[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0

NHOTOtiHINGEA BIPEOBGH: no,qnmcn;»o
oMo, leeevenaalie ATP(SARSPY 0 HA VK U BBICIIIETO OBPA3OBAHMS POCCUMCKON ®EIEPA-
DonS8L X 1Op 1TaTArSpCkOrS MHCTUTYTa (duAnan) Ceepo-KasKasckoro 1202

enepanbHoro yHusepcuTeTa
[lara nognncanms: 19.07.20)PEAGPATBHOE TOCY 1apCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHNE
YHWKa/bHbIil MPOTPaMMHBIi KITH0Y: BBICILICTO 00pa3pBaHs

d74ce93cd40e39275¢3ba2 58486 CEBERO-KABKA3CKIUI ®EIEPAJIBHBIN YHUBEPCUTET»

Thrraropermit macTHTY T (Qunnan) CKOY

MerToauyeckue ykazaHus

O BBITIOJHEHUIO JTA0OPATOPHBIX paboT
o gucturummae «OU3NUKA»
JUTSI CTYJIEHTOB HaIpaBJiI€HUs! OATOTOBKU
13.03.02 DeKTposHEepPTreTHKA U DJIEKTPOTEXHUKA



/o

M b 0D P

4.3.

4.4

4.5

4.6

4.7
4.8

4.9

4.10
411

412

4.13

414
4.15
4.16
4.17

5.1

5.2

Conepxanue

Bsenenue

Llenb 1 331241 U3YYCHUS TUCIUTLTHHBI
O0opynoBaHHE 1 MaTEepUAIIBI
HaunmMeHnoBanue nadbopaTopHbIX paboT
Copneprxanue 1a00paTOPHBIX pabOT

JlaGopatopnast padota Ne 1. OOGpaboTka pe3yabTaToB (PU3NYECKOTO IKCIEPH-
MeHTa. 3yueHne qBrKeHHs Tena OpOIIeHHOTO MO/ yTIIOM K TOPU30HTY
JlaGopartopnast pa6ota Ne 2. VM3ydeHne 3aKOHOB TUHAMHUKHU MOCTYIATEILHOTO U
BpalllaTeIbHOTO JBUKCHUI C TIOMOIIbIO MAIlIMHBI ATBYAa

JlaGopatopnas padota Ne3. OnpeneneHue CKOPOCTH TMOJETA MYyJIA ¢ TTOMOIIBIO
(buU3UYECKOTO MasITHUKA

JlaGopatopHnas st pabota Ned. Omnpezenenne nepuoaa Konebanuii Gu3nuecKoro
MasiTHUKA

Jlaboparopnas padora NeS. OmnpeneneHue kodppuuueHTa BHyTPEHHET0 TPEHUS
KUJKOCTHA METOJIOM Majaroiiero mapuka (Meroa Ctokca).

Jlabopatopnass  pabora  Ne6.  OmpeneneHue  OTHOUICHUS — yACIBHBIX
TEIUIOEMKOCTEH BO3/IyXa METOJIOM auabaTUYeCKOro pacIupeHus
JlaGopartopnast pabota Ne7. M3ydeHue 31eKTpOCTAaTHIECKOTO TOJIA .

JlaGopaTopnas paboTta Ne8. M3aMepeHne CONMpOTUBICHUS C TOMOIIBIO MOCTa Y UT-
CTOHA

JlaGopartopnast pabota Ne9. VccnenoBanue >7meKTpUUECKON METH MOCTOSHHOTO
TOKa

Jlabopatopnast pabota Nel(. 3yueHue siBieHHsI SJIEKTPOMArHUTHOM MHTYKITHH.

JlaGopaTtopnas padora Nel 1. Onpenenenre ropu30HTATBHONW COCTaBISIONMIEH
WHYKIIMA MarHUTHOTO TOJIs 3eMITH

JlaGopaTtopnas padota Nel2. MccienoBanre kojiebaHU B MPOCTOM KoJieOaTeb-
HOM KOHTYpeE

JlaGopartopnas pabota Nel3. M3mepeHue MIMHBI CBETOBON BOJHBI C TTOMOIIBIO
TUGPaKIUOHHOMN perETKY.

JlaGopaTtopnas padora Nel4. N3yuenue BHemHero Gotorddexra.

Jlaboparopnas pabota Nel5. M3ydeHne 23HEPreTUYECKOTO CIEKTPa JIEKTPOHOB.
JlaGopaTtopnast pabota Nel6. N3yueHrne KOCMHUUECKOTO U3TyUEHHUS.
JlaGopaTtopnast pa6ota Nel7. [IpoBepka 3akoHa Masroca.
Y4eOHO-MeToIn4ecKoe U HHPOPMAIIMOHHOE 00ECTICUeHHE TUCITUTUTNHBI
[lepeueHs OCHOBHOM U TOTIOTHUTENBHOM JTUTEPATYPBI, HEOOXOAMMOM /TSl OCBOE-
HUA JUCHUITIINHBI

[TepedyeHn yu4eOHO-METOAMYECKOTO 00ECTICUCHHS CAaMOCTOSATEILHON PabOTHI 00Y-

Yaromuxcs 1o JUCHOUIIINHE



5.3 Ilepedens pecypcoB HHDOPMAMOHHO-TEIIEKOMMYHUKAITMOHHOM ceTn VHTEepHeT,

HEOOXOIUMBIX JIUISI OCBOCHHS JUCIUTLIHHEI



BBenenue

JIaGopaTopHbI€ 3aHATHS CO3AAI0T ONTHUMANIbHbIE JTUAAKTUYECKHE YCJIOBHS AJS AEATENb-
HOCTHOTO OCBOCHMsI CTYJIEHTaMH COJAEP>KAHHUS U METOAOJIOTMM M3y4aeMOM IUCUUILUIMHBI «Du-
3MKa», UCIIOJIb30BAHUE CIIEIIMAIBHOIO J1a00PaTOPHOro 000OPYJOBAaHUSA U TEXHUYECKUX CPEICTB.
JlaGopaTOopHbI€ 3aHATHA 3aHUMAIOT IPEUMYILECTBEHHOE MECTO IIPU U3y4EHUH o01Ienpodeccro-
HAJIbHBIX U NMPO(ECCHOHAIBHBIX JUCUUIUIMH. JIabopaTOpHbIe 3aHATHS IPOBOJSATCS C LIENbIO BbI-
pabOTKM NMPaKTHUECKUX YMEHUN U MPUOOPETEHUSI HABBIKOB B PEIIEHUH SKCIIEPUMEHTHBIX 3a/1a4,
OTpabOTKH yNPaXKHEHUH, BBIIIOJTHEHUH YEPTEKEH, IPOU3BOJICTBE PACUETOB U T.II.

Henbto nabopaTopHbIX 3aHATUH sIBIIsIETCS (GOPMUPOBAHUE MPAKTUYECKUX YMEHHUH — Ipo-
(eccrOHANBHBIX (BBIIOIHSTH ONpPEACIEHHBIE EHCTBUSA, ONepaliii, HEOOXOJUMbIE B TOCIEIYIO-
11eM B MPo(heCcCHOHAIBHON AESATETbHOCTH) WM Y4eOHBIX, HEOOXOAUMBIX B MOCIEAYyIOIIEH yueo-
HOU JIEATENBHOCTH 10 00IenpodeCCUOHATBHBIM U MTPOPECCHOHATBHBIM TUCIUILTHHAM.

bubnunorpaduueckuii cicok CoEPKUT CBEIECHUS O CIIPABOYHOMU JIUTEPAType U IONOTHU-

TCIIbHBIX U3JJaHUAX, HGO6XOI[I/IMBIX JJIA er'IY6J'IeHH01"O N3YUYCHUA OTACIbHBIX BOIIPOCOB.



1. I]enw u 3a0auu uzyuenun OuCyUNIUHbL

Lenbro ocBoeHust AUCHUTIINHBL «Du3nKay sBnseTcss GOPMUPOBAHUE Y CTYIEHTOB KOMIIE-
TEHIUH MO3BOJISIOUINI BbIpaOOTaTh HaBBIKU (PU3MUECKUX MCCIEA0BAHUN B cepax akajeMuye-
CKOM, mpodeccnoHaIbHOM U 00IIeHAayYHO! 1EATEIbHOCTH.

3aauu OCBOCHHMSI TUCUUILINHBI:

— HM3YYEHHUE 3aKOHOB OKPYKAIOLIEro MUpa B X B3aHUMOCBS3H;

— osnajeHue QpyHAaMEHTaIbHBIMUA NPUHLIUIIAMU U METOJIaMU PELICHHUS] HayYHO-TEXHUYECKUX
3az1ay;

— (dopMHpOBaHNE HaBBIKOB 110 IPUMEHEHHUIO MOJI0KEeHUH (PyHIaMeHTalbHON (PU3UKHU K TpaMOT-
HOMY HAYYHOMY aHAJIM3Yy CUTyallui, C KOTOPbIMU MHXEHEPY MPUXOJNUTCS CTAIIKUBATHCA IIPU
CO3/1aHUU HOBBIX TEXHOJIOTUH;

— OCBOEHHE OCHOBHBIX (PM3WYECKUX TEOPHi, MO3BOJSIOLUIUX ONUCATh ABJIECHUS B IPUPOJE, U
[IpeesIoB MPUMEHUMOCTH 3TUX TEOPHM JJI PEIIEHUs COBPEMEHHBIX U MEPCIEKTUBHBIX TEX-
HOJIOTUYECKUX 3a/1a4.

2. Obopyooeanue u mamepuavt

JIaGopatopuslii crens «Ckambs JKykoBckoroy». Jlabopatophslii crena «MammHa Art-
Byaa». JlabopaTopHblii crena «MastHuk Makcsemia». Habop nemoHcTpanmonssiii «MexaHuue-
ckue siBieHus». Habop naboparopHsiit «MexaHukay (pacIiupeHHbIN).

Becbl TexHuuecke HacTOJbHBIE C Pa3HOBECAMHU JIeMOHCTpallMoHHbIA. Habop nemonctpa-
IMOHHBIN «J[MHAMUKa BpalaTelbHOro ABMXKeHHUs». Tpyoka Heiotona. Habop nemMoHcTpannon-
HBIH «["a30BbIC 3aKOHBI M CBOMCTBA HACKIIIEHHBIX MTapoBy. Habop nemoHcTpanmonusiii « Moseky-
JsipHas GU3MKa U TemsIoBble sBIeHUs». Habop neMOHCTpalMoOHHBIN «3BYKOBBIE KOJICOAHUS U
BosIHb. Habop nemoHcTpanmoHHblil «/lMHaMuKa BpaliaTeiabHOro ABMKeHUs». Habop nemoH-
CTpaloHHbIN «I'a30BbIe 3aKOHBI U CBOMCTBA HACBIIIEHHBIX NMapoBy». Habop 1eMoHCTpaliuOHHbIN
«MonexynspHast pU3UKa U TEIIOBBIE SBICHUS.

KowmrnekT yuebnoit mebemnu.

3. Haumenosanue npakmu4eckux paﬁom

No Tembl W3 Hux npakTuye-
HanmeHnoBaHMe TeM TUCHMIUIMHBI, UX KPAaTKOE O6beMm
TUCIIH- CKasl IOJIFOTOBKA,
coJiepKaHue 4acoB
TJTMHBI 4acoB
2 ceMecTp

JlaGopaTopHnas paGora Ne 1. ViccnenoBanue
AEKTPUYECKOM 1IeNH OCTOSTHHOTO TOKA.

