I/IMOCTB BBCIACHMU INTOHATHUA MOMCH-
Ta cuibl. MoMeHnTa HUMITYJIbCaA.

. B Kakux ciydasgx MOMEHT HEHYJIEBOU CUJIbI paBeH HyI0? MOMEHT UMIyibca pa-
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BEH HYJIO?

9. HazoBute mpu4MHBI U3MEHEHUSI MOMEHTA UMITYJIbCa MaTepuagbHON TOUYKU OTHO-
CUTEJIbHO HEMOABM)KHOTO Hauaja. J[BrKymierocs Havania.

10. Yrto Takoe cOOCTBEHHBII MOMEHT MMITYJbCa CUCTEMbl MATEPUATBHBIX TOYEK?
Kak cBsi3aH cOOCTBEHHBIII MOMEHT UMITYJIbCA CUCTEMBI C MOMEHTOM MMITYJIbCA OT-
HOCHUTEJIBHO IIPOM3BOJIBHOTIO HayaIa.

1.3. Cucmema mamepuanvHwvix mouek

1. Kako#t ¢usnueckuii cMbica UMEET MOMEHT MHepHuu? ONUILIUTE OMBITHI, MO3BO-
JSIOIUE CPABHUTH MOMEHTBI MHEPIIUU IBYX Tell.

Kak M0>XHO U3BMEHUTh MOMEHT UHEPIUU Tesa 0€3 U3MEHEHUS €r0 MacChl?
Kak u3MeHuTCs MOMEHT MHEPIMU Teja MpU NapajuieIbHOM MEePEHOCE OCH Bpallle-
HusA? JIns kakoil U3 mapaiedbHbIX OCEil MOMEHT MHEPLMU UMEET MUHHUMAaJIbHOE
3Ha4YeHUE?

4. Kakyro B3auMMHYIO OpPUEHTAlIMIO0 UMEIOT BekTopa ® U L B obmem cinydae? B ciy-
yae, KOr1a BEKTOp ( HAaIpaBJieH BJ0JIb OJHOM W3 TJIABHBIX OCEH?

5. KakoBa dopmynia KHHETUUECKOM 3HEprun Bpataronierocs tena? Kak BEIYUCIUTD
KMHETUUYECKYIO PHEPTUIO KaTAIlerocs koyieca?

6. ComocTaBbTe OCHOBHBIE YPAaBHEHMSI JUHAMUKHU MMOCTYNATEIbHOIO U BpallaTeIbHO-
ro JBUKEHUS. Y KaKUTE aHAJIOTHH.

7. Ilo xako¥ TpaeKTOpUU MEepeMelIaeTcs LIEHTP Macc U30JIMPOBAHHOTO TBEPOTO Te-
na? Ilouemy?

8. IlpuBeguTe HECKOIBKO MPUMEPOB 3aKOHA COXPAHEHHSI MOMEHTA UMITYJIbCA.

9. OOBscHUTE MPELEeCCUI0 BOTYKA.

1.4. 3axon coxpanenus snepzuu

1. Yrto Takoe paboTa MOCTOSSHHOM CUJIbI?

2. Kak Beruucisiercst pabora B mpon3BoibHOM ciayyae? Kakoil cMbici nMeeT 31eMeH-
tapHas padota? Uuterpan?

3. B ueM paznuunie MeX]y HOHATUSIMHU SHEPTUU U paOOTHI?

Kakumu mnpeBpallleHus MU SHEPIHHM CONPOBOXAAETCS padoTa KOHCEPBATUBHBIX
cun? JIuccunaTuBHBIX CUIT?

5. Kakas yacTb KHHETUYECKON PHEPIUH UCIBITHIBACT MPEBPAILICHUS TP yaape IBYX
ten? Kakue 3To npeBpamieHus mpu yrpyrom u HEyrnpyrom yaape?
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10.

11

12.

[Touemy kuMHETHYECKAst SHEPTHUS IIEHTPaA Macc NMpuU yaape (ynpyrom v HEynpyrom)
HE U3MeHseTCs?

PaboToil kakux cuil ornpenensercs U3MEHEHUE BHYTPEHHEH SHEPruu BCEH CUCTe-
Mbl? [loTeHmanbHOM sHEeprun cucteMbl? IIoJHOM MEXaHWYECKOW PHEPruu CHUC-
TEMBI?

ChopmynupyiiTe yclIOBUS W3MEHEHHs] MEXaHUUeCKoi 3Heprumn cucteMbl. Coxpa-
HEHUS MEXAHUYECKOU YHEPTUU CUCTEMBI.

Heo6xoauMo 1 ycinoBrUe 3aMKHYTOCTH CUCTEMBI JIJISI BBITIOJIHEHUS 3aKOHA COXpa-
HEeHMs dSHeprun? J[oCTaTOYHO JIU ATOTO YCIOBUS?

KakoBa cBsI3b MCIKIAY CHJION U HOTCHHH&HBHOﬁ BHCPFHCﬁ?

.Kakwue 3akiaroueHus o XapaKTCpC ABUIKCHUA MOKHO CACIATh U3 aHAJIN3a ITOTCHI -

aJbHBIX KPUBBIX?
YKaxuTte Ha NMOTEHUUAIBHON KPUBOM TOUKH YCTOMYMBOIO U HEYCTOMYHUBOIO PaB-

HoBecHsl. OTBET 0OOOCHYHTE.

1.5. Dnemenmot mexanuku cnaIOUWHbBIX Cpeo

1.

9.

10.

KakoBa 0coO€HHOCTh YNPYTrux HANpsHKEHUM B JKUJIKOCTU MO CPAaBHEHUIO C TBEp-
IBIMH TEJIaMU?

Yem 00ycnoBI€HO BOZHUKHOBEHUE cuilbl Apxumena? Bo3Hukaer nu cuna Apxu-
MeJla B HEBECOMOCTH ?

Yro Takoe nunus Toka? TpyOka Toka?

Kakoli cmbici umeeT ypaBHEHHE Hepas3pblBHOCTH? Kak OHO 3amuchiBaeTCs s
cxuMaeMou cpeabl? [l HeckumaeMon cpeanl?

Kaxkoit cmbicn nmeetr ypaBHeHue bepnynnu? IIpu kakux yciloOBHSIX OHO CIpaBE.l-
IuBO?

Uto Takoe nuHaMU4YecKoe naBieHue? Hapucyite cxeMmy yCcTpoHCTBa, O3BOJISIO-
LIEr0 U3MEPUTH PACXO/I JKUJIKOCTH MO TUHAMUYECKOMY JaBJICHHIO.

YTt0 Takoe BA3KOCTb KUAKOCTH? IIpH KaKuX yCIIOBHUSX OHA MPOSBIAETCS ?

Kakas BenmnumHa XapakTepu3yeT OTHOCHUTEIBHOE CKOJIBKEHHE CIIOEB JKUJIKOCTH?
JlaliTe onpenesieHUe TPaJIueHTa CKOPOCTH.

KaxoB ¢u3nueckuit cmpici koadpuiienTa Bi3KocTu?

Yro Takoe TypOyneHTHOCTH? [IpH Kakux yciaoBusx oHa Bo3HHKaeT? Kakoil cmbich

umeet yuciao Perinonsaca?
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11.Tlouemy ynpyrue CHIbl CYUTAIOT MIOBEPXHOCTHBIMU cuiiaMu? UTO 3TO 3HAUUT?

12.Kakue HampsikeHUsS BO3HUKAIOT TIPU PACTSHKECHUU TPYXKUHBI, CKPYYHMBAHUM
CTEPKHS?

13. U300pa3ute nuarpaMMmy HamnpspKeHUi ctepykHsa? O0bsICHUTE X0 AUarpaMMBbl.

1.6 Ilpunyun omuocumenbHOCMU 6 MEXAHUKE

1. CdopmynupoBath ocHOBHBIE TTOcTys1aThl CTO.

2. Urto o003HaYaeT MOHATHE MPOCTPAHCTBO-BPEMSI?

3. Kak onpenensiercs uarepsai B CTO?

4. Yem ornuyaeTcs (OpMyIUpOBKA MPUHIIUIIA OTHOCUTEIHLHOCTH ODUWHINTEHHA OT
(hopMyITUPOBKY IPUHIIUIIA OTHOCUTENbHOCTH [ amumes?

5. Yto 03HaYaeT MOHATUE UHBAPUAHTHOCTU BEJIUYMUHbBI?

2.MoJekyasipuasi pu3nka v TEpMOIMHAMHKA

2.1. Mukpockonuueckue cocmoanus

1. Yto Ttakoe TepMoauHamuyeckue napameTpbl? Kakue TepmoanHamMuyeckue napa-
METpbI BaM U3BECTHBI?

2. Kakue raspl HaszwiBatoTCs uacanbHbIMU? ChOpMyIUpyHTE OCHOBHBIE 3aKOHBI
UJIeabHBIX Ta30B.

3. KakoB ¢uzudeckuii CMbICI OCTOSHHOM ABOraapo?
B dem copeprkaHue U 11eJIb OCHOBHOTO YPaBHEHHS MOJIEKYJISIPHO-KUHETHYECKOM
TEOPHUH T'a30B?

2.2. Cmamucmuueckue pacnpeoenienus

1. KakoB uznueckuii cMbICi (YHKIIMU pacrpeieNIeHuss MOJIEKYJ IO CKOPOCTSM, TIO
SHEprUsm?
B uem cyTb pacnipenenenus bonbimana?
[Touemy konebaTenbHasi CTENEHb CBOOOABI 00JIaiaeT BABOE OOJBINECH dHEPrUcH,
4YeM TMOCTynaTeIbHas U BpalareibHas?

2.3. OcHoebt mepmoouHamuku

1. Yto Takoe BHYTpEHHsS dHEprus JUig uacanbHoro raza? Kakumu mapamerpaMmu
oHa omnpenensercs? Kak MeHseTcs BHYTPEHHSS SHEPTHUS B pe3yJIbTaTe Pa3InyHbIX
MpOoLECCOB?

2. B ueM cX0JCTBO M B YEM pa3iinuue MEXKy OHSATHUAMH «TETUIOTa» U «paboTay?
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10.

1.

12.

13.

UTO Takoe TEIUIOEMKOCTH Ta3a, BellecTBa? 3anUIINTE OCHOBHBIE BUABI TEILNIOEM-
koctel ra3a. Kakas uz termoemkocteit — Cy uinu Cp — Oosblie u nouemy? Brise-
nuTe ypaBHeHrne Maiilepa 11 0OJHOTO MOJISl UAEaJbHOTO ra3a.

Cdopmynupyiite nepBoe Hauaao TEPMOJAMHAMHUKUA U MPUMEHHUTE €ro K pasiuy-
HBIM M30IIpOLEccaM B ra3ax.

HarpeBaercst nnu oxyakIaeTcsi UACAIbHBIA Ta3, €CIM OH PACHIMPSIETCSA MPU TO-
CTOSIHHOM JaBJICHUH ?

Kaxkoit mporiecc HazbiBaeTcst anuadbarnueckum? BeiBenure ypaBHenue I[lyaccona.
Kak u3mensiercss temneparypa rasa npu ero aguadbatudueckom cxatuu? [louemy
aauabara Ooiiee KpyTa, yeM uzorepma?

Yem otnuyaroTcsi oopatuMble U HeobpaTtumble mpotiecchl? [louemy Bce peasibHbIe
MpoLeCcChl HEOOpaTUMBbI?

Jaiite onpeneneHue BTOPOTO Havajia TepMoauHaMuku. KakoB ero ¢usnueckuit
CMBICH?

Uneanbuas TerioBas mamuHa. [lokaxkurte rpapudecku nuki KapHo B nmepeMeH-
Heix P, V. Kakoii miomanpto onpenensiercs: 1) padora, coBepiiieHHas: HaJ Ta30M;
2) paboTa, COBEpIICHHASI CAMUM PACIITUPSIIONTAMCS Ta30M?

Jaiite noHsiTHe HTpONUU (ONpeeieHne, pa3MepHOCTh, MATEMATUYECKOE BhIpa-
JKEHHE).

B kakoMm HampaBiI€HUU MOXET M3MEHSATHCS SHTPOIHUS 3aMKHYTOW CHUCTEMBI, He-
3aMKHYTOM ?

KakoB cratnctnuecknid cMbIca 3HTponuu? Kak 3HTponus 3aBUCHUT OT COCTOSIHUS

CUCTEMBI?

2.4. Aenenusa nepenoca

1.
2.
3.
4.

B uem cymHocTs siBnenuit neperoca? [Ipu kakux yciaoBUSX OHU BO3ZHUKAIOT?
OT KakuX BeTU4YMH 3aBUCHUT U Py3ust ra3oB?
OObsicCHUTE MEXaHU3M TEIUIONPOBOIHOCTU?

Kak cBs3anbl K03 PuIIMEHTH BHYTPEHHETO TPEHUS U TEIUIONPOBOIHOCTH raza?

2.5. Peanvnovie 2aznl

1. Yem ornmuarorcs pCaJIbHBIC Ta3bl OT I/II[eaJ'IBHLIX? HaqepTHTe KpUBYIO, BbIpa-

KAIIYI0 XapaKTCP 3aBUCUMOCTHU CHJI BBaHMOI[CfICTBHH U B3aMMHOM IIOTCHI M AJIb-

HOH OQHCPIUU ABYX MOJICKYII OT PACCTOAHUA MCKIY HUMU.
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2. Haueptute M 00BsICHUTE U30TEpMBbl peanbHoro raza. Kak ypasnenue Ban-nep-

Baannca onuceiBaet mponecc (1)330B01“0 nepexoga BCIICCTBA U3 KUAKOT'O COCTOA-

HUS B Ta3000pa3Hoe?

3. DJIeKTPUYECTBO U MATHETHU3M

3.1. dnekmpocmamuka

1.

10.
1.

12.

13.

14.
15.

16.

Kakue cymecTtBytoT anemeHTapHble 3apsanbl? Kakoil 3apsi Has3bIBaeTcsl TOuded-
HBIM?

B uem 3aknmtovaercst 3akoH coxpaHeHus 3apsaa? [IpuBenure nmpumepbl MposiBiie-
HUS 3TOTO 3aKOHA.

Kak nokaszaTe Ha ombITe, YTO IIEIK MPU TPEHUU O CTEKJIO DJIEKTPU3YETCS U MpH-
TOM OTPHUILATEIBHO?

Chopmynupyiite u 3anumure 3akoH KynoHa.

Kaxkue nosist Ha3bIBatOTCS ANEKTPOCTATUUECKUMU?

Uro Ha3bIBaeTCAd HAIPSKEHHOCTHIO 3JIeKTpocTaTudyeckoro mnoisa? KakoBo Ha-
npaBiieHHe BeKTopa HanpsbkeHHocTH E? Kakas enunuia nanpsbkennocta B CU?
Haueptute cuioBble JIMHMM TOYEYHOTO OTPULATENBHOTO 3apsijia U YKaXKHUTE UX
HaIpaBJIeHHE.

Yro Takoe snekTpuyeckuii numnonb? Kak HampaBiaeHo mieqyo Junoss?

B yem 3aknrouaeTcs ¢puznueckuil cMbIC TeopeMbl ['aycca aiis sneKTpocTaTuye-
CKOT0 T0JIsl B BaKyyme?

Yro Takoe JMHEWHHAs, TOBEPXHOCTHAsA, 00beMHas IUIOTHOCTH 3apsi1oB?

Yemy paBHA HAMpPSIKEHHOCTH MMOJIS B IIEHTPE PAaBHOMEPHO 3apsHKEHHOM chepuye-
CKOM TTOBEPXHOCTH?

JlaiiTe omnpenenieHus MOTEHIMANa TaHHONW TOYKH MOJS U Pa3HOCTH MOTEHIUAIOB
IBYX TOouYeK mojsi. KakoBbl UX e TMHUIIBI?

Kak goka3ath, 4T0 3JIEKTPOCTATUYECKOE MOJIE SBISETCS MOTEHIIMAIbHBIM?

Yrto Ha3bIBaeTCs HUPKYISAIUEN BEKTOpa HAIPSHKEHHOCTH ?

Hapucyiite npuOau3uTenbHbId BUJ 3KBUIIOTEHIIMAIBHBIX MTOBEPXHOCTEH U CUIIO-
BBbIX JIMHUH MOJIS1 BO3JI€ MOJOKUTEIBHOTO TOUYEYHOTO 3apsijia, MOMEIMIEHHOTO HaJl
36MHOU IIOBEPXHOCTHIO.

KaxoBa cBsI3b MeXly HaNpsKEHHOCTHIO U NoTeHranoM? BeiBeaure ee u o0bsic-

Hute. KakoB gusnueckuii cMbica?
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17.

18.

19.

20.
21.

22.

23.

24.

25.
26.

Yemy paBHa paboTa MO MEPEMEIICHHUIO 3apsa BIOJb SKBUIIOTEHLIHAIBHON IO-
BEPXHOCTH?

JIBa 3apsuKEeHHBIX METAINIMYECKUX IIapa OJMHAKOBOIO JAUMaMETpa MPUBOASTCS B
conpukocHoBeHue. OnuH U3 mapoB nodslid. [IopoBHY U pacnipenensaTcs 3apsbl
Ha 00ouX 1mapax?

KakoBbl HanpsiKEHHOCTh M MOTEHIMAJ MOJs, a TaKXKe paclpeiesieHue 3apsioB
BHYTPH U Ha NMOBEPXHOCTH 3aPSHKEHHOTO TPOBOJHUKA?

Yrto Ha3bIBaETCA 3IEKTPOEMKOCTHIO YEIUHEHHOTO MPOBOIHHUKA?

Yro Ha3biBaeTcs KoHAeHcaTopoM? Uemy paBHA 3JIEKTPOEMKOCTh MIIOCKOTO KOH-
neHcaropa?

Tpu ogMHAKOBBIX KOHJIEHCATOPA OJUH Pa3 COCAMHEHBI MTOCIEI0BATEIBHO, IPYTOil
— nmapajuienbHo. Bo ckonbKko pa3 u korja eMKocTh OaTapeu Oyaet Oosbiie?
[lonyunTte QopMynbl AJi SHEPTUU 3aPSXKEHHOTO KOHJIEHCATOpa, BbIpa)kaeMble
yepes 3apsij Ha OOKJIaJKax KOHAEHCATOpa U Yepe3 HAMPsHKEHHOCTD IMOJIS.

B dem paznuuue moJspU3alUM AUDJIEKTPUKOB C TOISPHBIMUA M HEMOJIIPHBIMU
MOJIEKyIaMu?

Kak onpenensieTcst BEKTOp 3JeKTpUdYecKoro cMeieHus? YTo oH xapakTepu3yeT?
Chopmynupyiite Teopemy l'aycca st 3J€KTpOCTATUYECKOTO TOJIS B JUAJICK-

TPUKE.

3.2. Ilocmosannwlii 31eKmpuyecKuil mok

1.

2.
3.
4

Yro HazbiBaeTca cwior Toka? [ImoTHOCTRIO TOKa? KaKOBBEI NX € TUHUIILI?
HazoBuTe ycinoBrsg BOSBHUKHOBEHUS U CYLIECTBOBAHUSA JIEKTPUUECKOTO TOKA.
Uto Takoe ctoponnue cuiibl? KakoBa ux npupoja?

B uem 3akirodaetcss GU3MYECKHUI CMBICH 3JEKTPOABIKYIIEH CUJIBI, TEUCTBYIO-
e B uenu? Hanpspokenus? PazHocTr moTeHIManoB?

[Touemy HampspkeHUE SBIAETCS OOOOIIEHHBIM IMOHATHEM Pa3HOCTH TMOTEHIMA-
JIOB?

KakoBa cBsI3b MEXIy CONPOTHUBICHUEM WU MPOBOAUMOCTBIO, YIEIBHBIM COMPO-
TUBJIEHUEM U YAEIBbHOU NPOBOAMMOCTHIO? KaKoBbI UX €IMHULIBI?

B dem 3akitogaeTcs sSIBICHUE CBEPXIPOBOAUMOCTH ?

Ha yem ocHOBaHO €iiCTBUE TEPMOMETPOB COMPOTUBIICHUSA?

BriBeaute 3akonsl Oma u Ixoyns — Jlenna B nuddepennuansaoit hopme.
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10.
1.

12.
13.

14.

15.

16.

17.

18.

B uem 3axmtodaetcst pu3MUECKHil CMBICT YI€IbHOM TEMJI0OBOM MOLTHOCTH TOKa?
[Ipoananu3upyiite 00001eHHBIN 3akoH OMa. Kakue yacTHbIE 3aKOHBI MOXKHO U3
HETO MOJYy4YUTh?

Kax ¢popmynupyrores npasuna Kupxroda? Ha ueM oHM 0OcHOBaHbI?

Kak cocraBnsitorcsi ypaBHeHus1, Bbipakaroniue npasuiia Kupxroda? Kak uzde-
KaTh JIMITHUX YPaBHEHU?

Kakue onbITbl ObUIM OCTABIICHBI JIJIS1 BBIACHEHUS MIPUPOIbI HOCUTENIEH 3JIEKTPHU-
YECKOIro TOKa B MeTajliax?

CpaBHUTE MOPANOK CPEAHUX CKOPOCTEW TEIUIOBOIO M YMOPSIOYEHHOTO JBUMKE-
HUS JIEKTPOHOB B METaJUIAX.

BriBeauTe Ha OCHOBE KIIACCUYECKOW TEOPHUM AJIEKTPONPOBOJHOCTH METAIIOB
muddepennmanbayto popmy 3akonoB Oma u Jlxoyns — Jlenna.

Kak knaccuyeckasi Teopus 3JEKTPONPOBOAHOCTA METANIOB OOBACHSET 3aBUCH-
MOCTb COITPOTUBJIEHUS METAJJIOB OT TEMIIEPATYPHI?

B yeMm 3aknrouaroTcs TPyIHOCTH 3JEMEHTAPHOW KIIACCUYECKOW TEOPHUH DIIEKTPO-

IMIPOBOOAHOCTH MeTtaioB? KakoBbl I'paHUIbI €€ HpI/IMeHCHI/ISI?

3.3. Maznummnoe none

1.

KaK, IMOJIb3YsCh MariuTHOM CTpCJIKOfI, MOXHO OIIPpCACINTH 3HAKH ITOJIFOCOB HC-
TOYHHKOB IIOCTOSIHHOT'O TOKa?

quy PABCH U KaK HaAIIPpaBJICH MariMTHBIA MOMEHT PaMKH C TOKOM?

. Uto Ha3bIBaeTCs HHI[YKHHCﬁ MargutHoro mnoisa? Kak OIIPCACIIAIOT HAIIPABJICHUC

BEKTOpAa MarHUTHON MHAYKUIWU B?

UYto Takoe NMHUM MarHuTHOW MHAYKIuu? Kak omnpenensercs ux HampasieHUE?
YeM OHM OTIMYAKOTCS OT JIMHUM HANPSHKEHHOCTH JJIEKTPOCTATHYECKOIO IMOJsSA?
Hapucyliite un nokaxure, Kak OpUEHTUPOBAHbI IMHUM MarHUTHOW MHIAYKLIHH OIS
MIPSAIMOTO TOKA?

Hoquy MAarauTHOC I10JIC ABJISICTCA BI/IXpeBBIM?

6. 3anucas 3akoH buo-Caapa-Jlamnaca, 00bsicHUTE €ro PU3NYECKUI CMBICI.

PaccuuTaiite, npumensisi 3akoH buo-CaBapa-Jlamaca, MaruuTHoe mosie: a) npsMo-

I"O TOKA, 6) B LICHTPC KPYTOBOT'O ITPOBOAHHUKA C TOKOM.
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8. HailimuTe BbIpakeHUe JUIsl CHIIbI B3aUMOJCHCTBUSL JIBYX OECKOHEUYHBIX MPSIMOJIU-
HEWHBIX OJMHAKOBBIX TOKOB IPOTUBOIIOIOKHOTO HanpasieHus. Hauepture pucy-
HOK C YKa3aHHEM CHJI.

9. Ha3zoBute eauHUIBI MATHUTHONW MHAYKUMUA U HANPSX)KEHHOCTH MAarHUTHOTO TOJIA.
JlaliTe ux OnpenesIeHusl.

10.Onpenennte 4ncI0BOE 3HAYEHUE MArHUTHON MTOCTOSIHHOM.

11.TTouemy nBHXKYIIMICS 3apsij MO CBOMM MAarHUTHBIM CBOWMCTBaM 3KBHUBAJICHTECH
AJIEMEHTY TOKa?

12.Yemy paBHa U KaK HampaBj€Ha CUia, JEHCTBYIOIIAs HA OTPULATEIbHBIN 3JIEKTPH-
YeCKUi 3apsil, ABMKYIIUIICS B MArHUTHOM MOJje?

13.YUemy paBHa paboTta cuibl JIopeHa npu ABUKEHUU MPOTOHA B MAarHUTHOM ToJie?
OTtBeT 000CHOBATH.

14.Koraa 3apsbkeHHasd 4acTUlla IBUKETCS B MArHUTHOM 1oJie o cnupanu? OT dero
3aBUCHUT wIar cnupanu? OTBEThl NOATBEPAUTE BbIBOIaMU (POPMYIL.

15.YTo Ha3bpIBAaOT MOTOKOM BEKTOPAa MarHUTHOW MHAyKUMH? 3anumunte teopemy ['a-
ycca JiJIsi MAarHUTHOTO 1OJIs1, OOBSICHUB €€ (PU3NYECKUN CMBICIL.

16.Kakas ¢usmueckas BeIM4MHA BhIpakaeTca B BeOepax? Jlaiite onpenenenue Bebde-
pa.

17.Yemy paBHa paboTa Mo nepeMenieHnIo IPOBOJHUKA C TOKOM B MarHUTHOM ToJie?
3aMKHYTOI'0 KOHTYpa ¢ TokoM? BeiBeuTe 3TH (POpMYyIibl; YeM OHU MPUHIUINATb-
HO OTJINYAOTCS?

18.B uem 3akiroyaercs SBIECHUE DJIEKTPOMArHUTHOM MHAyKIuu? IIpoaHanusupyiite
onslTel Dapanes.

19.Yt0 siBAsieTCs NPUYMHON BO3ZHUKHOBEHHUS 3.J.C. MHAYKIIMM B 3aMKHYTOM IPOBO-
nsameM KoHType? OT 4ero m Kak 3aBUCHUT 3.11.C. MHAYKLIHWH, BO3HUKAIOIIAs B KOH-
Type?

20.TTouemy myist oOHapy>KE€HUsI UHAYKIIMOHHOIO TOKA JIYYIlle MCIOJIb30BaTh 3aMKHY-
THIM MPOBOJHMK B BUJIE KATYIIKHU, @ HE B BUJIE OJIHOTO BUTKA MPOBoOJIa?

21.Chopmynupyiite npasuio JleHna, nponuIIoOCTPUPOBAB €ro MpuMepamu.

22.Bcerna nu npyu U3MEHEHUHU TOTOKA MAarHUTHOM MHAYKIIMU B IPOBOJISALIEM KOHTYpE

B HCM BO3HHUKACT 3./1.C. I/IHI[YKI_II/II/I? I/IHIIYKLIHOHHBIﬁ TOK?
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23.BOo3HUKAET JI1 WHIYKIIMOHHBIM TOK B MPOBOJSINECH paMKe, MOCTYMNaTeJIbHO JIBU-
KYIIEUCS B OAHOPOJHOM MAarHUTHOM IoJjie?

24 . Tlokaxure, uro 3axkoH dapajest eCTh CIEACTBUEC 3aKOHA COXPAHEHUS YHEPTHUU.

25.KakoBa nipupona 3.71.C. 3J€KTPOMaroHuTHOM UHAYKIMH ?

26.BriBeiuTe BBIp@KEHHE JJIs 3.7.C. HHAYKIIMU B IUIOCKOW paMKe, paBHOMEPHO Bpa-
HIAIOMIEHCS B OJHOPOJHOM MAarHUTHOM IOJI€. 32 CUET YETO €€ MOKHO YBEJIUYUTH?

27.Y1o Takoe BUXpeBbIe TOKU? BpeaHbl OHM WIIH TIOJIC3HBI?

28.Tlouemy cepieYHUKN TPAHCPOPMATOPOB HE JIETAIOT CIUIOUTHBIMU?

29.B 4eMm 3aKII04aroTCs SBJICHUS CAMOMHAYKIIMM U B3aMMHON UHAYKIMU? Berauciu-
T€ 3.71.C. UHAYKIUH ISl 000UX CITy4Yaes.

30.Kakas pusnueckas BeJIMUnHA BhIpaykaeTcs B reHpu? JlaiiTe onpenesneHne reHpu.

31.B yem 3akmrouaercss GU3UYECKUN CMBICT MHAYKTUBHOCTU KOHTYpa? B3aWMHOM
WHIYKTUBHOCTH JABYX KOHTYpOB? OT 4ero oHU 3aBUCST?

32.3anumuTe ¥ NpoaHaTU3UPYUTE BBIPAKECHUS IS OOBEMHON IUIOTHOCTH YHEPTUH
ANEKTPOCTATUYECKOT0 U MarHUTHOro moJiel. YUemy paBHa oObeMHas IMJIOTHOCTh
AHEPTHH JICKTPOMATHUTHOTO TIOJISI?

3.4. Maznummnoe none 6 eengecmee

1. Tlouemy opOUTaIBLHBIE MATHUTHBIN U MEXaHUYECKUH MOMEHTHI AJIEKTPOHA B aTOME
MIPOTUBOTIOJIOKHO HAIpaBJIECHbI?

2. Yrto Ha3bIBAIOT THPOMATHUTHBIM OTHOIIICHUEM ?

3. U3 kakuX MarHUTHBIX MOMEHTOB CKJIa/IbIBA€TCS MAarHUTHBIM MOMEHT aToma?

4. Yro Takoe AWaMarHeTWKH? mapaMarHeThku? B ueM paznuuue uX MarHUTHBIX
CBOWCTB?

5. Uto Takoe HamarHm4eHHOCTh? Kakas BenMUMHA MOXKET CIYKHTh aHaJIOTOM B
AIEKTPOCTATUKE ?

6. 3anumuTe U 0OBSICHUTE COOTHOIICHUS MEXIAY MAarHUTHBIMHU MPOHUIIAEMOCTHIO U
BOCIIPUUMYMBOCTBIO JIJIS TApaMarHeTHKa; JIJIs ThaMarHeTHKa.

7. BeiBenuTe CBSI3b MEXKy BEKTOPAMH MarHUTHOW WHIYKIIMU, HAIPSHKEHHOCTH Mar-
HUTHOTO IOJISl 1 HAMAarHUYEHHOCTH.

8. OObsicHUTE TIEeTII0 TucTepesuca peppomarseruka. YTo Takoe MarHUTOCTPUKITUS ?

9. Kakue QgeppoMarHeTUKH SIBISIOTCS MarHUTOMSTKUMH? MarHUTOXKecTKuMu? I'me

UX IPUMEHSIOT?
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10.
1.

KakoB MexaHW3M HaMarHW4eHUs q)CPPOMaFHeTI/IKOB?

Kakyto Temneparypy 1i1s deppoMarseTuka Ha3piBatoT Toukoi Kropu?

3.5. Ypaenenua Maxceenna

l.

7.

YTto sABIISIETCS NPUYMHON BO3HUKHOBEHMS BUXPEBOIO 3JIEKTpUUYECKOro noisa? Yem
OHO OTJIMYAETCS OT JIEKTPOCTATUYECKOTO MOJISA?

[Touemy BBOIMTCS TIOHSATHE TOKa cMmelieHus1? UTo oH coOol Mo CyIIeCTBY Mpei-
CTaBJsCT?

BriBenuTe u 00BbsCHUTE BBIPAKEHHE JIJISl TUIOTHOCTH TOKA CMEILEHUS.

B kakoM cMbICiI€ MOKHO CPaBHUBATh TOK CMELIEHUS U TOK IPOBOJUMOCTH?
3anuiure MOJIHYI0 CUCTEMY ypaBHEHMH MakcBenia B MHTErpaibHON dopme U
00BsCHUTE UX (PUBNYECKUI CMBICI.

[ToueMy NOCTOSIHHBIE AIEKTPUUYECKUE U MATHUTHBIE TOJS MOYXKHO PACCMATpPUBATH
000co0seHHO IpyT OT Apyra? 3anuiuure sl HUX ypaBHeHHe MakcBeia.

Kakue ocHOBHBIE BBIBOJIBI MOKHO CJI€JIaTh Ha OCHOBE Teopuu Makcsena?

4. Kos1e0aHUA U BOJIHBI

4.1
1.
2.

. I'apmonuueckun ocyunnamop

[lepeuncaute OCHOBHBIE TUIIBI KoieOaHuil. B uem nx oco6eHHOCTH?

3anuiuTe ypaBHEHHS CBOOOIHBIX rapMOHUYECKUX KosiebaHuii. Kakue KoHCTaHThI
OnpeAesioTca ycTpoicTBoM cucteMbl? Kakue ycnoBusmu 3amycka? IloscHute
Ha npumepe.

Kak ompenenuts aMmummTyay W HadalbHYyIO (a3y KojieOaHUM uepe3 HayajlbHbIE
yCJIOBUA?

3anuimuTe ypaBHeHUE KojeOaHuW B KoMIuiekcHOM ¢dopme. Kakoil cMbica umeer
MO/JIyJIb ¥ ApTyMEHT KOMIUIEKCHOW aMIUIUTY/ bl ?

[Ipu kakux ycloBHUSAX KojeOaTelbHasi CHUCTEMa CTAHOBHUTCS arnepHoOIUYecKoi?
[TosicuuTe Ha rpaduke 3aKOH JIBIXKCHUS allepUONYECKON CUCTEMBI.

Kak onpenenuTh 4acToTy MayibIX KOJICOAHUH CUCTEMBI B OKPECTHOCTH TOYKH PaB-
HOBECUA?

Kak ucnonb3yeTcsi ypaBHEHHE YHEPTUM ISl pacdyeTa 4acTOThl KOJIeOaHUI cucTe-
MBbI?

Onuirre npeBpalleHne dHEPruu B KojiedaTesbHOM cucTeme. Kak 3aBUCUT dHEp-

I'Usl OT aMIUTUTY/IbI KoJieOaHui ?
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4.2. Boanoewie npoyeccol

1. Kak o0BACHUTH pacnpocTpaHeHHe KoyiebaHnuil B ynpyrou cpeae? Uro Takoe BoJ-
Ha?

2. Yrto Ha3pIBaeTCA NONEPEYHOM BOJHOU? Tpoa0JibHOM? Korjia OHM BO3ZHUKAIOT?

3. Yto HaszbiBaeTcs mauHOWU BoJHBI? KakoBa CBsI3b MEXAY JUIMHOW BOJIHBI, CKOPO-
CThIO U MIEPUOJIOM?

4. Kakas BoiHa siBIsieTCsl Oeryiieil, rapMOHUYECKOM, TIIOCKOH, cdepudeckoii? Ka-
KOBBI X ypaBHEHUS?

5. Uto Takoe BoIHOBOE unciio? (ha3zoBas v rpymnnoBas CKOPOCTH?
[Ipu kakux ycioBHsiX BO3HHKAaeT mHTepdepeHius BogH? HasoBuTe ycrnoBusi WH-
Tep(EepEeHIIMOHHBIX MAKCUMYMa U MUHUMYMA.
Uem crosiyasi BOJHA OTJIMYAETCS OT Oerymieit?
Uemy paBHO pacCTOSHHE MEXKIY ABYMS COCEIHUMHU Y3JIaMHU CTOSYEH BOJIHBI?
JBYMSI COCETHUMH ITyYHOCTSIMHU? COCETHUMH MMYYHOCTHIO U y3JI0M?

9. Yto Takoe 3BYKOBBIC BOJIHBI? 3BYKOBBIE BOJIHBI B BO3JyX€ MPOJOJIbHBIC WM TO-
nepeunsie? [Touemy?

10. Yo Takoe snekTpomMarauTHas BojiHa? KakoBa CKOpOCTh €€ paclpOoCTpaHEHUs?

11.YT0 MOXET CIIYyKUTh UCTOYHUKOM DJICKTPOMArHUTHBIX BOJIH?

5. BosinoBasi onTHKa

5.1. Humepghepenuyusa ceemosvix 6011

1. Kakoe ycinoBue yaoBIETBOPSIET KOTEPEHTHOCTH BOJTH?

Cy11ecTBYIOT JI B IPUPOJI€ KOTEPEHTHBIE HCTOYHUKH CBETa?

UTto Takoe BpeMEeHHasi U IPOCTPAHCTBEHHAS! KOTE€PEHTHOCTH?

OT KaKuX apaMeTpPOB 3aBUCUT ONITUYECKAs Pa3HOCTh X0JIa B TOHKUX IJICHKaX ?

YeM oTIn4arTCs IMOJI0ChI paBHOﬁ TOJIIIUHBI OT II0JIOC paBHOT'O HaKJI0Ha?

ho A

2. luppakyus éon

Kakne uCTOUHUKY SBISIOTCS «BUPTYaTbHBIMIY UCXO/s U3 npuHIuna [ torrenca?
Kakumu ycnoBusimu @penesnb JONOJHUI puHIun [ roiredca?

Uewm otimuaercs audpakius Openens oT audpakuuu Opaynrodepa?

Kakue nmyaun uaTepdepupyrot rnpu qudpakiuu Ha TuQpakiinoHHON pemeTke?

B xagecTBe kakoro nprudbopa MOKHO MPUMEHUTH TUPPAKIMOHHYIO PEIICTKY ?

AN el

Yto Takoe MMPOCTPAHCTBCHHAA I[I/I(i)paKLII/IOHHaH pemeTKa?

37



5.3. Honapuszayun ceema

1. B 4em 3akmrouaercs pa3iaudue NOJIPU30BAHHOTO CBETA OT €ECTECTBEHHOI0?

2. Kakue BO3MOXHBI BHUJIbI MOJSPU3ALMU MPHU CIOKEHUH Jyded IUIOCKOIMOJISIPU30-
BaHHOTO CBeTa?

3. IloscHute npuHUMN AeicTBUA npru3mMbl Hukomsa?

4. Yto Takoe cTeneHb MoJIpru3aIum?

5. T'me ucnionw3yeTcs NOASAPU30BAHHBIN CBET?

6. KBanToBas pusnka

6.1. Ocnoenvle uoeu K6anmoeoi meopuu

1. B uem 3akitoyaroTcs NpOTHUBOPEUUS KIACCUUYECKON HU3UKHU?

2. Kakumu cBoiicTBamu 00JafaeT CBET B KBAHTOBOM Te€OpUU?

3. Kakue cyiiecTByloT rpaHU4HbIE yciI0BUs 1pu (hoToddpdexre?

4. B uem 3akmouaetcs 3 dexr Kommnrona.

5. Tlodyemy B KBaHTOBOW ME€XaHUKE MOHATHE TPACKTOPHUU SIBISETCS HE COCTOSATEIb-
HBIM?

6.2. Keanmogoe cocmosanue

1. Kako¥ ¢pu3zuueckuii cMbIc UMEET BOJIHOBAsI (PyHKITHS ?

2. C KakuM SBJICHMEM MOXXHO COINOCTAaBUThH paclpe/ieIeHue MUKPOYACTHI] B IMPO-
CTpaHCTBE B KBAHTOBOW MeXaHUKe?

3. Kakum o0Opa3oM OIHKCHIBAETCS COCTOSSHUE MHUKPOYACTHUIBI B KBAHTOBOM MEXaHMU-
Ke?

6.3. Ypasuenue Illpéounzepa

1. Yto Takoe TyHHEIbHBIN 3hPerT?

2. Yto Takoe 6030HbBI? - ME30HBI?

3. K xakoMy BUy YaCTHUI OTHOCSATCS 3JEKTPOHBI U TOYEMY?

4. KakuMmu yCIOBHUSIMU ONpeesieTcs] OTeHIHAIbHAS SHEPTHsl YaCTULIbI?

5. Kakas sHeprus onpezenser HyJIeBOH YpOBEHb MUKPOUACTHULIbI?

6. UeMm ornmuaeTcst BpeMeHHoe ypaBHeHue Llpénnnrepa oT ctanmoHapHOro?

6.4. Qu3uka amoma u MoeKy

1. Kakoe cymecTByeT NMpOCTPAaHCTBEHHOE PACIPEEICHNUE JJIEKTPOHOB B aTOME BO-
nopona.

2. Kakue KBaHTOBBIE UMCIa CYIIECTBYIOT? - UX (PU3NUECKUNA CMBICH?
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B uewm 3akirouaercs npuHuun Ilaymn?
Kakne xumMnueckune CBsi3U CyLIECTBYIOT B PUPOAE?

YeM oTanyaeTcsl MOHHAS CBA3b OT KOBAJICHTHOM?

AN

Yto Takoe SJICKTPOHHBIC TCPMbI HBYXaTOMHOﬁ MOJICKYJIBI?

8.2. IPUMEPHBIE BOITPOCBHI K 9K3AMEHAM

1-i cemecTp

1. Mexannueckoe aBuxkeHue. Pannyc-BeKTop, CKOpocTh, yckopeHue. HopmanbHoe
Y TaHT€HLUAJIBHOE YCKOPEHHUE.

2. llepssiit 3akoH HerotoHa. [IpuHuun otHocutensHOCTH ["anuies. MHepuuanbHbie
CHUCTEMBI OTCYETA.

3. Bropoii u Tpetuii 3akonsl HetoToHa. [IpuHIIMI HE3aBUCUMOCTH I€HCTBUS CHJL.
Krnaccudukanus cun 1 BUA0OB B3aUMOACHCTBUS.

5. OcHoBHas 3aja4ya JUHAMHUKHU. YpaBHEHUs NBHKeHUA. [IpuMmep: nBHKEHHE Tela
MO/, ICMICTBUEM CHUIIBI TSAKECTH.

6. Cucrema MarepuanbHbIX TOUeK. LIEHTp Macc, CKOpOCTh, YCKOPEHHE LIEHTPa Macc.
3aKOH JBHKECHHS LIEHTPA MACC CUCTEMBI MaTEPUAIbHBIX TOYEK.

7. Cucrema MaTepuajabHbIX TOUECK. BHEIIHNE U BHYTPEHHUE CUIIbL. BBIBOJ OCHOBHO-
ro 3aKOHA IMHAMUKH JIJI1 CHCTEMbI MaTEPUATBHBIX TOYEK.

8. 3aKoH coxpaHEHHs UMITYJIbca CUCTEMbI Tel. AOCONIOTHO YNPYTruil U HEYNpyrui
yaap 1apos.

9. KunemaTuka BpamiaTe€IbHOTO JABMIKCHUA. YTJIOBOE NEpPEMEIICHUE, YIIIOBas CKO-
POCTb, YIJIOBOE YCKOPEHHUE.

10. CBs13b MKy TMHEUHBIMH U YTJIOBBIMU CKOPOCTSIMH M YCKOPEHHSIMU.

11. CBs3p Mexay XapakTEpUCTUKaMU MOCTYIMATENBHOTO M BPAIIATENbHOTO JIBHXKE-
HUSL.

12. MomeHT cunbl. MOMEHT UMITyJIbCa MAaTEPUAIBLHON TOUKU. Y PaBHEHUE MOMEHTOB.
3aKOH COXpaHEHUSI MOMEHTA UMITYJIbCA JJISl CHCTEMBI MaT€pUAJIbHBIX TOYEK.

13. MomenT cunbl. MoMeHT uHepuuu. BeIBO OCHOBHOTO 3aKOHAa TMHAMUKH Bpalla-
TEJIBHOT'0 JBUKEHUS TBEPAOrO Tejla. 3aKOH COXPAHEHHS] MOMEHTA UMITYJIbCA IS

cuctemsl Ten. [pumep.
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14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.
217.
28.
29.
30.
31.

32.
33.

PacueT MoMeHTa UHEpPUUU ISl T€N pa3audHOu (GopMbl (CTEpKEeHb, AUCK). Teope-
Mma Illrerinepa.

Mexannueckass pabota. PabGora moctossHHOM u mepeMeHHON cuibl. [Ipumep.
MOoOIIHOCTS.

Pabota u xkuHetuyeckas sneprus. Teopema 00 U3MEHEHUU KMHETHYECKOU 3HEp-
ruu. [loHass KUHETHYECKast SHEPTUs TBEPAOTO TeENA.

KoHcepBaTuBHBIE W HEKOHCEPBATHUBHBbIE CWIBL. [loTEHUMANbHAS >HEPrUs Tea.
3aK0H COXpaHEHUSI MEXaHUUECKON YHEPTHUH (BBIBOI).

PacueT nmoreHuManbHON HEPrUM Tejla B MOJIE Pa3IMYHBIX CHII (IPaBUTALIMOHHOE
B3aMMOJIEUCTBHE, YIPYTro n1eopMupoBaHHAs MIPYKUHA).

Kunematuka xuakocTd. JIunuu u TpyOku Toka. Y paBHEHUE HEPA3pbIBHOCTH.
VYpasuenue bepuynnu (BeiBon). CneacTBus u3 ypaBHeHUs bepHyiiu.
[Ipeo6pazoBanusa [Manunes. Knaccuueckuil 3akoH ciokeHus ckopocTeidl. Mexa-
HUYECKUM TPUHILIUI OTHOCUTEIHHOCTH.

[Toctynarel DitnmTeiina. [Ipeobpazosanus Jlopenia.

CnenctBusi U3 npeoOpazoBaHuil JlopeHia: MOHSATHE OTHOCUTENBHOCTU JJIUH U
MIPOMEXKYTKOB BpemeHu. [Ipumep.

JIlnHaMKKa TEOpUU OTHOCUTEIBHOCTHU. PemsTUBUCTCKAs Macca, UMITYJIbC U dHEP-
rusi. 3aKOH B3aMMOCBSI3H MEXKIY MAacCOW U SHEPTUEH.

Buytpennss sneprusi. Pabota raza npu usmeHenuu oobema. KonuuectBo Teruio-
Tbl. TeroeMkocTh. | Hayano TepMOANHAMUKH.

[Ipumenenue | Hayana TUHAMUKHA K U30IPOLIECCAM.

PacueT paGoThl IpH U30TEPMHUUECKOM IMPOIIECCE.

Pacuet paGoTsl pu 1300apHOM M U30XOPHOM MpOIIECcCax.

PaGota npu aguabaTrueckoM Impoiiecce.

BriBog 3akoHa [lyaccona nis agmabaruyeckoro mnpoiiecca.

CpenHss KUHETHUYECKasi SDHEPTUs MOJIEKYJ. MOJEKyIsIpHO-KUHETUYECKOE TOJIKO-
BaHUE a0CONIOTHOW TemmepaTypbl. Yucno creneHeil cBoOOAbl MOJEKYN. 3aKOH
paBHOpACTIPEIEIICHHS DHEPTUU 110 CTENEHAM CBOOO/IBI.

BHyTpenHsist sHeprus uaeanbHoro raza. BeiBoa opmysibl.

BBIBOII OCHOBHOT'O YPaBHCHHUA MOHCKYHHPHO-KHH@TH‘IﬁCKOﬁ TCOpHUM.
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34. TenaoeMKOCTb NMPHU MOCTOSHHOM JIaBJICHHH W TOCTOSHHOM oObeme. dopmyna
Maiiepa.

35. Kpyroseie nipoueccol. [{ukn Kapuo u ero k.m.a. TemnoBoil aBUrarenb M XoJio-
IWIIbHAS MaIINHA.

36. OOpaTumble U HEOOpATUMBbIE TPOLECCHl. DHTPOIHUS TEPMOJAUHAMUYECKON cHcTe-
Mbl. [IpuBenenHoe konndecTBO TemoTel. HepaBencTtBo Knaysuyca. 3akoH BO3-
pacTaHus SHTPOIUH.

37. O6mue hopMyIUpOBKH 2 Hayajla TEPMOJUHAMUKHU.

38. MuUKpo- U MakpOCOCTOSIHUSA. DHTPONHMs Kak Mepa Oecropsjika CUCTeMbl. 3aKOH
bonpumana. CBoiicTBa SHTPONUMU.

39. CtpoeHue 1 CBOWCTBA KPUCTAIIMYECKUX U aMOPHBIX Ted. DIEMEHThl KPUCTAalI-
norpaduu. BausHue thna cBsi3u Ha CTPYKTYpPY M CBOWCTBa Kpuctayios. Jledek-
ThI CTPYKTYPHI.

40. Yucno CTONKHOBEHMH U JJTMHA CBOOOAHOrO MpoOera MOJIeKyJl B ra3ax.

41. SIBneHus mepeHoca B TEPMOJMHAMUYECKHX HEPAaBHOBECHBIX cHCTeMaX. BbIBOX
3akoHa MU Py3uu, TEMIONPOBOJHOCTH, BHYTPEHHETO TPEHUSI.

42. PeanpHble Tra3bl. YYeT MOJEKYJISPHOTO B3aUMOJCHCTBUA. YpaBHeHUE BaH-nep-
Baanbca. CpaBHEHHE TEOPETUUECKUX U IKCTIEPUMEHTAIIBHBIX NU30TEPM.

2-i1 cemecTp

1. Onexrpuueckuit 3apsana. 3axkoH Kynona. Hanps>keHHOCTh 3JI€KTPHUYECKOTO IOJIS.
CuiioBble muHUA. HanpsskeHHOCTH MOJISI TOUEYHOTO 3apsija.

2. Pacder Hanps>KEHHOCTHU JIEKTPUUYECKOTO TOJII CUCTEMBI TOUEUHBIX U MPOTSHKEH-
HBIX JTUHEHHBIX 3apsA0B. [IprMepbl: BHIYMCIUTD HANPSKEHHOCTh HA OCH PaBHO-
MEPHO 3aps)KEHHOT0 KOJIbLA.

3. Tlortok Bektopa E uepes noBepxHocTh. Teopema ['aycca niis 31eKTpOCTaTHUECKO-
IO MOJISl B BAKYyME.

4. Pacuer SJEKTPOCTATHYECKOrO0 TOJsI OECKOHEUHOW pPaBHOMEPHO 3apsHKEHHOU
IIJIOCKOCTH ITPU NTOMOIIM TeopeMsbl ['aycca.

5. Pacyer aneKTpOCTaTUYECKOTO Mojsi OECKOHEYHOW paBHOMEPHO 3apsKEHHOU Iu-
JMHIAPUYECKOM MTOBEPXHOCTHU IIPU IOMOIIH TeopeMsl ['aycca.

6. Pacuer snexkTpocTaTHUECKOro MOJISI 3apSXKEHHOTO MO 00BbeMy Iapa IpH MOMOIIHU

TeopeMsl ["aycca.
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1.

12.
13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pa6ora cun QJICKTPOCTATUYCCKOTO ITOJIA 110 IICPECMCIICHUTIO 3apsaa.
ITotenuman QJICKTPOCTATUYICCKOI'O TIIOJIA. Pa3nocts moteniuanoB. Ilorenuuan
IMOJISI TOUCYHOI'O 3apAdaaa. 9KBI/IHOT6HI_II/I2UIBHBIC IMOBCPXHOCTHU.

CBs3b MCKAY HANIPSAKCHHOCTBIO U IIOTCHIIMAJIOM.

. Ilone sanexTpuyueckoro Aumnois. JUnonbHbId MOMEHT. DHEPrus AUIOJS BO BHEII-

HEM 3JIEKTPOCTATUYECKOM TIOJIE.
DnekTpuueckoe moisie B AudIeKTpuke. IlomsipuzoBaHHOCTh. OpUEHTALMOHHAS U
nedopMalioHHas nossipu3anus. BUuasl 1U31eKTPUKOB.

Bekrop anekrpuueckoro cmemenus D. Teopema ["aycca ans Bekropa D.
CerHeTosNIEKTPUKN M UX CBOMCTBA. DIEKTpUYECKHM rucrepesuc. IIpuMeneHue
CErHETOXJIEKTPHUKOB.

[IpOBOAHUKH B JIEKTPUUYECKOM IOJIE. DIEKTPOCTATHUECKAS HHIYKITU.
OnekrpoeMkocTh. KoHzeHcaTopbl. PacyeTr 31eKTpoeMKOCTH KOHAEHCATOPOB pa3-
muaHoi popmbl. CoeTuHEeHnEe KOHIEHCATOPOB.

DHeprust dNeKTpocTaThueckoro nojis. O6bemMHas INOTHOCTh YHEPTUH.
ITocTosiHHBIN AneKTpuUecKuil ToK. Cuia ToKa, IIIOTHOCTh TOKA.

Hcrounuku Toka. CTOpOHHUE CUIIBL. DIEKTPOABMIKYIIAsl CUila ucTouHuKa. [lane-
HUE HANPSHKEHUS. Y CIIOBUS CYLIECTBOBAHUSA TOKA B LEIH.

3akoH OMa B uHTerpasibHON U AuddepenunansHoil Gopme. DIEeKTpOCONPOTUB-
nenne. CBepXIpOBOIUMOCTb.

Pabota u momHocTh TOKa. 3akoH J[xoyms-Jlennia B unterpanbHoil u nuddepeH-
uansHoi hopme.

3akoH Oma 11 HEONHOPOJHOTO y4dacTKa LENu, IJs 3aMKHYTOW 1enu. Pa3BeTs-
JeHHbIe Lenu; npasuia Kupxroda.

MarauTtHoe mnoje Toka. BekTtop MarHuTHOW uHAyKUuU. 3akoH buo-Casapa-
Jlamutaca.

[IpuHOMN cynepno3uuuu MarHuTHbIX nosei. Ilpumenenne 3akona buo-Caapa-
Jlanmmaca ang pacuera moJis MPSIMOJIMHEMHOIO TOKA KOHEYHOW M OECKOHEHYHOMU
TUTVHBI.

Pacuer MarHuTHOTrO MOJs KPYroBOro TOKa C NMOMOIIbK 3akoHa buo-CaBapa-

Jlannaca u MpuHOUIIa CYIICPIIO3NIUN MAI'HUTHBIX MOJICH.
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25.

26.

217.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

MarauTtHoe B3aumojeiicTBue TokoB. Cuna Amnepa. EnuHunia MarHuTHOW WH-
TYKLWH.

Cuna Jlopenua. /I[BukeHus 3apsKEHHBIX YaCTUIl B MarHUTHOM moiie. D dexT
Xoina.

[upKynsuus BEKTOpa MarHUTHOW MHAYKIHUH. 3aKOH MOJIHOro Toka. [IpuMeHeHune
3aKOHA IOJIHOT'O TOKA JJIs IIOJISl COJICHOM1a U TOPOUA.

[ToTok BekTOpa MarHuTHOM MHAYKIUU. TeopeMa ["aycca nnsa Bekropa B. Pabora
10 IEPEMELIEHUIO TPOBOIHUKA C TOKOM B MAarHUTHOM IIOJIE.

Arnenue snekTpomarautHor nHAYKIUU. [IpaBuno Jlenua. 3akon @apanes.
O600uIeHne 3aKoHa 3JIEKTPOMAarHUTHOM WMHAYKIMM Makcsemwiom. | ypaBHeHue
Makcseria. BuxpeBoe 371eKTpu4ecKoe 1oJie.

SBnenne camonHAyKUUHA. MHAYKTUBHOCTD. TOKM NpH 3aMBIKAaHUU U Pa3MbIKaHUU
LEIH.

[Tonste o Toke cMmemenusa. Bropoe ypaBHenne Makcgesia.

Cucrema ypaBHeHui MakcBeiia U X (pU3UYECKUI CMBICI.

[Ipuposa MarHUTHBIX CBOWCTB BELIECTBA. BUIbI MarHeTMKOB, XapaKTep HUX Ha-
MarHA4MBaHUSI.

HamarHnunBaHue MarHeTUKOB. MarHUTHBI MOMEHT. PacyeT BHYTpEHHETO Mar-
HUTHOTO 1oJs. HanpsskeHHOCTh MAarHUTHOTO MOJIS.

@eppoOMarHeTUKy U UX CBOMCTBA. MarHUTHBIN THCTEPE3UC.

["apMonunyeckue koneOaHus. YpaBHEHHE TapMOHUYECKUX Kosiebanui. Cmerie-
HUE, CKOPOCTh, YCKOPEHUE TapMOHWYECKUX KoyieOanuil. Kunetnueckas, moteH-
LMaJIbHASL, TIOJIHASI DHEPTHUS.

["apMoHunyeckue kojiebaHusi Ha MpUMepe MPY>KUHHOTO, (PU3NYECKOTO MASITHUKOB.
[lepuon u amHa PU3NYECKOTO MAsTHUKA.

BekTopHas aumarpamma kone6anuil. CioxeHue rapMOHHMYECKUX KojieOaHUuM of-
HOT'O HaIlpaBJICHUS.

CrnoxeHrne rapMOHUYECKHUX KOJeOaHuil pa3HON 4yacToThl. buenus.

3aryxatouiue kosnebanus. uddepenuunaibHoe ypaBHEHUE 3aTyXalOMUX Koyeoa-
HHUM, €r0 pelICHuE.

Breinyxnennbie konebanus. Pezonanc. PezoHaHcHbIE KpPUBBIE.
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43.

44.

45.

46.

47.

DJEKTpOMarHUTHBIE KoJieOaHusl B KOHTYpe: mudPepeHnaaIbHOe YpaBHEHHE Tap-
MOHHUYECKHUX KOJIeOaHUH, €T pPeIlICHHUE.

Bonnbl. YpaBHeHUE TUIOCKOH M cdepudeckoi BoiaH. Da3oBas CKOPOCTh, JJIMHA
BOJIHBI, BOJTHOBOE YHCJIO.

WNuTtepdepeniusa BoaH. YcinoBus HaOmoaeHUS nHTEpdepeHIuu. KorepeHTHOCTh
1 MOHOXPOMATHYHOCTh. ['eoMeTpruuecKkass pa3HOCTh X0Ja. Y CJIOBHS YCHWICHHS U
ocjia0eHus.

3ByKOBBIC BOJIHBI. McTouHmkyu 3ByKa. IHQpa3Byk u yiabTpa3Byk. BeicoTa u uH-
TEHCHUBHOCTD 3BYKa.

DJEKTPOMArHUTHBIC BOJIHBI. VICTOYHUKH 3JIEKTPOMAarHUTHBIX BOJIH. Juddepen-
[IUATbHOE YPaBHEHUE DJICKTPOMArHUTHOW BOJIHBI. DHEPTUS U UMITYJIbC DJICKTPO-

MardiMTHOM BOJIHBI.

3-i1 ceMecTp

1.

W

©® N0k

[Tonste cBera. BojiHOBast 1 KOPIYCKYJIsipHAsA IPUPOJA CBETA.

VYpaBHeHMe MII0CKOM BONHBL. [[OHATHE KOT€PEHTHOCTH BOJIH.

Meronbl nonydeHusi kKorepeHTHbIX BosH (mienu FOura, Oumpusma, Ouzepkana
Openens).

WNuTepdepenius B TOHKUX miieHKax. [IpocBeTiieHne onTHKH.

ITonocsl pa3HOW TONIIMHBI U pa3HOro HakioHa. Konbia HeroToHA.

Hudpakuus csera. [Ipunnun I'oiirenca-dpenens.

3onbl @penensa. CpoiicTBa 30H OpeHens.

HudpakuronHas pemierka. Y paBHEHHE MAaKCUMyMOB U MUHUMYMOB.

Honﬁpmaum{ cBeta. CriocoObl MOJYUCHUA MMOJIIPHU30BAHHOTO CBCTA.

. 3akoH Mauroca.
1.
12.
13.
14.
15.
16.
17.
18.

3akoH bprocrepa.

HckyccTBEHHOE IBOMHOE JTy4ENPEIOMIICHHUE.

KopnyckynsipHble CBOMCTBaA CBETA.

®oroaddekT u ero 3akoHbl. YpaBHeHue DiHITeHa. KpacHas rpanuna.
@OTOH U €ro XapaKTEPUCTUKH.

Mopaean aTOMOB.

[Toctynat bopa. Panuyc u aHeprus ctalijioHapHbIX OpOUT.

CnexrpanpHblie 3akoHOMEpHOCTH. OnbiT @panka ['epna.
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19.

20.
21.
22.

23.
24.
25.
26.

KoprniockynsipHo-BonHOBOM nyanu3m wmatepud. ['mnoreza ne-bpoins. [dnuna
BOJIHBI Jie-bpoits.

CooTtHomieHue HeonpeaeneHHocTe [ 'eizendepra.

Onrcanne MUKpOYacTUIl B KBAHTOBON MEXaHHUKE.

BonnoBas @pyHkius u ee cBoicTBa. BeposTHOCTHBIN XapakTep KBaHTOBOM MeXa-
HUKH.

VYpasuenue Illpenunrepa. (BpeMEeHHOE U CTAIIMOHAPHOE).

ATOM BOJOpOJa B KBAaHTOBOM MexaHuke. KBaHTOBBIE Uncia.

CtpoeHre MHOTO3JIEKTPOHHBIX aTOMOB. O00JI0UKH, TI0JI000JTOUKH.

HOI‘JIOH_ICHI/IC, CIIOHTAHHOC U BBIHYXXICHHOC HU3JIYUCHU.

9. YA EBHO-METOANUYECKOE U HH®OPMALMOHHOE OBECIIEYE-
HUE JUCIUIIJIMHBI «PU3UKA»

a) OCHOBHAaf JUTEpaTypa:

1.

Tpobumosa T.M. Kypc ¢usuku : yue6. mocobue: pek. Mun. Ob6p. PO —
7,8,10,14,15,16-¢ uzx., M.: Akagemus. 2003, 2004,2005, 2007, 2008.

CagenbeB U.B. Kypc obuieit pusuku : yued. mocodue: B 5 ku./ U. B. CasenbeB. —
M. : Actpens : ACT.

KH. 1 : Mexanuxka. —2005, 2006, 2008.-336 c.

CagenbeB 1. B. Kypc obmeit pusuku : B 5 ku.: yue6. mocodue/ 1. B. Casenbes. -
M. : Actpens : ACT.

KH. 2 : DnexrpuyectBo u Mmaraetusm. —2004.-336 c.

CagenweB U. B. Kypc obmielt ¢pusuku : yueb. mocodbue: B 5 kH.: pek. MuH. o0p.
P®/ 1. B. Cagenwes. —M. : Actpens : ACT.

Ku. 3 : Monekynspnas ¢pusuka u repmoanHamuka. -2005, 2003, 2001.-208 c.

0) 10MOJIHUTEJILHAS JIUTEepaTypa:

1.

2.

Bonbskenmreiin B.C. CoopHuK 3a1a4y no obmemMy Kypcy Gusuku : yded. nmocooue
Ui cTya. TexH. By3oB/ B. Boabkenmreidn. —3-e usn., ucnp. u gom.. —CII6.:
Kuawmxnsiii mup, 2005, 2004, 2003.-328 c.

COopnuk 3ama4 no obmeMy Kypcy ¢usuku: yued. mocooue/ AmMI'Y, UDD, cocr.

K.I'. Hobpocenwsckuii, A.FO. Cerelikun. — bnarosemenck : M3a.-Bo Amyp. roc.
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YH-Ta. —
Y.2: DnextpuyecTBo u MaruetusM. Konebanus u Bonnsl. 2003.—18 c.

. Ousnueckuil mpakTUKyM. MexaHuka, MoJIeKyJsipHas Qu3uka : y4e0.-MeTo. To-
cobue: pek. [IB PYMIl/ AmMI'Y, UDOD; coct. A. A. Corp, B. ®@. Yuesubsruena, O.
B. KozaukoBa. —bnarosemenck: M3a-8o Amyp. roc. ya-ta, 2007.-91 c.

. JlaGopatopHbIil TpakTUKYM 1O Pu3KKe : yueOH-MeTo. nocooue: pek. B PYMII/
AMI'Y, UOD, coct. A.A. Corp, B.®. YapansiueBa, N.b. Konbuiosa: noa. pen.
A.A. Corpa.

T.2. : DnexTpuyecTBo U Maruetusm, Beimn. 2 —2007.-130 c.

. SABopckuii b.M. OcHoBbl pusuku : yueb.: [B 2 1.]/ b. M. fBopckuii, A. A. [lun-
ckuii ; mox pen. FO. . [uka. -5-e uzna., crep.. -M. : ®uzmatiur.

T. 1 : Mexanuka. MonekynspHas ¢pusuka. Inexkrpoaunamuka. —2003.-576 c.

. SIBopckuit b.M. CnpaBouHuK 10 (pU3MKe AJIsi MHAKEHEPOB U CTYIEHTOB BY30B/ b.
M. Asopckuii, A. A. [letnad, A. K. Jlebeaes. -8-¢ uzn., nepepab. u ucnp.. -M.:
OHMUKC: Mup u Obpazosanue, 2007.-1055 c.

. Tpodumona T.W. Kpatkuit kypc ¢usuku : yueb. nocooue/ T. U. Tpodumona. —6-¢
u3n., crep.. —M.: Beicm. mik., 2007.-352 c.

. Tpodumona T.N. COopHUK 3a/1ay IO KYpCy (PU3UKHU C pEUICHUSIMU : y4eO. moco-
oue: pex. Mun. o6p. PO/ T. U. Tpodbumona. —8-e uzna., nepepad..—M.: Brici. mik.,
2007.-592 c.

B) mporpamMmMHoe odecneyenue U UHTepHeT-pecypcehl:

Ne | HaumeHnoBaHue pecypca Kpartkasi xapakrepucTuka

1 | Ctynenrtam u HexoMmepuecknii  MpOEKT, CO3JaH C LEJbI0
IIKOJIbHUKAM KypPChI OKa3aHUs IOMOINM IIKOJbHUKAM M CTYyJIEHTaM B
oOuieit pu3nKHu. M3ydeHUH QU3MKU U JIpyrux npenmeroB. Ha stom
[TonHbIe KypCHI 11O pecypce  pa3MelieHbl  pa3IU4Hble  MaTepHallbl:
oOuieit pusuke y4eOHUKH, 3aJaUYHUKH, JIEKIHH, ApyTrue ydeOHbIe
http://www.ph4s.ru nocobusi.  Bce BbUTOXKEHHBIE MaTepuaibl I Bac

OecryiaTHBl M IPU CKAYMBAHUS HE TPEOYIOT KaKuX-
100 perucTpanuu.

2 | http://www.toehelp.ru Caiit comepKut HEOOXOJUMYIO JIUTEPATYPY
(Kuuru) u gpyroit  TeopeTHUeCKHI MaTepuan Jis
CaMOCTOSITEIbHOW ~ pabOThl  CTYAGHTOB M UX
MOATOTOBKM K Jk3ameHaMm (Teopus), a Tak ke
npuMepsl pemienue 3anad mo TOD (Teopernueckue
OCHOBBI D3JIEKTPOTEXHUKH), BpIciield maremaruke,
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dusuke, IIporpammupoBanmuzo, Tepmexy
(Teopernueckas  Mexanuka) u  CompoMary
(ConpoTuBienne Marepuaios).

3 | CBoOogHas NuTepHeT-sHuMKIONE U o0pa3oBaTeIbHBIX
SHITUKJIIOIIE TN W3aHu, B KOTOPOM COOpaHbl d3JIEKTPOHHBIE
Bukunenus Y4eOHHMKH, CIOPAaBOYHHKHA, a TaK Ke€ CTaThu
http://ru.wikipedia. pa3IUYHOM  TeMaTUKH. YJIOOHBIA TOUCK IO

KJIFOUEBBIM CJIOBaM, OTACIBHBIM T€MaM U OTPaciisiM
3HAHUSL.

4 | DnexkTpoHHas OBC mno TemMaTWke OXBaThIBAET BCIO 00JIACTh
O6ubnroTeyHas cucrema €CTEeCTBEHHO-HAYYHBIX 3HAHUW M TMpeaHa3HaYeHa
«YHUBepCcUTETCKAs JUIA WCIIOJIb30BaHWS B Tpolecce OOydeHHs B
OnoOuoreka- online» BBICHIEH  IIKOJIE, KaK CTyJEHTaMH TaK U
www.biblioclub.ru MIPENoIaBaTe s IMHU.

10. MATEPUAJIBHO-TEXHUYECKOE OBECINIEYEHHUE JUCIHUIIJINHBI
Kommiaextr TCO

R N SN N AW N -

. InTepakTuBHas 0cKa

. Buneonpoexrop Epson

. lIB.Tenesuzop ABEST-03r.

. I'padponpoextop-2400 -02r.

. OBepxen-npoextop Geha 240/3 02r.
. [IpoexTop «Anbda-203»

. Mynberumequiiabii mpoektop-03r

. HoytOyk Ileatuym 100-03r.

JlaGopaTopHoe 000pya0oBaHue

O 0 3 O O b~ W N —

. Kommuiext na6. o6op. «Mexanukay ELWRO- 8ycr.

. JIa6. ycranoska JI1-6 AI'Y, r. JlHenponeTpoBCK.

. JIab. ycTanoBKa 17151 uccien.yaapa mapos- 1ycr.

. MukpomeTpsl.

. Kommekr yer. JIKT1”Bnaguc”MU®U, Mocksa-1k.

. CreH1 «DIEKTPUYECTBO U MAarHETU3M.

. JIa6. yctanoBka ELWRO-IIonbmma-1.

. KommuiekT yctaHOBOK COOCTBEHHOTO MPOU3BOJICTBA - 1 1yCT.

. Ociumnorpadpsl.

10. HI/I(I)pOBBIC MYJIIBTUMCTPBI, AHAJIOTOBBIC 3JICKTPONU3MCPUTCIIBHBIC HpI/I60pBI.
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11. PEUTUHIT OBAS OIIEHKA 3HAHUHM CTYJIEHTOB IIO JUCIIUILIN-
HE
PeliTunroBasi olieHKa 3HaHUM CTYJIEHTOB MPOBOJIUTCA B cooTBeTCTBHM C [loso-
KEHUEM O OaJUIbHO-PEUTHUHIOBOM CUCTEME OLICHKHU ACSTENBHOCTH CTYACHTOB 1 Kyp-
ca, npuHATHIM Ha Kadeape Tudd ot 24.09.2010 r.

CooTHoOlICHHE BUI0B PEHTHHIA

Tabnuua 1.
Ne Bune! peiitunra Becosoit koaddurrieHT
(6ase)
1 Texymuit 60
2 Hrorosslii 40

JIJIsl UTOrOBOro KOHTPOJIs (9K3aMEH) YCTaHABIMBACTCS CIEAYIOIIEE pacpeie-
JieHHne OajIoB:
«oTanaHo» — 40 6anoB,
«xopoioy» — 20 6aoB,
«YIOBIETBOPUTEIHLHO» — 10 6aILIIOB,
«HEYJIOBIIETBOPUTEIBbHO» — MeHee 10 Oaos.
CooTHolleHHEe BUI0B Y4eOHOM 1eATeJILHOCTH CTY/AeHTa
B PaMKaXxX TEeKyLlIero peiTuHra

Tabnuua 2.
Ne Bun yueOHoil nesTebHOCTH Becosoit koaddurrieHT
(6ase)
1 Jlexuun 10
2 KomnokBuym 5
2 IIpakTrueckue 3aHATHA 25
3 JlaGopatopHbie 3aHITHS 20

Hauucnenue 02/510B B Ka’K10M U3 BUO0B Y4eOHOI 1eITeIbHOCTH
1. Jlexnuu. baniasl HaunuCIAIOTCS 3a OceleHue Jekuui u3 pacueta 0,25 6amna
32 KaXIYI0 JEKIHIO.
3a JIeKI1H, MPOMYIIEHHBIE 10 YBAXUTEIbHONU MPUYMHE (IPU HAIMYUU CIIpaB-

KI/I), 0aJJIBI HAYMCIIIIOTCS T10 MpeaoCTaBJICHHUIO KOHCIICKTA HpOHYH_[eHHOfI JICKIOHMH.
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2.HDaKTI/I‘{€CKI/I€ 3aHITUs. baibl HAUYMUCIAIOTCSA 3a MHUCbMEHHBIC pa6OTBI nu3

pacuera: «ynoBieTBoputenbHo» - 0,5 Oamna, «xopouo» - 1 6amn, «OTIUYHO» - 2
Oasna.

3a KOJJTIOKBUYM BECOBOW KO3(P(UIMEHT OLUEHOK MOXHO YBEeIW4YuTh B 1,5 pasza
(«ym» -3 6ami, «xop»- 4 6amia, «oTi» - 5 Oanna.

3a BBINIOJTHEHWE WHIUBUAYaJBHOTO 3aJaHUsl OaJuIbl HAUMCISIFOTCS M3 pacdera
0,5 6amnoB 3a 3amauy. [lmaH MUCEMEHHBIX PadOT U UX OIIEHKA B Oalliax MpejacTaBie-
HBI B Ta01. 3.

3. JlaGopatopusle 3ansaTus. Kypc madopaTopHbIX paboOT COCTOUT U3 «HYJIEBOW»

paboThl U 6 pabOT OCHOBHOTO IUKJIA. 32 «HYJIEBYIO» paboTy HauuciseTcs 2 6am, 3a
OCTaJIbHBIC 3aYTEHHBIE PabOTHI 0 3 Gasuia.

Cucrema npeMuajibHbIX 0AJ/J10B

[IpeMuangpHbIC OAIBI MOTYT OBITH HAYHCIICHBI:

- 33 aKTUBHYIO paboTy Ha npakTtuyeckoM 3ansatuu (0,5 unu 1 6ann Ha ycmoTpe-
HUE MPEeToaBaTess);

- 3a BBHIMOJTHEHHE pedepaToB, TBOPUECKUX 3aTaHHA, U IPYrUX paboOT HE sB-
JSOIMXCcs o0s3aTebHBIMU (He OoJiee 2 6asuioB 3a paboTy);

- 32 yyacTH€ B OJMMITMAJaX Pa3jIMdHOTO YPOBHS (B 3aBHCHMOCTH OT YPOBHS
OJIMMITHUAJIBI U pe3ysibTaTa, HO He OoJiee 5 0aioB).
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1.3. MeToaudyeckue peKOMeHIAINY AJI NPEenoaaBaTeas

Kypc «busuka» sBuseTcs oaHON K3 0a30BbIX AUCIHUIUIMH OOIIEHHKEHEPHOM
MOJATOTOBKHU CTY/JCHTOB TEXHHUECKHUX crnenuaibHocTeir BY30B. YuutsiBas creundu-
Ky CIEHHAIbHOCTEH, 10 KOTOPBIM MPETYCMOTPEHO U3yueHue QU3NKU, peKOMEH1yeT-
Csl MpU TUIAHUPOBAHHMM COJICPKAHUS JIEKIIMOHHBIX KYpCOB, MPAKTHUECKUX, CEMUHAP-
CKUX U JIa0OpaTOPHBIX 3aHATHH CYHNIECTBEHHOE BHHUMAHHE YJIEISATh MPUMEHEHUIO
TEOPETUYECKUX 3HAHUN B MH)KCHEPHOMU MPAKTHUKE, B ObITY, B HAYYHOU J1€ATEIbHOCTH.
[IpakTryeckast HarpaBIECHHOCTh JAHHOTO Kypca JUKTYETCs TPEOOBaHUSIMU MPEEMCT-
BEHHOCTHU (MEXMIPEIMETHOTO COIJIACOBAaHMSI) NUCLUMIUIMH TEOPETHUYECKOro OJIoKa U
JUCIUIUIMH CTICIIMATIN3AMI UHXKEHEPHBIX (PaKyIbTeTOB.

PekoMeHyeTcsi couetaHue B MPaKTUKE MPENoJaBaHUs pa3IMuHbIX BUJIOB Ji€s-
TEIBHOCTH CTYJEHTOB: ayIAuTOpHas (KOJUIEKTUBHAs, MHAUBUAYadbHas) paboTa, dKC-
nepuMeHTalIbHAs, UCCIeIoBaTeNbCKas padbora (B paMkax GU3HYECKOro MpakTUKyMa,
HUPC), camocTosiTenbHass pabora (MpopabOTKa TEOPETUYECKUX BOINPOCOB, MOATO-
TOBKA K IPAKTUYECKUM U JTAOOPATOPHBIM 3aHATHUSM, TOATOTOBKA K KOJIJIOKBUYMY, K-
3aMEeHY, BbIMIOJHEHUE pacueTHO-TpadUUECKUX 3aJaHui ).

[Ipu opranuzanuu KOHTPOJIS KaueCTBA 3HAHUN MO0 TUCHUIUIMHE «(PU3HKaY» 1ese-
COo00pa3HO COOIIIOIATh CIIEAYIONINE ATAIbI:

1. Bxoasimuii KOHTPOJIb. CTYI[CHTBI, Ha9YMHAOIMUC U3YUYCHHUC HaHHOﬁ JAUCHUIIIINHBI,

MOJIBEPTAIOTCS TECTUPOBAHMIO HA MPEAMET 3HaHUS (DU3HKH B 00BEME IIKOJIBHOTO
Kypca. Onpenensercss UX UCXOJHBIN 0a30BbIi ypOBEHb. IJTO MO3BOJSIET CKOPPEK-
TUPOBaTh YYEOHBIH IUIAH B COOTBETCTBUU C HEOOXOJIMMOCTBIO (€ciu Tpedyercs)
BBEJICHUS B HETO JOIMOJHUTENBHBIX Pa3/eioB, MOBBIIIAIOMINX 0a30BBI YPOBEHB

3HAHUM CTYACHTOB.

2. Texyui koHTpoJb. OcyllecTBIsEeTCS MPENnoaaBaTesIIMi, BEAYIIMMU J1abopaTop-
HbIE W MpakTUyeckue 3aHatus. Kak npaBuiao, oH IpoBOAUTCS B opMe KOHTPOJIb-
HBIX padoT, a TakK K€ 3aIUTe MHIUBUIYAJIbHBIX PACUCTHO-IpadUUECKUX 3aJaHUN.
[IpoBepka yCBOEHHUSI TEOPETHUYECKOI0 MaTepuana OCYHIECTBISETCS B MPOIECCe
MIPOBEJICHUS TEOPETUUECKOTO KOJJIOKBUYMA, TJI€ CTYACHTHI MMChbMEHHO OTBEYAIOT

Ha IBa MPCAJIOKCHHBIX H3 06I_HCFO CIIMCKa BOIIPOCOB. BCCCI[YSI CO CTYACHTOM IIO
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COACPKAHHUTIO 3THUX BOIIPOCOB, a4 TAKIKCE JIFOOBIX APYrux m3 06H.[CFO CIIUCKa, IIPCIIO-
AaBaTCJIb BBICTABIIICT OLICHKY B COOTBCTCTBUMU C 06H_[erI/IH$IT]':>IMI/I KPpUTCPHUAMU.

. UToroBulii KOHTpOJIb. B 3aBCPHICHUC HU3YUYCHUA TCKYLICTO pasaciia JUCHUIIIINHBI

«(hu3MKa» CTYACHTHI CIAaIOT CEMECTPOBBIN JK3aMEH. DK3aMEHAIMOHHOE 3aJjaHue
(6buitet) conmepxut 3-4 Bompoca, U3 KOTOPBIX JBa — UMEIOT TEOPETHUECCKUN XapakK-
Tep, 1-2 — IPeaCTaBIAIOT COO0M KaueCTBEHHBIC MIIM BBIYMCIUTEIBHBIC 3a/1aUH, 11O
TEeMaM, BHIHECCHHBIM Ha dk3aMeH. [1o uToraM sk3aMeHa MpernoaBaTellb BHICTABIIS-
€T CTYACHTY OIICHKY B COOTBETCTBUU C OOIICTIPUHITHIMA KPHUTCPHUSIMH.

. KOHTDOJIB OCTaTOYHBIX 3HAHUIA. HpOBOIII/ITCSI IMOCJIC 3aBCPIICHUA U3YHUYCHUSA I10JI-

Horo kypca ¢usuku (1,2,3 yactu). @opma npoBepku — TectupoBanue. Coaepxa-
HUE TECTOB KOHTPOJISI OCTaTOYHBIX 3HAHWUM Ha CTp. ... [lo mToram tecTupoBaHuUs
BBICTaBJISIFOTCS OIIEHKH: «5» - 6osee 75% mnpaBUIBHBIX OTBETOB, «4» - Oonee 60%
MPaBUIIBHBIX OTBETOB, «3» - Oosiee 30% mpaBuibHBIX 0TBEeTOB. Menee 30% mpa-

BHJIBHBIX OTBCTOB — BBICTABJIACTCA OLICHKA 2.

PCKOMCHIIYCMBIC CPOKHU IPOBCACHUA TCKYIICTO KOHTPOJIA:

[IpoBeneHre KOHTPOJIbHBIX paboT:

Nel: remsr 1-5, 9 menens (1 cemectp)
No2: rembr  1-6. 12 negensa (2 cemectp)
Ne3: tempr  1-5. 10 wenmens (3cemectp)

[IpoBenenue komokBuymMa. Ha KOUIOKBUYM BBIHOCSITCS CIIEAYIOIITUE BOMIPOCHI
(CM. CITUCOK 9K3aMEHAIMOHHBIX BOTIPOCOB):

1 cemectp (1 wacte) 1-25 BompoCH

2 cemectp (2 wactp) 1-22 BOMpPOCHI

3cemectp (3 wacth) 1-16 BompoCH
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1)

2)

3)
4)

S)

6)

7)

1.4. MeToanyeckue pPeKOMEHIANMHU ISl CTYJIEHTOB MO0 CAMOCTOSITEJILHOMY

M3VICHUNIO JTMCIMIIIINHBI

1.4.1.Memoouueckue pekomeHoauuu no nO020mMoeKe K NPAKMUUECKUM 3a-

HAMUAM
JI71s1 TOATOTOBKM K MPAKTHYECKUM M CEMHUHAPCKUM 3aHSTHUSAM HCIOJIB3YHTE KOH-
CIIEKTHI JICKINH, YUeOHUKU U yuyeOHbIe TOCOOUS, YKa3aHHBIC B CIIUCKE PEKOMEH-
JyeMOU OCHOBHOW W JIOTIOJTHUTEIBLHON JTUTEPATyPHI.
[IpounTaiite TeMy 3aHATHS, BBIJICIUTE T€ BOIPOCHI TEOPUH, KOTOPHIC MOJIEKAT
00CYXICHUIO B ayIUTOPUH.
[IpouTHTe KOHCIIEKT JICKIIUH, OCBEIIAIONIEH TAHHYIO TEMY.
OTBeThTE Ha BOIPOCH JJIsi caMonpoBepku. [IpU BOZHUKHOBEHUU TPYIHOCTEH C
MMOHUMAHHEM TEOPETUYECKUX OCHOB H3y4aeMOH TEMBbI, 0OOpaTUTECh K YUYCOHUKY
WM MeTonYecKoMy rocoburo. Llenecoodpa3zHo ucnonb30BaTh B X0€ MOATOTOB-
KM YYeOHUKH Pa3HBIX aBTOPOB, TJI€ U3yYaeMbIil BOIIPOC paccMaTpUBAETCA C pas-
HBIX METOJIMYECKUX TTO3ULIHH.
[Ipu BBIMOTHEHUM WHIWBUAYAJbHBIX pacyeTHO-TpaUUecKUX 3aJaHUil BHUMA-
TEJLHO MPOCMOTPUTE PEIICHUE aHATIOTHYHBIX 3aJ1a4, paCCMaTPUBAEMBbIX Ha y4eO-
HBIX 3aHSATHUSAX, OCMBICIUTE METOAbl U METOJUYECKHE MPUEMbI, UCIIOIb3yEeMbIe
MIPU UX PEIICHUH.
[locTapaiiTech caMOCTOATENbHO BOCIPOM3BECTU PEIIECHUE 3THUX 3a7ad; IPH BO3-
HUKHOBEHUU TPYAHOCTEH BEPHUTECh K TOMY MECTY B KOHCIIEKTE, KOTOPBIN BBI-
3BaJl 3aTpyJaHEHUs. BHOBb MOBTOpHUTE ATy MpoOLEAypYy — IO TeX IOp, IMOKa BOC-
MIPOU3BEICHUE HE CTAHET YBEPECHHBIM.
OcBOMB METOAMKY pEIICHUs JaHHOTO Kjacca 3ajad, MPHUCTYMalTe K pelIeHUuro
3a/1a4 U3 MHIUBUAYAITBLHOTO 3ananus. [Ipu 3ToM mpuaepkuBaiTech CIEIyIOMNUX
MIpaBUIL:
e 3aluIInTe KPaTKUE YCIOBUS, BBISICHUTE, YTO U3BECTHO U UTO TpeOyeTcs HalTH.
e CrenaiiTe yepTexk, U300pa3uTe CXeMy WU TpaduK, MOSCHIIOMUNA CYTh 3a/1a4-

HOU CUTYyaluu,
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8)

1)

2)

3)

4)

e Brigennre 00ObEKTHI 33J1a4M M BBISICHUTE TIPUPOAY MPOUCXOISIINX C HUMH H3-
MEHEHHUH (TIpoIlecCOB). 3aMUIIUTE KJIFOYEBbIE OTHOIICHUS, 3aKOHBI, OIMHUCHI-
BaloIIMe JaHHOE (DU3NYECKOE SBJICHUE.

e [IpuMeHUTE 3T OTHOIICHUS K CUCTEME OOBEKTOB 3aJauu, MOJTYyUYUTEe MaTeMa-
TUYECKYI0 MOJIeNIb (DU3UUYECKON CHCTEMBI (IIpollecca), ONMUCaHHOW B 3ajade:
KaK MpaBWiIo, 3TO CUCTEMa YPaBHEHUH, PEeIlIeHHEe KOTOPOH JaeT OTBET Ha Tpe-
OoBaHUs 3a0a4H.

e OdopmuTe aKKypaTHO pelieHre 3aaa4u Ha Jucte ¢popmata A4.

Ha mpakThueckux M CEeMUHApPCKUX 3aHATUSX IeJIeco00pa3HO MMETh Mpu cede

KOHCTICKTHI JICKIIUM, YYCOHUKH U YydeOHBIE MOCOOMs, B KOTOPHIX M3JI0KEHA TEO-

pUs U METOJIMKA PEIICHUs 3a7a4 10 JAHHOMY y4eOHOMY KYpCYy.
1.4.2.Memoouueckue pekomenoauuu no no020moeKe u 6blNOJAHEHUI) 1a00-
PamopHozo npaKmuKyma

JlaGopaTOpHBIH MPAKTHUKYM BBITIOJIHSAETCS 110 MHANBUAYATLHOMY rpaduKy OpH-

rajioi, COCTOsAIIEH U3 2-3 CTyJAEHTOB.

CrnemyeT yuecTbh, UTO IOJATOTOBKA K MIPAKTUKYMY TPeOyeT HEMaIoro BpeMEeHH,

MO3TOMY IieJiecoo0pa3Ho TUIAHUPOBATH €€ 3apaHee!

st 3 pexTUBHOM MOATOTOBKHU K JJabOpaTOPHOM paboTe MpHUaepKUBAUTECH Clle-

TYIOIIUX TPaBUIT:

e BHumartenbHO MpoYTUTE OMUCAHHE PAOOTHI B METOJAMYECKOM MOCOOUU IO Jia-
O0opaTOpHOMY MPAKTUKYMY;

e Odopmute madIOH OTYETa MO JaHHOW paboTe B MHIMBHUAyAIHHOM jabopa-
TOpHOM XKypHaie (cMm. «Cxema ohopMIICHUS OTYETa» B METOJ. YKa3aHUSX K
MPAKTUKYMY): YKOKUTE Ha3BaHUE, 11eJIb paboThl, H300pa3UTe CXeMy yCTaHOB-
ku. B mynkre «KpaTkas Teopusi» OTBEThTE MUCBMEHHO Ha KOHTPOJIBHBIE BO-
npockl. s 9Tol paGoThl aKTUBHO HCIIOJIB3YyWTE KOHCHIEKTHI JIEKIUN U yueo-
HBIC TIOCOOUS;

e 3arotroBbTe (GOPMBI TaOIUIl, B KOTOPBIX OyAYT MPEACTaBICHBI PE3YIbTaThl U3-
MEpEHUM 1 pacueToB (IpUMeEphI TaOJIUIL TaIOTCSI B METOI. TIOCOOMH).

[lepen BBITIOTHEHHWEM SKCIIEPUMEHTA CTYJICHT JIOJDKEH MPOUTH coOeceaoBaHue ¢

npernojaBareyeM U TMOJYYUTh JONMYCK K padote. [y moiydeHus normycka CTy-

ACHT JOJIKCH OTBCTUTDH HA CIICAYIOIIHC BOIIPOCHI:
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S)

6)

e KakoBa 1enp skcniepuMeHTanbHON 3a1aun? KakoBbl OCHOBBI TEOPUHU H3ydae-
MOTO SIBJICHUSI, OCHOBHBIE TIOHSATUS U ()OPMYJIbI?

e KakoB mpuHIun paboThl dKCHepUMEHTalbHOM ycTtaHoBku? Ilepeuncnure oc-
HOBHBIE ATaIbl YKCIIEPUMEHTA.

[TonyuuB JOMYCK, BBIMOJHUTE KCIEPUMEHT C COOJIOJICHHEM €r0 METOJIWKH U

MpaBUJI TEXHUKU O€30MaCHOCTH (CM. B METOJI. MOCOOUU MyHKT «BbInonHeHue pa-

00ThI»). 3aHecuTe JaHHBIC U3MEPEHUN B TaOJUIIbI Bamiero otdyeTa. [IpousBeaure

BBIYMCJICHHWE HCKOMOTO TlapameTrpa (uiaum 3aBucuMoctu). [IpousBeaure cratucTu-

YyecKyto 00paboTKy uzMepeHuil. B ciiydae rpaduueckoro npeactaBieHus pe3yib-

TaTOB HUCTOJB3YyUTE TOJBKO MaCIITAOHO-KOOpJIUHATHYIO Oymary dopmatom 150-

200 M.

3anuimuTe pe3ysbTaT AKCIEPUMEHTAIBHOTO 3aJaHusl, YKaXUTE aOCOIIOTHYIO U

OTHOCHUTCIIBHYIO ITOTPCITHOCTDb HSMCPCHHﬁ, CI[CJ'IaI\/JITe BBIBO/IBI.

I[JISI MMOJYUCHUA 3a4CTa CTYACHT IMPCACTABIIACT IIPCIIOAABATCIIIO O(i)OpMJICHHBIﬁ OTUCT

CO BCCMH HCO6XOI[I/IMBIMI/I pacdCTaMu H 3aIIMIIacT €0 B XO0AC MOCICAYIOUICTO cobe-

CEe0BaHUsL.
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2. OBYYAIOIIWM PA3JIEJI
2.1. Kypc Jeknui

OU3NYECKHUE OCHOBbBI MEXAHUKH

Beenenue B kypce dusuku. Illpeamer Mmexanukn. KuHemaTnka v IMHAMUKA.
Kiaaccndyeckas Mmexanuka. KBantoBass Mexanuka. PeJaTUBHCTCKAA MEXaHUKA.

IIpenmerom m3ydenuss GU3MKM SBISICTCS MaTepus, KOTopas sBIE€TCS 00bEK-
TUBHOW pPEaAIbHOCTHIO, CYIIECTBYIOIIEH HE3aBUCHUMO OT HAC; MO3HAETCS OpraHaMu
YyBCTB, HAXOJWUTCA B HENPEPHIBHOM JBI>KeHHH. DOpMBI CyIecTBOBaHMS B MpPO-
CTPAHCTBE M BPEMEHU: BEIIECTBO U IOJIE.

[lon nBM>KEHHMEM MOHMMAIOT BCSKOE U3MEHEHHE BOOOIIE U BBIICISIOT CIEIYIOIINE
HauOoJee 001mue GopMbl ABMKEHUSI MaTepUu: PU3NUECKYIO, XUMUYECKYIO, OMOJIOT -
4YecKylo 1 obmecTBeHHY0. Camoii mpocToil u3 HUX gBisieTcs puznueckas Gpopma aBU-
KEHHS] MAaTEPUU.

dusnka Kak Hayka U3ydaeT IpocTeillline u BMecTe ¢ TeM Haubosiee oOuue 3a-
KOHOMEPHOCTU SIBIEHUM TPUPOJABI, CBOMCTBA M CTPOCHHE MATEpUH, U 3aKOHBI €€
nBumxeHus. B ¢pusnueckoit popme IBHKEHUS MaTEPUH MPUHATO BBIIEIATH MEXaHUYE-
CKY10, TEIUIOBYIO, 3JIEKTPOMArHUTHYIO U KBAHTOBO-MEXaHUYECKYIO (DOPMBI JBHKEHUSL.
Kypc ¢usuku pa3duBaroT Ha cieqyronue pas3aeibl — MEXaHuKa, MOJIEKyJspHas (pusu-
Ka U TepMOJMHAMUKA, 3JIEKTPOMArHeTU3M, KBAaHTOBas MEXaHUKa, (DU3UKa KOH/ICHCH-
POBAaHHOTO COCTOSIHUSA, (PU3UKA ATOMHOTO S/Ipa U JIEMEHTAPHBIX YaCTHII.

®duszrka sABISETCS OCHOBOM BCEX €CTECTBEHHBIX HAayK (HarpuMep, XMMUHU, OUO-
joruu, reorpaduu, aCTPOHOMUU U T.J.), TaK Kak ¢puznueckas popma JBUKEHUS MaTe-
pUU BXOAUT B OoJiee CloXKHbIE (DOPMBI IBUXKEHHSI KaK MX cOCTaBHas yacThb. [Ipu sTom
B HACTOAIIME BPEMs HET YETKOW I'PaHUIIbl MEXY (PU3UKON U €CTeCTBEHHBIMU HayKaMH,
MOCKOJIBKY COBpPEMEHHBIEC (PU3MUECKUE METOJbI UCCIEIOBAHUS IIMPOKO BHEIPSIOTCS B
HUX U BO3HUKAIOT COOTBETCTBEHHO TaKHe AMCLMIUIMHBI, KaK (uU3ndeckas Xumus, O1o-
¢u3uka, reopusuka, actpousuka u T. 1.

B ¢usuke peanusyercs, B OCHOBHOM, CIEIYIOIIAsl CXe€Ma MO3HAHUS, U3YUYCHHUS
ABJICHUI Mpupoabl: 1) HaOMIOeHNEe KaKOro-JIM00 HOBOTO SIBJICHUS B MPUPOJE, MPOBe-
JICHHUE OIBITOB — MHOTOKPATHOTO BOCIIPOM3BE/ICHUS IAaHHOTO SIBJICHUS B KOHTPOJIUpYe-
MBIX YCJIOBHSX; 2) OOBSICHEHUS PE3YIbTATOB OMBITOB C MOMOIIBIO PA3IHYHBIX THUIIO-
T€3, MO3BOJISIIOIIUX TEOPETUUYECKU OOBSICHUTh 3aKOHOMEPHOCTH MPOTEKAHUS ITOTO SIB-
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neHust; 3) mocie 3KCIEePUMEHTAIbHON MPOBEpKU THIIOTe3a JUO0 oTOpackiBaeTcs, J1M00
CTaHOBUTCS 3aKOHOM, MO3BOJISIONIMM OINKCATh JTaHHYIO 00JacTh SIBIEHUN U TOJCKa-
3aTh HOBBIEC SIBJICHUS, HOBbIE 3aKOHOMEPHOCTH. DTH MpEJCKa3aHUs MPOBEPSIIOTCS Ha
OIBITE, M CXeMa MMO3HAaHMs peain3yeTcsi Ha 0oJiee BHICOKOM YPOBHE.

3aKkoHBl  (UBMKU ~ TPEACTABISAIOT  COOOM  KOJMYECTBEHHbIE  COOT-
HOILICHUS U (POPMYIUPYIOTCS HA MATEMATUUYECKOM S3BIKE.

Pa3zButre GU3MKK CTUMYIUpPYET pa3BUTHE MaTeMaTHKHU. V3ydeHune KBaHTOBO-
MEXaHU4YeCKOW (POpMBbI JBMKEHUS MaTepUH, PU3UKH aTOMHOTO siipa M dJIEMEHTap-
HBIX YaCTHUII, paHHUX ATanoB pa3BuTusi BcenenHol TpeOyroT pa3pabOTKU HOBBIX MO-
HSATUN U METOJIOB B MaTeMAaTHKeE.

TEMA : DJjeMeHTbI KHHEMATHKH.

1) @u3zuueckue modenu: mamepuaibHas mouka (vacmuya), cucmema mamepu-
AbHBIX MOYEK, AOCONIOMHO meépooe meno, cnaouinas cpeoa. Ilpocmpancmeo
u epems:.

MarepuajbHas Touka (M.T.) — T€JIO, pa3MepaMH KOTOPOrO MOXKHO IpeHeO-
pedb B YCIOBUSX JAHHOTO JBIKCHHUS.

AOCOJIIOTHO TBep/0e TeJio (a. T. T) - 3TO a0COIIOTHO HeAaehOpMUPYEMOE TeJ0
WU TEJIO0, PACCTOSIHUE MEXAY JIBYMs JTIOOBIMU TOYKaMHU KOTOPOTO OCTAETCS MOCTO-
STHHBIM TIPH €TO JBUKCHHH.

CniiomHas cpefa — euHasi CUCTEMa, CBOMCTBA KOTOPOM B KaXJ0M TOUKE OJIH-
HaKOBHI.

IIpocTpancTBO M BpeMsi. B kiaccuyeckoil MeXaHMKe MPOCTPAHCTBO CUUTAIOT
OJTHOPOJHBIM, OJHO3HAYHBIM, H30TPOIHBIM, TPEXMEPHBIM, MOIUYHUHSIONIUMCS T'eo-
Metpuun EBkiuaa. BpeMsi- o1HOpOIHO, 0THO3HAYHO, U30TPOITHO, OJTHOMEPHO.

2) Kunemamuueckoe onucanue 068U ceHus.

[Tog MexaHMYECKUM JBUKEHHUEM MMOHMMAIOT W3MEHEHHE C TEUCHHEM BPEMEHHU
B3aMMHOTI0 TOJIOKEHUS TEJl B MPOCTPAHCTRE.

IMocTynaTenbHOe ABMKEHHE — 3TO TAKOE JABWKEHUE, TIPU KOTOPOM JIt00as mpsi-
Masl, IPOBEJICHHAs B TeJle, IepeMeIaeTcs napajiieabHo camoi cebe.

BpamaresbHoe 1BH:KeHHE BOKPYI HEMOJABUKHOM OCHM — 3TO TaKo€ JBHIKEHHE,
IIPU KOTOPOM BCE€ TOYKH TeJla JBMXKYTCS MO OKPYKHOCTSIM, LIEHTPHI KOTOPBIX JIEXKaT

Ha OI[HOﬁ HpHMOﬁ, Ha3bIBA€MOU OCHIO BpalicHuA (OHa MOXKCT HAaXOOUTBCSI BHC Teﬂa).
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Y

TEIIo
OTCHeTa

Cucrema orcuera (C.0.) - BKIOYAET B ce0s TEJIO OTCUETA, CBA3AHHYIO C HUM
CUCTEMY KOOPJIMHAT U MPUOOP (Yackl) sl U3MEPEHUSI BPEMEHH.

HI/IHI/IIO, 110 KOTOpOﬁ ABHKCTCA TCJIO, HA3BIBAKOT TpaeKTopueﬁ ABHUKCHUA.

[TonoxeHue Tena B MPOCTPAHCTBE MOKHO 3a7aTh JIMOO C MOMOIIBIO KOOPAUHAT
(X,y,z) , 70O C MOMOIIBIO PAANYC-BEKTOPa 7 , IPOBEJECHHOTO U3 Havajaa KOOp.Iu-
HaT B paCCMaTPUBAEMYIO TOUKY:

r=i-x+j-y+k-z
rjie BeKTopa i,j,k - 3TO €AMHUYHBIC OPTHI, YKA3BIBAIOIIUE HANPABICHUS OCEH
0X, 0Y, 0Z,
X,y,Z -  TPOEKIUU  BEKTopa r HA  KOOpPJHMHATHBIE  OCH.

Bekrop S, coeauHsOMNNA HAaYaJIbHOE U KOHEYHOE MOJIOKEHHUE, HA3bIBAIOT NepeMe-
meHueM. OH CBSI3aH C paJnyCc-BEKTOPAMHU 7, U ¥ U CIEAYIOIUM PaBEHCTBOM:

S=r-r,

Mopynp BEKTOpa MEpPEMEIICHUSI MEHbBIIE WM PAaBEH HMYTH - PACCTOSHHIO,
MIPOMIEHHOMY TEJIOM I10 TPACKTOPUHU. JTU BEIMYHMHBI COBIAJAIOT IO MOAYJIIO B CIIydae
MIPSIMOJIMHEWHOTO IBUYKCHMSL.

3) Ckopocmu u yckopenue. Hopmanvnoe u Kacameﬂbnoe YCKopeHue.

1 jWM

g
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Cpe)IHﬂﬂ nyreBasi CKOPOCTb V¢p - CKAJSIpHAA q)HSquCKaH BCIIMYMHA, paBHaA
OTHOIICHHIO ITYTH, HpOﬁI[CHHOFO TCJIOM 3a BPCMA f, K 9TOMY BPCMCHHU t.

MrHoBeHHas1 CKOPOCTb - CKOPOCTb T€JIa B TAHHOM TOYKE TPACKTOPHH,
paBHas MepBOil MPOU3BOJIHON OT PaANyC-BEKTOpa 7 IO BPEMEHH £.

. dr
V=—

dt

MrHoBeHHOe yCKOpeHHe - ObICTPOTa U3MEHEHHUS CKOPOCTH, YCKOpPEHHUE B JaH-
HOM TOYKE TPACKTOPHH, PABHOE NEPBOM NMPOM3BOJHOM OT CKOPOCTH IO BPEMEHU !
WJIM BTOPOU MPOU3BOIHOM OT paJlyC-BEKTOPA IO BPEMEHHU 1:

L odv dF
a=—=

dt  dr’

[Tpoekiurio BeKTOpa YCKOPEHHSI d Ha HANpaBJICHHE KacaTEIbHOW K TPACKTOPUM

Ha3bIBAIOT KaCaTCJIbHbIM (TaHFCHHI/IaHBHBIM) YCKOPCHUCM El;, 4 Ha HaIIpaBJICHUC,
MCPHNCHINKYIIAPHOC K KacaTelbHOMH - HOPMAJIbHBIM YCKOPCHHUCM Ein .

. . . dr v’
a=a +a,; a, :E; a, :E;

IZIE - V YUCIICHHOE 3HAaYCHUE CKOPOCTH; R - paguyc KPMBHU3HbI TPAEKTOPUHM B
JAHHOW €€ TOYKE, OH PABEH PANYyCy OKPYKHOCTHU R, BIMCAHHOM B MAJIbIM y4aCTOK Tpa-
CKTOpUHN BOJIM3U 3TOM TOYKH.

TaHreHuanbHOE YCKOPCHUC XaPAKTCPUIYCT U3MCHCHUC CKOPOCTU TCJIA IO BC-

JINYUHE (HO MOIYJIXO CKOpOCTI/I), a4 HOPMAJIBHOC YCKOPCHUC - 110 HAIIPABJICHUIO.

4) /leusicenue mouku no OKpysHcHocmu. Y2106aa cKopocmp u y2ioeoe yCKOpeHue.
Bexmop yznoeoii ckopocmu u y2n06020 yckopenus.

[IycTh M.T. IBUXKETCS CO CKOPOCTBIO V IO OKPYXHOCTH pajuyca 7 BOKPYT He-
MOJIBMKHOM ocu Bpamierust (puc. 3). Ilpu moBopoTe Ha yron d¢, paamyc-BeKTop 7

MOJIYYMT MpUpalleHue dr .
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BekTop dr HanpaBlieH 1O KacaTeIbHOU K OKPYKHOCTH.

BekTopoM 3j1eMeHTapHOr0 YIJIOBOIO NepemMenieHus1 d¢@ Ha3bIBA€TCsS BEKTOD,

HaIIPpaBJICHUC KOTOPOTO CBA3aHO C HAIIPABJICHHUCM BpPAIICHUS ITPABUJIOM IIPABOT'O 6y-
paBUHKa, IMOCTYIATCIBHOC IBUKCHUC 6ypanH1<a OIpCACIACT HAIIPABJICHUC BCKTOpPA

deo.
YriioBasi CKOPOCTh (@ XapakTepu3yeT OBICTPOTY BpAIICHHUS M.T., paBHas Iep-
BOU MPOM3BOJIHON OT BEKTOpA YTJIOBOT'O MEepeEMEILEHUs] d (@ 0 BPEMEHH f:

5=10
dt

Hanpasnenus BeKTOpa yrioBoil CKOPOCTH U BEKTOpaA 3JIEMEHTapHOIO yIioBO-
r0 IEpeMEILIEHNS COBIAIAtOT.

BekTop yriioBoro yckopeHusi & XapakTepu3yeT ObICTPOTY MU3MEHEHMs YIJIOBON
CKOpPOCTH M PaBEH MEPBOM MPOU3BOJAHON OT YIJIOBOM CKOPOCTU @ IO BPEMEHH ¢
do
dt

B ciydyae yckopeHHOTo BpallleHUsl HAlpaBjIeHUs BEKTOPOB £ U @ COBMAAAIOT

g =

(puc.3,6), 11 3aMeIJICHHOTO BpPAIICHUS - HANPaBJICHBI B MPOTUBOIOJIOKHBIE CTOPO-
HBI.

Jlis omMicaHus BpaIaTeIbHOTO JBMIKCHHS Tella HCMOJIB3YIOT YacTOTy ofpalie-
HHUSI N, ONpEACIeMYI0 KaK YUCcIo 000pOTOB, COBEpPIIAEMBIX TEJIOM 3a €IMHUILY BpE-
MEHH, U mepuoa oopamennss T kak BpeMs OJHOTO IMOJHOTO 00opoTa. CIipaBe | TUBbI

crenytomme GopMyJsibl B3AUMOCBSI3U:
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5) @opmynvt 63aumocea3u TUHEUHBIX U Y2T106bIX XAPAKMEPUCMUK NPU 6PAULA-
MeIbHOM 0GUICCHUU
- - = 2
v=[a);r]; a =0R; a_ =¢-R;

Tac R-— paanycC OKpY>KHOCTH.

TEMA: JluHaMuKa 4aCTHIL

1) Ocnoenasn 3a0aua ounamuxu. Ilonamue cocmosanus 6 Kniaccuueckoil mexaHuke.
Ypasunenue osusncenus.
Kunematuka ycTtaHaBiIMBaeT 3aKOHBI JBHXKCHHUS MaTepHAIBHOM TOYKH, HO
HE YKa3bIBaeT MPUYUHBI, BBI3BABIIUE 3TO JBW)KCHUE, a TakkKe (PaKTOphl, BIUSIO-
[IYe HA BapUallMM KWHEMATHYECKUX TapaMeTpPOB JIBHIKCHUSI.
PaccmaTpuBas MexaHM4ecKoe B3aUMOJICHCTBUE JTAHHOTO Teja C IPYTUMU Te-
JaMH, TIPUBOJSIIECE K M3MEHEHUIO COCTOSIHUS Tella, U3MEHEHHUIO €r0 CKOPOCTH, T.€. K
BO3HMKHOBEHHMIO YCKOPEHHsS, MOXKHO 3alucaTh YpaBHEHHE JBWIKEHUS Tejla. ITO U
€CTh OCHOBHAsI 3ajJlaua JTUHAMUKHU.
2) Macca u umnynvc. I'panuyvt npumenumocmu Kiaccuuecko2o cnocoba onuca-
HUA OBUIICCHUS YACMUY,.

Bce Tena u3MeHsI0T CBOIO CKOPOCTh HE MTHOBEHHO, a MOCTETNIEHHO MPU UX B3au-
MOJICUCTBHUM C IpyrumMu Teaamu. CrocoOHOCTh Tela COXPaHSATh CBOE COCTOSIHUE Ha3bl-
BaeTCs MHEPTHOCTHIO. KOJTMYECTBEHHOM XapaKTepUCTUKONW MHEPTHOCTH Teja SIBIIS-
eTCs €ro Macca m.

BenuuuHa, paBHasi MPOU3BEICHUIO MAcChl T€Ja Ha €ro CKOPOCTb, XapaKTepH-
3yIoIIas KOJUYECTBO JABMIKECHHUS Tejla Ha3bIBACTCS HMITYJILCOM TeJia P.

P=m-¥

NMnynbe BenmnunHa BEKTOpPHAS, HAMNpPABJICHUE BEKTOpPA MUMITYJIbCAa COBMAJACT C

HaMpaBJIECHUEM BEKTOPa CKOPOCTH.
3) Cosépemennasn mpaxmosxa 3akonoe Hotomona. Ilepewtii 3axon Horomona u no-
HAMUE UHEPUUAIbHOL CUCIEMbL OMCUEéma.
B ocHoBe kiaccuueckoil MEXaHWKHU JABIKCHHUS M.T. JekaT Tpu 3akoHa Hero-
TOHA, OHU HE JIOKA3bIBAIOTCSI, OHU SIBJITFOTCSI 00OOOIIICHHEM ONBITHBIX (DaKTOB.

IlepBbiii 3akoH Hbl0TOHA: TEI0 TOKOUTCS WM JABUXKETCS PaBHOMEPHO W TIps-

MOJIMHEHHO, €CJIM Ha HEeTO He JICHCTBYIOT JAPYTHE Tejla WX UX JIEHUCTBUE CKOMIICHCH-

POBaHo.
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ITepBriil 3ak0H HbIOTOHA BBIMOJIHAETCS HE BO BCeX cucrtemax orcueta. Cpenu
MOCTICTHUX BBIACISAIOT HHepuuajibHblie cucteMbl orcyera (MCQO), B KOTOPHIX BBI-
TIOJTHSIETCSl TIEpBBIA 3aKOH HBIOTOHA M COOTBETCTBEHHO BTOPOM M TPETHUH 3aKOHBI
HproTona.

Haub6onee 6nuskoit k UCO moxuo cuntath C.O., cBa3annyto ¢ Connuem. s
MHOTUX (PU3UYECKUX SBJICHUN CUCTEMY OTCUYETA, CBA3aHHYIO C 3eMJICH, TaKkKE MOKHO
cuutath UCO. B Teopetnueckom miane MCO cymiecTByeT 6€CKOHEUHOE MHOKECTRO,
BCE OHHU JIBIXKYTCS pABHOMEPHO U MPSMOJIMHENWHO, T.€. 0€3 YCKOPEHUS, UITH ITOKOSITCSI.
4) Bmopou 3akon Hvlomona kak ypaenenue osurcenusn. Cuna Kaxk npou3eooHasn

umnynvca. Buowvl cun 6 mexanuxe.

Jl1s1 oOIIHOCTH pacCyXICHUN MEXaHWYeCKOe B3aMMOJICHCTBUE Tela C JPYTUMHU
TeJIaMU OIMCHIBAIOT MOHATHEM cHJbl F, KOTOpas omnpenensercs Kak BeKTopHas ¢u-
3UYeCKas BEJIMYMHA, XapaKTepU3YIOIlas MEXaHUUECKOe B3aUMOJCHCTBUE JAaHHOTO Te-
Ja ¢ APYrUMU TeJlaMu, MPUBOJIAIIEE K ero AedhopMaliuy Wik K BOBHUKHOBEHHUIO YCKO-
peHUsL.

Brenenue cuiibl F mo3BOJIsS€T KOJUUECTBEHHO OMUCATh B3aMMOJICUCTBUS U BbI-
SIBUTh B HUX HanbOoJjee BakHbIE 0COOCHHOCTHU. CuJa sSBIJISIETCS. KOJIMUECTBEHHOM XapakK-
TEPUCTUKON COOTBETCTBYIOIIETO BUAA B3auMoOAeHCcTBUs. B mpupoje cyiiecTByeT ue-
THIPE BUJIa B3aMMOJICHCTBUS: CUIBHOE; cllaboe; TPaBUTAIIMOHHOE M AJICKTPOMArHUT-
HOoe. B MexaHuKe MpOosBISIIOTCS TOJIBKO CHJIBI T'PaBUTAIIMOHHOTO W JJICKTPOMArHUT-
HOT'O B3aUMO/ICHCTBUSI.

['paBuTaninoHHOE B3aUMOJICHCTBUE BBIpAXKaeTCs 3aKOHOM BCEMHUPHOTO TATOTE-
HUSA:

— m-M r

F=¢"=.5,
r r

HpOHBJICHI/IeM 9TOI'O BSaHMOHCﬁCTBHH Ha 3emJie SBISICTCSA CymcCTBOBAHUC CHU-

JIBI TAXKCCTU.

F=m-g; g-yckopeHue cBOOOHOTO MaJCHNUS;

141 Cujiia, C KOTOpOfI TCIO0 HCﬁCTByeT Ha OIIOpPYy WJIM IMOABCC, - BEC TCJIA:

P=m(g+a)
DIEKTPOMAarHUTHOE B3aNUMOJIEVCTBUE BbIpakaercs 3akoHoM KyioHa:
_ 1 q-QF
P ,qguﬂ
dre, r° 1
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B MexaHuke 3T0 B3auMOJIEHCTBUE OOBSICHSET CYIIECTBOBAHUE CHJI YIIPYTOCTH U
cui TpeHus. TpeHue ObIBaeT CyXUM M BS3KUM, B TIEPBOM CJydae Cujia TPEHHS IMpo-
MOPIIMOHAJIFHA CUJIE HOPMAJIBHOTO AaBieHUs N (IPOMOPIMOHATBLHON CUJIE TSKECTH),
BO BTOPOM — CKOPOCTH JBHKEHHUSI TEA V.

F.=u-N; F =n-vumF,=n-v’ 1 ciydas GOIbIIMX CKOPOCTEH.

Cuna ynpyrocty nponopluoHagbHa BeIuYnHe aeGopMaluu:

F,=k-x

Bropoii 3akon Hb0TOHA KOJIMYECTBEHHO OMHUCHIBAET MEXAHMUYECKOE B3aUMO-

JEHUCTBUE TeJl, CBA3bIBAs MEXAy cOOOM JEHCTBYIONIYIO HA TEJO CUIY C U3MEHEHUEM

—

€Tr0 UMITYyJbCa. CormacHo 9TOMY 3aKOHY IICpBasd IIPOU3BOJHAA OT UMITYJIbCA P Tena

110 peMeHU t pasHa 6eKMOPHOU CyMMe CUTl, Oelicm8yoWux Ha meio:

dopmyia MO3BOJISIET paCCMATPUBAThH JBHKEHUE, TPU KOTOPOM Macca Tejla Mo-
KET U3BMEHSATHCS (PEaKTUBHOE JIBIYKCHUE).

Ecnu macca Tenma He 3aBUCHUT OT BPEMEHM, TO TOTJa BbIPaKEHHE MOXKHO 3a-
nucaTh, BBOAS B HETO YCKOPEHUE Tea:

m-a=F
5) Tpemuii 3axon Horomomna.

Tpernii 3akon Hpl0TOHA yCTaHABIMBAET JOMOIHUTEIBHBIE CBA3U MEXKIY CH-
JlaMU, BO3HUKAIOIIUMU TPU B3aUMOJIEHCTBUH, U 00JIeryaeT pelieHnue 3aj1laud 0 Mexa-
HUYECKOM JIBUKCHUU TEI.

CoryiacHO 3TOMY 3aKOHY CHWJIbI, ACMCTBYIOIIME MEXKIY ABYMsI T€JlaM W, PaBHbI MO
MOJIYJII0O U TIPOTUBOIOJIOKHBI 10 HAMpPaBICHUIO, JICKAT HA OJAHOM MPSAMOUM, UMEIOT

OJIHY MPUPOY.

EzzF
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TEMA : Cucrtema MaTepuaJbHbIX TOYEK.

1) Buympennue u enewinue cunvlt. Ilenmp macc (yenmp unepyuu).

Bce cunbl, AeHCTBYIONIME HA MEXAHUMYECKYI0 CHUCTEMY, MOXKHO pPa3/IelIuTh Ha
BHEIIHKME (JEHCTBYIOT CO CTOPOHBI TE€J, HE BXOJSIIUX B CUCTEMY) M BHYTPEHHHE
(IeMCcTBYIOT BHYTPHU cUCTeMbl). [[1s1 omucaHusi TOBEJACHHS] CUCTEMBI M.T. BBEJIEM I1O-
HATHE HEHTPa MACC CUCTEMBI.

IleHTPOM Macc cHCTeMbI Ha3bIBAETCS TOYKA MPOCTPAHCTBA, MOJI0KEHUE KOTOPOii
N
1 1
1

m

OTHOCHUTENBHO Kakoi-1100 MCO omnpenensercs paguyc-BEKTOpPOM 7, =

IJIe M - CyMMa Macc Tell (MaTepHabHBIX TOUEK) CUCTEMBI; 7; - PAJIHYC-BEKTOD i-
ro Tena (M.T.) CUCTEMBI.

Ecaun nomecTuts B LOCHTPp MacCC TCJIO B BUIC MaTepHaanoﬁ TOYKH MACChI m, TO
OHO 6YIICT ABUTATBCA CO CKOPOCTBIO Vv, paBHOﬁ

. dr 1 d(X . 1 & dar
VC:_:_._ Zmlrl :—Zmi. i

dt m dt\5 m dt

ECJII/I IMOACTABUTH HOJIyI{eHHoe BLIpa)KeHI/Ie BO BTOpOﬁ 3aKOH HBI’OTOHa HOHy-
YHUM 3dKOH ABUXCHHUA ueHTpa Macc.

LenTp Macc cucTeMsbl - 3TO TOYKA MPOCTPAHCTBA, K KOTOPOU MPUIIOKEHBI BCE
CHWJIbI, BBI3BIBAIOIINE TI0 OTAEIBHOCTU MOCTYNATENbHOE ABUKEHUE cUcTeMBL. [loaToMy
MOCTYyMaTeNbHOE JABMXKEHHE CUCTEMbI MOXXHO MOJIEIMPOBAThH JIBIDKEHHEM Tella B BHJIE
M.T. Macchl m , TOMEIIEHHOI'O B IIEHTPE MAacC CUCTEMBbI. DTOT MPHUEM SIBISIETCS y100-
HBIM IIPU U3YYEHUH TAKOTO IBUKECHUS CUCTEMBI.

Ecnu cucrema siBnsieTcss 3aMKHYTOW WJIM BHEIIHUE CHWJIbI, IEMCTBYIOIIME Ha
Hee, KOMIIEHCUPYIOT JIpYr JIpyra, TO €€ LIEHTP Macc OyAeT OBUraTbCs pPaBHOMEPHO U
NPSAMOJIMHENHO Wiu nokouTkes. [loatomy B UCO, cBsizaHHOM ¢ HUM, MPOILE ONMUCATH
ABIO)KEHHE Tell cucTeMbl. LleHTp Macc aOCONIIOTHO TBEPAOIO Tejla COBMAJIAET C €ro
LEHTPOM TSXKECTH, HO SIBIsieTCs OoJiee OOLIMM MOHATHUEM, CIIPABEAJIUBBIM U B OTCYT-

CTBUC BHCUIHUX I'PABUTAIMOHHBIX TMOJICH.
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2) Umnynsc cucmemuvl mamepuaibHplX moueK. 3aKOH COXPAHEHUA UMNYIbCA KAK
¢ynoamenmanvuwlii 3aK0H RPUPOObL.
PaccmoTpum cuctemy, coctosmlyto u3 N Ted.

f1 3

Ha kaxxnoe Teno cucreMsl J€MCTBYIOT BHEIIHKUE cuilbl F, (i = 1,..., N') CO CTOpOHBI

HE BXOJSILIUX B 3Ty CUCTeMY Tell (M.T.), U BHyTpeHHue cunbl f," (i, k = 1,..., N) co cTo-
POHBI IPYTHUX TEJ CUCTEMBl. BHyTpEHHHE CHIIBI CHCTEMBI CBSI3aHBI MEXIY COOOU Tpe-
THUM 3aKOHOM HBIOTOHA, T.€. MOMapHO PaBHHBI.
S =T
3anuiemM ypaBHEHHS BTOPOTO 3aKkoHa HpIOTOHA /It BCEX TENl CHCTEMEBI U 3a-

TEM CJIOKUM 3T YPABHCHMUA!

P - dP . dP, - .
L =F 4+ ) o —2=F, + D for s e ;=2 =F, +> fu
t X dt X dt X

v _ . N _
ZP:PC; Zk:fik:O; ZE=E+F2+....+FN; d;ZZE
1 i i i

BekTopHas cymma BCe€X BHYTPEHHHMX CHUJI paBHA HYJIIO U MO3TOMY BEKTOpHAas
CyMMa MUMITYJIbCOB TE€J CUCTEMbI paBHA CYMME BHEIIHUX CHJI, JIEUCTBYIOIIUX HA CUCTE-
My.

Wtak, coriacHO BEKTOpHAs CyMMa UMITYJILCOB T€J CUCTEMBI (MJIM UMITYJILC CHUC-
TEMBbI) UBMEHSETCS 3a CUeT JEeUCTBUS BHEIIHUX CHIL.

Ecnu B3sTh 3aMKHYTYKO CHCTEMY, T.€. CUCTEMY, HA KOTOPYIO HE JAEHUCTBYIOT
BHemHKME cuibl (F;. = 0), TO TOrja BBHIMOJHIETCS 3aKOH COXPAaHEHUS] MMILYJIbCA:

6EKMOPHAA CYMMA UMNYTIbCO68 MEI 3CZMKHym012 cucmembl 0Cmaemcst NOCMOSHHOU UTU

umnyiasc P uenmpa macc SCZMKHymOIZ cucmemsl ocmaemcs nOCMOAHHBIM.

c
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PeanbHO BBIZIETUTH 3aMKHYTYIO CHCTEMY J0CTaTOYHO TpyAHO. Ho M B HE3aMKHY-

TBIX CHCTEMax B PsJC CIIy4acB MOYKHO HCIIOJb30BaTh 3aKOH COXPAHEHUS WMITYJIbCa.

ITepeuncium ux.

¢ BHemHue cuibl KOMIEHCUPYIOT ApPYT Apyra. Hampumep, aBa Tena, TBYKYIIIHECS
110 TJIQJIKOW TOPH30HTAJIBHON MOBEPXHOCTH (OTCYTCTBYIOT CHJIBI TPCHHS) HaBCTPE-
qy JIpyr Apyry. B aToMm ciiydae BHENTHWE CHJIBI - CHIIBI TSDKCCTH: Mg, M,g, HOP-
MaJbHBIC CHJIBI PEAKIIUHM OIOpPhI KOMIICHCHPYIOT IPYT JPYra, a BO3HUKAIOIIHME TPH
CTOJIKHOBEHUH TEJI BHYTPCHHHE CUJIBI, CHJIBI JIcOpMAIIH, HE MOTYT U3MCHHUTH UM-
MyJIbC CUCTEMBI.

¢ BHemHue cujibl He KOMIEHCHPYIOT APYT APYra, HO UX MPOEKIHs HA KaKylo-
Jn00 OCh OCTAETCS PaBHOI HYJI0. XOTS UMITYJIbC CHCTEMbI U3MCHSICTCS, HO €T0
MIPOCKITUS Ha 3Ty OCh COXpaHsieTcs. [IpuMepoM Takol CHCTEMBI SBIISICTCS CUCTEMA,
cocTosIIas U3 JIBYX TEJ, OJHO M3 KOTOPBIX JBIIKETCS IO TJIAJKON MOBEPXHOCTH, a
JPYyTroe MajaaeT BEPTUKATHLHO BHU3 CO CKOPOCTHIO M UCITBITHIBACT aOCOFOTHO HEYIIPY-
roe CTOJIKHOBEHHUE C TICPBBIM TEJIOM. B pe3yibTaTe 3TOro OHM JBHIKYTCS C OJMHAKO-
BOI CKOPOCTHIO, 00pa3zys eauHoe 1eoe (puc.6).

3 -
‘7

P

e BHemiHue CuIbl 3HAYUTEIILHO MEHBIIIE I10 MOAYJIIO BHYTPCHHHX CHII, HeﬁCTBYIO-
IuUXx MCXKAY TCJIaMHU B CUCTCMC. 910 Ha6JIIOI[aCTCSI IIpu CUWIbHBIX KPAaTKOBPCMCH-
HBIX BBaHMOHeﬁCTBHHXI yaap, BBICTPCII, pa3pbiB CHaApiAAa U T.HO. B stux CIydasax
HU3MCHCHUC UMITYJIbCA KAXKIOTO TCJIa CUCTECMbI, B OCHOBHOM, OIIPCAC/IACTCS BHYTPCH-

HHUMU CHJI1aMHU CUCTCMBEI.
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3) Teépooe meno ¢ mexanuke. Momenm umnyibca epawiaouie2oca menda.

—

MomeHTOM MMIyJibca L M.T. Macchl m, JBUXKYLIEHCS CO CKOPOCTBIO V OTHO-
CHUTEIIBHO OCHU BpAIEHUs, Ha3bIBAIOT BEKTOP, ONpeesieMblil o hopMyiie
Z:[F;ﬁJ:[F:mﬁ]; L=r-P-sina
rae P - IMIyJbC M.T.; 7 - PaJHycC-BEKTOP, COEIMHSIONMII M.T. C OChIO BpaIle-
HMs M TIEpIeHIUKYISpHbI K 3Toi ocu. HampasneH BekTop MOMEHTa MMILyJbca IO

IMpaBUI1y BEKTOPHOTI'O IIPOU3BCACHMA (HO ocHu BpaIJ_IeHI/Iﬂ).

4) Momenm cunel.

—

[IycTh kK MaTepuaabHOM TOUKE MAcChl m MpUIOKeHa cuiia [ ; ee cocTapistomast
B IUTOCKOCTH, IIEPICHINKYIIPHOI K OCH BPAIICHHS, 0003HAUCHA KaK F L .
MOMEHTOM CHbl F OTHOCHTENIBHO OCH BPAIICHHS HA3BIBAIOT BEKTOP, OMpPEIe-
JsieMblil GopMyIIOi:
M:[F;FJ; M=r-F-sma; M=F-d
IJIe 7 - 9TO BEKTOp, MPOBEJACHHBIA OT OCH BpalleHusi K M.T. (puc.8, och Bpa-
HICHUS MPOXOAUT yepe3 Touky O MmeprneHIuKyIsIpHO K BEKTOPY); d = r-sino. - mjie4o
CIWJIBI - KpaTyaiilliee pacCTOSHUE OT JIMHUU JACHCTBUS CHIIBI JO OCH BpallleHMs; BEK-

TOp MOMCHTA CHUJIbI HAIIPABJICH BAOJIb OCHU BpalllCHUAA.

L
et

By cBepxy Bun cGoky



5) Momenm unepuyuu meépoozo mena.
Benuuuna / , Ha3piBaeMasi MOMEHTOM MHEPIMH M.T. OTHOCUTEJIBLHO OCH Bpa-
LIEHHUS, OTPEJIENAECTCS COOTHOUIEHNUEM

I=m-R’

B cnyyae onHOpOJHOrO Tea MOMEHT MHEPLUHMH OTHOCHTEIbHO OCH BpAILLECHUS
MOKHO OMPENIETUTh TI0 popmyiie:

I=[pR*dV

rac p — IJIOTHOCTD BCIICCTBA.

[IpuBenem popmysbl A1 MOMEHTOB MHEpLUH | Tel MpaBUIBHON FeOMETPUUECKON
(bopmbl oTHOCUTENBHO OcH BpatieHus OO0, npoxoAsiiei yepe3 ux HeHTP TAKECTH.

1. CnjiomHo# 0THOPOIHBINH AUCK (WM HWIMHAP) MACChI m, pajguyca R 1 BBICOTHI /1

I:lmR2
4

2.01HOpPOAHBIN AP MACCHI m U paauyca R

]=%mR2
5

3. ToHknii OTHOPOIHBIN CTEPKEHb MACChl M U JUTUHBI /

I:Lml2
12

s pacyeTa MOMEHTA UHEPLUHU TeJIa OTHOCUTEIIBHO IIPOU3BOJIBLHOM OCU Bpallle-
HUSI MOKHO BOCIIOJIb30BaThes (popmynoit Teopembl Ll Teiinepa

I=1,+ma’

rae I, Iy - MOMEHTBI UHEPIIMU TeJla MAacChl M OTHOCUTEIBHO OCH, MPOXOASIINN
gyepe3 MeHTp Macc Tena (1y) u mapaienbHON e Tpor3BoJIbHOM ocu (I), oTcTosIIelH Ha
PAcCTOSIHUH d.

6) Ypasuenue ounamuxu epawjaiowecoca mena.

Ecnu Ha M.T. AEHCTBYET MOMEHT CHWJI, TO IPOUCXOJUT BpalIEHUE BOKPYI OCH,
OTHOCHUTEJIbHO KOTOPOM CO3/1aH MOMEHT BpaiieHus. [Ipu 3Tom M.T. OyJeT uMeTh Mo-
MEHT UMITYyJIbCa, HAMPABJIEHHBIA BAOJIb TOM k€ ocu. [lo aHamorum co BTOPBIM 3aKO-
HOM Hpl0TOHA MOKHO 3amucarTh:

L. - .M
—=M wwm & :M;
dt 1
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7) 3aKon coxpaneHus MOMEHmMa uMnyabcea.

PaccmoTtpuM cuctemy, cocTosyto u3 N B3aUMOACUCTBYIOMIUX MEXIy co00il Ma-
TEPUAIBbHBIX TOYEK, BPALIAIOUIUXCS BOKPYT KaKOM-IMOO0 ocu. 3amuiieM sl KakIou
M.T. OCHOBHOE YpaBHEHUE JUHAMUKHU BPAILIATEIBHOTO JIBHXKEHUS, BBIIEIIAS OTAEIBHO

MOMEHTHI BHEIIHUX M U BHyTpeHHUX M, cuiL.

—

oSz, -yt i
k k

HpOCYMMI/IpyeM YpPAaBHCHU:A 110 BCCM M.T. CUCTEMBI, BBCACM MOMCHT HUMITYJIbCA
L cuctemsl u YUTEM 49TO COTJIaCHO TPCThEMY 3aKOHY Hrerotona BCKTOpPHasdA CyMMa MO-
MCHTOB BHYTPCHHUX CHUJI, ﬂeﬁCTByIOHIHX Ha M.T., OTHOCHUTCJIbHO OCHU BPAILICHHA, paBHA

HYJTIO.
- dL dL -
M, + M. =0
; Z Zdt dr’ Z "
aL _ -
dt

N3 ¢opMynbl crieyeT 3aKOH COXPaHEHHs] MOMEHTA MMILYJIbCA, COIJIACHO KO-
TOPOMY MOMEHT HMITYJIbCa 3aMKHYTOM CHUCTEMbI OCTA€TCsl MOCTOSHHBIM OTHOCH-

TEJIBHO JF000I OCH BpalleHUs

L=const wia L=1I-&=const

riae I; , w3 - MOMEHT MHEPIIUH M YTJI0Bas CKOPOCTh BPAIEHHUS i- i M.T. CHCTEMBI.

[Tpu BpalaTeIbHOM JBMKEHUH, KaK M MPH MOCTyIAaTeIbHOM, 00Ias Macca Tel
3aMKHYTOM CHCTEMbI OCTACTCS ITOCTOSTHHOM, HO TIPH BpaIllaTeJIbHOM JIBH)KCHUU BHYT-
PCHHHE CHJIBI MOTYT M3MEHHUTD PacIpe/ieieHHe MacChl OTHOCHTEIBLHO OCH BpallleHus,
T.C. MOMEHTBI HHEPIIMH TEJI CHCTEMbI. DTO MPH HEU3MEHHOM MOMEHTE UMITyJIbCa 3a-
MKHYTOH CHCTEMBbI IIPUBOUT K U3MCHEHHUIO YIJIOBOW CKOPOCTH BPAICHUS BXOSIINX B
Hee Tell.

IMpumep 1. IIpu nepexoze vyenoBeka (M.T.) Macchl m, B LEeHTp 1aThopMbl (01-
HOPOJIHBIN JUCK paanyca R) Macchl m, yrjaoBas CKOPOCTh BpalleHUs I1aTGopMbl yBe-

JIMYNBACTCA.
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IIpumep 2. Ilpu BpaieHun GUIrypucTKd U3MEHEHHE TOJ0KEHUS €€ PYK MPUBO-

AUT K U'BMCHCHHUIO MOMCHTA MHCPIINH (1)I/IprI/ICTKI/I OTHOCHUTCIIBHO BepTI/IKaHBHOﬁ OoCH

Bpali€HuA U COOTBCTCTBCHHO K UI3MCHCHUIO yTJIOBOﬁ CKOPOCTH €€ BpallICHU:.

Ecmu (I)I/IprI/ICTKa NpUxKUMACT PyYKHU K TCIIy, TO TCM CaMbIM OHa YMCHbLIIACT

CBOI MOMeHT unepuuu (/,</;) 1 yBeIMYUBAET YIIOBYIO CKOPOCTh BpalllCHUSI.

B CUCTEMY Tell.
8) I'upockonbwl.

IIpumep 3. Cxambs KykoBckoro. Yeinosek crTo-
UT Ha CKaMbe (MX OOLIUNA MOMEHT MHEPIUU OTHOCUTEIh-
HO OCH BpallleHHsI paBeH [;) U JEep>KUT B pyKax KOJIECO
(ero momeHT uHepuu I,), cnocoOHOe BpaIaThCs BOKPYT
BEPTUKAJIIBHON OCH, COBHAJAIONIEH C OCHIO BpallCHHS
ckaMbH. YenoBeK MpUBOAUT BO BpallCHHE KOJECO C Yr-
JIOBOM CKOPOCTBIO p. Torma OH CO CKaMbel HAYHET
BpaIllaThCAd B MPOTHUBOMOJIOKHYIO CTOPOHY C YIJIOBOM
CKOPOCTBIO M
B 3TOM ombITeé MOMEHTBI MHEPIIUU TEI CUCTEMBI HE
WU3MEHSIOTCSI, HO BHYTPEHHUE CHJIbI COBEPIIAIOT paboTy
110 U3MEHEHUIO YTJIOBOW CKOPOCTH BPAIICHUS BXOASIIAX

[Tox rUpoCcKONOM MOHUMAIOT OBICTPO BpalllaroIeecss CUMMETPUYHOE TBEPIOEC

TCJI0, OChb BpAICHHUA KOTOPOI'O (OCB CI/IMMeTpI/II/I) MOJKCT IMPOH3BOJIbHO HU3MCHATH

CBOC ITIOJIOKCHUC B IIPOCTPAHCTBCE. HaHpHMep, TUPOCKOITIaMU ABJIAIOTCA I[GTCKI/Iﬁ BOJI-

YOK U MaCCUBHBIN JAUCK, SaerHHeHHBIﬁ Tak, YTOOBI OH MOT CBO6OJ1HO BpalaTtbCAa BO-

KpYT TPEX B3aUMHO MEPINEHIUKYISIpHBIX ocel A4, BBy u CC) .
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[IprmeHsieMble B TEXHUKE TMPOCKONBI OOBIYHO SIBJISIOTCS YPaBHOBEUICHHBIMH,
T.€. UX LIEHTPHI TSHKECTH COBMAJAIOT C LIEHTpOM mojaBeca (Touka O) U Mo3ITOMY MO-
MEHTBI CHJI TSKECTH, JEMCTBYIOIIMX HA HUX OTHOCHUTEIBHO JIOOOW OCH BpalleHus,
paBHBI HYJI0. B 3TOM cilydae TMpOCKON MOYXHO paccMaTpUBaTh KaK 3aMKHYTYHO CHUC-
TEMY, JJIs1 KOTOPOM BBITIOIHAETCS 3aKOH COXPAaHEHUSI MOMEHTA UMITYJIbCA.

@akT coXpaHEHHs] NEPBOHAYAIBHOIO HAMPABJIEHUS OCH BpallEHUs THPOCKOIIA
NpH JIIOOBIX €ro MepeMelIeHUsIX U CIy4yailHbIX KPAaTKOBPEMEHHBIX BO3JIEHCTBUSX HUC-
MOJIb3YETCSl B PA3IUYHbIX HABUTALMOHHBIX MPUOOpaxX, B KOTOPHIX (PUKCUPYETCS OIl-
peelieHHOE HallpaBjeHUE OCU BpaIllEHUs B MPOCTPAHCTBE (BEPTHKAIBLHOE HaIpaBJe-
HUE, HallpaBJeHUE Ha CEBEpHBIA reorpaduueckuil momoc 3emid U T.J.), OTHOCH-
TEJIBHO KOTOPOTO 3aTe€M M OMNpeAEseTCs HalpaBlieHHE JBMXKEHUS 00bEKTa U, M0 Mepe
HEO0XOJIMMOCTH, KOPPEKTUPYETCS €r0 KypC M MECTOTIOIOXKEHHE.

Eciu BHemHss cuna Oyner AeicTBOBaTh MOCTOSIHHO, TO TOTJa MOBOPOT OCU AA;
OyJeT MpOUCXOIUTh BCIE 3a MOBOPOTOM BekTopa L, u rupockon OyAeT BpamaThes
BOKPYT OCH C YIJIOBOM CKOPOCTBIO, TOBOPSAT, OH OYJET COBEpIIATh MPELECCHIO.

TEMA: 3aK0oHBI COXPAHEHUS B MEXAaHUKE.

1) Paboma cunvl. Kunemuuecxkan snepecusa mena. Teopema o kunemuueckoii Inep-
2uu
[Tox snemenTapHoi paboroit dA4, coBepiraeMoi cwiol F Ha 3JeMeHTapHOM Iie-
PEMEILICHHH dS, HA3bIBAIOT BEJIMYMHY, PABHYIO CKAJISIPHOMY MPOU3BEICHUIO

dA = Fds=Fdscosa = Fy dI,

r7ie yroja & - yroi Mexay Bekropamu cuiibl F' u nepemenienuem (puc.10a); ds
- BEKTOp 3JIEMEHTapHOTr0 MepeMeIeHNUS,

dl - 3eMeHTapHbIN TyTh NPONACHHBIA TOUKOW MPUIOKEHUS CUJIBL.

7 a ¥
! (1) | (2)
| F, 3
L i "’3" ——+——hF T
a5 v
Fg l) !
FRE
. &

Pa60Ta CHNJIbI HA KOHCYHOM HepeMe]_HeHI/II/I paBHa CYMMC SHCMCHTapHBIX pa60T:
A= j dA = j Fdl
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Ecnmu cuna mocrostnHa (F=const), To ee paboTa Ha NMPSIMOIUHEHHOM Yy4yacTKe
JUTMHBL 3aIHIIETCS CIETYIOUIIM 00pa3oM:

A=F cos.

Pabora cuibl MokeT OBITH HOJIO)KHTCJIBHOﬁ, OTpHHaTCHBHOﬁ nim paBHOﬁ HYJITO
B 3aBUCUMOCTHU OT 135160pa CUCTCMBI OTCUYCTA U OPUCHTALIUH BCKTOPOB CUJIBI U TICPC-
MCIICHMUA.

UToObI BBECTH MOHATHE O KHHETHYECKOW sHepruu Wy Tena, 3amuiieM 3JIeMeH-
TapHylo padboTy dA cuisl F' B 1pyroMm BUjeE:

1'*?':d—:mﬂ ;dA:mﬂ-dlzm-vdv
t dt dt

Torna st paboThl cUIbl F, TIepeBOSIICH TENIO U3 COCTOSTHUS |

B COCTOSTHHE 2 MOKHO 3amicaTh:

mv’

2

2
my,

A:Tm-vdv:
vl

W3 nonmydyeHHol GpopMyIbl cieayeT, 4To paboTa CUJIbl paBHA Pa3HOCTH JABYX Be-
JIMYUH, ONPENEISIIONIMX HAa4aJIbHOE U KOHEYHOE COCTOsAHMs Tena. [Ipu atom ycioBus
MIEPEX0/Ia U3 COCTOSIHUA | B COCTOSTHUE 2 HE OKA3bIBAIOT BIMSAHHUE HA 3alMCAHHOE BbI-
paxenue. [loaTromy MOXHO BBeCTH (DYHKIHIO COCTOSIHMS Tela, €ro KMHETUYECKYIO
sHEpruto W, Kak seruyumy, Xxapakmepusyrouyo CHOCoOOHOCHb mea cosepuians pabomy
3a cuem UsMeHeHUs CKOPOCMU €20 OBUNCEHUS U PABHYTIO

2
my
W= T + const

B sTOM BBIpa)k€HUU MOCTOSIHHYIO BBIOMPAIOT, MPEIIOI0KUB, YTO IPU HYJIEBOM
CKOPOCTH JIBUKEHHUS TeJla €r0 KUHETUYECKAasi SHEPTUSI paBHA HYJIIO.

Beenenne W, nospomasier chopMyaupoBaTh TEOPEMY O KMHETHUYECKON 3HEPIuu,
COrjacHO KOTOpoM anredpanueckas cymMmma paboT BceX CUil, JEHCTBYIOIIUX Ha TEJO,
paBHA NPUPAIEHUI0 KUHETUYECKOW SHEPTUHU TENa!

AW, =44
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OTa TeopeMa MUPOKO UCTIONB3YETCs JJIsl aHAIKM3a B3aUMOJICUCTBUSI TeJl HE TOJIb-
KO B MEXaHHUKE, HO U B APYTUX pasliesiax Kypca (GU3UKH, TAKUX KaK 3JIEKTPOCTATHKA,
MTOCTOSTHHBIN TOK, 3JIEKTPOMAarHeTu3M, KojaeOaHust U BOJIHBI U T.1.
2) Kunemuueckan snepeusn epauiaouse2ocsa adcoarwmnuo meepoo2o mena
CooTHollleHHe Ui Teja, COBEPILAIOIIETO BpallaTeIbHOE JTBUKEHUE MOKHO TO-

JY4YUThb aHAJOTUYHBIM 00pa3oM. B nrore noiayuum cienymoluiee COOTHOLIEHHE:
lo*

W, =——+ const

2

3) llomenyuanvnana nepausa e3aumoodeiicmeyrwuiux mea. Teopema o nomenyuaio-
HOU IHepcuu

ITox moTrenuuanbHOM 3Hepruen W, B3aMMOIEHCTBYIOIMX TN UK YaCTEH OHOrO
TeJla TOHUMAIOT BEJIUYUHY, XapaKTePHU3YIOIIYI0 UX CIIOCOOHOCTh COBEpIIATh paboTy
3a CYET U3MEHEHHUS B3aMMHOT'O PACHOJIOKEHUS TeJl WK Jactel ogHoro tena. [lotenum-
aJyibHasi SHEPIUsl B OJIMHAKOBOM CTENEHU XapaKTEPU3YyET BCE B3aUMOJICHCTBYIOIIME TEIA
WK ux 4actu. [Ipu 5TOM MEeXITy HUMH JIEHCTBYIOT KOHCEPBATHBHbIE CWIbIL, paboma
IMUX CUL He 3a8UCUM OM MPAeKMOpuU OBUNCEHUS Mejl, HO Onpedesemcs ux Haiaib-
HbIMU U KOHEUHbIMU noaoxceHusmuy. lloTeHIMaIbHbIE B3aUMOJCHCTBUS MPUHSTO
OOBIYHO OIMCHIBATh BBEJICHHEM CHJIOBOTO IOJIS, a UMEHHO, CAYMTAETCs, YTO OJHO TEIIO
B3aUMOJICCTBYET B MECTE CBOETO PACHOJIOKEHUS C CUJIOBBIM TOJIEM, CO3/IaHHBIM JIPYy-
TUMM TCIaMU.

[IpruMepaMu KOHCEPBATUBHBIX CHUJI B MEXAHUKE SIBJISIFOTCSA CUJIBI TATOTEHUS U yII-
PYTrOCTH, 2 HEKOHCEPBATUBHBIX CUJI - CUJIBI TPEHUS, CONIPOTUBIICHUS, TATHU, CUJIBI XU-
MHYECKHX PEaKIUi, BOBHUKAIOUIUX MIPU pa3pbIBE CHapsa, NpU BbICTpese u T.1. Ha-
3BaHHE «KOHCEPBATUBHBIC) CUJIBI CBSI3aHO C TEM, UTO IOJHAs MEXaHUYECKas YHEPrus
W), cucTeMBbl Tes, B3auMOACHCTBYIOMMX MEXAY CO00M MOCPEACTBOM TOJIBKO KOHCEP-
BATUBHBIX CHJI, COXPAHSIETCA.

1. IHoreHuManbHAsi JHEPrus Tejaa B moje TAroreHus 3emuid. Mexay Tenom
(M.T.) Mmacchl m 1 3emiier (OTHOPOIHBIN MIap panuyca Rs) Macchl M3 JeHCTBYET cuiia
mM ,

tarorenusda: F =G .

. Paccuntaem paboty A, CUIIbI TATOTEHUS MPU MEPEX0]ie

TeJa U3 TOUKU | B TOUKY 2, HAXOSAIIUXCS COOTBETCTBEHHO HA PACCTOSIHUSX 7| U ', OT
LEHTpa 3eMIIH:

M
7 —dr = GmM L
R

hoon

A, = der = Gi
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N3 dhopmynel cnenyeT, 4To paboTa CUiIbl TATOTCHUS OTIPEACIIICTCSl YObLIBIO BEH-
YWH, 3aBHCAIIMX TOJBKO OT HAYaJbHOIO M KOHEYHOTIO ITOJIOKCHHUS Tena M 3EMIIH.
3HAYUT, CUJIbI TATOTEHUS SBJISIIOTCS KOHCEPBAaTUBHBIMU CHUJIAMU, & CAMH TH BEITUYH-
HBI TIPEJICTABIISIOT COOOM MOTEHIIMATBHBIC YHEPTHH TPAaBUTAIIMOHHOTO B3aUMOICHCTBUS
TeJaa U 3eMIIH:

mM ,

W,=G + const

r
INoreHumansHas sHeprus W, ompenensercss ¢ TOYHOCTbIO O MOCTOSHHOM BEJH-
4UHbI; €€ HyJIEBOH ypoBeHb oTcdeTa W), BbIOMpaeTcsl MPOM3BONBHO AN y100CTBa
pEIICHHUS KOHKPETHBIX 33/1a.
2. IloTeHUaJbHAS JHEPIUs YIPYroae(opMHUPOBAHHOIO TeJIA.
PaccMoTpuM paboTy CHIIBI YIIPYTOCTH MPHU CKATUW TPYKUHBI U3 COCTOSHUS |
1o coctosiaus 2 (puc.116) ¢ koopauHaATaMH X; M X, COOTBETCTBEHHO:

W3 COOTHOIICHUS CIICTYET, YTO CUJIa YIPYTOCTH SBISETCS KOHCEPBATUBHOMN CH-
JI0M.

O606mast GopMybl, MOXKHO CHOPMYIUPOBATH TEOPEMY O NMOTEHIUAJILHOM
IHEPruu: paboTa KOHCEPBATUBHBIX CHJI, ACHCTBYIOIIMX MEXKIY TEIaMHU MU YaCTAMH
OJIHOTO TeJIa paBHA yOBUTH MX B3aUMHOM IMOTEHIIMAIBLHON SHEPTHH.

Jlnist Tena, NBIKEHUE KOTOPOTo cIabo BIMSET Ha JBMKCHHE APYToro Teja, Co3-
JAIOIIETO CHUJIOBOE TOJIE, TeOpPeMY O MOTeHUHAJbHOI IHEPruM MOXHO chopmyIu-
POBaTh TaK: paboma KOHCEPBAMUBHBIX CUT, OCLCMBYIOWUX HA meo, pagHa Youliu no-
MEHYUANbHOU IHEpeUY meid 8 noie IMux Cull.

4) Mexanuueckasa nepeus cucmemvl mej. 3aKOH COXPAHEHUA MEXAHUUECKOU IHep-
2uu.

IMostHOW MexaHHYeCKOi IHeprueii W cucTeMbl Tel HA3BIBAIOT CYMMY KHHETH-
YEeCKOM SHEPruM TN U MOTCHIIMATBLHON SHEPTUH UX B3aMMOICHCTBUS:
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W=W+W,.

Kak yxe oTrmeuanoch, Jjisi 3aMKHYTOM CHUCTEMbl M3 (paKTa HEYHHMUTONKHUMOCTH
JBH)KEHHUS MAaTEpUM CIIPABE/JIMB 3aKOH COXPAHEHHUs BCEX BUJIOB DHEPIruid (MexaHUue-
CKOM, TEIJIOBOH, DJIEKTPOMArHUTHOM, SIICPHOM U T.11.)

W+ W, ¥ W, ¥ 2K,9 +... = const.

B Takoil cucremMe MexaHUYECKas SHEPTUs MOXKET U3MEHSThCS 3a CUET PaOOThI
HEKOHCEPBATUBHBIX CHJI: OHU TMEPEBOJST €€ B IPYTHe BUABI YHEPTUH (MEXaHHUECKast
SHEPIHsl YMEHBIIIAETCS, MPOUCXOIUT €€ JUCCHUTIALINS, pacCcesiHue), U, Ha000pOT, APY-
T'U€ BUJIbI SHEPTUH MEPEXOIAT B MEXAaHUUECKYIO SHEPTHUIO (OHA BO3PACTAET).

Cpenun Bcex HEKOHCEPBATUBHBIX CUJI BBLACISIOT AMCCHNATHBHBIE CHJIbI - 3TO
CHUJIbI, KOTOpPBIE IPUBOJAT K YMEHBIICHUIO MEXaHUYECKOU AHEepruu cucteMbl. K HuM,
HAIpUMEP, OTHOCAT CUJIbl TPEHUS U CONPOTUBJICHUA. ECIN )K€ B 3aMKHYTOU CUCTEME
NEUCTBYIOT TOJIbKO KOHCEPBATHBHBIE CHJIBI (TaKas CHUCTEMa Ha3bIBACTCS 3aMKHYTOM
KOHCEPBATUBHOI CHCTEMOH - 3.K.C), TO TOT/Ia B HEH BBIMOJHACTCS 3aKOH COXpaHe-
HHSI MEXaHNYECKON IHEPIruM, KOTOPBIM IIACUT: MeXaHUuecKas IHep2us 3aMKHYmMou
KOHCEPBAMUBHOU CUCHEMbL OCMAemcsi NOCMOSAHHOU

W = const
TEMA: DjeMeHTbl MEXaHHMKH CILIOIIHBIX Cpe/l.

1) Kunemamuka s cuoxkocmu.

JI1st onivcaHust IBUKEHUS KUJIKOCTH HYXKHO ONPEJICTUTh IBMKCHHUE BCEX Ya-
ctull. B kaxmoi Touke mpocTpaHCTBA HAXOAUTCS YaCTHUIIA MacCOM m, KOTOpasi UMEeT
OTIPEICJICHHOE HaIlpaBJIeHUE BEKTOpa CkopocTu V. Eciam coenquHuTh OAHON JTHHUEH
BCE€ YaCTHUIIbI, UMEIOIHE OJUHAKOBYIO CKOPOCTh, TO MOJYYUM JUHUIO MOKA.

B(ty) v

A(ty)

Eciu none CKOpOCTCﬁ HC U3MCHACTCA C TCUHCHUCM BPCMCHH, TO TCUCHUC HA3bI-
BaCTCA cmayuoOHApPHbIM UIIA YCMAHOBUBULUMCAL.

Ecnu BbIAETUTH B TEKYIIEH KUAKOCTH MTPOU3BOJIBbHBIA 3aMKHYTHIH KOHTYp C U
yepes KaxAylo €ro TOYKy MPOBECTH JIMHUU TOKA B OMPEAECICHHBI MOMEHT BPEMEHHU,
TO MOJYYUM MpPYOKy mMoKa.
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PaccMoTpuM TpyOKy TOKa, BBIPE3aHHYIO W3 MPOCTPAHCTBA >KUJIKOCTH MPOU3-
BOJIBHBIM 00Pa30M, U OIPEIEIUM MacCy XKUAKOCTHU, IPOXOAIIEeH uepes nobdoe ceve-
HUE TPYOKHU TOKa.

O0BeM KUIKOCTH, MPOXOAIINNA yepe3 ceueHue 3a Bpems dt
AV = AS vAt

S Lxv

A
AV =AS v
At

Tormga macca )XKUIKOCTH

Am = AVp = pvAS At

AS = ASii

VAS = vAScosa =v AS =vAS, = @ - OTOK BEKTOpa CKOPOCTH
CornacHo 3aKOHY COXpaHEHHsI MACChI:

Am, = Am,

pV,AS, = p,v,AS,

PVAS = const ypaBHEHHE HEPA3PHIBHOCTH
P, = P, - KHUJIKOCTb HECI)KUMAEMas

v,AS, =Vv,AS,

VAS = const
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2) /lunamuka scuokocmu. Ypaeneunue bepuynnu.
PaccMoTpuM TedueHHE MACaTbHON )XKUAKOCTH B MOJIE KOHCEPBAaTUBHBIX cuil. B
TI0JIE CUJI TSKECTH.

B ceuenun S, coepiaercs pabora
d4, = PSdl,
dA, = P.S,dl,
N

dA, = PdV,, dA, = PdV,

d
dV]:%, dv, = e
P P
dA = ]%, dd, = p, M
P P>

ITonnas ’Heprusl, 3aTpaueHHas Ha 3Ty paboty (dm, =dm, =dm)

dA, +dA, =dE
P P
dE = [—‘ — —Zjdm
P P
dE
o= £ - DHEPIus Ha CAMHMILY MACCHI.
m

dE = (g, —€,)dm
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PP P P
—_——— 15805 Et+—=¢&,+—
P P P P

— + & = const - ypaBHeHue bepnymu.
Jo,

& — OHCPTUA CAUHUIBI MACChI, CKIIaJIbIBaCMasd U3 KUHETUYECKOM U HOTCHHH&HBHOﬁ B
II0JIC CHII TAXKCCTU

2

v
E=—+gh
5 4

Torna ypasuenue bepnyiuu:

2
% P
7 + gh + — = const = B - noctostnHas bepHyJu, oHa COXpaHsIET CBOEC 3HAUCHHE

Jo,

BJIOJIb OJTHOW U TOM e TPYOKH TOKa.

P
1) Ecmu v=10, T0 gh+— = const, 1.e. B mocTosIHHa /11 BCETO MOTOKA — JKU/I-
Jo,
KOCTb B COCTOSTHHHM PaBHOBECHSI.
2) Ecnu TpyOKa pacmnosioskeHa rOpU30HTAIILHO, HO UMEET IEPEMEHHOE CCUCHHE.
h = const

2
v

P
—+ — =const
2 p

3anumeM ypaBHeHue beprymu:

P P 2
_0+gh:_0+v_
P p 2

BTt B CKOpPOCTh Vv = 0. I[aBJ'IeHI/IC MOXHO CUUTATb OJWHAKOBBIM M PABHBIM A4T-

MoOc(epHOMY, TOT/Ia V =+/2gh - CKOPOCTh TEUCHHSI )KUKOCTH.
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TEMA: IIpuHuun oTHOCHTEJILHOCTH B MEXAHHUKE.

1) Cneyuanvnasa meopusa OomHoCUmMENbHOCHMU.

CnemuansHas Teopus otHocutenbHoctH (C.T.O.) u3ydaer cBoiicTBa TIpo-
CTPaHCTBA M BPEMEHH KakK JABYX ()OpPM CYIIIECTBOBAHUS MATepUH B MHEPIIMAIBHBIX CHC-
temax orcuera. OObuHO miig ynoOcTBa BeiOUpaoT nBe NCO — HenoaBwxkHyw K u
MOABMXKHYIO K, NBHXKYIIYIOCS OTHOCHUTEIHLHO HEMOJBUKHOM C MOCTOSHHOW CKOPO-
CTBIO BJOJIb coBmagaromux oced OX u OX B HauanbHBINI MOMEHT BpeMeHu (1=0)
Hayajia KOOpJIMHAT ATUX CUCTEM OTcueTa - Touku O u O COBNANAIOT .

2) Ilpeoopazoseanun I'anunea. Illpunyun omnocumenvnocmu I'anunes.

B knaccuueckoil MEXaHWKE CUMTAETCs, YTO MpeJeibHas CKOPOCTh Mepeaadut
B3aUMOJICHCTBUI B MPUPOJIC SBISIETCS] OECKOHEYHO OOJIBIION, IMO3TOMY U3 3TOTO TMpe-
MOJIOXKEHUSI CIEAYIOT JOMOJHUTENIbHBIE CBOMCTBA MPOCTPAHCTBA W BPEMEHH: IPO-
CTPAHCTBO U BpeMsi aOCOIIOTHBI, HE CBSI3aHBI APYT C APYTOM; BpeMs TEUET OJMHAKOBO
B0 Bcex MCO (¢=t'); mpoCTpaHCTBO M BpPEeMsl HE 3aBUCSAT OT HAJIMYHUS BEIIECTBA, MPO-
CTPAHCTBO SIBJISIETCS ITYCTHIM BMECTHJIUIIIEM MAaTePUAIbHBIX TEJI.

. . '
= i Z ik N
_F.{;
f
v Or X
AL
& ~ - ’_& H .,.Xr
X
}-"

JIOTIOMHUTENbHBIE CBOWMCTBA MPOCTPAHCTBA W BPEMEHH, BO3HUKAIOLIUE B
KJIACCUYECKON MEXaHMKE, MO3BOJIOT MOJY4YUTh IpeoOpazoBaHus [amunes - 3To
(b opMyIIbl, CBSA3BIBAIOIINE KOOPAUHATHI U BPEMS OHOT'O U TOTO e COOBITHS B Pa3HbIX
NCO. Ilox cobpiTHEeM MOHUMAIOT JII000€E sIBJIEHUE (BBICTPEN U3 PYKbsl, POKICHUE Ya-
CTHUIIBI U T.J.), IPOUCXO/SIIEE B OJHON TOUYKE MPOCTPAHCTBA B KAKOU-TMOO MOMEHT
BpPEMEHU.
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VYuuThiBasi JOMOJIHUTENbHBIE CBOMCTBA MPOCTPAHCTBA M BPEMEHH, 3aIUIIEM
npeoOpa3zoBanus ['anues:

X=X"+vt Y=Y Z=27' t=t'

[TpuHIMO OTHOCKUTENBHOCTH ["anuiiest IBAsS€TCs CIECTBUEM ONBITHBIX (PAKTOB U
yTBepkaaeT paBHonpasue Bcex MCO Mo OTHOIIEHHMIO K MPOUCXOMSIIUM B HUX Me-
XaHUYECKUM siBiIeHUsM. [IpuBeneM pa3iandHble S5KBUBAJIIEHTHBIE (POPMYIUPOBKH 3TO-
ro MPUHIUAMA OTHOCUTEIBHOCTH: 1) HUKAaKMMU MEXaHWYECKUMU ONBbITAMHU, HAXOIICh
BHyTpu CO, HENb3sl yCTAaHOBUTH JBUXKETCS OHA PABHOMEPHO U MPSMOJIMHEWHO WIH
MOKOUTCS; 2) BCE 3aKOHBI MEXAaHUKH BBITJISIAT, 3alMCHIBAIOTCS OJIMHAKOBO BO BCEX
NCO; 3) Bce MexaHMUECKHE SBIICHUS MTPOTEKAIOT ouHaKoBo Bo Bcex MCO; 4) Bce 3a-
KOHBI MEXaHUKH MHBAPUAHTHBI OTHOCUTENBHO IIpeoOpa3zoBanuil ["anues.

3) llocmyaamer C.T.0. Onvimnoe o60cnosanue nocnyiamos.

CrietinasbHasi TCOpUSI OTHOCUTENIBHOCTH ObLIa co3aana A. DiHimTetHoM B 1905 T.
B ee ocHoBe nexaT Ba MOCTyJaTa - TPUHIMI OTHOCUTENBHOCTH DUHILITEHHA U TO-
CTyJIaT O TOCTOSIHCTBE CKOPOCTH CBeTa B Bakyyme. [IpuBeneM HECKOIbKO SKBHUBa-
JICHTHBIX ()OPMYJIMPOBOK MEPBOro MOCTYJIATA CIIEHUATBHON TEOPUU OTHOCUTEILHOCTH
(MpUHIUIIA OTHOCUTEJIbHOCTH DHHINTEHA): 1) HUKaKUMU (PU3UYECKUMU OIBITAMHU,
Haxonasch BHyTpu MCO, Henb3si yCTaHOBUTH JIBHIKETCS OHa PAaBHOMEPHO U MPSIMOJIU-
HEIHO MJIM OKOUTCS; 2) BCE 3aKOHBI (PU3UKH BBITJIAJIAT, 3aMUCHIBAIOTCS OMHAKOBO BO
Bcex MCO; 3) Bce usuueckue siBiIeHUs MpoTeKaroT oauHakoBo Bo Becex MCO; 4) Bce
3aKOHBI (DU3UKU MHBAPUAHTHBI OTHOCUTENBHO NpeoOpazoBanuii JlopeHa.

Cornacuo Bropomy nocryJaary C.T.OQ. ckopocTs cBeTa B BaKyyMe OJIMHAKOBa BO
Bcex MCO u He 3aBUCHUT OT JABMKEHUS UCTOYHUKA U MPUEMHHKA CBETa. DTOT MOCTY-
JaT ABIAETCS HEOOBIYHBIM C OOBIYHOM TOYKHM 3PEHHS, HO OH OBLI MOATBEPKIECH BO
MHOTHX OMbITaX; CPEAN KOTOPBIX HAUOOJIEe U3BECTHBIM SIBJISIETCS ONMBIT MalikenbcoHa 1
Mopmu (1881-1887 rr.).

CnenctBuem Broporo noctynata C.T.O. sBusercs TOT (akTt, 4To mpenenbHas
CKOPOCTb NIE€pelaun B3aUMOJEHCTBUN B IPUPOE SIBISIETCSI KOHEUHON M PaBHOM CKO-
pOCTH cBeTa B BaKyyMe. DTO MPUBOJUT K HOBBIM JOTOJIHUTENIbHBIM CBOWCTBAM IpO-
ctpanctBa u Bpemenu B CT.O.

4) llpeoopazoseanun Jlopenya. /lonoinumenvHuvie ceolucmea npPoCMpPancmea u
eépemenu ¢ C.T.O.

O6mue cBoiicTBa npoctpancTBa U BpeMeHu ocratores U B C.T.O., noatomy

npeoOpazoBanus JlopeHia kak u npeoOpasoBanus [ anunes, OyayT TMHEHHBIMU MO KO-
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opAMHATaM U BpeMeHH. J{06aBUTCS TOJbKO KOA(D@PUIIMEHT a, YUUTHIBAIOIIUNA BTOPOU
noctynar C.T.O. u 3aBucAIUNA OT CKOPOCTH ABMKEHUS TENA U CKOPOCTH CBETa B Ba-
kyyme. Utak, 3anuiiem npeodpazoanus Jlopenia:

!/
X+t

NIEE

X =

i 0 i
t +72 X
y=y t=—=
1- B>
!
zZz=2Zz
2
VO
Kosdppumuent ff=—-, rae v U ¢ CKOPOCTH TeJla M CKOPOCTh CBETA COOTBETCT-
C

BEHHO.

[Ipy ManbIX CKOPOCTSX ABMKEHHUS Tel v « ¢ KodhduuueHt f « 1 u mosromy
npeoOpazoBanus JlopeHna nepexonaar B npeodpazoanus ['anunes. [loatomy roso-
PAT, YTO KIACCUYECKAs MeXAHUKa - MO MEeXAHUKA MALblX CKOPOCMel O8UNCEHUS
mei, a pelamusUCMCKAs MEXAHUKA - MEXAHUKA CKOpOCmel 08UNCeHUs: meJl, OJIUZKUX
K ckopocmu céema 8 eakyyme. PensiTUBUCTCKas MEXaHHMKa BKJIIOYAET B ceOs Kak 4a-
CTHBIN cy4al (v «c) KJIaCCUUYECKYIO0 MEXaHUKY.

N3 dhopmyn nnst mpeoOpa3zoBaHusi BpEMEHU CIEAYIOT TONOJHUTEIbHBIE CBOM-
cTBa npocTtpaHcTea u Bpemenu B C.T.O.:
e B (opMyJIBI 1715 TpeoOpa30BaHUsl BPEMEHH BXOISAT KOOPJIWHATHI, 3TO O3HAYAET,
YTO MPOCTPAHCTBO U BpeMsl Kak JBe (HOPMBI CYIIIECTBOBAHUSI MATEPUU CYIIECT-
BYIOT B HEPa3phIBHOM €IMHCTBE, OHU B3aMMOCBSI3aHbI APYT C IPYTOM;
e 13 HopMyJ CIENyeT, uTo ¢ #¢', T.e. BpeMs TeueT 1o pazHomy B pazHbeix UCO.
DT CBOWCTBAa MPOCTPAHCTBA U BPEMEHU MPUBOAAT K HEOOBIYHBIM C OOBIYHOM
TOUYKH 3peHus dp(PexTam Kak B KHHEMATHUKE, TaK U B JUHAMUKE.
5) Kunemamuxa C.T.0. Ilonamue «00H08PEMEHHOCHIb) 08YX COObIMUIL.

[Tycts B CO. K’ mpoucxoaat ogHOBpeMeHHO ( ¢; = t';) nBa COOBITHS B pa3HbIX
TOYKaX MPOCTPAHCTBA (X;#xX,’). HeoOX0AMMO BBISICHUTH, OYIyT JIM 3TH COOBITUS OJTHO-
BpemeHHbIMU B CO. K.

Jlyist oTBETa Ha 3TOT BOIPOC MCHOJb3yeM MpeoOpazoBanus JlopeHua u Hailnem
Pa3HOCTh fy-t;.9Ta Pa3HOCTh OTJIMYHA OT HYJIS, T.€. OTH COOBITHS HE OYIyT OJHOBpE-
MeHHbIMH B CO. K. CnenoBareiabHO, NOHATHE OXHOBPEMEHHOCTH JABYX COOBITHH
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SIBJISIETCS OTHOCHUTEJBHBIM - COOBITHS, TPOUCXOMASIIUE OJHOBPEMEHHO B OJIHOM
HCO, ne 6yayt ogHoBpemeHnHbiMu B ipyrux UCO.
Tonpko B 4acTHOM cilydae X; = X, COOBITHS OyIyT OJIHOBPEMEHHBIMHU BO BCEX
NCO.
B knaccuyeckoit MEXaHUKE V « ¢ U TIO3TOMY f,=1; T.€. TIOHATHE OJIHOBPEMEHHO-
CTH JIByX COOBITUH SIBJISIETCSI aOCOJIIOTHBIM - OHU OyIyT OJIHOBPEMEHHBIMHU BO BCEX
NCO.
6) Ilonamue «onuna» npeomema.
ITycts B CO. K’ Bnonb ocu O x' pacnosiaraeTcs HENOABUKHBIN CTEpPKEHD,
JUTMHA KOTOPOT'O0 MOXET OBITh Hal/IeHa KaK Pa3HOCTh KOOPJIMHAT €ro KOHIIOB /j= X,-X;
Heob6xoaumo onpeaenuts qunHy 3Toro crepxHs B CO. K, oTHOCUTENBHO KOTOPOU OH
JBUKETCS] CO CKOPOCTBIO V.
Jliist onpenenenus NauHbl I cTepKHS UCHoJIb3yeM npeoOpa3zoBanus JlopeHua,
U3 KOTOPBIX MOJTYUHM:

2
[=1-1-
B atoit popmyne uepes /) 0603HaUEHA COOCTBEHHAS JVIMHA CTEPKHSA, 3TO JUIMHA

crepxHs B Toit UCO, 0OTHOCUTENHHO KOTOPOW OH HEIOBUKEH.
7) Ilonamue «npomescymok epemenu» mexicoy 08yms coObtmuiamu.

ITycte B CO K' B 01HOM TOYKE MPOCTPAHCTBA (X; = X, ) MPOUCXOAAT JIBa COOBI-
THS WU TIPOTeKaeT kKakoil-nmbo npouecc. [Ipomexxyrok Bpemenu ¢’ = (t'; -t) B CO
K' MO)KHO M3MEPHUTh OJHMMH YacaMH, HaXOISIIMMHKCS B 3TOW TOYKE MPOCTPAHCTBA.
Bo3zHuKaeT BoIpoc, 4eMy paBHSETCS 3TOT IpoMexyToK Bpemern B CO K.

BrioHe OHATHO, YTO IPOMEKYTOK BPEMEHH ¢ HY’)KHO M3MEPSTh ABYMs YacaMu,
PacIoIOKCHHBIMU B Pa3HBIX TOYKaX ocH OX - B OJHOM TOYKE (X =X;) HAXOISATCS Yachl,
U3MEPSIONINE BpeMsi OJHOTO COOBITHS (/=f;) WIM Hadallo mpoliecca, a BO BTOPOM
(x=X3) HAXOMSITCS 4Yachl, U3MEPSIOIINE BpEeMsl IPYroro COOBITHS (1=t;) WU OKOHYA-
HHUE Tpolecca.

st oTnpeIeNIeHUsI t UCIIOJIb3yeM npeoOpa3oBaHuUs

Jlopenna: t'=t1-41- >

/i€ fp - COOCTBEHHBIH NMPOMEKYTOK BpeMeHHU, OH U3MEPSIETCS OJTHUMHU YacaMU
B Toii UCO, OTHOCUTENIBHO KOTOPOH COOBITHS MPOUCXOST B OJHOM TOUKE MPOCTPAH-
ctBa, 3T0 nHBapuaHt C. T. O.
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N3 dpopmynel cienyer, 4To
o ¢ >t 1.. B nBmxkymieicas MCO npoucxoauT 3amejieHue XoJa BpeMEHHU; JIBU-
KYIIHECS 4achl MIYT MEJIJIEHHEE MOKOSIIITUXCS;
® )<t T.. COOCTBEHHBI! MPOMEKYTOK BPEMECHU MEXKIY IBYMSI COOBITUSMHU SIBIISI-
€TCSl HAUMEHBIITUM U3 BCEX BO3MOXKHBIX IMPOMEKYTKOB BPEMEHHU JJISl ITUX CO-
OBITHI.
8) PenamueucmcKuil 3aK0OH C10HCEHUA CKOPOCHell.
ITycte BHosib coBnagaromux ocer Ox u Ox' cucrem otcuera K u K’ B UX 1oJo-
KUTEJTHHOM HaIPaBICHUU C TTIOCTOSIHHON CKOPOCTBIO JIBUKETCS TEJIO.
Heo6xoaumo HaifTi OpMYJIIbI CBSI3U MEXIY U U U’ ; B JAHHOM CITy4ae MEKAY U,
u u,' Jns aToro B mpeoOpaszoBanusix JlopeHiia Bo3bMeM OECKOHEUHO Majbie (dJie-
MEHTapHbIE) MpUpAIICHUs KOOPJIWHAT U BPEMEHH, a 3aTEM IOJIyYUM KOMIIOHECHTHI
BEKTOPA CKOPOCTHU:

u' +u, M;'\ll—ﬂz u' -\J1-p°
u =——>">, uy =————— ==,
* 7 u.u z u.u
1+”o”/2 1+ %t/ 1+ %t/
c c c

dopmyiibl IPEICTaBISIOT CO0OM 3aKOH CIIOKEHUs CKOpOCTeH B pe-
JSTUBUCTCKOM MexaHuke. [Ipy ManbIx CKOPOCTAX BUKEHUS TeN (U«c) 3TU POPMYIIbI
NEPEXOAT B 3aKOH CIIOKEHUS CKOPOCTEN KIACCUUECKON MEXaHUKHU.

;U

9) Junamuka C.T.0. PenamueucmcKkuii UMNYJIbC U MaAcca mea

Bropoii 3akoH HploTOHa HE ABISETCS PENATUBUCTCKA MHBAPUAHTHBIM, T.€. OH HE
ynoBietrBopsieT nepomy noctynaaty C.T.O., He ynoBieTBopseT npeodpazoBanusM Jlo-
penna. [lonyuuTh peIITUBUCTCKA MHBAPUAHTHYIO (POpPMYJTy 3aKOHA HE yAaeTCs M3-3a
ycinoxkHeHust B C.T.O. B3aUMOCBSI3U MEXAY JCUCTBYIONIEH HA TEJIO CHIOW U yCKOpe-
HUEM TeJla, OHM B OOIIeM ciydae Jlaxe He coBmajaroT nmo HampasieHuto. B CTO um-
myJbe Tena, aemwkymierocss B CO K co CKOpOCThIO u, 3alMIIETCs CICYIOMUM o0pa-
30M:

f): m,o-u

J1-p°
re my - Macca MOKosA TeJjia. IT0 Macca, uamepensas B Toi MCO, rue teno He-

MOABHXHO, 3TO nHBapuaHT C.T.O.

s BToporo 3akoHa Hetotona B CO K 3anuiiem:

podl_m

dt | /B2 8° ’



10) Kunemuueckasn snepeus mena ¢ C.T.0.
ITycte Ha Teno, nuxymeecss B CO K co ckopocTeio u#, neiictByet cuna F. 3a-
MUIIEM TEOPEMY O KUHETUYECKOU SHEPTUH JIJIsl ITOro Teja

dW, =dA

[lepenuiiem nonyyeHHyo Gopmyiy B ApyroM BHUJIE, UCIIONb3Ys BhIPAKEHUE IS
BTOPOro 3aKoHa HpI0TOHA B PENSITUBUCTCKON MEXAHUKE:

aw =L T dA=F -drs dr—u-di

Codt J1- B

OTKYyJa CJICAYCT:

2
Wy =(m-mgy)c” +const.

[TocTosiHHAsI B TOM YpaBHEHUH BBIOMpPACTCS U3 YCIOBUS PABCHCTBA HYJIIO KMHE-

TUYECKOW SHEPTUH HETTOJBIKHOTO TeJla, M B PEISTHBUCTCKOW MEXaHHKE JIJIsi KHHETHYC-

CKOM OHCPIuU TeJjia IMoJy4acTCsa OKOHYATCIbHOC BBIPAKCHHUC

! 1
2 —_— —
Wi=myc 2
1-p
[Ipu MasbIx CKOpPOCTSAX ABIKEHHS Tena (u<<c) MEpBOE cClaraeMoe MOXHO
PA3JIOKUTh B PAJ U OTPAHUYUTHCS MEPBBIMU JIBYMSI €T0 WICHAMH, YTO MPUBOJIUT K
XOpOILIO H3BECTHOMY B KIIACCUYECKON MEXAHUKE BBIPAKECHUIO IS KUHETHYECKOU
SHEPIruu Teljla
2
mu
2

11) 3akon é3aumoceasu mMaccovl u IHEP2UU meJa.
AHanu3upyss COOTHOIICHME JIJII KMHETHYECKOW SHEpPruu, DUHIITEHH MpeIo-

Wk=

JIO’KWJI, YTO TOJHAsI DHEPTUs Tena J0JHKHA CKIaAbIBaThCS U3 SHEPIHM €0 IBUKEHUS
(KMHETUYECKOW AHEPrur) U SHEPrUM MOKOSLIErocs Tella, €ro BHYTPEHHEH SHEpruu,
T.€. ONPEEISIET MOIHYIO SHEPTHIO.

W=myc*+W,

DTO M €CTh 3aKOH B3aMMOCBSI3H MEXAY MACCOW M 3Heprueil. B cooTBeTcTBUU €
HUM J11000€ M3MEHEHHE SHEPruM Tejla COMPOBOXKIAETCS M3MEHEHHEM €ro Macchl U
Ha00OPOT.
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MOVJIEKYJISIPHAA PU3UKA U TEPMO/IUHAMUKA

TEMA: MuUKpocKOmu4ecKue COCTOSTHUS.

1) IIpeomem monekynapnou puzuxu. CmamucmuyecKkuii u mepmoouHaAMuuecKuil
Memoobl UCC1ed06aHUA.

MonekynspHass (u3uka U TEPMOJUMHAMHKA — pasaesibl (GU3UKH, B KOTOPBIX
M3YYarOTCsl 3aBUCUMOCTH CBOMCTB TEJI OT UX CTPOCHUS, B3aUMOICUCTBUS MEXKY Yac-
TUIIAMH, U3 KOTOPBIX COCTOST T€Jia, U XapaKTepa ABUKCHUS YacTHII.

s uccnenoBanusi PU3MUECKUX CBOMCTB MAKPOCKOMUUYECKUX CHUCTEM, CBS3aH-
HBIX C OTPOMHBIM YHCJIOM COJEPKAIIMXCSI B HUX aTOMOB U MOJIEKYJ, IPUMEHSIOT J[Ba

KaueCTBEHHO PAa3JIMYHBIX W B3aUMHO JIOMOJIHSIOIIMX JAPYT Apyra METOAa: Cmamu-
cmudeckuil (MOJEKYISIPHO-KUHETHUCCKUN) U MepMOOUHAMUYECKULL.

Cmamucmuyueckuii Memoo — 3TO METOI HUCCIEIOBAHUS CUCTEM U3 OOJBIIOrO
YKCJIa YaCTHI], ONCPUPYIOIMIUNA crmamucmuyecKkumy 3aKOHOMEPHOCTSIMU U CPeOHUMU
(YCpeTHCHHBIMH) 3HAYCHUSAMH (PU3HYCCKUX BEIUYHMH, XapaKTEPU3YIOIINX BCIO CHUC-
TEMY.

DTOT METOJ JIS)KHT B OCHOBE MOIEKYIAPHOU Pusuxu — pasneia GU3NKH, U3y-
YaroIero CTPOSHWE W CBOWCTBA BEIECTBA MCXOMS U3 MOAEKVIAPHO-KUHEMUYECKUX
MIPEICTABIICHN, OCHOBBIBAIOIINXCS HA TOM, UTO 8Ce meid COCMOAM U3 amomos, Mo-
JIEKY]L UL UOHOB HAXOOSAUWUXCS 8 HENPEPLIBHOM XAOMUYECKOM OBUNCEHUL.

Tepmoounamuyeckuii Memoo — 3TO METOJ UCCIEIOBAHUS CUCTEM U3 OOJIBIIOTO
YKCJIa YaCTHII, OTICPUPYIONTUI BEIIMUYNHAMH, XapaKTCPU3YIOIIUMH CUCTEMY 8 YelOM
(HampuMep, JaBJICHHE, 00bEM, TeMIIepaTypa) MPU PA3TUIHBIX MMPEBPAIICHUAX dHEP-
THH, TPOUCXOMSAIINX B CUCTEME, He Yuumvleédas TPU STOM BHYTPEHHETO CTPOCHUS
M3y4aeMbIX TEJ M XapaKTepa JBMKCHHS OTICIbHBIX YaCTHIL.

DTOT METOJT JISKUT B OCHOBE MepMOOUHAMUKY — pasena GU3NKH, H3ydarole-
ro OOIIMe CBOHCTBA MAaKPOCKOIIMYECKUX CUCTEM, HaXOISAMINXCS B COCTOSHUH TEPMO-
JTUHAMUYCCKOTO PABHOBECHS, M TIPOIECCHI MEPEX0/1a MEXTY STUMHU COCTOSTHUSMH.

TepmonuHamMuka uUMEET €0 C  MePMOOUHAMUYECKOU CUCMeMOUu —
COBOKYITHOCTBIO MaKpOCKOITMYECKUX TE€JI, KOTOPhIE B3aUMOJCHCTBYIOT U OOMEHHBA-
IOTCSI DHEPTHEH KaK MEXIy COOOM, Tak U ¢ APYTHMMH TeJlaMU (BHEITHEH Cpeoi).

TepMoauHAMUYECKHE CHCTEMBI, HE OOMCHHBAIOIIMECS C BHENIHEH cpenodl Hu
DHEPrUeH, HU BEIICCTBOM, Ha3bIBAIOTCS 3AMKHYMbIMU.
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CocTostHMEe CHUCTEMBI 3aJaeTCsl mepmMoouHamuyeckumu napamempamu (mapa-
METpaMH COCTOSTHUS) — COBOKYIHOCTBIO (PU3MUECKUX BEIMYHMH, XapaKTEPHU3YIOIIUX
CBOMCTBa TepMOJAMHAMUYECKOW cucTeMbl. OOBIYHO B Ka4e€CTBE MapaMeTPOB COCTOS-
HUS BBIOUPAIOT memnepamypy, oagnenue u 00veM.