9 N3yuenne 3aBUCMMOCTH CHJIBI TOKA, HaIpsikKe- 1,5
HUS, IOJTHOM MOIe3HOM MOITHOCTH M K.I1.JI. HC-
TOYHUKA OT CONPOTHUBJICHUS] HAIPY3KH.

JlabopaTopnasi padora Ne 2. M3yuenue siBie-
HHUS JJIEKTPOMAarHuTHOW UHAYKLHH.

10 N3ydeHune 31eKTpUIECKUX TOKOB BO3HUKAFO- 1,5
LUX [IPU SBJICHUU DJIEKTPOMArHUTHOU MHIYK-
017078




11

JlaGopaTopuas padora Ne 3. OnpezneneHue
TOPU30HTAIILHOM COCTABISAIONIECH HHAYKIIMH
MAarHUTHOTO TIOJIS 3eMJTH.

Onpenenenne TOPU30HTATBLHON COCTABISIONIEH
WHIYKITMA MarHUTHOTO TIOJIsT 3eMJTH.

1,5

12

Jlaboparopnasi padora Ne 4. NccnenoBanue
KoJIeOaHui B K0J1e0aTeIbHOM KOHTYPE.
N3yyenwne 3aTyXarmmux dMEKTPHUSCKUX KOJIe-
OaHuil KoebaTeTbHOM KOHTYPE.

1,5

13

JlaboparopHnasi padora Ne 5. Onpezenenue
yAETBHOTO 3aps/a JEKTPOHA METOJOM MarHe-
TpOHa.

N3yuenue nuxeHuit 3aps0B B dJEKTpUYe-
CKHMX U MarHUTHBIX TMOJISIX, U3BMEPEHUE YICIb-
HOTO 3aps/a 3JIEKTPOHA.

1,5

14

JlaGopaTopHas pa6ora Ne 6 3mepenue
JUITMHBI CBETOBOI BOJIHBI C TOMOIIbIO THU(pak-
LIAOHHOM PEIIETKH.

[To3nakomuTcs ¢ sBlIeHHEM AU(PAKIUU CBETa
B MapaJJIeNbHBIX Jy4ax Au(paKIMOHHOH pe-
HIETKU.

1,5

15

JlaGopaTopHas paGora Ne /. [Iposepka 3a-
KOHa Mairoca.
[IpoBepuTs BbINOJIHEHUE 3aK0Ha Maittoca.

1,5

16

JlaGopaTopHas paGora Ne 8. M3yuenue BHel-
Hero gororddexra.

OmnpezneneHue CKOPOCTH MOJIETA ITyJIH C TIOMO-
IIIBIO (1)I/I3I/I‘-I€CKOI‘O MasATHHKA.

1,5

17

JlaGopaTopHas paGora Ne 9. Mzyuenue snep-
TeTUYECKOr0 CIIEKTPa IEKTPOHOB.
Omnpenenenue AIUHBI TPoOETa 3IEMEHTAPHBIX
4acTHUI] B BO3JyX€ IIPU aTMOC(HEPHOM JaBiie-
HUU U OIIPE/IETICHNE MAaKCUMAJIbHOM SHEPTUU
OeTa-yacTHIl IPU MOMOIIY METO/a MOTJIoIIe-
HUSL.

1,5

Hroro 3a 3 cemecTp

13,5

Hroro

13,5




4. Cooepacanue nadbopamophnvix pabom

JladopaTopnasi padora Ne 1
Tema pabomot. UcciieioBanme 3JeKTPUYECKOIl LeNU MOCTOSTHHOTO TOKA.

Llens pabomel. VI3yueHue 3aBUCUMOCTH CUJIbI TOKA, HAMPSHKEHUS, TIOTHOM MOJIE3HOM MOIII-
HOCTH U K.II.JI. ICTOYHHKA OT COIIPOTUBJICHUS HArpy3KH.

Teopemuuecmm yacme.

JIro6as anekTpuyeckas 1elb COCTOUT U3 UCTOYHMKA U MOTPEOUTEINS SHEPTUH, a TaKXKe pa3-
JIMYHBIX PETYJIIMPOBOYHBIX YCTPONCTB U U3MEPUTENIBHBIX TPHUOOPOB.

—of

™
-

Puc.1.

Ik3

v

Punc.2.

Ha puc. 1 nmpeacrasiena npocreitiias 1enb, COCTOSAIIAS U3 HCTOYHHKA MMOCTOSHHOTO TOKA C
OJ1C E v BHYTpEHHUM COINIPOTHUBIIEHUEM I' U Harpy304Horo peocrata R . J{is u3mepeHus cuibl
TOKAa M HAaNPsDKEHUS Ha Harpy3Ke B IIeTIb BKIIIOUEHBI amnepmeTp A u BonbTMeTp V . B Takoi nenu
CHJia TOKa, HAIPS’KCHUC Ha HAI'PY3KE, IMMOJIHAA U MOJIC3HAd MOITHOCTH OKa3bIBAIOTCA 3aBUCHUMBIMU
OT BeJIMUYMHBI Harpy3ku. Cuia Toka, HalpuMep, YObIBA€T C POCTOM COMPOTHUBIICHUSI Harpy3Kku B
COOTBETCTBUH C U3BECTHBIM 3aKOHOM OMma.

1= E
R+r

1)



OueBuAHO, HANOONBIINI TOK OyZeT B ciIydae KOPOTKOro 3aMmblkaHus, T.e. mpu R=0. Ero

BeIUYMHA | = E (puc. 2).
r

U3 (1) nerko nmomyyaem

E=IR+Ir=U,+U,, @)

rne U = IR uU, = Ir - nanenns nanpsxenns (1 mpocTo HANPSKEHNS) HA BHEITHEM
Y BHYTPEHHHUM y4acTKaX LEIH COOTBETCTBEHHO.

[Tpunumas Bo BHUMaHue 3akoH OMa (1), momydyaem u3 (2) 3aBucuMOCTb HanpsikeHus Ur oT
COINPOTHUBJIEHUS Harpy3ku R:

E R E

U, = =
" R+r +r' (3)

OTCIOI[a BUJHO, YTO C pOCTOM COIIPOTHUBJICHUA HAI'PYy3KH HAIIPAKCHHUC HA Helt BO3pacTacT,

aCUMITOTHYECKH Mpubimxasch k Benmnuune J/1C npu R— o (puc. 2).
[Tpu IpOX0KACHUH NEKTPUYECKOTO TOKA B LIETIH TPOUCXOIUT BbIACICHUE TOJTHONH MOIIHO-
CTH
P=IE, 4)
IIPU ATOM MOIIHOCTb, BBIACIsIEMast HAa Harpy3Ke
Pr =1Ug, ©)
SIBJISIETCS ITOJIC3HOU MOIITHOCTEIO.
W13 (4) BUIHO, YTO MOJIHAS MOLIHOCTb, Pa3BHUBaeMasi HCTOYHUKOM, 3aBUCUT OT COIPOTUBIIE-
HUs Harpy3ku R Ttak ke kak u cuina Toka | = | (R) . Ona MmakcumanbHas Mpu KOPOTKOM 3aMbIKa-
uuu (R=0)
E2
Poo =1.B=—, 6)
HO B OTOM CITydae BBIJEIISIETCS B CAMOM HCTOYHHKE W OKAa3bIBAETCS OECITOJIE3HOM, a 3a4acTyio
BPEJIHOM, BBI3bIBAS BBIXOJI HICTOYHUKA U3 CTPOSI. C poctoM R mosmHast MOIIHOCTH YOBIBAeT,
CTPEMSICh K HYJIIO IpU R — oo (puc. 3).
3aBUCUMOCTH MOJIE3HOM MOIIHOCTH, BBIAEIIEMON Ha Harpyske, oT R ompenensiercs Boipa-
KEHUEM

P.=IU,=1?R=—R )

Amnanu3s BeIpaxkeHus (7) nokasbisaeT, uto 3aBucumocth Py = Py (R) momkna umers max-

CHUMyM, Tak Kak P, =0 B mpemenpHBIX citydasx: mpu KOpoTKoM 3amblkanud (R=0) mnpu R — o

Haiinem 3HaueHue RO , IPU KOTOPOM ITI0JIC3HAaA MOIIIHOCTb, OT6I/IpaCMa$I OT UCTOYHHKA, 6y-

net HauOonbinas. s storo npoauddepenupyem Gopmymny (7) u npupaBHIEM TPOU3BOIHYIO
HYJTIO

dP, _ o (REDIR+N-2R] _
drR (R+r)* -

Ortcrona HaxouM, uTo PR —MakcumansHa npu R, = I, T.e. Korza ConpoTHBIIEHUE HATPY3KH

0 8)

paBHO BHYTPEHHEMY COIPOTUBIICHHUIO UCTOYHMKA (puc.3). Ilpu 3TOM HampspkeHue Ha Harpyske



E
passo nosioBune DJ1C, t.e. U R, = E’ a CHJIa TOKa — MOJIOBHHE CUJTBI TOKA KOPOTKOTO 3aMbIKAHUS

v

Puc.3.

[Tone3Hast MOIITHOCTH, B 3TOM CITydae, COCTABIISIET YETBEPTh MOIITHOCTH KOPOTKOTO 3aMbIKa-
HUSL.

OTHOIIICHHE TI0JIC3HOW MOIITHOCTH KO BCEH MOIIHOCTH, pa3BHBACMON HCTOYHUKOM B IIETIH,
omnpezenser KodPGUIUESHT MOJIe3HOT0 AeHCTBUS (K.I1.1.) 77 UCTOYHHKA.
P Wy Up R o
P IE E R+
W3 astoii Gopmyinbl cienayer, uro 7 Oyner TeMm Ooiblile, YeM OOJIbIIEe COMPOTHBICHHE

Harpy3ku R.TIpu R=0 7 =0 uacumnrorruecku crpemMurcsik 7 =1 npu R —>oo. Ilpu R=r
, T.€. TP MaKCUMaJIbHOM I0JIE3HON MOIIHOCTH K.II.J. UICTOYHHUKA 7] = 5 T.€. cocTasiseT 50%.

HMeHHO uccienoBaHue TUX 3aKOHOMEPHOCTEN SBJIsIETCs Lenblo padoTel. Heobxoaumo mno-
JYy4YUTh JKCIEPUMEHTAIbHBIE 3aBUCUMOCTH CHJIBI TOKA | , HanpsbkeHus U, , moaHOU P U moses-

HOM PR, a Tak ke K.IL.J. n  OT BCJIMYUHBI COIIPOTUBJICHUA HAIPY3KH.

Oobopyoosanue u mamepuaisl.
HcToYHUK HOCTOSIHHOTO TOKa, peoCTaT IJIsI UICKYCCTBCHHOTO YBCIIMYCHUSA BHYTPCHHETO CO-
NPOTHBIICHHUS UCTOYHHUKA, HATPY30UHBIA PEOCTAT MUJUTUAMIIEPMETP, BOJIBTMETP.

Ykazanua no mexnuxe 6e3onacnocmu.
1. K BbmmosHeHUIO 1a00OpaTOPHBIX pabOT IOMYCKAIOTCS CTYIEHThI, U3yUUBIIUE ITPaBUIIA TEX-
HHUKH 0€30TTaCHOCTH.
2. JlaGoparopHble pabOTHI MOTYT MPOBOIUTECS TOJIBKO MO PYKOBOACTBOM U HAOJIFOICHUEM
IpernoaaBaTeIs.
3. Ilpwu BemmonHEHNY Ta00PATOPHBIX PAOOT CTYACHTAM 3alpeIacTCs:



- BKJTIOYATh CXEMBI O] HAMPSDKEHUEM 0€3 MPOBEPKHU MPEIoaBaTes;

- MIPUKAcaThCs K HE3AIUIIEHHBIM H30JISIIIUEN YacTSIM CXEMbl, HAXOASAIMIMXCS MO Halps-
JKEHUEM;

- OIPEENATh HATMYKUE HANIPSKEHUS Ha 3JIEMEHTAX LIeNH MPU MOMOLIM MaJIbLIEB; IPOBEPKA
HaJIUYHs HAPSDKEHUS TIPOU3BOAUTCS TOJIBKO C TTIOMOIIBIO BOJIBTMETPA U B IPUCYTCTBUU TIPe-
MO/1aBaTeIs;

- BKJIFOYATh PyOMIIbHUKH, HAXKUMATh KHOIKH, TPUKACATHCS K JIEKTPHUIECKOMY 000pyI0-
BaHUIO, HE OTHOCSIIEMYCS K IaHHOU TabopaTtopHoit pabote 6e3 BeoMa MperoaaBaTers;

- MPOM3BOIUTH IO XOAY BBITIOJIHEHHS paOOThI IEPEKIIOUCHUS B CXEME, HE 00€CTOUYUB e€;

- OpocaTh coeAMHUTEIbHBIC TPOBO/A HA TIOJ M HA UCCIIEyeMYIO YCTAaHOBKY;

- KJIaCTh Ha pabOYnid CTOJI MOCTOPOHHUE TIPEIMETHI;

- BXOJIUTH B JIA0OpATOPHUIO B BEPXHEH OJICKIE;

4. Ilepen BKIIFOUEHHEM CXEMBI 0053aTEIHHO MPEIyIPEIUTh YIeHOB Opuraabl: «OCTOpOKHO!
Bxarouaro!».

5. Ilpu Hanuuum B cXxeMe KOHJICHCATOPHBIX OaTtapeid, HeOOXOAMMO MMOCIIE OTKJIFOUCHHS TTUTa-
HUS UX Pa3psIIUTh O] HAOII0JHEMEM MPENO1aBaTENs.

6. [Ipu oOHaApy)KEHNU KaKUX — JIMOO HEUCIIPABHOCTEH, MCUC3HOBEHHUS HAMPSIKCHUS B CETH, a
TakKe MPH HECUACTHOM cllydae, HEMEJIEHHO MPEKPaTUTh paboTy, OTKIIIOYUTh YCTAHOBKY OT
AJIEKTPONMUTAHUS U COOOLIUTH MPEINO01aBaTENIo.

7. IIOMHHTB, YTO TPH OTKIIFOUEHHUH LIETI€l TOCTOSHHOIO TOKA C MHAYKTUBHOCTBHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE MOBHIIIICHUE HATPSKCHHMS.

8. CTyeHThl, HAPYIIMBIIUE MPaBUIa TEXHUKH 0€30MacCHOCTH, HE JIOMYCKAIOTCS K JalbHEM-
et paboTe B JIA0OPATOPUH M MPUBJICKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

Pabouas cxema nzoOpakena Ha puc. 4. B kauecTBe HCTOYHUKA MOTYT HUCIIOJIb30BAThCS aAK-
KYMYJISITOPLI 1501051 BLIHpSIMI/ITCJIB, JarIuec HaHpSI)KeHI/IC BGHH‘IHHOﬁ HECKOJIBKO BOJIBT. BHYTpeH-
HEe CONMPOTHUBJICHHE TAKMX UCTOYHHKOB, KaK MPABHJIO, MAJIO - MOPSIKA IeCATHIX jJonei OMma. [1o-
3TOMy, KakK CJICZ[yeT N3 BBIINICHU3JIOXKCHHOT'O, JJIA HOCTpOGHI/IH Fpa(l)I/IKOB NCKOMBIX SaBI/ICI/IMOCTef/'I
HArpy304YHBIA peocTaT R Toxe T0JKEH HUMETh CONTPOTUBIICHHE TIOPsIKa TecAThIX noseid Oma. ITo-
,Z[O6HI>IC peOCTaTBI ABJIAKOTCA YHI/IKaJ'IBHI)IMI/I. HOBTOMY BHy’I’peHHee COHpOTI/IBJICHI/Ie NCTOYHHUKA B
JAaHHOW pab0Te MCKYCCTBEHHO YBEIUYHMBACTCS MyTEM ITOCIICIOBATEILHOTO BKIFOYCHHS TOTIOTHH-
TEJILHOTO peocTata I', UMCIOIEro BEJIUUMHY HECKOIbKHX necsiTkoB OmoB. [Ipu 3tom co6-
CTBEHHBIM BHYTPEHHUM COTIPOTHUBIIEHHEM I HMCTOYHHKA MOXHO IMpeHeOpeUb.

N3 cxemsl (puc.4) cieayer, 4To BHYTPEHHEE COMPOTUBICHUE MILTHAMIIEpPMETpa U BOJIBT-
METpa COCTaBJISIOT C COMPOTUBJICHHEM HArpy304HOro peocTara eauHoe Iennoe. Takum oOpasom,
JICBYIO YaCTh CXEMBI CIIeyeT paCCMaTPHUBATh KaK NCTOYHHK, a MTPABYIO KaK HATPy3Ky.
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NCcTQUHUK mA

A\ 4

rl

Puc. 4.

1. CobGpatpb pabouyto cxemy (puc.4). BeIICHUTE mapaMeTpbl MPUOOPOB. JIBHIKKH peOCTaTOB
YCTaHOBUTH B TIOJIO’KEHUE HAMOOJIBIIETO 3HAYCHHS COTIPOTHBIICHUS.

2. Ilocne mpoBepkH cXeMbl IPEroAaBaTeeM WK JJa0OPaHTOM BKJIIOYUTH UCTOYHHK MUTA-
Hus. OTCUUTATh MOKa3aHUS MPUOOPOB U 3aHECTH B TAOJIHILY.

3. [lanee, ymeHbIas COMpOTUBIEHUE HArpy3ku R, cHATh 8-10 3HaueHuit Toka B nenu [ u
Hanpspkenus: Ur. [locnenasis Touka 10KHA COOTBETCTBOBATh KOPOTKOMY 3aMbIKaHUI0. [Ipu aToM
TOK JIOJDKEH PAaBHATHCS lxs, @ HAMPSHKEHUE TOJDKHO OOPATUTHCS B HYJIb. BBIKITIOUUTH CXEMY.

4. OmpenenuB LEHBI JEJICHUI HA HCIOJI30BAHHBIX Mpejesiax U3MEpPEHU amIepMerpa U
BOJIbTMETpPA BBIYUCINUTD U 3aHECTH B TAOJUILy 3HAUCHHUS TOKA B aMIiepax 1 HaMpsHKEHUS B BOJIbTaX.

5. PaznmenuB monyueHHBbIC 3HAYEHUS HANPSHKEHUS HA COOTBETCTBYIOIIHME 3HAYCHUS TOKA
paccuuTaTh ¥ 3aHECTU B TAONUILy CONPOTUBIICHNUE HArpy3ku R

Tabnuna 1.

N I Ur U P=IE Pr=IUR P

R —_R
| =

6. Benmmuuny DJIC E ciemyer cuntath U3BECTHOM, TMO0 M3MEPUTH 3HaUeHUe E mpu oTkIIrO-
YEHHOW Harpy3Ke.

7. Ilo popmymnam (4,5,9) paccuntarh 3HaYEHUS 1MOJIe3HOM PR, moHOM P MOmIHOCTH M K.I1.1.
77, COOTBETCTBYIOIINE HAWJCHHBIM BelIMYMHaM R.

8. I1o momy4enHbIM 3HaYeHUSAM nocTpouts kpuBsle | = 1(R), U, =U(R) Ha oxHOM Tpa-
¢uke u P=P(R), Pr=Pr(R) u n =7 (R) Ha apyrom.

9. OTMETHTH Ha IEpPBOM TpauKe CONMPOTHUBIEHUE Ro=T , Mpr KOTOPOM TOK M HaNpsHKEHHE
COCTaBJISIIOT, COOTBETCTBEHHO, TIOJIOBUHY TOKa KOPOTKOTo 3aMblkanus |, u monosuny E. Ha BTO-

poM rpaduke HaiiTu R, = I mo makcumymy 3aBucumoct Py = P (R) . CpaBHUTB Mex1y c000ii
3Tn 3HaueHus R,. IIpuMepHOe paBeHCTBO MEXIy 3TUMHU ABYMS 3HauCHHAMH R, sBIseTcs Kpu-

TCPHUEM IMPABUIIBHOCTU BBIITOJHCHHBIX H3MCp€HHI>i. Ecau Takoro PaBC€HCTBA HET, U3BMCPCHUA CJIC-
AYET IIpoACiiaTb BHOBb.
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Cooeporcanue omuema.

OTder 1o 1a00PaTOPHBIM pabOTaM JOKHEI COACPKATh:

- TUTYJIbHBIH JTUCT;

- 11eJ1b PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIpeJIeIeHU, MOHATHH, hopMyJ;
- OCHOBHOE 000pYJI0BaHUE, CXeMa YCTAaHOBKH;

- OIMCAHME M0 ITyHKTaM BBIIIOJHEHHOH paboThI;

- pe3yJIbTaThl U3MEPEHU U pacueToB (TabyuLbl, rpadukm);

- OLICHKA MOTPELIHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI,

- BBIBO/JIbI 110 PE3yJIbTaTaM BBINOJIHEHHON paboThl, 1aTa, HOIHCh.

Konmponvuuie ¢onpocuwi.

Uro takoe DJIC?

3anumure 3akoH OMma B 0600111eHHOM hopMe U U1 3aMKHYTOH LIeTH.
ITpoBenute MaTemaTnueckoe nccienoBanue pynkmuit U, (R) u I (R).
Jaiite onpeeneHre MOITHOCTH 3IEKTPUUECKOr0 TOKa.

IIpoBenute uccnenoBanue 3aBUCUMOCTH Py, = P (R) .

o ks whE

Yto Takoe K.IL. 1. HCTOYHUKA?

JlaGopaTopnasi pa6ota Ne 2
Tema padomer. U3yyeHnne siBJICHUS JIEKTPOMATHUTHOM MHAYKIUH.

Lenv padbomor. 3yueHue >NeKTPUUECKUX TOKOB BOSHUKAIOIINX IIPH SBJICHUH JIEKTpOMAr-
HUTHOMN WHIYKITUH.

Teopemuuecmm uacmes.

MarHuTHBI MOTOK Yepe3 IUIOCKYI0 MOBEPXHOCTh — ATO CKalApHas (hU3MUecKas BEJIU-
YUHA, YACJIEHHO paBHAs MPOU3BEICHUIO MOJYJISI MArHUTHON MHIYKIMH Ha IUIOLIAJb IOBEPXHO-
CTH, OTPAHUYEHHON KOHTYpPOM, U Ha KOCUHYC YTJIa MEXIY HOPMaJIbIO K TOBEPXHOCTH U MArHUT-
HOM mHIyKimer 17 okTsa6ps 1831 roma anrnuiickuii yueHblit Maiikn ®@apaaeit OTKpbUT SBICHUE
3JIEKTPOMATHUTHON UHAYKIMH.