[TapameTpbl COCTOSIHUSA CUCTEMBI MOTYT U3MEHAThCs. Jto0oe usmenenue B Tep-
MOJIMHAMHYECKON CHCTEME, CBA3aHHOE C M3MEHEHHEM XOTsl Obl OJTHOTO U3 €€ TEPMO-
JUHAMUYECKUX MapaMeTpOB, HA3BIBACTCS mepMoouHamuyeckum npoyeccom. Ecmm
JUISL JTAHHOW CUCTEMbl BHEIIHUE YCIIOBHS HE M3MEHSIOTCS U COCTOSSHUE CHUCTEMBI C
TEYEHUEM BpPEMEHHM HE MEHSETCS, TO 3Ta CHUCTEMa HaXOAWUTCS B MepMOOUHAMU-
YeCKOM pPaBHOBECUU.

2) Temnepamypa.

Temnepamypa — usndeckas BeIMYMHA, XapaKTEPU3YIOIas COCTOSIHUE TEPMO-
JTMHAMUYECKOTO PAaBHOBECHUSI MAKPOCKOITUUECKOW CUCTEMBI U OTIPEIEIISIONIas Ha-
MpaBJICHHE TEIJIO0OOMEHa MEXy TeJaMu. Tena, Haxoas1uecs B TEIJIOBOM pPaBHOBE-
CUU MEX]Ty COO0M, UMEIOT OJIMHAKOBYIO TeMmiiepatypy. [loHaTue TemnepaTypsl He-
MIPUMEHHUMO K CUCTEME M3 HeOOJIBIIIOr0 YKhciia aTOMOB. B HacTosee BpeMs UCIOb-
3YIOT JIB€ TEMIIEPATYPHBIC IIKAJIbI:

e Meswcoynapoonas npakmuueckan wikana (wikana Ilenvcusn) rpagynpoBaHHas
B rpaaycax Lenbscus (°C) mo nByM penepuvim moukam — TeMIepatypam 3amep3a-
HHS M KATIEHUS BOJBI IIPU TaBIICHUU 1,013-10° Ia, KOTOpbIE PUHUMAIOTCSI COOTBET-
ctBeHHo 0°C u 100°C.

e Tepmoounamuueckas memnepamypnaa wikana (wmkanra Kenveuna). rpanyu-
poBanHas B rpanycax KensBuna (K)) ompenensiercs mo oJHON penepHON TOUKE —
mMPpOUHOU mMouKe 600bl — TEMIIEpaType, MpU KOTOPOU Jied, BOJAA W HACBIIICHHbBIN
nap npu aasiaeHun 609 Ila HaxonsTcs B TEpPMOAMHAMHYECKOM paBHOBECUU. TeMrie-
parypa 3Toil TOUKHU no JaHHO# mikane paBHa 273,16 K. Temneparypa 7= 0 K Ha3bI-
Baercs Hyiem Kenveuna.

Tepmoaunamuyeckas temmneparypa (T) u Temmneparypa (t) no MexayHapoiHOH
MPAKTUYECKOM IIKaJe CBSI3aHbl COOTHOLIEHUEM

T=273,15+1

Hopmanensie ycnosus: Ty=273,15 K=0°C, pp=1013251I1a .
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3) Hoeanvuutit 2a3. I'azoevie 3aKonubl.
B TrepMoanHaMuke udeanbHbimu HA3bIBAIOTCS Ta3bl CTPOTO MOAUHHSIONIUECS 3a-

PV
KOHY: — = const
T

Bce npoune rasel Ha3bIBaIOTCA peanvHbimu. ONBIT TOKa3bIBAET, YTO It 1 Mo
JT000ro MAeaIbHOTO Ta3a ATO OTHOLIEHUE PaBHO:

PV _
=

rae R=8,31 JIx/(monp*K) — yHUBepcanbHas ra3oBasi IOCTOSTHHAS.
Jlist v monen: PV=v RT.

3axon botina-Mapuomma: 01151 0GHHOU MACChl 2a3a M NPU NOCMOSIHHOU meMnepamy-

pe T npouszsedenue oasnenus p Ha obvem V ecmo 8enuuuna noCmMosHHAsL:
PV = const npu T = const u m = const

Kpugas, nzobpaxarorias 3aBUCuMoctb Mmexay P, Tu V, XapakTepu3yronas
CBOICTBA BEIIIECTBA IIpY TIOCTOSAHHOM  TeMIeparype, Ha3bIBaCTCA  U30-
mepmoii. VI30TepMbl — TUTIEPOOJIBI, PACTIONOKEHHBIE Ha rpaduKe TEM BBIIIE, YeM
BBIIIIE TEMIIEpATypa MPOUCXOIAIIETO MpoLiecca.

3axon Asoeadpo: monu n06bIX 2a308 NpU 0OUHAKOBOU memnepamype u oasie-
HUU 3aHUMAIOM 0OUHAKOBblEe 00BeMbl.

Konuuecmeo sewpecmea v — puznueckasi BeIMUnHA, ONpeesieMasl Y4ucIoM
crienuPUIECKUX CTPYKTYPHBIX AJIEMEHTOB — MOJIEKYJI, aTOMOB WJIM HOHOB, M3 KOTO-
PBIX COCTOMUT BEIIECTBO.

Eounuya konuuecmea eewyecmea — Moib — KOJIUYECTBO BEILIECTBA CUCTEMBI,
coAepKallel CTOJBKO K€ CTPYKTYPHBIX 3JIEMEHTOB, CKOJIbKO coaepxkutcs B 0,012 kr
u3orona yriepoma C.

B ogHOM MO€ pa3iauyHbIX BEUIECTB COJECPKUTCS OJHO U TO K€ YUCIO MOJEKYI
Na, Ha3bpIBaemoe yuciom Asocaopo: N,=6,02-1 0% monw™!

3akon Jlanemona: ﬂaeﬂeﬂue cmMecu UOeaibHblx 2a308 PABHO CYyMMe napyudailbHblx

OQ6NEHUTL P D>, ..., Pn 6XO0AUUX 6 Hee 2A308:
P:P1+P2+....+Pi P=ZPZ
llapyuanvrnoe oasneHue — naBieHUE, KOTOPOE MPOU3BOAMI OBl Ta3, BXOIALIUN
B COCTaB T'a30BOM CMECH, €CJIM Obl OH OJMH 3aHUMaJl 00BEM, PaBHBIN 00BEMY CMeECH
IIPU TOM K€ TEMIIEPATYPE.
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3axon I'eti-/lioccaka: 0b6vem 0aHHOU MaAccyl 2a3a Npu NOCMOAHHOM OdGleHUU

UBMEHACMCSL TUHEUHO C MEeMNepamypolL:
V="Vy(l + at), npu P = const, m = const.

3axon Hlapns: oasieHue OaHHOU MAcchl 2a3da npu nocmoAHHOM obveme uzmensiemcs

JIUHelHo ¢ memnepamypou. p = po(l +at), npu V = const, m = const.

Ypasuenue cocmosnus. OmnpIT IMOKAa3bIBACT, YTO B COCTOSAHUU TCPMOINHAMHUYICCKOT'O

PaBHOBCCHA P,V uT HaxXoJsATCs B q)YHKHHOHaHBHOﬁ 3aBUCHUMOCTH HC TOJIBKO OJIA
HUACAJIBHBIX I'a30B, HO U JIA PCAJIbHBIX I'a30B, 4 TAKKE OJIA JFOOBIX (I)I/ISI/I‘{€CKI/I OAHO-
POOHBIX TCII:

F @V, T)=0
Bun aTolt GyHKIIMY 3aBUCUT OT CBOMCTB CUCTEMBI (Teja):
Jl1st maeanbHbIX Ta30B: PV=v RT
Jlotst peanbHbIX Ta3oB: (P+a/V’)(V-b)= RT - ms 1 Mo
Taxum oOpazom:
e JlaBneHue  wuAcaIbHOrO Ta3a MNOpU JAHHOW Temmeparype  MpsAMO Ipo-
MOPUHOHAIBHO KOHIIEHTPAILIMKU €0 MOJIEKYIJI.
o [Ipu onrHAKOBBIX TeMIIEpaType U JAABJICHUU BCE Ta3bl COJIEPXKAT B eAUHUIIE 00be-
Ma OJMHAKOBOE YHCIIO MOJIEKYII.
4) Makpockonuueckue napamempuol.
Buemraue (V,E,B u np.) Buyrtpennue (P,p,y u np.)

B cocTosiHuM TepMOIMHAMHYECKOTO PaBHOBECUSI KaXKIbli BHYTPEHHUI Mapa-
MeTp sBIISCTCS (DYHKIMEH BHEIIHUX MapaMeTPOB B TEMIIEPATypPhl CUCTEMBI.

5) UYucno yoapoe monekyn o cmeHky cocyoa.

B razax npu HOpMaJbHBIX YCJIOBUSX CPEAHEE PACCTOSHUE MEXKIY MOJEKYIaMHU
BEJIMKH 10 CPABHEHHIO C MX 3PHEKTUBHBIM TUaMeTpoM. JIJIsl TOCTATOUYHO pa3peKeH-
HOTO Ta3a MOXXHO MpeHeOpedh pa3MepaMu MojIeKyl. Takoe MpuOImKeHue TPUBOIUT
HAaC K MOoO0enu UdeaibHo2o 2asd.

Onpenenum 4KCIO yAapoOB MOJIEKYJ O CTEHKY COCyla B €IMHUIY BpeMeHu. B
CUJTy XaOTUYHOCTHU TEILJIOBOTO JIBUKEHUS MOJIEKYJIbI JIETAT K CTEHKE B Pa3HBIX Ha-
IpaBJIcHUAX. Pa3aenuM Bce MOJIEKYJIBI HA MHOXKECTBO Ipynil. B kaxxaon i-oul rpymie
OHM JICTAT oA yrioM 0 Kk HopManu miomaaku. [1ycTs n; — KOHIIEHTpaIUs MOJICKYT i-
O TPYIIIIbI, V; — UX CKOPOCTb. 3a BpeMsl df 10 CTEHKU JOJIETUT dN; MOJIEKYII:
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dN; = n,ov; Cos 0 dt
Toraa 4uciIO CTOJKHOBEHHUM, TPUXOSIIMXCS HA CIUHUINY TUIOIIAIA ¢ B CAUHH-

Iy BpEMCHHU 1.

dN; -
Z; =—- =NV, Cos¥; - nns i-o#l rpynnbl MoaeKyl. JlJis HaXOXKaeHUs TOJI-

i
o dt
HOI'o yucjia CTOJIKHOBCHI/Iﬁ Z HCO6XOI[I/IMO HpOCYMMI/IpOBaTB I10 BCEM rpynnaM MOJIC-
Ky.ll:
nu

nlu
/2 21 1
zZ = j dz = J —nv Sin® Cos 9 dfé = —nv

VYuurtsiBasi pacpenesieHue MOJIeKyJ 10 CKOPOCTSM B MOcheqHeN GpopMyie cie-
IyeT MPUHATh <V>:

1
<z>=-n<v>
4
6) Jlaenenue 2aza c mouku 3penusa MKT.

[TycTh Ta3 3aKiIIOYEH B 3aKPBITBIA COCYJ M MOJIEKYJIBl €r0 BCE OJMHAKOBBHI.
Bo3pMeM Ha CTEHKY cocyza Malyio IUIOMIAAKy G. [Ipy CTOJKHOBEHUH C TUIOIIAIKON
MOJIEKYJIa U3MEHHUT CBOW MMITYJIbC Ha TIPOTHUBOIIOIOXKHBIN:

Ap™=2p Cos 0

[To 11 3akony Hetotona F= Ap/At— cuna, neicTByIOIIas HA CTEHKY CO CTOPOHBI
MOJIEKYJI CO CKOPOCTBIO V B MHTEpBaJie yrioB 6 + 0+d0.

2p Cos @+dN

Nmeewm: ar; =
dt

JlaBneHue, Mpou3BOIMMOE MOJIEKYJIAMHU YKa3aHHOM TPYIIIIbIL:

dp. — d F; _ 2pCos ¥ - dN
' o o dt

ITonnoe JaBJICHUC HaﬁlleM HHTCTPUPOBAHNUCM 10 BCCM I'PYIIIIaM MOJICKYJI:

T |

2 ) 1
P = J’ npv Cos“95ind dd = gnp'!’
0

1
C yueToM pacmpeesieHus o ckopoctsaim: P = SN < VP > umm

1 2
P=§mun¢:u -
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7) 3akon pagnomepnozo pacnpeodeneHusn IHepZuu no CMeneHAM c80000bl MmoJle-
K)J1.
[locTynaTenbHOE ABUKEHUE.

Mornekyna uMeeT 3 mocTynaTelbHbIe CTENEHH CBOOOIb. BBUY XaOTUYHOCTH
TEIUIOBOTO JIBM)KCHUSI BCE HAPABICHUSI CKOPOCTH PABHOBEPOSATHBI, IOATOMY B Cpe-
HEM OJINHAKOBbl KUHETUYECKHE PHEPTUM, CBI3aHHBIE C TUMU HampaBiieHUusAMU. T.0.,
B COCTOSIHMH TEIJIOBOTO PABHOBECHS Ha KKIYIO MOCTYHATEIbHYIO CTETIEHb CBOOO/IBI
MOJIEKYJIbl IPUXOJAUTCS OJHA U Ta K€ DHEPTHUS:

<g&> = % kT
BpamareabHo€e IBMKEHHUE.

Y4uThIBas, 4T0 MOJIEKYIbl UMEIOT COOCTBEHHYIO CTPYKTYPY, U KpOMe MOCTYyIa-
TEJILHOT'O JIBUKECHUS MOTYT €I€ BPAIAThCS, BBIYUCTUM UX KHHETHUYECKYIO YHEPTHUIO
BpalleHUs M0JI00HO KHHETUYECKON IHEPTUH TBEPAOTO Tea.

Ecmu Tenmo, cocrosmee u3 N 4acTuil, Bpamaercs ¢ YriIoBOM CKOPOCThIO ®, TO
€ro MOMEHT uMmyibca: L=w-J, wiu L=)m; r; v, Torma cpenHssi KUHETHYECKasI
SHEPTUs BpallCHUSA:

] w?* L?

<, D= — = —
R Ry

[Tocne npeoOpazoBaHuil MoTyyaeMm:

- 1

1 1
< Egps >=3 kT 'EE”E:’}: =§A'T

CrnenoBarenbHO, Ha OJHY BpAIaTENIbHYIO CTENEHb CBOOOABI TaK K€ MPHUXO-
autcs sHeprus 2 kT.

3aKkoH (KJIaCCUYECKUI) pABHOMEPHOTO PACIPEACIICHUS YHEPTUH TI0 CTCTICHIM
CBOOO/IBI:

Ecnu cucmema monexkyn HAXo0umcs 6 menjio8oM pagHoecuu npu memnepa-
mype T, mo cpeOHsss KUuHemuuecKkas SHepeusi paHOMEPHO pPACHpeoesieHd MenCcoy
sceMu cmeneHsamMu c800600bl U 01 KadcOou cmeneHu c800600vl ona paeua %> kT.

KonebaTenpHoe ABHKCHUC.
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Mexay aromamMu B MOJIEKYJ€ BO3MOKHBI KOJI€OaHUS BAOJIb XUMHUYECKUX CBSI-
3eil. Ecnu ux aMImmTypl JOCTaTOYHO Malibl, TO KOJIeOaHUs MOKHO CUUTATh rapMo-
HAYECKUMU. ATOMBI B 3TOM CIIy4a€ SIBISIOTCA TAPMOHUYECKMMH OCUHUJUISTOPAMH,
KOTOpbIe 00/1a1al0T MEXaHUUECKOM sHeprueit E=FE,+E,, cpeiHne 3HaUeHHs] KOTOPBIX
PaBHBI MEX]Ty COOOM:

<g> =<g,> =1/2 kT

CrnemoBaTellbHO Ha KaXIYI0 KOJeOaTeIbHYIO CTENEHb CBOOOJBI MPUXOAUTCS
CPEIHSS SHEPTUS <Egones>= 2°1/2 kT= kT.

CHanﬁHBIC BCJIIMYUHBI.

HYCTB HCKOTOpas cnyqaﬁHaﬂ BEJIMUYMHA X MOXKET MNpUHUMATDL PAd AUCKPCTHBIX

o N
3HaUYeHWW X; X; X3;. X; ... DBenmmumna P, = > HAa3bIBAECTCSl BEPOSTHOCTHIO

TOTr'0, YTO BEJUYMHA X B IPOU3BOJLHOM MCIBITAHUM NIPUMET 3HAYEHHE X;. Takoe on-
pelesieHne CIIPaBeUInBO AJIsi OOJIBIIOrO YHCIIA HCIIBITAHUM.
LN

Tak kak YN, =N, 10 2P, = T =1, TO eCTh CyMMa BEPOSTHOCTEH BCEX

BO3MOKHBIX 3HAYCHUH BEJIMYUHBI X paBHA 1.

CpenHee 3HAYECHUE BEJINYUHBI X.

Ecnn BEposATHOCTH 3HAUCHUSA X; I BEIIMYUHBI X paBHa P;, 10 B N;=P;"N ucnsbI-
TAaHUAX X UMEET 3HAYEHUS X;. TOorjga CymMMa 3HAYCHUM X B 3TUX /V; UCIIBITAHUAX PaBHA:
x; N;=x;P; N, a cymMmMma 3HaueHul X BO BCeX N UCTIBITAHUAX:

2) Henpepwvigno pacnpedeﬂeuug}aﬂglylﬁf_ffﬁt =Y x;P;

Paccmotpum ciyuait HenpepLIBHo'}o pacnpeiesieHrs BEJTUYHHBI X B HHTEPBa-
Je OT a 10 b (B 4aCTHOM city4ae -00,+00). IIycTh x — HEKOTOpasi XapaKTepUCTHKA MO-
JeKybl. Yncno 3Ha4eHnid X 0ECKOHEYHO BEJIHMKO, a KOJ-BO MOJIEKYJ XOTh M BEJHKO,
HO orpaHuyeHo. I103TOMy MOHSATHE BEPOSATHOCTH IS MOJICKYJIBI MMETh KaKOE-TO
KOHKPETHOE 3HAYCHHE X; TEPSET CBOW CMBICI. 3/1eCh MTPaBOMEPEH APYTrol BOMPOC: Ka-
KOBa BEPOSTHOCTh TOTO, YTO Y JIt00O0H CITydaiiHO B3STOW MOJICKYJIbI BEIMYMHA X HME-
€T 3HauyeHHe, JIeKallee B MHTEpBaje OT x 10 (x+dx)? DTa BEpOSTHOCTh paBHA:
dP.=f(x)dx, tne f(x) — QyHKIUS niomHoCcmu 8eposmHoCHu.
o Ousnueckuit CMBICT (PYHKITUH f(X): OHA OMpeIesAeT BEPOSITHOCTh BEIMYMHBI X JIJIS

CANHHUYIHOT'O HHTCPBAJIa dx B OKPCCTHOCTH TOYKH X.
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e YcioBU€ HOPMUPOBKHU: f; f(x)dx =1
o DOyHKIMA f(x) HA3BIBaCTCS hyHKYuUel pacnpedenenus seposimuocmu CpeHee 3Ha-

YeHHe BETMYUHBI X U JI000H (YHKIMH, 3aBUCAIIEH OT X: < X >= f: xf(x)dx ,
- b
< x? >= jﬁ x2 f(x)dx

e 3HaHue (PyHKUUU pacHpeesIeHus MO3BOJISIET ONPEAEIUTh BEPOATHOCTD AJIs JIF000-

ro UHTEepBaIa (x; + X;):
.

P(x, +x,) = f(x)dx
OyHKIMSA f(X) 3aBUCUT ‘OE IPUPOJIbI CIIYHaHOW BETUUMHBI X.

3) 3akon Makceenna ona pacnpeoeneHus moaeKysl o CKOpOCHAM.
[TycTh B 3aKpbITOM cOCyZie HaXOAUTCS Ooublioe yuciao N Moliekyn raza. Buem-
HUE CUJIOBBIE TIOJISI OTCYTCTBYIOT.

PacnpepaeneHrue MOJICKYJI 110 MPOSKIUIM CKOPOCTH.

OmnpenenuM BepOITHOCTH TOTO, YTO MPOCKIIHS v, CKOPOCTH MOJIEKYJIBI TIOMIAJIET B
3aJlaHHbIi uHTepBal: dP(v, + v, +dv,)= ¢(v,) dv,, rae ¢(v,) ucKoMas IIOTHOCTh Be-
postHocTH. 1 onpesieniennst GYHKIUHU @(Vy) CIEAYET TOJI0KHUTh, YTO CTOJIKHOBEHHUS
MOJIEKYJI HE HapyIIaloT OOIIET0 PaBHOBECHs (BBITIOTHSAETCS MPHUHIMUI JIETATHHOTO
paBHOBECH).

-
My

@(v,) = A e 2 - IUIOTHOCTh BEPOATHOCTH, MPUXOIAIIASICA HA OJHY
CTEINEHb CBOOOBI MOJIEKYJIbl. 3HAUECHUE KOHCTAHThI A| HAXOJAT U3 YCIOBUS HOPMHU-
POBKH:

T

Ay = (2}:;1') '

PacnpeaeieHue MOJICKYJI 110 BEKTOPaM CKOPOCTH.
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KakoBa BCPOATHOCTH TOI'O, YTO BCC TPHU KOMIIOHCHTBI CKOPOCTH MOJICKYJIBI IIOITAAYT B

3aJJaHHbId MHTEpBaJ 3HaueHui? bynem uckate nomnaja-
v, 4

HUE B CKOPOCTHBIE MHTEPBAJIBI: (Ve + vy +dvy),
dUs .
Al (v, + v, +tdv), (v. + v. +dv,). IM COOTBETCTBYIOT
v, dVUzx (YHKIMH IUIOTHOCTH BEPOSATHOCTU: @ (Vy), 9(Vy), @(V2).
{r . Bompoc o pacnpeneneHnn MOJNEKYN IO CKOPOCTSIM
AT .[E; CBOJIUTCS K BOTIPOCY O paclpeelIeHHd MOJIEKYJ B TIPO-
Ve CTpaHCTBE CKOpocTel. PaccmMoTpumM B IIpOCTpaHCTBE

CKOpOCTEH Malblii napajuienenunes ¢ péopamu dv,, dv,, dv.. Ilonaganue BexkTopa v
B 2JIEMEHT CKOPOCTHOT'O MPOCTPAHCTBA €CTh CIO0KHOE COOBITHE, SBISIONIEECS MPOU3-
BeqenneM coObiTrii A,B,C. Ero BeposTHOCTh OIpenesuM 10 TEoOpeMe O YMHOKESHHUH

BCPOATHOCTH:

=%
e

dP(v,dw) = dP,dP,dP, = A*e zer 352 L g, dv, dv,

dp
O6Gosnaunm: f(v) = ~. - TUIOTHOCTb BEPOATHOCTH 3a/IaHHOT0 BEKTOPA CKO-
W

POCTH.

r

Torna sta Gyukius npumer Bua . f(v) = ( )2 e zkT

My
2akT

PacnpepeneHue rasa 1o a0COJIIOTHBIM 3HAYEHHSIM CKOPOCTH.

KakoBa BepOSITHOCTh TOTO, YTO MOOY1b CKOPOCTH vV OyAeT

UMETh 33J]aHHOE 3HAYeHUE B OECKOHEYHO Majio OKPECTHO-
ctu dv? IlnoTHOCTH pactpenaenieHus Touek B (a30BOM Ipo-
CTPaHCTBE CKOPOCTEH 3aBUCUT OT uncia N U OT pacCTOSHHUS

oT 1eHTpa (T.€. oT Moayns v): p,=N-f(v). Beinenum mapoBbiii
ClIOi paamyca v mUpUHON dv. Bo BceM 00BbeMe 3TOro cios MIOTHOCTh MOCTOSIHHA.
Torna 9rcio MOJEKy B 3TOM CIIO€:

dN,=N"f{v)-dv-4mv’

Pa3znenum Ha N 1 HaliieM BEPOSITHOCTb:
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N, , .
- = f(v)-4nv?-dv=F(v)dv

3

2
Mg

Haxoxum dyskiuo Makcsemta: F(v) = — : 24mu* - e 2kt
ﬂ‘u) Bun xpuBon pacrpeneneHus 3aBUCUT OT T U maccsl
A MoOJIeKYJ (popMa U MOJIOKEHUE MAKCUMyMa KPUBOM).
T < [Inomane mnox KpUBOW paBHA 1 (ycnoBue
Il Tz HOpMUPOBKH). DyHkuus F(v) accUMeTpuyHa, MpO-

XOIUT 4epe3 Hauano koopauHat. [Ipu noseimenun T
MAaKCHUMyM CMellaeTcs: BIpaBo. Duzuueckuii Cmyici:
¢byukuusa F(v) ectb BEpOATHOCTh TOTO, YTO CIy4aHO

B3ATasl 4YacTHLlA NONAAeT B EIAUHWUYHBIA HMHTEPBAJ
0 P CKOPOCTEN B OKPECTHOCTH HEKOTOPOI'O 3HAYCHHMS V.
v
OyHKIUSA UMEET MAKCUMYM: Ilm

v, = |—
il m
CpenHee 3HaUCHUE MOIYISI CKOPOCTH: ¥

Brruucnss, Haxoqum oy s ,
<P > ‘ !_LELI )d1

r“‘]| 8kT

(v) = | ———

mm,

OTa CKOpPOCTh Ha3bIBAETCS CpelHEN apupMETUUECKOM.

Haiinem cpenHekBaapaTiiHy0 CKOPOCTh:

—
(3kT
4) Paenpesi qieefeithien "ﬂﬁ&lﬁﬁﬁﬁ”%@ﬂyﬂﬁaﬂ POPOVPSe B NpeNION0KEHHH,

4TO TeMIlepaTypa aTMochepsl HE \«IeHﬂeTcsi o BeicoTe. Ha Maymom mepemajie BBICOT
dh naBiieHWe TaJacT Ha BEJIMYMHY Beca CTOJI0A BO3AyXa C CCUCHHEM B CIHHMILY
IUTOIIAAX U BEICOTOH dh, T.e€.

dp=—pegdh
9TO YPAaBHCHHUC MOKHO IICPCIINCATh B BUC

dp _ jugdh

»  RT

HpOI/IHTeI’pI/IpyeM 00e Jactu IMOJTYYCHHOI'O YPAaBHCHUS, I1OJIaras, 4To JaBJICHUC

Ha "HyJIeBOI" BbICOTE PaBHO py. [lomyuum
93



_ueh
p=pe ™
[Tonyuennas ¢opmysia Ha3bIBaeTCs OAPOMETPUYECKOM: JABJIEHUE B U30TEPMHU-
YeCKOU aTMOC(l)Cpe magacT C BBICOTOH T10 IMOKAa3aTCJIIbHOMY 3dKOHY. Tak kak MOJICKY-
JIHpHaSI IIJIOTHOCTB HpI/I HOCTOHHHOﬁ TeMnepaType HpOHOpLII/IOHaHBHa JABJICHHUIO I'a-
3d, TO 3TOT K€ 3aKOH MMCCT MCCTO M JIsI KOHICHTPAIIUU I'd3a:
_B(a)
n,=Ce *7

CDOpMy.IIa IJIA KOHLOCHTpAaUN ABJISICTCA BBIPAXKCHUCM HCKOTOPOI'O O6H_ICFO 3a-

KOHa, JIeXKAIIEeT0 B OCHOBE BCEH TEOPHH HMI€aTbHOIO rasa - 3akoHa bonpimana. CyTh
ATOTO 3aKOHA 3aKIIF0YACTCS B CIEAYIOIIEM.

3akon Bonbymana TIaCUT: MOIEKYIbl UOEANbHO20 2A3A paACHpedeienbl o OaH-
HOMY napamempy no 3KCNOHeHYuaibHomy 3axkony euoa exp (-E(h)/kT). TloctosHHas
C Ha3bIBaeTCSI HOPMHUPOBOYHOM MOCTOSHHON. OOBIYHO OHA HAXOAWTCS W3 YCIOBHUS

HOPMHUPOBKH.

TEMA: OCHOBBI TePMOJIUHAMHUKH.

1) Keazucmamuueckue npoueccel.

I Hayayo TepMOAMHAMUKHU BBIPAKACT MPUHYUN COXPAHEHUS IHepeuu B MaKpO-
CKOIUYECKUX SIBICHUAX, MPOTEKAIOINUX B TepMOAMHAMUUYECKUX cucTemMax. OH ObLI
chopmynupoBan B 40-x rogax 19 B., korjga ObUIO YCTAaHOBJIEHO, YTO TEIUIOTA — 3TO
HE BEIIECTBO (TEIJIOPO), a Kakoe-To BHyTpeHHee JBIkeHue. [103ke OHO ObLIO 00b-
SICHEHO, KaK TEIJIOBOE JBMI)KCHHE aTOMOB M MOJICKYJ, YTO IO3BOJIMJIO PACIIUPUTH
MIOHSITHUE «IHEPTHS» HAa BHYTPEHHHUE MPOIIECCHI: paboTa AUCCUTIATUBHBIX CHUJI TIPUBO-
JUT K 00pa30BaHMIO YHEPTUHU U3 MEXAHUYECKOU BO 8HYMPEHHION).

Onnako B (heHOMEHOJOTUYECKON TePMOJIMHAMUKE TOHSITHUE TEIJIOTHI BBIBOJIH-
JIOCh U3 OMBITHBIX ()aKTOB U OOIIMX MPUHITUIIOB, 0€3 00palIieHus: K aTOMUCTUUYECKUM
MIPEICTAaBICHUSIM.

B Teopernueckoil TepMOJIMHAMHUKE IIMPOKO HCHOJB3YIOT Ka3ucmamuyecxue
npoyeccol.

Keazucmamuueckuii npoyecc — ecTh UACaATU3UPOBAHHBIN MTPOIIECC, COCTOSIIUIN
W3 HEMPEPHIBHO CIEAYIOUIUX APYT 32 IPYTOM COCTOSIHUM paBHOBECHS.
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OnHako HE BCAKUN MENJICHHBIA MPOIECC SIBISETCS PaBHOBECHBIM (HAmpuUMmep,
TEIJIONPOBOIHOCTD U JIP.).

2) Paboma 2a3a 6 mepmoounamuxe.
PaccmoTpum ra3 B HWIMHJIPE TMOJ MOpIIHEM. Beraucium wma-

—~ nyio paboty 0A, coBeplIaeMyro Ta3oM NIpH KBa3HUCTATUUECKOM
R % ® pacimpennn dV:
— A 5 A=F-dl, tne F=PS.
Torma: 6 A=P-S-dI=P-dV,d A =P-dV
DTO paBEHCTBO CIPABEIJIUBO W B OOIIEM Cllydae KBa3HCTATH-
oA YECKOTO PACIIUPEHUS JTFOOO0T0 Tejla, HaXOASAIIETOCs O/ BHEITHUM
\ JTABIICHUEM.
Pabota BHEMIHUX CUI: O Agye, = - 0 A. B ciydae HepaBHOBEC-
HBIX ITPOIIECCOB ATO PABEHCTBO HECIIPABETUBO.
ol R

J1st 1:000T0 KOHEYHOI O Mpoliecca:
A= J PaV
r:l
T.x. ¢pynkuun P=P(V,T) pa3znuunsl Ajig pa3HbIX MPOIECCOB, MOATOMY paboTa —
byHKUMA Mpoliecca:
e IM3orepmuueckuii npouecc: A=v RT In (V>/V;)
e [M300apHslii poriecc: A=P(V,-V;)
e lM30Xx0OpHBIIN mpouecc: A=0
PaBHOBecHbBIE TIpOLIECCH MOXKHO M300paxaTh epaguuecku B KOOpAMHATAX
(p,V). Tax pabora A4 = pdV onpenensercss TUIOMIAAbI0 3alITPUXOBAHHOW TMO-
JIOCKH, a TMoJIHasi paboTa — IUIOMIAJIbIO TIOJT KPUBOM Mexay Viu V.
Kpyzo6vim npoyeccom (W UKIOM) HAa3bIBAIOT MPOLIECC, IPU KOTOPOM, TIPOHISL
P P COCTOSHMM, CHCTEMa BO3BpalllaeTCsi B  HCXOJHOE
TEPMOJIMHAMHYECKOE COCTOSIHHE.

2o
C) B kpyrosom mporiecce  A=Apueu-Acream, ~ A=$ PdV
b

v
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3) Buympennan snepzus.

JI>KOyJp TIOKa3all, YTO HarpeTh BOAY B KaJOPUMETPE MOXKHO HE TOJBKO B pe-
3yJbTaTe TEIJIOOOMEHa, HO U MIPU COBEpPUICHUHU Haja Hel paboThl. TeM caMbIM J10Ka-
3aHO, YTO HUKAKOW pasHULBI MEeKIy Q U A HE CyIIECTBYET, IOATOMY OHH JIOJIKHBI
U3MEPATHCA B OJIMHAKOBBIX eauHuIax — Jk. 1 kamopus 3To Takas SHEprus, MOABOJ
KOTOPOii BbI3bIBaeT Harpesanne 1 rp. Boas! mpu Po= 10°TTa ua 1°C. B omsrtax J[xo-
yiisi ObUIO MOKa3aHo, 4To Q ecTh Hekas ¢popMa BHYTPEHHETO ABUKEHUS, KOTOPast MO-
KET ObITh COOOIIEHA TENY MyTeM TEIUI00OMEHA WIIH MPU COBEPIICHUH MEXaHHUUECKOU
paboThl. Mepy 3TOro NBW)KCHUS HA3bIBAIOT 6HYMpeHHel 3Hepeuell Tena. Buympen-
Hell IHepzuell CUCTEMbl Ha3bIBACTCS (PYHKIUS COCTOSIHUS, MpUpAIIeHHEe KOTOPO BO
BCAKOM IPOIECCE, COBEPIIAEMOM CHCTEMOM, B aauabaTH4yeckoil 000JiouKe, paBHO
paboTe BHEMIHUX CHJI HaJ CUCTEMOU IMpH MEepexoJie €€ U3 HaYaJIbHOI'O PaBHOBECHOIO
COCTOSIHUSI B KOHEYHOE TaK K€ PAaBHOBECHOE COCTOSIHUE.

4) I nauano mepmoounamuxu.

PaccmoTpuM MPOU3BOJIBHBIA MPOIIECC, B KOTOPOM NMPUHUMAET Y4aCTHE TEPMO-
IUHaMH4YecKas cuctema. IlepBoe Hayano TEPMOJMHAMUKH MOKHO BBIPAa3UTh Cle-
OYIOIIUM YPABHEHHEM:

AU=A+Q

Ipupawenue snepeuu cucmemvl 8 MEPMOOUHAMULECKOM NPOYECcce PABHO CYM-
Me pabomul U KOIu4ecmea menyionbl.

Ecnu npouecc kpyrosoit, To U; =U,, To A=0. B kpyroBom mpoiecce Bce KOJIu-
YEeCTBO TEIUIOTHI, MOJTYYEHHOE CUCTEMOM, UIET Ha MPOU3BOJCTBO BHEUIHEH pabOTHI.
IloaTOMy HEBO3MOXEH MPOLIECC, EAMHCTBEHHBIM PE3YIBTATOM KOTOPOTO SIBISETCS
MPOU3BOJICTBO pabOoTHI O€3 MOoJIBeIeHUs TeIula (KakuX JU00 U3MEHEHUN B IPYrUX Te-
Jax), T.e. HEBO3MOXKEH 8euHblll Osueamens I pooa.

5) @ynkuyuu cocmoanus u hynkyuu npouecca.

PaccmoTpum nepexon TepMOAMHAMUYECKON cucTeMbl U3 1 cocTosHUS BO 2 co-
CTOSIHME pa3inuuHbIMU yTsiMU. [Ipupamenue AU He cBsi3aHO co crnocoOoOM nepexoja
u3 1 B 2. Takas GyHKUUS HA3bIBACTCS PYHKYUEU COCMOSHUA.

Dyukyusi cocmosanuss — n0das oJHO3HAyHAs (YHKUHMS MapaMeTpoB, OMIpelie-
JSAOIMUX COCTOSTHUE TEPMOAMHAMUYECKON cucTeMbl. DYHKIUSA COCTOSIHUS HE 3aBU-

CHUT OT crioco0a mepexoaa cucTeMsl B 3To coctosinue (npumep:U,S, L F)
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DyHxyus npoyecca — BEIIMUUHA, UMEIOIAsI CMBIC] TOJBKO MPU U3MEHEHUU T1a-
paMeTpoB U Tepsirolias cMbica mpu ux pukcaruu (mpumep:0,4,C).
6) Tennoemxocme.

Tennoemxocmoio mena C Ha3bIBAIOT OTHOIIEHHUE KOJWYECTBA TEIUIOTHI 0, MO-
JYYEHHOMY TEJIOM, K COOTBETCTBYIOIIEMY TIpUpalieHuto d1 ero TeMieparyphl:

C=60/dT
Pazmuuaror YACIbHYIO U MOJIIPHYIO TCIIJIOCMKOCTH
C,o= 00/(m-dT);  C,=50/(v-dT)

Kak cnenyer u3 onpenenenusi, C 3aBUCUT OT c1oco0a, KAKUM CUCTEMY NEPEBO-

IST W3 OJTHOTO COCTOSsIHHSI B Apyroe. CienoBaTeNbHO, TEIIIOEMKOCTh €CTh (DYHKIUS
nporecca.

e U3orepmuueckuii nporece d7=0, 0Q#0 — Cr==o0.

e Anumabatuueckuit mporecc 0Q=0 — C=0.

e U3oxopusiii npouecc Cp=(0U/0T)y, m.x. dV=0.

e Ms3o6apnsiii nmponece C,=C,+R
OIHOATOMHBIH ras.

Monekynbl — MaTEpUANIbHbIE TOYKH, MOTYT COBEPIIATH TOJIBKO MOCTYHATENb-
HO€ JIBIJKEHHUE. ljoer=3. DHEPTUs MOJIEKYJIbL:

<e>=i-l1/2kT=3/2 kT
Torzma BHyTpeHHss1 SJHEPIUs ra3a paBHA: U=3/2R T — nna 1 mons.
Hns v moneit: U=32vRT.

MousipHasi U30XOpHas TEMI0EMKOCTb:

C,=—=-R& 125 ——

dl 3 Jx - Kan
= = 3
Y dT 2 Moab K ( )

Moab K

JIByXaTOMHBIN Tras.

J1st JKECTKUX MONEKYIL: Ipoe=3, lgp=2, <€>=i"1/2 kKT =5/2 kT
J1st yOpyrux MONEKYIL: i= lnoemt lop T 2ikones , <€>=i1/2 kT = 7/2 kT

MHOroaToMHBIN Tas.
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[TotHOE YMCIIO cTeneHel cBO0OABI CUCTEMBI M3 N HECBSI3aHHBIX YaCTHUIl paBHO: i=3N,
U3 HUX . inoem=3, lep=3,  Ixores =3N-0.

Torna nmonnas sHeprust oqHON MONEKYNbl: <e>=i"1/2 KT, ta€ i= inoem lp + 2ixones

i = 6+2(3N-6) = 6N-6

H3oxopHad temnoeMkocts: C, =- R,
i+2
N306apnas Temnoemkocts: €, =C, +R=-—R
Cp i+2

Ilokasatens aguabatel: ¥ = — = —

BHYTpeHHHH MOJIIpHasA 3SHCPIruAaA MHOT'OATOMHBIX I'a30B € JKCCTKUMHU MOJICKYJIAMU .
U= N4 3 k T=3RT

7) IIpumenenue I nauana mepmoounamuku K pa3iudHoviM RPOUECcam.

e IM3oxopwusiii npouiecc: d4=0 — dU=dQ ,rtne dQ =CyT.

e U3o6apusiii npouecc: dU=dQ+PdV. IIpeobpa3oBbiBas 3TO paBEHCTBO, MPUXOAUM
K ypaBHeHuto P.Maiiepa: Cp =Cp+R

e UM3orepmuueckuit mpouecc: T=const, U=const, dU=0 — dU=dA

e Anuabaruueckuii nporecc: dQ =0 — dU=-dA — dU=-PdV.

[IpeoGpa3oBbiBas 3TO ypaBHEHHE, MOJYyUYMM 3aKOH, OMMCHIBAIOIIUN a1na0aTHYECKUM

nporiecc (3akoH Ilyaccona):

P
:&&t‘mt PV' = const
h “&: y=1,67 — 0151 00HOAMOMHBIX 2A308
Bg=0
y=1,4 — 01 08yXamomHbvix 2a308
v

y =1,33 — 0111 MHO20AMOMHBIX 2A308

Cesa3b meacoy Cuy: C, = i , Cp=—.

8) Oopamumvie u neodpamumvle npoueccel.
Ecnu B pe3ynbrare Kakoro-auoo mnpoiecca CucTeMa MepexouT U3 COCTOSTHUS A

B COCTOsIHME B 1 eclii BO3MOXKHO €¢ BCPHYTH B HCXOJHOC COCTOSAHHC A, Tak, YTOOBI
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BO BCEX OCTAJIBHBIX TeJaxX HE MPOU3OIILIO HUKAKUX W3MEHEHHM, TO ATOT MPOIECC Ha-
3bIBACTCS 0OPAMUMBIM.

HekBa3zucratuueckuii nmpoiecc UaeT ¢ KOHEUHOU CKOPOCThIO, KOTOpas MpU 3TOM
BXOJIUT B YMCJIO BHYTPEHHHUX MapaMeTPOB CUCTEMBI. B mpsiMoM 1 0OpaTHOM Tporiec-
cax vV OTJIMYaeTCs HamlpaBlIEeHHEM. DTH pa3IMyusi UCYE3al0T TOJIBKO B OECKOHEYHO
MeJIJIEHHOM IIpoILiecce.

IT Havamo TepMOAMHAMUKHU TO3BOJISECT CYIUTHh O HAIPABICHHOCTH MPOIECCOB,
KOTOpPBIC MOTYT MPOUCXOJIUTHh B JIEUCTBUTENbHOCTU. II Hayano TepMoIMHAMUKH TIO-
3BOJISICT PEIIUTH BOMIPOC O KOJIMYECTBEHHON Mepe TeMIepaTyphl U MOCTPOUTH pPaIuo-
HaJbHYIO TEMIEPATypHYIO IIKaldy, HE 3aBHUCSIIYI0 OT BhIOOpa TEPMOMETPUUYECKOTO
tena. OcHoBonoyiokHuk Il Hauana T.4. Ppanmysckuit nuaxenep C.Kapno. OH uccre-

A0BaJl YCJIOBUA IPCBpAlICHUA TCILJIa B pa60Ty.

9) Huxn Kapno

A Tennoeoii osucameny — 3TO NEPUOAUYECKU JICHUCTBYIOUINN

p Hsorepmer o o
Amssars  ABHTATENb, COBEPIIAIONINIA PAOOTY 3a CUET IOJIyICHHON M3BHE

TETUIOTHI.
s Tepmocmamom Ha3bIBACTCA TEPMOJAMHAMMUYECKAsE CUCTEMA,
2 [V

> KOTOpasi MOKET OOMEHUBATHLCS TEIJIOTOM C TeJIaMHu IpaKTHye-

CKU 0e3 U3MEeHEeHUs1 COOCTBEHHOU TeMIlepaTyphl.

T>T; Ty
Pabouee meno — 310 TCJI0, COBECPINAIOIICE KPYIo-
1

Tennosoi | A XonoannsHas CA: BOH Mpolnecc U 0OMEHHUBaroOIIeecs: SHEPTUel ¢ IpyruMu

ABAraTens MalumnHa

TCJIaMU.

i Q. H Q;
T2<T, T;
HpLIHL;un pa60mbl menjioeoco a@ueameﬂﬂf OT TCPpMOCTaA-

Ta ¢ 0osee BHICOKOM TemmepaTypoil T, Ha3bIBa€MOTO Hazpegamenem, 3a LUK OMHU-

Maemcs KOJIMYECTBO TEINIOTH Q) , a TepMocTaty ¢ 0osiee HU3KOM Temneparypoi Ts,
HA3bIBAEMOMY X0/I00UNbHUKOM, TIEPENACTCS KOJIMYECTBO TEIUIOTHI Q,, IpH 3TOM 3a
IIMKJI COBepIIaeTcs mojiesHas padota, papHass 4 = O;—Q,.

[Mukn KapHO cOCTOUT M3 ABYX M30TEPM U JABYX aauadar.
Boeruncnoum KIIJ nukiia Kapno.
(1-2) uzorepmuueckoe pacuupenue Q. =A;=v RTIn (V,/V;)

(2-3) agnabaTuyeckoe paciupenue ;=0
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(3-4) uzorepmuueckoe cxkarue Oz, = A3;=v RT In (V,/V;)<0
(4-1) annabatuueckoe cxatue Oy =0
3a Bech 1UKI: PaboTa, coBepiiaemas B pe3yjbTaTe KpyroBoro mnpoiecca,
A=A+ A+ Azg+ Ay =01—0>
Jlnst aguabar 2-3 u 4-1 u3 ypaBuenus Ilyaccona naxomum: 1,V =T,V5",

V' =T,V,), otkyma V;V, =V3/V,.

Torna pa6ora 3a nmukin: A = vR En:% (1, - 15)

KIIJ] nukina Kapro: 17 = 2

Q1

VR m{:—.f:::q ~-T5)
~ VvRTIn(V2/V1)

n

[Ipo6nema TeruioBoi MamuHbl KapHO COCTOUT B TOM, YTO CYILIECTBYET MPHUH-
UIHATBLHO HEKOHBEpTUpPYEMas B paboTy yactb oT O; (paBHas (J;), KOTOpasi 3aBUCUT
OT pa3HocTH Temieparyp 7; u 1».

10) Ocnoenwie popmynupoexu Il nauana mepmoounamuxu.
dopmynupoBka Knaysuyca (1850 1.):

Tennoma He modicem camonpou380IbHO Nepexooums om mena MeHee Hazpemo-
20 k meny bonee nacpemomy. Iloo Q noopazymesaemcs U.

Takoili mporiecc BO3MOXKEH JUIIL MIPU COBEPIICHUM BHEITHEH padoThI (T.€. MpHU
M3MEHEHHUSIX B OKPYXKAIOMIMX TejlaX, a HE CaMOINPOM3BOJIBHO). YCTpoicTBO, pabo-
Tarolee no o0paTHOMY LUKITy, COBeplIatoniee padoTy mno oréopy remia Q, y MeHee
HarpeThIX TeJ U nepeaadn OoJbIIero KojuyecTsa temia Q; OoJjiee HarpeThIM Tenam,
HasbIBaeTCs Xo100unvhoi mawunou. Ee KIIJ onpenensiercs Gpopmynoii:

dopmyauposka Tomcona (KeasBuna) (18511.):
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Hesosmooicen kpy2o6oii npoyecc, eOUHCMBEHHbIM Pe3yabmamom Komopozo Obi-
710 Dbl NPOU3BOOCMBO PAOOMbL 30 CUEM OXAANACOCHUs MEN08020 pe3epsyapa.

[lon TerioBBIM pe3epByapoM MOHMMAIOT TENO (CHUCTEMY Tell), HaXOASIIUXCS B
COCTOSIHMM TEPMOJUHAMHYECKOI0 PaBHOBECHS U 00J1aJal0IIEro 3a1lacOM BHYTPEHHEHN
sHepruu. Ecim KOHKpeTU3upoBaTh, KaKUM CIOCOOOM JOJDKHA COBEpIIAThCs padoTa
A, TO MOKHO TOJYYUTh MHOXECTBO pa3zHooOpa3HbIX (GopMyIupoBoK. OnHA U3 HUX
pUHALICKUT I1nanKy.

Ddopmynmposka [1agka:

Heegozmooncno nocmpoums nepuoouuecku 0eucmeyouiyio Mauwlury, eOuHcm-
BEHHBIM De3YIbMAmoM KOmMopou 0bl10 Obl NOOHAMuUE 2py3a 3a CHem OXIAAHCOeHUs
mennogo2o pezepsyapa.

N3 neBo3MokHOCTH Tmporecca TomcoHa-Ilnanka (T.e. TUIOTETUYECKU JOIYC-
KaIOIIero OTPUIIAEMYI0 BO3MOKHOCTB) CJIE/lyeT HEBO3MOXKHOCTh mnpolecca Knaysuy-
ca 1 Hao0opoT. Takum oOpazoM, HOPMYITUPOBKH IKEUBALEHMHbL IPYT IPYTY.

11) Hepagencmeo Knay3uyca. Iumponus ¢ mepmoouHamuxe.
W3 I nayana repmonunamuku: Q; +0, =4 (Q, <0). Ha ocnoBanuu II Teopemsl

KapHo: Dl g1
Q4 iy
W 2o 2
Ta Ty
0 Q@ , @
TKyJa HaXO0AuM . + T =0
2 1

OTO COOTHOIICHHE HA3BIBACTCS HepaBeHCTBOM KJ'IaYBI/cha.

O603HauNM (" == - maHHOE OTHOIICHHWE HA3bIBACTCS MPUBEICHHOMN TEIUIOTOM.

= D

Ee npupaieHue B MajioM rpouecce:

)
§Q‘=?Q

IIpu cymMMUpOBaHHUM MPUBEAECHHON TEIUIOTHI 0 BCEM MAJIBIM IIMKJIAM B MTOTE MOJIY-
YaeM IPHUBEJICHHYIO TEIUIOTY IO BHENIHEH rpaHune nukia. O0o0mias ckazaHHOE,

8
UMEEM: iTQ = 0. Dro HepaBencTBo Kiay3uyca st odmiero ciay4vas (mpowus-

BOJIBHOTO ITUKJIA):
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CyMMCZpHO€ npueedeﬂﬂoe KoJudvecmeo menjionivl, noiy4eHHoe cucmemou 8 npo-
U360JIbHOM YUKIIUYEeCKOM npoyecce 6cecoa <0.

PaccmoTpuM KBazucCTaTMYECKW  KPYrOBOM MpoOLECC.
[Tokaxkem, 4TO cucTeMa B pe3ysibTaTe KaKUX-THO0 U3MEHEHUN
COCTOSIHUSI OOpaTUMBIM ITyTEM, TIEPEXOaUT U3 1 B 2, TO BEJHU-

/;ﬂ/——j ? YHUHAa
{4 f 50
T

A 1

ﬁlﬁ?’%gﬁl‘lﬁ}bﬁgggle 110 '{QF:T@OEOGTY MMPOUCXOIUT IICPCXOJ 1-2.

B o6parHoM nponecce — ;:STQ <0

- 50
B COBOKYITHOCTH: g;? = 0. HpeIICTaBI/IM 9TO B BUC CYMMBI.

Ho BcnenctBue HeoOpaTUMOCTH

J-l S_Q__ 2 S_Q
2-b 17 1-b T

2 86Q 2 &9Q
Torna J’J-a? = fl-b?'

Takum oOpazom, IPUBEICHHOE KOJHMYECTBO TEIUIa, MOJYYEHHOE CHCTEMOU B
KBa3HCTAaTUYECKOM IPOIECCe, HE 3aBUCUT OT MyTH (IIpoiiecca), a 3aBUCUT TOIBKO OT
Ha4yaJIbHOT'O MU KOHEYHOI'O COCTOSIHUS.

Mo:kHO 3amnmcarhb:
Bennunna S HasbiBaetes 3rbnpoi;uéft Oumponuss — GQyHKIMS COCTOSIHUSI CUCTE-

MBI, U3MEHEHUE KOTOPOU PAaBHO IPUBEACHHOMY KOJIMYECTBY TEIJIOTHI, ITIOJYYEHHOMY
CUCTEMOH B JIIOOOM KBAa3UCTau€CKOM IIpolLecce. DHTPOIMS ONpPENEsSeTCs] ¢ TOYHO-
CTBIO J10 MPOU3BOJIBHON MMOCTOSIHHOU Sy

S=S(P,V,T) -suTponus — ogHOo3HayHas (PYHKLUS MTApaMeTPOB, a/IIUTUBHA.
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B mennouzonuposannou cucmeme 803M0OACHbI MOALKO MAKUe NPoyeccsl, npu
KOMOpbIX SHMPONUA 603pACMACm WU OCMAEemCcA HeU3MeHHou. B mennousonupo-
BAHHOU cucmeme He B03MOICHbI NPOYeccol ¢ yovleaHuem dHmponuu. 3aKOH BO3pac-
TaHUS SHTPOIMM SKBUBaJIEHTEH [I HadYaly TepMOAMHAMUKH.

12) Sumponua. Cmamucmuyeckuil CMvicIl.

TR I[aI[I/IM CTAaTUCTHUYCCKOC TOJIKOBAHHUC ITOHATHUIO

sHTponus. bynem paccMarpuBaTh MaKpOCKOIIMYECKOE

e,
Pk

SRS 4 TEJO0 KaK KOHIJIOMEpAT IBHMXKYIIUXCS MOJEKyJ. J[BuU-
S KEHUE MOJIEKYJI CJIO’KHO M 3allyTaHHO. Eciu nepBoHa-

e =t o= . YaJIbHO B CHCTCMC HMCCTCA KaKasa-TO YIIOPAIOYCH-

HOCTb, TO TEIJIOBOE JBM)KEHHE MOJIEKYNl Oyner He-
MIPEMEHHO Pa3MbIBaTh U JUKBUIUPOBATH ITY YMOPSAI0YECHHOCTb. CocrosiHue xe
paBHOBECHS, K KOTOPOMY HEM30€KHO MPUXOAUT JIt00asi, MpeocTaBIeHHas cama cede
MaKpOCHCTEMa, COOTBETCTBYET MaKCUMaIbHO BO3MOXKHOMY O€CTOPSIKY. DHTPOIIHS,
OUYEBUJTHO, SIBJISIETCS KaKOW-TO KOJIMYECTBEHHOW MEPOM MOJIEKYIISIPHOTO Oecropsiika.

CocTosiHMEe MEXaHWUYECKOW CHUCTEMbl MOXKHO 3a/laTh, YKa3aB KOOPJUHATHI U
CKOPOCTH BCEX YaCTHI] CUCTEMbl. Takoe COCTOSHHE Ha3bIBAETCS MUKPOCKONUYECKUM
(unu «muxkpococmosinuemy). Kaxnas dacTuiia 3aHUMaeT sS4eiky B (a3oBOM IIpo-
CTpaHcTBe @(X,v).ClienoBaTeNbHO, YKa3aTh MUKPOCOCTOSIHUE CUCTEMbI — 3HAUUT YKa-
3aTh COBOKYITHOCTh siueeK B (pa30BOM MPOCTPAHCTBE, KOTOPhIE 3aHMMAET KaXK/as 4a-
CTHIIa TEPCOHATBHO.

Maxkpococmosnue  cUCTEMBI TPENIONAraeT yka3aHUE €€ MaKpOonapaMeTpoOB:
P,T,V. Ono TpebyeT oTBeTa: CKOJIBKO YaCTHI] B JAHHOU sUeiKe HE 3aBUCUMO OT TOTO,
KaKHe 3TO YaCTHIIbI.

Yucino MUKPOCOCTOSHHUM, KOTOPBIMU MOXET OBITh pPeain30BaHO JaHHOE MaKpo-
COCTOSIHUE, HAa3bIBACTCS MEPMOOUHAMUUECKOU 6EPOAMHOCMbIO UMY Cmamucmuye-
ckum gecom - L. Uem Onmxe cuctemMa K paBHOBECHOMY COCTOSIHUIO, TEM OOJIbIIE €€
CTATUCTUUYECKUH BeC. B COCTOSIHUM TepMOIMHAMHYECKOTO PABHOBECHUS €€ CTaTHCTH-
yeckuii Bec MakcuMalieH. CienoBartesibHO, BennuuHa € Benet ceds kak S. OHa ciy-
KUT MEPON HEYMOPsAI0YECHHOCTH CUCTEeMBbL. [Ipn MakcHMalbHOU YIOPSIAOUYEHHOCTH
Q=1. Ognako € - HeagmuTUBHA] BeaumumHa : Q= Q- Q- Q3 Q4 Qs..., roe Q; —
cTaTBeca yacTei cuctembl. bosibIiMaH MpeIoKUII B Ka4eCTBE MEPhbl HEYNOPSJ0UYCH-

HOCTH HUCIIOJIB30BAaTh (I)YHKI_II/IIO .
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S=kIln Q

Eé€ cBolicTna:

e S — Mmepa Oecriopsizika;

e §=)>S,— anauTUBHAS BEIUYNHA;

e S — GyHKIUS MAKPOCOCTOSTHUS;

e B craructuueckoi gpusnke: Bce COCTOSIHUSI paBHOBEPOSTHBI, TOATOMY €CJIU CUCTE-
Ma MEePeXOAUT B KaKOE-TO MaKpOCOCTOSIHHE, TO HauboJjiee BEPOSTHBIM OyIeT ee
Mepexo/i B COCTOSTHUE C OOJIBIIINM CTATUCTUYECKUM BECOM, T.€. ¢ OOJBIIEH YHTPO-
nuen S.

13) Tpemove nauano mepmoounamuxu.

Teopema HepHcTa: mpu MOHMIKEHUHM TEMIIEPATYPhl 10 aOCOJIOTHOTO HYJS JH-

TpOMHs JIFOOOW CUCTEMBI CTPEMUTCSI K HEKOTOPOMY TpENey, HE 3aBUCSIIEMY
OT MapaMeTPOB CUCTEMBI.
CnenctBue 1.

HeB0o3MOXHO JOCTHYBL a0COIOTHOTO HYJIS TEMIIEpaTyp 3a KOHEYHOE YHCIIO0
MPOIIECCOB (ITUKIIOB).
CnencrtBue 2.

IIpu 7=0 Bce npouecchl NPOUCXOIAT NPU S=S)=const:

IimS=0
T—0

[Ipu T—0 nns Bcex Ten AOKHBI CTpeMUThCs K 0 TemmnepaTypHbIi k03¢ du-
UEHT 0OBEMHOT0 PACIIUPEHUS U TEMIIEPATYPHBIN KO3 (GULIUEHT JaBICHUS.

TEMA: SIBjeHus IepeHOCA B HEPABHOBECHLIX CHCTEMAX.

1) Ilonamue o pu3zuueckoit Kunemuxe.

Panee paccMaTpuBaIiCh PaBHOBECHBIE COCTOSHUS M KBa3UCTAIIMOHAPHBIE TIPO-
neccel. HapyiieHue paBHOBECHS MPOMCXOAMT TOJ JACHCTBUEM BHEIIHMX CHJI WA
nporeccoB. OHO COMPOBOXKIAETCS BOSHUKHOBEHHEM T'PaIMEHTOB TEMIIEPATypPhl, HM-
MmyJbCa WM KOHIEHTpaluu npuMech. B cucremax ¢ grad T BO3ZHUKAIOT MMOTOKU TeTI-
na (TerIoNpOBOIHOCTD), grad u — TEPEHOC UMITYJIbCa YHMOPSI0YEHHOTO JBUXKEHUS
(Bs13KOCTD), grad n — nudpy3noHHbIe TOTOKH YacTull (1uddy3us).

SIBIIEHUST TETUTONPOBOJAHOCTH, BSI3KOCTH U U Py3un nMeroT oOIIyr0 MPUPOAY,
CBSI3aHBI C KHHETUKOW TETIOBOTO JIBHIKEHUS, TIOATOMY MX OOBEAUHSIOT MO OOIIUM

HAa3BAHUCM: A6/1€HUA NePeroca.
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2) /lnuna c600600n020 npobeza u 3¢hhexmuenulit ouamemp moJieKy.

HaﬁHCM CpCaHCC YUCIIOo CTOJIKHOBCHUU MOJICKYJIBI I'a3a C

Ya

Neau @y
E@ = @__d‘ i APYTMMH MOJIEKYJIaMH B OJJHY CEKYHAY. 3a CEKyHIYy MOJEKYJa

k B CPEAHEM NIPOWJIET MyTh, PaBHBIN cpeaHel cKopocTu. CTONK-

<=
HOBEHHUsI "HCKaxaroT" ee MyTh, HO 3TO OOCTOATENIBCTBO IS

Halero pacyera HecyuiecTBeHHO. O003HauMM 3(P(EKTUBHBIN JUAMETP MOJEKYIIbI
yepes d U MOJIEKYJy IIPeJCTaBUM Kak I1ap. Toraa 4uciao CTOIKHOBEHUH Z MOJIEKYJIbI
C IPYTMMHU MOJIEKYJIAMH B CEKYHAY OyIeT paBHO YMCIY MOJIEKYN, LIEHTPhl KOTOPBIX
HAXOJSTCS B LMJIMHAPE JUIMHOW, YACIECHHO paBHON <v>, U quameTrpoMm 2d. ITO 4ucC-

J10 BBIpaXkaeTcst (hopMyInoit
z=<p >nd®n
C y4eToM JBWKEHUS APYTHX MOJCKYJI:

z=A27d* <v>n |

Onwupasice Ha 3Ty HOpMyy, HETPYIHO HAUTH U CPEOHION ONUHY C80DOOOHO20
npoodeza MOIEKYNbl. DTO - IyTh, KOTOPBIN MPOXOAUT MOJIEKYJIa MEXIY JBYM CTOJIK-
HOBEHUSMHU (WJIM NPUXOJAIIMNACA Ha OAHO CTOJIKHOBEHHE).

< Y>> 1

< A >= = )
z J27d n

JlinHa cBOOOAHOTO poOera MOJIEKyYJ HE 3aBUCUT OT TEMIIEpATyphl. 3Has JJINHY
CBOOOJHOrO Mpodera, MOKHO pacCUUTaTh TaK Ha3bIBaeMble KOA(DPUIIMEHTHI MEPEHO-
ca: nud¢y3uu, TEIIONPOBOJIHOCTH U BHYTPEHHETO TpeHus (BsizkocTH). Bece Tpu siB-
JIEHUsI MOAYUHSAIOTCA 001EMY 110 (POpME 3aKOHY.

[Ipu nuddy3un razoB peub UAET O MPOHUKHOBEHUU OJHOTO ra3za B JpYyroi 3a
CYEeT TeI10Boro JABmxeHud. [lpu auddy3un nepeHocuTcess Mmacca HEKOTOPOro KOMIIO-
HEHTA B CMECH I'a30B.

OnpIT MOKa3bIBa€T, YTO IUIOTHOCTh MoToka Muddy3umn (uucino auddysau-

pyromux MOJICKYII B CCKYHAY 4CPC3 CAMHUYHYIO INTOMIAAKY, OPUCHTUPOBAHHYIO IICP-
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NEHIUKYJISIPHO MOTOKY Iud@y3un) MponopiHoHaIbHa TPAJAUEHTY MOJEKYISIPHOU

IINIOTHOCTH JaHHOI'O KOMIIOHCHTAa CMCCH.

dn

To ectb _j’ —_D "

dx

HpI/I TCIUIOIPOBOJAHOCTH I'a3a IMMPOUCXOAUT IICPCHOC JSHCPTUU B BUJIC TCIIIIOTHI.
IInoTHOCTH TTOTOKA TEIIOTHI MMPOIOpHUOHAJIbHA TPAAUCHTY TCMIICPATYPHI . To ecThb:

_ dE

I = R

Hakoneln, B cilydyae BHYTPEHHErO TPEHUSI ONpPEIECIACTCS CUjla TPEHHUS, a CUJia
€CTh NTOTOK UMIYJIbCA, TAK YTO B 3TOM CIIy4ae pedb UJIET O MEPEHOCE UMITYJIhCA YIO-
PATOYEHHOTO JBMOKEHUsI raza. [[MOTHOCTH MOTOKa UMITyJbca (CHiIa BHYTPEHHETO
TPEHUs, pacCUMTaHHAs Ha €IWHUILY TUIOIIAIN CJIOS Ta3a) MPONOpLHMOHANIbHA Tpau-
€HTY CKOPOCTH JABUKECHUS rasa, T.e€.

, dU

=g

Takum 00pa3oM, BO Bcex TPEX CllydassXx pedb HJAET O MEepeHOoce KaKOW-TO BeH-
YUHBI (MacChl, SHEPTUU, UMITYJIbca). Bo Bcex TpéX cinydasx mIOTHOCTh OTOKA Hepe-
HOCUMOM BEJIMYMHBI MPONOPLHOHAIBHA T'PAJUEHTY HEKOTOPOM APYroil BEIWYUHBI
(TI0THOCTH, TEMIIepaTyphbl, CKOpocTh). B artom 3akmtoyaercss oOLIHOCTH 3aKOHOB
b dy3un, TermI0NpPOBOIHOCTH U BHYTPEHHETO TPEHUSI.

Pacuets! garot BeipaxkeHust 111 K03 OUITMEHTOB MepeHoca;:

Zzl{:ﬂ,}{:v:}ikﬂ
3 2
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Paccyxnas aHanorudyHo, MOXKHO JJ0OKa3aTh 3aKOHBI TG Y3UU U BI3KOCTH U JIJIS KO-
s punrentoB 1uddy3un U BI3KOCTU HANTHU cleayromue GopMyJIbL:

D:%aﬂ,:}év:} , n:%{A}{v}mn :

TEMA: PEAJIBHBIE T"'A3bI

1) Cunvt MexHcmONEKyAAPHO20 63AUMOOCUCHIBUA.
B Mopenu uaeanbHOro raza mnpeHeOperaiu B3aMMOJEHCTBHEM MOJIEKYN (BHE

cToNKHOBeHMI). [Ipy MoHM)KEHUH TeMIlepaTypbl M NP TOBBIIICHUH JIaBJICHUS Ha-
Osroaercs oTcTyruieHue ot 3akoHa Knaneiipona-MenzeneeBa, 4To 0ObsICHIETCS UH-
TEHCHUBHBIM B3aUMOJICCTBHUEM MOJIEKYJ B IJIOTHBIX ra3ax.

MounekymsipHble CHUIIBI UMEIOT DJIEKTPUUYECKYIO MpUpoay. B 1enoM Monexysnbl
AIIEKTPUUECKH HEUTPaJIbHBI, HO 3aps]bl B HUX MPOCTPAHCTBEHHO pa3/eNieHbl, 4TO U
MPUBOJIUT K CYIIECTBOBAHUIO KYJIOHOBCKOT'O NMPUTSKEHUS U OTTajkuBaHus. Ha nane-
KUX PACCTOSHMSX OSTHU CUJIbl SABJISIIOTCA CUJaMU NpUTskeHus (cunbl Ban-nep-
Baajibca). B3auMHast moasipusaniusi MOJICKYN M IUIOJIBHOE B3aHMOJACIHCTBIE HPHBO-
Fl o IUT K BO3HUKHOBEHHWIO JAMCIEpCUOHHBIX cuil. Kpome Toro,
BO3HUKAIOT JUMNOJIbHO-OPUEHTAIIMOHHBIE CWJIbI, 3aBHUCSIIME OT 1
rasa.

Ecmu PacCTOAHUC MCKIAY MOJICKYJIaMH BCJIIMKO IIO CPABHCHHIO C d,

|
|
EY, Fn TO JUCIICPCUOHHBIC U NUIIOJIBHO-OPUCHTAITUOHHBIC CHJIbI Y6BIBaIOT

/| ~ /. Ha GNM3KHX pacCTOSHMSX mpeoOnagaeT oTTamkuBanue. M3
KBAaHTOBOW MEXaHUKH U3BECTHO, YTO CUJIbI OTTAJIKUBAHUS BEJIMKU U YKCIIOHCHIUATb-
HO YOBIBAIOT C POCTOM PAaCCTOSIHHS MEXIy MoJieKyidamu. B3aumonelcTBre MoyeKy
yI00HO OMUCHIBATh MOTEHIIMAIbLHON dHepruen W(r). Monekynbl Oynem cuuTaTh ce-
pudyeckumu. Ha pucyHke uzoOpaxeH rpaduuecku mnoreHiuan Jlenapma-/[xoHca,

IPECTaBISIIOIINN COO0H annpoKCUMAIINIO 3aBUCUMOCTU W (r) AJid peabHbIX Ta30B:

a b
I“Lr(f'] =1 &

2) Ypasnenue Ban-oep-Baanwsca. riz re

Kaxxnas mosekyna okpyxkeHa Kak Obl cpepoil HEMPOHUIIAEMOCTH JJisi IPYTUX
MOJIEKYJl. DTO MPUBOJUT K TOMY, YTO CBOOOJHBIA OOBEM ISl IBUKEHUS MOJEKYII
(baKkTHUECKH OKa3bIBAETCS MEHbIIIE, YeM 00BEM COCY/a, B KOTOPOM HAaXOJUTCS ra3, Ha

HEKOTOPYIO BEJIMUYMHY D, PaBHYIO CyMM€E COOCTBEHHBIX 00BEMOB MOJIEKYIL.
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OTtrasnikuBaHue MOJEKy OyJeT yuTeHo, eciii B ypaBHeHHM KiamnelipoHa Bme-

cTo o0beMa V mojctaBuTh V-b. YpaBHEHHE COCTOSIHUS ISl MOJISl Ta3a MPUMET BU:

RT
V—b

Yurem TCICPD IMPUTAKCHUC MOJICKYJI, BOBHUKAIOIICC HA PACCTOAHUAX, ITPCBbI-

F:

maroumx paauyc commkenus. [Iputsxenrue MoOIeKysl yMeHbIIaeT AaBieHue. Bomusu
CTEHKHU COCYJIa Ha KaKYI0 MOJIEKYJTy IEUCTBYET HAIIPABJICHHAsI OT CTEHKH CHJjia, 00-
pa3oBaHHas OT CyMMAapHOT'O ACHCTBUS APYTUX MOJEKYJ (BOJIM3U CTEHKH Kak/1ast MO-
JIEKyJia ¢ OAHOW CTOPOHBI, CO CTOPOHBI T'a3a OKPYKEHa APYTUMH). IDTa CUJla TEM
OoJbIIe, YeM OJIMKE MOJIEKYJIBI IPYT K APYTY, T.€. 4eM OoJibliie IIOTHOCTh rasa A.
[TpuOanKEHHO MOKHO CUUTATD, YTO CUJIA, OTTATUBAIONIAS KAXIYI0 MOJIEKYIY OT
CTEHKH, IporopiuoHanbHa n. Ho naBienue raza co3paercss He OJHOW MOJIEKYJIOM, a
UX MHOKECTBOM, U TIO3TOMY OHO, B CBOIO OU€pE/lb, TEM OO0JIbliIE, YeM OO0JIbIIIEe MII0T-
HOCTb raza n (IpOnopLUHUOHAIBHO 7). B CBSA3M C 3TUM MOXHO CUMTATh, YTO OOLIUH

3¢ dexT yMeHbIlIeHHs 1aBJICHUs 3a CUET MPUTSHKEHUSI MOJIEKYJ APYT K JIPYTY Mpo-
MOPLMOHAIICH n’. Hon = N/V. [ToaTomy, monpaBka, yMEHbIIAONIAs JABICHUAE 3a
CUeT NPHUTSHKEHUS MOJIEKyI, OyeT mpornopiuonansaa N°/V. Utak, OKoHYaTeIbHOe
YpaBHEHHE COCTOSIHUS ISl MOJISl HEUICATbHOI'O ra3a MOXKET ObITh MPEJICTABICHO B

BHUC:

Oto0 u ecthb ypaBHeHue Ban-nep-Baanbca. [loctosinHble b 1 a Ha3bIBaloTCA 1O-
npaBkamu Ban-nep-Baanbca. 11 kax10ro raza OHM ONpPEAEIIAIOTCS U3 OIbITa, MO-
ATOMY M HA3bIBAIOTCS MOTYIMIUPUICCKUMHU.

3) H3omepmur Ban-oep-Baanwca.

P PaCCMOTpI/IM IMOBCACHUC HU30TCPMBbI BaH-nep-
Baannca IJIA pCaJIbHOI'O Tra3a. YPaBHCHI/IC HN30TCPMBI COB-

P=const magacT HEMOCPEACTBCHHO C YPaBHCHMEM, YKa3aHHOM BbI-

e, B IPCANIOJIO0KCHNHN, YTO TCMIICpATypa ra3a moCTosAHHaA.
HpeIICTaBI/IM 9TO YPAaBHCHUC B BUAC CTCIICHHOI'O, JJI 4YCTO
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2
YMHOXXUM 00e yacTu ypaBHeHUs Ha V- (V-b). Torma oHo mpumeT BHUJl ypaBHEHUS
TpPEeThell CTeNeHH 1Mo 00bEMY:

pV’ - pbV*=RTV? - aV - ab

YPaBHeHI/Ie TpeTBeﬁ CTCIIEHH HMEET JIM0Oo OJUH,
00 TPpH HeﬁCTBHTeHBHBIX KOPH:I. bonee BHUMATEIBHBIN
AHAJIN3 I9TOT'0 YPABHCHUS ITOKA3bIBACT, YTO OHO MMCCT TPH
HeﬁCTBHTeHBHBIX KOpHA IPO AOCTATOYHO HHU3KHUX TCMIICpA-

Typax (IIpO BBICOKHX K€ TeMIIepaTypax Mpu BCeX J1aBJICHU-

SIX UMEET MECTO OJIUH KOPEHb). PacCMOTpUM 3TOT Ciryuai.
CymiecTBoBaHuE TPEX AEHCTBUTEIBHBIX KOPHEH 1is1 00be-
Ma TIpu (PUKCUPOBAHHBIX TEMIIEPATYPE W JABJICHUH O3HAYaeT, YTO U30TEPMa B HEKO-
TOpOM 00JIaCTH IaBJICHUHN TepecekaeT u3o0apy B Tpéx mecrax. Takas cUTyarust Mo-
KET BO3HUKHYTh, €CJIM U30T€pPMa UMEET BUJI, M300paXEHHBIN Ha pucyHke. B oGnac-
™™ "u3BwiIMHBL" (yuacTok KM) uzotepma Tpmxabl nepecekaer nzodapy. Ha yuactke
[V, V3] naBnenue pacté€r ¢ yBeauueHueM o0beMa. Takasi 3aBUCUMOCTb COBEPIIICHHO
HepeajbHa. DTO MOXKET O3Ha4yaTh, YTO B JAHHOW 00JIaCTHU C BEIIECTBOM MPOUCXOIUT
YTO-TO HEOOBIUHOE. UTO UMEHHO 3TO, K COXXAJICHHUIO, HEBO3MOXHO YBUJIETh U3 IPU-
OmmkeHHoro ypaBHeHusi Ban-nep-Baansca. Heobxommmo oOpaTHUTBCS K OIBITY.
OMnbIT MOKa3bIBAET, UTO B 00JIaCTH "M3BUJIMHBI" HAa U30T€PME B COCTOSIHUM PAaBHOBE-
CHs BEIIECTBO paccilauBaeTcs Ha JiBe (a3bl: Ha KUJKYIO U razoo0pazHyro. Obe a3l
COCYIIECTBYIOT OJTHOBPEMEHHO U HaXOsITCs B (pa30BOM paBHOBECHH.

B ¢azoBom paBHOBeCHU MPOTEKAIOT MPOIECCHl UCTIAPEHUS KUIKOCTH U KOHJICH-
cauuu ra3za. OHU UAYT C TAKOW MHTEHCHUBHOCTHIO, YTO MOJHOCTHIO KOMIIEHCUPYIOT
JIpYTr Apyra: KOJUYECTBO KUAKOCTH U ra3a ¢ TECUEHUEM BPEMEHHM OCTAETCSI HEM3MEH-
HbIM. ['a3, HaxosuUiics B (ha30BOM PaBHOBECHUU CO CBOCH JKHUJIKOCTBHIO, Ha3bIBACTCS
HaCHIIIEHHBIM mapoM. Eciu ¢ga3oBoro paBHOBeCHs HET, HET KOMIICHCAIIMU HCTape-
HUS ¥ KOHJICHCAIIMH, TO Ta3 HA3bIBAETCA HEHACHIILIEHHBIM MAPOM.

OnbIT MOKa3bIBaeT, 4TO B 0o0jacTu "w3BWIMHBI" M30TepMbl BaH-nep-Baannca
MIpU U3MEHEHUH 00beMa JIaBJICHUE OCTAeTCsl MOCTOSHHBIM. ['paduk M30TEpMBI UACT
napamiesibHo ocu V. C ymeHbllIeHHeM 00beMa CUCTEMBI HJCT YBEIMUYCHUE KOJIUYe-
CTBA XKMJAKOCTH M YMEHBILICHUE KOJMYECTBA Iapa, MoKa BECh Map HE MPEBPATUTCS B
KUIKOCTh. [lociie HACTYIUIEHUSI TaKOTO COCTOSIHMS (IIOJIHOTO MCYE3HOBEHHUS Tapa)
M30TEPMA UAET KPYTO BBEPX, B COOTBETCTBUU C IJIOXOM CKUMAEMOCTBIO KUJIKOCTHU
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(maxxe st c1aboro YMEHbBIICHHUST 00bheMa JKHIAKOCTH HEOOXOIMMO BechMa OO0JIBIIOE
yBEJIMUCHHE JTaBJIcHHs.) TakuM o0pa3oM, yd4acTOK M30TEPMBI JIeBee TOYKH A COOT-
BETCTBYET *KHUIAKOCTH, YJaCTOK IIpaBee TOUKHU B - rasy, a yuactok AB - aByxdaznomy
COCTOSIHUIO JKHJIKOCTh - ra3. Ilpw 3TOM HM30TepMa MpOMAET uepe3 Tak Ha3bIBacMbIC
METaCTaOMIBHBIE COCTOSTHUS DTO - COCTOSIHHSI HEYCTOHYMBOTO PaBHOBECHS: TIeperpe-
Tast KUIKOCTh (KUIKOCTH JODKHA OBl 3aKHMIICTh, HO HE 3aKUITACT) U TMEPEOXIIAXKICH-
HBIM Tap (JTOJDKEH ObUT OBl BBINIACTh TYMaH, HO M3-3a OTCYTCTBHS IICHTPOB KOHACHCA-
IIMW OH He BbITIagacT). [1o Mepe yBenudeHUs TeMITepaTyphbl y4acTOK IBYX(a3HBIX CO-
CTOSIHMM Ha M30TepMaxX CYXKAeTCs, MOKAa HE TPEBPATUTCSA B TOUYKY. DTO 0coOas TOUKa
K, B KOTOpO# Mcue3aeT pa3uure MEXIY XUAKOCThIO M mapoM. OHa Ha3bIBaeTCS
KPUTHUYCCKON TOUKOM. IlapamMeTphl, COOTBETCTBYIOIINE KPUTHYECKOMY COCTOSHHIO,
HA3BIBAIOTCS KPUTHUYCCKUMH (KpUTHUYECKas TeMIlepaTrypa, KPUTHYCCKOE JaBJICHHE,
KpUTHUYECKas TUIOTHOCTh BellecTBa). Hamune KpuTHIecKo TOUKH T ABYX(a3HbIX
CUCTEM JKHUIKOCTD - Ta3 SBJISCTCS NMPUMEYaTeIIbHBIM CBOMCTBOM BemiecTBa. OHO CBH-
JETCIBCTBYET O TOM, YTO Ta3 B YXUAKOCTh (M HA00OPOT, XKHUAKOCTh B Ta3) MOXKHO
MIPEBPATHTH IBYMS CIIOCOOAMH: Yepe3 MPOIECChl HCIapeHUs U KoHeHcanuu ((haso-
BB TIEPEX0/1) M, MUHYS TOCICAHNE, HEPephIBHO. [Ipn HEMpephIBHOM MpeBpanieHUN
rasa B )KHJIKOCTh IIPOIIECC HJIET B 00X0 KPUTHICCKON TOUKH. I 1e-T0 BOJIM3M KPUTH-
YECKOM M30TEPMBI T'a3 MOCTEIEHHO MPHOOPETaeT CBOMCTBA KUIAKOCTH. [lapamerpsr

KpPUTHUYECKON TOYKHU rasa BaH-nep-Baansca:

VK:3b, ‘F:{: fi) T:'K:
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TEMA: KoHaeHCHPOBAHHOE COCTOSITHHE.

1) Ilogepxnocmmuoe namsoicetnue.

I

>KI/II[KOCTB ABJCTCA arpCeraTHbIM COCTOSHUCM BCUICCTBA, IPO-

MCKYTOUYHBIM MCKIY F33006p33HBIM U TBCPABIM. B razax ner

3dKOHOMCPHOCTHU BO B3aAMMHOM PACIIOJIOKCHUN MOJICKYIJI (XaO-

TUYECKOE pacmoioXeHue). B TBepAapix Temax HabmogaeTcs
O0anbHULl NOPSAOOK — MOJIEKYJIbI 00pa3yroT KPUCTAIIIMYECKYIO pelieTKy. B skuako-
CTSAX JMANIBHUN TOPSATOK OTCYTCTBYET, & UMEET MECTO ONUNCHUL NOPSAOOK B PACIIOIO-
KCHHUU MOJIeK)/l — HUX YIOPSIOYCHHOE PACIIONIOKEHUE TIOBTOPSIETCS HA PACCTOSTHUSX,
CPaBHHUMBIX C MEXAaTOMHBIMU. TeraoBOe IBIKEHHE MOJIEKYJBl B KHUAKOCTH 3TO €€
KoJIeOaHUE OKOJIO OMPECIIEHHOTO TOJIOKEHHSI PAaBHOBECHS B TEUEHUE HEKOTOPOTO
BPEMEHH, TTOCJIC Yero MOJIEKYJa CKaYKOM IEePEXOJUT B HOBOE IOJIOKEHHE, OTCTOS-
IIee OT UCXOJIHOTO Ha PACCTOSIHHE MOPSIKAa MEKATOMHOTO. Paouyc r MoneKyisipHo2o
Oeticmeusn — paccrosiaue (mopsiaka 10~ M), IpH KOTOPOM MOXHO IpeHeOpedb CH-
JaMH TIPUTSKCHHST MEXKTy MOJIeKynaMu xuakoctd. Chepa paamycom r  Haszbl-
BACTCA  chepoii MONEKYAAPHO20 OelCHBUsL.

Cuipl, IeHCTBYOIIME HA MOJEKYITy 4 BHYTpH 00beMa KUAKOCTA CO CTOPOHBI
OKpY)KaroIIUX MOJIEKYN, B CPEIHEM CKOMIICHCHpOBaHbI. [l Monekynsl B, pacmo-
JIO)KEHHOW Ha TMOBEPXHOCTH PaBHOJEHCTBYIONIASI CUJI R HampaBlieHa BHYTPh JKUIKO-
cti. Pe3ynpTHpylomme CHibl BCeX MOJEKYN MOBEPXHOCTHOTO CJIOS OKAa3bIBAIOT Ha
KUTKOCTh MOIEKYAAPHOEe (6HYmMpeHHee) OasieHue.

ModekyIbl TOBEPXHOCTHOTO CIIOS KUAKOCTH 00Ja1at0T OOJbIIeH MOTEHIINATh-
HOW SHEPrueil, 4eM MOJIEKYJbl BHYTPH >KHIKOCTH. DTa OTOJHUTEIbHAS YHEPIHs,
Ha3bIBa€Masl 10BEPXHOCMHOU dHepauell, TTPOTIOPIMOHANIbHA TUIONIAJAN MOBEPXHOCTH:
AE =6 AS, rne 60— koagppuyuenm noeepxnocmmnozo HamsaxiceHuA.

Tak kak paBHOBECHOE COCTOSHHE XapaKTePU3YeTCs] MUHUMYMOM MOTEHIHMAb-

HOH OHCPIUHU, TO KXUIAKOCTH IIPU OTCYTCTBUU BHCUIHUX CHUJI 6YJICT NPpUHUMATb TAKYIO

(1)OpMy, YTOOBI IIpu 3aJTaHHOM o0BbeMe OHa MMeJIa MUHUMAJIBHVIO IOBCPXHOCTH, T.C.
(1)OpMy mrapa. HYCTB 1014, ﬂeﬁCTBHeM CUJI MMOBCPXHOCTHOI'O HATAKCHUA ITOBCPXHOCTDH
KUIAKOCTU CTAHYJIACH, IIPU 3TOM  CHIJIBI, I[eﬁCTByIOHlHG Ha o2aeMeHT Al KOHTY-

111



pa, coBepmatot padoty AA=fAIlAx, rne f— cuiaa MOBEPXHOCTHOTO HATSHKCHUS, JEH-
CTBYIOIIIas HAa CIWHUILY JUTMHBI KOHTYpa IMOBEPXHOCTH XUAKOCTH. [IOCKONBKY 3Ta
paboTra coBepmiaeTcss 3a CYET YMCHBIICHUS  IOBEPXHOCTHOM 3HEpruu AA =
AE, T0 6 = f, T.e. nogepxHocmHoe Hamsdicenue g PaBHO CHUJIE TIOBEPXHOCTHOTO HATSI-
KCHUS TIPUXOJSIICHCS Ha SAWHUIYY JUIMHBI KOHTYpa, OrPAaHHYMBAIOINIETO TOBEpPX-
HOCTb.

EnvHMIa mMoBepXHOCTHOTO HATSOKCHUS — HBIOTOH Ha MeTp (H/M) mnm mxoyib
Ha KBaJIpaTHBINA METP (I[)K/Mz).
2) Kpaeevie yenvi. Cmauusanue. Hecmauusanue.

Cmauueanuem Ha3bIBACTCS SIBICHUE UCKPUBIEHUS CB0O0OHOU NOBEPXHOCU
KUJIKOCTH IPU COMPUKOCHOBEHHH JKHUIKOCTH C TIOBEPXHOCTBIO TBEPAOTO TEJIa.

[ToBEpXHOCTh JKHJIKOCTH, HWCKPUBJCHHAs Ha TPaAHUIE C TBEPABIM TEJIOM,
HA3bIBACTCSA MEHUCKOM.

JIuHMA, 1O KOTOPOH MEHHCK IEepeceKaceTCs ¢ TBEPABIM TEJIOM, Ha3bIBaeTCs He-
puMempom cMavyuGaAHUA.

SIBneHre CcMauuMBaHHUS XapaKTepU3yeTCs Kpaeevim y2iom 6 Mexuay Io-
BEPXHOCTHIO TBEPJIOTO TEJIa © MCHHCKOM B TOYKaX WX IMepecedcHus (B ToUuKax

nepuMeTpa cmaunBaHus). JKuaKocTh Ha3bIBaeTCS cmayu-

earoujeil TBEpI0e TEJo, €ClIM KpaeBor yroi octpslii: O < 6

——<x/2 (puc.a) u Hecmauusarouieil, ecnu /2<6 <x (puc.o).

Cny4ait 6 = 7— 3T0 udeanvroe (noanoe) HecmavusaHue.
Ecnu cunel npumsoicenuss mescoy monexyramu meepooco mena u Hcuokocmu 00ib-
1€, YeM CHJIBI IPHUTSHKCHUS MOJICKYIN JKHIKOCTH JIPYT K JIPYTy, TO KUIKOCTh OyneT
cmaunBawomei. Eciu monexynapnoe npumsoicenue 6 sHcuokocmu TPEBBIIACT CHUIIBI
MPUTSHDKCHUS MOJICKYJT JKUIKOCTH K MOJICKYJIaM TBEPOTO Tea, TO KUIKOCTh HE CMa-
YHBAET TBEPJIOE TEIIO

¢

3) /lasnenue noo uckpuenennoi nogepxrnocmuio. @opmyna Jlannaca.

Cdepuueckast BBINYKJIAsI MOBEPXHOCTh  IPOU3BOJHUT

Ha  SKHJKOCTB JIONOJIHUTEIBRHOEC JABJICHHWE, BBI3BAHHOC CHJIAMU
\/#>¢ BHYTpEeHHETo HATSDKCHUS, HANpPABJICHHBIMH BHYTPb  KUIKOCTH,
AP = 2% , Tne R — paguyc chepsl. Ecnu moBepXHOCTh >KUJIKOCTHU
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BOTHYTAsi, TO CHJIa IOBEPXHOCTHOI'O HATSIKEHUs HANpPABJIEHA U3 KUJKOCTH U JaBJje-
o
HHE BHYTpH kuakoctu: AP = —2 .

H3601mounoe oasnenue Hympu MulibHO20 NY3blps paanyca R BbI3bIBaeTCS
nercTBreM 000UX TOBEPXHOCTHBIX CIIOEB TOHKON cPepruiecKOi MBUTLHOM TUICHKH:
AP = 40/R .

B oOmem cinydyae u30BITOYHOE AaBJICHHE JJIsl TPOU3BOJILHOM MOBEPX-
HOCTH >KUJKOCTH BBIpaxaetcsi popmynou Jlannaca:

AP =g (>+),
R 1 R 2

I'me Ry u R, — paguycsl KpUBU3HBI ABYX JIFOOBIX B3aUMHO MEPHEHIUKYIISP-
HBIX CEUCHUI MOBEPXHOCTH KUIKOCTH B JAHHOU TOYKE.
4) Kanunnapuoie aenenus.
Kanunnapamu Ha3pIBalOTCS Y3KWE IUIMHIPUYECKHE TPYOKHU C

ANaAMETPOM MCHEC MUJIJIMMCTDPA.

[RINY

TTH
IHIII:

}
Kal’luﬂ.’l}lpHOC'mbIO Ha3bIBACTCA SBJICHUC H3MCHCHUA YPOBHA

Th
I‘Iilll{lPlHl
INENE NN

%

————— 1 KMIKOCTH B KallMJUIAPax.

XKuaKocTh B KaMWUIAPE MOJHUMACTCS WM OIyCKAeTCs Ha TaKyIO BBICOTY A, TIPH KO-
TOPOM JaBJEHUE CTOJI0A XKUIKOCTH (euopocmamuyeckoe oagienue)  pgh ypaBHO-
BCIITMBACTCS U30BITOYHBIM JaBICHUEM Ap :

20 ]
R pgn
Brico 20 20
h=——=—2~Co0s0

rac p— IIOTHOCTD JKUIAKOCTHU, r—— PadnyC Kallursapa, R— paanyC KpuBHU3HBI MC-
HHCKA, g— YCKOPCHHUC CBO6OI[HOFO IHaaCHUA.