SIBeHMEM 3JIEKTPOMATHUTHOW MHAYKIMH HA3bIBACTCS SIBJCHUE BO3HUKHOBEHUS TOKa B
3aMKHYTOM KOHTYpPE MPU U3MEHEHUH MarHUTHOTO MOTOKA, MPOHU3BIBAIOIIETO 3TOT KOHTYP. A TIO-
Jy4YeHHBIA TAKUM CIIOCOOOM TOK, HAa3bIBAETCS HHAYKIMOHHBIM.

3aKO0H IJIeKTPOMATHUTHON MHAYKIUM: CPEHEE 3HAUCHUE DJIEKTPOJABUKYIIEH CUIIBI HH-
JYyKUIHUHA B TIPOBOJSIIEM KOHTYpPE MPOMOPLHOHAIBHO CKOPOCTH M3MEHEHHS] MarHUTHOTO MOTOKA
4yepe3 MOBEPXHOCTh, OTPAHUYCHHYIO KOHTYPOM.

Bennuuna n Hanpasnenue 2J1C unayKumuu

PaccmoTpum Temeph, KakoBbI OyAyT BEIMYMHA M HANpaBICHUE WHAYKTUPOBAHHOW B TMPO-
Boaauke JJIC.

Benmnuuna 3/IC MHIYyKIMH 3aBUCUT OT KOJIMYECTBA CUJIOBBIX JIMHUM MOJIsA, IEPECEKAOIINX
MIPOBOJIHUK B €IMHUILY BPEMEHH, T. €. OT CKOPOCTH JIBH)KCHHUSI IIPOBOJIHHUKA B TIOJIE.

Bennunna unnykruposanHoit 9J1C HaxoquTCs B IPSIMON 3aBUCUMOCTH OT CKOPOCTH JBU-
KEHUS ITPOBOJIHUKA B MArHUTHOM I10JI€.

Bennuuna unaykrupoanHoi J/[C 3aBUCUT Takxe U OT JJIMHBI TOM YaCTH MPOBOAHUKA, KO-
TOpasi MepeceKaeTcsi CUIOBBIMH JUHUSIMHU ToJs. YeM Oosiblias yacTh MPOBOJHUKA MepeceKaeTcs
CWJIOBBIMH JIMHUSMH 10151, TeM Oonbinas D/[C uaaykTupyercs B IpoBoAHUKE. M, HaKOHEII, yeM
CHJIbHEE MarHUTHOE T0JIE, T. €. YeM OoJIblie ero HHAYKIM, TeM Oonbias 3/1C BO3HUKAET B MPO-
BOJIHUKE, MTEPECEKAIOIIEM 3TO TOJIE.
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Wrak, Bennunnaa 3/]C uHAYKIIMN, BOZHUKAIONIEH B IPOBOJHUKE TIPH €r0 JBUKEHUU B Mar-
HUTHOM M0JI€, MPSIMO MPONOPLUUOHATbHA MHAYKIIMK MarHUTHOTO MOJIs, IJIMHE POBOAHUKA U CKO-
pOCTH €ro nepeMenIeHus..

3aBUCHUMOCTS 3Ta BeIpaxkaetcs ¢popmyioit E = Blv,

rae E — DJIC unnykuun; B — marautHast uHAyKIuUs; | — qiuHa TPOBOJIHUKA; V — CKO-
POCTb IBM>KEHHS IPOBOTHUKA.

CrnenyeT TBEpIO MIOMHUTD, UTO B POBOJIHUKE, IEPEMEIIAIOIIEMCS B MArHUTHOM 11oiie, DJ{C
MHIYKUHWHA BO3HUKAET TOJBKO B TOM CJIy4ae, €CJIM 3TOT MPOBOAHUK MEPECEKAETCS] MAarHUTHBIMU
CUJIOBBIMH JIMHUSIMU TI0JIs1. ECu sxe pOBOIHUK TIEpEeMENIaeTcsi BIOJIb CUIOBBIX JIMHUN TIOJIS, T.
€. He MepEeceKaeT, a Kak Obl CKOJB3UT M0 HUM, To Hukakoi D/IC B HeM He mHAyKTHpyeTcs. [lo-
3TOMY NPHUBEACHHA Bblllle (OpMyJia CIpaBeUINBa TOJBKO B TOM CIy4ae, KOr/ia IpOBOJIHUK Mepe-
MEILIAETCs NEPIEHANKYIJISIPHO MArHUTHBIM CUJIOBBIM JIMHUSIM TOJIS.

Hamnpasnenue nnaykrupoBannoit 3/IC (a Takke ¥ TOKa B MPOBOJHUKE) 3aBUCHUT OT TOTO, B
KaKyl0 CTOPOHY JABUXKETCSI IPOBOJHUK. /{151 onpenenenus HanpasieHus: uHAyKTupoBanHoit 3/1C
CYILIECTBYET MIPABUJIO MPABOIl pyKH.

Ecnu nep>xathb 1aJoHb IPaBOM PYKH TaK, 4TOOBI B HE€ BXOIUIM MAarHUTHBIC CHIIOBBIC JINHUU
T0JIsI, @ OTOTHYTHINA OOJIBIION Masiel] yKa3biBaja Obl HAIIPABJICHUE IBMIKEHUS MPOBOJHUKA, TO BBI-
TAHYTbIE YETBIPE Majbla YKaXKyT HaIpaBJI€HUE NeUCTBUS HHAYyKTUpoBaHHOM D/{C n HanpaBiieHne
TOKa B MPOBOTHUKE.

[Ipu nBUKEHUU BHYTPU KATYIIKH IOCTOSTHHOTO MaruuTa B Hel unaykrupyercs DJ1C 3a cuet
TOTO, YTO MAarHUTHBIN MOTOK MarHuTa MepeceKaeT BUTKU KATYIIKH, T. €. TOYHO TakK K€, KaK 3TO
OBLIO TIPH JBUKEHHUH MPSMOJIMHEHHOTO MPOBOJHUKA B TIOJIE MAarHUTA.

Ecin marHuT omyckath B KaTylIKy MEJUIEHHO, TO Bo3HMKarouias B Hel OJ[C Oyner
HACTOJIBKO MaJia, YTO CTpeliKa Mpubopa MOKET Jaxke He OTKIOHUThCsA. Ecnu ke, Ha000poT, mar-
HUT OBICTPO BBECTH B KAaTYIIKY, TO OTKJIOHEHHE CTPEJIKU Oy1eT O0sIbIIuM. 3HAUUT, BEIMYMHA UH-
nykrtupyemoint D/IC, a ciienoBaTenbHO, U CHJIa TOKA B KaTYILIKE 3aBUCAT OT CKOPOCTH JBUKEHUS
MarHuTa, T. €. OT TOTO, HACKOJIBKO OBICTPO CHIJIOBBIC JIMHUH IOJIS TIEPECEKAIOT BUTKU KATYIIKH.
Ecnu Tenepp noodepe1HO BBOAUTH B KATYIIKY C OJIMHAKOBOM CKOPOCTHIO CHa4aJla CUJIbHBIN Mar-
HUT, a 3aT€M CJIA0BIiA, TO MOXXHO 3aMETHUTh, UTO MPU CHIIBHOM MarHUTE CTpelika mpudopa Oymer
OTKJIOHSITHCS Ha OOJBIIMKI yroj. 3HaUuT, BeauurHa nHAyktupyemoit DJIC, a criemoBaTenbHO, U
CHJIa TOKa B KaTyIIKE 3aBUCST OT BEJIMYMHBI MAarHUTHOTO IMOTOKA MarHuTa.

W, HakoHel, eciii BBOJAWTH C OJIMHAKOBOM CKOPOCTBIO OJIMH M TOT K€ MAarHUT CHayaja B
KaTyIIKy ¢ OOJIBIIIMM YHMCIIOM BHUTKOB, @ 3aTEM CO 3HAYUTEJIbHO MEHBIINM, TO B IIEPBOM Cllydae
CTpenKa npubopa OTKIOHUTCS Ha OOJBIINIA YToJl, 4eM BO BTOPOM. 3HAUUT, BEIMYMHA UHAYKTHPY-
emoit D/1C, a ciiejoBaTenbHO, M CHJIA TOKA B KAaTYILKE 3aBUCAT OT YHMCJIa €€ BUTKOB. T¢€ ke pe3yiib-
TaThl MOKHO MOJIy4YHTh, €CJIM BMECTO TOCTOSTHHOI'O MAarHUTA MIPUMEHATH 3JIEKTPOMArHHMT.

Hamnpasnenue 3/1C MHIYKIMH B KaTyIIKE 3aBUCUT OT HAMPABJICHUS NIEPEMEIIICHHS] MarHUTa.
O towMm, kak omnpenensath Hanpapienue IJ[C MHAYKIHMHM, TOBOPUT 3aKOH, YCTAHOBIECHHBIA . X.
Jlenuem.

3akoH JleHna ais 3J1eKTpOMarHUTHOM MHAYKUMU: Beskoe n3MeHeHne MarHuTHOTO TIOTOKA
BHYTPH KaTYIIKH COTIPOBOKIACTCSI BO3HUKHOBeHUEM B Hell DJ[C MHAYKIMH, TPUYEM YeM OBbICT-
pee U3MEHSETCS MarHUTHBIA MTOTOK, IPOHU3BIBAIONTUHN KaTyIIKy, TeM Oombinas 3J1C B Hel uH-
JTyKTUPYETCS.

Ecnm katyuika, B koTopo#t co3nana 9/{C MHIyKIMH, 3aMKHYTa Ha BHEIIHIOK 1I€Mb, TO 10
BUTKaM €€ MJIET MHAYKIIMOHHBINA TOK, CO3/IAI0IINI BOKPYT MPOBOJHUKA MAarHUTHOE MOJIE, B CHITY
Yero KaTyllka npeBpaimaercs B cojieHoun. [lomyuaeTcss Takum oOpa3oM, YTO W3MEHSIOIIEecs
BHEIIIHEE MarHUTHOE TI0JIE BBI3BIBAET B KATYIIIKE MHAYKIIMOHHBIA TOK, KOTOPOH, B CBOIO OYEpE/ib,
CO37a€T BOKPYT KATYLIKU CBO€ MarHUTHOE MOJI€ — IO0JIE TOKA.

W3zyyas 370 siBnenue, . X. JIeHI ycTaHOBUII 3aKOH, ONIPEIEISIONINI HallpaBiIeHUe UHTYK-
LMOHHOTO TOKAa B KAaTylLIKe, a ciiefoBaTenbHo, U HanpasieHue DJC nnaykuuu. DC naykumu,
BO3HHKAIOIIAs B KATYIIKE NP W3MEHEHUU B HEM MAarHUTHOTO MOTOKA, CO3/Ia€T B KATYIIIKE TOK
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TaKOT'0 HaIpaBJIEHUs, IPU KOTOPOM MArHUTHBIA MOTOK KAaTYIIKHU, CO3JaHHBIM ATUM TOKOM, TIpe-
MSATCTBYET U3MEHEHHUIO MOCTOPOHHET0 MAarHUTHOTO MOTOKA.

3akon Jlenna cripaBe B sl BCEX CIy4aeB MHAYKTHPOBAHMS TOKA B MPOBOJHUKAX, HE3a-
BHUCUMO OT (DOPMBI MPOBOJTHUKOB M OT TOT0, KAKUM CIIOCOOOM JJOCTUTAETCS U3MEHEHHE BHEIIIHETO
MarHuTHOTO TIOJIA.

Bemmunna 9.4.C. MTHAYKIUH 8%() OonpeaAcIsICTCA 3aKOHOM 3H€KTpOMaFHI/ITHOI\/’I HHAYKOWN

CDapazLeﬂ: 9.4.C. SHGKTpOMaFHHTHOﬁ HWHAYKOWA & B 3aMKHYTOM IHPOBOJAAIIICM KOHTYpPC 4YHC-

uno’
JICHHO paBHa U INPOTUBOIIOJIOKHA 11O 3HAKY CKOPOCTHU U3MCHCHUS MAIrHUTHOTO IIOTOKA @ CKBO3b
MMOBEPXHOCTh, OTPAHUYCHHYIO 5TUM KOHTYPOM
P dd (1)
uHO dt
3HakK MHHYC B (i)OpMyJIe COOTBCTCTBYCT npasuiy ﬂeHI/!a: IIpU BCAKOM U3MCHCHHUU MAarHur-
HOI'0 IOTOKAa CKBO3b IMOBCPXHOCTDb, OIPAHUYCHHYI 3aMKHYTBIM KOHTYPOM, B IIOCJIICAHCM BO3HU-
KacT I/IHI[yKHI/IOHHBH\/’I TOK TaKOr'o HalpaBJICHUA, YTO €TI0 COOCTBEHHOE MAarHUTHOE I10JIE IIPOTHUBO-
I[eﬁCTByeT HU3MCHCHHUIO MAaroHuTHOI'O ITIOTOKA, BBI3BABIIICTO I/IHHyKHI/IOHHBII‘;I TOK.

Puc. 1.

[IpnyrHa BOZHUKHOBEHHWS WHIYKIIMOHHOTO TOKA B HETIOJIBI’KHOM KOHTYPE COTJIaCHO TE€O-
pHUU BIIEKTpOMarHeTuma MakcBesijia COCTOUMT B TOM, UYTO MPU U3MEHEHUH MAarHUTHOTO TOJIsL BO3-
HUKAET BUXPEBOE AJIEKTPUIECKOE TOJIE, T.€. DJIEKTPUUECKOE T0JIe C 3aMKHYTBIMH CHUJIOBBIMHU JIH-
Husimu. [log nelicTBUEM 3TOTO MOJIsE CBOOOIHBIE 3apsiibl KOHTYpa MePEMEIatTces, T.€, B KOHType
BO3ZHHMKAET JIEKTPUUECKUHN TOK, HA3bIBAEMbIN MHAYKIIHOHHBIM TOKOM.

[TycTh miiockuit 3aMKHYTHIN MPOBOAAIINI KOHTYP L HaX0IUTCs B OJHOPOJHOM MarHUTHOM
noJie ¢ uHaykimen B (puc. 1). Toraa MarHuTHBINM NOTOK @ (MOTOK BEKTOPAa MATHUTHON MHTYKIIUH )
yepe3 MOBEPXHOCTh, OTPAaHUUEHHYIO KOHTYPOM L, ornpenensieTcst BoIpakeHueM

@ =BScosa, (2)
rae S — IUIOoNIalb TOBEPXHOCTH, OTPaHUYCHHONH KOHTYpOM L, ¢ — yronm Mexay HalpaBJIeHHEM
CHJIOBBIX JIMHUM (HAIpaBlIeHHEM BEKTOPA U HOPMAIbIo N K IIOBEPXHOCTH, OTPAaHUYEHHON KOHTY-
pom).

[TycTe MarauTHOE MOJIE CO3/IAETCS IMIHHAPUIECKON KATYIIKOW (COIEHOUIOM), IO KOTO-
pPOM IPOTEKAET NEPEMEHHBIN AJIEKTPUUYECKHUI TOK

I =1, cosat 3)

rae |, —ammmryaHOe 3HaUeHHE TOKA; () — WUKIIMYECKast 9acToTa TOKa (0 = 27TV ; V —4acToTa
TOKA.
Tornma MarHUTHas MHIYKIMS B 10JIsE BHYTPH KaTyIIKKA U BOJIHM3H €€ TOPIIOB paBHA
B = ru,nl
i ¢ yuetom (3)
B = puynl, cos at 4

ra¢ Al — MarHuTHas DPOHUIACMOCTh CCPACYHMKA KATYIIKH, ILlO — MAarHuTHasg ODOCTOSAHHAas; N —

YHCJI0 BUTKOB KaTyIIKH Ha eAUHUIE 1iuHbL. [loncTaBus Beipaxkenue (4) B popmyiy (2), Haxoaum
MarHUTHBIN MOTOK Yepe3 KOHTYP, PACTIONOKEHHBIN BOJIN3H TOpLA KaTyIIKH

@ = puynl S cos o cos wt
OTCIOI[a CKOPOCTb UBMCHCHUA MarHUTHOI'O IIOTOKa paBHA,
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c;—(tpz—yyonIOSa)cosasina)t (5)

Takum 00pazoM, CKOPOCTh M3MEHEHUSI MAarHUTHOTO TIOTOKA MPOIMOPIIMOHAIBHA aMILTUTYIHOMY
3HAYEHHMIO TOKa B KaTymke |, m kocunycy yrma « . IloxcraBus Beipaxenue (5) B popmymy (1),

oJIy4aem
&, =CIl,Ccosa (6)
rae C=—uu,nSwsin ot .
&.MB o &.MB 13
/ /
/7 ;
4 (24 / )
/ P g ! / /// [1-
// /// _// ///
S y; .
S -9 s 1
7 e o YA e
; - /}// //// P -~
ST e
Ll e
I.MA cosa
Puc.2.

3aBMCHMOCTb 3.11.C. DJIEKTPOMArHUTHOM MHIYKUMU & . OT | u COSa (npumepHnslii By
n300paxkeH Ha puc.2.

Oobopyoosanue u mamepuaieol.

. Munnuammnepmerp.

. Maruur.

. Karymxka-moToxk.

. UcTouHMK TOKa.

. Peocrar.

. Kurou.

. Karynika ot snexkrpomaraura.
. CoeMHUTENBHBIE TPOBOJIA.

0NN KW

Ykazanua no mexnuxe oezonacnocmu.
1. K BeImogHEeHHUIO 1a00paTOPHBIX PaOOT AOIMYCKAOTCS CTYICHTHI, N3YUYHBIIHE ITPaBUia TEeX-

HHUKHU 0€301aCHOCTH.

2. JlaGopatopHbie pabOTBI MOTYT MPOBOAUTHLCS TOJHKO O/ PyKOBOJCTBOM W HAOIIOJCHUEM

Mperno/iaBaTeis.

3. Ilpwu BeIMOMHEHNHN Ja00OPATOPHBIX PAOOT CTYACHTAM 3aIpeIIacTCs:

- BKJIIOYATh CXEMBI 0] HaNpsKeHUEeM 0€3 MPOBEPKHU MPEIo1aBaTes;

- MPUKAcaThCs K HE3AMMUIIEHHBIM H30JISIITUEH 9acTSIM CXEMBbI, HAXOAAIIMXCS O] HAMps-
)KECHUEM,;

- OTIPEACNIATh HATMYUE HANIPSHKEHUS Ha DJIEMEHTaX ILETH MPUITOMOIIIH MaJIbIIEB; MPOBEpKa
HaJINn4uAa HaHpH)KeHI/ISI HpOI/ISBOI[I/ITCSI TOJIBKO C ITOMOIIIBIO BOHBTMeTpa U B HpI/ICYTCTBI/II/I npe-
MOaBaTelIs;

- Ipu paboTe Ha 1abopaTOPHOI YCTAaHOBKE IPUKACATHCS OJTHOBPEMEHHO CTEH, PaJInaTOPOB
CUCTEMBI OTOIUICHHUS U APYTUX METAJUIMYECKUX MPEAMETOB;

- BKIIIOYATh PYOMJIBHUKY, HAKUMATh KHOTIKH, IPUKACATHCS K DIIEKTPUICCKOMY 000PYI0-
BaHUIO, HE OTHOCSIIEMYCS K IaHHOM TabopaTtopHoit paboTe 6e3 BeoMa MperoaaBaTers;

- IPOU3BOIUTH 110 XO/Iy BHITIOJIHEHHS pabOTHI MEPEKIIIOYCHHS B CXeMe, He 00ecTOUnB e¢;

- OpocaTh coeAMHUTETbHBIC TPOBO/A HA TION M HA UCCIIEyeMYIO YCTaHOBKY;
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- 3aMEHSATH CTOPEBIIUE MPEIOXPAHUTEIIN HA pA00OUNX IIUTAX MTPH BKIIFOUEHHBIX PyOHITHHHI-
Kax;

- KJIACTh Ha pa0OYUil CTOJI MOCTOPOHHUE TIPEIMETHI;

- BXOJIUTH B J1a00OpaTOpPHUIO B BEPXHEH OICKIE;

- KypEeHHE U 32KUTaHUE OTHSI.

4. Ilepen BKIIOUEHUEM CXEMbI 003aTENILHO MPEIYNPEAUTh YICHOB Opuraasl: «OCTOPOKHO!
Bxurouaro!».

5. Ilpu Hanuuuu B cCXeMe KOHICHCATOPHBIX OaTapeil, HE0OXOANMO MOCTE OTKIIOYCHHS TUTa-
HUS UX Pa3psANTh O] HAOJIIOJHEHEM TIPETIOIaBaTeIIs.

6. [Ipu oOHapyKeHUH KaKUX — JTMO0 HEMCIPABHOCTEH, NCUC3HOBEHHSI HAMPSKEHUS B CETH, a
TaKKe TPH HECYACTHOM CJIydae, HEMEJUICHHO MPEeKPATUTh pabOTy, OTKIIIOYUTHh YCTAHOBKY OT
ANEKTPONUTAHUS U COOOIIUTH MPETOAABATEIIO.

7. IloMHHTB, YTO TIPH OTKIIFOUCHHH IIETIEH TOCTOSTHHOTO TOKA C MHAYKTUBHOCTBHIO BO3MOXKHO
KpPaTKOBPEMEHHOE PE3KOE MOBBIIICHUE HAIPSKEHMUSL.

8. CTyneHThl, HApYIIUBIIKE TIPABUIA TEXHUKA O€30MAaCHOCTH, HE JOIMYyCKAIOTCS K JaTbHEH-
nieit pabote B 1aOOpPaTOPUH U MPUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

OkcnepumeHT 1

Haunem naboparopnyto paboTy co cOopa ycraHoBKU. UTOOBI cOOpaTh CXeMy, KOTOPYEO MbI
OyZeM HCIOIb30BaTh B Ja0OPATOPHOU paboTe, MPUCOSAMHIM MOTOK-KATYIIKy K MIJIIHAMIICP-
METpY U UCIIOJIb3yeM MarHuT, KOTOPbIH OyaeM MpuOImKaTh WK YIATSITh OT KaTymku. OTHOBpe-
MEHHO C 3TUM MBI JOJDKHBI BCIIOMHHUTB, YTO OYJET MPOUCXOIUTh, KOT/Ia OYIET MOSBISATHCS HH-
JYKIIUOHHBIN TOK.

Puc. 1. Okcnepumenr 1

[Togymaiite Hag TeM, Kak OOBSICHUTH HAOIIOJaeMoe HaMu siBJieHne. Kakum o0pa3om BiusieT
MarHUTHBIM MOTOK Ha TO, YTO Mbl BUJUM, B YACTHOCTH MPOUCXOXKICHUE AIEKTPUUECKOTO TOKA.
J71s1 3TOT0 MOCMOTPUTE HA BCIIOMOTaTEIbHBIA PUCYHOK.