Bvicoma  noomamus  (onyckanus) owcuokocmu 8  Kanuuiape — 00-
PAmHO NPONOPYUOHANLHA €20 PAOUYCY.

CummeTpus Tejla BbIpa)kaeT CBOMCTBA €ro COBMENIATHCS C caMUM COOOH mpu

/ ONpeEIEHHBIX NEPEMEILICHUSX, Ha3bIBAEMbIX
npeodpazoeaHuAMY I onepayusmu cummempuu. ITU
nepeMenIeHus HE JOJKHBI COMPOBOXKIATHCS

]
-
;

PACTAKCHUAMU, CHATUAMHU, CABUTAMHU W JIPYIrUMH JC-

V (I)OpMaI_II/IHMI/I, IIpu KOTOPBIX HU3MCHANTCA PACCTOAHUA
MCKAY TOYKaAMH TCJa. K HpeO6p330BaHI/I5{M CUMMCTpPHUHU

113



oTHOCSATCA: 1) napannenvusiii nepenoc BCeX TOUEK Tela Ha ONMPEIETICHHOE PaccTos-
HUE (mpaHcaayus), 2) nogopom meja BOKPYT HEKOTOPOW OCH Ha ONpPENEICHHBIN
yron; 3) ompadicenue 8 niockocmu, 4) uHeepcus Wi ompajxcenue 8 mouke, a TaKKe
BCE KOMOMHAIIMM TaKUX PeoOpa3oBaHUil.

Bce onepamnmy cuMMeTpur MOTYT OBITh CBEICHBI K MOCIIEIOBATEIBHO BHITIOTHSIC-
MBIM OTIEPALHSIM OTPaKEHUsS B IIIOCKOCTU. OmpeieIeHHbIE TeOMETPUIECCKIE TOYKH,
OpsIMbIE M TIJIOCKOCTH, CHMMETPUYHO PACTIONOKEHHBIE OTHOCUTENBHO Teia, Ha3bl-
BaIOTCSL €ro anemenmamu cummempuu. K HUM OTHOCATCA oCb cummempuu, niOC-
KOCMb CUMMEmpUlU, 3epKaibHO-N0BOPOMHAs ocb, yeump cummempuu U 1p. Coo-
KYITHOCTb BCEX JIEMEHTOB CHMMETPHH TEJIa Ha3bIBACTCS €T0 epPYNNOl CUMMEMPUL.

OCHOBHON OCOOCHHOCTBIO KPUCTAJJIOB, OTIMYAIONIMX WX OT JKUAKOCTEH W
aMOp(HBIX TBEPABIX TEJ, SIBISETCS HEPUOOUUHOCHb NPOCMPAHCMEEHHO20 PACNO-
JIOJHCEHUSL AMOMO8, MOJIeKY]l U UOHOS, U3 KOTOPBIX COCTOUT KpucTail. Takas nmepuo-
AUYHOCTH MOJyYnJia Ha3bIBaHUE Od/ibHe20 nopsadka. B nanmpHeWeM paaud KpaTKo-
CTH MBI OyJIeM TOBOPHUTH, YTO KPUCTAIIBI TIOCTPOCHBI U3 aTOMOB, XOTS POJIb aTOMOB
MOTYT BBITIOJHATH TaK)K€ MOJEKYJbl UM MOHBI. COBOKYMHOCTh TaKUX MEPHOIUYC-
CKH PaCTOJIOXKEHHBIX aTOMOB 00pa3zyeT MEPHOAMYECKYIO CTPYKTYPY, Ha3bIBaeMYIO
Kpucmaniuyeckou peuwemxotl. TOUKH, B KOTOPHIX PACIIOIOKEHBI CAMU aTOMBI (TOY-
HEe, TOUYKH, OTHOCUTEIFHO KOTOPBIX OHHM COBEPINAIOT TEIIOBBIC M HYJEBHIE Koeba-
HUS1), Ha3BIBAIOTCS V31aMU Kpucmaiiuieckou peuwemxu. ECiiu Hac HHTEPECYET TOJb-
KO TPOCTPAHCTBEHHAs IMEPUOJUYHOCTH B PACIOJOKEHHH aTOMOB, TO MOXKHO OT-
BJICYBCS OT MX BHYTPEHHEHW CTPYKTYpPHI U pacCMaTpUBaTh aTOMBI KaK reoMeTpuye-
CKHE€ TOYKU. B 3TOM cMBICIE TOBOPAT O npocmpancmeenuol peuemre. OCHOBHOU
0COOCHHOCTHIO KPUCTAIIJIOB, OTIMYAIONINX UX OT KUAKOCTEH U aMOP(HBIX TBEPIBIX
T€N, SBISETCA NePUOOUYHOCb NPOCMPAHCMBEHHO20 PACHONIONCEHUS AMOMOS,

MOJEKYT U UOHO6, U3 KOTOPBIX COCTOUT KPHUCTAJLIL.

0,41 um

Jlns ompeneneHusl MOJOXKEHUST aTOMOB B KpUCTAJLIMYE-
CKOM pelIeTKe MOJIb3YIOTCS CIEIUaIbHBIMU MPSIMOIUHEH-
HBIMH CUCTEMaMHU KOOPJIMHAT, Ha3bIBAEMBIMU KPUCMANNO-
epaguueckumu. 3a HAYaJI0 KOOPAMHAT MPUHUMAETCS OJUH
U3 y3JI0B PEIIETKH, a 32 KOOPJAHHATHBIE OCH — pedpa co-
OTBETCTBYIOILIETO Napauienenunena bpase.

Kpucmannuueckot, wim y310801, MIOCKOCThIO Ha3bI-
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BAETCs BCSKas IJIOCKOCTb, B KOTOPOM HaXOAUTCSI OECKOHEYHOE MHOKECTBO aTOMOB pe-
metku. [IpakTuueckoe 3HaU€HUE UMEIOT TOJIKO IUIOCKOCTH, YCESHHBIE aTOMaMU J0C-
TaTOYHO I'ycTo. IMEHHO OHU CILy’>KaT ecrmecmeenHbIMU SPAHAMU KPUCMATAA. KPUCTA-
JMYECKUE TIIOCKOCTH UMEIOT OOJIbIIIOE 3HAYEHUE ISl METOJIOB PEHTT€HOCTPYKTYPHO-
IO U HEUTPOHOCTPYKTYPHOI'O aHajlIM3a KPUCTAJUIOB. Y371060u nuHuel Ha3bIBACTCA
npsiMasi, Ha KOTOPOH pacroyIOKEHO OECKOHEYHOE MHOYKECTBO aTOMOB perieTku. Oc-
HOBHOE 3HAUEHUE MMEIOT OIATH Y3JIOBbIC JIMHUHU, HA KOTOPHIX aTOMBI PACIIOIOXKEHBI
J0CTAaTOYHO T'YCTO.

Jlebextamu KpUCTAMNIMYECKON PEHIeTKH HA3bIBAIOTCSA OTKIOHEHUS OT YHOpPSIO-
YEHHOI'0 PacIojIOKEeHHUs YacTHLl B y371ax peumeTku. J{epeKTsl nensarcs Ha MaKpockonuye-
CKue, BO3HUKAIOLIKE B IIpoliecce 00pa3oBaHus U pOCTa KPUCTAIIIOB (HApUMep, TPELIUHE,
IIOpBI, HHOPOJHbIE MAKPOCKONMUYECKUE BKIIOUEHUS), U MUKPOCKOnU4ecKue, 00yCcloBIIEH-
HbIe MUKPOCKOMMYECKUMH OTKIOHEHUAMH OT NEPHOJUYHOCTH.

MuxkpoznedexTsl 1ensaTcs Ha moueynvie U auHelinvle. Toueunsle 1edeKThl ObIBa-

IOT TpEX THUIIOB:
(a) (b) (c)

b 1) 6aKaHcua OTCYTCTBUC ATOMaA B y3JIC KPUCTAJLJINYC-
L L ®

¢ CKOM perieTku (a);

2) mexcooy3envHblil amom — aTOM, BHEJPUBILIUICS B MEX/I0Y3€JIbHOE IPOCTPAHCT-

Bo (b);

3) npumecHblii amom — aToM MpuMecH, J100 3aMelalNUid AaTOM OCHOBHOTO
BEILIECTBA B KPUCTAJUIMUECKOMN perieTke (mpuMech 3amenieHus (c)), 1u00 BHEAPUB-
ITUHCSA B MEXK0Yy3€IbHOE MPOCTPAHCTBO (IpUMech BHeApeHus ). ToueuHbie Ae(EKThI
HapyIIAIOT TOJIHKO OJNMKANIINK TOPSAIOK B KpUCTAJIIaX.

HledbexTsl B KpHUCTa/lIaX OKa3bIBAIOT CUJIBHOE BJIUSHHE HAa HUX (U3HUYECKHE
CBOMCTBa (MEXaHUYECKHE, MAarHUTHBIC, DJICKTPUIYECKUE U TIP.).

AMopdHBIe Tella He UMEIOT JaJIbHEro MopsaKa B PacioyIOKEHUH YacTull. s
HUX CBOMCTBEHEH OJIMDKHUI MOPSIOK, Kak y skuakoctei. [loatomy amopdubie Tena
10 CBOCH CTPYKType HAIIOMUHAIOT >KHIAKOCTH C OUYE€HBb OOJIBIIION BS3KOCTHIO. B wacT-
HOCTH, TOATOMY i1 aMOp(HBIX TeNl HE CYIIECTBYET OIpPEICICHHON TEeMIIepaTyphl
riaBieHus. [Ipu HarpeBaHWM TakUX TEN MOCTENEHHO YBEIMYUBACTCS MOIABUAKHOCTH

qaCTHUILl U MBI Ha6JIIOIIaeM IMOCTCIICHHOC YBCIINYCHUC NX TCKYUCCTH.
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QJIIEKTPUYECTBO U MATHETU3M
TEMA: DJIeKTPOCTATHEKA.

1) 3akon Kynona. 3aKkon coxpanenus 3apaoa.

B otnuuune oT rpaBUTAIIMOHHOTO, B RJICKTPOMArHUTHOE B3aWMOJICHCTBUE BCTY-
MAalT HE BCE Teja W YacTUllbl. TeM U3 HUX, KOTOPhIe YY4aCTBYIOT B TAKUX B3aUMO/ICH-
CTBUSX, MPUITUCHIBAETCS] HOBOE CBOMCTBO - dJIeKTPUYecKuii 3apsia. OH MOXKET ObITh
MOJIOKUTEIbHBIM WM OTPHUIATEIbHBIM, OTpaXkas TOT ()aKT, YTO AJIECKTPOMArHUTHOE
B3aUMOJICHCTBUE MOXKET OBITh B BUJIC B3aUMHOTO MPUTSIKEHUS PA3HOMMEHHBIX 3apsi-
JIOB WM OTTAJIKMBAaHUS OJIHOMMEHHBIX 3apsfoB. Utak, snexmpuueckuil 3apso xa-
paxkmepuzyem cnocoOHOCMb meJjl 6CMYNnamsy 8 INeKMPOMASHUMHbIE 83AUMOOCCMBUSL
U e20 8elUdUHA Onpeoeisiem UHMEHCUBHOCHb IMUX 83AUMOOEUCEULL.

B mpupose B cBOOOJHOM COCTOSSHUM CYIIECTBYIOT YaCTHUIIBI, UMEIOIINE MUHU-

(v ~ _ 19
MaJbHBIA IO MOZIYJIO 3apsifl, PaBHBINA ¢in = 1.6-10 Ki. IlosToMy 3apsnel Bcex Ten u
YacTHIl, BCTYNAIOUIUX B 3JIEKTPOMArHUTHBIE B3aUMOJIEUCTBHS, COCTOAT M3 IIEJIOrO

qUCiia TAaKUX 3apssa0B
Q = :l:N qmirb

rae N - menoe 4ncio. B 9ToM 3akimrodaeTcss JUCKPETHOCTh JJIeKTPHYECKOro
3apsiga. 3apsii JICKTPOHA CUUTACTCS OTPHUIATEIBHBIM, YTO TO3BOJISIET JOCTATOYHO
MIPOCTO YCTAHOBUTD 3HAKHU 3aPSIOB APYTHX YACTHII.

B 3aMKHYTBIX CHCTEMaxX BBIMOJIHSICTCS 3aKOH COXPaHEHHsS JIeKTPHYECKOrO
3apsaa, KOTOpbld GOpMYyIHpPYETCs CIEAYIONIUM 00pa3oM: aneebpauveckas Cymma
INEKMPULECKUX 3APA008 YACMUY 3AMKHYMOU CUCTEMbl 0CIAemcsi NOCMOSHHOL

q1+q>t....= const.

DTOT 3aKOH SABJSAETCS BaXKHBIM, TaK KaK IMO3BOJIICT aHAJIM3UPOBATH IPOIIECCHI,
MIPOUCXOIAIINEC B 3aMKHYTBIX CUCTEMaX IMPHU U3MCHCHUH B HUX YUCJIA YACTHII.

BBenenue aeKTpUYECcKOro 3apsijaa Mo3BoJawWiIo chopMmynupoBaTh 3akoH KyJio-
HA: CUbL, C KOMOPLIMU 83AUMOOCUCMBYIOM 08d HENOOBUNCHBIX MOYEYHbIX 3apsa0ad 8
gaKyyme, nNpsamo NpoONnoOPYUOHANbHbI NPOU3BEOCHUIO UX 3apsA008 U 0OPAMHO NPONoOp-
YUOHAIbHBI K8AOPANY PACCMOSIHUA MEHCOY HUMU; CUTbl HANPABIEHbl 800Jb NPAMOI,
coeounsowel 3mu 3apsaobl.

= 9% 5 FuF, =F, =i
dpe,r )

Rl
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et

N3BecTHO, 4TO MO CPABHEHMIO C BAKYYMOM B3aWMOJIEUCTBUE MEXKIY 3apsAIaMu
B cpezie ociabeBaeT M MO3TOMY B 3aKOH KyioHa BBOJAAT HOBYIO XapaKTEPUCTHUKY -
OMHOCUMENLHYIO OUIEKMPUYECKYIO NPOHUYAEMOCMb & CPEObl

7, = Jalal
T dpeya”

Jlns Bakyyma e=1, nis Bcex cpell €1, HO ¢ 1OCTaTOYHOM CTENEHBIO TOUHOCTH
MIpY MPOBEJACHUUA MHOTUX PACY€TOB MOKHO MPUHSATH € ISl Ta30B, PABHYIO €JIMHHUIIE.

2) Illomenyuanvhasn snepeus 63aumooeiicmeus modeynvlx 3apa0os. llomenyu-
Q1bHBLIL XapaKmep 3J1eKmpocmamuuecKozo noJis.
B3aumopelictBue MexAy HENMOABH)KHBIMHU 3apsilaMU OCYILIECTBIISAETCSA MOCPE-

CTBOM DJJIEKTPOCTATUYECKOTO IoJs. IIokaxkeMm, 4ToO AJIEKTPOCTaTUYECKOE I0JIE SIBIISI-
eTcsl MOTeHIUANbHBIM MoJeM. [l 3Toro paccuutaeM paboTy KyJTOHOBCKOW CHIIBI
IIPU NEPEMEILEHUH TOYEYHOTO IOJOKUTEIBHOIO 3apsAia 2 U3 TOYKHA 1 B TOUKy 2 B
ANEKTPOCTATUYECKOM MOJIE, CO3/TaHHOM MOJIOKUTEIBHBIM TOUYEUHBIM 3apsiaoM ql.

< dr B fj‘1|fj'3 a |g1| q,

= = i;;l - H}rr:_ .
dpee, 1 v dpegn  dpeen i

Kaxk BHUAHO H3 q)OpMy.HBI, B OKOHYATCJIIBHOC BBIPAKCHUC BXOIAT BCJIMYHNHELI,
OIMCBIBAIOIINUEC TOJBKO HAYAJIBHOC M KOHCYHOC IIOJOKCHHC 3apsaa q2, T.C. pa60Ta
CUI MIOJIAI HC 3aBUCHT OT IIYTHU MCPCXOJa U3 TOYKHU 1B TOYKY 2. D10 O3Ha4d4acT, 4To
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KYJOHOBCKasi cuia OyJIeT KOHCEPBATUBHOW CHUJION, a DJIEKTPUUECKOE MOJIE SBIISIETCS
MOTEHIIMAIbHBIM. B Takom moiie 3apsia o0nagaeT MOTCHIMANbHON 3Hepruet  Wp.
Ona mpexacraBisger co0OM MOTEHIMANIBHYIO DSHEPrUI0 TOYEYHOTO 3apsna g2 B
ANEKTPUYECKOM MOJIE 3apsia ql wiM MOTEHLHaNIbHYIO 3HEPTUIO 3apsiaa ql B aiek-
TPUUYECKOM TI0JIE 3apsifia 2, WU B3aUMHYIO MOTEHIUAIBHYIO ABYX SHEPIUIO B3aUMO-
JNEUCTBYIOIINX TOUYCUHBIX 3aPsI0B.

Ha ocHoBe BbIpaxeHus s padotsl s Wp MOKHO 3alucath CIEAYIOLIEE Bbl-
paxeHue:

W = 99 + const .

4 peeyr

£

Kak BugHO w3 3TOr0o BBIpaxkeHus, Wp ompeaensercs C TOYHOCTBIO 10
MOCTOSTHHOM BeNnuuHbl. Ee BBIOOp ocyliecTBiuseTcss HauOosiee yAOOHBIM IS
penieHus 3a7a4 cnocodboM. B maHHOM citydae st SJIEKTPUYECKOro MOJIsl TOYEHHOTO
3apsiia TPUHATO BBIOMpPATh const Tak, YTOOBl HA OECKOHEYHO OOJIBIIOM PACCTOSHUM
MEXIy 3apsaMd WX B3auMMHasg TMOTEHIHWalIbHAs JHEPrusi obpamiajiach B HOJb:

r—®., =0 Chenosarensho,

W, = iy
T dpeeyr

3) Bexmop nanpasxcennocmu E u nomenyuan ¢ 3nekmpocmamuueckozo nons,
pacuem E u ¢ 0na snekmpocmamuuecKkozo nois mo4euHozo 3apaoa.

W3 npenplaymero pacCMOTPEHUsI CIEAYET, YTO HAa TOYEYHBIM 3apsi (, IOMe-
HICHHBIA B 3JIEKTPOCTaTHYECKOE ToJie, NelcTByeT KynoHoBckas cuia Fk u 3apsn q
o0jazaeT B 3TOM MOJ€ MOTeHIMaNbHOU »Heprueit Wp. Jlns pacuera 3THX BEIMYUH
BBOJIAT JBE€ XaPAaKTEPUCTUKHU IOJS - BEKTOP HANPSKEHHOCTH E u moTeHuuan ¢. 3Has
9T BEJIMYUHBI B KaXKI0M TOUKE M0JIsA, MOKHO olleHUuTh Fk 1 Wp no dhopmynam:

F, =gE, W,=q0.

JI71s1 IpOU3BOJIBHOTO AJIEKTPUYECKOT0 MOJII MOKHO E 1 ¢ onpenenuts sxcnepu-
MEHTaJIbHO. J[JI1 3TOr0 HY>)KHO B Ka)XAyI0 TOUKY IOJIsSI MOMEUIaTh MPOOHBIN MOJ0XKH-
TenabHbIN 3apsaa q0, Haittu u3 onbita Fk u Wp, a 3atem paccuutats E u ¢ no ¢popmy-
J1aM:

W,
9o Ty
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Ot BBIPAXCHUA ABJIATOTCS (I)OpMy.HaMI/I - OIIPCACIICHUAMUN XaPAKTCPUCTUK En
AJICKTPOCTATUYCCKOTO I10JIA, 4 UMCHHO!

E - BCKTOpHAA (i)I/IBI/I"ICCKaSI BCIIMYHMHA, ABJIAIOIIAsACA CHJIOBOM XapaKTepHCTHKOﬁ
IMOoJIs1 1 paBHAA OTHOUICHUIO KYHOHOBCKOﬁ CHJIBI, ﬂCﬁCTBYIOHICﬁ Ha HpO6HBIfI I10JI0-
YKUTCIILHBIN 3apian, HOMCHICHHBIﬁ B JAHHYIO TOYKY II0JIs, K BEJIMYUHC 3TOI'O 3apsaa,

¢ - CKaJusIpHasA q)HSquCKaSI BCIIMYNHA, ABJIAIOIIAACH BHCpreTquCKOﬁ XapakKTe-
pHCTHKOﬁ IIoJs1 U paBHasA OTHOIICHUIO HOTCHLII/IaHBHOﬁ OHCPTHUHU HpO6HOFO 3apsiaa,
IMOMCHICHHOI'O B JdHHYIO TOYKY ITOJIsI, K BEJIMUNWHEC 3TOTO 3apsaa.

HpI/I HU3BCCTHOM PACIIPpCACIICHUN 3apAd0B, CO3JA0OIIUX IJJICKTPHUYCCKOC IIOJIC,
MOXHO OOCTATOYHO IIPOCTO paCCUUTATDH Eu (0 Ha OCHOBC 3aKOHa Ky.]'IOHa H IIPUHIH-
Ima CYICpIoO3nnnu. B stom Haparpa(be Ha OCHOBC 3aKOHa Ky.HOHa MMPUBOAUTCA OLICH-
Ka XapaKTCPUCTUK Enu (¢ MOJIsA, CO3AAaHHOI'O TOYCUYHBIM 3apA10M.

BYIICM cuuTarb, 4TO TOYCYHBIN 3apian ql CO3a4acCT JJICKTPUYICCKOC II0JIC, a TOYCYHBIN

3apan q2 HaxXoJUuTCA B 3TOM IIOJIC. Torz[a N3 BBIIIC IIPUBCACHHBIX (bOpMyJ'I CIcayceT

n'p = q.,[l:)]

Hi.5.

5 dpee,r

CorjiacHo 2TUM Q)OpMynaM HYHCBOfI YPOBCHDb NIOTCHIOUAJIA (¢ IJICKTPOCTATUICCKOI'O

IMOJIsI TOUCHHOT O 3apAanad BBI6I/IpaeTC$I Ha 6CCKOHC‘IHO 6OJIBH_IOM pPacCTOAHHUU OT HCT'O
(r = x.0—0)

HyXHO Tak)ke TIOMHHTH, YTO TIOTCHIIMAJ () SBIISCTCS aJreOpandecKor BeEIr-
guHOU (@ >0, ¢ <0), ¥ YeM MEHbIIIE PACCTOSIHUE J0 TOJOKHUTEIBHOTO 3apsia, CO3-
JAIOIIIETO ToJie, TeM OoJbIle @, (00pa3HO rOBOPS, MPOUCXOAUT MOIBEM HA MOTCHITU-
aBHYI0O TOPKY) M COOTBETCTBEHHO, 4YeM OJIIDKE K OTPHUIATEIBHOMY 3apsay, TeM
MEHbIIIE ¢ (MPOUCXOIUT CITYCK B MOTCHITHAIBHYIO MY ).

4) lIpunyun cynepno3uuuu no.neil.
[Tpumepsl pacuera E 1 @ uIsl HEKOTOPBIX YAaCTHBIX CIyYacB paclpeecHus

3apAaa0B.
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s pacdyera E 1 ¢ moisi, CO3AAaHHOTO CUCTEMOW 3apsiioB MM MaKpOCKOIHMYECKUM

3aPSAKCHHBIM TCJIOM, UCITIOJIB3YIOT IPHUHIMUII CYIICPIIO3UIINH, A

HUMCHHO: BCKTOpP HAIIPAXKCHHOCTH E (HOTCHHI/IaJI (p) QJICKTPUYICCKOI'o I10JIA,

CO3/IAaHHOTO HECKOJIBKUMHM 3aps/laMHd, PaBEH BEKTOPHOM CyMME HampsHKEHHOCTEH
(asireOpamyeckord CyMMe TOTEHIIMANIOB) TMOJEH, CO3/IaHHBIX KaXKIbIM 3apsjoM B

ornenbHocTH (E 1, Es,... ; @= @1,02,...)

E=E+E+..., @ = QTEt...
E,=[dE; dE=—"9 7.
oo dpee,r
- , dg
P, = Farp. dp =
= dpee,r

HpI/IHI_II/IH CYIICPIIO3NIHH TTO3BOJIICT TAKIKC PACCUNUTBIBATE NOTCHIUAJIbHYIO QHCPIUIO
BSaHMOHCﬁCTBHH 3apsaa0B. TaK, 1 CUCTEMBI TOYCUYHBIX 3apsAaJ0B ql

(1=1,...,N ) MOXHO 3anucarhb
ﬁ-" ==

r

®; ,

Pl | bt

N
>.4q
iml

r7ie ¢; - MOTEHIMaN MOJisA, CO3IaHHOT0 BCEMU 3apsilaMH, KpOMeE 1 - To 3apsija, B
MECTE PaCIOIOXKEeHUS 1 - o 3apsaa; koddgduiuent (1/2) BXoaut B popmyily u3-3a To-
ro, YTO B3aMMOJICHCTBUE JIBYX 3apPSJIOB B CyMME YUUTBHIBACTCS JIBAXK/IbI.
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1. Ione nunons. Ilox 3M€KTpHUYECKUM AUIOJIEM MOHUMAKOT 3JIEKTPOHEUTPATIBHYIO

cUCTeMY OJIM3KOPACIIONOKEHHBIX IBYX TOYEUHBIX 3apsI0B, OTCTOSIIIUX APYT OT JIPY-
ra Ha paccrosHue /. [{ns onucaHus 3JAEKTPUUYECKOTO MOJS, CO3JAAHHOTO JAUIOJIEM,
BBOJISIT TIOHATHE JUTIOJIEHOTO MOMEHTA P: 3TO BEKTOp, HANIPABICHHBIN 1O MPSMOM OT
3apsiaa (+q) k 3apany (-q), T.€. M0 OCH JUTIONS, U PAaBHBIN 110 MOJYJIIO IPOU3BEACHHUIO
MOJIYJISI OTHOTO M3 3apsI0B HA PACCTOSTHUE [ MEXTY HUMH
p=\q\L

OOBIYHO TIPU OMHUCAHWH TOJISA JMIIONS PACCMATPUBAIOT TOYKH, HAXOSAIIHECS
Ha PACCTOSIHUHM T, 3HAYUTEIHHO MPEBBIIIAIONIEM pacCTOsTHUE | MeXay 3apsaamMu JIH-
moJtst (r >>1).

Paccunraem moxysns BekTopa E u motenmman ¢ B Toukax A, B, C, orcrosmmx
oT 1eHTpa aunois (trouka O) Ha paccrosiHuu r; TuHUM OA, OB u OC coctaBisioT ¢

ockto aunoss yribl 0, 900 1 npou3BOJIBHBIN yToia o

{ ] ) p
o= £ Tvl+3cos"a, @, =——-cosa.
dmeg,r dnee,r”

E
W3 gopmyn cienyer, 4To MOJYJb BEKTOpa HanpsbkeHHOCTH E u moTeHuman ¢ moss
JUTIOJISL HA PACCTOSTHUSIX T >> | ONpeAeNatoTCs MOAYJIEM €ro JIUIOJIBHOTO MOMEHTA P,
MpPUYEM OHU YMEHBIIAIOTCS B 3aBUCUMOCTH OT PACCTOSIHUA T ObICTpee, YeM ISl TOJIs
TOYEYHOTO 3apsa.

2. DIEKTpUYECKOE I0JIE HA OCH PAaBHOMEPHO 3apsKECHHOI'0 KOJbIIA. HYCTB paB-

HOMCPHO 3aps’KCHHOC 110 AJIMHC KOJbLO PaanyCoM R necer 3apAan q. HaﬁHCM Ha-
IMpaBJICHUC U MOJAYJIb BCKTOPA E, a TAaKXKC IMOTCHIHAJI (@ ITOJIA KOJIbIIa B TOYKa A, pac-

MOJOKEHHOM Ha OCH KOJIbIa Ha PacCTOAHNU [ ot ero HCHTpA.

A, Ik

AE 3(
A.f
e %

~
o
- L
H .
~ .E \\

A
i ezt
o

dq @ dg

Jliist aToro pa3OuBaeM KoOJIbLIO HA Majible Y4aCcTKH - TOUeUHbIe 3apsanl dq, om-

penenseM HampaBieHue BekTopoB dE ot Bcex 3apsgoB dq B Touke A U UCHOJIb3yeM

s pacueta Ep popmyiny. U3 cummerpun 3agauu BUgHO, uto Bee BekTopa dE oOpa-
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3yI0T KOHYC BEKTOPOB C YIJIOM a MPHU €ro BepUIMHE U CyMMapHbIi BekTop E Oyner

HaIlpaBJICH BOOJIb OCH, BBCPX. Tor):[a

E,=[dE:
dgcosol coscl cosCl 1
Oy: E,=[nﬂ€cosd=[ ] — = ,_{c?'(j':g — = - —
T * dmegr” 4mEE T - 4mee,r 4rraac,|_R3 Tl .
dg g
P, = Qr':l:' = = = - -
’[ [ dmeer 4mee R 4T
Hrak.
{
B i il _ q

4

* dmee, (R + 1)  dmeg, VR 41

g
E, =0, @g=——.
? P 4nee R

Ha paccrosausx /, 3HaunTenbHO MpeBbImaronmx paauyc R konsia (/ >>R), ero
MOKHO paccMaTpuBaTh KaK MaTEpUAIBHYIO TOUKY, a JIEKTPUUECKOE MOJI€ KOJblla
KaK I10JI€ TOYEYHOTO 3apsija.

5) Paboma cun snekmpuueckozo nonasa. Paznocmo nomenyuanos. @opmyna ceéasu
eéexkmopa E u nomenyuana ¢

3anumem GopMysbl A pabOThl CUJI AJIEKTPOCTATUUYECKOTO IOJIS MO Mepeme-
LIEHUIO TOYHOTO 3apsia U3 TOYKU 1 B TOUKYy 2.

A, =q|Edlcosa. o =|E.dS);

A = W__«: - H';.: =qlp, —0,),

—

E,=|[dE;

dgcostl cosol [ gecosol ql
e e e o

Qy: Ed=[ancoscI=[ g = T = 77
; dmeey”  dmeg \RT+I°T

: Y dnee?  dmeey?t
dg q
Py = |dp= = P
J [ 4neer  4mes AR+
Hrtak.
i
E. = q . q

AT Fo A=
dmee, R+ 17

a

imee R+
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Bemnunny  (¢i- @ ;)  HaspIBalOT  pa3HOCTbIO  noTeHuuanos. OHa xa-
pakTepu3yeT paboTy CHJI JIEKTPOCTATUYECKOrO IOJIA IO NEPEMEUICHUIO 3apsja W3
OJIHOM TOYKHM IOJISI B IPYTYIO U paBHA OTHOILIEHHUIO 3TOM pabOoThl K BEJIIMYUHE TEpe-
HOCHMOTO 3apsijia
"'{]]
=

Py =

U3 BBIpa)KeHHﬁ, NMPUBCACHHBIX BbIIIC, MOXHO IIOJIYUYHUTH HHTCTPAJIBHYIO (1)Op-

MYI1y CBA3U Eu (¢, B KOTOPYIO BXOIAT ABC TOYKH ITOJIA:

o, —0, = TE:’F!’CD&.EI
1

Huddepennmansuyto dbopmyinny cBsizu E u ¢, cipaBeyIuByIo JJisi Majoi OKpe-
CTHOCTU KaKON-IMOO TOYKH TOJIsl, MOXKHO BBIBECTH M3 BBIPQXKECHHU AJI dJIEMEHTap-
HOM paboThI:

dA = gEdl cosa = gE,dl =—gdo:
o
E=-2

dl’

riae E; - npoekius Bexktopa E Ha HanpasieHue /B mpoCcTpaHCTBE.

B naubosnee oOmieM BEKTOPHOM BUJE BhIpakeHue, cBs3biBatomiee E u ¢ , 3anu-
ChIBACTCS U3 IIOJYYEHHOI'0 B MEXAHUKE COOTHOILIECHUS MEXAY KOHCEPBATUBHOMU CH-
JIOM Y MOTEHIMAJIbHOU SHEPTUEH.

}E} = q}_? =—gradlV, = —gma'(qg}:

= dQ
E=-grado=-Vo. E=—.

al

Wtak, B kaxx7o0il Touke mojsi BekTop E paBeH mo Moayiio UM MPOTHUBOIOIOKEH
[0 HAIIPaBJICHUIO BEKTOPY I'paJHEHTa MOTEHLHANIA, T.€. BEKTOp E B KaXa0l ToOuUKe
yKa3blBaeT HarpaBieHue Haunbosee ObICTPOro yObIBaHUs MOTEHIMANA.
6) I'pagpuueckoe uzobpasrcenue 3neKmpocmamuyeckux noJei.
Jlunuu Bektopa E. Jlns rpaduyeckoro u3oOpaxeHUs: dJIEKTPOCTATUYECKUX MOJen

HCIIOJIB3YIOT JIMHUU BCKTOPA E - onn MMPOBOIATCA TaK, yTOOBI B Ka}I(I[Oﬁ TOYKEC JIMHUHU

BekTop E ObLT HampaiieH 1o KacaTenbHOU K Hel. JIunuu E Hurae He nepecexkaroTcs,
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OHM HAaYMHAIOTCS Ha IMOJIOKHUTENIbHBIX 3apsAlax, 3aKaHUYMBAIOTCA HAa OTPULATEIBHBIX
WM yXOAAT B OeckoHeuHOCTh. [Ipumepsl rpaduyueckoro n3o0paxeHus mnojei Toued-
HBIX 3aps0B IPUBEICHBI HA PUC.

OO6b1yHO uHUM E mpoBoIAT Tak, 4ToObI UX T'ycTOTa (KOJIMYECTBO JUHUM, MTPO-
HU3BIBAIOMIMX NEPHEHAUKYISIPHYIO K HUM IUIOCKYIO TMOBEPXHOCTh (PUKCUPOBAHHOM
TUIOMIAAM) B KaXXJOW TOYKE IMOJIsl ompenensiia yuciaoBoe 3HayeHue Bekropa E. Ilo-
ATOMY IO cTeneHu 6im3ocTu TuHUl E 1pyr apyry MOXHO CyauTh 00 U3MEHEHUH MO-
nynst E 1 cooTBETCTBEHHO 00 M3MEHEHUHU MOAYJISI KYJIOHOBCKOW CUJIBI, JIEHCTBYIOIIEH
Ha 3apsHKEHHYIO YaCTHUILY B AJIEKTPUYECKOM ITOJIE.

grad o

} —t
T 1 ™~ IKBHI10TeHLIHATLHAA
NoOBePXHOCTb

[

r a =

9KBI/IHOT6HL[I/IaJIBHBIe ITOBCPXHOCTH. 9KBI/IHOT6HL[I/IaJIBHa$I IMOBECPXHOCTh - 3TO IIO-

BEPXHOCTh PaBHOTO MOTEHIIMAJIA, B KAXJIOW TOYKE MOBEPXHOCTH MOTEHIIMA () OCTa-
eTcsl MOCTOAHHBIM. [loaTOMyY 351eMeHTapHas paboTa Mo MepeMelleHUI0 3apsaa g Mo
Takoi moBepxHOCTH OyneT paBHa HyN0: dA=-dqe=0. 13 sToro ciemyer, 4To BEKTOP
E B ka0l TOuke MOBEPXHOCTH OyAET MEPICHANKYISIPEH K HEel, T.e. Oy/IeT HampaB-
JIEH 1O BEKTOpY HOpMaiu. J[eMCTBUTENBHO, €Ciii Obl 3TO OBLIO HE TaK, TO TOTJA CY-
niecTBoBasia Obl coctaBisitomas Bekrtopa E (E;), HanpaBneHHas 1o xacaTeiabHOM K
MMOBEPXHOCTH, U, CIEIO0BATEIbHO, MMOTEHIIMAN B Pa3HbIX TOYKAX MOBEPXHOCTH  OBLI

OBl Pa3HbIM, 9TO IIPOTHUBOPCYUT OIIPCACICHUIO C-)KBI/IHOTCHLII/IaJ]BHOﬁ IMOBCPXHOCTHU.

124



7) llomoxk u yupkynayusa eekmopa E snekmpocmamuueckozo nonsa. Teopema I'a-
ycca 0aa éekmopa E.
BossMem mipousBosibHBIA KOHTYP (I') U mpou3BOIBHYIO TOBEPXHOCTH S B HE-

OJHOPOAHOM JJICKTPOCTATUYCCKOM IIOJIC

E E
E\\ ] E /'f
/ /!
- =l *QJ'FGT'S'_C;___{'?S

T T
/ \06}{0}1 / \
a &

Torpa nupkynauueit Bektopa E no npousBonsHoMy KOoHTYpPY (I') Ha3bIBalOT MH-
Terpai BUaa:

§ Edl = §Edlcosa. o =(E.dl).
iy ()

a notrokom @D BekTopa E 4depe3 mpou3BOIBHYIO MOBEPXHOCTH S clieayroniee
BBIPAKCHHUC:

@, = [d®; = [EdS = [Edlcosa, o =(E.i).

5

Bxopsmue B 3t Gpopmynsl Bektopa dl u dS onpenensrorcs cieayromnmm odpa-
3oM. [lo Moaymto onu paBHbI nemeHTapHoi ninuHe dl konTypa (I') u mmomaau dS
AJIIeMEHTapHOM Tulomaaku noBepxHoctu S. Hampasnenue Bektopa dl coBmagaer c
HarpaBieHrueM 00xoaa koutypa (I'), a Bektop dS HampaBiieH 0 BEKTOPY HOpMaJu n
K miomaake dS. B cioyuyae simeKTpocTaTHYECKOro Mmojis HUPKYJsuus BekTopa E mo
IPOM3BOJIEHOMY 3aMKHYTOMY KOHTYPY (I') paBHa OTHOIIEHUIO paOOTHI Ay CHII TTOJIS
M0 MIEPEMEIICHUIO TOYEUHOTO 3aps/ia M0 3TOMY KOHTYPY K BEJIMYMHE 3apsiaa OyaeT
paBHa HYJ0. DTOT (aKT SABIAETCS MPU3HAKOM MOTEHIMAIBHOCTH 3JIEKTPOCTaTHYE-
CKOT'O MOJIsl, T.€. €ClId IUPKYJsAus BekTopa E mo npou3BoibHOMY 3aMKHYTOMY KOH-
Typy (I') paBHa Hy;dIO, TO 3TO MOJ€ SBASETCSs MOTEHUMATbHBIM. CleaoBaTesbHO,
AIEKTPUUECKHE 3apsiibl B AIIEKTPOCTATUYECKOM Tojie 00JafaroT MOTEHLIHUATbHON
DHEPTUEN.

Teopema T'aycca B oTcyTcTBUM AMAIEKTpUKa (BakyyM) (QopMynupyeTcs cie-

IOYIOIKUM 00pa3oM: MOTOK BeKTopa E uepe3 npou3BoiIbHYIO 3aMKHYTYIO TOBEPXHOCTh
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paBeH alre0pandeckod CyMMe CBOOOJIHBIX 3apsiioB (s, OXBaThIBAEMBIX ITOM MO-
BEPXHOCTBIO, U JICJICHHOW Ha &o:

=~ g

Eds =—.

"

Ly =,

Ota TeopemMa SBIISETCS CIEACTBHEM 3akoHa KylnoHa M nmpuHLIMNA Cynepno3uliu
ANEKTPOCTATUYECKUX TOJIEH.

[lokaxkeM cCHpaBeMIMBOCTh TEOPEMBI I Clly4as MOJs TOYEYHOIO 3apsja.
[IycTh 3aMKHYTasi MOBEPXHOCTh MpEACTaBIsieT co00i chepy paauycoM R, B meHTpe
KOTOPOM HAXOJAUTCS TOYEYHBIN MOJOKUTENBHBIN 3apsL (.

‘.
N

)
L=
By
¢ K‘D‘
e

5= 3 d
E y B L
Torma #En'.ﬁ“cnsu = 43 g —dScoss0’ = 4 . -{:dS S _AnR = qlE,.
. * dme R e R dng R

[Tomy4eHHBINH Pe3yIbTaT HE HW3MEHHUTCS, €CIIM BMECTO cdepbl BBIOpATH MPO-
W3BOJIBHYIO 3aMKHYTYIO TIOBEPXHOCTh, TaK Kak MOTOK BekTopa E uncieHHO paBeH
KOJIMYeCTBY JUHUN E, MpOHW3BIBAIOIIMX MOBEPXHOCTh, a YUCIIO Takux JIMHUA E B
ciyyasx (a) u (0) oAMHAKOBO.

Tepema I'aycca mis BekTtopa E B mpuUCYTCTBHHM JUAJICKTpHKA. B 3TOM Citydyae
MIOMUMO CBOOOJHBIX 3apsaa0B qE HE0OXOMMMO yUWTHIBATh M CBS3aHHBIC 3apsjbl (',
MOSIBJISIONTUECS HA TPOTHUBOIOJIOKHBIX TPAHIX JHUIJICKTPUKA MPU €0 MOJIIPU3AINU
BO BHEITHEM 3JICKTPUYECKOM (TIOJpoOHEee CM. pasnuen AudJIeKTpukH). [loaTomy Teo-
pema ["aycca 11 BEKTOpa B MPUCYTCTBUM IUAJICKTPUKA 3AITUIICTCS TAKUM 00pa3oM

gy +4q'
-

35&‘5 -

126



I7Ie B MPaBYIO 4acTb (POPMYIIbI BXOJIUT aireOpandeckas cymMma CBOOOJIHBIX U
CBSA3aHHBIX 3apsAJI0B, OXBAaThIBAEMbIX ITOBEPXHOCTHIO S.

N3 dpopmynbl BbITeKaeT pU3MUYECKUl cMbIC] TeopeMbl ['aycca st Bektopa E:
MCTOYHUKAMU AJIEKTPOCTATUYECKOTO Mot BekTopa E sBisitorcst cBOOOAHBIE U CBS-
3aHHBIE 3aPSAIBbI.

B yacTHOM cilydyae CUMMETPUYHOIO PACIOJIONKEHHUS 3apsA0B U AUIIIEKTPHUKA,
MPU HATMYUKA OCEBOM WM c(hepuiyecKoi CUMMETPUU WIH B CIy4ae U30TPOIHOTO O
HOPOJHOI'O JUAJIEKTPUKA, OTHOCHUTENIbHAS JTUAJIEKTpUUECKass MPOHUIIAEMOCTh CPEIbI
€ 0CTaeTCs MOCTOSIHHOM BEJIMYMHOM, HE 3aBUCSLIEN OT pacCMaTPUBAEMOU BHYTPH AU~
AIEKTPUKA TOYKHU, U TMOATOMY MOXHO y4YECTh HAJIMYUE TUAJIEKTpUKa B Gopmyie He
TOJIbKO BBEJICHUEM CBSI3aHHBIX 3apsi/ioB (', HO U TApaMETPOM € , UTO sIBJIsieTCA Oojee

YIIO6HBIM IIpHU MPAKTHICCKUX pacyCTax. TaK, MOKHO 3aI1uCaThb

g +q _ 4
€, £g,

Torna TCOpCMA Faycca JJIs1 BCKTOpPa E B 3TOM CIIy4dac 3aIlrimeTCA TaK:

§EdS = 1=,
: EE,
rac € - OTHOCUTCIIbHAA OUIBJICKTPHUYCCKAA NPOHHUIACMOCTL CPCIAbI, B KOTOpOfI

HaXOOUTCA IOBCPXHOCTDb S.

8) IIpumenenue meopemut I'aycca ona pacuema rnekmpocmamuyeckux nosneil.

B cnydae snekTpocTaTHUeCKUX MoJied, 00JIaalouX TOW I UHOW CUMMET-
pueit (oceBas u chepuyeckas CUMMETpPHs, OJTHOPOJHOE Moje), Teopema ["aycca mo-
3BOJIIET JOCTATOYHO MPOCTO TOJYYUTh BhIpaKeHHE i Moayis Bektopa E. Ilpu
MIPUMEHEHUH TeopeMbl ['aycca BBIJCISAIOT CISAYIONINE ATAMbL: 1) U3 CHMMETPHUH pac-
npe/iesieHUs 3apsiI0B OINPEIeIIAI0T HanpaBieHne BekTopa E B kax10il Touke mous; 2)
BBIOMPAIOT MPOU3BOJIbHYIO 3aMKHYTYIO MMOBEPXHOCTh U PACCUUTHIBAIOT TTOTOK BEKTO-
pa E uepe3 Hee. [loBepXHOCTh JOJKHA COAEpKaTh BHYTpH ceOs 3apsij (4acTh 3aps-
71a), CO3/IAIONIUi 1oJIe, U OTpakaTh CUMMETPHIO TSl (MWJIUHIP, cdepa); 3) paccuu-
THIBAIOT 3apsijl, MOMAA0IINNA BHYTPh MOBEPXHOCTH; 4) MPUMEHSIOT TeopeMy ['aycca
JUTs ompezienieHust Mmoayis Bekropa E. PaccMoTpuM KOHKpeTHBIE MPUMEPHI IPUMEHE-
HUs TeopeMsl ['aycca.
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I[Ipumep 1. 9HCKTDI/I‘ICCKOC [10JI€ PAaBHOMEPHO 3apsbKCHHOM IO IOBEPXHOCTHU

OECKOHEYHO NPOTSHKEHHOM MI0CcKOCTH. [1oJie IIOCKOro KOHAEHCATOPA.

1 stan. Beegem moBepXHOCTHYIO IJIOTHOCTD 3apsiia . JJis 3Toro Ha 3apsiKeH-
HOM MOBEPXHOCTHU BOJIM3U KaKOU-THOO0 €€ TOYKU BBIOMPAIOT AJIEMEHTAPHYIO TIIOIIA/I-
Ky dS, conepxkaiyto 3aps dq, 1 pacCUUTHIBAIOT G 1O popMyIie:

—
n
{_C

—— ]

-

E

dg

dS

2 sramn. Beibupaem 3aMKHYTYIO TOBEPXHOCTh B BHJIE HWIMHAPA, 00pasyroas
KOTOpPOTO MepIeHIUKYIsipHa K miockocTu (puc.2.10,a). Torga nmortox ®F yepes 0o-
KOBYIO MTOBEPXHOCTh OyJeT paBeH HymIo (a = 90 rpax, nunuu E He nepecekaioT 0o-
KOBOH MOBEPXHOCTH) U MOITOMY OCTAETCSI OTOK TOJBKO Yepe3 OCHOBAHMS TIIOLIATN
S] = Sz =S

D, = %En’.icosu — ‘FEdSc:m{i+ J-Ea"Sce&t:r, =2KES

3 stan. Paccuuraem 3apsia III0CKOCTH, NONAAAIONINN BHYTPh [IUINHIPA

gy = [a"q = [Gf."S =g5
4 sran. [IpumensieM Teopemy ['aycca qist pacuera moayiis Bektopa E, rae yuren
Clly4al OTPULATEIBHO 3aPSIKEHHOMN IUIOCKOCTH.
oS
2ES =—;
£E,
o
2eE,

Pa3noctn MMOTCHIUAJIOB MCKIY ABYMA TOYKAMH I10JI5, HAXOIAIMIUMHACA Ha pacC-
CTOAHUAX I'1 U T, OT IINIOCKOCTH.

9

(7 —1)

Q-9 = {En’fccsu =+E(n-n)=%
1 2gg,

I'JI€ 3HAK «1T» 6epeTC$[ JJI1 ITIOJTOKHUTCIIBHO BaprKCHHOﬁ IINTIOCKOCTH.
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I/ICHOHBSYH MNpUHOUII CYIICPIIO3UTUHN SJICKTPOCTATUUICCKHUX HOHCﬁ, MOXKHO CAcC-

JIaTb BBIBOA O TOM, 4YTO IIOJIC KOHACHCATOpPA CYHICCTBYCT MCIKAY €I'0 INNIACTUHAMU, A

MOyJib BekTopa E 3Toro nosus paBeH

ol _ el

EE G FE = =
2eg, Seg,

Tac \q\ - MOAYJIb 3apsaa OI[HOﬁ N3 INTaCTUH KOHACHCATOpA IIJIo0Iaau S.

O1eHUM pa3HOCTh MOTEHIIUATIOB (- (O, (WuiH HampspbkeHne U) Mexay oOKIaaKa-

MU KOHJICHCATOpa, HaXOAIMMHUCS Ha paccTtossHuu d npyr ot apyra. s 3Toro uc-

oJib3yeM (pOpMYyIIbI .

|o

U=0,~0,=|Edlcosa=Ed =—d=—1 4.
‘1 £E, SEE,
i " —J it E i
B " . 4 p| 1
4 L L8
e b e o 1
E4—F—»——
Py P:
d
a 8

Ilpumep 2. Iloie PABHOMEDPHO 3apsSHKEHHOU OECKOHEYHO

JUTMHHOU

OPSIMOJIUHENHONW HUTH.

G, = jEEn"-':T{:Osaf = [EdS cosar = ES,,, = E2mH |

5

(=]

Eh

L
y
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TEMA: IIpoBOIHUKH B DJEKTPHYECKOM I0JIE.

1) Pacnpeodenenue uzobimounozo 3apada Ha nPOGOOHUKAX 6 COCHMOAHUU PAGHOBe-
cus.

K mpoBogHMKaM OTHOCSTCS BEIIECTBA, MPOBOIINE JICKTPUUYSCKUM TOK. B
HUX UMEIOTCS CBOOOJIHBIE 3apsibl, KOTOPHIE CIIOCOOHBI IEpeMeIaThCsl IO TPOBOIHU-
Ky IOJT ICMCTBMEM BHEIIIHETO 3JIEKTPUUECKOTO Mojisi. B MeTaiinueckux MmpoBOIHU-
KaX CBOOOJHBIMM 3apsilaMu SIBIISIIOTCSI DJIEKTPOHBI, OHU 00pa3yloT ras, 3aroJHsIO-
N KPUCTAITUYECKYIO PEIIETKY MOJIOKUTEIBHO 3apsKEHHBIX HOHOB.

PaccmoTpum, 4TO MpOU30MAET, €CIIU MPOBOJHUKY COOOIIUTH M30BITOUHBIN 3a-
psan. Ilpyu 3TOM MOJIOKUTETLHOMY 3apsay METAIMYECKOr0 MPOBOJIHUKA COOTBETCT-
BYET HEJOCTATOK CBOOOJIHBIX AJIEKTPOHOB, & OTPUIIATEIIBHOMY 3apsiy - UX U30BITOK.
B ycioBusix paBHOBecHUs: H30BITOUYHOTO 3apsijia CIIPABEIIMBbI CICIYIONINE YTBEPAKIC-
HUSA:

1. DrekTpuvecKkoe 1moJjie BHYTPU MPOBOJAHUKA OTCYTCTBYET, a 00BHEM MPOBOJIHH-
Ka M €T0 MOBEPXHOCTh SBIISIOTCS SKBUMOTCHIIMANBHBIMU Eyy = 0, (Qpr=const.

JIeHCTBUTENIBHO, €CITM 3TH PAaBEHCTBA HE BBITIOIHSIOTCS, TO TOT/Ia CBOOOIHBIC
3apsiibl B MPOBOJHUKE OYIyT MepeMelarhcs, Tak Kak padoTa CHII AJIEKTPUUYECKOTO
1oJisi He OyJIeT paBHA HYJI0. JTO MPOTUBOPEUUT YCIOBUIO PAaBHOBECHSI M30BITOUHOTO
3apsijia: B yCJIOBUSIX PABHOBECHSI OHM JIOJKHBI OBITh HETOBUKHBIMH.

2.M30bITOUHBINA 3apsiJy pacrhpeiessieTcss TOJbKO MO BHEIIHEW MOBEPXHOCTH
MPOBOJIHMKA, TaK KaK M3-32 KYJOHOBCKOTO OTTAJKMBAaHHUS OJHOMMEHHBIX 3apsiiOB
OHM CTaparoTCsl pa30UTHCh HA MAKCUMAJIbHO BO3MOYKHBIE PACCTOSHUS JIPYT OT JpyTa,
T.€. BHYTPU TaKOH MOBEPXHOCTH M3OBITOUHOIO 3apsjia HET, TAaK KaK 3TOT 3apsi/i OJTHO-
ro 3Haka. CienoBaTeabHO, OH pacrlojaraercsi TOJbKO Ha BHEIIHEN MOBEPXHOCTHU MPO-
BOJIHUKA.

3.Pacnipenenenue n30bBITOYHOTO 3apsija MO BHENTHEH MOBEPXHOCTH MPOBOJIHU-
Ka SIBJIICTCSI HEPaBHOMEPHBIM: MOJYJIb BeKTOpa E M MOBEepXHOCTHAS MIOTHOCTH 3a-

psaaga 6 0O0JbIIIE B TEX TOUYKAX MMOBCPXHOCTHU IIPOBOJHHKA, I'/IC €C KPHUBHU3HA OoJbIIIE.
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Monaynb Bektopa E BOMM3M KakKoOW-THOO TOUKM TMOBEPXHOCTH 3apsKEHHOTO
MIPOBOJIHUKA MPOMOPIIMOHAICH TTOBEPXHOCTHOM IMJIOTHOCTH 3apsijia G B TOM TOUKE.

Bonusu octpus moaynb BekTopa E MOXXeT MpeBBICUTH 3HAYEHUE, COOTBETCT-
BYyIOIIle€ MOHU3AIMK MoJiekys Bo3nyxa (E nonn3~3-106 B/m nipu atmocdepHoM 1aB-
JIEHUM), U TOT/la BO3HUKAET SIBJICHUE CTEKaHUS 3aps]IOB, COMPOBOXKIAIOIIECECS DIICK-
TpudeckuM BeTpoM. OOpa3yrolyecst TPy HOHU3AIUN MOJICKYJI SJIEKTPOHBI IBUKYTCS
K OCTPHUIO U KOMIIEHCUPYIOT Ha HEM YacTh 3apsjia, PABHOBECHE 3apsJIOB HA MPOBOJI-
HUKE HapyIIaeTCs M K OCTPUIO MOJXOMST 3apsiibl C APYTUX YYaCTKOB MOBEPXHOCTH
MIPOBOJIHUKA . DTO ABMIKEHUE MPOJOJDKACTCS 10 TE€X MOp, MOKa MOAYJb HANPsHKEHHO-

CTH 3JIEKTPHYECKOTO MO BOIM3U OCTPHUS OyIeT IPeBbIMaTh Luom:.

-+ I:-E'J—)-
e + T - - ___,(:_2'
S
N e
-+ " e B H—
++

B To e Bpems MOoJI0KUTEIbHBIE HOHBI MOJICKYJI BO3/1yXa JIBIXKYTCSI B IPOTHUBO-
MOJIO)KHOM HaIpaBJIEHUHW OT OCTPHS, YBJICKAIOT 3a COOON HEHTpaJibHBIE MOJIEKYJIBI,
co3/1aBasi ABMKEHUS BO3yXa - AJICKTPUUECKHUI BeTep.

2) Hezapajicennolil RPOGOOHUK 60 6HEUIHEM ITIEKMPUUECKOM RoJle.
[TomecTM BO BHEIIHEE JIEKTPUUYECKOE Tosie HampsbkeHHOCTH E  HezapsikeH-

HBII TPOBOJIHUK (pHC.a), HAYaJIbHBIA MOMEHT BpemMeHu t =0).

> >
,ED E
> e
E =
> —_—T— — — — EI:I—:-+—:|-
£ =
> e e E -t
: _'_'_'_'_‘_'_'_'_'_\_\_\_\_\_\_\_\_"h-
a ]
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[lon neiicTBUEM CUIJI 1OJISI CBOOOHBIE 3apsi/ibl B MPOBOJIHUKE MPUXOAT B ABU-
KEHUE M Ha €r0 MPOTUBOMOJOXKHBIX CTOPOHAX MOSBISIOTCS UHAYLHUPOBAHHBIEC 3apsi-
Ibl, (Takoe SIBJICHUE TMOJYYWJIO Ha3BaHWE SBJICHUS 3JEKTPOCTATHYECKOW MHAYK-
1[M1), KOTOPbIE B YCIOBUSAX PAaBHOBECHS CO3/1alOT cBOE Mojie E u OHO KoMIeHcupyeT
BHEIHEE DJIEKTPUUYECKOE 10JI€ BHYTPU NPOBOIHUKA ( Epuyrp =E' + Eg = 0), ' uncka-
KAlOT 3TO T0JIe CHAPYKH, BOJIM3U OBEPXHOCTH (pHC.0).

Wtak, BHELIHEE 3JIEKTPUYECKOE MOJIE HE MPOHUKAET BHYTPh MeTaiia. JTo Mo-
3BOJISIET MCIOJIb30BaTh METAJUIMYECKYI0 00O0JOYKY, CIUIOUIHYIO WJIM B BUJIE CETKH,
JUTSL 3aIMUTHI (SKPAaHUPOBKU) PA3ITUYHBIX MPUOOPOB OT BHEIIHUX DJIEKTPUUYECKUX T1O-
JIeH.

3) dnekmpoemkocms yeOUHEHHO20 NPOGOOHUKA. DINEeKMPOEMKOCHb KOHOEHCAmO-
pa.

PaccMOoTpyM yenMHEHHBIN MPOBOJIHHUK, T.€. B OKPYKAIOIIEM €ro MpPOCTPAaHCTBE
HEeT APYruX Tel - AUAIEKTPUKOB (E£=1, BakyyM) U npoBoaHUKOB. 3 popmyn smek-
TPOCTATHKHU CIJIEAYET, YTO 3apsija ( MPOBOAHHUKA U €T0 MOoTeHnHuan P, KOTopbIid B yc-
JIOBUSIX paBHOBeCHUS! OyAeT OJMHAKOBBIM BHYTPH M Ha MOBEPXHOCTH IMPOBOJHHUKA,
MPOMOPLMOHATBHBI IPYT APYTY, MO3TOMY KO3(PPHUIMEHT MpONOPLHOHATBEHOCTH Me-
KTy HUMU

0y
[
S e

He OyJeT 3aBHCETh HH OT (, HU OT P W Ha3bIBaeTCs 3JIEKTPOEMKOCTHIO TIPOBOIHHUKA.
DNEeKTPOEMKOCTh IPOBOJHHUKA XAPAKTEPU3YET €r0 CIIOCOOHOCTh HAKAIUIMBAThH 3aps-
Ibl U 3aBUCHUT TOJIBKO OT F€OMETPUUYECKHX PA3MEpPOB MPOBOJHHMKA U JIUIIEKTpUYE-
CKUX CBOWCTB OKpY’KaloleH cpepl, T.€. oT €. J[eMCTBUTENBHO, B CIIyyae METaJlJIN4e-

CKOM c(hepbl MOXKHO 3aMucaTh:

(4T[EE,:,R}

DNEeKTPOEMKOCTh YEJIWHEHHOI'0 MPOBOJHHUKA SIBISETCS JOCTaTOYHO MaJioil Be-
nuauHoOM. Tak, eciau paccMaTpuBaTh IJIAHETY 3eMIIsl Kak MPOBOSIIMN IIap paauyca
R=6400 kM, TO TOrJa €€ 3JIEKTPOEMKOCTb cocTaBUT Bcero 711 MxdD.

Hanuuue BONM3M yeIMHEHHOTO MPOBOJIHUKA KAaKUX-TUOO TeJl (MPOBOJHUKHU WIIH

III/IC-)JICKTpI/IKI/I) YBCIMYIUBAIOT €0 3JICKTPOCMKOCTD. Eciun x mojaoXuTenbHO 3aPAKCH-
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HOMY MPOBOJHUKY IOJHECTH HE3apsKEHHBIA METaJUIMYECKHI NMPOBOJHUK, TO 32
CYeT IepepacipeieseHus 3apsiaa Ha IPOBOJHMUKAX 3JIEKTPUUYECKOE 0JI€ B IIPOCTPAH-
cTBe ocialbeBaeT, T.e. Ha JMHUM 1-2 Moaylb BekTopa E Oyner ymeHbIIaThCs U TO-
ATOMY MOTEHIMAT MOBEPXHOCTH 3apSKEHHOTO IMPOBOJHMKA OYyNET TaKXe YMEHb-
LIAThCS, YTO NPUBOJUT K YBEIUYEHUIO €TO IIEKTPOEMKOCTH.

r=ce r=aoa

2
@1 —92=¢; =] Edlcosa
i

Kak cnenyer u3 pucyHka, HauOoabui 3QQGEKT yBEIMUYECHUS AIEKTPOEMKOCTH
MPOBOJHUKA JOCTUTAETCA ISl KOHJIEHCATOPOB, MPEACTABISIONIMX COO0W ABE MeTal-
JUYECKHE TJIACTUHBI, pa3jieliCHHbIE clioeM AuIeKTpuka. Ha mimactunbl (00KIaIKK)
MOJIAI0T 3apsAJibl, OJMHAKOBBIE MO MOIYJIO U MPOTUBOMOJIOKHBIE MO 3HAKY. DopMma
0OKJIaJIOK KOHJIEHCATOpa 00eCIeYnBaET CYIECTBOBAHUE YJIEKTPUUYECKOTO MO TOJb-
KO B MPOCTPAHCTBE MEXAY HUMH. DTO MO3BOJIAET YCTPAHUTH BIUSHUE HA 3JIEKTPOEM-

KOCTb KOHACHCATOPA OKPYIKAOIIHUX €TI0 TCJI.
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r7€ Q- 3apsij MOJOXKHUTEIBHO 3apsHKEHHOM MIIACTUHBI KOHAEHCATOpa, (Q1-¢3)-

Pa3HOCTh MOTEHIIMAIOB MEXAY €ro OOKIagKaMHU.

DNEKTPOEMKOCTh KOHAEHCATOpa, KaK U AJIEKTPOEMKOCTh YEAMHEHHOTO MPOBOJ-
HUKA, 3aBUCHUT TOJIBKO OT €ro T€OMETPUYECKUX pPa3MEpOB M JIUIICKTPUUYECCKUX
CBOMCTB Ccpelibl (€) MEXKY €ro IMiacTHHAMHU.

3anuiieM GopMyIibl s 3IEKTPOEMKOCTH KOH/IEHCATOPOB Pa3IUYHOr0 BUA.

[Inockuit konaencarop. Mcnonb3ys MOJy4EHHYIO paHee Il pa3HOCTH MOTEH-

oHajaIoB
c. -2 __ 4 _ EE,S
&g _ 1 >
P8 9 d) H
SEg,

rjae S - WiIonaab OJTHON ITIACTUHBI KOHAEHCAaTOpa, d - pacCTOsSTHUE MEXYy HH-
MU, S ~-OTHOCUTEIbHAS AUAICKTPUUECKAsl MPOHUIIAEMOCTh CPEbI MEXKIY OOKIa KaMHU
KOHJIEHCaTopa.

HunuHapudyeckuit KoHaeHcatop. Paauycel 00kIag0K KOHAEHCATOpa 0003HAYUM

kak Rim R, (R,>R), a nnmuny nmactun vepe3 H. Dnexkrpuyeckoe mojie TaKOro KOH-
JeHcaropa o0J1ajaeT OCEBOM CUMMETPHUEN U corlacHO Teopeme ['aycca onpenensercs
3apsiIOM BHYTPEHHEH OOKJIaKu

C - q _ q _ 2neg H
Lo i : 11i In i
EHEGE R] R'_



Cdepuueckuii konneHcarop. Pammycbl o0kmamoxk o6o3HauuM kKak Riu R,
(Rx>R ). Dnekrpudeckoe mosie KOHJIEHCATOpa 001a1aeT cPepruuecKor CUMMETpUEn U
coriacHo Teopeme ["aycca ompenensercs 3apsiioM TOJIBKO BHYTPEHHEW cepbl. Y-
TeIBast (GOPMYITy IJIsl MOTSHIMANA MO Cephbl, MOKHO PACCUUTATh PAa3HOCTH MOTCH-
[IUAJIOB MEXTy OOKIaIKaMH KOHJIEHCATOPa U €ro AJIEKTPOEMKOCTh

¢~ ‘ g _4q ) R -R
dneg R, 4meg R, |

co_ 9 _ g _ 4mee R, R, .

4) uepeun 3nekmpocmamuueckoz2o noasa. Odvemuas naioOmMHOCHMb IHEPZUU.
Brisenem dopmyny asnist sHepruu W 3apspkeHHOro mpoBojgHuKa. Jlig aToro pac-
CMOTpPUM pabOTy BHEIIHUX CUJI MO YBETUYEHUIO 3aps/ia MPoBoIHUKA OT ¢ = 0 (3Hep-
rusi npoBonHuka W;=0, ecmu norenmman 9, = 0) no q, (3Heprus W,, moTeHIHAI
©,), a umMeHHO OyAeM MaJbIMU TIOPIHSIME dg TIepeMeNiaTh 3apsa U3 OECKOHEUHOCTH
(P==0) Ha mOBepXHOCTh TMPOBOAHMKA. [Ipu 3TOM pabota A, BHEIIHEN CHIIBI OYIeT
COBEpIIATHCSA MPOTUB KYJIOHOBCKOW CHJIBI OTTAJIKMBAHUS OJHOMMEHHBIX 3apsiioB U

MIO3TOMY

N 42 q2 92
A =Wy Wy =—4, =—[d4, =— [(9, |

|
0 0 0

re y4treHo, uro W; = (.

I/ITaK, IJIA SHCPTUH 3aPSKCHHOI'O YCAMHCHHOT'O ITPOBOAHUKA MOKHO 3aIlMCaTh:

w_ @ _Co’ _qu

2 2 2

AHAJIOrMYHO MOXKHO MOJIYyYUTH QopMyny 1uisi 3Hepruu W 3apsiKeHHOro KOH-
JeHcaTopa:

cu-

3
Z

e
2

=i =

OcraBasch B paMKaXx 3JICKTPOCTATHUKH HCJIb3d OAHO3HAYHO OTBCTHUTH HA BOIIPOC
O MPOUCXOKIACHUU ISHCPIrUU 3aps’KCHHOI'O IMPOBOJHHKA (KOHI[CHC&TOpa) - HUJIN 3TO
OHCPIUA €TO 3apAA0B WUIN SHCPTUA IJICKTPOCTATUUCCKOTO IIOJIA B OKPYIKAarOIICM IIPO-

BOJHHUK IIPOCTPAHCTBC. N Tonpko u3 PaCcCMOTPCHHA MMOJIHOM CHUCTEMBbI YpPaBHCHH:A
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MakcBenia ObUT CeJaH BBIBOJ B MOJIB3Y 3JIEKTPOCTATHUECKOTO Mo, JJist sHepruu

3apsKEHHOI0 INIOCKOT0 KOHJIEHCATOPa NOJIYYUM

{“[" EED.
2 2d

2
W= (EdP =E8f p_ .

rae V = 8d - o6bemM npocTpaHCTBa MEXKIy OOKJIaJJKaMH KOHAEeHcaTopa, a Belu-
YHA W Ha3bIBAETCA O0BEMHOM IJIOTHOCTHIO SHEPTUHU AJIEKTPOCTATUUECKOTO TTOJIS.

B O6H_ICM ciay4dac i HCOOAHOPOAHOI'O ITOJIAA BEJIMUHMHA W OIIPCACIIACTCA TaK:

1-'[1'._1;_}—{”? gegE” |[.‘l."|1'._']‘
dv’ 2

rne dW - 3Heprus 3MEeKTPOCTATHYECKOTO MOJIs, 3aKII0YEHHAs B AIIEMEHTapHOM
o0beMe dV BOIU3M TOUYKK MPOCTPAHCTBA C KOOpJAUHATAMU (X,V,Z).
BBenenue w MoO3BOJSET PacCUUTHIBATH PHEPTUIO W MOt B TF0OOM KOHEYHOM

o0beme V mpocTpaHCcTBa

W= F wdl = [”MI dy dz.

bl e ra
F ¥

TEMA: AmdJeKTpuKu.

1) Ionapuovie u HenoaapHvle MOJ1EK)TbL.
K nuanekTprkaM OTHOCAT BEIIECTBA, B KOTOPBIX HET CBOOOHBIX 3aps 0B U

WX YHUCJIO HACTOJBKO Majio, YTO OHU HE OKa3bIBAIOT CYIIECTBEHHOTO BIIMSHUS Ha
uX Xapaktepuctuku. [ToBeneHre AUANIEKTPUKA B JEKTPUUECKOM I0JI€ OMpPEaeis-
€TCsl TOBEJICHHEM €ro MOJIEKYJ, KOTOPhIC NENATCS Ha TMOJSIPHBIC U HETOJSIpPHBIC
MOJIEKYIBI.

VY nonspHbIx MoJiekya (MoJiekyibl Bojabl H,O, consiHON KHUCTOTHI, aMMHaKa U
T.JI.) B OTCYTCTBHE DJICKTPUYECKOTO TOJS HEHTPhI TSHKECTH MOJOKHUTEIBHBIX U
OTPHUILIATEJIBHBIX 3apsJIOB HE COBIAJAIOT, TAKHE MOJIEKYJbI MPEACTABISAIOT COO00M
JTUTIONH, KOTOPBIE XapaKTEPU3YIOTCS TUTIOIBLHBIM MOMEHTOM P.

JI1s1 HeMOJIAPHBIX MOJIEKYJ (MoJieKynbl kuciopoaa O,, Bogoponaa H,, remus
He u 1.1.) B OTCYTCTBHE JIEKTPUYECKOTO OIS LEHTPHI TAKECTU MOTOKUTEIBHBIX
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1 OTPUIIATEIBHBIX 3aPSI0B COBIAAAIOT, TOATOMY JAUMOJBHBIM MOMEHT MOJIEKYJIBI P
pPaBeH HYIIIO.

B snektpuyeckoMm mosie HemoJisipHask MOJIEKYyJa 3a CYET CMEUICHUS €€ IMOJ0-
KUTEIBHBIX U OTPULIATEIBHBIX  3apsA0B  MPHOOpETaeT WHIYIIMPOBAHHBIN
JTUTIONIBHBIT  MOMEHT Py , IPOMOPIIMOHANIBHBIN BEKTOPY E anexTpruueckoro moss

pumﬁ:alsﬂllE

IJIe 0 - CKaJisApHas BeJIWYMHA, Ha3blBaeMas MOJIAPU3YEMOCTHIO MOJICKYJIBI.
NunaynupoBaHHBIA TUMOIBHBIA MOMEHT Py MOSBISETCS B DJICKTPUUECKOM T0JIE U
y TIOJISIPHOM MOJIEKYJIbI, HO OH 3HAYUTEIBLHO MEHBIIE YK€ UMEIOIIErocs y Hee JIH-
MOJIBHOI'O MOMEHTA P, TO3TOMY JIJIsl TAKUX MOJIEKYJT Py PEHEOPETaloT.

BBenenne MOHATHS TUIMOIBHOIO MOMEHTA MOJICKYJIBI MO3BOJISIET OMUCATh €€
MOBEJICHUE M COOTBETCTBEHHO IMOBEJCHUE CAMOT0 JUAJICKTPUKA B JICKTPUUYECKOM
noJie.

2) Iloseoenue ounons 6 IneKmpudeckom noJie.
OxHoposiHOE AnnekTpuyueckoe noie. Ha 3apsnbl AUNONS B OJJHOPOJAHOM 3JIEK-

TPUYECKOM TM0JIe JEeHUCTBYET mapa OAMHAKOBBIX Mo Moxayito cuid (F+=F-), Bbi3bI-
BAIOIIUX BpalleHUe AUMOJS BOKPYT ero neHTpa (Touku O) ¢ yMeHbIIEHUEM yTia
MEXIY JUIOJbHBIM MOMEHTOM p U BekTopoM E (puc.a).
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B wrore numnoisib yCTaHOBUTCS B IOJIOKEHHUU, JJI1 KOTOPOTO YroJl a MEXIy
BekTopamu p u E O6yner pasen nymio (p11E, a=0, nonoxxeHue ycTOMYMBOro paBHO-
BECHA).

Beenem noreHnuanbHy0 3HEepruro aumnois W B aiaeKTpudeckoMm mone. s
ATOr0 paccyuTaeM padOTy CHUJI IMOJIS MO BPAILIEHUIO TUIONS OT COCTOAHMS 1, pu
KOTOPOM yTOJI 0= 0.j, A0 COCTOSIHUA 2 (ot =0l2).

Hcnonb3ys popMyny 1uist paboThl CHIIBI IO BPALLIEHUIO TEJA, TTOTYUHUM:

= ®

Ay f}»fa’a =— [[F_ “sine + F —sin o)do =
o o | B )

B Fs 2

=y oy

=—qkE [-*si.nﬁ -dot = (pEcosa)) —(pEcosd, ) =W, -W,.

]

W =—(pE)=-pEcost.. o.=(p.E).

N3 storo BBIPpAKCHHUA BUIHO, YTO B ITOJOXCHHUU YCTOIZHHBOFO PaBHOBCCHA
MMOTCHIMAJIbHAA SHCPIUA JUITIOJII MUHUMAJIbHA U paBHA W= -pE
HeogHopoaHOE 3IEKTPUUECKOE MOJIE.

[IycTh anekTpuyeckoe mojie HapactaeT BAojb ocu Ox (puc.6). Ecnu yron o
Mexay BekTopamu p U E paBeH Hymo (monoxenue 1), TO Torga moja IeHCTBUEM
napel CWJI JUTONbL OyJIeT BTATUBATHCA B 00jacTh Oosee cuibHOro noist (F+>F-,
puc.2.22,6). Ilpu HauansHOM yriie 0<90° (mosioxkeHue 2) mapa cui, ASHCTBYIOIINUX
Ha 3aps/bl A0S, OyAeT MPUBOANTH K €r0 BPAIICHUIO C YMEHBIICHHEM yIJia o U
BTATMBAHUIO B 00J1aCTh 00JIe€ CHIIBHOTO TOJIA, T.€. K MOCTYNATEIbHOMY JIBH)KEHHUIO
B10JIb ocu OX. Ilpu HayanbHOM yrie o > 90°. Jlunonb Oyner cHavalla moOBOpayu-
BaTbCs C YMEHBILIEHUEM yTJjia 0. U BBITAIKUBATHCSA B 00JacTh OoJiee caboro moss.
[Ipu poctxenuu yriaa o= 90° oH MOBOpavYMBAETCS C YMEHBIICHUEM YIJIa O U Ha-
YUHAET BTATUBATHCA B 00J1acTh O0Jiee CUIbHOTO noist. MoxkHO 3anucaTth Gopmyny

IJIA IPOCKIMU Ha OCb Ox cuinl F, BBISBIBaIOHICI\/JI MOCTYIIATCIIbHOC ABUXCHUC OU-
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110JI41, I/ICHOJIB3y51 N3BCCTHOC H3 MCXAHHKU BBIpa}KeHI/Ie, CBA3BIBAIOIICC KOHCCpBa-
TUBHYIO CHJTY W TOTCHIIMAJIBHYIO SHEPTUIO
AW dE
Fo== = p—cosal.
’ dx dx
HTaK, HpI/I JHO6OM HaYaJIbHOM erIe o JUIIOJIb B HeOIIHOPOI[HOM 3JIeI<TpI/II{e-
CKOM IIOJIC B UTOI'C BTATINBACTCA B O6HaCTB 60ﬂee CHUIIBHOTI O I1IO0JIA.

3) dnekmpuueckoe nojie 8 NPUCYMCMEUU OUIIEKMPUKOB.

1. E.E.q.G". luonexTpuk, MOMELIEHHDBIH BO BHELIHEE HIEKTPHUECKOE
T0JIe HANPSHKEHHOCTH E( MONMpHu3yeTcs, T.e. CO3IaeT CBOE COOCTBEHHOE IICKTPH-
YCCKOC II0JIC HaHmeeHHOCTI/I E'. HpI/I 9TOM HaHpSDI(eHHOCTB pe?)yJIBTI/IpyIOIHeI‘O
snexrprueckoro nois E 6yner paBHa

E=E +E'.

HOJI;IpI/ISaI_II/ISI I[I/IC‘)JICKTpHKa COHpOBO)KJ:[aeTCSI ITOJABIICHUCM Ha €ro HpOTI/IBOHOHO)K-
HBIX FpaHSIX HeKOMHeHCI/IpOBaHHBIX CBJ3aHHBIX 3ap$[I[0B q', KOTOpBIe n CO3Jar0T
noste E'. [ToBepXHOCTHAS IIOTHOCTb 3apsifid G XapaKTePHU3YeT PaclpeieicHue 3a-
pHILa q' 10 HOBerHOCTI/I I[I/I:')HCKTPI/IKa.

2. JludieKTpuYecKash MPOHMLAEMOCTH € cpeiabl. OHa IOKa3bIBAET, BO
CKOJIBKO pa3 MOI[y.HB HaHmeeHHOCTI/I E() T1I0J151 B BaKYYMe 60.]]]5]116 MOI[YHH HaHpH-
JKCHHOCTHU E 10141 BHYTpI/I I[I/I:')HCKTPI/IKa

E,
g="1
E
Ora ¢Qopmyna cupaBeiivBa Uil OJHOPOAHOIO HM30TPOIHOIO JUAIEKTPUKA,
3aIlOJIHAIOLIET0 BCE IMPOCTPAHCTBO WIIM IPEACTABISAIONIET0 COO0M LMIMHIpHYE-
ckue, chepuyeckrue U MpsIMOYTOJIbHbIE TIACTUHBI, HAXOAIIUECS COOTBETCTBEHHO
B DJIEKTPUYECKOM TOJIE OCEBON MM CPEpUUECKO CUMMETPUH WU B OJHOPOIHOM
nosie. Torga mexny Bekropamu  Eg u E' yron Oyzaer paBen 180 u MoxHO 3amu-
caTh:
E
E=E,-E ;e=—"_,
EI:' _.E
B 3aBucumoctu oT OpMBbI AUAIEKTPUKA U €0 PACIOJIOKEHUS BO BHEUTHEM
AIEKTPUYECKOM TMOJ€ yroa Mexay Bekrtopamu Eo u E' MoxkeT uaMeHsAThC
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3. Bexrop monspuzanuu (monspu3oBaHHocTh) P. OH paBeH BEKTOpHOI

CYMMC OUITOJIBHBIX MOMCHTOB MOJICKYJI CANMHUIIBI o0BeMa AUIBJICKTPHUKA.

r__| E _r.'
p=—Fi
I:.-
BekTtop monsipuzaiuu P onuckiBaeT cnmocoOHOCTh AMAJICKTPUKA CO3/1aBaTh CBOE
cooctBeHHoe mnojie E'. MokHO mokasaTh, 4To

J.'E’ =_E:EJ .

W3 omnbiTa u3BecTHa hopmyna

P=ygoE

IJIc BEJIMUMHA Y HA3bIBACTCS JUAJICKTPUYECKOW BOCHPUMMYHUBOCTHIO JTUAJIEK-
TpHKA.
4. BekTtop anexkrpuueckoro cmenieHus (nekrTpudeckor uaaykuun) D. OH
BBOJIUTCS TI0 (hopMyJie

D=¢, -E+ye,E=(1+y)g,E=ec,E. £=1+y
D=

4) Henonapuwiit Ouz1eKmpukK 60 6HeutHemM 31eKmpuiecKkom noJe.

Bo BHENIHEM 3JEKTPUYECKOM I0JI€ TPOUCXOAUT CMEUIEHUE 3apsAJIOB HEMOJISIP-
HBIX MOJIEKYJ, OHH CTAHOBSITCS TUIOJISAMHU W MPUOOPETAIOT MHAYLUHUPOBAHHBIC H-
MoJIbHbIE MOMEHTHI. Ha puc. mokazaHO pacroioKeHHE MOJIEKYJ-IUIOJIEH Ha IMo-
BEPXHOCTU U BHYTPHU AMDIIEKTPUKA, MPEICTABISAIONIEr0 COO0N NMPSIMOYTOJIbHYIO IUIa-
CTUHY JUIMHOM | W MIIOmIaiblo MOMEPEYHOro CeYeHUsl S, BO BHEIIHEM OJHOPOJIHOM

QJICKTPUYCCKOM II0JIC HAIIPAKCHHOCTH E().
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N3 pucyHka BUJIHO, YTO BHYTPHU MPOUCXOJUT KOMIIEHCAIUA 3apsA0B COCEIHUX
MOJIEKYH (CYMMAapHBIN 3apsiji, 3aKIIOUYEHHBIA B 00JIaCTSIX, OTPAHUYCHHBIX 3aMKHYTHI-
MU MYHKTUPHBIMU JIMHUSIMU, PABEH HYII0). HekoMIIeHCUpOBaHHBIMU OCTAIOTCS 3apsi-
JbI MOJIEKYJT Ha MPOTUBOIOJIOKHBIX TPAHAX JAUAJIEKTPUKA, OHU HA3bIBAIOTCS CBS3AH-
HBIMH 3apsiaMy, MOCKOJBKY 3TH 3apsibl HAXOASATCA BHYTPU MOJIEKYJI U HE MOTYT
CBOOOJTHO MEepEeMENIaThCs MO0 BCEMY 00bEMY TUAIECKTPHKA.

1. Dnexrpuueckoe noje E' quanexkTprka 3KBUBAJIECHTHO AJIEKTPUUECKOMY MO0
MJIOCKOTO KOHJICHCATOpa C MOBEPXHOCTHOM MJIOTHOCTHIO 3apsijia ero IiacTUH, paBHOU
o'. CaenoBaTenabHO,

= 5 gL _

P= =P, = =g/, B =g
I; Pn::al..'cﬁ MOX. SL i

2. Jdusnextpuk nogodeH Oonblioi nojasipHoit Mosekysne. [loatomy noBenenue

AUDBJICKTPHUKA BO BHCIIHCM 3JICKTPUYICCKOM II0JIC HOI[O6HO IIOBCACHHIO JUIIOJIA. Pac-
CUHUTACM MOIYJb BCKTOPA MOJIAPU3AITUN:

ol
Sy

rae P,- mpoekuust Bektopa P Ha HampaBiieHHs HOpMalyd K MOBEPXHOCTH JU-
anektpuka (P,=P aysg npaBoit rpann).

ECI » 'EI:I il , EC' .

ol iy =

e e T O NIE b

o] . . b g Sy
|- i H

E E § |- ? —» —r—r—ri

i = + =
< | - E: — —>——"
= : 5 + -
| R e _E_ ________________ :
L T L
P



3. Bce HHAYOUPOBAHHBIC IUIIOJIBHBIC MOMCHTBI MOJICKYJI HAIIPABJICHBI BJOJIb
JIMHUH

E(), TAKIKC HAIIPABJICH U BCKTOP IMOJIAPHU3AITUN P.

V
TR

P=¢, E=2, PME. ENE = P=-=F.

5) Honaapuwiii OusieKmpuK 60 6HeUIHEM IJ1IEKMPULECKOM NoJle.

B orcyTcTBHE 3JIEKTPUUYECKOTO MOJA 3a CYET TEIJIOBOTO JBMIKEHUS MOJICKYII
WX JTUTIOJBHBIE MOMEHTHI P pa30pOCaHbl XaOTHYHO IO BCE HAMPABJICHUSM, CJIEI0Ba-
TEJIbHO, TURJIEKTPUK HE MOJIIPU30BaH U BEKTOp nojisipuzanuu P paBeH Hy:m0:

- E

EOZO _q, 0 ‘r‘+qr

> ~A - i 4 -

- ¥ > —% +

¥ ~ ‘/: —» . — \*4.

g / :;) —v :

3’ N \ - T ¥ o+

P=0 P gl
a o

Bo BHeniHeM 3JIeKTpUYECKOM I0JIE €T0 CHJIbI CTPEMATCS YCTAaHOBUTH JMIIONb-
HbI€ MOMEHTBI MOJIEKYJ BIOJIb JTUHUN E(, ueMy NpemnsiTCTBYeT TEIUIOBOE JBUXKEHUE
MOJIEKYJI. 3a cueT JACHCTBUS 3TUX ABYX (PAKTOPOB HAOIIOAAETCS MPEUMYIIECTBEHHAS
OpMEHTAIUs TUIOJIBHBIX MOMEHTOB MOJIEKYJ BlIoJb noJid. [loaTomy 3a cuet moBopo-
Ta MOJIEKYJ IUAJIEKTpUK nosspusyercs (P>0), nonspuzauus conpoBoKaaeTCs MOSAB-
JIEHUEM CBSI3aHHBIX 3apsAJ0B ' Ha MPOTUBOIOIOKHBIX TPaHAX JUANIEKTpHKa. Bee 31o
CBUJIETENIBCTBYET O TOM, YTO MOBEJICHUE TAKOTO JIUAJIEKTPUKA BO BHEIIHEM JJIEKTPHU-
YEeCKOM I10JI€ MT0I00HO MOBEACHUIO JUAJIEKTPUKA U3 HEMOJSPHBIX MOJIEKYII, a CIIeN0-
BaTEJIbHO, U MOBEJECHUIO TUTIOJIS.

Tor ¢akt, yTo UCTOUHUKOM TOJIA BeKTOpa D sABASAIOTCSA TOJIBKO CBOOOAHBIE 3a-
pSAIBI IPUBOJIUT K TOMY, YTO JIMHUM D Ha rpaHuile AUAJIEKTpUKA, I/I€ MOSBISIOTCS
CBsI3aHHBIC 3aps/bl ', HE MPEPHIBAIOTCA. DTO ABISETCS YAOOHBIM JIJIsl rpaduyecKoro
M300paKEeHUS SJIEKTPUUYECKOTO MOJIsl B MPUCYTCTBUU TUdNeKTpuka. Ha pucyHke B ka-
YecTBe IpUMEpa MPUBEICHO Ipaduueckoe n3o0paxeHue ¢ nomoibto auHui E u D
AIIEKTPUYECKOr0 MOJs IUIOCKOTO KOHAEHCATOpa, BHYTPU KOTOPOTO HAXOJIUTCS Mpsi-
MOYTOJIbHAS TJIACTUHA U3 JIUAJIEKTPUKA C OTHOCUTEIBHOW TUANIEKTPUUECKOW MPOHU-
LIAEMOCTBIO €.
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6) IToeeoenue nunuii éexkmopos £ B Duq zpanuye pazoena 06yx ouszieKmpuroe.
Ncrounukom nuHui D ABISIIOTCS TOJIBKO CBOOOJHBIE 3apsifbl U MOATOMY JIH-

Hum D Ha IpaHuIe pasjaciia ABYX AUIJICKTPUKOB, I'IC HAXOAATCSA CBA3AHHBIC 3apsIbl,
HC IIPCPBIBAOTC. 910 03Ha4acCT, YTO HOPMAJBHBIC, IICPIICHAUKYJIAPHBIC K IIOBCPXHO-

CTH pasjielia COCTaBIAIoIINE BEKTopa D He npepriBaroTcs (puc.a):
D n~ D 2n *
£1E1n= &:2E0,.

T.€. cocTaBJAoIMe BekTopa E TepnsaT paspsis.
YToOBl BBISICHUTH MOBEJACHHE TAaHTCHIMAIBHBIX (MapaUIeIbHBIX MOBEPXHOCTH

pasnena) cocrapisiiomuxX BekTopoB E u D, 3anumem uupkynsuuio Bekropa E 1o

npsiMmoyrosibHoMy KoHTYpY (I)

[

T2

1
§Edl = E, 1, + [ Edl - E, I, + [Edl =0.
r 4

l obxon
E] k J L 4 k 4 L J En] 1[’ L 4 | Sl l T 2
- U i -
s v |7 s gx8 4 () 3 Jr_:
L —_
B i 2]
JlyHun D JIvaun E
a o B

Ecnu B3sTH mpenen, npu KOTOPOM CTOPOHBI KOHTYpa 123 = 141 ctpeMsITcst K HYIIIO, TO
nonyuyuMm  E=E,;; ¥ COOTBETCTBEHHO:



DTO 03HayaeT, YTO TAHINCHLIHAJIbHBIE COCTABIIIONIME BEKTOpa £ Ha TrpaHULE
paszeia HeNpepbIBHEL, a sl BeKTopa D oHM TepnsT pa3phIB.
DTH yCIIOBHS MO3BOJISIIOT BBISICHUTH NOBeneHUe quHui E n D npu nageHnn ux

Mo IMPOU3BOJIBHBIM YIJIOM a4 K IIOBCPXHOCTHU pa3ciia ABYX JUIJICKTPUKOB.

VYTl naieHus o U MPEJIOMIICHUS 0O U JUHUK E 1 D MOXHO ornpenenuTs u3
CIEIYIOIINX YPAaBHECHUM:

g, Dy &

Ca 1 s IP’C{-'\ %, ny
JuaHE D == =— JInaEHl E; =3 =3 =
tgoy, Dy g e, D, g

AT 1 - i £

BI/IIIHO, 4TO IIPHU OJAMHAKOBBIX YTIJIaX IMAaJCHUA ol YTOJI IPCIIOMJIICHUA 02 TUHUN

E u D OGyJeT 0IMHAKOBBIM; I H300PaKEHHOro Ha puc.2.29 ciaydas £27€1 U modTO-

7) Ilvezoanekmpuku. CecnemorieKmpuKxu.
JIMPNEKTPUKN B HAYKE M TEXHUKE MCIOIB3YIOTCS, MIPEXKIE BCEro, KaK dIEKTPO-

M30JIAIMOHHBIC MaTepualibl. OJHAKO UMEIOTCS M APYrHe pa3HOOOpasHbIe MPUMEHE-
HUS TUDJICKTPUKOB M3-32 HAJTUYHS Y OTACIBHBIX X TPYII HEOOBIYHBIX CBOMCTB.

HyxHO oTiam4ath mbe303()PEKT OT SABICHUS SJICKTPOCTPUKIIUHU, KOTOPHIA Ha-
OJro1aeTcs y BCEX JMAJIEKTPUKOB M COCTOUT B M3MEHEHUH Pa3MEPOB JUAJICKTPHKA
MOJT JICWCTBHEM BHEITHETO 3JICKTPUYECKOTO mosisi. Ho B ciydae 3leKTPOCTPUKIIMH
CMEHa HANpaBJICHUs BHEITHETO 3JCKTPUYCCKOTO IMOJIS HE NMPHBOJIUT K CMCHE 3HaKa
ero nedopmariuu.