OOparuTe BHUMaHHE, YTO JIMHUM MAarHUTHOW MHIYKIIMHM BBIXOAST W3 CEBEPHOIO TOJIIOCA,
BXOJISIT B IOKHBIN TTOTIOC. [Ipr 3TOM KONMMYECTBO 3THX JUHUM, UX T'YCTOTa pa3juyHa Ha pa3HbIX
ydyacTkax marauta. OOpaTtute BHUMaHUE, YTO HAIIpaBIICHHE WHIYKIIUA MAarHHTHOTO ITOJIS TOXKE
M3MEHSIETCS OT TOUKHU K Touke. [1oaToMy MOXKHO CKa3aTh, YTO M3MEHEHHEe MATHUTHOTO MOTOKA
NPUBOJAUT K TOMY, YTO B 3aMKHYTOM IPOBOJHHKE BO3HHMKAET JJIEKTPHUYECKHMH TOK, HO
TOJBKO MPH JBUKEHUN MATHUTA, CJI1e10BATEIbHO0, U3MEHSAETCSI MATHUTHBIA MOTOK, MPOHM-
3bIBAKOIIMI MJI0IIAAb, OTPAHNYEHHYI0 BUTKAMU 3TOH KATYIIKH.

DKCIEPUMEHT 2
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Crenyromuii 3Tan Hamero UCCIeT0BaHMS dJIEKTPOMArHUTHON MHIYKITMH CBSI3aH C Ompe-
JieIeHUEeM HANpaBJIeHNsl MHAYKIMOHHOT0 Toka. O HamnpaBiIeHUU UHIYKIIMOHHOTO TOKa MbI MO-
KEeM CYIUTh TI0 TOMY, B KaKyl0 CTOPOHY OTKJIOHSIETCSI CTpelika MUJUIamrepmerpa. Bocmonbsy-
eMcs yrooOpa3HbIM MarHUTOM H YBUAMM, YTO MPU MPHOIMKEHUH MarHuTa CTPEJIKa OTKIOHUTCS
B OJIHY CTOpOHY. Eciii Tenepb MarHuT ABUTaTh B APYTYIO CTOPOHY, CTPEIIKA OTKJIOHUTCA B IPYTYIO
CTOpOHY. B pe3ynbraTe mpoBeeHHOr0 SKCIEPUMEHTa Mbl MOYKEM CKa3aTh, YTO OT HAIpPaBJICHUS
JABVIOKCHUS MaroiuTa 3aBUCUT U HAIIPABJICHUC MHAYKIIMOHHOI'O TOKaA. OTMETUM U TO, YTO OT IIOJIFOCAa
MarHuTa TOKE 3aBUCHUT HalpaBlIeHUE UHAYKIIMOHHOTO TOKA.

O6paTI/ITe BHHUMAaHHE, UTO BCIIMUMHA MHAYKIMOHHOI'O TOKA 3aBUCUT OT CKOPOCTHU IIECPEMEC-
IIEHUS] MarHUTa, a BMECTE C TEM U OT CKOPOCTH MU3MEHEHHs] MAarHUTHOT'O IIOTOKA.

Bropas yacTh Hameil 1abopaTopHOi paboThl CBsA3aHa OyJET C IPYTUM SKCIEPUMEHTOM.
[TocMOTpHM Ha CXEMY 3TOTO SKCIIEPUMEHTA U OOCYANM, YTO MBI OyJIeM TeTeph J1eNaTh.

K Knioy
r

R
mA §§

-—1|I|l
* MCTOYHUK TOKa

Peocrar

Puc. 2. DOkcniepument 2

Bo BTOpO# cXeMe B PUHITMIIE HUYETO HE U3MEHHIOCh OTHOCHTEIIEHO H3MEPEHHS HHIYK-
IIMOHHOTO TOKa. TOT ke camblii MUJIJTMAMIIEPMETP, IPUCOEANHEHHBIN K MOTKY KaTymku. Ocrta-
€Tcsl Bce, Kak ObUIO B TIEpBOM citydae. Ho Temeph M3MEHeHne MarHUTHOTO MTOTOKA MbI Oy1eM To-
JIy4aTb HC 3a CUCT ABHUIKCHUSA ITOCTOSAHHOTIO MAariuTa, a 3a C4€T U3MCHCHU S CUJIbI TOKA BO BTOpOfI
KaTyIIKe.

B HepBOﬁ qacTu 6y,Z[€M HCCIICA0BATh HAJIMYHMEC MHAYKIMOHHOI'O TOKA IMPU 3aMbIKaHHUU U
pa3mbIkaHuu 1end. MTak, nepBas 4acTh SKCIIEPUMEHTA: Mbl 3aMbIKaeM Kitod. OOpaTtute BHUMa-
HHE, TOK HapacTaeT B LIEIH, CTPEJIKa OTKIIOHUIIACh B OJJHY CTOPOHY, HO 00paTuTe BHUMaHUE, Ceii-
Yac KJII0Y 3aMKHYT, a 3JICKTPUYECKOTO TOKa MHJUTMAMIIEPMETP He MoKa3bIBaeT. J{eno B ToM, 4To
HET UBMCHCHHA MAarHUTHOT'O IIOTOKA, MBI YK€ 00 >TOM TOBOPHJIN. Ecmu TCIICPb KIIFOY Pa3MbIKATb,
TO MUJTHAMITEPMETP MOKAXKET, YTO HANPABIICHUE TOKA N3MEHUIOCH.

Bo BTOPOM 3KCIICPUMCHTC MBI ITPOCJICANUM, KaK BOSHHUKACT HHI[yKHI/IOHHBIfI TOK, KOrjga Mc-
HSETCS DJIEKTPUUYECKUI TOK BO BTOPOH IIETIH.

Crnenyromast 4acTh OIBITa OYJET 3aKIIIOYATHCS B TOM, YTOOBI IPOCIIEIUTh, KaK OyJeT 13-
MEHSIThCSI HHYKIIMOHHBIH TOK, €CJIM MEHSITh BEJIMYMHY TOKA B LIEIH 3a CUET peocTarta. Bel 3HaeTe,
YTO €CJIM MBI U3MEHSEM AIIEKTPHUECKOE CONPOTHUBIICHHE B LIEMH, TO, CleAys 3akoHy Oma, y Hac
OyZeT MEHSThCS M DJICKTPUIECKHUI TOK. Pa3 u3MeHseTCs 3JCKTPUIECKUN TOK, OyIeT U3MEHSIThCS
MaraurtHoe nojie. B MoMeHT NEPEMCEUICHUA CKOJIB3AIICTO KOHTAKTa p€oCTaTa U3MCHACTCA MAarouT-
HOE TI0JI€, YTO MPHUBOMT K MOSIBJICHUIO MHIAYKIIMOHHOTO TOKA.

Ne Cnoco6 nmoayue- | 1 B Bm AD®m
ONMbITA | HUSI HHAYKIU-
OHHOIO0 TOKAa
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1 BHecenue B ka-
TYLIKY CeBep-
HOI'0 MOJII0Cca
MATrHHTA

2 Yaajaenue us

KATYHIIKH ceBep-
HOI'0 TOJII0CA
MAarHuTa

3 BHecenune B ka-
TYLIKY I0KHOTO
M0JII0CA Mar-
HHUTA

4 Yaanenue us
KATYIIKH 10K-
HOI'0 MOJII0CA
MArHHTAa

Cooeporcanue omuema.

Otuet 1o 1abopaTOpHBIM paboTaM JAOJKHBI COAEPIKATH!

- TUTYJIbHBIH JIACT;

- 1eJb paboTHI;

- KOHCITIEKT OCHOBHBIX 3aKOHOB, OIIPEJICICHUH, TOHATHH, (HopMyT;
- OCHOBHOE 000pYy/I0BaHUE, CXEMa YCTAaHOBKHU;

- OTIMCAHME IO ITyHKTaM BBIITOJIHEHHON paboTHI;

- pe3yJbTaThl U3MEpPEHH U pacuyeToB (TalOaMIIbl, TpaduKm);

- OLICHKA MOTPENTHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOTIPOCHI;

- BBIBOJIBI TI0 PE3yJIbTaTaM BBITIOJIHEHHON pabOTHI, 1aTa, TIOIIHCh.

KOHI’I’IPOJ'leble 60npocaol.

aobrwn PR

B uem 3akirouaeTcs sBJIEHUE 3JIEKTPOMAarHUTHON MHAYKINAN?

Kaxko# TOk Ha3bIBatOT MHIYKIIMOHHBIM?

Cdhopmynupyiite 3aK0H 1€KTpOMarHuTHON MHIYKIMK. Kakoit hopmMyioii oH onuceiBaeTcs?
Kaxk dopmynupyercs npasuiio Jlenma?

KaxoBa cBs13p npaBuiia JIeHIIa ¢ 3aKOHOM COXpaHEHMsI SHEPTrun?

JlaGopaTopnasi pa6ora Ne 3
Tema pabomwr. OnipenesieHne TOPH3OHTAJIBLHOW COCTABJISIIONIEH WHIYKIUH MATrHUT-

HOI'0 MoJig 3eMJIN.

Henv padomwr. OnpeneiieHUE TOPU3OHTAIBLHON COCTABIAIONIEH WHIYKIIMA MarHUTHOTO

OJIS 3EMIIH.

Teopemultecmm yacmas.

3eMJIs B LIEJIOM MIPECTABISAET COOO0M OrpoOMHBIH 11apoBOi MarHuT. IloaTomy B 1110001 TOUKE

IPOCTPAHCTBA, OKPYKAIOLIET0 3EMJII0, U HA €€ IIOBEPXHOCTH CYILECTBYET MArHUTHOE IOJIE, CHIIO-
Bbl€ JIMHUM KOTOPOro M300pakeHbl Ha pucyHke 1. I[Ipu sTom ceBepHblif MarHuTHBINA nostoc N
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HAXOJIUTCs BOJIM3H 10KHOTO Teorpaduueckoro FO  Hao6opoT. Ha skxBaTope MarHUTHBIE CHITOBBIC
JIMHUU HaIpaBJIEHbl TOPU30HTAJIBHO, a Ha MOJIOCAX - BEPTHUKAIBHO.

B ocTanpHBIX TOYKAX 36MHOM IMOBEPXHOCTH MHAYKIHSA MarHUTHOTO IIOJISl HAIIPaBJICHA TOJ
HEKOTOPBIM YTJIOM K IIJIOCKOCTH 3€MJIH, T.€. UMEET U TOPU30HTaIbHYI0 Bs U BepTHKanbHyO Bs
COCTAaBJIAIOLIHE.

Puc.1.

HanpasneHnre ropu3oHTanbHONW COCTABIISIIOIIECH IPUHUMAETCS 3a HAIIPABJICHUE MAarHUTHOIO
MepHUJIMaHa, T.K. B 3TOM HaIlpaBJICHUU YCTaHABIMBAETCS CTpPEJKa KOMIIAca, BpalllaloIiascs B ro-
PU30HTANLHOM TI0CKOCTH. L{enbio HacTosIIeH paboThI SABISETCS H3MEPEHNUE BETHUYNHBI TOPU30H-
TQJIbHOM COCTABJISIONICH MHIYKIIMM MAarHATHOTO MOJISI 3€MJIM C MOMOIIbIO TaHT€HC-TAJIbBAHO-
MeTpa. TaHTeHC-TalTbBAHOMETP MPEACTABISET COO0I BEPTHKAIBHO PACTIONOKEHHBIE N KPYyTOBBIX
BHUTKOB paanyca R, o KOTOphIM MPOITyCKaeTCs MMOCTOSIHHBIA TOK cuioi |. B ieHTpe 3Toit coBo-
KYITHOCTH BUTKOB (KOPOTKOM KaTyIIKW) momeniaeTcsi komnac. [Ipu oTcyTCcTBUM TOKa B BUTKax
MAarHuTHas CTPEJIKa KOMIIaca YCTAaHOBUTCS I10

/N
e € 90

Puc. 2.

MarHUTHOMY Mepuauany. [Ipyu mpomyckaHuu ToKa 10 BUTKaM CTPEJKA MTOBEPHETCS Ha He-
KOTOPBIN yToJ o, T.K. TENeph HA HEE MIOMUMO FOPU30HTAIIBHON COCTABJISIOIEH MArHUTHOTO OIS
3emut OyJIeT JEHCTBOBATH €111€ MarHUTHOE T0JIe, co3aBaeMoe TokoM | B N Butkax. Ecnu BUTKH
COPUEHTHPOBATH TaK YTOOBI MX MIIOCKOCTH COBIMA/IaJIH C MIIOCKOCThIO MArHUTHOTO MEpUANaHa, TO
Ha CTpeJKy OyAyT JIeCTBOBATH JBA B3aMMHO MEPIICHAUKYJISIPHBIX TOJIs: Tojie 3emin B3 u more
Toka Bo (puc.2).

Crpenka KoMIaca yCTaHOBUTCS B HANPABICHUHM PABHOJCHCTBYIOIIECH STUX TMOJEH, BIOJb

—

B =B, +B;, r.e. no aquaronanu mapannenorpamma, croponamu kotoporo 0yayT Bo u B3, Cwm.

pHC.2, Ha KOTOPOM M300paXKe€HO CEYeHNE BUTKOB C TOKOM, OPUEHTUPOBAHHBIX BJ0JIb MAarHUTHOTO

. 0
MepHIHaHa, TOPU3OHTAIBHON IIOCKOCTRI0. U3 puc. 2 cnenyer, uto (o = B OTKyJa
3

19



B,

B,=— 1
* g 1)
1

Tak Kkak HHIYKIMS MaTHUTHOTO IIOJIS B IIGHTPE KPYTOBOTO TOKa B = Ho , TO B LIEHTpe N

Holn

BUTKOB OYEBHJIHO B, =—"— (2
2R
Mo N
[Moacrarus (2) B (1) momy4unm B, =—— (3)
2R -9

Ota Gopmyiia UCTIONB3YyEeTCs B HACTOSIICH paboTe JUIsl ONBITHOTO OIPEEIICHUS] TOPU30H-
TaJbHOM COCTaBIIsIONIEH MarHUTHOrO noJia 3emiu. @opmyna (3) 3anucana B cucteme CU, mno-
sTomy B3 noiyuutcs B Teciax.

DnekTpuyeckasi CXeMa YCTaHOBKH ISl U3MEpPEHUsi B3 COCTOUT M3 TaHTeHC-TaabBaHOMETpa
G, ucrounuka Toka & ,peocrara R u ammepmerpa A aiist peryJIupoOBKH U U3MEpeHuUs Toka (puc.3).

B cxeme ucnonwiyetcs nepekintouatensd [1 11 u3MeHeHUs HaIpaBlICHUs TOKa, MPOXOIs-
IIETO Yepe3 TAHTCHC-TATbBAHOMETD.

Puc. 3
Oobopyoosanue u mamepuaiesl.
TaHreHc-TaTbBaHOMETP, aMIIEPMETP, PEOCTAT, UCTOYHHK TOKA.
Ykazanua no mexnuke 6ezonacnocmu.
1. K BBIOTHEHHIO TA0OPATOPHBIX PabOT AOMYCKAIOTCS CTYIEHTHI, N3yYHBIIHE TPAaBUIA TEX-

HUKHU 0€30MacHOCTH.

2. JlabGopatopHbie pabOTHI MOTYT TPOBOAMTHCS TOJBKO MO PYKOBOJCTBOM U HAaOJIIOIEHUEM
npernoiaBaTes.
3. [Ilpwu BeImMoONHEHNY Ta00PATOPHBIX PAOOT CTYACHTAM 3alpeIIaeTCs:

- BKIIIOYATh CXEMBI MI0]] HAIIpsDKEHUEM 0e3 MMPOBEPKH MpernoaBaTes;

- IPUKACAThCSI K HE3AIMIICHHBIM H30JISIIUEH YacTsAM CXEMbI, HAaXO/ISIINXCS TIO/ HaTps-
KEHUEM;

- OTIPE/ICIISITh HAIMYHE HANPSHKCHUS Ha AJIEMEHTAX IIeTIH TPUTIOMOIIH TTaJIbIIEB; TPOBEPKa
HAIUYUS HAIPSHKEHUS TIPOU3BOAUTCS TOJIBKO C TIOMOIIIBIO BOJBTMETPA U B IPUCYTCTBHUH TIpe-
1oJaBaTedIs;

- ipu paboTe Ha TabopaTOPHON YCTaHOBKE MPUKACATHCS OTHOBPEMEHHO CTEH, PaIuaTOPOB
CHCTEMBI OTOTUICHHSI U IPYTHX METAUTUIECKUX MTPEIMETOB;
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- BKJIFOYATh PYOMJIBHUKH, HAKUMATh KHOIKH, TPUKACATHCS K DIEKTPUIECKOMY 000pyI0-
BaHUIO, HE OTHOCSAIIEMYCs K JaHHOM JabopaTopHOil pabote 6e3 BeqoMa npenojaBaress;

- IPOU3BOJIUTH 10 XO/Iy BBITIOJIHEHHS pabOTHI MEPEKIIIOYCHHS B CXeME, He 00eCTOUnB e¢;

- OpocaTh COeIMHUTENbHBIE IPOBOA HA M10JI U HAa UCCIIEYEMYIO YCTaHOBKY;

- 3aMEHSTH CTOPEBILUE MPEJOXPAHUTETHN Ha PA0OUHX IIUTAX MPU BKIIOYEHHBIX pyOMITbHU-
Kax;

- KJIaCTh Ha paboumnii CTOJI TOCTOPOHHHE MPEIMETHI,

- BXOJIUTh B JIaDOPATOPUIO B BEPXHEH OJEK/IE;

- KypEeHHUE U 3a)KUTaHUEe OTHSI.

4. Tlepen BKIIIOYEHHUEM CXEMBI 00s13aTEIbHO MPEAYIPEIUTh WIEHOB Opuraapl: «OcTopoKHO!
Bxirogaro!».

5. Ilpu HanMYuK B CXeMe KOHJIEHCATOPHBIX OaTapeil, He00X0AUMO MOCIIEe OTKIIOUEHHS THUTa-
HUS X Pa3psiIuTh 10/ HAOJIIOJHEUEM MIPETIOIaBaTEls.

6. ITpu oOHapy>keHUH KaKuX — JIMOO HEUCIIPABHOCTEN, HCUE3HOBEHUS HANPSDKEHUS B CETH, a
TaKXe IPU HECYACTHOM cllydae, HEMEIJICHHO TIPEKPATUTh PadOoTy, OTKIIOUYUTH YCTAHOBKY OT
AIIEKTPOIMUTAHUS U COOOLIUTH MPEINOIaBaTEeIIo.

7. [ToMHUTB, YTO TIPU OTKIIFOUECHUH IIETICH TTOCTOSHHOTO TOKA ¢ MHIYKTHBHOCTHIO BO3MOYKHO
KPaTKOBPEMEHHOE PE3KOE MOBBIIICHHE HATPSKESHHUS.

8. CTyleHThl, HAPYIIMBIIUE MIPAaBUIIA TEXHUKH O€30MaCHOCTH, HE JIOIMYCKAIOTCS K JaJbHEN-
e pabote B 1a00paTOPUU U MPHUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

1. CobuparoT 37eKTpUUECKYIO LIETb 0 CXeMe puc.3

2. TloBopaunBasi TaHT€HC- TAIILBAHOMETp, YCTAHABIMBAIOT €ro IUIOCKOCTh B IIOCKOCTH
MarHUTHOT'O MEpHUIMaHa, TaK YTOObl MarHUTHAs CTpPeJKa yCTaHOBHUJIAch B HanpasieHuu 0°-180°.

3. YcranaBiuBasi ABIKKOM peocTaTa 3aJlaHHYIO0 BEJIMUMHY TOKa (3aJaeTcsi mperojaBaTe-
JIeM) U3MEPUTh YTOJI OTKIIOHEHUS] MArHUTHOW CTPEJIKH 0l1.

4. He mu3MeHssl BeIMYMHY TOKa TIOMEHATH nepekmouaTenem [1 HanpaBieHne Toka Ha Tpo-
(o +ay)

5 .

5. TIoBTOpUTH U3MEPEHNUS (i1 U 012 TIPH HECKOJIBKUX JPYTUX 33JaHHBIX 3HAYEHUSAX TOKA.

6. Iloacraisist mocieAoBaTeNbHO HM3MEPEHHBIE COOTBETCTBYIOIIME 3HaueHHs Toka li u
yCpeIHEeHHbIE 3HaueHus yriia o, B hopmyity (3) Haiitu 3Hauenus Bs. ( Benuunnel N u R ykazaHb

THBOIIOJIOKHOE. OTCUNTATh HOBBIN YTOJI OTKJIOHCHHA CTPCIIKH 0.2, Brruncauts o »

Ha TAHT€HC-TaJbBAHOMETPE).
7. Bce pe3ynbTaThl H3MEpEHU U BEIYMCIICHUHA 3aHECTH B TaOII. |
Tabn.1

I(A) a, a, | a tga, | Bs AB | 6B

cp cp

(cp)

8. OmueHuTh MOTPENIHOCTh MPOBEJACHHOTO U3MEpeHus B3 1 pe3ysbpraTsl 3aHecTr B Ta0mI. 1
9. 3anucatp pe3ynbTaT B BUJE
B; = Bsy £ ABsy

Cooepiicanue omuema.

OT4er 1o 1a00paTOPHBIM pabOTaM JOKHEI COACPKATh:

- TUTYJbHBIH JHCT;
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- 11eJ1b PaboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIpeJIeIeHU, MOHATHH, hopMy;
- OCHOBHOE 000pY/I0BaHUE, CXEMa YCTAaHOBKHU;
- ONHMCAHME M0 IMyHKTaM BBIITOJIHEHHOH paboThl;
- pe3yJbTaThl U3MEPEHUH U pacdyeToB (TaOIHIbl, TpaduKN);
- OLICHKA IIOrPEIIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBO/JIbI 110 PE3yJIbTaTaM BBINOJIHEHHON paboThl, 1aTa, HOIHCh.
Konmponwsnuvie éonpocbwi.
1. Kaxoii Bua umeetr MarauTHoe mnose 3emian?
2. B dem 3akirodaeTcst uiest U3MEPEHUsI TOPU30HTAIBLHON COCTABIISIONICH MHITYKITUH Mar-
HUTHOTO 1oJist 3emin?
3. Kak ycTpoeH TaHreHc-raibBaHOMETp?
4. BeiBenute hopMyny HHAYKIUHN Bo, B LIEHTpe KPyroBOro BUTKA C TOKOM.
5. [loueMy MIOCKOCTh TaHT€HC-TAJILBAHOMETPA CJIEYET OPUEHTUPOBATH B HAIIPABICHUU
MarHuTHOTO MepuauaHa?