CerneroanekTpukd. K HUM OTHOCST MbE303JIEKTPUKH, O0JIaJA0NINEe CaMOTIPO-
M3BOJIbHOHM (CIIOHTAHHOM) MOJsApH3aliield B OTCYTCTBUE BHEIIHETO 3JICKTPUUYECKOTO
noyis. OHa MOXKET CYIICCTBEHHO M3MEHSATHCS IOJ] BIMSHUEM DPA3JIMYHBIX BHEITHHX
¢dakTopoB. OTMETHM PsIJT HEOOBIYHBIX CBOMCTB CETHETOAICKTPHKOB.

1.OTHOCUTENBHAS JTUAJCKTPUYCCKAs MPOHUIIAEMOCTh € MOXET JOCTHIaTh He-
CKOJIBKMX TBICSIY €IMHMII, TOT/Ia KaK y OOBIYHBIX JUAJICKTPHUKOB OHA JIOCTHTaeT He-

CKOJIBKO COTCH CAHWHMUII.
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2.MC)KI[y MOJICKYJIaMH YCTAHABJINBACTCA BBaHMOHCﬁCTBHC, KOTOPOC IIPHUBOJAUT
K HapaHHCHBHOﬁ OpUCHTAIUN OUITIOJIBHBIX MOMCHTOB MOJICKYIJI B MAaKPOCKOIIMYCCKUX
O6JIaCT$IX, Ha3bIBACMBIX JOMCHAaAMM. HaHpaBHCHI/IC JAUIIOJIBHBIX MOMCHTOB MOJICKYJI B
Pa3HbIX TOMCHAX PA3HOC, ITO3TOMY B OTCYTCTBUC JJICKTPHUYCCKOI'O ITOJISI BEKTOP II0-

JEIpHU3alI CCTHCTORJICKTPUKA PABCH HYIITO.

.C IR
%// -4

‘%omna > CE&H?MOSJ’I -

el
)l;

a

Honapmauns{ CCTHCTORJICKTPUKA COIIPOBOKIAACTCA CHAaYdaJla YBCIIMYCHHUCM 00Bb-
C€MOB JOMCHOB C BBIFOI[HOﬁ OpHCHTaHHCﬁ AUITOJIBHBIX MOMCHTOB MOJICKYJI OTHOCH-
TCIBbHO 3JICKTPUYCCKOI'O ITIOJIA (I[J'ISI HHUX yIrojl MCKAY BCKTOpaMH Py U E naumeHs-

mui, ydactok 0-1).

Pa 2 }
- E F L
E=0 E

1
—
o i B /"3
0 » + +
a E COCTOSHHE 0 5 COCTOARME |  COCTOSHHE 2

B utore oOpaser; ctaHOBUTCS OJHO JOMEHHBIM (coctosiHue 1). 3arem mpowc-
XOJUT IMOBOPOT BeKTopa P M OH ycTaHaBnmBaeTcs BAOIb BekTopa E amekTpryeckoro
moJtst (Tpoliece BpalieHus) 1 o0paser] CTAaHOBUTCS MOJIIPU30BAHHBIM J10 HACHIIIICHUS.

4. JInsi CETHETORJICKTPUKOB HAONIONAETCsl SIBICHHUE 2ucmepesuca - SIBICHHE

HCOIIHOBHaLIHOI‘/JI 3aBUCUMOCTH BCKTOpaA IIOJIAPHU3AITNA P ot QJICKTPUYICCKOI'O ITOJIA E.
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Ecam nocine HOCTMKCHUA COCTOAHHNA HACBIICHUA YMCHBIIATE MOAYJIb BCKTOPA E, TO

HU3MCHCHUC MOIYJIA P 6YI[CT OTCTaBaTb OT USMCHCHUS MOAYJIA E

F- -,
.r"r.-'-
Po |+
Eu:_/r - :
2 Lt

3HaueHue Ec, mpu KOTOPOM MOJsIpU3alUsl CETHETORJEKTPUKA HWCUE3a€T, HAa3bIBAIOT
KOSPUUTHUBHON cuioil. Ecny BHeENIHee moJie IPOTHUBOINOJI0KHOTO HAMPABIECHUS MPO-
J0JKaTh yBEIMYUBATh, TO YE€pPE3 HEKOTOPOE BPEMsl HACTYIMAET HACHIIICHHE (KpUBas
2). Ilpy UMKINYECKOM M3MEHEHHUU BHEIIHEro MOJIsl MOJYy4YaeTcs 3aMKHYyTas JIMHUSA,
Ha3blBacMasl METIIEH TUCTepe3nca.

5. JInsl CETHETORNEKTPUKA CYIIECTBYET TEMIIEPATYpa, BBIIIE KOTOPOW OH Teps-
€T CBOM HEOOBbIUHbIE CBOWCTBA W MPEBpAlIaeTCsi B OOBIYHBIN Au3IeKTpUuK. OHa momy-
yuia Ha3zBaHue temnepatypbl Kropu TC. [lns cerHeToBoil conu, KOTopas Jaja Ha-
3BaHUE 3TOW TPyNIE IHUAJIEKTPHUKOB, CyllecTBYyeT ABe TemmepaTypsl Kropu TCl=-
15°C u TC2=22,5°C, BbIllIe U HUXKE ITUX TEMIEPATyp OH TMpeBpaniacTcs B 0ObIU-
HBII JUAJIEKTPUK.

Bricokne 3Ha4eHUsI OTHOCUTEIBHOW IMAJIEKTPUYECKON MPOHULAEMOCTH IIO-
3BOJIAIOT MCIOJIb30BATh CETHETORIEKTPUKH B KAUECTBE MAaTEPUAJIOB JIJIs1 KOHIEHCATO-
POB BBICOKOH yAE€IbHON eMKOCTH. HenuHelHas 3aBUCUMMOCTb MOAYJISL BEKTOpPA OIS~
puzauu P or HanpsbkeHHOCTH E BHEIIHEro Mmojis HaXOAUT MPUMEHEHUE IPHU U3rO-
TOBJIEHUH HEJIMHENHBIX KOHAEHCATOPOB - BAPUKOHIAX, KOTOPBIE UCIIOIB3YIOTCS B CH-

CTCMAX AaBTOMATUYCCKOI'O KOHTPOJIA U YIIPABJICHUA.

TEMA: IlocTOSHHBIN DJIEKTPHICCKHN TOK.

1) Cuna moka, niomunocms moka.
[Tox 37eKTpUYECKUM TOKOM MOHUMAIOT YIIOPSOUYCHHOE IBUKEHUE 3apsKEHHBIX

HacTUIl, IIpUYICM 3a HAIIPABJICHUC TOKA IMPUHUMAIOT HAIIPABJICHUC IBUKXCHUA I10JI0-

JKUTCIIbHBIX 3apsAaJ0B.
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DIEKTPUYECKUN TOK CYIICCTBYET NMPU HAIMYUU CBOOOIHBIX 3apsiOB M DJICK-
TPUYECKOTro MoJjisl. Takue yCIIOBHS MOYKHO CO371aTh B BaKyyMe U B Pa3IUYHBIX CPE/Iax,
TaKMX KaK TBEpJbIc Teila (METasuIbl, MOJIYIIPOBOIHUKH), KUIKOCTH (KUIKUE METa-
JIBI, SJIEKTPOJIUTHI) M B razax. OOBIYHO pacCMaTPUBAIOT IPOTEKAHUE TOKA B METAJLIH-
YECKUX MPOBOAHHUKAX, TJI€ CBOOOTHBIMU HOCUTEISIMU 3apsi/ia SIBIISIOTCS DJICKTPOHBI.

[IpoTekaHue TOKa IO MPOBOJHUKY XapaKTepu3yeT cuiia Toka | , onpeaensemas
o ¢hopmyiie

rae dq - 3apsia, NpoXoAsIIMiA Yepe3 MonepeyHoe ceueHrue NpOBOJHUKA 3a Bpe-
Msa dt. Cuna Toka siBisieTcs anreOpanyecKol BETWYWHOM, OHA MOXKET OBITh Kak
OoJiblle, TaK ¥ MEHBIIIE HYJIS.

Pacripenenenue Toka 1Mo CEYEHUIO MPOBOJHUKA XapaKTEPU3yeT BEKTOp ILIOT-
HOCTH TOKA ], HalpapJIeHUE, KOTOPOTO B KaXK/I0W TOYKE MPOBOJIHUKA COBMAAET C Ha-
MpaBJI€HUEM TOKa, T.€. C HAIMPaBIECHUEM CKOPOCTH V YMOPSAIOYCHHBIX MOJOKUTETb-
HbIX 3apsa70B (j 11V). Moaynb BekTOpa j paBeH

rae dI -cuma Toka, MPOTEeKaromero B JaHHON TOYKE BHYTPH MPOBOJIHUKA Yepe3
AJIIEMCHTAPHYIO wiomaaky dS, pacrmoiaoKeHHYIO MEePIEeHIUKYIIPHO K HaIpaBiie-
HUIO TOKa (puc.a).

BBenenue BekTOpa IJIOTHOCTH TOKA j MO3BOJIIET HAWTU CHIIY TOKa, IPOTEKalo-
1iero yepes o0y MOBEPXHOCTh S

I_: J*E jds = _[de cos .,
5

2) 3akon Oma ona 00Hopoonozo ywacmka yenu. 3axkou /Incoyna — lenua.
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OIHOPOIHBIM YYaCTKOM JJICKTPUUYECKON e HA3bIBAIOT y4acTOK, HA KOTOPOM
HaIpaBJICHHOE JIBM)KCHUE 3apsIIOB MPOUCXOAUT MO IEUCTBUEM TOJIBKO KYJTOHOBCKUX
cun. g vero I'. OM B 1826 rogy 3KCNEpPUMEHTAIBHO YCTAaHOBWJI CIEAYIOIINN 3a-
KOH: CWJIa TOKa [, TeKyIiero mo OJHOPOAHOMY YYacTKy ILIEMH, MPSIMO MPOIOPIIHO-
HajpHa HanpspkeHuto U, MpUiioKEHHOMY K HEMY, U 00paTHO MpOIOPIMOHATbHA CO-
MPOTHUBJIEHUIO R 3TOTO yyacTka mnenu

Fr
R

Conportusienue R oqHOpOHOrO y4yacTKa 1enu He 3aBUCcHUT HU oT U, Hu oT I, HO
ONpeAEseTCs TEOMETPUYECKUMH pa3MepaMu MPOBOJHUKA, €70 MAaTEPUAIOM U TEM-
repaTypou.

Bonbr-amnepnoii xapakrepuctukoii (BAX) omHOpOoIHOrO ydacTKa Ieny Ha3bl-
BalOT rpadUK 3aBUCUMOCTH CHJIBI TOKa | OT MPWJIOKEHHOTO K HEMY HaIpsKEHUS
(puc.a); oH mpeAcTaBiIsieT cOO0N MPSAMYIO JTUHUIO, YTOJ HAKJIIOHA KOTOPOW Oomnpesesns-
€T JIEKTPUYECKOE CONPOTHUBICHHE yyacTka R = ctgf (puc.a).

[ 4
i . s
ff/ q? PO F,
e ;
- F Y
i o R
A =
FLT
a B

Ha npaktuke 0OBIYHO HUCTIONIB3YIOT MPOBOJIHUKHU ITMIMHIAPUYECKOTO BUJIA JJTH-
HOM / ¥ TJIOMIAABIO MOMEPEYHOT0 CeUEHUs S. DTO MO3BOJISIET BBECTH HOBYIO XapaKTe-
PUCTHKY - YACJIbHOE CONPOTUBJICHUE p MPOBOJIHUKA TIO CleAyIolei Gpopmyiie

Repl, pai

S i
YIIeHBHoe COHpOTI/IBJIeHI/Ie p HpOBOIIHI/IKa 3dBUCHUT TOJIBKO OT €Iro MaTepI/IaJIa nu
Temreparypsl. OHO YHCIEHHO PAaBHO CONPOTHUBJIEHHIO R mpoBoxnuka npu 1 =1 M u
S=1 Mz. I[Hﬂ YUCTBIX MCTAJINIMUCCKUX HpOBOI[HI/IKOB B O6HaCTI/I KOMHATHBIX TeMHepa-
Typ YI[eHBHoe COHpOTI/IBHeHI/Ie HpaKTI/IquKI/I HHHeﬁHO B03paCTaeT C INOBBINICHUCM

TCMIICPATYpPhI, d UMCHHO!

p= pO(l +(Xt),
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TA€ Po- YAEJIbHOE CONMPOTUBICHUE MPOBOAHUKA mpu Temneparype t = 0 C; t -
TeMmIiepaTypa npoBOAHUKA 1o mKaie Llenbcus.

3aBUCUMOCTh CONPOTUBIECHUS R METanIMyecKoro MpPOBOJHUKA TaKXKE COOT-
BeTcTBYeT hopmyde (3.9), Tak kak pazmepbl npoBogHUKa (1,S) 00bIYHO U3MEHSIOTCA C
TEeMIIepaTypoil 3HAUUTEIBHO clabee, YeM yIeIbHOE COMTPOTUBIICHUE P TPOBOIHUKA:

R = Ro(l + (Xt) .

Hns uncteix MetaiyioB TKC o sBISIETCA MOJOXKUTEIbHOW BEIMYMHOMW, MPH-

1./ ~-1
MEPHO PaBHOU #: ETBR " IIpn HU3KMX Temmeparypax, Korjaa

KOJIeOaHHs TOJIOKUTENIbHBIX HOHOB KPHUCTAIIMYECKON pe-

IIETKH HE OKa3bIBAIOT CYIIECTBEHHOTO BIMSHUS Ha JIBU)KEHUE

CBOOOJIHBIX 3JIEKTPOHOB, YJEIBHOE CONPOTUBICHUE P HE W3-

MEHSETCS C TeMIEPaTypoil, OCTaBasiCh MOCTOSHHOW BEJIUYH-
} HOM (rpaduk 1).

JlIss MHOTHX METaJUIOB TIpW OMpeneleHHONW Temrieparype Tc (ee Ha3bIBalOT
TeMIIepaTypoil mepexona B cBepxmpoBoasinee coctosnue, Tc<20K) conpoTusneHue
R wmeranna oOpamaercs B Hoib (R=0), merann npu T<Tc Oyaer HaxoauThCcs B
CBEPXIIPOBOJISIIIIEM COCTOSIHUU (Tpaduk 2).

BbaucnanM Komu4ecTBO TEIIOTH Q, BBIEISAEMOTO B IMPOBOJHUKE TPU MPOTE-
KaHUM 110 HEMY JJIEKTPHUECKOro Toka. PaboTa cuil 3yeKTpUYEecKOoro Mmojis Mo Imepe-
MEIICHHIO 3aps/ia B MPOBOJHUKE LEIMKOM PACXOIYyeTCsl Ha BBIICICHHE TEIUIOTH. B
ATOM clTydae KOJIMYecTBO TEIuIoThl dQ , BbIIENIsIEMOE 3a MaJIbIii IPOMEXYTOK BpeMe-

HU dt, MOXXHO paccUuTaTh TAKUM 00pa30M:

=7

dQ = dAd = dqU = IUdt = % dt = I*Rdt .

I[JISI KOHCYHOI'O IIPOMCIKYTKA BPCMCHHU B CJIy4ac IICPCMCHHOTO TOKA ITOJTYUYHUM

0=

O —

dO = | I’Rdt.
0

a JUIs MocTossHHOTO ToKa (I=const)

2
O=1I'Rt.
CDOpMy.Ha IMOJTy4Ynjia Ha3BAHHUC 3aKOHA I[)KOYJHI — HCHHa: KOJIMYCCTBO TCIIJIIOTHI,

BBIACIICMOC B IIPOBOJHHUKE IIPU IMPOTCKAHHUU II0O HEMY J3JICKTPHUYCCKOI'O TOKA PABHO
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MIPOU3BEICHUIO KBajpaTa CHJIbl TOKAa Ha COMPOTHBIICHHE MPOBOJAHUKA W HAa BpeMs

MIPOTEKAHMS IO HEMY TOKa.

3) Inekmpoosuxncywiaa cuna ucmoynuka moka. Hanpasxcenue. 3akon Oma 0nsa
HEeOOHOPOOHO20 yUacmKa uenu

Bo3bpMeM 3aMKHYTYIO RJIEKTPUUYECKYIO 1I€Th, COASPKAIIYI0 UCTOYHUK TOKA, U
paccMOTpUM, KaK MPOTEKaeT MO0 HEeW MOCTOSIHHBIA TOK, T.€. KaK MPOUCXOUT JBHKE-
HUE MOJIOKUTEIBHOTO 3apsia (+q) 1Mo ATOH 1emnwu.

Bo BHemmHed 4acTH HEMM CONMPOTHBIICHHEM R 1o neficTBHEM KYJOHOBCKHX
cun 3apsan (+q) mepememniaercss OT TOYEK C OOJBIIMM IMOTEHIMAIOM K TOYKaM C
MEHBIIIMM TMOTECHIIMAIOM (3apsii CKaThIBAETCSA C MOTCHIMAILHON ropku). Jis mans-
HEHUIIEeTo ABWKCHUS 3apsja (BHYTPEHHSS YacTh IIENH, UCTOYHUK TOKA) HEOOXOIMMO
MEPEMECTHUTh 3aps/l K TOYKaM C OOJIbIIUM MOTEHIIMAIOM (TOIHSThH 3apsia Ha MOTEH-
[UabHYI0 TOpKY). KymoHoBCkue Cuiibl cienaTh 3TO HE B COCTOSIHUH, TaK KaK OHHU
TOJIbKO COSUHSIOT pPa3HOMMEHHBIC 3aPSIbI.

[ToaToMy B HCTOYHHUKE TOKAa Ha 3apsiibl, KPOME KYJIOHOBCKHX CHJI, JOJKHBI
JIEWCTBOBATh TaK K€ M CTOPOHHUE CHJIBI - 3TO CHUJIbI HE KYJIOHOBCKOTO TIPOUCXOXK]IE-
HUS, OHU COBEPIIAIOT PabOTy MO pa3/eleHUI0 Pa3HOMMEHHBIX 3aps/IOB U MEPEBOSIT
3apsn (+q) OT OTPUIATENBHOIO MOJII0Ca UCTOYHUKA TOKA K €r0 MOJ0KUTEIbHOMY TI0-
mocy. TakuM oOpa3oM, 3aBepiaeTcs MOJHBIN ITUKII IBUKEHHUS 3apsi/ia Mo 3aMKHYTOMN
IIeNH, B HEH 3a cueT paboThl CTOPOHHUX CHUJI HaOJIOAETCS MOCTOSHHOE JBUXKCHHE

3apsiaa, NPOTEKAeT MOCTOSHHBIN TOK.

Ry, 7 €12
o e
1 2
‘. ______________
o0x0m

HcTtounuk TOKa MOXHO OXapaKTEpPU30BaTh COMPOTHUBIICHUEM I (CONMPOTHBIIE-
HUE BHYTPEHHEHN yacTu 1enu) u anekrpoasrwkymien cuion (31C) e- ona onpeaenser
paboTy CTOPOHHUX CHJI MO MEPEMEIICHUI0 TOYEYHOTO MOJOKUTEIBLHOTO 3apsja B
OJIMH KYJIOH OT OTPUUATENBHOTO MOJI0CA K €0 MOJ0KUTEILHOMY MOJIIOCY
A

cHop

9+

£E=
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[Ipupona CTOPOHHUX CHII MOXKET OBITH JIIOOOH, OT HUX TpeOyeTcs JIUIIb CIO-
COOHOCTh pa3JefsiTh PAa3HOMMEHHBIE 3apsiibl. DTO MOTYT ObITh CHJIBI TPEHUS, CUJIbI
XUMUYECKUX PEAKLUN, MPOTEKAOINX B raJbBaHUYECKUX IJIEMEHTAX, CUJIbl MarHUT-
HOTO TOJIs1, CUJIbl BUXPEBOTO 3JIEKTPUYECKOTO TOJIA U T.[I.

VYyacTok 1enu, Ha KOTOPOM OJHOBPEMEHHO JECHCTBYIOT U CTOPOHHHME U KYJIO-
HOBCKHE CHWJIbl, HAa3bIBalOT HEOJHOPOJHBIM YYacTKOM Ienu. PaboTy KylIOHOBCKHX
CHJI IO TIEPEMEILICHHIO JIEKTPUUECKOTO 3apsia Ha TOM Y4aCTKE XapaKTEPU3YET pas-
HOCTb MOTEHLHAJIOB, 4 CTOPOHHUX CHJI -AEUCTBYIOIIas Ha 3TOM ydactke uenu JD/[C

€12

4 Aep.
“ypnl.2 ““emopl, 2
{Pl —_ {|}~_ = ’ El 3 —_ )

g )

JI71s1 HEOJHOPOJHOTO y4YacTKa LIENH BBOJUTCS HOBAasl BEJINUMHA, Ha3bIBacMas Ha-
npspkenrem Ul 2, oHa xapaktepu3yeT 0011yt paboTy CTOPOHHUX M KYJIOHOBCKHUX
CWJI Ha HEOJHOPOJHOM y4YacCTKE LIETIH

A 4

IF: oul,2 T “omop
[ig =

q

=(@; —@y) +8&15-

Ha ogHopomHoM yuactke nen# (€,,=0) HanpspkeHUE paBHO Pa3HOCTH MOTEHIIMA-

JIOB U]2= Q1 - Q2.

Ilo ananorum c QJICKTPOCTATUYCCKHUM IIOJICM IJIsI OIMMCAHUA CHIIOBOT'O I[GﬁCTBPIH
Ha IMOMCIICHHBIC B ITIOJIC CTOPOHHUX CHJI 3apAdbl BBOIAT Cro CHIOBYIO XApPaKTCPU-
CTUKY, HAIIPSAKCHHOCTD ECT IMOJIsI CTOPOHHUX CHJIL:

= 5 i F_
o = qErm 2 'En' =—
q
Torna hbopmynbl MOKHO TIEpenucaTh CISAYIOMUM 00pa3oMm:
Ais  Tha s Ay 1712 =
P~ :L:_[ Wl :LL:—{F;;-_-GT .
g g g q

Upa = [lE +E::ﬁ | di .
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s DJIC €, neiicTByrolel B 3aMKHYTOM 11enH (Ha4aibHasi U KOHEYHAs TOYKH 1

u?2 COBHaI[aIOT) N3 JTAHHOTO BBIPAXKCHUS I10JIYYUM

T.€. OJIC € paBHa IUPKYISALUUHA BEKTOpPAa HANPSIKEHHOCTU ECT CTOPOHHUX CHII
M0 MPOU3BOJIBLHOMY 3aMKHYTOMY KOHTYPY (I'). DTO cBUAETENBCTBYET O TOM, YTO MOJIE
CTOPOHHHUX CUJI B OTJIMYHUE OT AJIEKTPOCTATUYECKOTO IOJIS1 HE SIBISAETCS MOTEHIUAb-
HBIM.

[Tokaxkem, 4TO M JJI1 HEOJHOPOJHOIO YYaCTKa IENU TAKXKE BBINOJHAECTCS 3a-
KOH OMa. 17151 3TOro MCIosib3yeM 3aKOH COXPAHEHUS DHEPTHUH, & UMEHHO: KOJIUYECT-
BO TermoThl dQ1.2, BbIAENsAEMOE HA HEOJHOPOJHOM y4YacTKe LIEMH 3a Majblid Mpo-
MEXYTOK BpeMeHHu dt, paBHO cyMMapHOU paboTe CTOPOHHUX U KYJIOHOBCKHUX CHJI 11O

MIEPEMEILICHHIO 3aps/IOB 110 3TOMY yYacTKY IeIU

dOy; =dd . H +dA 2=
= 'R ,dt=dq(p,—0,)+dge,, =dgU,, =IU,dt = U,=1IR,.
Ota popmyna mnpeacraBiser codoi 3akoH Oma JJ1s1 HEOJHOPOJAHOTO y4acTKa
uenu. s ydacTka eny OHa NpPUMET BU:

_JTRI.] — {{pﬁ'ﬂl-l — Pron ]_ El_.] 3
rac HaYaJIbHOW TOYKOU ydaCTKa CUHUTACTCA TOYKA, C KOTOpOﬁ HauyuHAeTCsI 00-
X0 ydJacCTKa LICIIN.

4) IIpasuna Kupxzoga.
Otu npaBuna Obutn copmynupoBanbl Kupxrodom B 1847 rogy, oHU HCIONB-

3YIOTCS JUIS pacueTa pa3BETBICHHBIX IIENEl IMOCTOSHHOTO W KBa3WCTAIMOHAPHOTO
TOKa - IETICH, COAePIKANUX HECKOJIBKO 3aMKHYTBIX KOHTYPOB.

Bropoe mnpaBuno Kupxroda dopmynupyercs ClaeAyrOIMM 00pa3oM:
anrebpanyeckas cymMma NajcHUN HAIPSHKCHUS Ha Pa3HBIX ydacTKaxX 3aMKHYTOH Ienn
paBHa anreOpandeckoil cymme 3.11.C, IEHCTBYIOIIUX B 3TOU LIETH.

I I d

"
=l S 08 P b
Tl 1=l

Yucno HE3aBUCUMBIX ypaBHeHI/Iﬁ (HI/I OAHO M3 HHUX HC ABJIKCTCA CICACTBUCM

IPYTrHuX), KOTOPbIE MOKHO 3aMKcaTh MO0 BTOPOMY MPABHIY, PABHO YHUCITY 3aMKHYTBIX
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KOHTYPOB (LIeTieii), KOTOpbIE HEIb3sl MOJIYYUTh HAaJ0KEHUEM OJIHOTO Ha Apyrou. Tak,
IUIsl CXEMBbI, IPUBEICHHONW HA PHUC.a, YACIO HE3aBUCUMBIX YPAaBHEHUN PABHO NIBYM,

OJIMH U3 TPCX KOHTYPOB IMOJYYACTCA HAJIOKCHHUCM ABYX APYTUX.

I R, I R, T 3
— L e — [E el 2
- li:r
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I[JISI HpHBeHCHHOﬁ Ha puc.a CXCMbI 110 BTOPOMY IIPpaBUITY KI/IpXFO(I)a MOXXHO

34l CaTh 1BA YPABHCHUA B
LR+ LR, =&,

| LR, + I;R; =&,

st hopmynupoBku nepsoro npaBuia Kupxroda BBegem noHsTHE y3iia diek-
TPUYECKOU LEMH. Y3ell IEKTPUUECKON LENH - ITO TOUYKA LENU, B KOTOPOU CXOAATCS
TpH WK Oosiee MPOBOJHUKOB. Toraa n3 3aKOHa COXpaHEHMsI MIEKTPUYECKOTO 3apsiia
(OH HE MOKET HAKAIUIMBAaThCA B KAKOW-TMOO TOUKE IeMH) CIeAyeT MepBOe MPaBUIIO
Kupxroga
Z Ii =0 s
COIVIACHO KOTOPOMY ajiredpandeckas CcyMMa TOKOB, CXOJAAILIUXCA B y3JI€, paBHA
HYJIIO.
[TpunsaTo 6path cuiy Toka I co 3HaKOM «+», €Clli TOK BXOAUT B Y3€J U CO 3Ha-

€6 ¢

KOM MHHYC “-*“, €CJIM TOK BBIXOJMT U3 y3Jia. UUCIO HE3aBUCUMBIX YPAaBHEHUM, KOTO-
pbl€ MOKHO 3alMcaTh 110 3TOMY IPaBUJly, PABHO YHCIIY Y3JIOB Pa3BETBICHHOW LIENHU
MHHYC OJUH.

Cuctema ypaBHEHUN MO3BOJSET NPOBECTU pacCyeT dJIEKTPUUECKUX LIENEH Mpu
pPa3TUYHBIX MCXOJIHBIX JaHHBIX. JlJs pa3BeTBICHHOW IeNH, coaepkalieil 0oJbiioe
YHCJIO KOHTYPOB, JJIs PELICHUS CUCTEMbI YPaBHEHUN HEOOXOAMMO UCIOJIb30BaTh U3-

BECTHBIN B anre0pe MeTo;| ONpeIeIUTEIeH.
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TEMA: MarautHoe noJie.

1) XapakTepuCTHKH MATHUTHOIO IOJISL.

B pabortax Ammnepa (1820 r.) ObuT 3KCIEPUMEHTAIBHO YCTAaHOBJIEH 3aKOH, IO-
3BOJISIIOILMNA OLEHUTh CUIIY B3aUMOJEHCTBHUS JBYX TOKOB, TEKYIIUX B MaJbIX OTpE3-
Kax npoBOoAHUKOB. [locie BBeneHMs MOHATHUS MAarHUTHOT'O MOJIs, IOCPEACTBOM KOTO-
pOro MPOUCXOAUT Mepeiaya B3auMOJEHCTBUS TOKOB, 3aKOHOM AMIIepa CTajll Ha3bl-
BaTh (OpMyIy, ONPENEISIONIYI0 CUITy, C KOTOPOM MAarHMTHOE MoJie JEUCTBYET Ha
AJIIEMEHTAPHBIN (MaJIbIX pa3MepoB) MPOBOAHUK C TOKOM.

B pa6orax buo u Casapa (1820 r.) 6bI1 YCTaHOBIICH 3aKOH, OTIPEACIISIONIUNA CH-
JIOBYIO XapaKTePUCTUKY (BEKTOP MarHUTHOM MHAYKIMK B) MarHutHOro mnosis, co3aa-
BA€MOI'0 IJEKTPUUECKUM TOKOM. B o0miem Buae 3TOT 3aKOH ObLI CHOPMYIHPOBAH
JlanmacoMm u nmostyunst Ha3BaHue 3akoH buo - CaBapa - Jlamaca.

OTMeTuM, 4YTO TEPMUH «MarHUTHOE Moje» Obul BBeAEH Opcteaom (1820 r.) B
CBSI3M C TEM, YTO BO30YXJaeMo€ JIEKTPUUECKUM TOKOM IO0JI€ OKa3bIBAJI0 OPUEHTHU-
pylolee 1eicTBUE Ha MAarHUTHYIO CTPEIIKY.

2) 3axkon buo-Caeapa-Jlannaca. 3axkon Amnepa.

OnemeHT Toka [ d/ - 3T0 BEKTOp, HANIPABJICHHBINA B KaXKJ0M TOUKE MPOBOAHUKA C
TOKOM [ mapaijieIbHO BEKTOPY j TUIOTHOCTH TOKA U PaBHBIA MO MOAYJIIO MPOU3BEIe-
HUIO CUJIBI TOKA / HA 3JIEMEHT JUIMHBI d/ IPOBOAHUKA.

Haiinem nnaykunio dB MarHuTHOTO mosist, CO34aBa€Moro 31eMeHToM Toka. [Ipu
MPOIYCKaHUM N0 MPOBOJHUKY Toka | B anemeHTe NIMHBI d/ MPOBOJHUKA 0OBEMOM
Sdl (S - momaae MONepeyHoro ceYeHus MPOBOAHUKA,) ABKYTCS N CBOOOIHBIX 3a-
PSZIOB CO CKOPOCTHIO V HAMPABJICHHOTO IBUKEHUS, KAK/bIM U3 HUX CO3Ja€T MarHUT-
HOE ToJIe ¢ MHAYKIMeH B;. YuuTbiBasg Maibie pa3Mepbl dJeMeHTa JUIUHbBI d/ poBOI-
HUKa JIJIs dB , MOYKHO 3aIIUCaTh

(O o (el
Ng{v)r |

— - i
dﬁzwgaz”ﬁ[ 2
4T
HCHOHBSY’I (I)OpMy.HBI JJIS1 TINIOTHOCTHU TOKAa J U CWIBI TOKa [ :jS, IMOJIy4YHUM:

YTO [O3BOIS Vg{?}, =5n- Vg{f‘} = g?s'{w?}.ﬁ‘df = }S{ﬂ’ =Idl .

Pru i (YL L SR

41 4mr?
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-

rae I - BekTop, MpPOBEIEHHBIN OT 2JIEMEHTA TOKA K paccMaTpUBaeMOW TOYKE
IIPOCTPAHCTBA.
dopmyna mnonyuywia Ha3BaHMe 3akoHa buo - CaBapa - Jlamiaca, KOTOpbIi omnpe-

ACIEICT MHAYKIUIO MATHUTHOT'O I10JIA, CO31aBAa€MOI'0 3JICMCHTOM TOKaA.

=
SOkl

B
=
]

Ecnu momecTuTh 31IEMEHT TOKa B MATHUTHOE 10Jie, TO cuny dF, 1elicTByIONIYIO HA

HETO CO CTOPOHBI MATHUTHOT'O ITOJIsI, MOYKHO HaWTHU KakK CyYMMY CHJI HopeHua FH I[CﬁCT-

BYIOLIMX HA 3apsfibl, ABIKYIIMECS B dnemenTe Toka: 4 £ = N F i Hcnons3ys MeToau-

Ky BbIBOJIa 3akoHa BCJI, monyuum

gy .I
dl ,B|.

W g

dE = [fdfré] dF = Idlsina. o =

. 8

dopmyia npeacTaBiIsieT co00i 3aKoH AmIiepa, ONpeAesIioNIni cuiry, KoTopas
JNEUCTBYET HA BJIEMEHT TOKAa CO CTOPOHBI MarHuTHOro nojsi. Hanpasnenue cunel dFF
yII0OHO ONpENENATh MO MPAaBUITY JIEBOU PYKH.
3) lIpumenenue 3axona bCJI k pacuemy mazHummnslx noJyeil pasiudHvlxX nPoeoo-

HUKOG C MOKOM.

Jl1st pacdeTa MHAYKIIUA MAarHUTHOTO TOJIsl MPOBOJAHUKA C TOKOM HYXKHO Pa30UTh
€ro Ha OTJeJbHBIC DJIEMEHTHI TOKa (IIPEJACTABUTh €T0 Kak cuctemy (Habop) nJieMeH-
TOB TOKa), 1o 3akoHy BCJI HaliTH BeKTOpa MHIYKIIMK MarHUTHOTO IOJS OT KaXJI0To

QJICMCHTa TOKa B paCCManI/IBaeMOﬁ TOYKC MW 3aTCM CYMMHPOBATH HUX II0 IIPpaBUITY

B={dB= |&M
y R 1

Hpeque ycM HCpCﬁTH K KOHKPCTHBIM IIPpUMCPAM PACUCTAd MATI'HUTHBIX HOJICfI,

CJIOKCHHUA BCKTOPOB:

OTMCTHUM, 4YTO IJIA Fpa(i)I/I"IeCKOFO 1/1306pa>1<eH1/1;I MarHMTHBIX MOJICH HCIIOJIB3YIOTCA
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JMHUU BEKTOpa MarHUTHON MHAYKUUU (TUHUU B), KOTOpBIE MPOBOJATCS TaK, YTOOBI
B KaXJ0M TOYKE JIMHUK BEKTOp B ObLI HAIlpaBJieH M0 KacaTeJIbHON K HUM.

N3 ombiTa M3BECTHO, YTO B MPUPOJE HE CYLIECTBYET MAarHUTHBIX 3apsOB, I10-
ATOMY JIMHUU B ABISAIOTCS 3aMKHYTBIMU. B psine ciiyyaeB HampaBiieHUE BeKTopa B B
JTAHHOW TOYKE TOJs YI0OHO OMpEeAeisiTh, MPEIBAPUTEIBHO MPOBEAS Yepe3 JaHHYIO
TOYKY JIMHUIO BEKTOpA B.

IIpumep 1. MarauTHOE 1noJie TPSMOJIMHENHOTO TPOBOJHUKA KOHEYHOM JJIMHBI C
TokoM [. PaccumraeM MHAYKIIUIO MAarHUTHOIO IIOJIS MPSMOJMHEMHOIO IPOBOJHHUKA
KOHEYHOH IJIMHBI ¢ TOKOM I B TOuke A.

a o B
{}?___i__;?;.
| -
l e .a;_’.f do _B,_‘?_p_?f” \
B .ﬂ/,fl' % J 1
ckﬁ'ﬂi B
s B

4 k] puc.a BUAHO, 9TO BCC BCKTOpPA dB HallpaBJICHBI MCPICHANUKYJIIAPHO ITJIOCKO-
CTH YEpPTEkKa OT HAC, CIEIOBATEIILHO, TAKKE HANIPABIICH U BEKTOP B CyMMapHOTO 10-
ns1. Torna popmyna aiist MOyJisi BeKTopa B 3amuiieTcs Tak:
LT J- disind

Am 72

B

Jliist Toro, 9ToOBI B3ATH TaKOW HMHTErpaji, HEOOXOIWMO PAacCMOTPETh YEpPTEeK,
MPUBEIICHHBIA HAa pUC.0, T/Ie MPUBEACH MPON3BOJIBHBIN AJIEMEHT JUIHHBI d/ POBOJ-
Huka. 13 puc.6 cienyer
04 BM a rdo dl _ du

AOAC ~ ABCM :

i

AC BC r di 1 a
HOIICTaBJISISI MMOJTYUYCHHOC COOTHOIICHUC B UHTCTPAJI, IIOJIYIUM
_pd e Lt T

[ sinado =
Ara “= Ara

B (cosay —coscr,) .

HaHpaBJIeHI/Ie BCKTOpa B MmoxHO OIIPCACIINTDL, MMPCABAPUTCIIBHO IIPOBCAA CHUIIO-
BBIC JIMHUN TIPAMOTO IMMPOBOJHHKA C TOKOM - 3TO OKPYKHOCTH, OXBATBIBAIOIIUC IIPO-

BOJHHUK H JICKAIIIHUEC B IINIIOCKOCTH, HepHeHI[HKy.HHpHDﬁ K HCMY, HaIIpaBJICHUC JIMHUHA
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B cBs3ano IMpaBUJIOM IIPaBOTO 6ypan1/II<a C HAIIPABJICHUCM TOKaAa B IIPOBOJHHKC. To-
raa BCKTOpP BB K&)I(I[Oﬁ TOYKC JIMHHUU 6YI[CT HaIIPpaBJICH II0 KacaTeJabHOM K HEH.
B uyactHOM ciay4dac OECKOHEYHO JJIMHHOTO IIPOBOJHHKA C TOKOM ITOJIYUYHM:

B iy B L
2TMa nr

B

IIpumep 2. MaruuTHOE 1oJie Ha OCU KOJIBIIEBOT'O TOKA
PaccuntaeM MHAYKIMIO MAarHUTHOT'O TOJSI B TOYKE A, HaXOIsUIEHCS HA OCH

KOJIBLICBOTO TOKa I paanyca R nHa PAaCCTOAHNHA a OT €TI0 LICHTPA.

b

Ha pucynke yka3zansl BekTopa dB, cO31aHHbIE BEPXHUM U HUKHUM DJIEMEHTAMU
ToKka B Touke A. OHM 00pa3yloT yroiy 3 ¢ BepTHKaJIbHBIM HarpaBieHueM. Bekropa
dB, co3naHHbIE BCEMU 3JIEMEHTaMH TOKa, 00pa3yloT KOHYC BEKTOpoB dB, u nu3 coob-
paXeHUI CUMMETpHUU CIIEIYeT, YTO CyMMapHbIi BeKTOp B B Touke A Oyner Hampas-
JIEH 110 ocH Konbla. [Ipoexktupys ypaBHeHue Ha ock OX, MOTYy4YUM

wldisin90®  ppZsinf2nR - pp IR
? 4 2[R:' - nz}% '

B= IdBSiIIB :J

dnr

JUis neHTpa KosblieBoro Toka (touka O) a=0, u noaromy

B= M, _
2R

4) Teopema o yupxyaauuu 6eKmopa MacHUMHOU uHOyKuyuu B.
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Bo3bMeM B MarHUTHOM I0JI€ BOOOpa)XaeMyro 3aMKHYTYIO JIMHUIO - KOHTYp .
BBenem BekTop dl - MO MOJIYJIO OH paBEH 3JIEMEHTY JJIUHBI d/ KOHTYpa, B KaxA0u
TOYKE KOHTYpa OH HAIpaBJICH MO KacaTeIbHOW B HANpaBlIeHUU 00X0/1a KOHTYpA.

HNuTerpan Buga

o

MoxHO IOKa3aTh TEOpEMY O UMPKYJISLHUU BekTopa B, koTopas nns ciydas Ba-
KyyMa YHUTaeTcs CIEAYIOIMMUM 00pa3oM: IUPKYJIALUsS BeKkTopa B 1o npou3BoiabHOMY
3aMKHYTOMY KOHTYpY (I') paBHa anrebpandeckoil CyMMe TOKOB, OXBaThIBA€MBIX 3TUM
KOHTYPOM, YMHO>KEHHOU Ha Ly:

jg Bdlcosa. =1, > 1.

(r) i

3Hak cuiibl Toka | B hopmyne BeiOMpaeTcs cieayromuM o0pa3oM: eclid HampaBs-
JIEHUE TOKa CBS3aHO C HalpaBlieHHeM 00X0/1a KOHTYpa MPaBUIIOM MPaBOro OypaByu-
Ka, TO BIOMpAETCs 3HaK IIIIOC; €CJIM HET - 3HAaK MUHYC.

[IpoBepuM Teopemy Ha HpuUMepe MPSIMOJIMHEMHOIO MPOBOJHUKA OECKOHEYHOM

mHbl ¢ TokoM . BossmeMm konTyp (I'), coBnanaromuii ¢ nunueid B paguyca R, a Ha-
npaBjieHre 00Xo0ja KOHTypa BhIOEpEeM IMPOTHB YACOBOW CTPEJNIKH, T.€. IO HampasJe-
auto tuaun B. Tornpa:
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§Bdﬁcoa :c|; ol 1 cos0 = oL £ gy = Bl o, = 1L,
~2::R 2R 2R

YTO U Tpe6OBaJIOCB I10Ka3aTh.

B npucyTcTBUM BemiecTBa B IPaBYyIO YacTh TEOPEMBI O HUPKYJSALMHU BEKTOpa B
HEOOXOAMMO BBECTH MUKPOTOKH 1,0 , OXBAaTBIBa€MbIE KOHTYPOM (I),

j Bdlcoso = LID(ZI g

Ilog MUKPOTOKaMH WJIM MOJEKYJISPHBIMUA TOKAMH MOHUMAIOT TOKH, BBI3BAHHBIC
JIBUKEHHEM BJIEKTPOHOB B aTOMax, MOHaX M MOJIEKYJIaX. DTH TOKH CO3/Iat0T MarHuT-
HOE I10JI€ BELIECTBA, IOMEIIEHHOTO BO BHEIIHEE MarHUTHOE IIOJIE.

@uU3NYECKU CMBICI TEOPEMBI O LIUPKYJISIUK BEKTOpa B, a HIMEHHO HCTOYHUKOM
BEKTOpa B ABISIOTCA TOKM NIPOBOJUMOCTH U MUKPOTOKH.

B ciyuae u3zoTponHoro BemectBa GOpMyILy MOKHO YIPOCTHTb, YUUTHIBAs Mar-
HUTHOE I10JIE BEUIECTBA BBEICHUEM MAarHUTHON MPOHUIAEMOCTH [

‘i; Bdl cos o =, fo

o \
(I

B Takom BHAC TCOPCMA O MUPKYJIIIUN BCKTOPA B HCIIOJIB3YCTCA IIpU PCIICHUN
MHOT'HX 3a/1a49 MAaIrHUTOCTATHKH KAaK B BAKYYMC, TaK U B IIPUCYTCTBUHU BCIICCTBA.

5) Ilpumenenue meopemol 0 YuUpKyaIAUUU 6eKmopa B K pacuemy macHUmMHBIX no-
J1ell nPO8OOHUKOG C MOKOM

Teopema o nupkyasuuM BekTopa B mo3BossgeT paccuutaTe MOIyNIb BeKTopa B B
CIIy4asiX ONpPENEIEHHON CUMMETPUM MArHUTHOTO IOJIs, T.€. KOTJa U3BECTHO HANPAB-
neHne Bektopa B B kaxaoil Touke nosig. OTMETUM CIEAYIOIIME ATAIlbl TPUMEHECHUS
TeopeMbl: 1) U3 CUMMETPHH 3a/1aud CHaydalla ONpeelisieM HalpaBieHue BekTopa B B
mo6oit Touke nossi. Ecnu 3Toro cnenath Henmb3sl, TO JUIs pacuera mnoss (HanpaBlieHUs
u Moayns Bektopa B) Heo6xoaumo ucnonas3oBath 3akoH bCJI u mpuHIMn cymnepro-
3UILIMM JUIsl MAaTHUTHBIX 1osiel; 2) BeiOupaeM KoHTYp (I') U paccumThiBaeM IUPKYJIs-
nuio BekTopa B cornacHo ee onpeneneHuio; 3) pacCUUTHIBAEM CYMMY TOKOB, OXBa-

THIBAEMBIX KOHTYpPOM; 4) MpUMEHsIEM TeOopeMY JJIsl pacueTa MoIyJisi BekTtopa B.
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6) Maznummnuwtit nomok. Teopema I'aycca onsa éekmopa B. Paboma no nepemeuie-
HUI0O NPOBOOHUKA U KOHMYPA C MOKOM 6 MAZHUMHOM noJle.

DneMeHTapHbIM MarHUTHBIM MOTOKOM d® uepes aneMeHTapHylo miom@aaky dS Ha-
3bIBAETCA CKaJsipHas (pU3nyeckas BeJIMYMHA, paBHAs

d® = BdS = BdScosa, o= {_.EJ

rne & - yrom mexny Bexkropom B u Bextopom ! Hopmamm k miomanke dS

a o B
g — 4 Fzq
A Pm F4l i —>
. » B
1
> 2 » B
I -
3 _P} .
—= L S o _:é
le
EH] CEEDPXY

MarauTHbli TOTOK @ Yepe3 MOBEpXHOCTh S paBeH CyMMeE 3JIEMEHTAPHBIX MarHUT-
HBIX TOTOKOB dD :

rb:jdqzz

| BdS cos e .

5
Kaxk YKC 0TMCHYAJIOCh, B IIPUPOJC HC CYHICCTBYCT MAIHUTHBIX 3apAd0B, T.C. JIMHUHU

B saBisitoTcs 3aMKHYTBIMH, M IO3TOMY Teopema ['aycca B uHTerpanbHoi u auddepen-

UagbHOW (opMax Il BEKTOpa MarHUTHOW WHAYKIMH B 3amuinercs cClieayrorum
obOpazom:

ngs’dgcosa =i} divB=VB=0.
S

du3nuecKu CMbICI Teopembl ['aycca s BekTopa B 3akirodaercs B CIEAYIOLIEM:
B IPUPOJE HET MAarHUTHBIX 3aPSJI0B, U ITIOATOMY JUHUU B ABIAIOTCSA 3aMKHYTBIMU.

8);18”9#(‘61—!”8 3APAIHCEHHbIX Yacmuy 6 J/;ieKmpuideCKom u MaZHummuom noJiax.
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Co CcTOpPOHBI MAarHMTHOTO MOJS HA JBUXKYILYIOCS B HEM 3apsDKCHHYIO YacTHUILY
neiicTByet cuna Jlopenua:

F. :g[ﬁ'ﬁ] F,=|g|vBsina. « =|f.*F.:§.\|.

MOH_IHOCTB CHJIbBI HopeHua B HpOHSBOHBHBIﬁ MOMCHT BpCMCHHU paBHA HYJIO, TaAK

Fro v 9p (N=F,vcos9(°=0)
KaK yroj MEexXIy u ¥ paBeH , 1 mosToMy cuia Jlo-
peHIa pa6OTBI HC COBCPIIACT. 910 03Ha4acT, YTO B MAaIrHUTHOM I10JIC MOIYJIb CKOPO-
CTH YaCTUIbI U €€ KHHCTHUYCCKAA SHCPTUA OCTAKOTCA ITOCTOAHHBIMH, HU3MCHACTCA
TOJIBKO HAIIPABJICHUC CKOPOCTH ABUKCHHA YaCTHIIBI.

PaCCMOTpI/IM YaCTHBIC CIIYy4Yan ABWKXCHUA YaCTUIBI B OAHOPOJHOM MAIHUTHOM

noJe:
a=0° F, =0) .
a) . B atom ciyuae , YaCTHIIa JIBIKETCS MPSMOJIMHEHHO BIOJb
nuHuM BekTopa B (puc.a);
= ] B

L

B4
.‘_.

=

6) &= 900. YacTuua IBMKETCS B MATHUTHOM I10JI€ MEPIIEHANKYIISIPHO JTUHUSAM
BekTopa B. TpaekTopus NBHKEHHS YacTUIIBI - OKPYXHOCTh paguyca R (puc.6). Uc-
noJib3ys BTOpo# 3akoH HeioToHa, /it paauyca R u nepuoga T oOpaiieHus 4acTUIlbI
MOYHO TOJIYYUTh

ey

F . =ma: |q|1‘B =m—=
R

R = my T 2nR  2mm
a3 v g

B) a - HpOI/ISBOHBHBIﬁ YTOJI. TpaeKTOpI/IIO ABWIKCHUSA YaCTUIBI - BUHTOBYHO JIN-
HHIO (pI/IC.B) MOXHO MpCACTABUTbL KaK CyYyMMY JIBYX BHAOB IOBHXCHUA -
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—_— N°
MPSAMOJIMHENHOI0 BIOIb JIMHUI B (0( =0 ) U ABMIKEHHMS 110 OKPY>KHOCTH B IJIOCKO-
CTH, IEPIICHAUKYIIIPHON BEKTOPY B (05 - 900)_

Jliist mapameTpoB BUHTOBOM JUHUM - paauyca R okpyxHoctu, nepuoaa T obpa-

MCHUA U IIara h BUHTOBOW IUHUH (pI/IC.B) MOKHO 3aI1iuCaThb

n 2mm
e rf =1

la|B
B HCOI[HOPOI[HOM MArHuTHOM II0JIC HaCTHIlld B O6H.[CM CJ’Iy‘Iae 6y,71€T ABUT'ATHCA I1O

Ri= T, v, =vcosa g Mp=WwSino.

BUHTOBOM JIMHUM, PAANYC U IIar KOTOPOH OYIyT U3MEHATHCA, T.€. IO CIIUPAIIH.
B coBMEIIEHHBIX B MPOCTPAHCTBE AJEKTPUUYECKOM U MAarHUTHOM IOJISIX HA 4acCTH-

Iy, KpOM€ CHUJIbI HopeHua, 6YI[CT TaK>Xe JEeHCTBOBATh KYJIOHOBCKas CuJia

-

F=F +F, =g§+gﬁr§].

a a B
T e i ‘

q i"T"ll f I L
_ﬁ = et \:F >
/"'/f_/_/_b v, L% - B
— Fﬂ*

B ClIydac CKpPCUICHHBLIX IIOJ IPAMBIM YIJIOM OIHOPOIHBIX 3JICKTPUYCCKOM M Mar-
HHUTHOM ITOJIAX (pI/IC.B), HpHMOHHHCﬁHOC ABHMKCHHNC 4aCTHULbI BO3ZMOXXHO, KOI'ZIa BCK-
TOp V 6YI[CT HaIllpaBJICH OT HAC B IINIOCKOCTb PUCYHKA, a4 €TO MOJYJIb paBCH

-

F,=F: |qvB=glE = v=E/B.

TEMA: DjJekTpOMArHUTHBIC SIBJICHUSA.

1) Onvimut @apadea. HAenenue 31eKMPOMAZHUMHOU UHOYKYUU.
B 1831 rony M.®apazeii nokasai, 4TO HE TOJBKO AJIEKTPUUYECKUN TOK CO3/1AET

B OKPY’KalOIlleM MPOCTPAHCTBE MArHUTHOE MOJIe, HO U MarHUTHOE MOJe CIOCOOHO
IIOPOXKAaTh B 3aMKHYTOM IIPOBOJSALIEM KOHTYPE JJICKTPUYECKHUU TOK, MOJYYUBILIUN
Ha3BaHUE UHAYKIHOHHOI'O TOKA.

B onbrtax ®apanes npoHU3bIBAIOLINUNA NTEPBbIA KOHTYP (KaTyIIKy 1) MarHUTHBIHI
MOTOK U3MEHSUICS Pa3iM4yHbIMU criocobamu: 1) 3amblkanach W pa3MblKanach LEMb
BTOPOr0 KOHTYPA; 2) ¢ NMOMOIIBI0 peocTaTa U3MEHIACh CUjla TOKa BO BTOPOM KOH-
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Type; 3) BTOpOl KOHTYpP MPHUOJIMKAICS WIH YIAISIICS OTHOCUTEIBHO MIEPBOTO KOHTY-

pa. 4) MMOCTOSIHHBI MarHuT HpI/I6J'II/I)KaJ'IC$I WX yAAAIICA OTHOCHUTCIIBHO IICPBOTO

KOHTYpPAa, 5) ABHIKCHUC COBCpIIAI KOHTYP 1 oTHOCHUTEILHO MarHuTa U KOHTYpa 2, I10

KOTOPOMY IMPOTCKAJI MOCTOSIHHBIN TOK, U T. .

=[S TN }=" pom
T >

L v vV

_I%li

Bo Bcex 3TuUX ombITax NEPEeMEHHbIM MarHUTHBIA MOTOK, MPOHU3bIBAIOIIMNA MEPBBIN

KOHTYpP, IPUBOANIT K BOBHUKHOBCHHUIO B HEM SI[C HHAYKIHWU & U MHAYKOUOHHOI'O

TOKa [;, KOTOPBIA (PUKCHUpOBAJICS aMIIEpPMETPOM

. [IpyuémM MHAYKIMOHHBIN TOK U3MeE-

HsJI CBOE HaIlpaBJICHUC IIPHU CMCHC HAIIPABJICHHA ABHKCHUA MAIrHUTA, HAIIPABJIICHUA

JIBUKEHUS KOHTYpOB 1 M 2, Ipu 3aMeHEe HapacTalollero Toka B KOHType 2 yObIBaio-

M CO BPpECMCHCM TOKOM, ITPHU 3aMCHC 3aMbIKaHU ICIIM BTOPOT'O KOHTYpPa eé pa3MbI-

kanueMm. B urore ®@apaneit nokasal, 4To cujlia MHAYKIUOHHOTO Toka [;, u J3JIC uH-

OYKUWH & 3aBUCAT OT CKOPOCTU U3MEHEHHUS Ma
MPOBOJSIIIUI KOHTYp, U HE 3aBUCST OT criocoda

THUTHOI'O IIOTOKA, IIPOHHU3BIBAIOIICT O
W3MEHCHUSI MAarHUTHOTO NOTOKa D.

2) 3akon anekmpomazchumnou unoykuuu Dapades.

[Ipupona croponnux cui. [lepBoe ypaBHeHne MakcBesia B MHTErpaibHOU (popme

Ha ocnoBe mponaenannsix onsiToB Dapanei

chopMyIHpOBa 3aKOH 3JIEKTpOMAr-

HUTHOM HMHAYKIINUH, KOTOpBIﬁ IIACUT: MPU BCAKOM H3MCHCHHUHW MAIHHTHOT'O IIOTOKA,

ITPOHU3BIBAIOLIETO MPOBOJAIINN KOHTYpP, B HEM Bo3HHKaeT D/JC MHAYKUMH ¢&;, paBHas

CKOPOCTHU UBMCHCHHA MAIHUTHOT'O IIOTOKA, B3SITOU

d®

]

c 0OpaTHBIM 3HAKOM.

g =—— @ = [ Bds cosa.,

: dt

S

rae @ - MarHUTHBIN MOTOK, MPOHU3BIBAIOIINN JIIOOYI0O MOBEPXHOCTH S, ONMUpPAIO-

LIYHOCS HAa MPOBOJALIMN KOHTYP.

HN3menenue co BPCMCHCM MAIrHHUTHOI'O ITOTOKA ® moxer IMPOUCXOIUTH ar00 3a

cu€T M3MEHEHHUs yria o (BpallleHus KOHTypa B

MarHuTHOM TI0Jie), JTUOO W3MEHEHUS

IJIomaaun S KOHTYDpa, 1100 M3MEHEHHUS CO BPCMCHCM MAruvTHOI'O IIOJIA, B KOTOPpOM
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HaxoJIUTCS KOHTYp. Bo Bcex 3TuX ciydadax B KOHType Bo3HHuKaeT DJIC nHIyKIuu &;, T.€.
BO3HUKAIOT CTOPOHHHE CUJIbI, COBEpIIAIOIINE padOTy MO Pa3[eICHUI0 Pa3HOUMEHHBIX
AJIEKTPUYECKUX 3aPsI10B.

[Ipupoaa CTOPOHHUX CUIT MOXKET OBITh Pa3HOM.

Cnyuait 1. Bextop B He 3aBUCHT OT BpEMEHHU, a ITUIOLIAb S KOHTYpa U YroJl o U3-
MEHSIOTCA. B MOCTOSHHOM BO BpEMEHM MATHUTHOM MoJe BO3HUKHOBeHUE DJIC MHIyK-
MU &; B MPOBOJSIIEM KOHTYpe (OH BpalllaeTcs, WM U3MEHSETCS €ro IUIONIa/ib) WU B
JIBUKYIEMCS TPOBOJAHMKE (M3MEHSETCS IUIONIaJb MOBEPXHOCTH, OMNHCHIBaeMas
MIPOBOJHUKOM) 00YCJIOBJIEHA JIEMCTBUEM Ha CBOOOIHBIE 3apsiabl cuiibl JlopeHna. Jleiict-
BUTEJIbHO, KaK BUIHO U3 puC. a, cuia JIopeHna BBI3BIBACT JIBUIKECHUE J3JIEKTPOHOB K
OJIHOMY KOHIly MPOBOJHMKA, Ha HEM BO3HHUKAET U3OBITOK 3JIEKTPOHOB, a Ha JIPYromM
KOHIIE uX HegocTaTok. CiaenoBaTenbHO, cuia JIopeHna pasnenseT pa3HOUMEHHBIE 3apsi-
IIbl, T.€. SIBIISIETCSI CTOPOHHEN CUJION.

a 0 B

Cinyuaii 2. Bexktop B u3MeHsieTCsl CO BpEMEHEM, a IUIOLIAlb S KOHTYpa U yTodl o,
OCTAIOTCA MOCTOSSHHBIMHU. OTNBITHBIM MyTEM ObUIO J0Ka3aHo, 4To DJ(C mHIYyKIMH &
MOXET BO3HHMKATh U B HETOJIBUKHOM MPOBOJSIIEM KOHTYpe (ITPOBOJIHUKE), HAXO/S-
eMcsl B IEPEMEHHOM BO BPEMEHU MarHWTHOM Tosie. B 3ToM ciaydae Ha cBOOOJHBIC
3apsiibl B TPOBOIHKKE cruia JIopeHlia He AeHCTBYeT | sl OObSICHEHUSI BOSHUKHOBE-
Hus DJIC unnykuuu & MakcBena copMyIupoBal cienyrouiee nojoxXeHue (MocTy-
JaT), KOTOPOE Ha3bIBAIOT MEPBBIM IMOJIOKEHUEM TeOopuu MakcBesia: MepeMeHHOE BO
BPEMEHM MArHWTHOE II0JIE TOPOXKIAAET B OKPYKAKOUIEM ITPOCTPAHCTBE BUXPEBOE
JJIEKTPUYECKOE I0JIe. B oTiimuyme OT 3JIeKTPOCTATUYECKOrO MOJIsl JIMHUU BUXPEBOTO
BJIEKTPUYECKOTO TOJIA SBJISIOTCS 3aMKHYTBIMU M JIEXKAT B IUIOCKOCTH, TEPIIECHIU-
KyJIIpHOM K BekTOpy B. Cuibl 3TOro moss sSiBASIOTCS CTOPOHHUMU CUJIaMH, OHU CO-
BEpIIAIOT pabOoTy MO pa3AesIeHUI0 pa3HOUMEHHBIX 3apsI0B
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JIJIsl yCTaHOBJICHHSI B3aMMOCBSI3U MEXAY JJICKTPUYCCKUM W MArHUTHBIM ITOJISIMHU
MIPOBOAIINI KOHTYpP (ITPOBOJIHUK) HE HY)KCH, OH SBISICTCS MPUOOPOM, KOTOPBIH 0OHA-
PY’KHMBaeT B OKPYKAIOIIEM IPOCTPAHCTBE BHXPEBOE JICKTpHUECKOe Mojie. Beioepem B
kadecTBe KoHTYpa (I') BooOparkaemMyro 3aMKHYTYIO JIMHUIO. TOr1a MOKHO 3aIucaTh

— OB -

§EdI=—[—ds.

< Ot
)

(I

VYpaBHeHHe TIpeACTaBiseT co00il mepBoe ypaBHEHHE MakcBesuia B UHTETpaIbHON
dbopme. OHO uyMTaeTCs CIEAYIOIIMM 00pa3oM: HUpKyJsinus Bektopa E cymmapHoro
ANIEKTPUUYECKOTO TOJIS MO MPOU3BOJBHOMY 3aMKHyTOMY KOHTYpY (I') paBHa B3ATOU C
0oOpaTHBIM 3HAKOM CKOPOCTH W3MEHEHHUS MAarHUTHOTO IMOTOKAa Yepe3 MOBEPXHOCThH S,
OMUPAIOIIYIOCS Ha KOHTYP.

du3NYEeCKU CMBICI IAHHOTO YPaBHEHUS: UCTOYHUKOM BUXPEBOTO JICKTPUUYECKO-
r'0 TIOJIS SIBJIICTCS IEPEMEHHOE MarHUTHOE T0JIe (B MPAaBOM YaCTH HAXOAUTCS UCTOUHHK
TOTO, YTO CTOUT B JICBOM YaCTH YPAaBHECHU).

3) IIpasuno Jlenya.

Hanuuue DJIC uHAYKIMU & B MPOBOJSIIEM KOHTYpPE COMPOTHUBICHUEM R mpuBo-

JUT K BO3HUKHOBEHUIO B HEM WHIYKIIMOHHOTO TOKa, KOTOPBIM MOXHO PacCYUTaTh IO

3akoHy Oma 171 MOJIHOW 1enun
Hamnpapiienue ke MHAYKIIMOHHOTO TOKa MOXXHO HaiTu mo mpasuiy Jlenma. OHO
dbopmynupyeTcs CIAeAyIUM 00pa3oM: WHAYKIMOHHBIA TOK B KOHTYPE BO3HHUKAET

TAKOI'O HAIIpaBJICHUA, YTOOBI CO31aBa€MOC UM MATHUTHOC II0JIC IPCIATCTBOBAJIIO JIIO-
OBIM M3MEHEHHSIM MarHUTHOTO II0TOKA, BBI3BABIICT'O 3TOT HHHYKHHOHHBIﬁ TOK.
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Ecnu BHenrHee MarHuTHOE 10Jie OyAeT yObIBaTh CO BPEMEHEM, TO YHCIIO JIMHUM
B, npoHM3BIBAIOIINX MIOCKOCTh KOHTYpa, OyaeT Takxke yobiBath (AD<0) u, ciegoBa-
TEJbHO, TUHUM B; MHIYKIIMOHHOTO TOKa OYJyT HalpaBJICHBI B Ty e CTOPOHY, YTO U
nuHud B, ¥ MHIYKIMOHHBIN TOK Oy/EeT HaImpaBJieH MPOTHUB YaCOBOM CTPEJIKHU.

ITokaxeMm, 4TO SKCIIEpUMEHTANIbHO ycTaHOBIEeHHBIN Dapageem 3akoH DOMU sB-
JA€TCSL CIEACTBUEM 3aKOHA COXPAHEHUsS SHEPruu. s 3TOro paccMOTpUM 3aMKHY-
TBI KOHTYP, B KOTOPbI BXOAUT UCTOUHUK TOKa ¢ DJIC € 1 moaABMKHBIN MPOBOIHUK-
MepeMbIUKa, CKOJIB3SIIUNA 0€3 TPEeHHs MO HaIpaBISIOMKUM cTepxkHsIM. KoHTyp Haxo-
JIUTCSI B MATHUTHOM M0JI€, IUHUU B KOTOPOTO NEPHEHIUKYISPHBI K €70 IIOCKOCTH.
4) Asnenue camounoykuyuu. Hnoykmuenocmo xkonmypa. Huoykmuenocms co.ie-

Houoa

Bo3bMEM KOHTYp, 10 KOTOpOMY HpoTeKaeT TOK I. OH co37aéT B OKpy’KaroUeM
MPOCTPAHCTBE MAarHUTHOE MOJIE, IMHUUA KOTOPOTO MPOHU3BIBAIOT MIIOCKOCTh KOHTYpA.
Bo3Hukaronmii mpyu 3ToM MarHuTHBIA TOTOK MOJIYYHJI HA3BAHUE MAarHUTHOTO MOTOKA

CAMOHMHAYKIINH uS , TaK KaK CaM TOK HAaBOIWT, HHAYHOUPYCT 3TOT MarHMTHBIN I10-
TOK.

HOII SABJICHUCM CAMOUMHAYKIMHU MOXHO ITOHHMATh ABJICHUC BO3HUKHOBCHUA
MAaravuTHOI'O IMTOTOKAa CAMOWMHAYKIHWU IIPU ITPOTCKAHWUU 110 ICIIN TOKA. B ciIydac, Koraa
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U U PAaBCH OTHOIICHUTIO

KOHTYP COACPKUT N BHUTKOB, UCITIOJB3YIOT INOHATHC ITOTOKOCLCIUICHUA l//S CaMOHH-

i Vs = NPs)

Oka3bIBaercs, 4To Vs u | npsMo mponopuuOHANBHBI APYT APYTY, U HO3TOMY
MOYHO 3aIACATh

Y. =II ,
rac K03(1)(1)I/ILII/ICHT MMPOINOPITUOHAIIBHOCTH L umassBaror HMHAYKTHUBHOCTBIO KOH-

Typa.

On ommchIBaeT crnocoOHOCTH KOHTYpa CO34aBdThb IMOTOKOCHCINNIICHUC CAMOHWHIYK-

Vs ul:

I/IHIIYKTI/IBHOCTB KOHTYpPa 3aBUCHUT OT T'COMCTPHYCCKUX PA3MCPOB KOHTYpA, YcC-
PE€3 OTHOCUTCIIBHYIO MATHUTHYIO IIPOHUITACMOCTb U U OT MAIHUTHBIX CBOMCTB OKpYy-
)KaIOH_ICﬁ CpCabl. I[J'ISI q)eppOMaFHI/ITHBIX cpea W 3aBUCHUT OT CHJIbI TCKYIICTO ITIO IIPO-
BOJHHKY TOKaA, YTO IIPUBOJUT K 3aBUCUMOCTH OJIA TAKHUX CPCI Lorl.

HpI/IBCJICM MMPpUMCEPHI PaCuUCTa MHAYKTHUBHOCTH IJIA PA3JIMYHBIX KOHTYPOB.

[Tpumep 1. MHAYKTUBHOCTH JJIMHHOTO COJICHOMIA. PaccMOTpHM COJIEHOMI, ISt
KOTOPOT'0 €To JJIMHA BO MHOTO pa3 MPEeBBIIACT AHAMETP BUTKOB. B 3TOM ciyyae ans
MOAyJis BekTopa B MoxkHO Bocmosb3oBaThes Gopmysoit (3.21) u, ciaegoBaTenbHO,
s L monyuum

V. NO. NBScosO Nup,nS
I I I

= v,

5) 3asucumocms cunvt moka om epemenu npu Pa3mMvlKAHUU Yenu
PaccMOTpUM 37€KTpUYECKYIO LIelb, TPUBEAEHHYIO Ha puc.a. OHA CONEPKUT HC-

TOYHHUK ITOCTOSAHHOI'O TOKA C SI[C €, KaTYIIKY HHAYKTUBHOCTH L, COIIPOTHUBJICHUA Rur

, a Takxke Kkirou K.
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KOFI[a k1rou K HaxXoAUTCsA B ITOJIOKCHUH 1, Mo OCIIM IMPOTCKACT MOCTOSIHHBIN

I,=¢/R

TOK , @ B KaTYIIIK€ COCPEAOTOUCHA SHEPTUs B BUJIE DHEPIUU WM Mmar-
HUTHOTO mojisi. B MomeHT Bpemenu t=0 kitou K mepeOpackiBaloT B MoJiokKeHUE 2,
IIEeTIh pa3MbIKA€TCs, U TOK B HEll HAUMHAET yOBIBaTh, OH YOBIBACT MOCTEIIEHHO 3a CUET
BO3HUKAIOMIETO B KATYIIKE ABICHUS caMOMHAYKIMU. [Ipu 3TOM 3amacéHHas B KaTylll-
K€ DHEPTUsi MArHUTHOT'O TIOJISI PACXOJIyeTCsl Ha MOoIepKaHKe yOBIBAIOIIETO TOKa, Ha-
IrPEBAHUE MTPOBOTHUKOB.

BriBenem Gopmyny /uisl 3aBUCUMOCTH CHJIBI TOKa OT BPEMEHU MPU Pa3MbIKAaHUU
uend. /[ns sroro 3anumem 3akoH OMa Ji1s TOJTHOM LIETIH:

17 dl
ff'zﬁg. —_[.(T:IF'. TZ—EJ(H;

dt

I t

~dl - 7

— =—P|dt, In—=-p1,

Bl 2 I,

-Gt .
I=1e¢ B=r/L

Ha puc.6 npuBeseHbl TOCTPOCHHBIE 110 YPABHEHUIO 3aBUCUMOCTHU CHJIBI TOKa I
OT BPEMEHH t MPU pa3IMYHBIX 3HAYCHUAX MapameTpa P - oT Hyist. 3 hopmynsl ciie-

AyeT, 4To 4yeM Ooubliie B, T.e. yeM OoJblue r Wik MeHblle L, Tem ObicTpee yObiBaeT
TOK B LEIH.

&
Paccmorpum 3aBucumocth DJIC CaMOMHIYKIMU ° OT BPEMEHHM t IIPH Pa3Mbl-

KaHHUH LCITN. I[JISI 9TOI'0 IMoACTaBUM q)OpMy.Hy JJIs1 CUJIBI TOKA B BBIPAKCHUC!
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WUrak, uz-3a Toro, uro " >> R , B HAYaJIbHbIE MOMEHTBI BPEMEHU IIPU Pa3Mbl-
KaHMHM 1IenH HaOmogaeTcs ckadyok J/]C caMOMHIyKIIUY, U OHA MOKET

[loaTOMy BeKTpUUecKue Uenu, CcoJep)Kaliue OONbIIYI0 WHAYKTUBHOCTD,
HEO0OXOJIUMO Pa3MbIKaTh TaK, YTOOBI CONMPOTHUBJICHUE YBEINYUBAIOCH HE CKAYKOM, a

ITIOCTCIICHHO.

TEMA: YpaBHeHUS MAKCBEJLJIA

1) Bmopoe ypasenenue Makceenna ¢ unmezpaivhou popme. Tok cmeuwienus.

OcHoBHas uues Teopuu MakcBeiuia 3aKiIro4anach BO B3aMMOCBS3M MEXIY CO-
001 AIEKTPUUYECKUX U MarHUTHBIX TOJICH: €CJIM TIEPEMEHHOE MarHUTHOE T0JI€ MOPO-
KJIAaeT B OKPY’KAIOIIEM IPOCTPAHCTBE 3JEKTPUUECKOE ToJie (IEPBOE MOJIOKEHUE TEO-
pun MakcBeiia), To B CBOIO O4epellb U NEPEMEHHOE JIEKTPUUYECKOE IMOJIE JOJIKHO
CO3/1aBaTh B OKPYKAIOIIEM MPOCTPAHCTBE MAarHuTHoOEe mnojie. B cBsa3u ¢ 3tum Mak-
CBeJUI cPOpMyIHPOBaAI BTOPOE MOJOKEHHE Teopruu MakcBeiia, a UMEHHO: lIepeMeH-
HOE 3JIEKTPUYECKOE MOJIE MTOPOKIAET B OKPYKAIOLIEM ITPOCTPAHCTBE MAarHUTHOE T1O-
Je.

CnenoBaTenbHO, B TEOPEME O LUPKYJSALMU BEKTOpa B K MCTOYHHMKAM MarHuT-
HOTO TOJISl B BUJIE€ TOKOB MPOBOJUMOCTH J100aBIIAETCS €€ OJUH UCTOYHUK, KOTOPBIH
MakcBenn Ha3Bal TOKOM CMEIIEHHS,

J' Bdl =, (> I, +1,)= fiply | Uy + JodS .

d i &

CDOpMy.IIa IMOJIyYHnJIa Ha3BAHUC 3aKOHA ITOJITHOI'O TOKAa.

-

(J )

B BBIPAXCHUC BBCIACHBI INUIOTHOCTU TOKa IIPOBOAMMOCTHU

o).

; MIHTerpaJl 0epéTcst Mo MOBEpXHOCTH S, onuparoiieics Ha KouTyp (I).

n CMCIICHUA

[lon ToxoMm cmemieHuss " TOHMMAIOT CKaJspHYIO (PU3UYECKYIO BEIUYHUHY,
U3MEPSEMYIO B aMIlepax, XapaKTEpU3YIOLIYH CIIOCOOHOCTb AJIEKTPUYECKOTO IOJIs
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CO31aBaTb MAIrHUTHOC I10JIC, U IIPOIIOPIHHUOHAJIBHYIO CKOPOCTH N3MCHCHHUA BO BpPEMC-

—

HH HaHpH)KéHHOCTI/I E QJICKTPHUYICCKOI'O ITOJIA.

YcraHoBuM GopMyiy CBSI3M IUIOTHOCTH TOKa CMEUIECHUS J e C HampsHKEHHO-

—

croio E MEPEMEHHOr0 3JIEKTpUUECKOro mojs. Jjist 3Toro paccMOTpUM d3JEKTpUYe-
CKYIO 1IeTIb, COJIepKAllyI0 TUIOCKHI KOHAEHCATOp ¢ Iuiomaabto miactul S. Ilporeka-
HUE MEPEMEHHOTO TOKa B TaKOH 1IeTMH COMPOBOXKIAETCS TJIaBHBIM MEPEX0I0M Ha rpa-
HUIIE TUTACTUH KOHJEHCATOpa TOKa MPOBOAUMOCTH B TOK CMEILEHUsI, KOTOPBIH CyIIle-
CTBYET B MPOCTPAHCTBE BHYTPHU KOHACHCATOPA. 3aNMChIBasi YCIOBUS HEMIPEPHIBHOCTH
Ha TpaHulie 00KIAI0K, MOIYYHM

I 1 dg . : dE
jcx[:jlw:_:_'_q::E: i = q =kl
' S S di gg, S&g, dt
I = f}r_a‘g. }w = E.Eﬁ_ﬁ_
o = ] e ; 0 5

ol

—

Tac O . IMOBCPXHOCTHAA INIOTHOCTD 3apsJd Ha IUIACTHHAX KOHIACHCATOPA, E -

HaMNpsDKEHHOCTh AJIEKTPUUYECKOTro TMOJsl BHYTPH KOHJIEHCATOPa; € . oTHOCHTEbHAS
TUAJIEKTpUYECKask IPOHUIIAEMOCTh CPeJIbl MEXTy OOKIIaIKaMHU.

—
]

1
(=]

IZIE T - PaCCTOSIHUE OT OCEBOM JIMHUU BHYTPU KOHJEHCATOpa 0 paccMaTpuBac-
MOU TOYKH ITPOCTPAHCTBA.

BBeIICHI/Ie MMOHATHA TOKAa CMCIICHHA ITO3BOJIACT IMMO-APYTIOMY OO0BSICHUTH OTCYyT-
CTBUC ITOCTOAHHOTO TOKAa IMPOBOAUMOCTH B BHCKTpI/I‘IeCKOﬁ o cIIy, coz[epmameﬁ KOH-
ACHCATOP. B sToMm ciIy4ac B TaKkou CIIKM HC BO3HUKACT IICPCMCHHOTI'O 3JICKTPHUYICCKOTO
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IMOJIsT MCKIAY O6KHaI[KaMI/I KOHACHCATOpA, ITO3TOMY TOKa CMCIICHUA HC 6YI[CT n Jn-
HHH TOKA IMMPOBOJHUMOCTHU Ha O6KJIaIIKaX KOHACHCATOpAa IMMPCPBIBAIOTCA.

[Tomyuum BTOpOE ypaBHeHHE MakcBesia B HHTETpaJIbHOM (popMe cleayroniero
BUJA!

L, +1, |= ;f,uc,J.i J o €5 ok I ds.

) Bdl = w1
e ot |

P-BRN

VYpaBHeHUE YUTAETCS CIEAYIOIUM 00pa3oM: IIUPKYJIALMs BekTopa B MaruutHo-
o MOJIs M0 MPOU3BOJIBHOMY 3aMKHYTOMY KOHTYpY (I') paBHa cymMe TOKOB MPOBOAM-
MOCTH M CMEUIEHUs, 0XBaThiBaeMbIX KOHTYpoM (I'), yMHOXEHHOU HAa KO3 UIIHEHT
(au0).

2) Ilonnaa cucmema ypasnenuii Maxceenna

B ocnoBe Teopum MakcBena, MO3BOJISIIOIIEH OMMCBHIBATH AJIEKTPUUYECKHE H
MarHuTHBIE SIBJICHUS B JIt0OOM cpejie (M B BaKyyme, B YaCTHOCTH), JIEKAT JIBa MOJIO-
KEHHS O B3AMMOCBSI3M COTJIACHO DJICKTPUUECKMX W MATrHUTHBIX MOJIEH, COTJIACHO
KOTOPBIM: 1) mepeMeHHOe BO BPEMEHU MAarHUTHOE TOJIE MOPOKIAET B OKPYKAIOIIEM
MPOCTPAHCTBE BUXPEBOE IIEKTPUUYECKOE MOJIE; 2) MEPEMEHHOE BO BPEMEHH AJIEKTPH-
YECKOE MOJIE CO3JAET B MPOCTPAHCTBE MArHUTHOE TIOJIE.

OTpakeHueM 3TUX TMOJ0KEHUN Teopuu MakcBeilia SIBJIIOTCS JBa €ro MepBBIX
ypaBHEHUS - OHU SIBIISIFOTCSI 0000IIIEHUEM 3aKOHA AJIEKTpOMarHuTHON nHaykiuu da-
pazest U TEOPEMBI O IUPKYJIAIUU BEKTOopa B:

~ . 0B - o -' o= 0 | -
ks jSEdf:—|fT(IS'. 2. § Bdl=ppy| Y1, + 1, |=uy,| jnp+ssuc—{d5
@ e i) N 5\ o)
P 1 e
3. ($EdS=—q¢;. 4.$BdS =0.
5 gg; '
5 D= EE._:,E 6 B-= FL].L;,E. % ; ~GE.

Tperbe u ueTBEPTOE YpaBHEHUs MakcBellia NpeACcTaBiIsoT coboil TeopeMsl [ a-
ycca Ui DJIEKTPOCTATUYECKOTO U MATHUTHOTO mosicd. DU3NYECKUN CMBICI 3TUX
YPaBHEHUN COCTOUT B CIEAYIOLIEM: UCTOUHUKOM JJIEKTPOCTATUUECKOTO OIS SBJIS-
I0TCSI CBOOOJIHBIC U CBSI3aHHBIC 3apsJibl; B MPUPOJE OTCYTCTBYIOT MATHUTHBIC 3aPsIbI,

—

T.C. JIMHUH BCKTOpaA B MAaravuTHOI'O ITOJIA ABJIAKOTCA 3dAMKHYTBIMU.
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IIaToe u mecroe YpPaBHCHHA MakcBenia BBOISIT BCKTOPBI J3JICKTPHUYUCCKOI'O

e —

CMCIICHUA D u HaHpH)KéHHOCTI/I H MAaravuTHOI'O MOJIA, KOTOPBIC B OTIIMYNEC OT HUC-

THUHHBIX BCKTOPOB E u B ABIIAIOTCA BCIIOMOI'aTCIIBHBIMHK, BBOJWMMBIMH IJIA YI[O6-
CTBa OIMCAHUS MOJICH B MMPpUCYTCTBHUH BCUICCTBA.

Cenpmoe ypaBHeHHEe MakcBenia npeacrasisieT co0oil 3akoH Oma B nuddepen-

npanbpHoi popme, rae ©

- YACIlIbHAA IIPOBOAUMOCTDL BCIICCTBA.
3anucaHHbIe BBIIIE CEMb ypaBHeHI/Iﬁ CIIPpaBCIJINBLI TJIsI OAHOPOAHBIX H30TPOII-
HBIX HC(I)eppOMaFHI/ITHBIX N HCCCTHCTOIJICKTPHUUYCCKUX CPCH, AJIA KOTOPBIX (I)OpMyJ'IBI

CBs3H, BbBIPAKACMBIC IIATBIM, IICCTBIM U CCABMBIM YPAaBHCHHAMU, ABJIAIOTCA JOCTA-

TOYHO IPOCTBIMHU, TAK KaK IIAPAMCTPBI € ) ﬂ n o

SIBJISTFOTCS TIOCTOSTHHBIMH YHCJIa-
MHU.

Haubonee ynoOHOW sBIsieTCsl TIOMHAs cUCTeMa ypaBHeHW MakcBemna B qud-
(dhepeHMaIbHON opme:

—

&B 5D

1. rotE=—— 2. rotH =(j. -I—C;—) 3. diD=p 4. divB =0
ot ¥ oo
5. D=D(E). 6.B=B(H). 7. j=J(E).

Omna crnpaBenyiuBa JUisi MaJIOM OKPECTHOCTHU JIFOOOW TOYKH MPOCTPAHCTBA U MPU
3aJlaHUM HaYaJbHBIX U TPAHUYHBIX YCJIOBHI MO3BOJISIET PellaTh JIIOObIE 3a1aun Kiac-
CUYECKOM MaKpOCKOMUYECKON »dieKkTpoauHamMuku. [lonHas cuctema ypaBHEHUM
MakcBeia Urpaet B 3JIEKTPOMAarHeTU3MeE TaKylo e poJib, Kak 3aKkoHbl HbioTOHa B
MEXaHUKE.

TEMA: MarautHoe noJji¢ B BeIecTBe.

1) /luamaznemuxu.
DTO0 BEIIEeCTBAa, Y KOTOPHIX B OTCYTCTBUHM BHEIITHETO MAarHUTHOTO IMOJISi MAaTHUTHBIN

MOMCHT aTOMa pPaBCH HYIIIO. I[J'ISI HHUX MAr"dvuTHas BOCIPHUUMYNBOCTbL HC 3aBHUCHUT OT

HUHAYKIOUHW BHCHIHCTO MAruvTHOI'O IIOJIA, IPUHUMACT MAJIbIC II0 MOIYJIXO OTPpHULATCIIb-

HBIC 3HA4YCHMUA

x=—(107-107)

, 4dTO O3HaA4YacT HC3HAUYUTCIIBHOC ocjiabieHue

Bo(u <
BHCIIIHCTO MArouTHOTI O IIOJIA (H ) B HpI/ICYTCTBI/H/I ANAMAard€TuKOB U HpOTI/IBO-

'
ITOJIOKHOC HAIIPABJICHUC BCKTOPOB B ) J N BCKTOpa BO . Bo BHemHEM HCOOAHOPOA-
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HOM MarHHUTHOM ITI0OJIe JUaAMarHeTHK OyAeT ImepeMeniaThCs U BHITAIKUBATHCS B 00J1aCTh
0oJtee ¢i1aboro moJis.

a o
B
» B0
17 «— —— —— ——
— — — ——
«— —— «— «——
>
)
];I'-"I"“‘ T«
e
Pm B

JTMaMarHeTUKaM OTHOCSTCS WHEpPTHBIE Ta3bl, MeTtaiel Bi, Zu, Cu, Ag, Au, Hg,
CTEKJIO, MpaMoOp, Pa3JIUYHbIC CMOJIBI U T.JI.

I[I/IaMaFHI/ITHBIﬁ 3(1)(1)CKT - BOBHUKHOBCHHUC HHAYIIUPOBAHHOT'O MATHUTHOTO MOMCH-

—

pm.qu

Ta aTroma
Bo

YUHUTBIBACTCA BBUAY €TI0 MAJIOCTH.

, HAIIPpaBJICHHOTO ITPOTHUBOIIOJJIOKHO BHCIIHEMY MATIHUTHOMY IIOJIO

) CBOMCTBEHEH BCEM BCIICCTBaAM, HO IJIA OCTAJIBHBIX T'PYIIII MArHCTUKOB OH HC

2) llapamaznemuxu.
§3=O B |5
NN M
—0 _,_:

910 BCHICCTBA, ¥ KOTOPBIX B OTCYTCTBUH BHCINHCI'O MAIrHUTHOTI'O IIOJIA MAIHUT-

HBIT MOMEHT aTOMa OTJIMYEH OT HYJIA. I[J'ISI HHUX Z HC 3aBUCUT OT BO , IPUHUMACT
-3 -2
7 =(0107-10%)>0

HOC YBCIIMYCHUC BHCHIHCTO MAIHHUTHOI'O IIOJIA B MPUCYTCTBHUU ITapaMAarHCTHKaA

MaJIbI€ YHMCJIOBBIC 3HAUYCHMUA , HTO O3HA4Ya€T HC3HAUYUTCIIb-

> Y T n
(’u ~ 7)) ¥ mapajieabHOCTh BEKTOPOB B' yJ BEKTOPY Bo Bo sremmem HEOI-
HOPOAHOM MArumMTHOM IIOJIC IMApaMarHCTUK 6y,):[eT nepeMeuiaTbCiad U BTATUBATHCA B
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obnacth Gosiee criibHOTO MoJsi. K mapamarHeTnkaM OTHOCSITCS IIEIOYHBIC U IIEJI0Y-
HO3eMeNbHbIe MeTaibl, Al, Pt, pacTBOphI cosieil *xeie3a, ra3bl a30T U KUCIOPOJ,
peaKO3eMeTbHbIE METAJUTbl U UX COSAUHEHHUS U T.JI.

IIo TCOPHUH JlaHxeBeHa mapaMariC€TuK Mmoo OTHOICHHUIO K MArHUTHBIM CBOMNCT-
BaM 3aMCHACTCA I'da30M MAIHUTHBIX CTPCJIOK, IMPHUHHUMAIOIUX Y49aCTHC B TCIIJIOBOM
JABHKCHHMU. CTpeJIKI/I MOACIUMPYOT MArHUTHBIC MOMCHTBI d4TOMOB. B OTCYTCTBUH
BHCHIHCT'O MAarHuTHOI'O ITOJIA TCIINIOBOC ABHKCHHC p8.36paCBIBa€T CTPCJIKU XaOTHYIHO

110 BCEM HAIIPABJICHUAM U MIO3TOMY B'=0 , J=0 . Bo BHeIIHEM MarHUTHOM IIOJIC
Ha MarHUTHBIE CTPEIKH AEHUCTBYIOT CHUJIbI MAarHUTHOI'O TOJIS, CTPEMSIIUECS] YCTaHO-
BUTh WX BJIOJb JIMHUM MarHUTHOW WHAYKIMH. B uTore HaOmrogaeTcs MpeuMyIIecT-
BEHHAas OpUEHTAIMd MarHUTHBIX MOMEHTOB aTOMOB BJ0JIb JIMHUWA MAarHUTHOTO TOJIf,

MOABJIACTCA HAMATHUYCHHOCTDL ITapaMarHeTHKa.

B TCOPHUH JlanxeBeHa JJIA MariuTHOM BOCIIpUUMYUBOCTH CIIPABCAJINB 3aKOH
KIOpI/I, KOTOpBIﬁ OoNIpCACIIACT 3aBUCUMOCTD ) OT TCMIICPATYPHI:

=L
T

rjae ¢ - nocrosaHHasa Kropu.

C moBBIIICHUEM TCMIICPATYPhI YCUIINBACTCA q)aKTOp TCIJIOBOI'O ABMXKCHUA aTO-
MOB, U TIO3TOMY BO BHCIIHCM MAIHUTHOM IIOJIC q)HKCHPOBaHHOﬁ BeanunHbl BO mar-
HHUTHAaA BOCIIPUUMYHUBOCTb YMCHBINACTCA, YTO U IMPUBOAUT K YMCHBIICHHUIO YHCJIIO-

—

'
BbIX 3HAYCHHUU BCKTOPOB B u J .

3) @eppomaznemuxu.

['pynny MarHUTOYNOPSAIOYECHHBIX BEIIECTB COCTABIISIOT BEIIECTBA, Y KOTOPHIX B
OTCYTCTBHU BHEUIHETO MArHUTHOI'O MOJIS MAarHUTHBIA MOMEHT aTOMa HE PaBEH HYIIIO.
B orinune oT napamMarHeTUKOB 11 HUX MAarHUTHAasE BOCHPUUMYHUBOCTh CYIIIECTBEHHO

3daBUCHUT OT UHAYKIINUH BO BHCIHIHCT'O MAaroHuTHOTI'O I10JIA.

Paccmotpum mogpoOHee dheppoMarHeTHKH, KOTOPbIe HanboJiee IUPOKO MpUMe-
HSIOTCSI HA MPAKTHUKE.
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K ¢eppomarnerukam otHocsTcs Takue metamuibl kak Fe, Co, Ni, Gd, cruiaBel u
COCIMHEHUs ATHX JJEMEHTOB U T.A. [lepeuuciaum ocHOBHBIE 0COOEHHOCTH (eppo-
MarHeTHKOB.

cDeppOMaFHCTI/BM O6YCJ'IOBJ'ICH CIIMHOBBIMHN MAaIrHUTHBIMHU MOMCHTaAMH aTOMOB.

1. AToMBI q)CPPOMaFHeTI/IKOB HMCIOT HC3AIIOJIHCHHBIC BHYTPCHHHUC 3JICKTPOH-
HBIC O6OHO‘IKI/I, 4dTO MMPpUBOAUT K 0OJIBIIMM MarHUTHBIM MOMEHTAM aTOMOB.

2. Mexny MarHUTHBIMH MOMEHTaMH COCEIHUX aTOMOB YCTaHaBJIMBAETCS 00-
MEHHOE B3aMMOJICHCTBHE, KOTOPOE MPUBOJIUT K MapayljIeIbHON OpUEHTAIIMNN MarHHUT-
HBIX MOMEHTOB aTOMOB B MHUKPOOOJACTSIX, Ha3bIBaeMbIX JOoMeHaMu. HampaBnenus
MarHUTHBIX MOMEHTOB aTOMOB pa3lIMYHBIX JTIOMEHOB pa3HbIe, MOATOMY OOIIas Ha-
MarHM4eHHOCTh (heppoMarHeTuka paBHa HYIIO (puUC.a).

X f 7\

.

0,

vV T

PaSMepBI JAOMCHOB YCTAHABJINBAIOTCA 34 CUeT I[CI\/JICTBI/ISI ABYX q)aKTOpOBI

a) DHEPreTUYCCKU BHITOJHO YBEIUYMBATH YHCIIO JIOMEHOB, TAK KaK YMEHb-
nraercs
DHEPrus, HeoOXoauMas IS TOMJACP)KAHWS MAarHUTHOTO TIOJIS 3a IpeaeliaMu
dbeppomaraeTuka (puc.0);

6) OQHCPICTUYICCKU BBI'OJHO YMCHBIIATH YHCJIO JOMCHOB, TadK KaK YMCHb-
macTCAa
OJIMHA TpaHUIl, HAa KOTOPBIX H3-34 0O0JIBIIOrO rpaiuCHTa MAr"vuTHOI'O IIOJIA (Ha
I'paHunax Mexay JOMCHAMHU PE3KO U3MCHACTCA HAIIPABJIICHUC MAIHUTHBIX MOMCHTOB

176



aTOMOB) HaKaIUIMBACTCA MAIrHUTHAA OSHCPIU. B wutore pasMEpbl  JTOMCHOB

-2 -4
~(107-10")

COCTABJIAIOT ITOPAOKA

a 0
A
J J“
B C
A I
- I
By

[:} -
By

3.MaruuTHas BOCIIPUUMYNBOCTDb % CYHICCTBCHHO 3aBUCHUT OT BCINYWHBI MHIAYKIIUH

BHCIIHCT'O MarHUTHOI'O I10JIsA, JOCTHUTI'asA 3Ha‘1€HHI71, MMPCBLIIIAIOIINUX B PAAC CIIYUACB B

10
10 pa3 3HAYUCHUA Z IJIA TIapaMaraCTuKOB. HamarandeHHOCTH q)eppOMaFHeTI/IKa
JOCTUIaCT HACBIIIICHUA B cJ1a0BIX MAarHUTHBIX MOJIIX. OCHOBHAs KpuBass HaMaron4imn-

BaHMS SIBJIACTCS HEJIMHEHHOU (puc.a).
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BOJIHOBAS OIITUKA
TEMA: Untepdepennug cBeTa.

1) Pazeumue npeocmaesnenuii 0 npupooe ceema.

[lepBas crpoitHas Teopus cBeta Obu1a pazpadorana . HeloToHOM B KOHIIE ceM-
HaJaUaTtoro Beka. HpIOTOH cuuTai, 4yTo CBET — ATO NOTOK MEJIbYAaWIIIUX YaCTHL] — KOp-
IIyCKYJ, IOATOMY €ro TEOpHs MOJy4Ynia Ha3BaHUE KOPNYCKYIApHO. OTHOBPEMEHHO
¢ HUM ['yk u ['TolireHc pa3BHUBaay BOJIHOBYIO TEOPHIO, OJJHAKO OHA HE NOJIyYMJIA 1IU-
POKOTO NMPU3HAHUS OTYACTH M3-3a BBICOKOTO aBTopuTeTa HbIOTOHA M OoTYacTH U3-3a
HEJIOCTaTKOB CAaMOW TEOpUHU, KOTOpas MpeJCTaBisiia CBET Kak yHpyrue kKoyieOaHus
cpenpl. Jlume no3aHee ObLIa MpeIokKeHa TUIoTe3a O CYIIECTBOBAaHUU 0CO00i cpe-
IIbl, 3anojHsome Bcro Beenennyto,- agupa, ynpyrue cBoiicTBa KOTOporo obecre-
YUBaIM TPEeOyEeMYI0 CKOPOCTb PacHpOCTpaHEHHUs CBETA. Y CIEXU BOJHOBOW TEOPHUH
cBs3aHbl ¢ paboramu HOnra, ®@penens u IlyaccoHa, KOTOpble ObUIM BBITIOJIHEHBI B
nepBoi mojoBuHe XIX Beka. PaboTel ATUX HcchnenoBatesiell MO3BOJIUIN OOBSICHUTH
Takue sIBJICHUsl Kak uHtepdepeHuus u nudpaxkuus cseta. J. MakcBemn ycTaHOBUI,
YTO CBET — ATO DJIEKTPOMATHUTHBIE BOJIHBI. B TOT MOMEHT, KOrJla BOJHOBAasl TEOPHUS
CTajla OOUIENPU3HAHHOMW, OBLIM YCTAaHOBJIEHBI 3aKOHOMEPHOCTH H3JIyU€HHUs CBeETa
aToMaMud U OTKPHIT GoTodPdexT. DT (PakThl MPOTUBOPEUNUIN BOJHOBOU TEOPHH.
[lo3gHee Obla pa3BUTa HOBasi TEOPUS — AYaJTUCTHUECKAs, T/I€ CBETY MPUIHCHIBAIUCH
Y BOJIHOBBIE M KOPIYCKYJIApHbIE CBOWCTBA. JIyn ne bpoinb BbICKazal TMIOTE3y O
BCEOOIEM JTyallu3Me MAaTepUu: Kak/as yacTHulla 00yialaeT BOJIHOBBIMU CBOMCTBAMH,
U KaXI0M BOJIHE MOTYT OBITh NMPUIIMCAHBI ONpEeIeHHass Macca U uMnyibc. CBeT —
JUIIb TPUMEP MPOSBICHUS ayaliu3Mma B npupoje. B Hamem kypce Mbl OyneMm pac-

CMAaTpUBATh IMIPCUMYIICCTBCHHO BOJIHOBLIC SABJICHUA.

2) Humepgepenyusn ceema.

Nutepdepenimeii Ha3bIBaeTCsl CIOKEHUE BOJH OT JBYX WM HECKOJIBKHX HC-
TOYHUKOB, KOTJIa B PE€3YJbTATE CIOKEHUS HAPYIIACTCA MPUHIUIN CYNEPIO3UIMUA UH-
TeHCUBHOCTEN. [Ipu Cl0KeHNU BOJIH JOJKEH BBINOJIHATHCA NPUHLIUIN CyNEP-MO3UIIUN
SHEPTUM KaXJIOW U3 CIaraeMbIX BOJIH.
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[TycTh uMeeTcs JIBe MIIOCKUX BOJHBI y; = Ajsin(mt —
kx))uny,=

=Assin(wt —kx;), T/I€ X; ¥ X -pacCTOsTHUSI, KOTOPBIE TIPO-

IIUTH BOJIHBI 0 MOMEHTa BCTpedH. s Toro, 4Todsl HAaWTH

CYMMY KojeOaHuii OT ABYX BOJIH B TOYKC BCTpPCUHU, IPCIA-

CTAaBJICHHBIX B BCKTOPHOM BHUC.

10 TeOpeMe KOCUHYCOB MOXHO 3aIIUCaTh:
A =A7 +A]+2A A, cosk(x, —x,) ,
T.€. pE3yJIbTaT CJI0KEHUS 3aBUCUT OT Pa3HOCTHU X3 — X|.
[Ipu ycnosum k(x; —x;) =2nn (n=0,1,2 u 1.1.)
A=A +AI+2A A, =(A, +A,)) ,anpu k(x; —Xx;) =(2n-1) &
Al =A7+A5-2AA,=(A, -A))".

OueBugHO, 4TO TpU yclmoBUM A=A, Al =4A; win A} =0 B 3aBHCHMOCTH OT
Pa3HOCTH XOJ1a X, —X;. ECJIH yd4ecTb, 4TO SHEPIHs KaXI0il BOJTHBI paBHa A’ cymmap-
Hast SHEPTHS JOJDKHA PAaBHATHCS 2A°, TOrIa Kak pe3ysbTaT CIOKEHHS 60 B 1Ba pa-
3a OoJpllle, YEM CyMMapHas dHEprus, JU00 paBeH HYJIO, T.€. KaXETCs, YTO HE BBI-
MOJIHAETCS 3aKOH coxpaHeHus >Hepruu. KomeOaHus, s KOTOPBIX MOAOOHBIE pe-
3yJIbTaThl UMEIOT MECTO, Ha3bIBAIOTCS KOrepeHTHbIMU. Eciau nmpuHIun cyneprnosu-
L[UU BBIMOJHAETCA, TO ICTOYHUKU HA3bIBAIOT HEKOT'€PEHTHBIMHU.

[IpakTyeckoe nojiy4eHre KOrepeHTHBIX KOJeOaHuil CBA3aHO ¢ ONpeeIeHHbIMU
TpyaHocTsiMu. Heo6xoanumMo uMeTh B BHJly, YTO CBETOBBIE BOJIHBI MOJIYYAIOTCA MpPU
U3JY4eHUH aTOMOB, KOT'/Ia 3JIEKTPOHBI MEPEXOSAT C OJHOTO YHEPreTUUECKOT0 YPOBHS
Ha Ipyroi. Bpems usnyuyeHus KpailHe HE3HAYUTEIBHO U COCTaBJIsIET OKoyo 10 ek,
HoBplii kaT u3nydeHus IpoOMCXOIUT C APYroi HavanbHOU (a3oil, koTopas pa3 oT pa-
3a U3MEHSETCA CIy4alHbIM 00Pa3oM.

JIJist mosTydeHust KOTePEeHTHBIX BOJIH HEOOXOAUMO, YTOOBI
OHHU NPOUCXOJWIHM U3 OJHOTO I[yra. ITO MOXKHO CHAENaTh

JIMIb ITyTEM €T0 ICJICHUA. I[JIS[ 9THUX ueﬂeﬁ HCIIOJIb3YIOT-

Cia CIICOMAJIBHBIC HpI/ICHOCO6HCHI/I5{: 6I/IHpI/13MBI )51 6H36p-

kana Openens u ap.
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«Pa3nBoeHne» UCTOYHUKA JIOCTUTAETCs JIMOO MpeIoMICHUEM B MpU3MeE, OO OTpa-
KEHUEM B JIBYX 3€pKajax. YToJ «pa3BopoTa» 3epKaj U MPEJTOMIISIOMUNA yrod Mpu3-
Mbl 61i3kn k 180° [1st Toro, 4ToOBI AOCTHYG HAWTYYIICH BHAMMOCTH KAPTHHBI HH-
TepdepeHInH.

Kak Obl10 MOKa3aHO, aMIUIMTY/Aa CYMMApHBIX KoJjebaHWil ompenensercs
BcenencTBue aToro Bpemsi, 3aTpaurBaeMoe CBETOM Ha MpoxoxkaeHue nytu AD Oyner
OoJbIIIe B N pa3, I/I€ N — MOKa3aTeNb IpesioMJIeHus ieHKH. [loaToMy npuHsSTO roBo-
pUTH 00 ONTHYECKOMW JJIMHE IMYTU CBeTa, KoTo-pas paBHa ADn. Tenepb pa3HOCTh OII-
TUYECKUX MyTeH JTydelpa3HOCThbIO X0Aa MHTep(EpUPYIOMIMX BOJIH WJIH Pa3HOCTHIO
a3 cxnanpiBaromuxcs konedbanuit. Ecinu pasHocts pa3z A@ u3MeHseTcs cilydaiiHbIM
o0pa3oM, To cpefiHee 3HaueHne COSAQ 3a BpeMsi HaOJII0IeHHs paBHO HYJIIO, U Mbl BU-
UM OOBIKHOBEHHOE CJIOK€HHE MHTEHCUBHOCTEH. Eciu ke MCTOUYHUKHU KOTE€pPEHTHBI,
To npu ycnoBun k(x; —X;) =27mn kosiebaHus JaAyT MAaKCUMyM CYMMAapHOH amIUIH-
Tynbl, a npu k(x; —X;) = (2n-1)n - MuaUMyM. YuutbiBas, uto k = 2m/A , ( A - nnuHa
BOJIHBI ) YCJIOBUSI MAKCUMYMa U MUMHMMYMa MHTEHCUBHOCTEN MOYKHO 3amucaTh TaK:

(X —X1) =2nA/2 s MakcuMyMa,
(X2 —X1) = (2n-1)A/2 nyist MUHUMYyMA.

Hapymenue 3akoHa cOXpaHeHUs! SHEPTUU MPU ITOM HE MpoucxoauT. OHa JAUIlIb
nepepacrnpezensercss — B max — 00Jblie, a B min MeHbIIIe, HO CPEIHSS DHEPTUs OCcTa-
eTcsl Heu3MeHHo. ['11a3 BoclipuHUMaeT Takoe nepepacrpeiesieHle Kak YepeioBaHue
TEMHBIX U CBETJIBIX IMOJIOC, KOHTPACTHOCTh KOTOPBIX OMpPENENETCS COOTHOIIEHUEM

MHTEHCUBHOCTEN MHTEPPEPUPYIOLUIUX HCTOUYHUKOB.

3) Ilonocwt paenoii moauiunbl.

HaunGonee yacTo B MOBCEAHEBHON KU3HU SIBJIICHUE MHTEPHEPEHIIMH TPOSBIISI-
€TCd B TaK Ha3bIBAEMBIX IMOJIOCAX PABHOM TOJIIMHBI, KOTOPBIE MOIYYaOTCS MPU OT-
Pa’KEHUU CBETA OT TOHKUX
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1 u2 A=2n(AD) — BC +A/2. Beauununa A/2 1o6aBisieTcsi HOTOMY, YTO MPOUCXOIUT

ieHOK. IlycTh nMeeTcs TOHKas TUICHKA MTEPEMEHHON
TOJIIIMHBI, HA KOTOPYIO MAJAr0T MapajleibHbIC JTy4u
cBeta. BeiOepem niBa jyda, OIMH U3 KOTOPBIX OTpa-
YKAETCA OT BEPXHEW IMOBEPXHOCTH IUICHKH, a APYrou
— OT HWXKHEW. Pa3HOCTh X0a MEXAY JIydamu Ompe-

nensercs yaBoeHHo giumHod AD u ydactkom BC.
OnHako cieayeT UMETh B BUAY, UTO IJICHKA SIBJISIET-

csi OoJee TUIOTHOW ONTHYECKOH CPeoil, 1 CKOPOCTh

CBETa B HEWl MEHBIIIE.

n3MerHenne (asbl BOTHb Ha 180 °, 4TO SKBHBANCHTHO yBEIMYEHHMIO TyTH Ha A/2.13
puc MoxxkHo yBuauth, 4uTo AD = DF/cosB;AF = DFtgB;AC = 2AF= =2DFtgf;BC
=ACsina. = 2DFtgP sina. CornacHo 3akoHy mpenomiieHHs: cBeta sina = nsinfl. C
yaetom storo A= 2nDF/cosp - 2DFsinatgf + +A/2 = 2nDF(1- -sin’B)/cosp +A/2 =
2DFcosf +A/2. Ecau A= (2n-1)A/2, To 2DFncosf3 =nA cOOTBETCTBYET yCIOBUIO MH-
HHUMYyMa OCBEIIeHHOCTH, a A= =nA= 2DFncosf} +A/2 — ycioBuio Makcumyma. ¥Ycio-
BUsI MHTEepPEpEeHINHU OyAyT OJAMHAKOBBIMHU IJISI BCEX MECT, TJ€ TOJIIWHA TUICHKU
TaK)Ke OJIMHAKOBA M JIOKAJTM30BaHa Ha TIOBEPXHOCTH TJICHKU. Ha moBepXHOCTH IJICH-
K OyIyT BUIHBI IBETHBIE TSATHA. YacTHBIM CIIy4aeM TIOJIOC PaBHON TOJIIUHBI
SBIISIIOTCSL KOJTbIla HproTOHA.

"""""" Posib TUIEHKM TIEpEMEHHOUM TOJIIMHBI 37€Ch UTPAeT BO3-
NyIIHAsl TIPOCJIOWKAa MEXIYy coOuparomeil JUH30U H

; R : CTEKJIIHHOW IIacTUHKON. T.K. onmThueckas CTPYKTypa
. Jy4H cBeTa !

I[J'ISI TOJIINIWUHBI HpOCJ’IOfIKH h Pa3HOCTb XOda MCKAY JIydaMHU, OTPAKCHHBIMH OT

N oOyajjaeT OCeBOM cUMMeETpHUel, HalJomaronecss HWH-

Tep(l)epeHI_II/IOHHBIC IMOJIOChI NIPHUHUMAIOT BUJ KOHICH-

TPHUUICCKUX KOJICII.

HIDKHEH TTOBEPXHOCTH JMH3bI M OT IUIACTUHKU COOTBETCTBEHHO paBHa A =2h +A/2 -
(A/2) nobasnsieTcs u3-3a yCIOBMM OTpaxeHus. B 1o ke Bpems: (2R —h)h=r2 ,

~r ~ 2
rjie m — HOMep HalOJraaeMoro koisbla. IIpeneOperas Mmajoi BeawuuHOW h™ 110

CPaBHCHHUIO C paaWycoM JWH3BI R,Haxommm 2Rh=r’. Jlmg TeMHBIX Kosem A =
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2m+1)A/2 = 2h + A/2 u 2h =mA. TloxacraBisis 3To coOoTHOIICHUE B GOPMYIY IS

KBaJpaTa paJnyca KoJiblla, MOJYIUM: 1, =+/mRA\ .

TEMA: Jludbpakuus cCBeTOBBIX BOJIH.

1) Memoo 30n @penena. /lugppakyus na Kpy2iom omeepcmeuu.

Hudpakuueld Ha3bpIBaeTCI KOTEPEHTHOE paccesiHue cBeTa Ha OOBbEKTax, reOMeT-
pUYecKue pa3Mepbl KOTOPHIX CPAaBHUMBI C ITTMHOM CBETOBOM BoJiHBI. Habntoaaromias-
cs1 mudpakIMOHHAsI KApTUHA SBIISACTCS PE3YIbTaTOM UHTEPPEPEHIIUU BTOPUIHBIX UC-
TOYHUKOB, O0pa3yIOIIUXCS HAa MOBEPXHOCTH 00bekTa. PaccMOTpUM KauecTBEHHBIH
MOAXOJ K PELICHHIO 3TOW 3aaauu, pa3BuThiil Openenem. OCHOBHOMN Heel, onpee-
JSAOIIEH CYIIHOCTh TaKOTO pPacCMOTpeHus, ABiseTcs npuHuun I['roirenca —
dpeHesi, KOTOPBIN MPEACTABIACT COOON MOMOJHEHHBIN npuHIuUI [toiireHca. dpe-
HEJIb MOCTYJIUPOBAJ, YTO BCE DJIEMEHTAPHBIE BTOPUYHBIE UCTOYHUKH SIBJIAIOTCSA KOre-
pEHTHBIMU. [J1s1 OLIEHKU Pe3yJIbTUPYIOUIEH aMIUIUTYbl Kojie0aHUN B TOUKE HaOJIO-
AeHust ObUT pa3paboTaH CEUUaIbHBIM METOJ, MOJYYMBIIMI Ha3BaHHE METOJ]Ia 30H
®penens. CoryiacHO 3TOMY METOJYy BOJIHOBOM (poHT (OyneM Ha3biBaTh BOJIHOBBIM
(pPOHTOM MOBEPXHOCTH, KOTOpasi COEAUHIET BCE TOUKH, KOJEOIIONIMeCs B OJIMHAKO-
BOH (haze) pazbuBaeTCs Ha OT/ACJIbHBIC YUaCTKH, UMEHYyeMble 30HaMu. PazOuenue Ha
30HBI JOJKHO yJIOBJIETBOPATH IBYM YCIIOBHSIM:

® IUIOLIAJH BCEX 30H OJIMHAKOBHI,
® pACCTOSIHUA OT JIBYX COCEJIHMX 30H JI0 TOUYKM HAaOIIOJEHUS OTJIIMYAIOTCS Ha IO0-
JIOBUHY JJIMHBI BOJIHBI.

[lepBoe ycinoBHue O3HAuYaeT, YTO aAMIUIUTYJbI KOJIEOAHUH OT BCEX 30H B TOUKE
HaOmoieHus Oy1yT OAMHAKOBBIMH, TOTJIa KaK U3 BTOPOIO YCJIOBUS CIEIYET, YTO KO-
nebaHus IByX COCEIHMX 30H CKJIAJbIBAIOTCS B poTuBO(asze. B aToM ciiyyae BMecTo
BBIYMCIIEHUS CIOKHBIX MHTErPAJIOB JOCTATOYHO MOJCYUATATH YMCIIO0 30H. Ecinu oHO —
YETHO — B TOUKE HaOJ0/IeHHs OyJeT MUHUMYM OCBELIEHHOCTH (30HBI MOMAPHO TacsT
ApYyT Apyra), €cliv K€ KOJIMYECTBO 30H HA YYacTKE BOJHOBOTO ()POHTA, BUAUMOIO U3
TOYKHU HAOIIOACHUS, OKAXXETCS HEUETHBIM — B Hell OyAeT KOHeYHas OCBEUICHHOCTD.
[Ipumenum MeTon 30H K aHanu3y nudpakiuun DpeHens, KOrja UCTOYHUK CBETA —
TOYCYHBINU, ¥ BOJTHOBAs MIOBEPXHOCTh UMeeT popmy chephl. B kauecTBe npensTcTBUS
paccMOTpUM HEOOJIbIIOE KPYTJI0€ OTBEPCTHE B HEMPO3PAuyHOM HKpaHe. Buioepem
TOuKy HaOmogeHus: O Tak, 4TOOBI B OTBEPCTUU YKJIAABIBAJIOCH ObI 11€JI0€ YHUCIIO 30H
Openens.
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[TycTh BONMHOBOW (POHT OT TOYEYHOrO HCTOYHHMKA S. PaccTosHME OT TOYKH Ha-
omoaenus O 10 TWI0CKOCTH 3KpaHa paBHO MO = b+05. MbicieHHO pa3o0beM BOJHO-
BOH ()pOHT HAa KOHIICHTPUYECKHE 30HBI TaK, YTO PACCTOSIHUE OT N — 30HBI JO TOYKH
HaOmonenust O paHo b + nA/2. U3 tpeyronparka SBM no teopeme Iludaropa mo-
JYYUM
MB’=SB? - SM?=r> =a”’ —(21—8)2 ~ 2ad.
Ananornano i3 AOMB :MB? =SB? —SM?=r? =a’ —(a —8)2 ~ 2ad.
Bripaxas oTcrona 6 mosryuyuM GopMyiy s paauyca JIF000M 30HBI:
abnA

I, .

a+b

PaccmoTpumM, Kak OyJeT U3MEHSThCS pe-
3yJNbTAaT CIOXKEHUS KoJeOaHWil mpu u3me-
HEHUH noJioxkeHnsa Touku O. Ecim Touka
cmeniaercss BIosb ocu SO, TO Xapakrep

pa36I/IeHI/ISI Ha 30HBI HC MU3MCHHUTCA, IIPO-

r2rgy 7%
o

. : o
% ‘,;’;,’.,4/:’/’#{//// W30UJET JIMIIb U3MEHEHUE 4YHMCiIa 30H, YK-

é JAJBIBAIOIIUXCS B OTBEPCTUM, T.€. Oyner
o
fé’ HaOJI0/IaThCsl YepeIOBAaHHE MaKCHMyMOM

1 MUHUMYMOB OCBCIICHHOCTHU.

Ecnu xe Touka O cMmemiaercs nepneHaukysipHo ocu SO, To Xapaktep pa3oueHus Ha
30HBI TaK)K€ HE U3MEHUTCSI, HO TTPOU30HIET TOBOPOT HAIpaBJICHUs] HAOJIIOEHUS OT-
HOCHUTEJIBHO MEPHEHANKYISIpa, BOCCTABICHHOTO M3 IIEHTPAa OTBEPCTUS K IIOCKOCTH

9KpaHa HYCTB IJIA OMPCACIICHHOCTH B TOT MOMCHT, KOI'ld TOYKa Ha6JIIOI[CHI/I$I Haxo-
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nutcs Ha ocu OS, a B OTBEPCTUM YKJIQJABIBAETCS HEUETHOE YMCIIO 30H (Hampumep —
Tpu). Koraa gacte Hapy»KHON 30HBI HAUHET 3aKPBHIBATHCSI, OCBEIIEHHOCTh YMEHBIITUT-
ca. OQHOBPEMEHHO C MPOTUBOIIOJOXHOTO Kpasi OTBEPCTUS MOSIBUTCA YacTh HOBOM
30HBI, KOTOpas elie OOJIbIlIe YMEHBIIUT OCBEIICHHOCTh. [loaTOMY mpu JanbHeHIeM
yIaJICHUW TOYKH HAOJIOACHUS OT OCH HACTYNHUT MOMEHT, KOTJIa OCBEIICHHOCTH
YMEHBIIUTCS 0 HYJs. DTO yCJIOBHE OYIET BBIMOJIHATHCS JJII BCEX TOYEK, HAXOJS-
HIMXCSA HA OKPYXKHOCTH, PanyC KOTOPOM OMpENENseTCsl paCCTOSSHUEM OT TOYKHM Ha-
omoaenus 10 ocu OS. Bokpyr cBETNION TOYKU MOSBUTCS TEMHOE KOJBIIO, MOXHO
MPUAU K 3aKJTIOUYCHHIO, YTO JU(PaKIMOHHASI KapTUHA OT KPYTJOr0 OTBEPCTHUS TPeI-

CTaBJIIET COOOH qepeaoBaHUC CBCTIIBIX U TCMHBIX KOJICII.

2) Juppaxuus Dpenena na Kpy2nom IKpaue.
[IycTh mpemsiTCTBHEM CIYXHUT Tenepb HEOOJb-

IIOM HENpPO3payHbld JHUCK, U IIYyCTh paauyc
BOJIHOBOT'O (D)pOHTA HACTOJIBKO BEJUK, YTO BOJI-
HOBAsl IOBEPXHOCTh X IPAKTUYECKU COBIIANACT
C IUIOCKOW IOBEPXHOCTHIO. Pa3oObeM BOIHO-
BO (ppoHT Ha 30HBI Dpenend. B Touky Habt0-

JACHUA B MNpuxXoaiaAT BCC Koje0aHusI BOJHOBOTO

(1)pOHTa 3d UCKIHOYCHHUCM TCX 30H, KOTOPBLIC 34a-

KPBITBI JTUCKOM.

OTO0 cyMMapHoe Koie0aHue Ha BEKTOPHOM auarpamme M300pa3uTcsi BEKTOPOM Aj .
Hauasno BekTOpa COOTBETCTBYET TOUKE, JIeXkKalllel Ha KParo TUCKA.

[Ipu U3MeHEeHUU PAcCTOSAHMS OT JAMCKA A0 TOUYKU B 4MCiiO 3aKpBITHIX 30H OyAeT Me-
HATBCS, U1 HAYaJl0 BEKTOpa Aj CTAHET ONHUCHIBATh OKPY>KHOCTb BOKPYI' LIEHTpa CIIH-

aJIk, TOrAa KaK KOHCL BEKTOPA BCCrAa HAXOAUTCA B €€ LICHTPC.
>

3) Augppaxyua @paynzoghepa.
OT1oT BuA Iudpakiuu HaOII0IaeTCsl B MapauieNIbHBIX JydaxX, KOTrJa BOJHOBOMU
(POHT CTAaHOBUTCS TJIOCKUM, a 30HbI DpeHesst NPUHUMAIOT BUJT Y3KUX MPSIMOYTOJIb-

HBIX ITIOJIOCOK.
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f’{{v’/

\

B ponu npenarcTBUs 34€Ch BBICTYIAET
y3Kasi mpsIMOYrojibHas Ienb. Pa3ouenue
MOBEPXHOCTH 1IN Ha 30HBI DpeHens
OCYILECTBIISIETCS. CIEAYIOIIMM 00pa3oMm:
yepe3 Kpail menu (Touka M) npoBoAUTCS
mwiockocth (Mg P), nmepnenaukymnsipHas
UAYIIUM B TOYKY HAOJIIOJEHMS Jydam, a
3aTeM IPOBOJATCS MapajulelibHble €M
MJIOCKOCTHU, OTCTOALLME APYT OT Apyra Ha

HpeJIHOJIO)KI/IM, qTo yroia ¢ BBI6paH TaKUM 06p3,30M, 4dTO HAa IIUPHUHEC TICTIN YK-

JaabIBaeTcs 1enoe umcio 30H, .. MP = kA/2 (k = 1,2,3 ...). B T0o *e Bpems u3

AM(PM cnenyet, uto MP = MM, sin @ uiu MP = bsing. Ecau uncno 30n uetHoe (k

=21’1’1), TO BBI6paHHOC HaIlpaBJICHUC COOTBCTCTBYCT MUHUMYMY OCBCUICHHOCTH (SOHBI

MOMapHO racat Apyr apyra), a eciu — HeuetHo (k = 2m-1) — To Mmakcumymy. Takum

o0pazom, UMeeM:

bsing = mA - yclioBU€ MUHUMYMa,

bsing = (2b-1)A/2 — ycnoBue MakcumymMma.

HpI/I ABHKCHHNHU TOYKHU Ha6JIIOIIeHI/I$I B HAIIpaBJICHUH, IICPIICHINKYJISIPHOM IIJIOC-

KOCTH PpHUCYHKa (BJIOJIB I[HHHHOﬁ CTOPOHBI II.[CJII/I) KapTHHAa HC U3MCHACTCA, U Ha OK-

paHC BUOHBI YCPCAYIOIMUCCA TCMHBIC U CBCTJBIC ITOJIOCHI.

4) Tugppaxyuonnan pewemxa.

JudpakimonHas pemeTka — 3T0 Hempo-
3payHas MJIACTUHKA C OJIMHAKOBBIMU Ia-
paUICIbHBIMA  PAaBHOOTCTOSIIIIUMU  APYT
or apyra mensMu. O0o03HAYUM, Kak U
npexe, MUPUHY eI b, a MUPUHY He-
MpO3pavyHoOro yvactka — a . Benuuuny d
= a + b Ha3alT MEePUOJAOM UJIU MOCTOSH-

HOU PELIETKHU.

[Ipumenss npunnun ['rorrenca-OpeHens, MOKHO 3aMETUTh, YTO TE€HEPh B KAXKIOU

TOYKE dKpaHa JJisi HaOMoAeHUN cobuparoTes ayuu, uayume ot Bcex N mienei. s

BBIYUCIICHUA PC3yJIibTaTa CJIOKCHHUA BBIICINUM B 1<a>1<z[01‘/’1 meJIn OAWMHAKOBBIC TOYKMH.
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JIBe TakMX TOUKH B COCEIHHUX INEJAX MPHU 3aJaHHOM YIJIE (p UMEIOT pPa3HOCTh (a3,

21w, . o
PaBHYIO 9 = Tdsm o . B Touke Ha6JIIOJICHI/ISI KOHe6aHI/IH OT BCCX HICJICHU CIIOXKATCA B

OJIMHAKOBBIX (hazax, eciau pasHocTh ¢da3 0 pana 2nn (n =0,1,2...), Te. 0O =

27T . . _
Tdsm ¢= 27n, OTKYJa MOJy4aeTcsl yC-JIOBUE ISl MAKCUMYMOB dsing = nA . MOXHO

MOKa3aTh, YTO KPOME ITUX MAKCUMYMOB CYILECTBY-IOT €IIE JAPYTue, MOJ0KEHHS KO-
TOPBIX 3aBUCHUT OT YHC]a IIeJed, HO UHTEHCUBHOCTh MX KpailHe He 3HayuTelbHA.
YToObI paznuyaTh 3TH MAKCUMYMBbI C TEMH, KOTOPBIE€ YAOBIECTBOPSIOT YCIOBHIO dsing
= nA, OIPUHATO HA3bIBaTh UX JOMOJIHHUTEIbHBIMA MAKCUMyMaMH, & MaKCUMYMBbI, CO-
OTBETCTBYIOIIME YCIOBUIO dSIN@ = nA - rJIaBHbBIMU. 3HAYEHHE YKCIIA N OINpeaeIisieT
MOPAJIOK TJIaBHOTO MakcuMyMma (NEepBbIii MakCUMyM, BTOpOH U T.1) Mexay mMakcu-
MyMaMH JIOJDKHBI pacrojiaraThbCsi MUHUMYMbl OCBEIIEHHOCTH, HO C MPaKTHYECKOU
TOYKHU 3PEHUS OHM HE MPEACTABISIOT 0COOOr0o MHTEpeca W B HallleM Kypce He pac-
CMaTPUBAIOTCA.

PemeTky MOXHO MCIOJB30BAaTh KaK CHEKTpajbHBINA anmapar. Bece crekrpaib-
HBIE anmnapaThl XapaKTepU3yrTCcs TAKUMH BETUYMHAMU KaK JUCIIEPCUOHHAs 00J1acTb,
yri0Basi AUCHEPCUs U pazpeniaroniasi CiocoOHOCTb.
5) Jugppaxkyua penmezenoeckux nyueil.

PeHTreHOBCKMMHU JydyaMy Ha3bIBAaIOT 3JEKTPOMATHUTHOE M3Jy4YeHUE, JJIMHA
BOJIH KOTOPOro mpuMepHo paBHa 10 ~'° M. J[iMHA BOTHBI PEHTICHOBCKHX JTydel MHO-
r0 MEHbIIIE CBETOBBIX BOJIH,

I 2 B Mo3TOMY HaOMoAaTh AUGPAKIHUIO ATUX JTy4eH B

CTaHJApTHBIX cXemax He ynaercd. llpensarcrTBus-
MU, pa3Mepbl KOTOPHIX CPABHUMBI C JUTMHOW BOJI-

HbI PCHTTCHOBCKUX Hy‘leﬁ, MOT'YT CHIY>KHTH JIMIIb

T MCKATOMHBIC PpPACCTOAHUA B TBCP-AbIX TCJAX.
® e o © o o e o ATOMBI KpHucCTaajia pacCIlOJIOKCHbI B IIPABUIIBHOM
mopsake, O6p33y51 IJIOCKOCTH, OTpAKAIOIINC JTYYH.

Koadunment npenomiienus Jiydeil 6JIM30K K €IUHULIE, U TyYU OTPAKAIOTCS OT pas-
JHYHBIX IJIOCKOCTEH 0€3 3aMeTHOro mnpesomieHus (n, ~ 1). Obo3Hayas yroa CKoJb-
KCHHS JTyded depe3 o, a pacCTOSTHUE MEXy OTACIBbHBIMH CIOsIMH depe3 d, MOXHO

3aMETHUTh, YTO PA3HOCTh X0Ja MexAy uHrepdepupyomumu tydamu 6 =AD +DC —
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BC. U3 AADF AD = FD/sina; AF = dtga, a u3 AABC BC = 2AFcosa. C yderom To-
ro, utro AD = DC, umeem:

2
o= _2d —Zd(_:OS % _2dsina.
sin o sinal

VYcnoBue makcumyMa OyzeT BbINOJHATbCA npu 2dsina = kA , rae k —1enoe uuco.

[Tonyuyennas ¢popmysna Hocut Ha3BaHue Gopmyssl Byabgpa — bparros.

TEMA: Iloasgspu3anusg cBeTa.

1) Ecmecmeennwlii u noaapu3zoeannulii ceem. fAenenue nonapuzayuu.

OOBIYHO CUHMTAETCS, YTO MOHATHE MOJISIPU3ALMK CBSA3aHO C COXPAHCHHEM HEHU3-
MEHHOM OpHEHTAIlUU IUJIOCKOCTH Kojiebanuil. ['oBOpUTh O TONSIpU3alUM HMEET
CMBICJI TOJIBKO JJI TIONepedHbIX KosjeOaHuid. CBET, Kak MbI 3HAEM, SIBIISICTCS DJICK-
TPOMArHUTHOM BOJIHOM, a 3TU BOJIHBI — MOTIEPEYHBI U MOJISIPU30BaHbl TakK, 4TO Ka3a-
JI0Ch OBI, CBETOBBIE KOJICOAHMS BCETJa JOJDKHBI OBITh MOJspU30BaHbl. OJHAKO MBI
3HA€M, YTO CBETOBBIC BOJIHbI MCIYCKAIOTCS OTIEIbHBIMHU Iyra-MHU, MPOJO0IKUTEIb-
HOCTB KOTOPBIX He mpesbimaet 10 ° cek. [Ipomece HCIyCKaHus SBISETCS CIIy-

I, Al YaliHbIM, W (pa3a MCIYIICHHOW BOJHBI, a TaKXe

OpHUCHTAIIUN BCKTOPOB EuBs IJIOCKOCTH, IICP-

[ICHAUKYJSIPHOW HAIIPABJIICHUIO H3JIy4E€HUs, MO-
ryT ObTh M00bIMH. T.k. BexkTOopa E u B B BonHe

JIyu ujer u3 aucra

JKCCTKO CBA3aHBbI APYT C APYIroM, MMCCT CMBICII

paccMaTpuBaTh JIUIIb OJUH U3 HUX (IIyCTh, AJIS

OIpeNENeHHOCTH, 3T0 OyneT BekTop E).

B cpennem, B 11000i BOJHE BCE ONMYCTHUMbIE OpUEHTAlMU BekTopa E paBHOBEpOSIT-
Hbl CyIlIeCTBYIOT MPUCTIOOJICHHS, Ha3bIBA€MbI€ MOJISPU3ATOPAMH, KOTOPbIE 00J1aJal0T
CIOCOOHOCTBIO IPOIyCKaTh Yepe3 ceOsl CBETOBBIE JIyYH TOJIBKO C OJHUM HallpaBiie-
HUEM IUJIOCKOCTH KoJieOaHUM anekTpuueckoro Bekropa E, Tak yTo Ha BBIXOJE MOJIS-
pu3aTOpa CBET CTAHOBUTCS IJIOCKO (JIMHEWHO) MOJIAPU30BaHHBIM. YenoBeueckuil rias3
HE B COCTOSIHUM OOHApy»XUTh, MOJISIPU30BaH CBET WM Hemoispu3oBaH. [Ins Toro,
4TOOBl OOHAPYKUTH 3TO, HEOOXOJUMO HCIIOIB30BaTh BTOPOE TAaKOE K€ MPUCIIOCO0-
JI€HHEe, KOTOPOE Ha-3bIBAOT aHaJIM3aTopoM. Eciiu HarpaBiieHHe NpoNyCKaHus aHaju-
3aTopa W MOJISIpU3aTopa COBIAJAIOT, JIyd CBETA Ha BBIXOJE M3 aHAIU3aTOpa MMEET
MaKCUMaJIbHYI0 HHTEHCUBHOCTb. [IpH Mpon3BOIBLHOM yTiie oL MEXAY HalpaBiIeHUSIMU

aHanM3aTopa U mojispuzaTopa (CM.puc.53) aMIUIUTYyJa CBETOBBIX KOJ€OaHM, BBIXO-
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nsamux u3 ananuzatopa Ex = Ep cosa, roe Ep — ammnTyna koneba-Huii Ha BBIXOJIE
u3 mojsipuzaTopa. B 3IeKTpOMAarHUTHOW BOJIHE IUIOTHOCTh SHEPruu (MHTEHCUB-
HOCTb) MPOMOPITMOHAIBHA KBaIpaTy aMILIuTy bl kosebanuid E, T.e. I 1~ E u I, ~
E> . Ha ocHO-BaHMM 3TOT0 MOITyYaeMm:

I, =1, cos’a.
DTO COOTHOIIICHUE Ha3bIBACTCA 3aK0OHOM MaJroca.
2) 3axon Bprocmepa.

[IpocTeiimuM npucnocoOaeHUeM ISl MOJSPU3AIUU CBETA MOXKET CIIY>KUTh
MIPO3pavyHOE IUAIIEKTpUUECKOE 3epkano. [IycTh Ha QUANEKTPUK NajgaeT Jyd €CTeCT-
BEHHOTO CBE-
ta. O603HaUUM yepe3 n; KOoIPPUIUEHT MPEeTOMICHUS JTH-
AIIEKTPUKA, a yepe3 n; — KodhOUIMEHT NpeJoMIIeHUs cpe-

n Ibl, OTKYJla aJaeT CBeT (oL - yroj majeHus, [3 - yroi mpe-

i JIOMJICHI/IH). B ecrectBeHHOM CBeTe PaBHOBCPOATHBI BCC
2

HaIlpaBJICHUSA KoneOanuii E, qTo 1/1306pa>1<aeTC$[ B BUJAC TO-

o, 4TO KOJIMYCCTBO TOYUCK U YCPTOUYCK OJAMHAKOBO.

OmnpIT ITIOKa3bIBACT, YTO OTpa)KeHHBIﬁ u HpCJ’IOMJ’ICHHBIfI JyYU CTAHOBATCA YaCTUYIHO
MMOJIPU30BAHHBIMHU, IIPHYEM B OTPAKCHHOM CBCTC HpeO6HaI[aIOH_[I/IMI/I CTAaHOBATCA
KOJIC6aHI/I$I, IUIOCKOCTh KOTOPBIX IICPICHAUKYIIAAPHA IINIOCKOCTHU YCPTCIKA, a4 B IIPC-
JIOMJICHHOM IIPCANOYTUTCIIBHECC OKA3bIBAOTCA HAIIPABJICHUA KoJIcOaHMH B IIIOCKOCTHU
qcpTeiKa. CYH_ICCTBYCT YToJI maaCHu:A, IIPU KOTOPOM OTPAXKCHHBIC JIYIU CTAHOBATCA
IMOJTHOCTBIO MOJIIPU30BAHHBIMU. OTOT YIroJlI Ha3bIBACTCA YIJIOM BpIOCTCpa, €¢ro 3”Ha-
YCHHUC CBA3aHO C OTHOIICHHUCM 1’12/1’11 = Npj, T.C. OTHOCUTCIIBHBIM ITOKA3aTCJICM IIPC-
JIOMIJICHMUAL .

tgo =n,,.
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KBAHTOBASY ®U3UKA
TEMA: Teopusi TEJIOBOr0 U3JVYE€HHUH.

1) dxcnepumenmanvnoe 060cHOBaHUE OCHOBHBIX UOEII KEAHMOBOU MEOPUU.
[IpoTuBopeuns kjaaccuueckoil dhu3uku. bombiioe KOJIM4eCTBO ONTHUYECKUX SIB-

JIEHUN OOBSACHSIETCS TEM, YTO BHYTPH aTOMOB M MOJICKYJ UMEIOTCS DJIEKTPOHBI, CO-
BepIIaloIne KojieOaHUs U UCITYCKAIONUe CBET TOM K€ CaMOW YacTOTHI 1], C KaKOM
OHM KOJIEOTIOTCS caMH. DTO MPEANOI0KEHUE MOITBEPKIaeTCsl BBIBOJAMH U3 KJlac-
CHYECKOU BJICKTPOJAUHAMMUKH, UTO IJIEKTPOHBI, NBIKYIIUECS C YCKOPEHUEM H3JIyda-
FOT DJIEKTPOMArHUTHBIE BOJIHBL. [IpuMepsl M3nydeHus 3JIEKTPOHA, ABUKYIIETOCS yC-
KopeHo: 1. TopMoO3HOE M3IydYeHHE DJIEKTPOHOM CIUIOLIHOTO CIIEKTpPa B PEHTIE€HOB-
CKOM JMara3oHe, BOZHUKAIOIINE MTPU OCTAaHOBKE dJieKTpoHa. 2) M3nydyeHube B Oera-
TPOHaX M CHHXpOTpoHax. B aTux mpubopax AJIEKTPOH, ABUTasCh IOJ BIUSHUEM
BUXPEBOT'0 JIEKTPUUECKOTO MOJIS IO OKPYKHOCTHU C DHEPrUeu B 7- 10" 5B W3J1y4aeT B
BUIMMOM JIHAIIa30HE.

[IpuBeneHHBIE PUMEPHI YKA3bIBAKOT HA COBIIAJICHUE BBIBOJIOB U3 KIIACCUYECKOU
AJIEKTPOJUHAMUKHU C OMBITHBIMU AaHHBIMU. OHAKO, HAPAY C ATUM, IO MEPE Pa3BU-
THS GUBUKH CTAIM HAKATUIMBATHCS U Takue (PaKThl, KOTOPhIC HE COTJIACOBHIBAIUCH HU
C KJIAaCCUYECKOW TEOPUEUN HU3JYUYEHUS, HU C BOJHOBBIMU MPEACTABIECHUSAMU O IIPUPOIE
cBeta. [lepBoe sIBHOE HECOOTBETCTBUE BBIBOJIOB U3 KIIACCUYECKON TEOPUU U3IIYyUYECHUS
C JKCIEPUMEHTAIBHBIMU JaHHBIMU OOHAPYKUJIOCH MPU W3YUYCHHUH paclpelelIeHUs
SHEPIH M0 JJIMHAM BOJIH B CIIEKTpE aOCOIIOTHO YepHOTO Teia. B kauecTBe BTOpOro
MpUMEPA, YKA3bIBAIOIIETO HA HEMPUMEHUMOCTh KIJIACCHYECKOM TEOPUU H3IYUYEHMUS,
3TO TOPMO3HOE PEHTTC€HOBCKOE U3JIyueHHe. ONbIT MOKa3bIBAECT, UTO KPUBBIC pacipe-
JIEJICHUS YHEPIUH B CIUIOLIHOM CIIEKTPE PEHTICHOBCKHUX JIYYE€ UMEET KPACHYIO I'pa-
HHUIY CO CTOPOHBI KOPOTKHUX JUIMH BOJIH, MOJIOKEHUE KOTOPOU 3aBUCUT OT CKOPOCTH
yAApSIONIUXCs 00 aHTHKATOJ JIEKTPOHOB M HE 3aBUCHUT OT MaTepuajla aHTHKaToja.
DT onbITHBIE (DAKTHI BHYTPEHHEN yAAIOCHh OOBICHUTH TOJIBKO THNOTe30H [1nanka 06
00JIydeHUU PHEPTUM KBaHTaMU €=hv.

[IpoGaembl TemnoBoro usnydeHus. CaMbIM pacrpoCTpaHEHHBIM B MPUPOJIE SB-

JIIeTCSl TEIUIOBOE M3Jy4YeHHUE, T.€. UCIyCKaHWEe SJEKTPOMATHUTHBIX BOJIH 3a CYET
BHYTpPEHHEH »Hepruu. Bce ocTaibHbIE BUIBI CBEUCHHMSI, BO30Y)K/IaeMbIe 3a CUET JIIO-
O0oro Buaa sHEpruil, (KpomMe BHYTPEHHEW), OOBEIUHSIOTCS O] OOIMM Ha3BaHUEM

(JIFOMHMHCCUCHII U .
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TemioBoe u3nydeHue paccMaTpuBaeTcs JUJIsl TE HArpeThiX A0 Pa3IMnyHOU TeM-
neparypsl U MOMENIEHHBIX B MOJIOCTh C WJCATBHO OTPAKAIOIIUMHU BHYTPEHHUMU
cteHKkaMu. Eciu BHYTpHU mosiocTu OyIeT BakyyM, Tena OynyT OOMEHHMBATHCS MEXIY
co00i1 3Hepruel NMocpeCTBOM M3iydeHHs. [Ipu 3TOM M3iIydeHHe Kakaoro Teja 3a-
BUCUT TOJBKO OT COOCTBEHHOM TeMIEpaTyphl, @ HE OT TEMIIEPATypPbl OKPYKAIOIINX
Ten, Goyiee Temible Tena OyayT U3i1ydaTh OoJblIe, YeM IOrjolaTh, a MEHEE Harpe-
Thle Tena OynyT OoJibllle OTJIOMATh, YeM U3NydaTh. [I0CKOIbKY 3IEKTpOMarHuTHbIE
BOJIHBI PacCHpOCTPaHSIOTCA C KOHEYHOU CKOPOCThIO, TO TPOCTPAHCTBO BHYTPH MOJIOC-
TH OyJeT Bcerja 3aloJIHeHO »Hepruel m3nydeHus. OmbIT MOKa3bIBaeT, YTO 00s13a-
TEJIBHO YCTAaHOBUTCSI CTAllMOHAPHOE COCTOSIHHE WJIM PAaBHOBECHE, IPU KOTOPOM BCE
TeNna NpuoOpeTaroT OJUHAKOBYIO TEMIIEPATYPY, T.€. MOTJIOWAIOT B €IMHUILY BPEMEHU
POBHO CTOJIBKO DHEPTUH, CKOJIBKO OTJAIOT €€, & IUIOTHOCTh U3Ty4YeHUs B MPOCTpaH-
CTBE MEXJY HUMU JOCTHTaeT HEKOTOPOW OMpeesIeHHON BEJIMYUHbBI, COOTBETCTBYIO-
el TaHHOM Temmeparype. DTOT (aKT ABJISIETCS] COBEPIIEHHO HEOOBICHUMBIM C TO-
3UIMHA KJTacCUYeCKOU (PU3UKH.

AOCOIIOTHO YCPHOC TCJIO. TCJIO, KOTOPOC IMOJHOCTBHIO IOTJIOMIACT IIpU JIFOOBIX

TeMIIepaTypax 3JEeKTPOMarHuTHOE U3IyUYeHHE JI000Tr0 cocTaBa, Ha3bIBaIOT a0COIIOT-
HO YepHBIM. JlJIs HEero MOTrJIoImaTeNbHas CIIOCOOHOCTh paBHA €IWHUIIEC, HE3AaBUCUMO
OT TeMIEepPaTypHl.

CaoiicTBa: a) Bce aOCOTIOTHO YEpHBIE Tejla MPH JaHHOU Temreparype 001a1aioT
OJTHUM U TEM >K€ pacrpeielIeHHeM H3JIydaeMOi dHEpruy Mo JJUHAM BOJIH; 0) CBETH-
MOCTb BCEX a0COIIFOTHO YEPHBIX TEJT OJMHAKOBO MEHSIETCS C TEMIIEPAaTypOil.

B mpupone He cymiecTByeT Tel, COBMAAIONIMX MO CBOMM CBOWCTBaM ¢ abco-
JFOTHO YEPHBIM.

Mooenv abconromno uepnozo mena. JInuHHas U y3kas TpyOKa U3 TYTOILIAaBKOTO
MaTepuana. BHyTpu TpyOku, ais u30ekaHusl OJHOKPATHBIX OTPaXXCHHH MPU KOCHIX
NOTIAIaHUs CBETA, JAETaeTCs Pl ePEropoIoK ¢ OTBEPCTUSMHU.

TpyOka BcTaBisieTCss BHYTPh JEKTPUUECKOHN MEUKH, C TTIOMOIIbIO KOTOPOH €e
CTEHKH MOTYT OBITh IPOTPETHI 10 HEOOXOAUMOM TeMriepaTypsl T.
2) 3aKkonbl men106020 U3IYYeHUA.
[lepBbIii KPYMHBIN IIaT B TEOPETUUECKOM MCCIIEAOBAHUN CBOMCTB paBHOBECHOT'O

u3nydenus Obul cienan Kupxrogom, KOTOpbIi TEpMOAMHAMUYECKUM ITYTEM MOKa3al,
YTO MpU MOCTOSHHOM TeMmIiepaType H3ilydaTelibHas CIOCOOHOCTh YEPHOIO Tella Iy

CCThb OIIPCACIICHHAS (1)YHK]_II/I$I OT JIMHBI BOJIHBI U TCMIICPATYPHI.
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N3 TepMogmHAMHUUECKHUX PACCMOTPEHUM MOXHO YCTAaHOBUTH DS OOIIUX 3aKO-
HOB U3JTy4eHHUs a0COIIOTHO YEPHOTO TENa.
IlepBoiii 3akoH. (3akoH Credana-bonsiiMana) MHTerpanbHas 3HEpreTHUECKast

CBETUMOCTH a0COIIOTHO YCpHOIr'o TCJIa Ra BO3PACTACT IIPOIIOPUTHUOHAJIBHO quBepHOﬁ

CTeNIeHU a0COJIIOTHON TeMIlepaTyphl Tena: R, = I r,dA=oT", rae ¢ - nocrosaHas Cre-
0

(dana-bonbimaHa.

Bropotii 3akoH (3akoH cmemienust Buna): J[mHa BOJNHBI Ay, HA KOTOPYIO MPH-

XOJIUTCSI MaKCUMYM M3JIy4aTeIbHON CIIOCOOHOCTH MEHSIETCS OOpaTHO IPOIOPIIHO-
HaJIbHO a0COJIIOTHOW TeMIlepaType:
Amax = b/T,

Tpetuit 3axkoH: MakcuMalnbHas M3JydaTesibHas CIIOCOOHOCTh aOCOIOTHO 4Yep-

HOTO Teja BO3pacTaeT MPOMOPIMOHAILHO TSATON CTENEHU aOCOFOTHOM TeMmIiepaTy-
pHI:
Nimax = CTS

OTU TPU 3aKOHA HE PEIIMIM 3a7a4y 00 OTHICKAHUM MaTeMaTHYECKOTO BhIpaXKe-
HUS 3aKOHA pacrpeieNIeHUus SHEPTUU B CIIEKTPE a0COIIOTHO YEPHOTO Tea.

3) I'unomesa Ilnauka.

Jl1s1 0OBsiCHEHHS U3TydeHHsI aOCOTIOTHO YepHOro Tena [lnaHk BRIIBUHYI THIIO-
Te3y, KOPEHHBIM 00pa3oM MPOTHUBOPEHAIIYIO KIACCHUYECKOW (u3MKe, a UMEHHO —
AHEPIrus MHUKPOCKOIMMYECKON CHCTEMBI (aTOMBI M MOJEKYJbI) MOXET NPUHUMATh
TOJIBKO OIpeJIeJICHHbIC TUCKPETHBIC 3HaUeHUs. [TaHk moJiaras, 4yTo EeHTPHI U3Tyde-
HUS MOXHO MOJCIHPOBAThH TUHEHHBIMU TAPMOHUYECKUMH OCIUJUISITOPAMHU, KOTOPBIC
MOT'YT OOMEHHUBAThLCS SHEPIHEH C OKPYKAIOIIUM 3JIEKTPOMArHUTHBIM mosieM. dop-
MynupoBKa Tunote3bl [lnanka: OCHUIATOPHl MOTYT HAaXOAMUTCS TOJBKO B HEKOTO-
pPBIX M30PaHHBIX COCTOSHHUSX, B KOTOPBIX UX DHEPTUs SBIACTCS LEIbIM KpaTHBIM
HAaUMEHBIIIETO KOJIMUECTBA DHEPTHUH €. €, 2€0, ... NEp..., TN € = hv - KBaHT dHEp-
T'UH, 3]IeCh V - YaCTOTa Kojebanui ocruiuisitopa, h — mocrosiunas [lnanka.

Ha ocHoBanum »Toit runotesbl [Inank BbiBesn GopMyiy sl OOBSICHEHUS CIEK-

ho’

2 2 T
4ric® " -1

TPaJbHOW IUIOTHOCTU W3JYyYEHUS 7, = . ®opmyna Ilimanka naer uc-

YCPIBIBAIOMICC OIMMMCAHNEC PABHOBCCHOT'O TCIINIOBOT'O U3JIYUCHUA.
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CBeTOBBIC KBAHTHI. PaCCManI/IBaSI CquaﬁHBIe @HYKTyaHI/II/I IJIOTHOCTH U3JIyUC-

HUS ODUWHINTEHH, MOJb3YsICh CTATUCTUUYECKON TepMoauHaMHUKON u dopmynoil Buna

IJIA TNIOTHOCTU U3JIYUCHHA CHpaBCI[HI/IBOﬁ JJIs1 BBICOKHUX 4aCTOT

_ 8mhv’ b

r.dv e “dv

14

c

HalleN, YTO U3JIy4eHHE C JIOCTATOYHO KOPOTKMMH JJIMHAMU BOJH BEIET cels
TaK, Kak eciii Obl OHO cocTosio U3 n = E/hv HEe3aBUCUMBIX KOPITYCKYJ, WIH KBAaHTOB

CBCTA, KOTOPBLIC HA3BAJIN q)OTOHaMI/I.

TEMA: KBaHTOBBIE CBOWICTBA CBETA.

1) 3akonwt pomorghpghexma.

doroaniekTpuyeckuM 3P(HEKTOM HA3bIBAETCS UCIYCKAHUE SJIEKTPOHOB BEIIECT-
BoM niof AercteueM ceera. Otkpoul [.I'epu B 1887 r. UccnenoBanus A.I'. CtoneToBa
($hoTOTOKA B 3aBUCUMOCTHU OT MPUIIOKEHHON pa3HUIIbl TOTEHIIMAIOB MEXKY 3IEKTPO-
namu. BeiBonbl: 1) Hanbonbiiee neficTBue 0Ka3blBalOT YIbTPaQHUOIETOBbIE Tyuu; 2)
Cuna Toka BO3pacTaeT ¢ yBEJIMYECHHEM OCBEIICHHOCTH IacTuHbl; 3) Mcmyckaembie
MOJ1 ISUCTBUEM CBETa YaCTHUIIbI UMEIOT OTpULIATENbHbIN 3apsia. s obpaienus do-
TOTOKA B HYJIb HY>)KHO MIPUJIOKUTH 3aJIep>KUBAIOLIEE HAMIPsHKEHHE.

B 1905 r. DiiHImITEeHH Moka3all, 4YTO BCe 3aKOHOMEPHOCTH (oToddPdhexTa 00bsic-
HSIOTCSI U3TyYE€HUEM U TIOTJIOIIEHUEM CBEeTa KBaHTaMH. 3aKOH COXPaHEHUS! YHEPTUU
st hoTorddexra: sHeprus MOTIOIMIEHHOI0 KBaHTa PaCX0lyeTCsl HA COBEPIICHUE pa-
00TBI BBIXOJIa BJIEKTPOHA M3 METajula U MPUJAHUS JIEKTPOHY KMHETHYECKOU IHEp-
run. CylecTByeT kpacHas rpanuna dorodpdexra. hv = A + eV = A +mv?/2.

OmneiTr bote nmoaTBEepANI CylecTBOBaHKE (POTOHOB. DHEPIHsl U UMIYJIbC (HOTO-
Ha. J[aBnenue cBetra. OTpakeHHbIH (HOTOH COOOIIAET CTEHKE MUMITYJIbC 2p. OMbITHI
HNodde u JloOpoHpaBoBa MoATBEPKAAIOT KOPITYCKYJISIPHBIC CBOMCTBA CBETA.

2) Ipdhexm Komnmona.

B 1923 r. KomnroHn, uccienys paccesHue peHTT€HOBCKUX Jyded pa3uyHBIMU
BELIECTBAMU OOHAPYXKUJI, UTO B PACCESIHHBIX Jy4yax Hapsay ¢ NEPBOHAYAIBHOM JIH-
HOW BOJIHBI COAEPHKATCS JTy4dH OOJIBIIIEH JUIMHHEBI BOJIHEBL. A - Lo = AL = kc(l - COS(p). B
sddexre KomnToHa OTUETIMBO MPOSABIAIOTCS KOPIYCKYJISPHOE CBOWMCTBA 3JIEKTPO-
MAarHUTHOTO W3NydeHHs. BbINONMHSAETCS 3aKOHBI COXPAHEHHUS PHEPrUU U HMIYJIbCa
JUISL YOPYroro CTOJKHOBEHMSI PEHTI€HOBCKOro (poToHa M CBOOOAHOTO 3JEKTPOHA.
OnexTponbl oTaaur. KoMnToHOBCKas JJiMHA BOJNHBI. EJUHCTBO KOPMYCKYJISIPHBIX U
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BOJIHOBBIX CBOWCTB 3JE€KTPOMATrHUTHOTO W3NyudeHHUs. JIMHHOBOJHOBOE M3TyYeHHE
MposBIILET 00Jiee BOJTHOBBIE CBOMCTBA, @ KOPOTKOBOJIHOBOE — KOPIYCKYJISIPHBIE.
3) IIpasuno uacmom bopa.

SlnepHas Mojeiab aTOMa B COUYETAHUU C KIJIACCHYECKON MEXaHUKON U AJIEKTPO-
JUHAMUKON OKa3aBUIMCh HECIIOCOOHBIMU OOBSICHUTh HU YCTOMYMBOCThH aTOMa, HU Xa-
pakTep aTOMHOTO criekTpa. Beixoa ux coznaBuierocst Tynuka Obul HaijgeHn B 1913 r.
BopoMm, BBeneHHEM MPEANON0KEHUM MPOTUBOPEYAIINX KIACCUYECKUM IpeCTaBie-
HusM. Jlonyienus, cienanubie bopoM conepkarcs B IBYX BbICKa3aHHBIM UM IOCTY-
JaTax.

e 113 GeckOHEYHOr0 MHOXECTBA AJIEKTPOHHBIX OPOUT, BO3MOXKHBIX C TOUKH 3pe-
HUS KJIACCMYECKOW MEXaHUKH, OCYILECTBIISIIOTCS B JIEUCTBUTEILHOCTH TOJIBKO
HEKOTOpbIE JUCKPETHbIE OPOUTHI, YAOBIETBOPSIOUIUE ONPEICICHHBIM KBAHTO-
BbIM YCJIOBHSIM. DJIEKTPOH, HaXOIAIIUNACA HA OJHOM M3 ATUX OPOUT, HECMOTPS
Ha JABWKEHHUE C YCKOPEHUEM, HE U3Ty4aeT 3JIEKTPOMArHUTHBIX BOJIH.

® DJEKTPOMArHUTHBIE BOJHBI U3JIY4YAOTCSl MJIM TOTJIOMIAIOTCS B BUJE CBETOBOTO
KBaHTa dHEPruu hv mpu mepexoje AIEeKTPOHA U3 OJHOTO CTAlMOHAPHOIrO CO-
CTOSIHMSI B Apyroe. BenuurHa cBETOBOro KBaHTa paBHA Pa3HOCTH YHEPTUN TeX
CTAI[MOHAPHBIX COCTOSHHUM, MEXIy KOTOPBIMU COBEpILIAETCS KBAaHTOBBIA CKa-
4ok anekTpoHa: hv - E, — E,,.

Cy1iecTBOBaHUE AUCKPETHBIX YHEPIEeTUUECKUX YPOBHEHN aTOMa MOATBEPKIAETCS
onbiTamMu @Ppanka u 'epiia Mo ynpyromy u HEynpyromy B3aUMOJAECHCTBUIO AJIEKTPO-
HOB C aTOMaMH MapoB PTYTH.

3) 'unomesa oe-bpoiina.

B 1924 r. ne-bpoiinp BBIABUHYI THIIOTE3Y, YTO Ayallu3M HE SABISIETCS OCOOEH-
HOCTBIO OJIHMX TOJIbKO ONTHYECKUX SBJICHUH, a UMEET YHUBEpCAJIbHOE 3HaueHue. » B
OITHUKE — MHUCAJ OH, - BTEBEHHE CTOJIETHUS CIUIIKOM IpeHeOperain KOpnyCKyIsIpHbIM
CIIOCOOOM PacCMOTPEHHUS IO CPABHEHUIO C BOJHOBBIM; HE JIENIAJIOCh JIM B TEOPUU Be-
niecTBa oOpaTHas omuOka?» Jlomyckas, 4To 4acTULIBI BEIIECTBA HAPAY C KOPITYCKY-
JSIPHBIMU CBOMCTBAMU UMEIOT TaKXK€ U BOJIHOBBIE, Ae-Bpoiiib mpuMeHun 11 4acTUil
BEIIIECTBA T€ K€ IMpaBUjIa Mepexojia OT OJHOM KapTHUHBI K APYroW, Kak U B clydae
ceera: (poro obnanaer sueprueit E = hv u umnynscom p = h/ A; nBuxkeHHne yactuil
CBSI3aHO C BOJIHOBBIM IpoiieccoM. YacTuia obnagaeT AIMHON BOIHBL A = h/mv U ya-
ctoroif v = E/h. DkcniepuMeHTanbHOE MOATBEPKAECHUE TUIIOTE3bI Je-bpoiiis Obuio

nosyyeHo B onbiTax /leBuccona u [[xxepmena B 1927 r. mo oTpaXeHUIO 3JIEKTPOHOB
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OT MOHOKpHCTaJJla HUKeld. bputo nmomydeHo Onectsiiee COBMNaJeHUE IIMHBI BOJIHBI
BBIYHMCIIEHHON M M3MEPEHHOUN B OMbITE MO OpEerroBCKOMy oTpaxkeHuio. B ombirrax
ToMcoHa 1 He3aBUCHUMO OT Hero TapTakoBCKOro MoJydeHa AUPpaKIMOHHAs KapTUHA
P MPOXOKACHUH JIEKTPOHHOTO MyYKa Yepe3 METaNINYECKYI0 (POJbry.

4) Mukpouacmuuya ¢ ogyxuieneeom unmepghepomempe.

MukpoydacTullaMi Ha3bIBAIOT 3JIEMEHTAPHBIE YACTUIBI (3JEKTPOHBI, MPOTOHBI,
HEUTPOHBI, (OTOHBI U Jp.), @ TAKXKE CIOKHbIE YaCTHULIbI, 0Opa30BaHHbIE U3 CPABHHU-
TEJIHHO HEOOJBIIOr0 YUCIA 3JIEMEHTAPHBIX YaCTUILl (MOJEKYJIbI, aTOMBI, Ipa aTOMOB
u ap.). CBoeoOpa3ue CBOMCTB MUKPOYACTHI] OTUETIMBEE BCEr0 OOHAPYKUBAETCS
CIEAYIOIIMM MBICIEHHOM JKcIepuMmeHTe. HampaBum Ha mperpany ¢ IByMs Y3KHMH
HIEISIMHA NapAJIIEIbHBIN MTy4OK MOHOAHEPTETUYECKHUX 3JIEKTPOHOB. 3a Mperpagoiu no-
ctaBuM (pororutacTuHky. KapTuHa nouepHeHus (poTOIIaCTUHKY OKAa3bIBAETCS aHAJIO-
TMYHON KapTUHE, MOJy4Yarolecs mpu HHTep(EepeHInn ABYX KOTEPEHTHBIX CBETOBBIX
BOJH. XapakTep KapTHUHBI CBHUJETEIIBCTBYET O TOM, UYTO NIPH JIBUKEHUU KAXKIIOTrO
AIIEKTPOHA OKAa3bIBAIOT BIUSIHUE 00a OTBepCTUA. TakoW BHIBOJ HE COBMECTUM C IMpE-
CTaBJICHUSIMHU O TpaeKTOpHsX. SIBieHHe ke Tudpakiu T0Ka3bIBAET, YTO B MPOXOK-
JE€HUU KaXXI0T0 3JIEKTPOHA YYacCTBYIOT 00a OTBEPCTHSI.

5) Coomnowenusa neonpeoenennocmeii I'eitzenoepza.

B 1927 r. I'eif3enOepr ycTaHOBUI COOTHOILIEHHE HEONPENENEHHOCTEH, pacKphl-
BAaIOILlEE€ CYIIECTBEHHYIO OCOOEHHOCTh KBAaHTOBOMEXAaHHYECKOW TEOpUH. ITO COOT-
HOIIECHHUE JUI KaXKJI0M Iapbel KOOPAWHATA-UMITyIbC UMEET BUI Ap,AX > h/2, Apy Ay >
h/2,Ap, Az > 1/2, u nns suepruu-spemsi AEAt > h/2.

6) I’ panuybt npumeHUMOCmMU K1ACCUYECKOU MEXAHUKU.

COOTHOILIEHUE HEONPENEIEHHOCTH YKAa3bIBAET, B KAKOM MEpPE MOKHO MOJIb30-
BAaThCSl MOHATUSMH KJIACCUYECKOW MEXaHWKU MPUMEHUTEIBHO K MUKPOYACTHIIAM, B
YaCTHOCTH, C KaKOW CTENEHbIO TOYHOCTH MOYKHO TOBOPUTH O TPACKTOPHUSIX MHUKPO-
yactull. AXAvy, > h/2m.

Camu MOHATHS KOOPAMHATHI U UMITYJIbCA 3aMMCTBOBAHbBI U3 KJIacCUYECKOU (Pu-
3UKdA. IMH MOXHO MOJB30BaThCS U MPU KBAHTOBOMEXAHUYECKOM OIMCAHUH, OJJHAKO
COOTHOUIEHNE HEOIPEIEICHHOCTEW HAKIIAIBIBAET MPU 3TOM CYIIECTBEHHBIE OTPaHU-
YEHUsS, YKa3bIBAIOT MPEAESbl NPUMEHUMOCTH KJIACCUYECKHX IPEACTABICHUN NIPU
ONMCAHUN aTOMHBIX SIBJICHHIA.
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TEMA: KBaHTOBBLIE COCTOSTHHS.

1) Cocmosanue mukpouacmuybl 6 KGAHMOGOU MeXAHUKE: 60JIHOBAA )YHKUUA U ee
cmamucmuyeckue cmicil.

B kitaccuueckoil MEXaHUKE COCTOSTHHE YaCTHULbI 3a0aeTCs KOOPANHATOM, TpaeK-
TOpUENH M UMITYJILCOM B JIaHHBIH MOMEHT BPEMEHH, T.€. TOJIbKO KOPMYCKYJSPHBIMU
XapaKTepucTukamMu. B KBaHTOBOW MEXaHHUKE YYHMTHIBAIOTCS BOJIHOBBIE CBOWMCTBa, W
MO3TOMY COCTOSIHME YacCTHIIbI 3a/1aeTcs BOHOBOM QyHkiued. B 1926 r. llpenunrep
COIMOCTaBUJI JABUKEHUIO MUKPOYACTHUIBI KOMIUIEKCHYIO BOJIHOBYIO (DYHKIIHIO KOOP-
IUHAT U BpeMEHH, 0003Ha4MB ee rpedeckoit Oyksoi ¥ - ncu.

Y(x,y,z,t) = Y(x,y,z)exp-iEt/h.

[lcu-dyHKuMs XapakTepu3yeT COCTOSSHUE MHUKPOYACTUIBI U MPEACTaBISET CO-
Ooii BoiHOY BeposiTHOCTHU. [l0ATOMY, KBAaHTOBOMEXAaHMYECKOE OINMUCAHUE SIBICHUMN
HOCHUT cTatuctuueckuit xapakrep. V'W*dv — ecTh BEpOSATHOCTh HAXOKIEHUS YaCTHUIIBI
B o0beMe dv = dx-dy-dz, T.e. B o6nactu ¢ koopauHaTaMu X U X+dx, y u y+dy, zu z +
dz. B obmiem cnyyae: KBajapaT MOAyJsl KOMIUIEKCHON pyHkimu ¥ ecTh MIOTHOCTH

BEPOSITHOCTA HAWTH YacTully B o0beMe dv OKOJIO TOYKH C KOOpJMHATAMHU X,Y,Z. Y C-
+00

JIOBUEC HOPMHUPOBKH I vy dv=1

—00

2) Cynepno3uyusa cocmosHuil.

B kBaHTOBOI Me€XaHHKE BBOJMUTCS MOHATHE KBAHTOBBIX aHCaMOJieH, 00bEIUHSIONINX
COBOKYITHOCTb TOXJECTBEHHBIX KBAHTOBBIX COCTOSIHUM, OMUCHIBAEMBIX OJHOM M TOM
xe BosHOBOM (yHkumert V. C momoliplo KBaHTOBOTO aHCaMOJii MOJHO OIUCATh
ANIEKTPOHHBIN MYy4YOK, MOTOK (POTOHOB M T.A. XapaKTEPHBIM OTIWYHUEM KBAHTOBOTO
aHcaMOJIs OT KJIACCUYECKOTO SIBJISIETCSI €r0 KOT€PEHTHOCTD, CBA3aHHAS ¢ IPUHIIUIIOM
cynepno3uuuu. JJomycTuM, 4To 4acTUIbl UMEIOT OTNpPEIEICHHOE pacipe/iesieHue 1Mo

2:Nn]7 |Cn2 =N, |Cn3

2 2

Pa3IMYHBIM KBAHTOBBIM COCTOSIHHAM: |C =N,...., IpH-

nl

yeM » N, =N. B nocinemHeMm citydae IBM)KECHHE YaCTHL, HAXOJALINXCS, HALIPUMED,

1

B COCTOSIHUSIX N = N U N = Ny HEJb3A pacCMaTpUBaTh HE3ABUCHUMO JOPYT OT Jpyra,
MOTOMY 4TO, €CJIM BO3MOXKHBI cocTosiHust Wy u Wy, TO obmas BosiHOBast (PyHKIUS
nuHeliHoro ypaBHeHus Illpegunrepa OyJeT MpeacTaBiIsATh COOOW CYyHEpPIPO3UIUIO

(HanoxxeHue) oTaeabHbIX cocTossHui, T.€. W(t) = Cy1Wpi(t) + CoWha(t) + ...
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OTO CYIIECTBEHHO NPH OMpPEACICHUU TOJHOW BEPOSTHOCTH COCTOSIHUSA, IPO-
nopiuuoHaibHOM mpousBenenuto W(t)¥P*(t). B srom mnpousBeaeHUU Hapsay C
Wai(t)W*,1(t) TOKHBI TOSBISATHCS TaKKe W cMelaHHbie wieHbl Buaa W (t)VY*,(t);
WU KaXJ1as yactuiia 0yaer 00J1aiaTh ONpeieIeHHOW BEPOSTHOCTHIO HAXOXKICHUS B
000MX KBAaHTOBBIX COCTOSIHUSX. Hamuunme cMelraHHbBIX WICHOB, KOTOpbIE OyAyT OT-
JUYHBI OT HYJIS IS KOrepeHTHBIX V-BoyiH ( 4MCThIM aHCcaMOJib), BeJAEeT K UHTEpde-
peHIun 1e-OpoiIeBCKUX BOJIH, UTO HE UMEET MeCTa JJIsl HeKOTePEHTHBIX BOJIH (CMe-
IIaHHBINA aHCaMO0Jib), T.€. B YMCTOM aHCaMOJie CKJIaJbIBAlOTCS BOJIHBI, 2 B CMEIIIAHHOM
— MHTEHCHUBHOCTH. VccienoBanne KBaHTOBBIX aHCAMOJIEH aeT CTATUCTHUYECKYIO WH-
TEPIpPETAIUIO PE3YyJIbTaTOB BOJHOBOM Teopuu. CyIeprio3uIusi COCTOSIHUIN ONpeens-
€TCS HE TOJIbKO MOIYISIMU KOA(PPUIIMEHTOB C; HO U WX OTHOCUTEIbHBIMU (hazamu,
MOATOMY OHa O3HauaeT uHTepdepeHuuto coctosHuii V. Bo3MoXHOCTH TakoW WH-
TephepeHIINN MPOSBISIETCS B AUGPAKIIMA MUKPOYACTHUIl B JBYXIIIECICBOM HHTEpdE-
pometpe. Cynepno3uiiusi COCTOSIHUN OTpakaeT BOJTHOBYIO MPUPOTY MUKPOUYACTHII.

3) Ypaenenue Illpeounzepa. Bpemennoe ypasuenue Illpeounzepa.

BpeMeHHoe YPAaBHCHHC H_[peJ:[I/IHrepa, OIMKMCBhIBAIOIMMUEC COCTOAHUA, MCHATOIIUCCA
2

b d
CO BPEMCHEM, HUMECT BH/I ihaa— = —2—V2‘P +U¥,
t m

m — Macca YaCTHIIBL, i — MHUMAsI eAUHAIA, V- oneparop Jlamaca.
2 2 2

Vz‘Pza 1/2/+6 V;+6V;
ox oy 0z

b

U — noTeHuumanbHasi 3HEPTUsl YaCTHLIBL.

OT0 ypaBHEHUE, SABJISIONIEECS OTHOCUTEIbHO BPEMEHH t TUHEHHBIM nuddepen-
LMaJIbHBIM YPaBHEHHUEM MEPBOr0 MOpPsJIKA, OTPAXKAET MPUHUUI NpUYUHHOCTU. C 1mo-
MOIIIbIO 3TOr0 YpaBHEHUsI MOXKHO, 3Hast coctosiHue W (0) B HauanbHBI MOMEHT Bpe-
MEHH, ONPEEIUTh BOJHOBYIO (DYHKIIMIO B JHO00M MOCIEAYIOIUNA MOMEHT BPEMEHHU.

4) Cmayuonapnoe ypasnenue Illpeoenzupa.
2
vy Uy =By,
2m

3nech E — nonHas sHeprusi 4aCTUILbI.

O. lpenunrep mnony4yun 3TH ypaBHEHUs B 1926 r. Ha OCHOBE OIPHUKO-
MexaHuudeckoi anaioruu. YpaHeHue llIpeaunrepa mospossier Haitu W-QyHKIu0
JAHHOTO COCTOSIHUS W, CIEOBATEIbHO, ONPEACIUTh BEPOSITHOCTh HAXOXKICHUS Yac-

THUIIBI B PA3JIMYHBIX TOYKAX IIPOCTPAHCTBA.
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5) IIpocmeiiwue 3a0auu K6AHMOBOU MEXAHUKU.
OCHOBHBIE TOHATHS.

e CraHJapTHBIC YCIOBUS_— COBOKYIHOCTH TPEeOOBAaHHWM TMO_OTTHOJIICHUIO K ‘P-
(GyHKIMU: OHA JTOJDKHA OBITh OJTHO3HAYHOM, HEMIPEPHIBHOW M KOHEUHOM (32 UCKITIO-
YeHUEM OCOOBIX TOYEK), OHA JIOHKHA MMETh HEMPEPBHIBHYIO U KOHEUYHYIO MPOU3-
BOJHYIO.

e CoOcTBeHHbIC 3HAUCHHS — M30paHHBIC 3HAUeHHS napamerpa E (momnas sHeprus
4acTullbl), Il KOTOphiX ypaBHeHue lllpenuHrepa mmeer pemieHus, ya0BIETBO-
PAIOIINE CTAaHAAPTHBIM YCIIOBUSIM.

e CoOcTBeHHbIE (YHKIIMH — PEIICHUSI, COOTBETCTBYIOIIME COOCTBEHHBIM 3HaUe-
HUsM E, Ha3bIBatOTCS COOCTBEHHBIMU (DYHKITUSMH.

e COBOKYIMHOCTh COOCTBEHHBIX 3HAaYCHUW BeIMYMHBI E Ha3bIBaeTcs ee cnexkmpom.
Ecnu coBOKYNMHOCTh COOCTBEHHBIX 3HaU€HUI 00pa3yeT NHUCKPETHYIO IMOCIEI0Ba-
TEJIBHOCTb, TO CHEKTP Ha3bIBaeTCs Ouckpemuvim. Ecin coOCTBEHHbIE 3HAUYEHUS
00pa3yloT HENpPEephIBHYIO MOCIEA0BATEIbHOCTh, TO CHEeKmp Ha3bIBACTCS CHIOWL-
HBIM.

e CB00OOJHAs YacTHIlA — 3TO OJHA YacCTHIlA, ABUXKYIIASICS B OTCYTCTBHUE JCUCTBUS

CUJI B HAITPABJICHUU JABUKCHUA, HAIIPUMCEP, OCH X. ypaBHeHI/IC ]_Hpe):[HHrepa

V2W+;—TE1//:0,

€CTh BOJIHOBOE YpaBHEHUE JIJIsi CBOOOTHON MUKPOCKOMUYECKOW yacTulbl. Benu-
ynHa E = T — kunetnueckas s1e6prus, T.k. U =0. B aToM ciydae ypaBHenue Illpe-
nody
JVHIepa IPUHUMAET BUJ| —— ——-=F
2m dx

2mE
+ X
YacTHOe peleHne 3TOro ypaBHEHHs: v, =e ' " .

DTO pelneHue yaOBIETBOPSIET CTAHAAPTHBIM YCIOBUSAM KOHEYHOCTU WU HEMpe-
PBIBHOCTHU TPU BCEX MOJOKUTENbHBIX 3HaUeHUsIX E>0. Takum 0Opa3om, ciekTp coo-
CTBEHHBIX 3HAaYeHUUN sHepruu cnirowrnou. CoOCTBEHHbIE (PYHKIUU TMPHU CILIOIMIHOM
CHEKTPE HEJb351 HOPMUPOBATH OOBIYHBIM CIIOCOOOM.

YacTuiia B OJHOMEPHON MPSIMOYTOJIbHOM, OECKOHEYHO FJ'IV6OKOI>1 INOTCHIIMAJIb-

HOH sIME. HYCTB MUKPOYACTHUIBI HAXOJATCA BHYTPH HpHMOYFOJIBHOfI IIOTCHIO N AJIb-

HOH sIM€ H.IHpHHOﬁ Z, ¢ 0ECKOHEYHO BBLICOKMMHM CTEHKAMHU.
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OnpenenuM ypOBHHM 3HEPrMU W BOJHOBYIO (DYHKIIMIO, ONMKMCHIBAIONIIYIO €€ CO-
cTtosiHusA. PaccmaTpuBaeTcss OJJHOMEpHBIN Ciay4yaid. 3HaU€HUE NOTEHUMAIBbHONW DHEP-
MY U3MEHSETCS B 3aBUCMMOCTU OT KOOPAUHATHI YaCTULBI:

U(X)Z{OO npu leSO-
0 npu 0<x</
Buytpu simbr U(x) =0. YpaBuenue [peaunrepa st 0IHOBPEMEHHOTO JABUXKE-

HU:A, IapaJUICJIbHO OCH X!

d’v 2m
+(E-Uy =0.
dx*  h® ( )W
Beenem 00o03nauenus k’ = 2;_:12E )
d*y
Torna BHYTpH sIMbI ypaBHEHHE OYACT UMETh BU]I o +k*w =0.

Ucnonb3ys rpannunsie yciaosus Y(0) = 0; W(/) = 0, nonyuum peuieHue ypas-

. X
HeHUs1 (COOCTBEHHBIE (YHKLHHU) v, =sin n— U COOCTBEHHBIC 3HAYCHUS (3HAYCHUS

HHEPTUN)

2 212
nrzh

E :2—’”[, F]j[e n= 1,2,3, ......

OTtcroza cieayer, 4To SHEPTHs YaCTULIBI IPUHUMACT OUCKpemublil (K8AHMOBaH-
Holtl) psia 3HadyeHuid. C yMEHBIIICHUEM IUPUHBI MBI [ HHTEPBAJI MEXAY COCETHUMHU
YpOBHSIMU BO3pactaet. KBaHTOBaHME SHEPTUU TIPH ITOM MPOSBISETCS B 00JIee CUITb-
HOU CTEIICHMU.

TynnensHbiil 3pdext. TyHHenbHbIN 3P deKT paccmaTpuBaecs Ha MpUMepe Mpo-

XOXKIAEHUSI YaCTUIIBI Yepe3 MOTeHUUanbHbIN O0apbep. IlycTh yacTuna, ABMKymascs B
MOJIOKUTEIIbHOM HalpaBICHUH OCU X, BCTPEYAET MOTEHUUAIbHBIN Oaphep BBHICOTHI
U, u mupuHoii /.

Ilo KiTaccuueckoi MeXaHUKE MOBEAEHUE YACTHUIIbI UMEET CIAEAYIOINNA XapaKTep.
Ecnu sHeprus yactuiisl 0osbliie BoICOTH O0apsepa E > U, To yacTuia npoxoauT Haj
OapbepoM OE3NMPUISITCTBEHHO, JHIIb Ha ydyacTke 0<x</ ymeHbIIaeTcsi CKOPOCTb, HO
npu X >/ cHOBa MpUHUMAET nepBoHavanbHoe 3HaueHue. Eciu E < U, To yactuna ot-
pakaercsi oT 0apbepa U JETUT B 00OpaTHYIO CTOPOHY; CKBO3b Oaphep yacTHIlA HE MPO-
XOJIUT.

CornacHo KBaHTOBOM MexaHUKe yacTulla BeAeT ce0a unaue. Jaxe mpu E > U,

YJacTHUIla UMEET OTJIMYHYIO OT HYJISI BEPOSITHOCTh OTpa3uThest ot O6apbepa. [Ipu E < U,
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MMEETCS OTJIMYHAS OT HYJISI BEPOSITHOCTh MPOHUKHYTh CKBO3b O0apbep U OKa3aThCs B
obnactu X > /.
Paccmotpum cnyuait E < U,. Jlns obnacreit 1 u Il ypaBHenue Illpenunrepa

2
UMEET BUJ y +2—’?E(// =0.
dx h

2

Hns obmactu 11

3neck E— U, <0
[Ipu npoxokaeHnH BOIHBI Yepe3 Oapbep paccMaTpUBAIOTCS pPELISHUsI BOJHOBO-
ro ypaBHenus ansa oonactu I, 11, 11, koTopble NOTUMHSIOTCS CTaHIAPTHBIM YCJIOBH-
SM: HENPEPBIBHOCTH (PYHKIIMI M UX MEPBBIX POM3BOIHBIX Ha rpaHuIiax Oapeepa. U3
aBHOro Buaa ¥ QpyHKIMHM OTpa)KeHHOW W MaJarouieil BOJIH MOJIYYUM OTHOIICHHUE
Bl _pr
——=p|" =R - ko3 PunHEeHT OTpaXKCHNUSL.
4]
OTHomeHne KBaApara MOIYJIEH aMIUIMTYJ MNpOLIECAIIEed W NaJarolled BOJH
[4
4]

3bIBACTCA KOB(i)(i)I/ILII/ICHTOM MPOXOXKACHUA HIIN KOC—)(i)(I)I/II_II/ICHTOM MMpO3PpavYHOCTH. Ko-

|2

2
=|a,|” = I ompenenser BepoATHOCTh NPOXOXKACHHS YACTHUIIBI Uepe3 Oapbep U Ha-

s unmentsl R u J[ cBsi3anbl cootHomenueM R + [ = 1.
st koadpuimenTa mpo3pavyHOCTH ¢ YYETOM BBICOTHI U IIUPUHBI Oapbepa Io-

JIy4acTCA BBIPAKCHUC
I = exp[—%q/Zm(UU ~E)- l}

U3 KOTOPOTO CIEAYET, YTO BEPOSATHOCTh MPOXOKICHUS YACTHIIbl Yepe3 MOTEeH-
UaIbHBIA Oaphep CHIIBHO 3aBUCUT OT IIMPUHBI Oapbsepa / u ot npesbienus (U, —E).
Jlis moteHuumana npou3BoJbHONM (opMBbl KO3PGULIHUEHT MPO3PAYHOCTH UMEET BHI:

b
M = exp —%j ,/2miU0 —E)-dx

[Ipu npeononseHuU NOTEHIMATBHOIO Oapbhepa YacTUla Kak Obl POXOJIUT Yepes
«TYHHEJbY» B 3TOM Oapbepe, MOITOMY 3TO SBJICHUE HA3bIBACTCS MYHHENbHbIM (-
Gexmom. TyHHENbHBIN 3(PPEKT UCTIONB3YETCS B KBAHTOBOM (hU3MKE I OOBSICHEHUS
psna sisneHui. TyHHeNbHbIN 3G (EKT ecTh TUIIMYHOE MPOSBICHUE BOJHOBBIX CBOMCTB

MUKPOYACTHII.
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2.2. Y4eOHBIE TOCOOUSHA

JJ1st MOATOTOBKHU K huzuueckomy npakmukymy CTyA€HTbl UCIOJIb3YIOT yueOHO-
METOIMYECKHE MOCOOUs, B KOTOPBIX JAETCS OMUCAHUE IKCIEPUMEHTAIbHBIX YCTa-
HOBOK, METOJMKHU TMPOBEJAEHUSI IKCIEPUMEHTA, METOJIOB 00pPaOOTKU 3KCIEPUMEH-
TaJbHBIX JAHHBIX, METOJOB CTATUCTUYECKOIO aHAIM3a SKCINEPUMEHTAIbHBIX JaH-
HBIX, a TAKXKE COJIEPKUTCS CIPAaBOYHBIN MaTepual.

1-i1 cemecTp. Paznen «Mexanuka. MosekyisipHas (U3uKay:

. duznyeckuil MpakTuKyMm. MexaHuka, MojieKyJsipHas Qusuka : y4yeo.-
Meton. mocodue: pek. JIB PYMI/ AMI'Y, UDD; coct. A. A. Corp, B. @. Yibsaubi-
yeBa, O. B. KozaukoBa. —bnarosemenck: U3a-s8o Amyp. roc. yu-ta, 2007.-91 c.

2-ii cemectp. Paznen «9neKTpuyecTBO U MAarHETU3M»:

o JlabopaTopHbIil TpakTUKYM 1O (U3UKE : yuyeOH-METOJH. Mmocolue: pek.
B PYMIl/ AMI'Y, NOD, coct. A.A. Corp, B.®. Yabsnasiuena, .b. Konsuiosa:
noA. pen. A.A. Corpa. T.2. : DnekTprudecTBO U Maruetusm, Beim. 2 —2007.—130 c.

3-ii cemecTp

. JlabopaTopHblif MpaKTUKYM 10 (U3HKE : A CTyA. TexH. cnel. / AMI'Y,
NDD ; pen. A. A. Corp. - bnarosemenck : M3a-so Amyp. roc. yu-ta, Y. 3 : Onruka,
KBaHTOBas U aToMHas pu3uka, Beim. 1. - 2002. - 80 c.

VYka3aHHble TIOCOOMS COAEpKAaTCs B COCTaBE MPUIOKEHUN HACTOSIIETO

YMK/I.
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«Pu3uka» ucnoiapzyercs yuyeoHoe nocodue: Bonbkenmreitn B.C. COopHuk 3a1au

no obmemy Kypcy pusuku : yued. mocobue misi cTyn. TexH. By3oB/ B. Bomibken-

2.3.

TeMbl IPAKTHYCCKHUX 3AHATHH C IPpUMepaM¥i VIOPAKHEHHH U 327124

I[JISI opraHu3aliuyi U IIPOBCACHUA IIPAKTUYCCKUX 3aHITHU 10 JUCHUITIINHC

mTeiH. —3-e uzA., ucnp. u noi.. —CII6.: Kawxknsiit mup, 2005, 2004, 2003.-328 c.

1-ii cemecTp
No Tema 3angauu nus ayaurop- | Jomamnee 3a- | Uuc-
HbIX 3aHsTUi [1 nmon] | manume [1 mom] |70
JacoB
11| KunemaTuka 1.6,1.16, 1.19,1.21, |1.5,1.18, 1.22, 6
1.42, 1.48 1.45,1.46
12| IuHamMuKa 4aCTHII 2.1, 2.4, 2.96 2.5, 2.17, 2.98 6
13| Aunamuka Bpamarensnoro (3.8, 3.11, 3.14 3.10, 3.13, 3.15 4
JIBYDKCHHS
14| 3akoHbI COXpaHEHUS UM- 2.20, 2.22, 2.32 2.23, 2.38, 4
myJibca u sHepruu. Pabora. |2.65, 3.19 2.62,2.78, 2.20
15|3akon coxpanenus MomenTa |3.32, 3.35, 3.36 3.33, 3.37, 3.38 4
MMITYJIbCa
16| KouTponpHas pabora 1 2
17|1 Havasio TepMOIMHAMUKH 5.156, 5.158, 5.160 |5.157, 5.159, 4
5.161
18| II Hauano TepMOAMHAMUKHI 5.178, 5.181, 5.183 |5.179, 5.182, 2
TeroBbie MamvHbL [k 5.184
Kapno
19| OaTponus 1/4 cuctem. 111 5.197, 5.201, 5.203 |5.188, 5.200, 2
HayJaiao T/]I. 5.202
20| KontponbHas pabora 2 - - 2
2-il cemMecTp
No Tema 3anauu qs ayaurop- | Jomamuee 3a- | Ywc-
HbIX 3aHsATU [1 mon] | manwme [1 mom] |70
JacoB
1. |Hanpsixennocts. [punmun |9.20, 9.22, 9.43 9.18, 9.21, 2
CyNepHO3ULNH 9.23,
2. | Teopema I'aycca 9.35, 9.39, 9.42, 9.32,9.37,9.40 2
3. |IloTenuman snekTpocratuy. |[9.56, 9.61, 9.96, 9.58, 9.62, 2
noysa. Pa3sHocts morennua- | 9.107 9.97, 9.122
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JIOB. DJIEKTPOEMKOCTb.
4. | IlocTOSSHHBIN TOK 10.5, 10.14. 10.30, 10.9, 10.15, 2
10.58 10.34, 10.61
5. | MarauTtHO€E noJe 11.3, 11.8, 11.10, 11.7, 11.17, 2
11.20
6. | Cuna Amnepa u Jlopenua 11.52, 11.62, 11.73 |11.46, 11.63, 2
11.74
7. | AABnenune >n/marautHoi nH- |11.84, 11.85, 11.103,|11.88, 11.101, 2
TYKIIUU 11.111 11.110
8. | Konebanus u BOJIHBI 12.6, 12.20, 12.68, 12.7, 12.21, 2
14.5 12.67, 14.8
9. | KonTponbHas pabora - - 2
3-ii cemecTp
No Tema 3anauu qs ayaurop- | Jomamuee 3a- | Ywc-
HbIX 3aHsATUi [1 mon] | manwme [1 mom] |7o
JacoB
11| UaTepdepenuus cera 16.2, 16.4, 16.8 16.3, 16.6, 16.7| 4
12| UaTepdepennus B Tonkux | 16.10, 16.12, 16.15, |16.14, 16.19, 4
IJICHKaX 16.26
13| Iudpakums cBera 16.32, 16.39, 16.48 |16.29, 16.41, 6
16.45
14| Ilonsipuzanus cBeTa 16.60, 16.63, 16.67 |16.61, 16.64, 2
16.68
15| KontposnbHas pabora 1 2
16| 3akonsl TemioBoro uznyde- |18.3, 18.8, 18.16, 18.5, 18.10, 2
HUSA 18.17,
17| ®ororddexr. [aBnenue 19.14, 19.21, 19.24 |19.15, 19.20, 6
CBETa 19.26
18| Atom bopa. 20.4, 20.6, 20.13, 20.12, 20.17, 4
20.28, 20.32 20.29, 20.31
19| Ctpoenue sanpa atoma 21.18, 21.26, 22.22, 21.20, 21.36, 4
22.26 22.24,22.27
20| KonTtpospHas padbora 2 - - 2
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2.4. COOpHHUKH 32124 ¢ METOJIUKOW ¥ BAPHMAHTAMMY UX PeHICHUS

JI7isi OCBOGHUSI METOIMKH pelieHus (PU3MUECKHX 3a71a9 CTyIeHTaM TpeJiaracTcst
MCIIOJIb30BaTh CJIEIYIOUINE TOCOOUS:

e Tpodpumona T.M. COopHUK 3amad MO Kypcy (U3MKU C PEHICHUSIMHU
yue0. mocodue: pek. MuHn. oop. PO/ T. . Tpodbumona. —8-¢ uza., nepepad..—M.:
Breicm. mik., 2007.-592 c.

e (COopHuK 3amau 1o obmemy Kypcy ¢uszuku: yuded. mocooue/ AmIY,
NOD, coct. K.I'. lobpocensckuit, A.FO. Cereiikun. — bnarosemenck : M3a.-Bo
Amyp. roc. yH-ta. — Y.2: DnexktpuuectBo U MarHeTusM. KoneGaHuss U BOJIHBI.
2003.-18 c.

e (COopHuk 3amau mo obuiemy kypcy ¢usuku. Yacte III: Onruxa.
/CoctaButenu: Jlobpocensckuit K.I'., Cereitkun A.1O., M3g-Bo AmI'Y, bnarose-
meHck, 2003.

VYkazaHHble TIOCOOMS coOAepX aTcsi B COCTaBe MPHIOKCHHA HACTOSIIETO
YMK.

2.5. TexHudeckue cpeacTBa 00VUCHHU S, HATJISTHBIE MOCOOU S
B ydeOHOM mporiecce UCIONB3YIOTCS JICKIIMOHHBIE JIEMOHCTPAIIMU OCHOBHBIX

(bu3UYECKUX SIBJICHUM, BUIUOAECMOHCTpAIlMU, BUACOPUIBMBI U JAPYTHE CICIHATb-
HbIE M BCIIOMOTATWJIBHBIE CpeAcTBa oO0yueHus. OO mnepedyeHb YKa3aHHBIX
cpeactB naH B 1m.10 PaGoueit mporpamMmel (MaTepUaIbHO-TEXHHYECKOE OCHAIIICHHE
TUCITUILINHEI ).

Cnucoxk BUACOJAEMOHCTpPAIMH, HMCIOJB3YEeMbIX B y4eOHOM Ipoliecce J1aH B

npunoxennu k YMK/I.

2.6. DJIeKTPOHHBIC 00VYAIOIIHE CPEICTBA

KomneroTepnast nporpamma «BuptyanbHas naboparopusi». [lo3Bomnser Buzya-

JU3UPOBATh TPYAHOHAOIOJaeMble (pU3HUECKHE SIBICHUS U 3PHEKTHI.
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3. KOHTPO.JIAPYIOIINH PA3JIEJ

3.1. Bonpocsbl it CAMOKOHTPOJISA

Borpocs! a1 caMOKOHTPOJISE U CaMOTIPOBEPKHU UCIIONB3YIOTCS CTYASCHTAMHU ISt
MOATOTOBKU K MPAKTUYECKUM 3aHSATUSIM U J1aOOpaTOpHBIM paboTaMm, a TakkKe camo-
MIPOBEPKHU TOTOBHOCTH K 3K3aMeHaM. Kpome Toro, Takue BOIMPOCHl MOTYT OBITh HC-
MOJI30BaHbI MPENoAaBaTeNIeM JJisi COCTABIEHUS TECTOB C LIETbIO MPOBEPKU TEKYIIEH
YCIIEBAEMOCTH CTYJCHTOB (HAIpPHUMEpP, BO BPEMS MPAKTUYECKUX 3aHATUN) WU HC-
MOJIb30BaThCsl B KAYECTBE 3aJJaHUM M JIOMOJHUTEIBHBIX BOIIPOCOB Ha dk3aMmeHe. Ile-
peUYeHb BOMPOCOB JJII CaMOMNPOBEPKU M CaMOKOHTpoJs naH B «Paboueil mporpam-
Me», paszaene 8 «OIleHOYHbIE CPElICTBA JIA TEKYIIEro KOHTPOJIS YCIIEBAaeMOCTH,
MPOMEXKYTOUYHON aTTECTalldd 110 MTOraM OCBOEHHUS JUCLIMIUIMHBI U y4eOHO-
METOIMYECKOe 00ecTeueHne CaMOCTOsITeIbHOW paboThl CTYAEeHTOBY (11.8.1).

3.2. IlpumepHoe coaepKAHME TECTOBBLIX 3AAHUM JIJIS TEKYIIEro U pyoesk-
HOI'0 KOHTPOJIS

BAPUAHT 1

1. TouKa ABHKETCS II0 3aKOHY I =t i + 2t j + (£ -1)k. DTO ABUKEHHE IPOUCXO-
IUT TOJ IEVCTBUEM CHJIBI, KOTOpPAs MapaJlIebHa. ..
Bapuantsl oTBeTa:
1. mnockoctn XOZ;
miockoctu YOZ;
ocu OX;
miockoctu XOY;
ocu OZ.
2. Kakum crnocoboM MOKeT 4enoBeK, CTOSIINI Ha aOCOJIIOTHO TJIAJIKOM JIbAY, MO-
KpBIBAIOIIEM MTOBEPXHOCTh BOAOEMA, TIOCTUTHYThH Oepera?
Bapuantsl oTBeTa:
1. neds m BpamaTbcsa BOKPYT OCH;
NepeMeniaTbCsi MEJIKUMHU I1araMu;
CHSITh U OPOCUTH B CTOPOHY OJICKIY;
JIBUTAThCA KOHBKOBBIM XOJIOM;
nepeKaThIBaThCs ¢ 00Ky Ha OOK.
3. MOMEHT UHEPLIMU TEJIa 3aBUCUT OT...
A.  Pacmpenenenus Maccel NEPIEHANKYISIPHO OCH BPAILICHHUS.
b.  Pacmpenenenus Macchl apajjieabHO OCH BPAILICHHUS.
B. MowmenTa cumsl.

N ol

Aol
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I Maccel Tena.
.  ®Dopmsl Tena.
Bapuantsl oTBeTa:
1. Toneko or BuTl
ToJIbKO OT A, I' u JI;
TOJIbKO OT A u b;
TOJIBKO OT A u B;
TonbkOo OT b, Bu I,
4. YKaxuTe yclIOBUSI COXPAHEHUSI MOMEHTA UMITYJIbCa B CUCTEME:
A.  3aMKHYTOCTb CUCTEMBI.
b. KoHcepBaTuBHOCTH B3aUMOAECHCTBUM.
B. HeusmeHHOCTH CKOPOCTH YACTHII.
I. [TocTOSTHCTBO MacChl YaCTHLL.
Bapuantsl oTBeTa:
1. Tonbko A u b;
TOJIBKO A;
TOJIbKO A, b u B;
TOJIBKO b;
BCE ATH YCJIOBUS.
5. AnnabaTuyecKuMHU MPOIECCaMU SIBIISFOTCS :
A.  IIpomecch 6e3 TermiooOMeHa MEXKTy CUCTEMON U OKpY Karollel cpeoi.
b. Bce OpicTpo mpoTekaroiue mporecchl.
B.  IIporeccsl, npu KOTOPHIX paboTa HaJl OKPYKAIOUIMMH TeJIaMU COBEpIIa-
€TCs 3a CUET U3BMEHEHUSI BHYTPEHHEW SHEPTUU CUCTEMBI.
I. I[Tporiecchl, ypaBHEHHUS KOTOPBIX MMEIOT BUJI p V' = const, Tae p - naBje-
Hue, V - oowveM, y- koapdunment Ilyaccona.
Bapuantsl oTBeTa:
1. Bce 3T mpoIIECCh;
TOoNbKO b u B;
A, bu B;
TOJIBKO A;
Toibko A u b.
6. Knanan Ha BenoCUIeIHON MIMHE OTKPBUIM Ha KOPOTKOE BpeMsi, BbIITYCKasi BO3-
IyX, a 3aTeM OBICTPO 3aKpbUTd. OCTaTOK BO3/yXa B IIMHE...
Bapuantsl oTBeTa:
1. umeer TeMreparypy, OOIBIIYIO TEMIIEPATYPhI OKPYKAIOIICH CPEbl;
HMMEET BJIAXKHOCTh, MEHBIITYIO BIAXHOCTH OKPY>KAIOIIECH CPEIbI;
HMMEET TEMIIEPATYPY, MEHBIIIYIO TEMIIEPATYPhl OKPYKAIOIIECH CPEIbI;
CTaJ TUIOTHEE, YeM OH ObLI MePBOHAYAIBHO;
AMEET TEMIIEPATYPY, PABHYIO TEMIIEPATYPE OKPYKAKOLIEHU CPEIBI.
7. B aByx cocynax mpu KOMHATHOM Temmeparype XpaHnutcsa no 1 Mmoo raza. B

N ol

Nk

NhALD

N ol
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IIEPBOM COCYJI€ r'a3 COCTOUT M3 OJHOATOMHBIX MOJIEKYJ, a BO BTOPOM - U3
IBYXaTOMHBIX. KakOBO OTHOIIEHNE MOJIIPHBIX TEMJIOEMKOCTEN 3TUX ra30B MIPU
noctostHHOM 00beme Cy(1)/Cy(2)?
Bapuantsl oTBeTa:
1. 3/5;
S;
2/1;
1/1;
5/3.
8. VY aenbHast TEIIIOTA TUIABJIEHHS — 3TO KOJIMYECTBO TEIJIOTHI, KOTOpOE TpeOyeTcs
TUIAL. ..
Bapuantsl oTBeTa:
1. HarpeBa BemiecTBa 10 TEMIIEPATYPHI IIABICHUS;
2. mpeBpalleHusl €IUHUIIBI BEIIECTBA B )KUIKOCTh IIPU TEMIIEPATYPE ITUIABIECHNUS;
3. mpeBpalieHus B KUIKOCTh OAHOrO KUJIOTpaMMa JII000ro BELIeCTBa, MEepBOHA-
YaJbHO HAXOAILIErocs MIPU KOMHATHOM TEMIIEpaType;
4. mpeBpalleHus B )KUIKOCTh BEILIECTBA IIPU TEMIIEPATYPE TUIABICHUS;
5. cpelu NMepevrcIeHHbIX OTBETOB HET MTPABUIIBHOTO.
9. Yactuia MoxkeT kosnedaTbesi BAOJIb OCH X MOJ JEUCTBUEM Pe3yJIbTUPYIOLIEH

CWIbl F =—kx C aMIUIUTYA0H A W 4acTOTOU @, THe k - TOJNOKUTENbHAs KOH-
ctanTa. B MmomeHT, koraa x = A4 /2, CKOpOCTb YaCTHUIIbI OyAET paBHA:

N ol

Bapuantsl oTBeTa:

l. w-A4,;

2. N3w-A/2;
3. \/E-W-A;
4. 2-w-A;

5. (1/3)-0 A,

10. B uenu, nokazaHHOW Ha pUCYHKe, CONPOTUBIEHUs AaHbl B OMax, a Oatapes c
3.4.c. € =3B nmMeer npeHeOpexKUMO Malloe BHyTpeHHE conpoTuBieHue. [lane-
HUE HaNpsDKeHUs Ha conpoTuBieHnd R4 paBHO

50 oM

Bapuantsl oTBeTa: _?
R3 | (60 Om 30 O
1. 0,6B; IV gy |:| 50 om Ri
2. 1,2B; T
3. I,SB; R5| |30 Om
4. 3,0B;
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5.

11.

0,4B.

[To qnmuHHOMY TIpSIMOMY MPOBOJY, JISKAIlEeMYy HeJaleko oT Bac B miockocTu
JUCTa, ClieBa HaIpaBo TeueT ToK. Mexnay Bamu v mpoBoioM B HampaBlIeHUU
TEUEHUS TOKA JIBUKETCS DJICKTPOH. YKAKUTE BEPHYIO KOMOMHAIMIO HAIIpaBie-
HUN BEKTOpa MarHUTHOW WHIYKIHH B MECTE HAXOXKIACHUS DJICKTPOHA U CHUJIBI,
JEHCTBYIOIIEH HA 3TOT SJIEKTPOH.

Bapuantsl oTBeTa:

NhAELD =

12.

BexTop MarsuTHOM UHAYKLIUU Cuia

BHM3 OT IUIOCKOCTH JINCTA OT IpOBOJA
BBEPX OT IUIOCKOCTH JINCTA OT IIpOBOJA
BBEPX OT IUIOCKOCTH JINCTA K IIPOBOLY

K Bam BJOJIb IPOBOJA
ot Bac K ITPOBOY

9JI€KTpI/I‘I€CKa$I MMpOBOAUMOCTD OOJBIIMHCTBA METAJLIOB YMCHBIIACTCA C YBC-
JIMYCHUEM TCMIICPATYPhI BCJICACTBHC!

Bapuantsl oTBeTa:

l.
2.

Nk

13.

yYBEJIUYCHUS YMCIIa CTOJIKHOBEHUH 2JIEKTPOHOB C KOJICOAHUSIMH PEIICTKU
YMEHBIIECHUS YUCIIA CTOJIKHOBEHUN 3JIEKTPOHOB C BaKaHCHUSIMH, KOTOPBIE CTa-
HOBATCSI 00JIee YyIOPsIIOUEHHBIMU MPU YBEJIIMUECHUH TEMIIEPaTyphl

YBEJIIMUCHUS YUCIIA CTOJIKHOBEHUM JIEKTPOHOB C MPUMECIMHU

TEPMHUYECKON aKTUBAIMU JIOHOPOB U AKLIENTOPOB BHYTPH 30HBI IPOBOJIUMOCTH
YMEHBIIEHHUS YHCJIa HOCUTENIEH 3apsii0B MU3-3a 3aHATHS BaKAHTHBIX COCTOSAHUI
B 30HE NMPOBOJIUMOCTH

Ecnu xots Obl 01MH BUTOK OOMOTKH TpaHC(hOpMaTopa 3aMKHETCS HAKOPOTKO,
TO TpaHCHOPMATOP HAUUTAET CUIILHO TPEThCS U MOXKET BBINTH U3 cTpos. Kakue
(haKTOpHI CBS3aHBI C ’TUM SBJICHUEM ?

A.  Bosnukarmias B 3aMkHyTOM BUTKe DJIC co3maeT OOMbIION TOK B 3TOM

BUTKE.

b.  ComnpoTuBiieHHe 3aMKHYTOTO BUTKa MHOTO MEHBIIIE COMPOTUBIICHHS Ha-
rpy3ku Tpanchopmaropa.

B.  Beimenstomniasicss B IpOBOJHUKE TEIIOTAa MPOMOPIIMOHAIbHA KBaapaTy
CHJIBI TOKA.

I PaccemBaemas TpancopMaTopoM 3HEPrus oOpaTHO MPOMOPLHUOHATIBHA

YUCIy BUTKOB.

Bapuantsl oTBeTa:

1.

N ol

14.

BCe (paKTophI;

TOJIbKO A u I';

TOJIbKO A u B;

A, bu B;

ToJIbkO A u b.

Bo3aymHelii KOHIEHCATOP C MapauIeIbHBIMU TJIACTUHAMM 3apsDKEH, a 3aTEM
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OTCOCOANHCH OT 6aTapeI/1. VYMeHb1IeHue pPacCTOodAHUA MCXKAY IINIaCTUHAMH KOH-
ACHCATOpa NPUBCACT:

Bapuantsl oTBeTa:

1.

N ol

15.

K YMEHBIIICHUIO HAIPSIKEHUS MEXTY TJIaCTUHAMU;
K YBEJIMUYCHMIO 3apsi/ia Ha TUIACTUHAX KOHAEHCATopa;

HE TMOBJIMAET Ha 3apsi]l U HANPSOKEHUE KOHEHCATOPa,;

K YBEJIMUCHUIO HAIMPSDKCHUS MEXKTy TUTACTHHAMH,

K YMEHBIIICHUIO 3apsjia Ha MJIACTHHAX KOHJIeHcaTopa.

[IpoBoa 0€3 H30JIALIMM COTHYJIH IMOmNojiaM M cKpyTuiu. Kak m3aMeHusocs ero
AIEKTPOCONPOTUBIIEHUE?

Bapuantsl oTBeTa:

1.

N ol

16.

YMEHBIINJIOCH B 2 pa3a;

HE U3MEHUJIOCH;

YBEJIMYUIIOCH B 2 pa3a;

YMEHBIINJIOCH B 4 pa3a;

YBEJIMYUIOCH B 4 pasa.

MaruuTtHass UHIYKUUS B IIMHHOTO MPSMOJIUHEHHOTO MPOBOJHUKA C TOKOM [
Ha PACCTOSIHUHU 7 IPONOPIUOHANIBbHA. ..

Bapuantsl oTBeTa:

1.
2.
3.
4.

17.

I/r;
I-r;
I
I-r°;
I/7°.

Kakue n3 nmpuBeIEHHBIX HUKE YTBEPKIACHUN OTHOCATCS K IUIOCKOIOJSPU30-
BAHHOMY CBETY?

Cgert pacnpocTpaHsieTcsi TOJIbKO B OJTHOM HaIlpaBJICHUH.

CBeroBasi BOJIHA MIOTIEpEYHAas.

Bekrop E nmeer onHy opueHTalMIO.

Bekrop H umeer ogHy opreHTanuo.

CBeToBbIE Jy4HM PaCHpPOCTPAHSIOTCA BO B3aMMHO NEPHEHINKYISIPHBIX

HaIlpaBJICHUAX.

HOwWY >

Bapuantsl oTBeTa:

1.

Aol

18.

Tonbko Bu I';

TOoNbKO b u I';

TOJILKO A u B;

ToJIbKO B 1 /JI;

Tonbko b u B.

UYto ob6miero u B uem paznuuust hotodddexra u rdpdexra Komnrona?

A. B oOoux adpdexrax npoucxoauT B3auMoIecTBHE POTOHA C IEKTPO-

HOM.
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b B s dexre Komnrona npoucxonur paccesinue (OTOHOB Ha AJIEKTPOHBI.

B. B dororddekre npoucxoaut norsioiieHrue GoToHOB.

I Oddext Komnrona HabmogaeTcss B BUAMMOM JUANa30HE JIEKTpoMar-
HUTHOTO CHEKTpa.

H.  ®DotorddexT HabMOgAETCS I BCEX JJIUH JIEKTPOMArHUTHBIX BOJIH.

Bapuantsl oTBeTa:

1.

N ol

19.

A,Bu/;

b,Burl

A, bu B;

B, I u JI;

b, I'nu /I

Cset nnuHoi BosiHbI 500 HAHOMETPOB MaJAeT MEPHEHAUKYIAPHO Ha AUPpPaK-
LHAOHHYIO pemeTKy, nmeromyo 2000 mTpuxoB Ha OJWH CAHTUMETP. 3HAYEHUE
yria, Ha KOTOpOM HabOurogaeTcs: Tu(PpaKIMOHHBIA MAKCUMYM IEPBOTO MOPSI-
Ka, HanOosee OJIM3KO K:

Bapuantsl oTBeTa:

l.

20.

N ol

0,15;

0,25;

0,10;

0,05;

0,20.

CBeToBBIC BOJIHBI MOT'YT OBITH TIOJISIPU30BAHbI, & 3ByKOBBIC BOJHBI B ra3e — HET.
VYkaxurte Hanyuliee o0ObsICHEHHUE 3TOMY (DaKTy.

Bapuantsl oTBeTa:

1.

2.
3.
4

21.

CBETOBBIE BOJIHBI IOTIEPEYHBIE, TOT /1A KAK 3BYKOBBIE BOJIHBI IIPO/IOJIBHBIE;
JUIsI CBETOBBIX BOJIH HaOmogaeTcs 3¢ ekt Jlomepa, a A 3ByKOBBIX HET;
CBETOBBIE BOJHBI UMEIOT 00JIE€ BHICOKYIO YaCTOTY, YEM 3BYKOBBIE;

CBETOBBIEC BOJHBI PACIIPOCTPAHSIOTCS MpU 00Jiee BHICOKUX CKOPOCTSIX, UEM
3BYKOBBIE;

CBETOBBIE BOJHBI UMEIOT 00JIe€ KOPOTKYIO IJIMHY BOJHBI, YEM 3BYKOBBIE.
Kakue Qakropbl BIUSIOT Ha BETUYMHY yria MOBOPOTA IUIOCKOCTH MOJISpHU3a-
LU CBETA, IPOXOASIIETO YEPE3 PACTBOP ONTHUYECKH AKTUBHOTO BelIeCcTBa?
Konuenrpanus pactsopa.

JIJIMHa BOJIHBI CBETA.

JInvuHa myTH B pacTBOpE.

NHTEHCUBHOCTH CBETA.

XUMHYECKUN COCTAB PacTBOPA.

HOwWY >

Bapuantsl oTBeTa:

1.
2.
3.

BCE€ 3TU (aKTOPBI;
TOJIbKO A u B;
TOJIbKO A u B;
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4.
5.

22.

Tonbko Bu I

ToJIbKO A, b u B;

Kakast u3 yka3aHHBIX YaCTHII, €CIM OHU BCE JBUTAIOTCS C OJUHAKOBOW CKOPO-
CThI0, 00JIaaeT HauOOoJbIIIEeH NTMHON BOJHEI ¢ bpoitis?

Bapuantsl oTBeTa:

l.

N ol

23.

MIPOTOH;

HEWUTPOH,;

MO3UTPOH;

JUTMHA BOJIHBI Y BCEX MEPEUUCICHHBIX YaCTHI] OJJUHAKOBA;

anbda — gyacTuIa.

VYkaxute BepHoe yrBepxaeHue. [llnpruna 3anpenieHHoi 30Hb1 y OTYIPOBO/-
HUKA. ..

Bapuantsl oTBeTa:

1.

N

24.

MEHBIIIE, YeM Y TUIJICKTPUKA;
0oJIbIIIe, YEM Y TUIIEKTPHKA;
YBEIIMYUBACTCS NIPH HATPEBAHUH;

Ha 2 mopsika OOJbIIe, YeM Y TUAJICKTPUKA;
TakKas ke, Kak y JUJIEKTPHKa.

VYKaxuTe HeBEpHOE YTBEPKIACHHE:

Bapuantsl oTBeTa:

1.
2.

W

25.

spdext Komnrona MoxHO HAOIIOaTh IPHU PACCESTHUN BUAUMOTO CBETA;

B Teopuu 3¢ dexra KomnrTona B3aumozeiicTBie GoToHa U IEKTPOHA paccMart-
pUBaeTCs KaK ynpyruu yaap;

IIPU KOMITOHOBCKOM PACCESHHUHU TOSBIISIOTCS JIEKTPOHBI OTAAYH;

M3MEHEHHE JUIMHBI BOJIHBI PU KOMITOHOBCKOM PACCESTHUU 3aBUCUT TOJIBKO OT
yIJla paccestHus;

B 3¢ Ppexre KoMmnrona HanbOIbIIMI Yyrosl paccesiHus .

A A-4 4
,X—5 Y+, He

[IpuBeneHHOE NPEBPALLIEHUE XapAKTEPU3YET. ..

Bapuantsl oTBeTa:

l.

N ol

AJICKTPOHHBIN 3aXBaT;
0eTa-MHUHYC — pacra;
OeTa-IuIoC — pacra;
AIEPHYIO PEAKLHUIO;
anbda — pacna.
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BAPHUAHT 2
[TaTukuIOrpaMMOBBIM KaMeHb TaJaeT Ha TBO3/b U 3a0MBAET €ro Ha TIyOUHY
0,025 metpa B nepeBo. Ecam kaMeHb B MOMEHT ynapa O I'BO3Ab JBUTAJICS CO
cKopocThio 10 METpOB B CEKYHAY, TO CPEIHSS CHIIA, IEMUCTBYIONIAs HA T'BO3/Ib
CO CTOPOHBI KaMHsl, KOT'/1a TBO3/Ib BXOAUT B JIEpEBO, Hanbosee Oin3Ka K 3Have-
HUIO:

Bapuantsl oTBeTa:

l.

2.

N ol

100000 H;

10000 H;

1000 H;

10 H;

100 H.

3agaH rpaduK 3aBUCUMOCTH CKOPOCTH Teja OT BpeMeHU. Teno 1 nBuxkercs...

BapuanTsl oTBeTa: \%

Nk =

3.

PaBHO3aMEJIEHHO ; /-/-’/
PAaBHOYCKOPEHHO W3 COCTOSIHUS MTOKOS;

PaBHOMEPHO;

C IEPEMEHHBIM YCKOPEHHEM;
PaBHOYCKOPEHHO C HayaJbHON CKOPOCTBIO.

t
[IpuBeneHnyo JMHY GU3MUECKOT0 MasiTHUKA YBEIUYMIIU B 2 pa3a. Kak uzme-
HUJIACh YacTOTa KoueOaHuii MasiTHUKA?

Bapuantsl oTBeTa:

1.

N ol

4.

YBEJIMUMJIIACE B /2 pa3;

YMEHBIIMIICA B /2 pas3;

YMEHBIINJIACh B 2 pa3a;

yBEJIMYMWIACh B 2 pa3a;

yBeIu4muiach B 4 pasa.

VYKaxxuTe yclloBUS COXpPaHEHHUS MOMEHTA UMITYJIbCa B CUCTEME:

A.  3aMKHYTOCTb CUCTEMBI.

b. KoHcepBaTuBHOCTH B3aUMOACHCTBUM.
B. HeusmeHHOCTH CKOPOCTH YACTHII.

I. [TocTOSTHCTBO MacChl YaCTHLL.

Bapuantsl oTBeTa:

6.
7.
8.
9.

TOJIbKO A u B;
TOJIBKO A;
ToJIbKO A, b u B;
TOJIBKO b;

10.Bce 3TH ycioBus.
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S.

NhAELD =

6.

P

Jlns kpyroBoro mpoiiecca, uzodpaxkennoro Ha pucynke, KL u MN — uzorep-
Mbl, a KN 1 LM — agna0Oartsl.

A
K LK
« Cuctema coBepmaet nuki Kappo KLMN, nonyyas
L KOJIMYECTBO TEIUIOTHI Q; OT HarpeBartessi Npu TeM-
T, neparype T 1 oT1aBast KOJIMYECTBO TEIUIOTHI Q,
N XOJIOAWIBHUKY IIpu Temmepatype T,. Bee cie-
IYIOIIHE YTBEPKACHHS BEPHBI 32 UCKITIOUEHUEM:

BapuanTsl oTBeTa:
K.IL.Jl IUKJIA HE 3aBUCHUT OT MPUPOJIbI pabOUero Tena;
DHTPOIIHS CUCTEMBI BO3PACTAET;
BBITIOJIHEHHAs paboTta paBHa Q) — Qy;
SHTPOIIMS HArpeBaTeNsl YMEHbBIIAETCS;
Ql/Tl = Qz/Tz.
VienpHas TEIUIOEMKOCTh HWJIEAJIbHOIO Ta3a NpU IOCTOSHHOM JnaBineHuu C,
0oJblIIe, YeM yielIbHas TeTIOEMKOCTh MPHU MOCTOSTHHOM 00beMe C, 1h3-3a TOro,
YTO:

Bapuantsl oTBeTa:
1.

2.

7.

HE0O0XO0MMOE KOJIMYECTBO TEIUIOTHI MPHU TMOCTOSTHHOM O00BeMe OOJbIle, yeM
MPU TOCTOSTHHOM J1aBJICHUM;

yBEJIWYCHNE BHYTPEHHEW SHEPruu Ta3a MpU MOCTOSHHOM JaBJICHUU OOJIbIIE,
94eM IIPU MTOCTOSTHHOM 00beMe;

KOJIMYECTBO TEIUIOTHI, MOABOJMMOE JJIsl HArPEBAaHMUS HA OJUH Ipajyc, OJAUHA-
KOBO Kak JJIs IIPOLECCOB, B KOTOPBIX OCTAETCA MOCTOSHHBIM JABIICHUE, TaK U
JUTSL TIPOLIECCOB, B KOTOPBIX OCTACTCS MOCTOSIHHBIM 00BEM;

MpU p=const HarpeBaeMbIii ra3 PacIIUPsACTCS W 4aCThb MOABOAUMOM TEILIOTHI
pacxoJlyeTcsi Ha COBepIlIeHHE paOOThl Ha/l BHEITHUMHU TEJIaAMHU;

JIaBJICHUE Ta3a OCTAETCS IOCTOSIHHBIM, KOTJAa €ro TeMIlEpaTypa OCTAETCS IO-
CTOSIHHOM.

Kak u3MeHHTCs KOHIIEHTpalus UJ1eaJbHOr0 T'a3a B 3aBUCUMOCTH OT TeMIIepa-
TYpbI IpU U300aprUUECcKOM Tporecce?

Bapuantsl oTBeTa:
1.

Aol

yObIBaeT 00paTHO MPONOPHUUOHANBHO T;
JUHEHHO BO3PACTAET;

JUHEHHO yOBIBACT;

BO3PACTAET IPONOPIHOHATBHO T7;
yOBIBACT OGPATHO MPOIOPIHOHANBEHO T7,
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8.

S

Ha PUCYHKC ITIOKa3aH CTCPIKCHbD, COBCpI_HaIOI_HI/Iﬁ KosieOaTeJIbHOE ABHMIKCHHC.
Kaxk HaIlpaBJICH MOMCHT CHIJIbI TAXKCCTU OTHOCHUTCIIBHO T. O?

0

Bapuantsl oTBeTa:
. K HaMm; ‘

BHU3,;
OT Hac; ‘

BJIEBO;

BBEPX.

Ha pucyHnkax moka3aHbl MONEPEUHbIC CTOSYNUE BOJHBI, KOTOPHIE MOTYT BO3HHU-

KaTb B YIIPYI'OM CTCPIKHC. Kakue crossune BOJIHBI MOT'YT BOSHHUKHYTb B CTCPIK-
HE ¢ 00ouMH 3aKpPCIIJICHHBIMHA KOHI_IaMI/I?

BapuaHThl OTBETA: @ il B W @
o O
1. Bul;
2. b,I'u [;
3. AuJl: ® e fVA\<D
4. A,buB; \ W
5. bu /Jl.
m—
—
10. Kak u3MeHsercs d/eKTpHYECKHe CONPOTUBIICHUS METAJLUIOB U TOIYIPOBOIHHU-

KOB IIPpU ITOBBIIICHHUHA TCMHCpaTypBI?

BapuanTsl oTBeTa:

l.

N ol

11.

Bapuantsl oTBeTa:

1.
2.

YBEJIMYUBAETCS Y METAJIOB U MOJTYIPOBOIHHUKOB;
YMEHBIIAETCS Y METAJIJIOB U MOITYNPOBOJHUKOB;

YBEJIMYMBAETCS Y METAJNIOB, YMEHBIIIAETCS y MOJYITPOBOJIHUKOB;

YMEHBIIAETCS Y METAJJIOB U YBEJIMUUBAETCS Y TOJIYIIPOBOJHUKOB;

HE W3MEHSETCS HU Y METAJUIOB, HU Y MOIYNPOBOJHUKOB.

Ha pucyHke npuBeIeHBl BOJIbT-AMIIEPHBIE XapaKTEPUCTUKHA YYACTKOB LEMH C
pa3HBIMM CONPOTHUBICHUSAMH. Kakas JTMHHS COOTBETCTBYET YYacTKy C Hau-
OOJIBIINM CONPOTUBICHUEM ? LA

b a

a; d
b;
213
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Nk

12.

[Tnockuii KOHJIEHCATOp MEXIY OOKIaAKaMU COJEPKUT IUAJIEKTpUK. KoHeH-
caTop MOJKIIOYMIIN K UICTOYHUKY HaNpsHKEHUS, a 3aTeM YAAJIWUIU TUAJICKTPUK.
YTO npu 3TOM IPOU30LLIO?

A.  Hanpspkenue Ha 0OKJIaJKaX YMEHBIIUIIOCH.
b. EMKOCTB KOHZIEHCATOpa YMEHBIIINIIACS.

B.  HampskeHHOCTB 1IOJISL yBEIIMYMIIACK.

I. 3apsn Ha 0OKIaIKaX YMEHBIITUIICS.

Bapuantsl oTBeTa:

1. A,b,Bul;
2. Toneko Bu I
3. tonpko A u b;
4. b,Bul}

5. Tombko bul.

13. Ha pucyHke nokasaHa BOJbT-aMIIEPHAS XapAKTEPUCTHUKA HEKOTOPOU LIETH.
Yemy npuMepHO paBHA MOIIHOCTb, OTpeOIIsieMas UEeMblo, IPU HAPSHKEHUH
30B? L mA

100
BapuanTsl oTBera: ol T T G S B |
1. 1.0 Br; = |
2. 1000 Br; . K
3. 30 Br; |
4. 0.35 B ol s !
5. 3.0 Br. oeo®o® e w00
14. OtpunatenbHbIN 3aps ABUKETCS BOJIU3U ATMHHOTO IPSIMOTO MPOBO/A, 1O KO-

TOpPOMY TeueT dJeKTpuueckuit Tok. Ha 3apsia Oyner neiicTBoBaTh cujia, Ha-
MpaBJIeHHAsl K IPOBOAY, €CIIU 3apsijl IBHUKETCSl B HAIPABJICHUU:

Bapuantsl oTBeTa:

1.

N ol

15.

OT IIPOBOJA;
IIPOTUBOIIOJIO)KHOM TOKY;

COBIIA/IAIOIIEM C BEKTOPOM MarHUTHOW MHAYKIIMK MAarHUTHOI'O MOJISI IPOBOJA;
I10 HaIPABJICHUIO TOKA;

K IIPOBOAY.

VY nnuHHON OHOCHOMHOM KaTymku yopanu 1/3 ButkoB. B pesynbpraTe K03dh-
(bULKEeHT CAaMOMHAYKIIMY KaTYIIKU:

Bapuantsl oTBeTa:
1. yBemmuuiicsa B 1.50 pasa;
2. ymenpmmics B 2.25 pa3sa;
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3. ymenbiwics B 1.50 pa3a;
4. HE U3MCHUIICS,
5. yBenuuuics B 2.25 pasa.

16.

VYkaxure (HakTophl, BIUAIONIME HA TO, YTO HUTH JIaMIIbl HaKaJWBaHUS Yalle
BCET0 NEPEropacT Mpy HaKaJIUBaHHM.
A.  C TeueHueM BpEMEHHU H3-3a MCHapeHUs BoJib(ppaMa yMeHbIIAeTCs ceue-

HUE HUTH.

b. VY X0M0HOW HUTH COMPOTHUBIICHHE MEHBIIE M MO HEH MPOXOIUT OOJIb-
IIOH TOK.

B. Termiora, BeIAECHSAOIAICA B IPOBOJHUKE IPU HEU3MEHHOM HAIIPSKEHUU,
MPOIMOPLIMOHAJIBHA CUJIE TOKA.

I. [Ipu BKIFOYEHNH TPOUCXOAUT CKAUYOK HAIIPSKEHUS HA HUTH.

Bapuantsl oTBeTa:

17.

1.

N

ToJIbKO A u B;

TOJIBKO A;

TOoNbKO b u B;

TOJIbKO A u B;

TOJIBKO b.

DNeKTpUUECKUN MOTEHIIMANI HAa TTIOBEPXHOCTH KybOa moctossHeH u paBeH U. Ec-
JIM BHYTpH Ky0a HeT 3aps0B, TO MOTEHIIMAJ B €T0 LIEHTPE PaBEH:

Bapuantsl oTBeTa:

18.

Bapuantsl oTBeTa:

19.

l.

N ol

NhAELD =

0;
U;
u/e;
u/2;
U/8.

Ha xakoMm u3 conpoTuBieHui HauOOIbIIast MOIUTHOCTh, eciu R >R,>R;?

R1 Rz Ra

Ha BCEX OJIMHAKOBAs;
JUISL OTBETA HEAOCTATOYHO JaHHBIX; €
Ha Ry;

Ha Ry;

Ha Rj.

YUTo mpoOMCXOIUT 3a aHAIU3aTOPOM IIPU €r0 BPAIIECHUH BOKPYT HAIPABICHUSA

pacinpoCTpaHCHUA IJIOCKO-IIOJIAAPU30BAHHOT O nyqa?

A. MHTEHCUBHOCTD CBETa HE MCHSCTCS.
b. HN3mensercs OpucHTaAlIUA IIIOCKOCTHU KosicOaHMii cBETa , BBIXOIAIICTO U3
aHaJIMm3aTopa.

215



B. NHTEHCUBHOCTB CBETA MEHSETCS B IIpeenax OT Juin 10 Jmax.
2
I. 3a aHanm3atopoM J=Jycos .

Bapuantsl oTBeTa:

l.

20.

Bapuantsl oTBeTa:

21.

N ol

NhAELD =

bul;

Aul;

b u B;

Aub;

Bul.

NmeroTcs 4 pemieTku ¢ pa3audHbIMU TOCTOSIHHBIMH, OCBEIIA€Mble OJHUM U
TeM >X€ MOHOXPOMAaTHUYECKUM H3IydeHueMm. Kakoill pHUCYHOK WIUTIOCTPUPYET
MOJIOKEHHUE TJIABHBIX MaKCHMYMOB, CO3/]JaBa€MbIX PEIICTKON C HAaWMEHbIIEH
IMOCTOSTHHOH d?

A
- W

b

sin

sin
A;
JJIs1 OTBETA HEAOCTATOYHO I/IH(I)OpMaHI/H/I, B /\ /\
b; sin

b

B. A A

sin

Kaxk n3menurcs I/IHTep(I)epeHI_II/IOHHaH KapTHHA HAa 3KpaHC, CCJIN HUCTOYHUKHU

cBera S; U S, OyIyT UCIYCKaTh CBET C MEHBIIEH IJIMHOMN BOJIHBI?
Bapuantsl oTBeTa:

l.

Aol

22.

YBEJIMUUTCA IIUPUHA UHTEP(HEPEHIIMOHHBIX MOJI0C;

YMEHBIINUTCS UHTEHCUBHOCTBD IOJIOC;

HET BEPHOI'O OTBETA;

YBEJIMYUTCS HHTEHCUBHOCTb MOJIOC;

YMEHBIIUTCS MHUPUHA UHTEPPEPEHIIMOHHBIX MOJI0C.

Ecnu a — ects nornomarenpHasi ClIOCOOHOCTb MOBEPXHOCTH JIJISI COJTHEYHOI'O
CBETa, a 7 — MCIIyCKaTelIbHasl CIOCOOHOCTh 3TOW MOBEPXHOCTH, TO UIS TOTO,
YTOOBl OTHOCHUTENILHO MaJI0 HarpeBaeTcs Ha COJIHEYHOM CBETY, MOBEPXHOCTh
JOJIKHA UMETH!

Bapuantsl oTBeTa:

1.

Aol

23.

Majioe 3HaueHue (a/r);

3HaueHue (ar)=1;

OoupIIIoe 3HaYCHUE (ar);

OoJbiIoe 3HaUeHUE (a/7);

MaJioe 3HaueHue (ar).

CooTtHomieHue HeomnpeaeneHHocTel I eii3enoepra ykaspiBaeT Ha:
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HCCOBCpH_ICHCTBO N3MCPUTCIbHBIX HpI/I60pOB .

A.
b. ['paHnIly IPUMEHUMOCTHU KIACCUYECKUX MOHATHH.
B.

OTcyTCcTBHME NPUYMHHOCTH B MUKPOMMUPE.
I. Hannuwre BOTHOBBIX CBOMCTB y YaCTHIL.

Bapuantsl oTBeTa:

l.

N ol

24.

TOoNbKO b u I';

Tonbko Bu I

BEPHBI BCE YTBEPKICHUS;

TOJIbKO A u B;

TOJIbKO A u B.

B arome opOuTanbHOE KBAHTOBOE YUCIIO L MOXKET MPUHUMAThH 3HAUCHHUS:

Bapuantsl oTBeTa:

l.

N ol

25.

+1/2;

1,2,3, ...

0, +1, £2,....., +1;

0,1,2,.....n-1;

+1, £2, £3.

[Tokosmieecs AApo ypaHa UCIIYCKAET AP0 Teusl, MIPEBPAIIAsICh B AAPO TOPHUSI.

231 231 4
o U= "0 Th+ He

Kaxkoe u3 cienyromux yTBepxKaeHU BEpHO?

Bapuantsl oTBeTa:

1.

N ol

o0a MpoJIyKTa pacrnaaa UMEIOT OJIMHAKOBYIO KHHETHYECKYIO SHEPTHUIO;
o0a MpoJIyKTa pacrnaaa UMEIOT OJIMHAKOBYIO CKOPOCTH;

SIPO TEJIUsI UMEeeT OOJIBIIIYI0 KHHETUUECKYIO SHEPTHIO, YeM SIPO TOPHS,;
SIPO TOPUS UMEET OOJIBIIUM UMITYJIBC, YEM SIIIPO Teus;

MPOAYKTHI pacriajia IBIKYTCS B OJTHOM HAMpPaBJICHUU.

BAPHUAHT 3

Ha PUCYHKC IMPCACTABJICHA 3aBUCUMOCTHL CKOPOCTH ABHXXYHICTOCA TCJIa OT
BpCMCHU. Ha xakmux y4dacCTKax HCIZCTBYIOH.IHC Ha TCJIO CHJIbI ypaBHOBeI_HeHBI?

BapuanTsl oTBeTa: \Y

el

TOJIBKO Ha y4acTke 1-2;
Ha y4acTtke 2-3; ;
TOJBKO Ha y4acTke 3-4;
Ha yyacTkax 1-2 u 3-4;
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5. Ha BCcEeX MEPEUYUCICHHBIX YYaCTKaX CUJIbI JEUCTBYIOIINE Ha TEJIO, YpaBHOBE-
IIICHBI.
2. Kakast ¢usnueckas BenuunHa OMpEAesieT BO3JACHCTBHUE OJIHOTO Tejia Ha JIpY-
roe, SIBJISIETCS CKOPOCTHIO U3MEHEHUS UMITYJIbCa?
Bapuantsl oTBeTa:
1. ckopocTb;
YCKOpPEHHUE;
CHIIa;
JIaBJICHUC;
Cpeay MEePEUNCIEHHBIX OTBETOB HET MPABUIIBHOTO.

N ol

3. IIpu BpamieHun TBEPIOro Tela BOKPYT HEMOABMXKHOM ochu OZ MOMEHT BHEII-
HUX CHJI M, OTHOCUTEJILHO OCH BpAaIlIEHUS 3aBUCHUT OT ...
A. MowmeHTa nHepuuH J, T€1a OTHOCUTEIBHO TOM K€ OCH.
b. TOYKM NPUIIOKEHUS CUIIBI.
B.  VYrioBoro yckopenus tena.
I. Hanpasnenus cunbl.
Bapuantsl oTBeTa:
1. Tonbko oT A u B;
TOJIbKO OT A u b;
Tobko oT b, Bu I;
TOobKO OT Bu I';
Toneko oT b u I
4. UenoBek, CTOSAIIMN Ha Bpalaromieiics ckameiike JKyKoBCKOTo, MOBEPHYI Bep-
TUKAJIbHO PACIOJIOKEHHBIN B PyKaX CTEPKEHb B TOPU3OHTAIBHOE TMOJIOKEHUE.
B pe3ynbrare 3T0r0:
A.  YBeIMYUTCS MOMEHT MHEPLUHUHU CUCTEMBI.

N ol

b. YBEIUUUTCA yTIIOBass CKOPOCTb.
B.  MoMeHT umiyiibca CUCTEMbI HE U3MEHUTCH.
I VYBenuuurcs KMHETHYECKAsE SHEPTUSA CUCTEMBI.

Bapuantsl oTBeTa:
1. Tombko A, bul;

2. ToibKo B;
3. tonmpko bul;
4. Tonpko A u B;
5. Tonbko A.
5. N3BecTHO, 4TO MpH 3aMep3aHUU BOJIBI TPEIIMHBI B TPyOaX BO3HUKAIOT BCET/Ia
BJIOJIb TPYOBI. YKaXuTe (PakTOpbl, KOTOPhIE MOTYT OBITh MPUUYUHON ITOTO SIB-
JICHUS.

A.  Tlomepek TpyObI IEHCTBYET CHIIa HA €AMHMILY IJTMHBI MEHBIIIAS,
4YeM BJOJIb TPYOBI.

218



b.  Ilpu uzrotoByiieHNH TpyO BOZHUKAIOT OCTATOYHBIC HATIPSHKCHUS,
CO3/alolI1e TPEUIMHBI BIOJIb TPYOBI.
B.  JlaBieHue B )KHAKOCTSAX U razax nepeacTcst BO BCE CTOPOHBI.

Bapuantsl oTBeTa:

l.

N ol

6.

TOJIBKO A;

TOJIbKO A u B;

TOJIBKO B;

TOJIbKO A u B;

TOJBKO b.

["a3 coBepiaer paboTy A U eMy IepeaHo KoJIudecTBo TermioTel Q. Uemy pas-
HO M3MEHEHNE BHYTPEHHEH dHEpruu raza’?

Bapuantsl oTBeTa:

1.

Nk

AU = A;
AU = Q;
AU=A+Q;
AU=Q—-A;

CpPEAM NEPEUHCICHHBIX OTBETOB HET MPABUIIBHOTO.
B nByx cocynax mpu KOMHAaTHOM TeMmmepaType XpaHutcs no 1 monto rasza. B

MIEPBOM COCYJIe Ta3 COCTOMT W3 OJHOATOMHBIX MOJIEKYJ, a BO BTOPOM — W3
NByXaTOMHBIX. KakOoBO OTHOIIIEHHE MOJIIPHBIX TEIJIOEMKOCTEH 3TUX ra30B MPHU
nocrossHHoM o0wveme C,(1)/C,(2)?

Bapuantsl oTBeTa:

1.

N ol

3/5;

S;

2/1;

1/1;

5/3.

N3BecTHO, 4TO MmyJsisi MOXKET MPOOUTH B ITYCTOM CTaKaHE TOJIHKO JIBAa MaJIEHbKUX
OTBEPCTHUS, B TO BpeMs KaK HAMOJHEHHBIM BOJOW CTakaH MyJis pa30uBacT
BIIpeOe3ru. YKaxute (akTopbl, KOTOPbIE MOTYT OBITh MPUYMHOMN ATOTO sIBJE-
HUSL.

A.  3aBpems BXoj/la HyJM B CTaKaH YPOBEHb BOJIbl HE YCIIEBAET U3MEHUTHCHI.
b B mecrte BXoja Hynu BoJla C)KMMAETCS M BO3SHUKAET 00JIaCTh BBHICOKOT'O

JABJICHUS.
B.  JlaBieHue B )KHAKOCTAX U razax nepeacTcsi BO BCE CTOPOHBI.
I’ Bopa oka3biBaeT OoJblliee CONMPOTUBICHHUE NBUKEHUIO ITYJH, YEM BO3-
yX.

Bapuantsl oTBeTa:

1.
2.

ToJIbKO A. b u B;
TOoNbKO b u B;
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3.
4.
5.

9.

Tonbko b, BuI;

Tonbko Bu I

BCE 3TU (AKTOPBHI.

MasiTHUK HAaCTEHHBIX MEXaHWYECKMX 4YacOB TMPEICTABISIET COOOM JIeTKUH
CTEPXEHb C TPY3UKOM. [[J1 peryaIupoBKM TOYHOCTH XOJ1a YaCOB IPY3UK MOKHO
nepeMeIaTh 1o crepkH. Kak usMeHuTces nepuo/i Kojie0aHuii MasiTHUKA, €CITU
IPY3UK NIEPEMECTUTH C KOHIIA CTEPKHS HA CEPEINHY?

Bapuantsl oTBeTa:

l.

Al

10.

YBEJIUYUTCS B 4 pa3za;

YMEHBIINTCA B +/2 pas;

YBEJIMYUTCS B 2 pa3a;

YBEIIMUHUTCS B /2 pas;

YMEHBIINTCS B 2 pasa.

[Ipy KOMHATHOM TeMIlepaType COMPOTUBIICHHS PE3UCTOPOB U3 MOIYITPOBOIHHU-
Ka U MeTaJula OKa3aJduch OJMHAKOBBIMU. Kora 3Ty pe3ucTopbl  Harpenu, ux
CONMPOTHUBJICHUS  U3MEHWINCh. Kakoe yTBep»KIeHUE OTHOCUTCS K TOJYMpO-

BOJIHUKOBOMY p€3UCTOPY?

Bapuantsl oTBeTa:

l.

Nk

11.

Bapuantsl oTBeTa:

NhAELD =

yJebHasl 3JEKTPOIPOBOIHOCTh YBEINUNIIACH;
CONPOTHUBIICHHE MEHSIOCH KaK JIMHEHas (yHKLUS TeMIIepaTyphl;

yI€IbHOE CONPOTUBIIEHUE YBEINUUIIOCH;

KOHIIEHTpalsl HOCUTEJNIEH 3apsiia He N3MEHUIIACh;

JUIMHA CBOOOIHOTO Ipo0era 3JeKTPOHOB BO3POCIIA.

B nemnu, nmokasaHHOW Ha pUCYHKE, CONPOTUBICHUS AaHbl B OMax, a Oarapes
MpeanoiaraeTcs uaeajbHo (C BHYTPEHHUM CONPOTHBICHHEM PAaBHBIM HYIIIO)
c a.1.c. € = 3 B. ComnpotuBiieHre, IpyU KOTOPOM paccerUBaeTCsl HauOOIbIIAas

MOIITHOCTB.

50 Om
RS: R
Ro;
Ry; 3'{% R2
R3;
Rs.

220



12.

Vkaxure Fpa(i)I/IK 3aBUCHUMOCTHU BCKTOpPA SHCKTqueCKOﬁ HHAYKIIUH D ot pac-
CTOSHHUA IJII PaBHOMCPHO 3apsAKCHHOTI'O 110 O6T>CMy AUBJICKTPHUYCCKOTO IIapa.

®

D

| @ 1

— —— — —

Bapuantsl oTBeTa:

13.

R
=@ >

I

b

b

Kpyrnas minockas xarymka paguycom 20 ¢cM coaepkuT 12 BUTKOB IPOBOJAA.
MarauTHoe 1noJjie, HarnpaBJIeHHOE MEPIEHAUKYISIPHO IIOCKOCTH KaTYyIIKH, Me-
Hsaercsi co ckopocthio 0,02 Ti/c. Bosuukaromasi npu 3tom DJIC Haubonee
OJIM3Ka K ...

Bapuantsl oTBeTa:

1.

14.

Aol

0,01B;

0,03B;

0,30B;

0,80B;

0,13B.

IIpy KOMHAaTHOM TeMmepaType COINPOTUBIIEHUS PE3UCTOPOB U3 JABYX pPa3Ivy-
HBIX IOJIYIIPOBOAHUKOBBIX MAaTE€pPUAJIOB OKAa3aIMCh OAWHAKOBBIMU. Korma stu
PE3UCTOPBI HAIPEIH, TO CONIPOTUBIIEHUE IIEPBOIO U3 HUX CTAJIO MEHBIIE BTOPO-
ro (R1<R2). Ykaxxute npuuuHy 3TOTO SIBICHHUS.

Bapuantsl oTBeTa:
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N —

nhw

15.

IIMPUHA BAJICHTHOM 30HBI BTOPOr0 MaTepuaia O0JblIe;

B IIEPBOM PE3ZUCTOPE NMPUMEHEH MATEPUAII C MEHBIIEH IIMPUHOW 3aMPEIICHHON
30HBI;

ypoBeHb PepMu 111 BTOPOTO PE3UCTOPA CMECTHIICS BHU3;

IIMPUHA 30HBI IPOBOAMMOCTH MEPBOr0 MaTepuaia OoJbliIe;

HHEPTrUs aKTUBAIMU HOCHUTENEH 3apsia BO BTOPOM PE3UCTOPE OOJIbIIIE.
Bo3aymHbll KOHIEHCATOp € MapajuleNIbHbIMM TUIACTUHAMU 3apsiKEH, a 3aTEM
oTcoeAnHeH OT OaTapeu. BBoa n1uanekTpuka B KOHAEHCATOP MPUBEACT:

Bapuantsl oTBeTa:

l.

Nl

16.

K YMEHBIIIEHUIO 3apsia Ha IJIaCTUHAX KOHJEHCATOpa;
K YBEJIMUEHHUIO 3apsi/ia Ha IUIaCTUHAX KOHJAEHCATOPa;

HE MOBJIMAET HA 3aps/l U HANPSKEHUE KOHIAEHCATOPa;

K YBEJIMUECHHIO HAIIPSKEHUS MEKy TUIACTUHAMHY;

K YMEHBIICHUIO HANPSHKEHUS MEXK Y TUIACTUHAMM.

[Ipy BKJIFOUEHMHU TOKA B LENU €r0 BEJIWYMHA B HEKOTOPOM IMPOBOJHUKE BO3-
pacraina JUHEWHO U 3a 2 ceKyHAbl gocturia 6 A. ConpoTuBiIeHNE NPOBOIHUKA
20 Om. KonudecTBO TEIJIOTHI, BBIIEIMBIIEECS B NMPOBOJHUKE 33 3TO BpEM,
HauOoJee OJIM3KO K ...

Bapuantsl oTBeTa:

1.

N ol

17.

720 JIx;

240 Ix;

480 JIx;

360 Ix;

960 JTx.

MasiTHUK U3 MOJIEKYJI, UMEIOIINN TUIIOJIbHBIA MAarHUTHBIA MOMEHT Pp,, HOME-
IIEH B OJHOPOJHOE MArHUTHOE MoJie. YTO MPOU30UAET C TUMOJIBbHBIMUA MOMEH-
TaMu MOJIEKYJ1?

Bapuantsl oTBeTa:

1.

N ol

18.

OHU OPUEHTUPYIOTCS IPOTUB I10JIs;

OHU OPUEHTUPYIOTCS MO MOJIIO;

UX OPUEHTALUSA HE U3MEHUTCS;

OHU COPUEHTUPYIOTCS NEPIICHAUKYIISPHO MOJIIO;

HET BEPHOI'O OTBETA.

VYKaxxuTe yTBEp:KJIE€HUsA, KOTOPbIE ONPEAEISIOT iBIeHUE AUPPaAKIUU CBETA.

A.  Jro6oe OTKJIOHEHHUE NMPU PacCIPOCTPAHEHNHU CBETA OT 3aKOHOB I€OMET-
PUYECKON ONTUKHU

b.  IIpoctpancTBeHHOE nepepacipeiesieHie UHTEHCUBHOCTU CBETA MPH Ha-
JIO’KCHUH JABYX WM HECKOJIBKMX KOT€PEHTHBIX BOJIH.
B.  OrubGanue BoTHaAMU NPENATCTBUN U 3aX0XKICHHUE X B 00J1aCTh T€OMET-

PUYECKOHN TECHHU.
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I 3aBucuMocTh (a30BOI CKOPOCTH CBETOBOW BOJIHBI OT €€ YaCTOTHI (JIJTH-
HBI BOJIHBI).

JI.  3aBUCHUMOCTH TIOKa3aTess MPEIIOMIICHHUS BEIIECTBA OT YACTOTHI (JITHHBI
BOJIHBI ) TIQIAFOIIETO CBETA.

Bapuantsl oTBeTa:

l.

19.

N ol

A uB;

A ub;

Aul;

An L

I'nm .

MoHoXpoMaTUUeCKU CBET C NJIMHOW BOJHBI A HOPMaJbHO MajJacT Ha TOHKYIO
IJICHKY C MokKa3zaresieM mpenomieHus n>1. Kakyro MUHUMaIbHYIO TOJIIIUHY
JI0JDKHA UMETh TUIEHKA, YTOOBI B OTPAYKEHHOM CBETE Ka3aTbCsl CBETII0M ?

Bapuantsl oTBeTa:

l.

20.

Aol

A8

A

A2,

A4,

2.

YTo mpOMCXOAMT MPH BpaANICHUW IMOJSIpH3aTOpa BOKPYT HAIpaBJICHHS pac-
MPOCTPAHEHUS €CTECTBEHHOTO JTy4a?

A.  3anonspuzatopom J = J,..

b.  H3meHseTcs opueHTanus MIOCKOCTH KOJIEOAHH CBETA, BBIXOISIIETO U3
npuoopa.

B.  HaGnromaercs n3aMeHeHHWE MHTCHCUBHOCTH B TIPEENax OT Jmax 10 Jiin

[ VIHTEHCHMBHOCTH CBETa, MPOMICIIIETO Yepe3 MOIIPU3aTOpP, OCTACTCS OJI-

o o N 1
HOU U TOHU XK€, paBHOU J =—J, .
2

BapuanTsl oTBeTa:
1) Tonwsko B;
2) Aub;
3) burl;
4) tonwko I
5) Tonbko A.

21.

OT Kakux CBOMCTB Cpe/Ibl 3aBUCUT CKOPOCTh CBETA B IAaHHOM cpeje?
A.  OT mIOTHOCTH.
b. Ot remneparypsl.
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B. OT MarHuTHBIX CBOMCTB.
I. Ot naBneHwus.
. OT 2JeKTpUYECKUX CBOMCTB.
Bapuantsl oTBeTa:
I. bu[;
Bul;
Aub;
Bu [I;
A,Bu/l.
22.  VKaxuTe yTBEPKICHUSA, KOTOPHIEC ONPEIECIISAIOT SIBJICHUE JUCTIEPCUU CBETA.
A.  Jroboe OTKJIIOHEHHE MPU PACTIPOCTPAHEHUU CBETa OT 3aKOHOB I'€OMET-
pUYECKOHN ONTHUKHU.

N ol

b.  IIpoctpaHcTBEHHOE NIEpEpACIIPEACIICHUE UHTEHCUBHOCTH CBETA IIPU Ha-
JIOKEHUHU IBYX WJIM HECKOJIBKUX KOT€PEHTHBIX BOJIH.

B.  Orubanue BoJHaMHU MPENSTCTBUN U 3aX0XKIEHHE UX B 00JIACTh T€OMET-
PUYECKOHN TECHHU.

I’ 3aBucumoctsb (pa30BOI CKOPOCTH CBETOBOI BOJIHBI OT €€ YaCTOTHI (M-

HBI BOJIHBI).
Bapuantsl oTBeTa:
1. AuB;
2. Aub;
3. Aul';4Bul.
23. K uemy npuBener B siBieHUH GoTodPdekTa yMEeHbIICHUE JJIMHBI BOJHBI CBETa?
Bapuantsl oTBeTa:
1. cmectutcs kpacHas rpanuna gorodddekra;
2. YBEJIMYHUTCS CKOPOCTH (DOTORICKTPOHOB,;
3. ymeHbmuTcs GOTOTOK;
4. HAYErO HE M3MCHHUTCS.
24. Kakas U3 yKa3aHHBIX YaCTHIl, €CJIM OHU BCE JBUTAIOTCS C OJIMHAKOBOW CKOPO-
CThI0, 00J1aaeT HauOOobIIEeH JIMHON BOJHEI ¢ bpoitns?
Bapuantsl oTBeTa:
1. mpotoH; 2. HEUTPOH; 3. MO3UTPOH; 4. JJIMHA BOJHBI Y BCEX MEPEUUCICHHBIX Ya-
CTHIl OJIMHAKOBA; 5. alibpa — YaCTHIIHI.

25. /Be+;H — X+'!B
B nanHo# peakuuu yactuna X - 3710...

BapuanTsl oTBeTa
l.anbda — yactuia; 2. HEUTPOH; 3. ANEKTPOH; 4. MPOTOH; 5.MO3UTPOH.
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1.

BAPUAHT 4

2. . 3
Touka aBUXKETCS MO 3aKOHY ¥ =t" i + 2t j + (t° -1)k. DTO IBMXKEHUE TTPOUCXO-
JUT TIOJ IEUCTBUEM CHJIBI, KOTOpasl mapajuiebHa. ..

BapuanTsl oTBeTa:

1.

N ol

miockoctu XOZ;

miockoctu YOZ;

ocu OX;

miockoctu XOY;

ocu OZ.

Touka IBUKETCS C TOCTOSHHBIM HOPMAJIbHBIM YCKOPEHUEM 110 TPAEKTOPHUH,
MOKa3aHHOM Ha pUCYyHKe. B Kakol Touke TpaeKTopuu €€ CKOpOCTh OyAET MH-
HUMajbHa?

M
BapuanTts! oTBera:
I. Q "
2. K
3. L L
4. M
Q
5. N
3. YKaxuTe yclIOBUsS COXPAHEHUSI MOMEHTA UMITYJIbCA B CUCTEME:
A. 3aMKHYTOCTb CUCTEMBI.
b. KoHcepBaTuBHOCTH B3aUMOACHCTBUM.
B. HeusmeHHOCTH CKOPOCTH YACTHII.
I. IlocTOosTHCTBO MacChI YaCTHII.

Bapuantsl oTBeTa:

1.

N ol

TOJIbKO A u B;

TOJIBKO A;

ToJIbKO A, b u B;

TOJIBKO b;

BCE€ 3T YCJIOBUSI.

MousipHas TEII0EMKOCTh MpHU MOCTOSIHHOM o0beMe Cy i1 HEKOTOpOro rasa
paBHa 1.5 R (R — yHuBepcasibHas razopas nocrosinHas). CKOJIbKO aTOMOB CO-
JEPKUT MoJIeKyJia 3Toro raza? CuuTaTh, 4TO aTOMbI B MOJIEKYJIE€ KOJIeOaHUHN HE
COBEPIIALOT.

Bapuantsl oTBeTa:

1. nBa;
2. JJI8 OTBETa HEJOCTATOYHO JAaHHBIX;
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3. omuH;
4. Oosnbllie Tpex;

5. TpH.
S. BenuuuHa cuiibl TAroTeHUs, IEHCTBYIOLIEH HA TOYEYHYIO MacCy CO CTOPOHBI

3emid, paBHa F(r), T€ I — pacCTOSIHUE OT LIEHTpa 3eMJIU 10 TOYEYHON MAaCCHI.
npejnoiaraeTcs, uto 3emisi — olHopoiHas cdepa paguyca R. Uemy paBHO OT-

FR)

HOIICHHUC !
F(2-R)

Bapuantsl oTBeTa:
1. 2;

Nk
0

32.
6. AnnabaTuyecKUMU IpOLECcCaMu SBIISIOTCS:
A.  Ilpomecch 6e3 TemiooOMeHa MEXTy CUCTEMON U OKpY Karollel cpeoi.
b. Bce ObIcTpo npoTeKaromue npoIecchl.
B.  Ilpoueccsl, npu KOTOpBIX paboTa HaJ OKPYKalOUMMU TeJIaMH COBEpIIa-
€TCs 3a CYET U3MEHEHUSI BHYTPEHHEW SHEPTUU CHUCTEMBI.
I'.  Tlporecchl, ypaBHEHHS KOTOPBIX HMEIOT BH pV'=const, rje p — aaBJie-
Hue, V — 00beM, Y — kodddunuent [lyaccona.
Bapuantsl oTBeTa:
1. Bce 3T mporueccsl;

2. tonwko b u B;

3. A,buB;

4. TONBKO A;

5. tonpko A u b.

7.  3HayeHue yMcia cTeneHel cBOOO bl HEKOTOPOTO ra3a Mno3BoJIsE€T ONPEIETUTh:

A.  BHYTpeHHIOIO 3HEprui0 OJHOTO MOJIS ra3a MIpU U3BECTHOM TeMIeparype.
b. DHEPruio OJHOM MOJIEKYJIbI Ta3a MPU U3BECTHOU TEMIIEPATYPE.
B.  MoisipHyto TeII0eMKOCTSD IIpU p = const i V=const.
I Koadouuuent [lyaccona (mokazarenpb aguadaThl) AJi TaHHOTO rasa.

Bapuantsl oTBeTa:
1. Tonbko A;
TOJIbKO A u B;
BCE ATH NapaMETPHI;
A, bu B;
TONbKO b u B.

Aol
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10.Yxaxute rpaduk 3aBUCUMOCTH BEKTOPa 3IEKTPUIECKON HHAYKIMHU D ot
PACCTOSIHUS /111 PABHOMEPHO 3apPSKEHHOTO MO 00BbEMY TUAIEKTPUUECKO-
ro Imapa.

DA DA

®

0 > X
D A D 0 A .
0
0
A .
D !
@
: > X
0
Bapuantsl oTBeTa:
1L
2. b;
3. A
4. B;
5. T.
9. VYkaxurte HakTopsl, BIUAIONINE HA TO, YTO HUTH JIAMITbl HAKaJMBAHUS Yallle
BCETO MEPErOPaAET IIPU BKIIOUYCHUHU.
A.  C TedyeHneM BpeMEHH M3-3a UCMIAPEHUS BOJIb(pamMa YMEHbIIAETCs ceve-

HHUC HUTHU.
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b. VY X0101HOW HUTH COMPOTUBJICHUE MEHBIIIE U TI0O HEM POXOIUT OO0JTb-

IIOM TOK.

B. Termiora, BBIIEISIONIAACSA B IPOBOJHUKE IPU HEU3MEHHOM HaIIPSIKECHUU,
MPOIMOPLIMOHAIIBHA CUJIE TOKA.

I. [Ipu BKIHOYEHNH TPOUCXOAUT CKAYOK HAIPSKEHUS HA HUTH.

Bapuantsl oTBeTa:

10.

1.

N ol

TOJIbKO A u B;

TOJIBKO A;

TOoNbKO b u B;

TOJIbKO A u B;

TOJBKO b.

[TpoBOAHUK TUAMETPOM 2 CAHTUMETpPa COACPKUT 1-10* CBOOOMHBIX IIIEKTPO-
HOB B KaXX7oM KyOuueckoMm metpe. st anekTpuueckoro Toka cuioin 100 A,
CKOPOCTb Jpeiida cCBOOOTHBIX 3JIEKTPOHOB B MPOBOJHUKE HarbOoiee Oau3Ka K

Bapuantsl oTBeTa:

11.

Bapuantsl oTBeTa:

12.

l.

NN

NhAELD =

6-10"*m/c;
5-10"m/c;
5-10"m/c;
8-107m/c;
1-10"m/c.
Yemy paBHa IIUPKYIANKS BeKTopa B 1Mo 3aMkHyTOMY KOHTYpY L?

(Lo — MarHuTHAs TTIOCTOSTHHAS )

wo(-I1+1x+13)
no(Ii-I+13)
no(Ii++l)
to(-1i-Ir-13)
to(-1i-I»-15)

OT 4ero 3aBUCUT ONITUYECKAsi PA3HOCTh X0Jla CBETOBBIX BOJIH IpU UHTEp(e-
PEHIIMU B TOHKOM IJICHKE?

A.  OT TONIIMHBI TIJICHKHU.

b. Ot nokazaTest peIOMIICHUS TICHKH.
B. Ot yrna nageHus BOJHBI HA MICHKY.
I. OT aMIIUTyABl NaJAIOIIEH BOJHBI.

Bapuantsl oTBeTa:

1.

Tonbko oT b u I
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TObKO OT Bu I';

oT A, bu B;

OT BCEX ITUX (PAKTOPOB;

TOJIbKO OT A u b.

13. Ha pucynke n3o0pakeHbl BOJIbTAMIIEPHbBIC XapaKTEPUCTUKH OJHOTO U TOTO KE

Nk

dboTod5IeMeHTa TP PA3TUYHBIX YCJIOBUSAX. KakuM yCIOBHUSIM COOTBETCTBYIOT
9T rpadukn? (v —yactoTa cBeta, @ — CBETOBOM MOTOK)

Bapuantsl oTBeTa:

Vi > vy, @ > Dy,
Vi > vy, O = Dy,
Vi = vy, O > Dy,
Vi < vy, O = Dy,
v < Vo, cD] < CDQ. 0

Nk =

v
C

Us; Usy

14.Viaxute rpadh vk 3aBUCUMOCTH HANPSIKGHHOCTH DJIEKTPUUECKOTO TI0JIs OT pac-

CTOSIHMS 1151 O§CKOHEYHON PAaBHOMEPHO 3aPXKEHHOM TUIOCKOCTH.
E, E, | @
: > X
0 0
A

A

E, Ex
0
0 A
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Bapuantsl oTBeTa:

1. T;
2. A
3. b;
4. JI;
5. B.
15. Yemy paBHO IPUBEICHHOE HIKE BRIPAKECHUE JJIsI DJICKTPOCTATUUECKOTO TOJIS B
TABJIEKTPUKE?
2
[ E,dl =
1
A =[par.
V
B =—gradp
B L,
£,E
I =0, —Q,.
1 B

Bapuantsl oTBeTa:

I

op!

. e

o .

NhAELD =
g

w

16. OrpunatenbHbIi 3aps] JBUKETCS BOJIM3U JJIIMHHOTO MPSIMOTO POBOA, O KO-
TOpPOMY TeueT AnnekTpuueckuil Tok. Ha 3apsin Oyzaer nelictBoBath cuja, Ha-
IIpaBJIEHHAs K IPOBOAY, €CIIN 3apsij IBUKETCS B HANPABJICHUU:

Bapuantsl oTBeTa:

1. ot mpoBoaa;

2. B HaIpaBJIEHUH, IPOTUBOIIOJI0KHOM TOKY;

3. mepneHAuKYISIpHO 00OMM HaIpaBICHUSIM: U HAIIPaBICHUIO TOKA, U HaIpaBlie-
HUIO OT 3apsiia K MPOBOAY;

4. B TOM K€ HaIPaBJIECHUH, UYTO U TOK;

5. K IpoBOLY.
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17.

Cuna Jlopenna...

A.  OTHOCHUTCS K KJIACCY THPOCKOMTUYECKUX CHII.

b. N3MmensieT HanpaBlIeHUE CKOPOCTH ABUKEHUS 3apsia.
B. N3MeHseT BennunHy CKOPOCTH 3apsia.

I. CooO1aet 3apsiry HOpMaJIbHOE YCKOPEHHUE.

Bapuantsl oTBeTa:

1.

18.

N ol

bul;

A bul;

b,Burl

A ub;

b u B.

IIpn KOMHATHOM TeMmepaType COPOTUBIICHUS PE3UCTOPOB U3 MOJYITPOBOIHHU-
Ka U MeTaJllla OKa3aJluch OJJUHAKOBBIMU. Korma 3Tu pe3ucTopsl Harpeiu, ux
CONPOTHUBIICHUSI U3MEHUIUCH. Kakoe yTBepKI€HNE OTHOCUTCS K TTOJTYTPOBOI-
HUKOBOMY pE3UCTOPY?

Bapuantsl oTBeTa:

l.

N ol

19.

yJleIbHas 3JIEKTPOIPOBOIHOCTD YBEIMUNIIACH;
CONPOTHUBJICHHE U3MEHUJIOCH KaK JTUHEHHAas (PYHKIHUS TEMIEPATYphL;

YIIE€IIbHOE CONPOTHUBIICHUE YBEIUYHIIOCH;

KOHIIEHTpALUsl HOCUTEJIEH 3apsiia HE U3MECHWIACK;

JUIMHA CBOOOIHOTO Ipo0era 3JeKTPOHOB BO3POCIIA.

Ha pucyHnke o ropu3oHTanu OTJIOKEHA BEJIMYNHA HAPSIKEHHOCTU MarHUTHO-

T'0 ITOJIA H, a 110 BCPTUKAJTIN — BEIINYNHA HAMAI'HUYCHHOCTH.

Kakoit u3 rpadukoB OyeT COOTBETCTBOBATh HAMArHUYMBAHHUIO ITApaMarHeTH-
Ka?

\Y4

©) ©

v
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Bapuantsl oTBeTa:

20.

NhAELD =

OpHOponHOE MarHuTHOE Iosie B HampaBieHO OT HAC MEPHEHAUKYIISIPHO ILIOC-
KOCTH PUCYHKAa U CYIIECTBYET TOJBKO B MPSIMOYTOJIbHON 00JacTH (PUCYHOK).
[IpoBONOYHBIN KOHTYp B (popMe MOIYOKPY>KHOCTH PaBHOMEPHO BpallaeTcs
IIPOTHB YaCOBOW CTPEJKH B IUIOCKOCTH PUCYHKAa BOKPYT OCH A, IpOXOASIIEr
yepe3 cepeiMHy AMaMeTpa Ha rpaHuie obsactu nois. Kakoi u3 ciepyrommx
rpauKoB HaUIy4IIUM OOpa30M OIMHUCHIBAET 3aBUCUMOCTD 3JIEKTPOABIKYIIEH
CWJIbl UHIYKIIMU OT BPEMEHU?

o
v

o
v
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Bapuantsl oTBeTa:

rpauk [1;
rpadux B;
rpadux A;
rpadux b;
rpadux I'.
21. Kaxk u3menutcs unTep(epeHInoHHas KapTUHA Ha SKpaHe, eClIu UCTOYHUKU

NhAELD =

cBeTa Sy U S; OyAyT UCITYCKATh CBET C MEHBIIICH IJTMHON BOJTHBI?

Bapuantsl oTBeTa:
1. yBemuuuTcs ynuciao uHTepHEepEeHIIMOHHBIX MOJIOC;
YMEHBIIUTCS UHTEHCUBHOCTB I10J10C;
YMEHBIIUTCS YUCI0 UHTEP(EPEHIIMOHHBIX MOJIOC;
YBEIIMYNUTCS UHTEHCUBHOCTH I10JIOC;
YMEHBIIUTCS MHUPUHA UHTEPPEPEHIIMOHHBIX MOJI0C.
22. Ykaxure ycIOBHS IJIaBHbIX MaKCUMYMOB st nudpakunu OpayHrodepa Ha
IuGpaKkMOHHON peleTKe.
Bapuantsl oTBeTa:

1. bsin ¢ = +mA (m=1,2,...);

dsin ¢ = £(P/N)A (P=1,2,... N-1,N+1,...2N-1,2N+1...);
dsin ¢ = +nA (n=1,2,...);

sin ¢ = 1,22 A /D;

bsin ¢ = +2m+1) A 2 (m=1,2,...).
23. CootHomieHue HeonpeaeneHHocTel [ eiizeHOepra yka3blBaeT Ha:
A.  HecoBepiieHCTBO U3MEPUTENBHBIX TPHUOOPOB.

NN

AT A

b. ['paHnIly MPUMEHUMOCTHU KIACCUYECKUX MOHATHH.
B.  OrcyrcTBUE NPUUYMHHOCTUA B MUKPOMHUPE.
I. Hannuwne BOTHOBBIX CBOMCTB Y MUKPOYACTHIL.

Bapuantsl oTBeTa:
1. tonbko bu I’
2. tonbko Bu T
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W

BEPHBI BCE 3TU YTBEPKIACHUS
ToNbKO A 1 b
ToNbKO A 1 B
24. HauOounblas qiauHa BOJHbBI PEHTI€HOBCKUX JIy4eil, KOTOPbIE MOT'YT UCIIBITHI-
BaThb OPArTOBCKYIO AUPPAKIUIO HA CEMEICTBE KPUCTAINIMYECKHUX TUIOCKOCTEH,
HaXOJSIINXCS Ha paccTostHUM d IpyT OT Apyra, paBHa:
Bapuantsl oTBeTa:
1. d/2;
2. 2d;
3. d;
4. 4d;
5. d/4.
25. ATOMHOE IpO COCTOUT:
Bapuantsl oTBeTa:
1. U3 MO3UTPOHOB U HEUTPOHOB;
13 DJIEKTPOHOB, IPOTOHOB U HEUTPOHOB;
U3 DJIEKTPOHOB U IIPOTOHOB;
TOJIBKO U3 HEUTPOHOB;
Y3 IPOTOHOB U HEUTPOHOB.

Nl

Nk
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3.3. IlpumepHbIe 3aIaHUA JUIS KOHTPOJLHBIX PadoT

1-ii cemecTp
KOHTPOJIBHAS PABOTA (mo pa3aeay «MexaHuKa»)

BAPUAHT Ne 1
1. HeBecomplii 6JI0K yKperieH Ha BepUIMHE HAKJIOHHOW TUIOCKOCTH, COCTaBIISIOIIUN
¢ ropuzoHToM yroa a = 30°. Tupu A u B maccoii 1 Kr. coeIuHEHBI HUTBIO, TIEPEKUHY-
Toit yepe3 Omok. Koaddurment tpenus rupu B 06 HakioHHyro miockocts k = 0.1.
Haiitu yckopenue, cuiny HaTshkeHUs HUTU. TpeHuem B OJ0ke mpeHeOpeyb.
2. Ilnatpopma, umeronias GopMy IHUCKa MOMKET BpPAIATHCA OKOJIO BEPTUKAIbHOU
ocu. Ha kpato mnatdopmsl cTout yenoBek. Ha kakoii yron moBepHercs miaTdopma,
€CJIM 4YeNIOBEK MOWJs BAOJb Kpas IUIaTQopMbl, U, 000N, BEPHETCS B MCXOJIHYIO
Touky. Macca mnardopmbl M; = 240 xr, macca yenoBeka M, = 80 kr. MoMeHT unep-
[IMU YeJIOBEKA PACCUUTHIBATh KaK /I MaTepUAIbHON TOUKHU.
3. Cuapsa, netsmuid co ckopocthio V, = 500 m/c, pa3zopBajicsi Ha JBa OCKOJIKa.
MeHbuii 0cKoJIoK, Macca KoToporo coctasisieT 20% oT 0ObIYHOM Macchl CHapsija,
MOJIETEJI B MIPOTUBOIIOJIOKHOM HampaBjieHUU co ckopocThio Vi = 100 M/c. Ompene-
JIUTH CKOPOCTh V; OOJIBIIET0 OCKOJIKA.

BAPUAHT Ne 2
1. OnHopoaubIi muMHAP Macckl m; = 10 kr, paguyca R = 0.1 m Bpamaercs 6e3 Tpe-
HUS MO/ IEUCTBUEM I'py3a Maccol mp = 2 Kr. NPUKPEIVIEHHOr0 K HEBECOMOW HUTH,
HaMOTaHHOM Ha LWIMHIAp. HalTu 3aKOH ABM)KEHUS Teja, €CIU HadaJlbHOE IOJIOXKE-
Hue tena f, = 0 1 HadanbHast CKOPOCTh V, = 0.
2. Tpu rpy3a Maccoi 1o 5 Kr CBs3aHbl HUTHIO U JBUXKYTCS IO TOPU30HTAIBHOM TIJI0C-
KOCTH TOJI IeWCTBHEM TOpU30HTaNbHOU cuiibl 20 H, mpuiioxkeHHOM K TepBOMY Tpy3y.
OnpenenuTs YCKOPEHHE CUCTEMbI U CUJIbI HaTsKeHUs! HUTel. Cuiiol TpeHus mpeHeo-
peub.
3. V3 aBTOMaTH4eCcKOro nNucTojeTa Bbuierena myns Mmaccoi m = 10 r u ckopoctbio V
= 300 m/c. 3aTtBop muctoiera Maccod M = 200 r mpruHUMAETCS K CTOJY MPYKHUHOM,
&KecTKOoCcTh kKoTopoit k = 25 kH/M. Ha kakoe paccTosiHue 0TOi1eT 3aTBOp MOCTE BbI-
ctpena? CyuTaTh YTO MUCTOJIET )KECTKO 3aKPETLIEH.
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BAPUAHT Ne 3
1. K moTonky BaroHa nojiBeiieH rpy3. Baron TopMo3uTcsi U €ro CKOPOCTh U3MEHUTCS
Ha Dy = 12 v/c 3a Bpems D; = 3 c¢. Ha xakoii yros npu 3ToM OTKJIOHHUTCS MPHU 3TOM
HUTH C apom?
2. luck paguycom R =20 cM 1 maccoil m = 6 Kr Bpaiaercs ¢ 4actoToit n = 18 o06/c.
[Ipu TopmoOXeHUU OH ocTaHaBiuBaeTcs, cieiaB 20 oboporoB. CuuTas BpalleHUE
paBHO3aMeJIJIEHHBIM, ONIPEIECIUTh BPEMSI TOPMOKEHUS U TOPMO3SIIUA MOMEHT.
3. UenoBek cTouT Ha ckaMmeiike JKyKOBCKOTO U JIOBUT Msid Maccoll m = (0.4 Kkr, jeTd-
1 B TOPU30HTAJIBLHOM HaIlpaBiIeHUU co cKopocThio V = 20 m/c. Tpaektopust msua
MPOXOJIUT Ha paccTossHUU r = (0.8 M OT BEepTUKAIBHOW OCU BpalleHus ckamenku. C
KaKoM YIJIOBOM CKOpPOCTBIO W HAuHET BpallaThecsi ckameika JKyKOBCKOTO ¢ yelnoBe-
KoM, mnoiimaBuiero ms4? CyuTarh, 4TO CyMMapHbIi MOMEHT MHEpPLUU YEJIOBEKa U
ckameiiku [ = 6 kr M.

BAPUAHT Ne 4
1. Kakyro ckopocTh IOMKEH MMETh CaMOJIET, BhINONHAOMMKN "nerno Hecteposa',
YTOOBI B BEpXHEH TOUKE JIETYUK HAXOAMWIICS B COCTOSHUM HeBecomocTu? Paauyc net-
u 300 m.
2. Ha Gapaban paauycom R = 0.5 M HaMoTaH WIHYp, K KOHI[y KOTOPOTO MPHUBSI3aH
rpy3 maccoit m, = 10 kr. HaiiTu MoMeHT mHepiuu OapabaHa, €clid MU3BECTHO, UYTO
Ipy3 ONMYCKACTCS ¢ YCKOPEHHeM a = 2 M/c’.
3. Axpobart nmagaeTr Ha ceTKy ¢ BbIcOThI h = 8 M. Ha kako#t npeaensHoil BbhicoTe hl
HaJ[ TIOJIOM HaJ0 MOCTAaBUTh CETKY, YTOOBI akpoOaT He yJaapwicsa Npu npebkke. U3-

BECTHO, UTO ceTka nmporudaercs Ha X;=0.1 M, eciau akpoOaT CTOUT Ha HEH.
2-i1 cemecTp
KOHTPOJIBHAS PABOTA (mo pa3geiy «JeKTPUYECTBO H MATHETH3M»)

BAPUAHT Ne 1
1. JIe mapasnmienbHble 3apsHKEHHBIE IIOCKOCTH, TOBEPXHOCTHBIC TUIOTHOCTH 3apsjia
KOTOPBIX S| = 2 MKi/mM* 1 s, = -0.8 MKKH/MZ, HaxonaTcs Ha paccrossaun d = 0.6 cm
pyr ot npyra. Onpenenutb pa3HOCTh TOTeHIIMaI0B U MEX Y TIJIOCKOCTSIMH.

2. OnpenenuTh CUIIY TOKa B KQKJAOM 3JIEMEHTE U HANPSXKEHUE HA 3aKMMaxX peocTara,
ecmme;=12B,Ri=10mM,e,=6B,R,=1.50mu R =20 Owm.

236



3. 3a Bpemsi t = 8 ¢ mpU PaBHOMEPHO BO3pACTAIOIICH CUJIE TOKA B MPOBOJHHUKE CO-
npotuBiieHueM R = 8 OM Boiaensnock koandectBo Temnotel Q = 500 JIx. Onpene-
JIUTH 3apsll (, NPOTEKIIUN B MPOBOJAHUKE, €CIIM CHJIA TOKA B MOMEHT BpeMeHu t = ()
paBHa HYJIIO.

BAPUAHT Ne 2
1. TloBepXxHOCTHasl TUIOTHOCTH 3apsija OCSCKOHEYHOW MPOTSIKEHHOW BEPTUKAIHHOM
miockocTH paBHa 400 MkKin/m”. K II0CKOCTH Ha HUTH TOBEIIEH IIAPHK MAcCOoi m =
10 r. Onpenenuts 3apsa Q mapuka, €Clid HUTh 00pa3yer ¢ II0CKocThIo yrou f= 30°.
2. Pe3uctop conportusieHuemM R = 6 OM NOAKIIOUYEH K ABYM MApAJICIBbHO COEIH-
HEHHBIM MCTOYHUKAM TOKa C 3.1.C. €= 2.2 B u e,= 2.4B 1 BHYyTpEHHUM CONPOTHUBIIEC-
Huem R; = 0.8 Om u R; 0.2 OMm. Onpenenuth cuiny Toka I B 3TOM pe3ucTope v Ha-
npspbkeHue U Ha 3a)KMMax BTOPOr0 UCTOYHUKA TOKA.
3. B pe3uctope conpotusiennem 20 Om cuiia Toka 3a 5 ¢ JIMHENHO BO3pocia oT 5 10
15 A. Kakoe KoJIM4eCTBO TEIUIOTHI BBIICIMIIOCH 32 3TO BPEMS?

BAPUAHT Ne 3
1. Ha OeckoHEYHOM TOHKOCTEHHOM UUIUHIpe auamerpoM d=20 cM paBHOMEPHO
pacnpeneneH 3apsii ¢ HOBEPXHOCTHOM IIOTHOCTBIO S = 4 MiKi/m?. Onpenenuts Ha-
MPSKEHHOCTD MOJIS B TOYKE, OTCTOSIIIEN OT MOBEPXHOCTH HWJIMHApPA HA a = 15 cm.
2. B cetb ¢ HanpsikernreM U = 100 B noakIIr0umiIn KaTylkKy ¢ CONpOTUBIECHUEM R =
2 kOM U BOJIBTMETpP, COEAUHEHHBIE TIOCIEN0BaTENIbHO, [lokazanue BonpT™MeTpa U =
80 B. Korga xarymky 3amMeHWIM Opyrou, BoiasTMeTp nokaszan U, = 60 B. Onpene-
JIUTh COMPOTUBIICHUE Ry Ipyroil KaTymiky.
3. OnpenenuTs KOJIMYECTBO TEIIOTHI Q, BhIAenuBIIeecs 3a Bpems t = 10 ¢ B mpoBo-
HUKe conpotusiaeHueM R = 10 Om, ecnu cuiia TOka B HEM, PABHOMEPHO YMEHBIIASCH,
n3Menuiack ot I; =10 A no I, = 0.

BAPUAHT Ne 4
1. C kakoil cuion, NpUXOIAIIeHCS Ha €AUHULLY TIJIOIIAaAu, OTTAJIKUBAIOTCS IBE OJIHO-
MMEHHO 3apsiKEHHbIE OECKOHEUHO MPOTSHKEHHBIE TUIOCKOCTH C OJIMHAKOBOMW TMOBEPX-
HOCTHOIT INIOTHOCTBIO 3apsiia s = 2 MKKi/M™?
2. 3apsg paBHOMEPHO pacHpeiesieH M0 OECKOHEYHOM IUIOCKOCTH C TMOBEPXHOCTHOM

2
mwiotHocThio 10 MKi/M”. Onpenenuth pa3HOCTh MOTEHIIMATIOB JABYX TOYEK IOJISI, OJ1-
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Ha U3 KOTOPBIX HAXOJIUTCS Ha IUIOCKOCTH, a Apyras yJajeHa o Hee Ha pacctosHue 10
CM.
3. Karymika u aMnepmMeTp COeIMHEHBI NOCIEN0BATENBHO K HCTOYHUKY ToKa. K Kie-
MaM KaTyLIKH IPUCOEAUHEH BOJBTMETP C comnpoTuiieHneM 4 kOM. AMrepMeTp mo-
ka3piBaeT cuiny Toka 0.4 A, BonpT™eTp - Hanpspbkenue 120 B. Onpeaenuts Hanpsbke-
Hue KaTymku. CKOJBbKO MPOLEHTOB COCTABUT OLIMOKA, €CIU MPU ONPEICTICHUH CO-
MPOTUBJICHUS KaTYIIKU HEe Oy/IeT yYT€HO COMPOTUBICHUE BOJIbTMETpA?

BAPUAHT Ne 5
1. /IBa mapuka maccoil 1 r KaKIplii NOABELIEH HA HUTAX, BEPXHUE KOHIIBI KOTOPBIX
coenuHeHbl BMecTe. [{nmHa xaxnoil Hutu 10 cm. Kakue ogmHakoBble 3apsanbl HAAO
COOOIIMTE MIAPHKaM, YTOO0BI HUTH PA30ILIKCh Ha yroi 60°?
2. ITeimmaka mMaccoit 20 Mkr, Hecymas Ha cede 3apsa 40 uKn, Bierena B dJieKTpude-
CKOE I0JIE B HAaIPaBJIEHUH CWIOBBIX JUHUM. llociie mpoxoxaeHus pa3HOCTH NOTEH-
nuanos 200 B npuinaka umena ckopocts 10 m/c. Onpeaenutb CKOpoCTh NBUIMHKH A0
TOTO, KaK OHa BJIETENIA B IOJIE.
3. Conporusienue r; = 5 OM, BOIBTMETP U UCTOUHHUK TOKA COECTMHEHBI MMAPAIIIENBHO.
Bonbrmetp nokassiBaeT Hampsikenne U=2 B Onpenenuts 3JIC u BHyTpeHHEE CO-

IMPOTHUBJICHUC NCTOYHUKA TOKA.

3.4. IlpumepHBbIEe BOOIPOCHI JUIS MOATOTOBKH K DK3AMEHY

CTyneHThl OCYIIECTBIISIIOT MOATOTOBKY K 3K3aMEHY B COOTBETCTBUH C dK3aMe-
HAIlMOHHBIMU BOIIPOCAMU, PUMEPHOE COJEPKaHNe KOTOPBIX AaHO B 11.8.2. «Paboueit

MIPOTrPaMMBbD».
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3.5. IlpumepHoe coaepkaHue YK3aMEeHAIMOHHBLIX OWJIETOB

1-if cemecTp. Mexanuka. Moseky/asipHast Gusnka

BUJIET Ne 1

1. Mexanndeckoe OBHKEHHE. Panmyc-BEeKTOp, CKOpOCTh, yckopeHue. Hopmanb-
HOE ¥ TAaHT'€HIUAJIbHOE YCKOPEHUE.

BriBog 3akoHa [lyaccona s agmabaruyeckoro mnpoiecca.

3. Urpaer nu posib NpH NPBDKKAX B JUIMHY, HACKOJIBKO BBICOKO BbI IpbITacTe?
Kaxkue (akTopsl onpenensoT 1adbHOCTh NPbhKKa?

4. B Oammone oobemoMm V = 25 11 HaxoauTcs Bogopo mpu temrneparype T = 290
K. Ilocne Toro kak 4yactb BOAOPOJA U3PACXOJI0BAJIH, aBlieHUE B OajloHe TO-
Hu3unock Ha Ap = 0,4 MIIa. Onpenenutrs Maccy m U3pacxoJOBAHHOIO BOJO-
pona.

BUJIET Ne 2

1. Ilepssiit 3akoH Herotona. IlpuHnun otHocurensHOcTH ['anunes. MHepruans-
HBIE CUCTEMBI OTCUETA.

2. TenmoeMKOCTh IPH MOCTOSSHHOM JaBJICHUU U MOCTOSHHOM o0beme. Dopmyna
Maiiepa.

3. Kakoe IBM>KEHUE Ha3bIBAIOT PAaBHOYCKOPEHHBIM? B KakuX ciaydasx TEJO JBHU-
KETCsI PABHOYCKOPEHO (YKaXKuTe yciaoBue)?

4. bamnon oobemoM V = 30 11 COEpKUT CMECh BOAOPOAA U TeJIHS MPU TEMIIepa-
type T = 300 K u naBnenun p = 828 klla. Macca m cmecu paBna 24 r. Onpe-
JEIUTh Maccy m; BOJOPO/JIa U Maccy m, Ieyusl.

BUJIET Ne 3
1. Bropoii u Tpernii 3akoHbl HptoToHa. [[puHINMI HE3aBUCUMOCTH JEUCTBUS CHUJL.
2. OOpatumble U HEOOpaTUMBbIE MPOILECCHl. DHTPOIHU TEPMOJIUHAMUYECKONU CHUC-
TeMbl. lIpuBenennoe kommdectBo TemmoTel. HepasencTBo Kitayzmyca. 3akoH
BO3pacCTaHUs SHTPOIIHH.
3. Uto xapakTepu3ylT TaHI€HIMAaJIbHAs U HOPMAajbHas COCTAaBJIAIOLINE YCKOpE-
HuA? Kak HampaBlIeHBI 3TH COCTABIISIOIIME W YEMY OHU YHCIEHHO DPAaBHBI?

JlaiiTe MOSICHUTENbHBIN YEPTEK.
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JlaBienwue p rasa papuo 1MITa, KoHIEHTpamms n ero Mosieky: papaa 10'% cm”
> Onpenenuts 1) Temmepatypy T rasa; 2) CpefHIOI KHHETHUECKYIO SHEPIUIO
<gy> MOCTYMATENBHOTO JBUKEHHS MOJIEKYJI rasa.

BUJIET Ne 4
Krnaccudukanus cun 1 BUAOB B3aUMOACHCTBUS.
BBIBOJT OCHOBHOI'O YpaBHEHUSI MOJIEKYISPHO-KUHETUYECKON TEOPHUH.
Kakas cucrema otrcuera HaspiBaeTcsi mHepuuaibHoi? [louemy cuctema orcue-
Ta, CBSI3aHHAas ¢ 3eMJIEH, CTPOro TOBOPS, HEMHEPLUAJIbHA?
B cocyne HaxonuTcs cMech KHCIIOpoJia U Bojgopoaa. Macca m cMecu paBHa 3,6
r. MaccoBas nons o; kuciopona coctasisger 0,6. Onpenenutb KOJIUYECTBO
BEILIECTBA V CMECH,V| U V, KAXKIOT0 ra3a B OTAEIbHOCTH.

BUJIET Ne 5
OcHoBHas 3a1a4a TMHAMUKHU. Y paBHEHHUs ABWKEHU. [IpuMmep: nBr>keHueE Tena
MO/ IEMCTBUEM CHUJIBI TSAKECTH.
O6mue hopmynupoBku Il Hadana TepMoOIUHAMUKHY.
Asnsercsa nu 1 3akon HeroToHa cineacteuem BToporo 3akoHa? Ilouemy? B ka-
KHX CHCTEMAax OTCUeTa CIpaBeNINBbI 3aKOHBI HbtoTOHA?
Haiitu cpennioro aivHy cBoOOAHOro mpodera <A > MOJEKYJI BOJOpoa MpU
nasnenuu p = 0,1 mIla u remneparype T = 100 K

BUJIET Ne 6
Cuctema maTepuanbHbIX TOYEK. LIeHTp macc, CKOpOCTb, YCKOPEHHE LEHTpa
Macc. 3aKOH JIBUKEHUS LIEHTPA MacC CUCTEMbI MATEPUAIIBHBIX TOUYEK.
Haiite onpenenenue u u3o6pasute Ha nuarpamme P-V OoCHOBHBIE MpoliecChl:
M300apHbI U30XOPHBIN, H30TepMUYeCKuid, aarnadbatuueckuii. Chopmynupyiite
3aKOHBI, CIPABEJIUBBIE JJISI 3TUX MPOILIECCOB.
UT0 Ha3bIBAETCS LIEHTPOM MACC CUCTEMBI MaTepUaNIbHBIX Touek? Kak nBuxker-
Csl LEHTP MAcC 3aMKHYTOW CUCTEMBI?
Bomopox 3anuMaet 06bem V, = 10 M° mpu gasiaennn p; = 100 ITa. ['a3 Harpe-
JU TpHU TMOCTOSHHOM o0beme a0 naBieHust p, = 300 xlla. Omnpenenuts: 1)
n3menenne AU BHYTpeHHEH »sHepruu rasa; 2) paboTy A, coBepliaeMmyro ra-
30M; 3) KOJIMYECTBO TEIUIOTHI Q, COOOLIEHHYIO Ta3y.

BUJIET Ne 7
Cuctema MatepHallbHBIX TOYEK. BHEIIHME M BHYTpEHHHE CHIIbl. BbIBOI OC-

HOBHOT'O 3aKOHA ITUHAMUKHU OJIA CUCTCMbI MATCPUAJIIBHBIX TOYCK.

240



Buyrtpennsis sneprusi. Pabora raza npu nusmeHenun oobema. KonuuectBo Ten-
not1el. TermnmoemMkocTs. | Hauano TEPMOIMHAMUKHY.

Kakum criocoboM MOKET 4eslOBeK, CTOSLIMI Ha aOCONIOTHO IJIaJKOM JbAY,
MOKPBIBAIOIIEM TOBEPXHOCTh NPyAa, JOCTUTHYTh Oepera?

I'enuii maccoit m = 1 r. 661 Harpet Ha AT = 100 K nipu nocTosSsHHOM J1aBJIeHUA
p. Onpenenuts: 1) xonuuecTBo Temnotel Q, mepenanHoe rasy; 2) pabory A

pacmmpenus; 3) npupamienre AU BHyTpeHHEW SHepruu rasa.

BUJIET Ne 8
3aKOH COXpaHEHUs! UMITYJIbCa CUCTEMBI Ted. AOCONIOTHO YNPYTUM U HEYTpY-
U yaap 1apos.
Kpyroseie nponeccel. Lukn KapHo u ero k.m.a. TemnoBoi aBuraTeiab U X0J0-
IUIbHAS MallnHa.
Yenosek B JIoAKe, rpeOyLIIUMi MPOTUB TEUEHHUS, TOKOUTCSI OTHOCUTENIbHO Oepe-
ra. CoBepIlaer J1 OH KaKyro-HUOYIb paboTy?
Bonopoa npu HOpManbHBIX yCIOBUsAX uMen o0beM Vi = 100 v°. Haiity m3me-
HeHue AU BHYTpeHHEH PHEpruu rasa npu ero aguadaTuueckoM pacllupeHUuu
10 00bema V, = 150 »p°.

BUJIET Ne 9
Kunemarnka BpamaTenbHOrO [BUKEHHSA. YTIJIOBOE IEPEMEIICHHUE, YTIoBas
CKOpOCTb, YIJI0BOE YCKOPEHHUE.
Pacuet paGoTsl pu 1300apHOM M U30XOPHOM MpOIIECCax.
Pabota pe3ynbTupyromieil cuiabl CBsi3aHa C U3MEHEHUEM KMHETHYECKOM IHEp-
rui. MOXeT U CIYYUThCS, YTO paboTa OJTHOM U3 COCTABISIOIIMX CUJIbI OKa-
&KeTcsi OoJibllle M3MEHEHMs] KUHeTHdeckoil sHepruu? Ecim 3TO BO3MOXKHO,
MIPUBEJIUTE TIPUMED.
[Ipu anrabaTuyeckoM CKaTHHM KUCIopojaa Maccod m = 20 T ero BHYTPEHHS
sHepruga yBenuumiack Ha AU = 8 kJ[k u Temneparypa noBbicuiach 10 T =
900 K. Haittu: 1) usmenenue temneparypsl AT; 2) KoHEUHOE JaBJIEHUE P, €C-
v HadasbHOe Aaienue p; = 200 kI1a.

BUJIET Ne 10
CBs13b MEXy TMHEMHBIMHU U YTIOBBIMU CKOPOCTAMH U YCKOPEHUSMH.
Mukpo- 1 MaKpoCOCTOSIHUSA. DHTPOMUS Kak Mepa Oecropsiika CUCTEMBbI. 3aKOH

bonpumana. CBoiicTBa SHTPONUMU.
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Hekoropslit npeamet, OpolIeHHBI BHU3, OTCKAKUBAET OT 3€MJIM OOpaTHO A0
BBICOTHI B MOJTOpa pasza Oojblei, yeM HavaibHasd. Kakoe 3akiioueHue Bbl
MOXKETE cJieJIaTh U3 ATOro HaOI0AeH s ?

WNneanpubiii Ta3, copepmaronuii nukia Kapho, 2/3 komuyectBa TemioTsl Qi
IIOJIYYEHHOI'O OT HarpemaTelns, OTAaeT oxiaaureno. Temneparypa T, oxianu-

tend paBHa 280 K. Onpenenuts Temneparypy Harpesatens T.

BUJIET Ne 11
CBs13b MEXKly XapaKTEpUCTHKAMH MOCTYNATEIBHOTO U BPAIlaTEIbHOIO ABUMKE-
HUSL.
Kpyroseie nponeccel. Lukn Kapro u ero k.im.a. TemioBoi aBuraTeiab U X0J0-
JIWIIbHAS MaIINHA.
Koneco Bpamaercs BOKpYr OcH, IPOXOASIIECH depe3 ero UeHTp TshkecTH. Ecin
OHO BpallaeTcs ¢ MOCTOSHHOW YIJIOBOM CKOPOCTBIO, TO OOslajaeT ju Jiro0as
BbIOpaHHas TOYKa Ha 000/ie HOpMaIbHBIM ycKopeHueM? O0naaaeT Jid 3Ta TO4-
Ka TaHF€HIIMATbHBIM YCKOpEHUEM ?
B pe3ynbrare H30XOpUYECKOr0 HarpeBaHUs BOJOPOJA Maccoil m = 1 r nasie-
HUE P ra3a yBeJIM4uIOoCh B J1Ba pa3a. OnpenenuTs U3MEHEHHEe AS 3HTpONIUY Ia-
3a.

BUJIET Ne 12
MoMeHT cuinbl. MOMEHT UMITyJIbCa MAaTEPUAIbHON TOYKHU. Y paBHEHUE MOMEH-
TOB. 3aKOH COXPAHEHUSI MOMEHTAa UMITYJIbCA JJIsl CUCTEMbI MATEPUAIIBHBIX TO-
YeK.
Yucno CTOJIKHOBEHUH U JUIMHA CBOOOJHOIO Mpodera MOJIEeKy B razax.
Tpebyetcst onmpenenuTh MOMEHT WHEPIUU Tella CIOXKHOM TreoMeTpUuyYecKon
dbopmbl. MaTeMaTHyecKuil pacyeT B TaKOM CIIy4ae CTAaHOBUTCS KpalHE TpyA-
HBIM. YKaXHUTE CIoco0, ¢ MOMOIIBIO KOTOPOTO MOMEHT MHEPIUU TAKOTO TeJa
MOT ObI OBITh OINPEAEIICH SKCIIEPUMEHTAIBHO.
Kucnopoa Maccoit m = 2 Kr yBeJIMUYUII CBOM 00BEM B n = 5 pa3: oAuH pa3 u3o-
TEPMUYECKH, Apyroi — aanabaruyecku. HallTu u3MeHEeHUs! SHTPONUU B Kaxk-

AO0M U3 YKAa3aHHBIX ITPOUCCCOB.
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BUJIET Ne 13
MowmeHT cuiibl. MoMeHT uHepliui. BeIiBOJ OCHOBHOTO 3aKOHA JUHAMHKHU Bpa-
IATEILHOTO JBIKECHHS TBEPJOTO TeJa. 3aKOH COXPaHEHUS MOMEHTA UMITYJIbCa
JUTst cucteMbl Ten. [lpumep.
O6mue hopmynuposku Il Hadana TepMOIUHAMUKHY.
JlepeBsHHBIN IIap CKaThIBaeTCS BHMU3 0€3 CKOJIBXKECHHS IMOOYEpPETHO MO Ha-
KJIOHHBIM TUIOCKOCTSIM OJIMHAKOBOW BBICOTHI, HO Pa3HOI0 HakKJIOHA. byaer nu
BpeMsl CKaThIBaHUS B OJHOM cilydae OoJbliie, yeM B Apyrom, u noyemy? bynyr
JIM CKOPOCTH I11apa Y OCHOBAHUM HAKJIOHHBIX IIOCKOCTEH OJTMHAKOBHI?
Kycok npaa maccoit m = 200 r, B3sThIii 1pu TeMmeparype t; = -10°C, Obl1 Ha-
rper 10 temmepatypsl t; = 0°C u paciuiaBieH, Mociie 9ero o6pa3oBaBIIIascs
BoJa Oblia Harpera 10 Temmeparypsl t = 10°C. Onpenenuts u3meneHue AS
SHTPOIHMH B X0JI€ YKa3aHHBIX ITPOIIECCOB.

BUJIET Ne 14
Pacuer MomeHTa MHEPIIMU JIJIs1 TEJT pa3IudHOM (HOpPMBI (CTEPKEHB, TUCK). Teo-
pema lllreitHepa.
CrpoeHne U CBOMCTBAa KPUCTAUIMUYECKUX U aMOPQHBIX TeJl. DJIEMEHThI KpH-
crauiorpaduu. BiausHue TUma CBS3M HAa CTPYKTYPY M CBOMCTBAa KPUCTAILIOB.
Jle(heKThI CTPYKTYPBHI.
MoxHO JU miepeiaTh HEKOTOPOEe KOJIMYECTBO TEIUIOTHI BEIIECTBY, HE BbI3BbIBAs
ATUM MOBBIIIIEHUS TeMIIEpaTyphI?
Haknonnas miockocTth, oOpasytomiast yroi o = 25° ¢ II0CKOCTbIO TOPU30HTA,
umeet 1uHy 1 = 2 M. Teno, nBUrasch paBHOyCKOPEHHO, COCKOIB3HYJIO C ATOU
IJIOCKOCTH 3a BpeMmsa t = 2 c¢. Onpenenutb koddduuueHt tpenus f tema o
IIJIOCKOCTb.

BUJIET Ne 15
Mexannueckass pabota. PaGora mocrtossHHOM W mepeMeHHOU cwibl. [Ipumep.
MOoOIIHOCTS.
PaGota npu aguabaTrueckoM Impoiiecce.
B 3umHMIT 1eHb TeMniepaTypa BHYTPEHHEH MTOBEPXHOCTH CTEHBI HEMHOTO HUXKE
TeMIepaTypbl MOMENIEHUs, a TeMIepaTypa Hapy>KHOW MOBEPXHOCTH CTEHBI

HEMHOTO BBIIII€ TEMIIEpaTypbl HApyKHOTO Bo3ayxa. OObICHHUTE 3TO.
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MarepuanbHas TOYKa Maccoil m = 2 K ABMXKETCA MO JAEHCTBUEM HEKOTOPOU
cunbl F cormacHo ypasrenmio x = A + Bt + Ct* + Dt’, te C = 1 m/c?, D

= -2 m/c’. HaifTu 3Ha4eHHs STOH CHIIBI B MOMEHTBI BPEMEHH t; =2 C M t, = 5 C.
B xakoii MOMEHT BpeMEHHU Cujia paBHA HYJIIO?

BUJIET Ne 16
PaGora um kuHernueckas sHeprusa. Teopema 00 U3MEHEHHHM KHHETHUYECKOU
sHeprud. IlonHas KuHeTHYECKass SHEPTUsl TBEPIOIO TEa.
OO6patuMbie 1 HEOOPATUMBbIE MPOLECCHl. DHTPONHS TEPMOJAMHAMUYECKON CHC-
teMbl. [IpuBenenHoe konmvecTBO TeroTel. HepaBencTtBo Knaysmyca. 3akoH
BO3PACTaHUS SHTPOIMUHU.
MoxeT 11 3aJJaHHOE KOJMYECTBO MEXAHMYECKOM SHEPIHM LIETUKOM IpeBpa-
TUTHCS BO BHYTPEHHIOI0? ECin 3T0 BO3MOKHO, IPUBEAUTE NPUMED?
[Mapuk maccoit m = 100 r ynan ¢ BeICOTH h = 2,5 M Ha TOPU30HTAIBHYIO TUIH-
Ty, Macca KOTOpOH MHOTO OOJIbIlIE MAcChl IApUKa, U OTCKOYMII OT HEe BBEPX.
Cuutas ygap aOCOJIOTHO YOPYTHM, ONPENEIUTh HUMITYJILC P, MOJTYYCHHBIN
IJIATOMN.

BUJIET Ne 17
KoHcepBaTuBHbBIE 1 HEKOHCEPBATUBHBIE CHIIbL. [l0TEHIIMANbHAs HEPTUs TENa.
3aK0H COXpaHEHUSI MEXaHUUECKON YHEPTHUH (BBIBO).
PacueT paGoTbl IpH U30TEPMHUUECKOM IMPOIIECCE.
Hekotopoe Teno Bo3BpamaeTcs B CBOE NEPBOHAYAIBHOE COCTOSIHUE MOCIE
IIPEBPALIEHUS €0 MEXaHUYECKOW YHEPTUM BO BHYTPEHHIOKO B PE3YJIbTATE TpE-
Hus. byner am 3TOT mponecc oOpaTUMBIM € TEPMOJIMHAMHYECKOW TOYKU 3pe-
HUA?
Yepes 050k, uMeromuid Gpopmy amcka, nepekuHyt muyp. K koHuam mHypa
npuBA3anu rpy3uku maccod m; = 100 r u mp = 110 r. C kakuM yckopeHueM
OyIyT ABUTATbCS TPY3HKH, eciii mMacca m Osoka paBHa 400 r? Tpenue npu
BpalieHUH 0JI0Ka HUYTOXKHO MaJIo.

BUJIET Ne 18
Pacuer noreHnMaNbHON HEPrUU TEda B MOJIE PA3IUYHBIX CHII (IpaBUTAI[MOH-
HOE€ B3aUMOJIECHCTBUE, YIIPYTo Ae(POpMUPOBAHHAS MIPY>KUHA).
Haiite onpenenenue u u3odpasute Ha nuarpamme P-V OoCHOBHBIE MpoliecChl:
M300apHbI U30XOPHBIN, H30TepMUYeCKuid, anunadbaruyeckuii. Chopmynupyiite

3daKOHBI, CTIPABCAJINBBIC IJIA 3TUX ITPOUCCCOB.
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Kakue ¢aktopsl yMEeHBIIAIOT K.I.J. TEIJIOBOrO JBUTATENs 1O OTHOIICHUIO K
€ro IPENEIbHOMY 3HAYCHUIO?

YenoBek cTOoUT Ha ckambe JKyKOBCKOro M JOBUT pyKoil Ma4 maccoil m = 0,4
KT, JIETSIINI B TOPU30HTAIIBHOM HalpaBJIEHUH cO CKopocThio v = 20 m/c. Tpa-
EKTOpHUS MsA4Ya MPOXOAUT Ha paccTossHuMU r = 0,8 M OT BEpTUKaJIBHON OCH Bpa-
nieHus ckambu. C KakoW YrjoBOM CKOPOCTBIO ® HAYHET BpallaThCsA CKAMBS
JKyKOBCKOIO € 4ENOBEKOM, MOWMAaBLUINM Ms4, €CJIM CYMMAapHbI MOMEHT HUHEP-

2
UM J 4ETTOBEKa U CKaMbU PaBeH 6 Kr'M”?

BUJIET Ne 19
Kunematuka xuakocTty. JIunuu u TpyOKku Toka. Y paBHEHHE HEPAa3pHIBHOCTH.
PacueT paGoThl IpH U30TEPMHUUECKOM IMPOIIECCE.
Yro6s1 Hanbosee 3p(HEeKTUBHO YBEIUYUTH K.I1.J. TEIUIOBOTO JABHUrartess, pado-
taroiero no uukiay Kapno, Oynere iau Bbl yBeIMYMBATh TEMIEpaTypy Harpe-
Baress T, ocTaBisis TeMIlepaTypy XOJoAWJIbHUKA T, MOCTOSHHOM, UK TOCTY-
UTe Ha000pOT?
[Inatpopma B Buse aucka paguycom R = 1 M, Bpalaercs 1no MHEpLUUHU C Yac-
TOTOM n; = 6 MuH"' . Ha kparo miaTdopMbl CTOMT YeIOBEK, MACCa M KOTOPOTrO
paBHa 80 kr. C kakoil yacTOTOM n OyJeT BpamaThes miatgopma, eciu YeJoBeK
nepeiizer B ee rentp? Moment nnepimn J matgopmsr paser 120 kr-m>? Mo-
MEHT MHEPIIMH YEJIOBEKa PACCUUTATh KakK JJIsl MaTEPUAIbHON TOUYKH.

BUJIET Ne 20
VYpasuenue bepuynnu (BeiBon). CraeacTBus U3 ypaBHeHUs bepHyin.
Buytpennsis sneprusi. Pabora raza npu nusmeHenun oobema. KonuuectBo Ten-
70ThL. TennoeMKocTh. | Hauano TepMOINHAMUKH.
[losicHUTE, MOKHO JM OXJIAJUTHh BO3AYyX B KyXHE, OCTABUB JIBEPIY XOJIOAUIIb-
HUKa OTKPBITON?
MaxoBHK, MOMEHT MHEpLHH J KOTOporo pasen 40 Kr-m’, Hayan BPAIAThCS
PAaBHOYCKOPEHHO M3 COCTOSIHUS TIOKOSI MOJ AEHCTBHEM MOMEHTa cuibl M = 20
H-Mm. Bpamenue npogomkanock B teuenue t = 10 c. OnpenenuTs KMHETHYE-

ckyto sHepruio T, mpruoOpeTeHHYI0 MaXOBUKOM.
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BUJIET Ne 21
[Ipeo6pazoBanus [Manunes. Knaccuueckuii 3aKoH clIOKeHHsI cKopocTeil. Me-
XaHUYECKUI MPUHIIMIT OTHOCUTEIBHOCTH.
Cpennsiss KUHETHYECKasi SDHEPrusi MoJieKyJl. MoleKyIsipHO-KMHETHYECKOE TOJI-
KOBaHUE a0COJIIOTHOU TemriiepaTyphl. Uncio creneHeil cBo0oAbl MoKy, 3a-
KOH PaBHOpACIPEEIICHHS SHEPTUH MO CTENEHSIM CBOOOIBI.
JIBa 0ObeMa rasza, HAXOJMBILUXCS MMEPBOHAYAIBHO MPHU OJHON U TOU K€ TeM-
nepatype U JaBJI€HUH, C)KUMAIOTCS OT 3HaueHusd V 10 2V — oJluH U30TepMHU-
YecKd, a JIpyro agmabatudecku. B kakoMm ciydae KOHEYHas TemIeparypa
Oyznet 6onbiie? byner a1u UMEeTh MECTO U3MEHEHHE SHTPONUU MPU 0OOUX IMPO-
neccax?
JIBIKeHNe MaTepHanbHOM TOUKH 3a1aHO0 ypaBHEHHEM X = At + Bt’, rae A = 4
M/c; B = - 0,05 m/c’>. OnpenenuTh MOMEHT BPEMEHH, B KOTOPBIl CKOPOCTh V
TOYKH paBHa HyJ10. HaliTh KoopMHaTy ¥ YCKOpEHUE B ’TOT MOMEHT.

BUJIET Ne 22
[Toctynarel DitnmTeiina. [IpeobpazoBanus Jlopenia.
BriBog 3akoHa [lyaccona s agmabaruyeckoro mnpoiecca.
[IpenmnonoxxumM, YTOo Mbl MPEANOWIH BBIPA3UTh COCTOSIHUE CHCTEMBI Yepe3 HH-
Tponuio S U abCcoMoTHYIO TemrepaTypy T BMmecTo AaBieHus u oObema. Kak
Oynet BBINIIACTh n300paxkenue nukia Kapao B nuarpamme TS?
Haknonnas miockocTth, oOpasytomiast yroi o = 25° ¢ II0CKOCTbIO TOPU30HTA,
umeet 1uHy | = 2 M. Teno, nBUTasch paBHOYCKOPEHHO, COCKOJIB3HYJIO C 3TOU
IJIOCKOCTH 3a BpeMmsa t = 2 c¢. Onpenenutb koddduuueHt Ttpenus f tema o
MJI0CKOCTb.

BUJIET Ne 23
CrnenctBust u3 npeobpazoBanuii JIopeHiia: NOHATHE OTHOCUTENIbHOCTH JJIUH U
MPOMEKYTKOB BpeMeHu. [Ipumep.
SIBneHus nepeHoca B TEPMOJMHAMUYECKUX HEPABHOBECHBIX crcTeMaX. BbiBoa
3akoHa MU Py3un, TEIIONPOBOIHOCTH, BHYTPEHHETO TPEHUS.
Pa3zbsicHuTe Takoe yTBEpKIeHHUE: TEIIOBOM JBUrarTesb, MpeBpaniaeT oecrnops-
JOYHOE MEXaHUYECKOE JBUKEHUE B YIOPSAJOUCHHOE MEXaHHUECKOE.
Ha »ene3nonopoxxHoit miatdopmMe ycTaHoOBIeHO opynue. Macca miuatdopmbl

c opyaueM M = 15 1. Opyaue ctpenser BBepX Nox yriioM ¢ = 60° Kk TOpU30HTY
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B HanpapJiecHnH MyTH. C KaKol CKOPOCTBIO V| MOKATUTCS IIaTdhopma BCIACACT-
BHC OT/IauM, €CJIM Macca cHapsiia m = 60 KT ¥ OH BBUIETAET CO CKOPOCTBIO V) =
600 m/c?

BUJIET Ne 24

1. PenaTUBUCTCKUI 3aKOH CJIOKEHUS CKOPOCTEM.

2. PeanbHble ra3pl. Y4eT MOJEKYISIPHOTO B3aUMOACHCTBUSA. Y paBHeHUE Ban-nep-

Baansca. CpaBHCHI/Ie TCOPCTUUCCKUX U IKCIICPUMCHTAJIBHBIX U30TCPM.

3. BO3MOXHBI 1 ABWIKCHU, IIPU KOTOPBIX OTCYTCTBYCT HOPMAJIBHOC YCKOPC-

Hue? TaHI'CHOHUAJIbHOC YCKOpeHI/Ie? HpI/IBeI[I/ITC mpuMep.

4. B Oammone oobemoMm V = 25 51 HaxoauTcs Bogopo mpu temmneparype T = 290

K. Ilocne Toro kak 4actb BOAOPO/A U3PACXOI0BAIH, IaBlieHUE B OaJJIOHE MO-
Hu3unock Ha Ap = 0,4 MIIa. Onpenenutrs Maccy m U3pacxoJ0BAHHOIO BOJO-
pona.

BUJIET Ne 25

1. I[I/IHaMI/IKa TCOPHUN OTHOCHUTCIBHOCTH. PensaruBucrckas MacCa, HUMIIYJIbBC H

OHCPTIHU. 3aKOH B3aMMOCBS3H MCIKIAY Maccou u BHCPFHCﬁ

2. TemmoeMKOCThb IIpu MOCTOAHHOM JAaBJICHUH W ITIOCTOSHHOM ooBeMe. CDOpMy.Ha

Maiiepa.

3. Yro Ha3wIBaeTCd OCHTPOM MACC CHUCTCMBbI MAaTCPUAJIBHBIX touek? Kak JABHIKCT-

Csl LEHTP MAcC 3aMKHYTOW CHCTEMBI?

4. Bomopox 3auMaer oobeM V| = 10 M npu nasinenuu p; = 100 kIla. T'a3 Harpe-

JU TIpU TOCTOSSHHOM oObeme 10 nasieHus p,; = 300 klla. Onpenenuts: 1)
n3menenne AU BHYTpeHHEH »sHepruu rasa; 2) paboty A, coBepliaeMmyro ra-

30M; 3) KOJIMYECTBO TEIUIOTHI Q, COOOLIEHHYIO Ta30M.

2-i1 ceMecTp. JJIEKTPHYeCTBO M MarHeTusM. Teopus Kosie0aHui.

1.

BUJIET 1
HanpsxkeHHocTs anektpudeckoro nois. Ilpunnun cynepno3unuu noneid. OCHOB-
Has 3a/1a4a JIEKTPOCTaTUKU. [[puMeHeHre npuHunna Cyneprno3uuuu s pacuera
HAaNpPsDKEHHOCTU TIOJIEM JUCKPETHBIX W HENPEPBIBHO NPOTSHKEHHBIX 3apsI0B
(mpumep).
Teopema o uupkymsuuu Bekropa B. IlpuMenenune 3akoHa MoJIHOTO TOKa IS pac-

YyeTa MarHuTHOM HUHAYKIIUH rnoJjieu psAMOIr0 TOKAa U COJICHONIA.
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OO0BsicHUTE, TTOYEMY HArpeBaeTCs MPOBOJHUK MPHU MPOTEKAHUU IO HEMY TOKA.
OT 4ero 3aBUCHT KOJIMYECTBO TEIIA, BBIJIECIIEMOTO B IPOBOAHUKE?
JIBe mapasuieNbHbIE 3apsKEHHBIE TUIOCKOCTH, TOBEPXHOCTHBIE IJIOTHOCTH 3apsia
KOTOPBIX G| = 2 MKi/M> 1 o, = - 0.8 MKKJ’I/MZ, HaxonaTcs Ha paccTosiHuu d = 0.6
CM Jpyr oT apyra. OnpenennTs pa3HOCTh NOTEHIMAN0B U MEX1y IIIOCKOCTSAMH.
BWJIET 2
OnektpoeMKocTb. KoHaeHcaTopsl. BeIUMCINTE €EMKOCTh IIOCKOTO KOHIEHCATO-
pa.
3akon buo-Caapa-Jlannaca. I[lpumenenue 3akoHa buo-Capapa-Jlannaca ais
pacyeTa MHAYKLIHH MOJIS B LIEHTPE KPYrOBOT'O TOKA.
Yemy paBHa yaenbHas paboTa cuil 3JIeKTpocTaThHueckoro noiua? Yto ero ominya-
€T OT BUXPEBOIr'0 IEKTPUUECKOTO MOJA?
3apsiKeHHas 4yacTUla MpOoIia YCKOPSIONIyo pasHocTh noteHuuanoB U=104 B u
BJIeTEJIa B CKPEIIECHHBIC MO MPSIMBIM yriioM 3iekTpuueckoe (E=10 kB/m) u mar-
nutHoe (B=0,1 Tn) mons. Halitu ynenbHblN 3apsa gacTuikl Q/m, eciu, TBUTasiCh
MIEPIEHIUKYIAPHO O00UM IOJISIM, YaCTUIlA HE UCTIBITHIBAET OTKIOHEHUH OT Mpsi-
MOJIMHEMHON TPACKTOPUHU.
BWJIET 3
CxkanspHoe u BekTOpHOE moJie. I[IoToKk BekTOpa uyepe3 NMOBEPXHOCTh. Teopema
Octporpanckoro-I'aycca nns Bekropa E.
Cuna Jlopenua. JIBu>keHHe 3apsyKEHHBIX YacTHUIl B MarHMUTHOM moje. DP¢deKT
Xoina.
B kakux ycTpolcTBaxX MCHOIB3YETCS AEHCTBUE MAarHUTHOTO TOJSl HA pAMKY C TO-
KoM? ONUIIUTE MPUHIUIT IEHCTBUS TAKUX YCTPOIMCTB
[loBepxHOCTHasI TUIOTHOCTH 3apsifa OECKOHEYHO MPOTSHKEHHOM BEPTHUKAIBLHOMU
miockocTy paHa 400 MkKin/m”. K 1I0CKOCTH Ha HUTH TOJBEIICH MAPHK MACCOMH
m = 10 r. Onpenenuts 3apsg Q mapuka, €Cid HUTh 00pa3yeT ¢ MIOCKOCTHIO Yol
a=30°.
BUJIET 4
DnekTpuueckoe mnojie B audiekTpuke. [lonspuzoBanHOoCTh. OpUEHTAIIMOHHASA U
nedopMalioHHas nossipuzanus. Buasl TU31eKTPUKOB.
MarautHoe mnone Toka. Bekrtop MarHuTHOM wuHAyKUMU. 3akoH buo-Casapa-
Jlannaca. PacueT MarHWTHOro Mojs KpyroBOTO TOKa C IOMOIIbIO 3akoHa buo-

Cagapa-Jlamiaca v npuHIUIIA CYNIEPIIO3UIIMU MAarHUTHBIX MOJIEH.
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Ilouemy npu OIHOW W TOW K€ BEIMYMHE TOKA TOHKas MPOBOJIOKA HArpeBaeTCs
CUJIbHEE, YEM TOJICTAS?
3aps paBHOMEPHO paclpefiesieH o OECKOHEYHOM IMIOCKOCTH € MOBEPXHOCTHOM
miotHocThio 10 MKi1/M°. Onpenennts pasHOCTh MOTEHIHATIOB IBYX TOYEK IMOJIs,
OJIHA U3 KOTOPBIX HAXOJAUTCS HA IUIOCKOCTH, a Apyras yJalieHa OT Hee Ha pac-
crosinue 10 cm.

BUJIET 5
Teopema Octporpanckoro-I'aycca nns Bektopa E. Pacuer HanpsikeHHOCTH
ANEKTPOCTATUYECKOTO MOJIsI OECKOHEUHONW PAaBHOMEPHO 3apsKEHHOW IIIOCKOCTH
pu nomotuu reopeMsl Octporpaackoro-I'aycca.
ITorok BekTOpa MaruuTHOM MHAYKLMK. Teopema ['aycca miia Bekropa B.
Yto Ha3pIBaeTCA MarHUTHOW crioBod JmmHHEH? Kakum cBoOiCcTBOM 00Ja1ar0T
MarHuTHbIE CUJIOBbIE TUHUU? Kak 3T0 CBA3aHO ¢ XapaKT€pOM MAarHUTHOIO MOJs?
DNEKTPOH, IPOWIs B INIOCKOM KOHAEHCATOPE IMyTh OT OJHOM IUIACTUHBI 0 JIPY-
roii, mpuodpen ckopocth v = 105m/c. Paccrosinue mexny mactuHamu d = 8 mwm.
Haiitu: 1) pasHocts noreHuuanoB U MexAy IMIacTUHAMU; 2) MOBEPXHOCTHYIO
IJIOTHOCTH 3apsiJia G Ha MJIACTUHAX.

BUJIET 6
Pacuer HampsiKE€HHOCTH 3JIEKTPOCTATUYECKOTO MOJIsI OECKOHEYHOM paBHOMEPHO
3apsHKEHHON MUIMHAPUYECKOM MOBEPXHOCTU IMPU MOMOILIM TeopeMbl OcTporpa-
ckoro-I'aycca.
OO6o00uIeHne 3akoHa 3JIEKTPOMarHUTHOM MHAyKuuMuM MakcsemnoMm. | ypaBHeHue
Makcgenna. BuxpeBoe 31eKTpuuecKoe noJe.
JIoKa)xuTe, 4TO CHUJIOBBIE JIMHUU AJIEKTPOCTATUYECKOTO MOJII OPTOTOHAIBHBI K-
BUINOTEHIIMATBHBIM TOBEPXHOCTSIM.
DNEeKTpOH, UMesi CKOpOCTh V=2 MM/c, BileTe] B OJHOPOJAHOE MArHUTHOE IOJIE C
nHaykupeit B=30 MT1 nmox yrinom a=30° k HANpaBICHMIO THHUI MATHUTHON WMH-
aykiuu. OnpenenuTs paauyc R u mar h BUHTOBOW JMHUHM, IO KOTOpOH Oyner
JIBUTATHCS 3JIEKTPOH.

BUJIET 7
Pacuer HampspKEHHOCTH 3JIEKTPOCTATUYECKOTO TMOJIA 3apsSiKEHHOTO MO 00beMy
miapa npu nomoiu reopemMbl Octporpaackoro-Iaycca.
deppoMarHeTUKy U UX CBOMCTBA. MarHuTHbIN rucrepesuc. [lpupona gpeppomar-
HETU3Ma.
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[Inockuii KOHAEHCATOP MOAKIIOYEH K UICTOYHUKY HanpspkeHus U. Kak usmeHurcs
3apsi HAa KOHIEHCATOPE, €CIIM, HE OTKIIOYasi OT UCTOYHMKA, €ro IUIACTUHBI pa3-
IBUHYTb?

[TeutmaKa Maccoi 20 MKT, Hecymas Ha cebe 3apsan 40 uKin, Bierena B 3JeKTprye-
CKO€ IMOJIE B HANpaBJICHUU CWIOBBIX JUHUN. llociie mpoxoxkaeHuss pasHOCTH MO-
tenuuanoB 200 B npuiHka uMena ckopocth 10 m/c. Onpenenuts CKOPOCTh IIbI-

JJUHKHM J0 TOT'O, KaK OHa BJICTCJIAa B ITIOJIC

BUJIET 8
PaGoTta cui 35eKTpoCcTaTUYECKOTo MoJid 1Mo nepeMenieHuo 3apsaaa. [lorenunans-
HBII XapakTep AIEKTPOCTATUYECKOro nojisl. [loTeHnnanbHas sHeprus B3auMOoen-
CTBUS JIByX TOUEUHBIX 3apsJI0B.
Arnenue snekTpomarautHor nHAYKIUU. [IpaBuno Jlenua. 3akon @apanes.
JIBa pesuctopa ¢ conpotuBieHussMi R} =2 Om u R, =10 Om coenuneHsl napasn-
JENbHO W MOAKIIOYEHBl K UCTOYHUKY TOKa. B KakoM M3 HUX cuja Toka Oyner
6ombiie? OTBeT 00OCHYHTE.
Ilo GEeCKOHEYHO UIMHHOMY NPSIMOMY IIPOBOJY, COTHyTOMY mox yrmom o=120°,
TeueT Tok cuiior [=50 A. Haiitn MmarauTHyro HHAYKUIMIO B B TOukax, Jexamux Ha
OHCeKTpHCcce yrila U OTCTOAILIMX OT €ro BEPUIMHBI Ha PACCTOSIHUM a=5 CM.

BWJIET 9
IToTeHunan anexkTpocTaTHYeCKOro nois. Pasnocts norennumanos. Ilorennuan no-
71 TOYEYHOTO 3apsija. DKBUNOTEHIMAIbHbBIEC TOBEPXHOCTH. [IpuHIIMT cyniepno3u-
AU JIJIs TIOTeHIana (Ipumep).
MaruauTtHoe B3auMojieiicTBre TokoB. Cuna Amnepa. Equaniia MarHuTHONM MHIYK-
107058
VY 31eKTpOIINTKY, pacCUMTaHHON Ha HanpsbkeHue 220 B, 1Be o1MHAKOBBIX CIU-
panu, KOTOpble MOKHO BKJIFOYATh OTAEJIBHO Ka)XIYy0, ITOCIEA0BATENBHO UM Ta-
pauienbHO. B kakom citydae MOUTHOCTh TUTUTKH HAauOOJIbIasi?
Ha OGeckoHEYHOM TOHKOCTEHHOM ITWJIMHApE nuametrpoM d=20 cM paBHOMEpPHO
pacnpeneneH 3apsij ¢ MOBEPXHOCTHON MJIIOTHOCThIO G = 4 miKi/m?. Onpenenutsb
HaNpsHKEHHOCTh TOJISL B TOUKE, OTCTOAIICH OT MOBEPXHOCTH HMJIMHApPA Ha pac-

CTOSHUHU a = 15 cMm.
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BWJIET 10
CBs13b MEXy HANPSHKEHHOCTHIO M TIOTEHIIUATIOM 3JIEKTPOCTATUYECKOTO MOJIS.
MarautHoe mnone Toka. Bekrtop MarHuTHOM wuHAyKUMU. 3akoH buo-Casapa-
Jlannaca. PacueT MarHWTHOro MoOJs KpPYroBOTO TOKa C INOMOIIbIO 3akoHa buo-
Cagapa-Jlamiaca u npuHIUIIA CYNIEPIIO3UIIUM MAarHUTHBIX MOJIEH.
MoxHO M, UMes [1Ba OJAMHAKOBBIX KOHAEHCATOPA, MOJYYUTh €MKOCTH BJIBOE
MEHBIIIYIO ¥ BABOE OOJIBIIIYIO, YEM Y OJIHOT'O KOHJIeHcaTopa?
Paccrosinne mexay 3apsaamu Q = 100 uHKn u Q, = - 50 uKn pasuo 10 cm. Onpe-
JEIUTh CUITY, NeUCcTBYIOIYIO Ha 3apsaa Qs - 1 MxKu, otcToseit Ha 12 cm ot 3a-
pana Q; uHa 10 cM ot 3apsaa Q.

BUJIET 11
Bektop asnexrpuueckoro cmemenus D. Teopema Octporpanckoro-I'aycca s
BekTopa D.
[TpuHIUMIT cynepno3uuuu MarHuTHeIX nojeu. [Ipumenenue 3akona buo-Casapa-
Jlammaca myist pacuera moJisl MPSIMOJIMHEHHOTO TOKAa KOHEUYHOM M OECKOHEUHOU
JUIMHBI.
DJIEKTPOH BJIETEN B OJHOPOAHOE AJIEKTPUUECKOE MOJIE BJIOJIb €r0 CUJIOBBIX JIMHUM.
KakoB xapakTtep ero IBMXEHHUS B M0JIE€, TPACKTOPUs, YCKOpPEHUE?
JIBa mapuka Maccoil 1 T KakJIblid MOJBEIIEH HAa HUTIX, BEPXHUE KOHIIBI KOTOPBIX
coenuHeHsl BMecTe. [{nmuHa kaxaoi Hutu 10 cM. Kakue oguHakoBbie 3apsibl HA10
COOOIIMTE MIAPHKaM, YTO0BI HUTH PA30ILIKCh Ha yroa 60°?

BUJIET 12
[IpoBOHUKH B JIEKTPUYECKOM MOJIE. DIEKTpocTaThuecKass MHAyKius. [IpuHuumn
AJIEKTPOCTATUUECKOM 3aIUTHI.
SArnenne caMOUHAYKIMHU. HAYKTUBHOCTh. TOKM MpU 3aMbIKAHUM U Pa3MbIKAHUU
IICITH.
CpaBHute noTeHuuan ToueyHoro 3apsaaa q=10 aKi B Touke, yJaJeHHOU OT HETO
Ha PACCTOSIHUE I =5 CM C MOTECHIMAJIOM, CO3JJaHHBIM PABHOMEPHO 3apsKEHHOMU
cthepoit panuyca R=1 cMm, necymeit 3apsg Q=10 uKn, Ha paccrostauu r, =4 ¢cm oT
€€ MOBEPXHOCTH.
B npoBoaHuke 3a Bpems t = 20 ¢ Ipu paBHOMEPHOM BO3pACTaHUU CUJIE TOKA OT I
=2 A 1o I, =6 A Beigenunochk koauuecTBo TermnoTel Q = 8 k/[>k. Haittu comnpo-

TuBJeHUE R IMPOBOAHHUKA.
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BUJIET 13
OnextpoeMKocTb. KoHzeHcaTopsl. PacdeT 371€KTpOEMKOCTH IIJIOCKOTO KOHJIECH-
caTtopa.
[upKynsauus BEKTOpa MArHUTHOW MHAYKLIHWH. 3aKOH MOJHOTo Toka. [Ipumenenune
3aKOHA IOJIHOTO TOKA JUIS pacyeTa MoJIs COJICHONA.
Kak u3mMeHuTCcs nmoTeHuHalIbHasi SHEPTUs B3aUMOJIEUCTBUSA ABYX TOYEUYHBIX 3aps-
JI0B MpU UX commxenuu? PaccMOTpeTh cilydan OJHOMMEHHBIX U Pa3HOMMEHHBIX
3apsnoB. ConporuBienrne R= 5 Om, BOIBTMETP U MCTOYHUK TOKA COEIUHEHBI
napaiesnbHo. BonpTMmerp mokaseiBaeT Hanpsbkenue 1 B Omnpenenuts O/1C un
BHYTpPEHHEE
ConpotuBnenne R= 5 OM, BOJIBTMETP U UCTOUYHHUK TOKA COECIUHEHBI MapaAJLIEIIb-
HO. BonbprmeTp nokaseiBaer HanpsikeHue 1| B Onpenenute 3/]C u BHyTpeHHEe

COIMPOTHUBJICHHUC UCTOYHHUKA TOKA.

BUJIET 14
. Uctounnku Toka. CTOpOHHUE CUIIBL. DNEKTPOABUKYIIAs CHUIIa UCTOUHUKA. [laneHune
HaIpsKEHMS. Y CIIOBUS CYIIECTBOBAHMS TOKA B LIETIH.
. O0001IeHne 3aKOHA >JEKTPOMArHUTHOM HMHAyKIMH MakcBeniaoMm. | ypaBHeHue
Makcsema. BuxpeBoe 21eKTpu4ecKoe MoJe.
. UeMy paBHa pa3HOCTh MOTEHLIHAIOB ABYX TOYEK JIEKTPUUYECKOTO OIS paBHOMED-
HO 3apsDKEHHOU cdepbl, eclii 01HAa U3 TOYEK HAXOAMUTCS Ha MOBEPXHOCTH cepsl, a
apyrasi - B €€ leHTpe?
. IIo TorkOMy mpoBoasAeMy Koably paauycoM R=10 cm Teuet Tok cunoit [=80 A.
Haiitnu MarauTHyr0 HHAYKIMIO B B TOUKe, paBHOYaJICHHOM OT BCEX TOYEK KOJIbIIA
Ha paccrosinue r =20 cM.

BUJIET 15
. Pacuer snekTpocTaTHueckoro mojsi OECKOHEUHON paBHOMEPHO 3apsyKEHHOM ILIOC-
KOCTH IIpU NTOMOIIHN Teopemsl ['aycca.
[Tonstue o Toke cMmemenusa. Bropoe ypaBHenne Makcgeiia.
Mumo cuasniero B KOMHaTe 4ejaoBeKa JIa0OPAHT MPOHOCUT 3apsyKEHHBIN MPOBO/I-
HUK. J[JI1 KOTO U3 HUX CYHIECTBYET MATHUTHOE MoJie? DIEKTPUUYECKOE oe?
K ucTouHnky Toka ¢ BHyTPEHHUM CONPOTUBIEHUEM =2 OM MOAKIIOYAIOT KaTyIlI-

Ky MHAYKTUBHOCTBIO L=0,5 I'nH u conporuBienuem R=8 Om. Haiitu Bpems t, B

252



TEUEHUE KOTOPOro TOK B KATYIIIKE, HApacTasi, JOCTUTHET 3HAYCHHUS, OTJINYalolle-
rocst OT MakCUMaJIbHOTO Ha 1%.

BUJIET 16
CerHeToseKTpUKA M X CBOMCTBA. DJNEKTPpUUECKHM Tuctepesuc. [IpuMenenue ce-
THETORJIEKTPUKOB.
Cuna Jlopenma. [IBwkeHusi 3apsoKeHHBIX 4YacTHIl B MAarHUTHOM mojie. Dddekt
XoJia.
DNEKTPOH BJIETEN B 3apsSKEHHBIA ITUIOCKHWM KOHJEHCATOP MapajijIeibHO €ro 00-
KJIQJIKaM, pacloJIO)KEHHBIM TOPU30HTAJIbHO. SIBIAETCS JM €ro ABUKEHUE PaBHO-
ycKkopeHHbIM? KakoBa TpaeKkTopus ABUKEHUS SJIEKTPOHA B MOJI€ KOHAEHCATOpa?
ITo mpoBOJHUKY, COTHYTOMY B BHUJ€ KBaJpaTHOM paMKh CO CTOpOHON a=10 cm,
teueT Tok cuwior [=5 A. OnpenenuTs MAarHUTHYIO MHIYKIIMIO B TOUKE Iepeceye-
HHS THAroHajiew KBajpara.

BUWJIET 17
DnekTpruueckuit 3apsaa. 3akoH Kynona. Hanpssk€HHOCTD 3JIEKTPUYECKOTO MOJIS.
CunoBsie muHUK. HanpsskeHHOCTH MOJISI TOUEYHOTO 3apsija.
HamarnnuuBanve mMarHeTMKOB. MarHuTHbIM MOMEHT. PacdueT BHYTpEHHEro mar-
HUTHOTO 110J1s1. Hanpsi>keHHOCTh MarHUTHOTO TOJIS.
UeMy paBHA HUPKYISLUS BEKTOpa MarHUTHOM MHAYKIMU B M0 3aMKHYTOMY KOH-
TYpy B MAarHUTHOM 1ioJie? [loueMy MarHuTHOE 10JI€ Ha3bIBAIOT BUXPEBBIM?
Onpenenuts 3apsij, NPOIIEAIIAA O PE3UCTOPY C conpoTusieHuem 1 Owm, mnpu
PaBHOMEPHOM BO3pacTaHUU HAIPSHKEHUS HA KOHIax pesucropa oT 1 1o 3 B B Te-
yenue 10 c.

BUJIET 18
3akon Oma B uHTerpaibHoi u auddepeHmansHon Gopme. DIEKTPOCONPOTUBIIC-
Hue. CBEpXNIpPOBOAUMOCTb.
Cuctema ypaBHeHU MakcBeiia U ux GU3NUECKUN CMBICT.
UeMy paBHa pa3HOCTh MOTEHIIMAIOB ABYX TOYEK AJIEKTPUYECKOTO TMOJISI PaBHO-
MEPHO 3apsHKeHHOU cephl, eciu OJHa U3 TOUEK HAXOJUTCS Ha MOBEPXHOCTU Cde-
pbl, a Ipyrasi - B €€ LEeHTpe?
ToHkuil MeIHBINA TPOBOJ Macco mM=I1T COTHYT B BUJE KBaJpaTa U KOHIIbI €TO 3a-
MKHYTBL. KBagpaT momenieHn B ogHopoaHoe MaruutHoe none(B=0,1 Ti) Tak, uro
IJIOCKOCTh €ro MEPHEHIUKYJISIpHA TUHUAM UHAYKIUK nodd. Kakoit 3apsa Q mpo-
TE€UYeT MO MPOBOJAHUKY, €CIU KBaJApaT, MOTSHYB 3a MPOTUBOIOJIOKHBIE BEPILIUHBI,

BBITAHYTH B JIMHHIO?
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BUJIET 19
Pacuer Hanps>KEHHOCTH ANEKTPUUECKOrO IMOJISI CUCTEMBI TOUEUHBIX U MPOTAKEH-
HBIX JIMHENHBIX 3apAnoB. [IpuMephl: BBIUUCINTDh HAINPSKEHHOCTh Ha OCH PaBHO-
MEPHO 3apsKEHHOT0 KOJIbLA.
MarnutHoe B3aumoaeiicteue TokoB. Cuita Amnepa. EquHunia MarHuTHONM MHIYK-
117078
Kakyto onmacHocTh mpeacTaBisiioT co00il 00ecTOUeHHbIE e C UMEIOIUMUCS B
HUX KOHAEHCATOpamMu?
B snextpuueckoii nenu teuet Tok [ =50 A. Onpenenuts cuiay TOKa B 3TON LENU
yepe3 t=0,01 ¢ mocne oTkiIrOYeHUs €€ OT ucTouHuKa Toka.. Conporuienue R 1e-
nu paBHO 20 Owm, ee unaykTuBHOCTH L=0,1 I'H.

BUJIET 20
Pabota u MomtHOCTh TOKA. 3akoH [[xoyns-JleHia B uHTErpanbHoi Gopme.
O6o00uIeHne 3akoHa 3JIEKTPOMarHUTHOM MHAyKuuMuM MakcBemnoMm. | ypaBHeHue
Makcgenna. BuxpeBoe 31eKTpuyecKoe mnoJe.
Kak n3MeHHTCS mOTEHUMANIbHASL YHEPTHS B3aUMOJEHUCTBHS ABYX TOUEUYHBIX 3apsi-
J0B TIpu uX cOmmxenun? PaccMoTpeTh ciydyan OJHOMMEHHBIX M Pa3sHOMMEHHBIX
3apsI10B.
DneKTpudecKoe moyie 00pa3oBaHO OECKOHEYHO JJIMHHOM 3apsKeHHOW HUTHIO, JTU-
HelHas MJIOTHOCTH 3apsiaa kotopoit t = 20 uKn/M. OnpenenuTs pa3HOCTh MOTEH-
nuanoB U IBYX TOYEK MOJISI, OTCTOSIIMX HA PACCTOSHUM I =8 cM U T, = 12 cM.

BUJIET 21
3akoH OMa 111 HEOJHOPOJHOIO y4yacTKa LIENH, JJIs 3aMKHYTO# Lenu. Pa3BeTs-
JeHHbIe Lenu; npasuia Kupxroda.
[upkynsanus BEKTOpa MAarHUTHOW MHAYKLIHUH. 3aKOH MOJIHOro Toka. [IpuMeHenue
3aKOHA ITOJIHOTO TOKA JIsl TTOJISI COJICHOU/IA.
N300pa3ute CUIIOBBIE JIMHUU TOJISI MEXKIY OOKIaAKaMHU HUIMHAPUYECKOIO KOH-
neHcaTtopa. SBisieTcs a1 3To moJie ogHOpoAHBIM? BOnM3u kakoi 0O0KIaaKu Havu-
HAETCS ANEKTPUUECKUI MPOoOOH TUANIEKTPUKA B MOIITHOM 3JIEKTPUUYECKOM MoJje?
[Ipoton Bieraer co ckopocThiov=100 KkM/c B 00J1aCTh MPOCTPAHCTBA, T/I€ UMEIOT-
cs anektpuueckoe (E=210 B/M) u marautnoe (B=3,3 mTn) nons. Bektopa E u B
COBIIAJAIOT MO HampaBieHUIO. ONpeaenuTh yCKOPEHUE MPOTOHA B HAyaJIbHBIN
MOMEHT JABUKEHUS B I0JI€, €CJIM HAMPABIEHUE BEKTOpPA €ro CKOpocTH v: 1) coBma-
naeT ¢ obmuM HamnpasiieHueM BekTopoB E u B; 2) nepneHauKyIsipHO 3TOMY Ha-

IIPABJICHUIO.
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BUJIET 22
Onekrpuueckuid 3apsaa. 3akoH Kymona. HanpskK€HHOCTh 3JEKTPUYECKOrO MOJIS.
CuitoBble muHUA. HanpsskeHHOCTH MOJISI TOUEYHOTO 3apsija.
[IpuHuun cynepno3unuu MarHUTHbIX nonel. IIpumenenne 3akona buo-Caapa-
Jlanmaca jyist pacyera mosis MPSIMOJIMHEMHOTO TOKAa KOHEYHOM M OECKOHEUHOM
TUTVHBI.
Ilouemy npu CONPUKOCHOBEHUH JIBYX OJMHAKOBBIX IO pa3MepaM METAJIMYECKUX

3aPAKCHHBIX TAPUKOB, UX 3apsA bl CTAHOBATCA OI[I/IHaKOBBIMI/I?

Cuita ToKa B MPOBOJHUKE U3MEHSETCS CO BPEMEHEM IO 3aKOHY [=1I.e",
roe I, =20 A, a = 102¢7™. OnpenenuTs KOJIMYECTBO TEIMJIOTHI, BBIICIUBIIEECS B
npoBoaHMKe 3a BpeMs t = 102¢, R = 10 Om.

BUJIET 23
PaGoTa cui 3ieKTpoCcTaTHyecKoro moJig Mo nepemenieHuto 3apsaa. lloreHuuan
ANEKTPOCTATUYECKOTO NOJIA. Pa3HOCTH MOTEHINAIOB.
IIpuposna MarHUTHBIX CBOMCTB BeleCTBA. BBl MarHeTMKOB, XapaKTEP UX Ha-
MarHu4MBaHusl.
JlelicTBHEe KakKMX YCTPONCTB OCHOBAaHO HA SIBIICHUM D3JEKTPOMArHUTHOW MHIYK-
1uu? ONUIIUTE TPUHITUI UX PAOOTHI.
Karymka n amMmnepmMeTp cCoOeIMHEHBI TIOCJIEI0BATENBHO U MOAKIIOUYEHBI K UCTOYHU-
Ky Toka. K KileMmaM KaTyniku NpucOEANHEH BOJIBTMETP C CONPOTUBICHUEM T = 4
OM. Amniepmetp nokassiBaeT cuiy Toka I = 0.3 A, BonpT™MeTp - HanpspkeHue U =
120 B. Onpenenuts conpoTuieHne R kaTymku.

BUJIET 24
Ilone sanekTpudeckoro Aumos. JUumnoapHblid MOMEHT. DHEPTUs TUTIOJS BO BHEIII-
HEM 3JIEKTPOCTATUYECKOM TIOJIE.
Arnenue snekTpoMarautHor nHAYKIUU. [IpaBuno Jlenua. 3akon @apanes.
DJIEKTPOH BJIETEII B OJTHOPOJHOE 3JIEKTPUUECKOE TTOJIE BAOJIb €TI0 CUIIOBBIX JIMHUM.
KakoB xapakrep ero ABW)XEHHsS B Tojie, TpaekTopus, yckopenue? KakoB Oyner
XapaKTep €ro ABWKEHHS B OJTHOPOJHOM MAarHUTHOM noJie? OnuIunTe BO3MOKHBIE
BAPUAHTBHI.
D.1.c. 6arapeu E = 12 B. Ilpu cune Toka [ = 4A k.m.a. 6atapeu n = 0.6. Onpene-

JUTH BHYTPEHHEE CONPOTHUBIIEHUE T; OaTapen.
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BWJIET 25

1. Pacuer 351eKTpOCTaTUYECKOTO MOJIsI OECKOHEYHOW PAaBHOMEPHO 3apsKEHHOM IH-
JUHIAPUYECKOM ITOBEPXHOCTHU IIPU IOMOIIK TeopeMsl ['aycca.

2. Cucrema ypaBHeHHI MakcBeia u ux (U3NYECKUN CMBICIL.

3. VY 3IeKTpOILUIMTKH, paCCUYUTAHHON Ha HampsbkeHnue 220 B, n1Be o1MHAKOBBIX CIHU-
panu, KOTOpble MOYKHO BKJIFOYATh OTAEJIBHO KaXIYyI0, ITOCIEA0OBATENIBHO UM Ta-
pauienbHO. B kakom citydae MOUTHOCTh TUTUTKH HAauOOJIbIasi?

4. Kopotkas karymika, cojaepsxaiiasi N=100 BUTKOB, paBHOMEPHO BpallaeTcs B OJI-
HOPOJHOM MarHuTHOM noJie ¢ uaaykuue B=0,4 Tn ¢ yrmoBoil CKOpocThi0 =5
paja/c BOKpYT OCH, COBNAJAIOUIEH ¢ AMAMETPOM KaTYIIKHd M NEPHEHAUKYISIPHON
JUHUAM UHAYKUMK noiid. Onpenenuts MrHOBeHHOe 3HaueHue DJIC MHAYKIuuU €
JUIS TeX MOMEHTOB BPEMEHH, KOT/Ia IIIOCKOCTh KATYIIKK cocTaBiseT yron o=60" ¢

2
JMHUSAMH MHAYKIUY nodd. [Dnomans karymku pasHa 100 cm”.

3-ii cemecTp. OnrTuka. KBanToBas puzuka. @usnka atroma u sapa.

BUJIET 1

1. YpaBHeHHE MIIOCKON BOJIHBL. [IoHsATHE KOr€peHTHOCTH BOJH. Bpems, nnvHa
KorepeHTHOCTH. MHTepdepeHiins BoH. Y CIoBUS YCUIEHHUS U OCIa0IeHUs
BOJIH.

2. ITlocrynatel bopa. Cnextp aroma Bogopoa o bopy. Onbitel @panka u ['epua.
Kak cMecturcss MakCUMyM IJIOTHOCTH 3HEPreTHUYECKON CBETUMOCTHU Tyt YEP-
HOT'O T€Jia C MOBBIIIEHUEM TEMIIEPATYPHI?

4. Jludpakuuonnas pemieTka, uMmeromas 100 mrpuxoB Ha 1 MM, yaaieHa OT dK-
paHa Ha 1,8 M. Ha kakoM paccTOSSHUM OT LUEHTPAJIbHOM IIEIN HAXOAUTCS Iep-
BBl MakCMMyM OCBEIICHHOCTH, €CJIM Ha PEIIETKY IaJaeT MOHOXpOMaTHYe-
ckuil cBeT ¢ AnHOW BONHBI 410 HM? KakoBO paccTosiHME MEXAY CIEKTpaMu
MepBOro Mopsijka?

BUJIET 2

1. Metoasl nmonyueHus korepeHTHbIX BoJH (menu FOura, Ounpusma, Ouzepkana
Openens).

2. Kopnyckynspusie cBoiictBa cBeta. PoT03P(HEKT M ero 3akoHbl. YpaBHEHUE
Ounmreitna. Kpacnas rpanuna goroadpdexra. Ipdexr Komnrona.

3. Kakue kBaHTOBbIE UnCiIa UMEET BHEIIHUHN (BaJ€HTHBIN) AJIEKTPOH B OCHOBHOM
COCTOSIHUM aTOMa HaTpus?
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[Iydok ecTecTBEHHOro CBETa, MAYIIUMA B BOJE, OTpakaeTcsl OT rpaHu ajaMmasa,
MOTPYKEHHOTO B BoAy. IIpu kakoMm yriie nmajeHus i OTPa>KEHHbIN CBET MOJHO-
CTBIO TIOJISIPU30BaH?

BUJIET 3
WNuTepdepenius B TOHKUX miieHKax. [IpocBeTiieHne onTHKY.
CrekTpanbHble 3aKOHOMEPHOCTH atoma Bojopojaa. CepuanbHas (opmyia.
OmneiT @panka u ['epna.
B uem 3akiouaerca npuHuun nocrpoeHus 300 Openensa? Kakue 3agaun mo-
3BOJISIET PEIIUTh MeTo/ 30H Dpenens?
JliiHa BOJIHBI, HA KOTOPYIO MPUXOJUTCS MAKCUMYM SHEPTrUU B CHEKTpPE U3IY-
yeHus yepHoro Tena, A = 0,58 mkm. OnpenenuTs SHEPreTHYeCKy0 CBETUMOCTD

(u3nyyaTenbHOCTh) R, moBepxHOCTH Tena.

BUJIET 4
WnTtepdepennus cera. [lonockl paBHON TOIIMIMHBI U paBHOrO HakjoHa. Kob-
na HeroToHa.
KopnyckynsipHo-BoJIHOBOM nyanu3sM Matepuu. [unoreza ne-bpoins. nuHa
BOJIHBI J1e-bpoiina. DkcnepumenT J{pBruccona u J>xepmepa.
[louemy npu mageHun Oejoro cBera Ha IU(PPAKIIMOHHYIO PEIIETKY TOJBKO
HEHTPAJIbHBI MaKCUMYM O€JIblid, & OCTAJIbHbIE PaTy’KHO OKpAIlIeHbI?
IlonepeyHast BOJHA pacIpOCTPAHSIETCSA BIOJIb YIPYTOro MHypa cO CKOPOCThIO
v = 15 m/c. [lepuon konebanuii Touek mHypa pasex 1,2 ¢, ammnutyna 4 =2 M.
Onpenenuts 1) muHy BOdHBL A; 2) dazy ¢ koynebaHUN U cMenleHue & TOYKH,
OTCTOSIIIEH Ha pacCTOSHUU X = 45 M OT UCTOYHUKA BOJH B MOMEHT ¢ = 4 ¢; 3)
pa3HocTh Pa3 A KonebaHUil IBYX TOYEK, JIEKAIIUX Ha JIyde U OTCTOSIIIUX OT

HMCTOYHMKA BOJIH Ha PACcCTOSHUAX X; = 20 M ¥ OT ApYroro - Ha x, = 30 m.

BWJIET 5
[TonsiTue o roynorpaduu.
Onucanue MHKpPOYAcCTHUI[ B KBAaHTOBOW MexaHuke. BonmHoBas ¢yHKUuA U ee
CBOWCTBA. BEpOSITHOCTHBIN XapaKTep KBAHTOBOW MeXaHUKHU. Y paBHeHue lllpe-
auHTepa. (BpeMEHHOE U CTAllMOHAPHOE).
Kak 0ObsSICHUTH yBeNIHYEHHE MPOBOJAMMOCTHU MOJYNPOBOJAHUKOB C POCTOM

TCMIICPATYPHI, B TO BPCMA KaK Yy MCTAJIJIOB IIPHU 3TOM IIPOBOAUMOCTD Ha):[aeT?
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[IpenenbHBIN yro i MOJTHOTO OTPAKEHUS MyYKa CBETa Ha TPAHUIIC KUJIKOCTH C
BO3AyXoM paBeH 43°. Omnpenenuth yroi bproctepa ip g nageHus idyda H3

BO3yXa Ha MOBCPXHOCTHb ATOM KHUIKOCTH.

BUJIET 6
Hudpakuus cera. [Ipunuun I'oiirenca-dpenens.
TennoBoe wu3nydenue. McmyckaTenbHas M IOIVIOIIATENbHAs CIOCOOHOCTH.
DHepreTuyeckas CBETUMOCTb. AOCOJIIOTHO YEpPHOE TeNO. 3aKOHBI TEMJIOBOIO
M3IIYYEHUS.
IloueMy CHEKTp MOTJIOIIEHHMS aTOMOB BOJOPOAA COACPKUT TOJIBKO CEPHUIO
Jlaiimana? Kakue nepexoibl COOTBETCTBYIOT JIMHUSAM 3TOU cepuun’?
Ha ToHKMI1 CTEKISHHBIA KJIMH B HalmpaBJICHUH HOPMaJu K €ro IMOBEPXHOCTH
najgaeT MoHoxpomatuueckuit ceet (A = 0,6 Mmxm). OnpenenuTs yroa o Mexay
MOBEPXHOCTSIMU KJIMHA, €CIM PACCTOSHHE b MEXIy CMEXHBIMU UHTEp(EpeH-
LIMOHHBIMA MUHUMYMaMH B OTPa)KEHHOM CBETE PABHO 4 MM.

BUJIET 7
3onbl @penens. CroiicTa 30H OpeHenst. 30HHbBIE TIJIACTUHKU.
@OTOH U €ro XapakTepUCTUKH. J[aBiIeHue cBeTa.
YeM OTaMYaroTcsl SJHEPreTUYECKUE COCTOSHHS JJIEKTPOHOB B U30JMPOBAHHOM
atome M kpuctamie? UTo Takoe 3amnpelieHHbIE U pa3pelleHHbIE SHEpreThye-
CKHE 30HBI?
[Iy4ok MOHOXpOMAaTUYECKUX CBETOBBIX BOJIH (A = 0,6 MKM) majaeT moj yrioM
i = 30° Ha HaxoAsUIyIOCS B BO3JyX€ MbUIbHYIO IUIEHKY (n = 1,3). [Ipu xakoi
HauMeHblIeH ToimuHe d TUIEHKHW OTpa)KeHHbIE CBETOBBIE BOJHBI OYIyT Mak-
CUMaJIbHO ociabaeHbl uHTephepeHnen? MaKCUMaIbHO YCUIICHBI?

BUJIET 8
Hudpakuusa Openenst Ha KPYTrJIOM OTBEPCTHH, JTUCKE.
Pemenue ypaBuenue lllpenunrepa nis ABMKEHUSI CBOOOTHOM YaCTHUIIBI.
[lokaxkuTe, YTO MpHU BHINOJHEHUH 3aKOHA bprocTepa oTpakeHHBIH U MPEIoM-
JICHHBIN JTy4r B3aUMHO MEPIEeHIUKYIISPHBIL.
DNEeKTPOH, HaYaJIbHOM CKOPOCTBIO KOTOPOTO MOKHO IpeHeOpeyb, Mpolen yc-
KOPAIOILIYIO pa3HOCTh noteHuuanos U. Haitu anuny BOsHBL e bpoins anek-
TpoHa, eciiu U = 51 B.

258



BUJIET 9
Hudpakuusa Opaynrodepa Ha 1menu.
AToM BoJlOpOJia B KBaHTOBOW MexaHuke. KBaHTOBBIE uncia.
[louemy MOXHO HaOmOAaTh MHTEP(EPEHLUIO OT ABYX Ja3€pOB U HENb3sl OT
JBYX JIEKTpOjami?
byner nu naGmonarsees GpotodrddexT, eciu Ha MOBEPXHOCTH cepedpa Hampa-
BUTH YNIbTPa(HOIETOBOE U3IIyUEHHE C IITUHOU BOJIHBI A = 300 HM?

BUJIET 10
HudpakuronHas pemierka. Y paBHEHHE MAaKCUMyMOB U MUHUMYMOB.
OnTuyecknue KBaHTOBbIE TeHepaToOpbl. OCHOBHBIEC 3JIEMEHTHI U MPUHIUIT pado-
ThI Jla3epa. XapaKTepUCTUKHU Ja3epHOT0 U3TyUEHUS.
CKOJIbKO 3JIEKTPOHOB MOXKET ObITh B aTOME, Y KOTOPOI'0 B OCHOBHOM COCTOS-
HUU 3anoyiHeHbl K- u L-060m04ku, 3s-mogo0osouka U ABa 3JEKTpoHa B 3p-
nono6osouke? Yto 310 32 aToM?
Ha mbuipHyt0 miieHky (n = 1,3), HaXoasUIytocss B BO3AyXe, NaJacT HOPMaIbHO
y4ok Jyuder Oenoro ceeta. [Ipu kakoil HaumeHbIIe TonmuHe d TUIEHKU OT-
pPaXXEHHBIN CBET C JUIMHOM BOJIHBI A = 0,55 MKM OKa)XeTCsl MaKCUMaJIbHO YCH-
JIEHHBIM B pe3yJbTaTe UHTep(EepeHIINH.

BUJIET 11
HccnenoBanue KpucTauIM4ecKuX CTpYKTyp. YpaBHenue Bynnbda - bparra.
CootHouienue HeomnpeeneHHocTel. [Ipoxoxkaenne 3JeKTpoHa yepes ieb.
NHTEHCUBHOCTh €CTECTBEHHOT'O CBETA, MPOMYIIIEHHOTO Yepe3 JBa MOIspU3aTo-
pa, yMeHblIuiach BAaBoe. Kak opueHTHpOBaHbI NOJISPU3ATOPHI?
[Inockas cBeroBas BosiHa (A = 0,5 MKM) MajgaeT HOPMAJIbHO Ha auadparmy c
KpyTaeIM oTBepcTHeM auameTpoMm d = 1 cM. Ha xakoMm paccrosinuu b oT OT-
BEPCTHS JOJDKHA HAXOAUTHCS TOUKA HAOII0OEHUs, YTOObI OTBEPCTHE OTKPHIBA-
70: 1) ogny 300y ®penens? 2) aBe 30Hb1 Openens?

BUJIET 12
[Honsapuzamus cBera. CrocoObl MONYYEHHUS MOJISIPU30BAHHOTO CBETAa. 3aKOH
Mauroca.
Pemenue ypasnenue Illpeaunrepa s ABMKEHHUS YacTHIbl B OECKOHEYHO
rIIyOOKOW MPsIMOYTOJIbHOM MOTEHIIMAIBHON SIME.
Kak onpenenuts HanOONBIINNA MOPSIIOK CIIEKTPa TU(PPAKIIMOHHON PEIIETKH ?
JlliHa BOJIHBI, HA KOTOPYIO MPUXOJUTCS MAKCUMYM SHEPTUU B CHEKTpE U3IY-

4yeHus yepHoro Tena, A =0,6 Mxm. OnpenenuTs TeMiepaTypy Tena.
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BUJIET 13
[lonsapuzanus cBeTa IpU OTPAXKEHUU OT TPAHUIIBI pa3jiesia JAUAIEKTPUKOB. 3a-
KOH bprocrepa.
[IpoxosxeHre yacTUIlbl Yepe3 NOTeHIHAIbHbIN Oapbep. TyHHENbHBIN 3 deKT.
OObsicHUTE MEXaHU3M MPUMECHOU MPOBOJIMMOCTH B OJYIPOBOTHUKAX.
OnpenenuTs MakKCUMaIbHYIO CKOPOCTh (DOTOIJIEKTPOHOB, BBIPHIBAEMBIX C T10-
BEPXHOCTHU cepebpa: 1) yabTpapuoseTOBbIM U3ITyYEHUEM C IJTMHOM BOIHBI A =
0,155 MKM; 2) ¥ - U3Ty4eHHEM C AJTMHOMN BOJIHBI A = 2,47 1im.

BUJIET 14
Pacnipoctpanenue cBeta B aHU30TPOIHOM cpeje. J|BoiiHOoe JydenpenomiieHue.
Bparienue miockocTy noyisipu3aium.
30HHasg TeopHus MPOBOJUMOCTH TBEPABIX Tes. MeTaibl, MOJYNPOBOJHUKH,
TUDJIEKTPUKH.
Yro XxapaKTepu3ylOT KBAaHTOBBIE YMCIIA: TJIABHOE, OpOUTATBHOE U MarHUTHOE?
Kakue 3HaueHuss OHM MOTYT PUHUMATD?
Ha MBUIBHYIO TUIEHKY € MOKa3aTeneM npesiomieHusd n = 1,33 magaer mo Hop-
MajJi MOHOXPOMAaTHYECKUH CBET AJMMHON BOJHBI A = 0,6 MkM. OTpaXeHHBIH
CBET B pe3yJibTaTe MHTep(EepeHUIMHn HMeeT HaumOoJblIyio sipkocTh. KakoBa
HaMMEHbIIasi BO3MOXHAs TOJIIMHA TUICHKHU ?

BUJIET 15
[TonsTue cBera. BojiHOBast 1 KOPIYCKYJIsIpHAs IPUPOJA CBETA.
CrpoeHne MHOTORJIEKTPOHHBIX aToMoOB. O00s104KkH, 1mM0a0000uKU. [IpuHIMI
[Maynu. Cnua. CnuHOBOE YHKCIIO.
Bynyt nu otnuyatbest uHTEpGEPEHIIMOHHBIE KAPTUHBI OT JABYX Y3KUX OJIM3KO-
JeXKAIIUX MapajyieIbHbIX 1IeJIeil MPU OCBEIEHUH X MOHOXPOMATHYECKUM H
0eJIbIM CBETOM?
Yron ¢ Mexay MIOCKOCTSIMHU MPOIyCKaHUs MOJspU3aTOpa U aHaiIM3aTopa pa-
BeH 45°. Bo CKOJIbKO pa3 yMEHBUIUTCS MHTEHCUBHOCTh CBETA, BHIXOJSILETO U3
aHaJIU3aTopa, €CJIU YroJl YBEJIUYuTh 10 60°7?

BUJIET 16
WNuTepdepenius B TOHKUX miieHKax. [IpocBeTiieHne onTHKY.
CobOcTBeHHas MPOBOAMMOCTb MOJIYIPOBOJHUKOB. DJEKTPOHHAS U JABIPOYHAs

IMPpOBOANMOCTD. 9Hepr1/151 AdKTHUBallNH.
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[lo kakuM mpU3HAKaAM MOXKHO OTJIMYUTH CHEKTPHI, MOJIYYEHHBIE C TTOMOUIBIO
IPU3MBbI U TUPPAKITMOHHON PEIIETKH ?
JlaBnenue p MoHOXpoMatuyeckoro ceera (A = 600 HM) Ha YEpHYIO MOBEPX-
HOCTb, PACIIOJIOKEHHYIO MNEPHeHAMKYJSPHO NafaroumMm jaydyam, pasHo 0,1
Mmklla. Onpenenuts unciao GoToHOB, ManaOMKX 3a BpeMs ¢ = 1 ¢ Ha moBepx-
HOCTb IIOMAApio S = 1 cm’.

BUJIET 17
Merop 30H @penens. CroiicTBa 30H OpeHens. 30HHasA MIACTUHKA.
[IpumecHas TPOBOAUMOCTH OJYIPOBOAHUKOB. JIOHOPHI U aKLIENITOPHI. P-
MPOBOJUMOCTb, N-IIPOBOJUMOCTb.
B yem otnuuue xapakrepa B3auMoieicTBHs (OTOHA U AJIEKTPOHA IIpH PoTo-
s dexte u B a3pdexre Komnrona?
HmeroTcst 1Ba MCTOYHUKA, COBEpILNAIOIINE KoJieOaHUs B OJMHAKOBOHN (aze u
BO30YXKJIal0IlIMe B OKPY>KAIOIIEH cpesie MIOCKHE BOJIHBI OAMHAKOBON 4aCTOTHI
u aMrutyasl (A; = A> = 1 mm). Halitu ammuutyny A koynebGaHuil TOUKU cpe-
IIbl, OTCTOSIIIIEH OT OJJHOTO UCTOYHHMKA KOJIeOaHU Ha PacCTOSAHUM X; = 3,5 M U
OoT Japyroro - Ha x; = 5,4 M. HampaBnenus kojneGaHuii B paccMaTpuBaeMoi
TOYKe coBIaaaroT. [{nmuHa BoIHBEI A = 0,6 M.

BUJIET 18
Hudpakuusa Openens Ha KPYTrJIoM OTBEPCTHH, TUCKE.
AtomHoe a11po. CocTaB aTOMHOTO siipa. DHEPrus CBs3M, AePEKT Macc.
Kax npu 3ananHoit yacrote cBeta B porodddexre u3meHuTcss GOTOTOK HACHI-
HIEHUS C YMEHbILIEHHEM OCBELIEHHOCTH KaToaa?

2 . (m
BonHosast GyHKIus \y(x):\/; sm(7x OIKCHIBAET OCHOBHOE COCTOSIHUE Yac-

TULIBI B OECKOHEUHO TJIYOOKOM MPSIMOYTOJILHOM SIIUKE MUpUHOWN [. Bhrumc-
JIUTh BEPOSITHOCTh HAXOXJCHHS YaCTHUIIbI B CPETHEN TPETH SIIHKA.

BWJIET 19
[Momstpuzanus cBeta. CriocoObl MOTyYEHUsI TOJISIPU30BAHHOTO CBETA. 3aKOH
Mamnroca.
PannoakTBHOCTH. 3aKOH paIMOAKTUBHOTO pacnajaa. [ToctosiHHas pacnaja.
AKTHUBHOCTb.
[Tonp3ysick Mmoaenbto bopa, ykaxkuTe CIeKTpaIbHbIE JIUHUH, KOTOPHIE MOTYT

BO3HUKHYTSH IIPH MCPCXOAC aTOMaA BOAOPOAA B COCTOAHUSA C n=3 u n=4.
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Ha mens mupunoit a = 0,05 MM najgaeT HOpMaJIbHO MOHOXPOMATHYECKHM CBET

(A = 0,6 Mkm). OnpenenuTs Yrojl (¢ MEXIy NMepBOHAYAIBHBIM HaIpPaBICHHUEM

CBETa U HAMPABJICHUEM Ha YETBEPTYIO TEMHYIO TU(PPAKIIMOHHYIO MTOJOCY.
BUJIET 20

. MeToabl nonyueHusi KorepeHTHbIX BoJH (menu FOHra, Ounpusma, 6usepkaia

Openens).

. [lornomienre, CIOHTAHHOE U BBIHYKJIGHHOE M3iydeHus. [IpuHiun paboTsl ja-

3epa.

. Kak mpakTuyecku MOXXHO OTIMYHUTH TJIOCKOIOISPU30BAHHBIN CBET OT €CTECT-

BEHHOTO?

. PenTreHoBckoe u3nydeHue JUIMHOM BOJHBI A = 55,8 HM paccenBaeTcs TUIMTKON

rpadura (Komnron-addexr). OnpeneauTs JIMHY BOIHBI A’ PACCEIHHOTO MO

yriaom 0 = 60° K HanpaBJICHUIO MMaIAFOIIETO IMyYKa CBETA.
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JK3aMeH — UTOroBas arrectauus no gucuuruinde. OO0mas UToropas olieHKa 1Mo Juc-

LUIUTMHE BBICTABIISIETCS CTYACHTY MO pe3yJibTaTaM TEKYUIEH YCIIeBa€MOCTHU U OTBETa

Ha HK3aMEHE B COOTBETCTBHUHM C MOJIOKEHUEM O OAJUIBHO-PEUTUHIOBOM CHCTEME OLICH-

KM JIEATEITbHOCTH CTYAEHTOB | Kypca, npuHaThiM Ha Kadeape Tudd ot 24.09.2010 r.
KPUTEPUU OLIEHKHW 3HAHUM CTYJEHTOB

Ouenka | IlomHOTa, CHCTEMHOCTB, ITPOY- O000111eHHOCTD 3HaAHHUI
HOCTb 3HAHMU

W3noxxeHrne NONyYEeHHBIX 3HAHUW B| BhigeneHue CylecTBEHHBIX NMPHU3HAKOB
YCTHOW, MUCbMEHHOW WM rpaduye-| U3yYEHHOr0 C TIOMONIbIO ONepalui
ckoil (opme, moiHOE, B CHCTEME, B| aHalM3a M CUHTE3a; BBISBJICHHE NpPH-
COOTBETCTBUU C  TpeOOBaHUSMHU | YUNHHO-CJIEICTBEHHBIX CBsA3eHl; (opmy-
y4eOHOM MporpamMMbl; JONMYCKAIOTCs | IUPOBKA BBIBOJOB M 000OIECHUIl; CBO-
€IMHUYHBbIE HECYIIECTBEHHBIE OMIMO-| O0JHOE ONEepUpPOBAHUE HU3BECTHBHIMU
KM, CAMOCTOSITEJIbHO HCIpaBisieMble| paKkTaMu U CBEJCHHUSIMHU C UCIOJb30Ba-
CTYJIEHTaMH. HUEM CBEJICHUI U3 APYTUX NPEIMETOB.

«5»

W3noxxeHrne NONyYEeHHBIX 3HAaHUW B| BhigeneHue CylecTBEHHBIX NMPHU3HAKOB
YCTHOW, MUCbMEHHOU U TpaduyecKoil | H3yYeHHOT0 C TIOMONIbIO ONepalui
dbopMe, TMOJIHOE, B CUCTEME, B COOT-| aHajdM3a M CHUHTE3a; BBISIBICHUN NpH-
BETCTBUM C TpeOOBaHUAMU Y4EOHOM | YNHHO-CIIEACTBEHHBIX CBsI3ei; (Qopmy-
MPOrpaMMBbl; JOIMYCKAIOTCS OTJEJb- | TUPOBKA BHIBOJIOB M 0000LIEHUH, B KO-
HbI€ HECYIIECTBEHHbIE OLIMOKH, HC-| TOPBIX MOTYT OBITh OTAENbHbBIE HECY-
MpaBisieMble CTYJIEHTAaMU MOCJE YKa- | [ECTBEHHbIE OIMOKU; MOITBEPKICHUE
3aHUS MPENoIaBaTess Ha HUX. M3YYEHHOT'O HU3BECTHBIMU (haKTaMU U
CBEJICHUSIMHU.

«4»

W3noxxeHne TMONYyYEHHBIX 3HAHUM | 3aTpyJHEHHs] MPH BHIIOJHEHUU CYIIle-
HEMOJIHOE, OJTHAKO 3TO HE MPEMSTCT-| CTBEHHBIX MPU3HAKOB MU3YyUYEHHOTO, MpHU
ByeT  YCBOGHHMIO  MOCJEAYIOLIErO | BBIABICHUH MPUUYMHHO-CIIEICTBEHHbIX
MPOrpaMMHOI0 —MaTepHalia; Jomyc-| cBsizel U (OpMyIHUPOBKE BHIBOJIOB.
KalOTCsl OTJEJIbHbIE CYIIECTBEHHbBIE
OLIMOKHU, HCIpaBICHHE C MOMOUIbIO
IIPENOIaBaTeNsL.

«3»

Wznoxenne yueOHOro Marepuana| beccucremMHoe BbIICNICHHUE CITy4alHBIX
HETIOJHOEe, OECCUCTEeMHOE, YTO Tpe-| MPU3HAKOB  HM3YyYCHHOTO; HEYMEHHE
MSATCTBYET YCBOCHHIO TOCIEAYIOMICH | MPOM3BOANTDh TPOCTCHINIME OIEpaIiu
y4eOHOM uWH(]OpMaIUM; CYIIECTBEH-| aHAIM3a U CHHTE3a; JejIaTh 0000IIeHHUs],
HBIC OITUOKH, HEUCTIPABIIIEMBIC Ja)KE | BBIBOJIBI.

C TIOMOIIBIO TIPEITOIaBATEIS.

«2»

IlonHoe He3HaHWe M HENOHHMAaHHE
yyeOHOro marepuana (CTyIeHT He
«I» MOXKET OTBETUTh HM HA OJWH ITOCTaB-
JICHHBINA BOIIPOC).
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