JladopaTopnasi padora Ne 4
Tema pabomur. UccnenoBanne kojied0anuii B KoJie0aTeJJbHOM KOHTYype

ILlenv pabomei. VzyueHue 3aTyXawmux IEKTPUUECKUX KolebaHuii KoineOaTeIbHOM KOH-
Type.

Teopemultecmm uacmeao.

[TpocToii kosebaTenbHbI KOHTYP COCTOHT U3 TIOCIIEJOBATEIBHO CO-EIMHEHHBIX 2JIEMEHTOB:
emkoctu C, MHAYKTUBHOCTH L M akTHBHOTO conpoTuBieHus R

Cpenu pa3iuyuHBIX JJIEKTPUYECKHUX SBICHUN OOJBIION MHTEPEC MPEICTABISIOT ICKTPHU-
YecKHe KOJICOaHusl, MPH KOTOPBIX HEKOTOPBIC JICKTPUUECCKHUE BEIIMYUHBI, TAKHE KaK TOTCHIIHA
CHWJIa TOKa, WJTH 3apsi]l U3MEHSIOTCS BO BpeMeH!. OJTHUM U3 IPOCTEHINNX HCTOYHUKOB MOy YeHUST
ANEKTPUUECKUX KOJICOAHUH SBIISETCS IJICKTPUICCKUN KOJICOATEIbHBIA KOHTYDP.

PaccmotpuM mpoctoit kosiedaTeabHbIN KOHTYP, COCTOSIIIMM U3 MOCIEI0BATEIEHO COEIU-
HEHHBIX KoHAeHcaTopa C, MHAYKTUBHOCTH L, pesuctopa R u ximroua K (puc.1, a). Ecnu koHmeH-
caTop 3apsAIuTh, a 3aTeM 3aMKHYTh KItou (puc.l,0), To KOHIEHCATOp HAaYMHAET pa3psuKaThes. B
IETTH TIOSABJISICTCS BO3PACTAIOMIHI TOK I, B KATYIIIKE WHIYKTUBHOCTH — COOTBETCTBYIOIIEE MArHUT-
HOE TIOJIE.

K K K
-
1. 1.
1. C C
+ + ] —
= C = ="'
= = +
R
R R
a) 0) B)

Puc.1.
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Toxk paspsina KoHeHcaTopa I, IpoTeKas yepe3 KaTylky, nopoxaaetr B Heit 9JIC camouH-
nykiuu. Bozaukaronias 3/]C caMOMHIYKIMY 3aMeIJISIET pa3psii KOHJIEHCATOpa, a MOCJe TOro, Kak
KOHJICHCATOP MOJHOCTHIO paspsaautcs IJIC camonHayKIwu, HA000pOT, HAYMHAET MOIIEPKUBAThH
TOK B IIPEKHEM HalpaBICHHUH.

B pesynbrare 3TOr0 KOHACHCATOP MEePe3apsauTCs, MOCIe Yero MPOIEecC MOBTOPUTCS, HO
JBUKEHHE 3apsA10B OyAeT IPOUCXOAUTH B IPOTHUBOIOJIOKHOM HarpaBieHUH (pUc.2,B).

[TepBoHauanbHAsT SHEPTHUS IMEKTPUUECKOTO MO 3aPSDKEHHOTO KOHJICHCATOpPA BO BPEMS
€ro paspsija nepexoJuT B YHEPrHUI0 MAarHUTHOTO MoJis KaTyuku. [Ipu nepesapsiae KkoHaeHcaTopa
MIPOUCXOIUT OOPATHBIN MEPEX0]] YHEPTUU MATHUTHOTO TIOJISl KATYIIKU B SHEPTHUIO JIEKTPUIECKOTO
noJisi KoHJeHcaropa. B uyueanbHOM KojebaTeabHOM KOHTYpe CONpoTHBIIeHHE R paBHO HYyIIO U
BO3HUKIIUE IEKTPUUECKHUE KOJIeOaHus OyIyT He3amyxarouyumu (puc. 2,a).

B peanbHOM KONIE6aTEIEHOM KOHTYpPE R OTIHUYHO OT HyJIs1, TO3TOMY MPHU MPOTEKAHUU TOKA
Yyepes Hero MPOMCXOAUT BhICTICHUE Teruia. BeneacTBre 3Toro oOIuil 3amac SHEPruu B KOHTYpe
YMEHBIIAETCS, U KOJICOAHUS 3amyxarom (puc.2,0).

C yBenuueHueM ConpoTuBICHHs R CKOpOCTh 3aTyXxaHus KoJeOaHul yBeIMIUBaeTCs (PHC.
2,B), a TIPH JIOCTATOYHO OOJIBIIIOM 3HAaYeHUH R KoebaHus BOOOIE HE BO3HUKAIOT - HAOI01aeTCs
anepuoouyeckuil pa3psii KoHjaencaropa (puc. 2,r).

ConpoTuBieHne KOHTYpa, IPU KOTOPOM KoJieOaTeIbHbIN MpoIecc MEPEXOIUT B arlepro-
JTMYCCKUH, HAa3bIBACTCS KpUTUIECKUM (Rxp).

PAAA . Topa
A

AN t t

Puc. 2.

Haiinem ypaBHeHue, OMHUCHIBAIOIIIEE 3aTyXArOIINE dIEKTPUUECKHIE KoeOaHUs B KOHTYpE.
B cooTBEeTCTBUY C 3aKOHOM COXpaHEHHMsI SHEPTHH yOBLIIb SHEPTHUH KOHJICHCATOPA MPH €T0 paspsie
—dWc pacxoayeTcs Ha yBEIMUYCHUE SHEPT A MATHUTHOTO 1OJIs KaTyInku d WL ¥ BeIJICIICHUE TeTlia
dQ B conpoTuBnenuu R:

— dwe = dwWi +dQ, L)

rae Wc — 9HEprus KOHJICHCATOpa, \\/ . = q2 /2C,
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WL — 5Heprust MarHMTHOTO MOJISt KATYIIKH, \\/, = Li 2 /2.

3nmeck Q — 3apsii KOHACHCATOpa B IaHHBIM MOMEHT BPEMEHH, 1 — CHUjla TOKa B KOHTYpPE B
ATOT K€ MOMEHT.
KonnuecTBo Teria, BoiAestonieecs B IPOBOIHUKE 3a BpeMs dt:
dQ =i? Rdt.

Hcnonb3ys 3TH cooTHOIIEHUS, TpeoOpaszyeM ypaBHeHHe (1):

q> i2

—d| =—=|=d|L=s|+i**R-dt=0
2C 2
1

°C 2q dq+I£ -2i-di+i’R -dt=0

gdq+L-i-di+i2R-dt=O- )
Tak KaxK j =dq/dt ¥ dg=1idt,

TO BbIpakeHue (2) MOXKHO IpeoOpa3oBaTh K BULY

Edq+ Ld—qdi+iR-dq=O-
C dt

CoxpatuB Ha dq ¥ UCTIONB3YST COOTHOIICHHE
di d d°q
dt  dt?’

MOJTy4aeM Cleayrolee nHQ)(bepeHuHaanoe ypaBHEHHE:

d’q | R .dg . q . (3)
qe ra e

B stom YPaBHCHHUU CALCTIACM CIICAYIONIUEC 3aMCHBI:

R
= _253, (4)
[ =2h
1 2, )
Lc—“o
rze B — KoappHUIHUEHT 3aTyXaHusl, 00 — COOCTBEHHAs 4aCTOTa KOHTYpA.
Torma
d’
Si2p s ofa-o0. ©)
Hudbdepennmansaoe ypaBaeHue (6) umeeT (mpu B < o 0) CIASAYIONIEE PEIICHHE:
q = qo,e_ﬂt. COS(wt+a) » ()
Tac
, 1 R (8)
o = ) _IB = |— -
LC 4L’
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Jo ¥ 0L — HEKOTOPBIE IMIOCTOSTHHBIE, COOTBETCTBYIOIINE HAYAIbHOW aMIUTUTY 1€ U HAaYaJIbHON
daze konedaHusl.

Boipaxxenue (11.7) ectb ypaBHEHUE 3aTyXarOUIUX 3JIEKTPUUYECKUX KoseOaHUM, LUKINYe-
CKasl 4acToTa KOTOPBIX paBHA (, a aMIUIUTY/a SKCIIOHEHIIUAIbHO YOBIBAET C TEUEHHUEM BPEMEHU

(puc. 3).
[Tepuon 3Tux KONCOAHMIA:

9)
T =27 _ .
o |1 R
LC 412
q
h ~
Thl AW
\"~ . ae+T)
N
X/_F . __\-4—
%
- T
-~
-~
-
Puc. 3.
Jlns manbix 3HaueHui R momyyum
T&:%Zzzﬂ/Lc- (10)
a)O

B cooTBetcTBUY ¢ ypaBHeHHEM (9) MpH yBEIMYEHUH COTIPOTUBIICHUST KOHTYypa R, mepuon
KoJebaHuit OyJeT, CTpeMsACh K OECKOHEYHOCTH TIPH

B = 0. (11)

OTO 03HAYaeT, YTO KOJeOaTeNIbHBINA MPOLIEeCC NEPEXOUT B anepuoandeckuil. Mcnonssys
ypaBHeHus (4) u (5) u3 Boipaxkenus (11) MOKHO MOTYUYUTH 3HAUEHNUE KPUTUYECKOTO COIIPOTUBIIE-
HUS:

(12)
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Jl1g XapakTepUCTUKH 3aTyXaHHsI KOJeOaHUN 4acTo MOJIb3YIOTCA 02apudmuyeckum Oe-
Kpemenmom 3amyxanus O v 00opomuocmoio Q.

Jlorapugmudeckuii IeKPEMEHT 3aTyXaHHs paBeH HATypaJbHOMY JIoTapu(My OTHOLICHHUS
aMIUTUTY [ KoJieOaHuil, COOTBETCTBYIOIIMX ABYM MOMEHTAM BPEMEHH, OTIUYAIOLIIMCS Ha IEPUOI:

_ A(t) (13)
o=In A+

3nech A — aMIuIMTya KOJIeOaHUM BEJIMYUHBI 3apsaa, TOKAa Wiu HanpspkeHus (puc. 3). Hc-
110J1b3Ys ypaBHeHue (7), Mojryuum

_ qoe_ﬁt _
o=In qoe—ﬂ(t+T)_'BT

Jlnis Hebonpimx 3HayeHui R, ¢ yuerom ypaBuenwuii (4) u (10), norapudmuueckuii qexpe-
MEHT 3aTyXaHHs MOXHO ONpPEeNIUTh Yepe3 napaMeTpbl KOHTypa:

5:7;Rﬁ- (14)

IIycTh T — Bpems penakcaluy, B TCYEHHE KOTOPOro aMIUIUTY/1a KoJeOaHU yMeHbIIaeTcs
B e = 2.7 pa3, Ne — uncio KojeOaHHi COBEpPIICHHBIX 32 BPeMs pesIakCalliy. 1oraa MOKHO JIETKO
JI0Ka3aTh, 4TO

1 (15)
o= —
Ne

Job6potHOCTE Q pezcTaBisieT codol yMHOXKEHHOE Ha 21 oTHOIeHue sHeprun W(t) B 1aH-
HBIi MOMEHT BpeMeHH 1, K 3Hepruu, TepseMoil 3a nepuos konebanus T:

W(1) , (16)

Q=2 W)Wt +T)

Ecnu B HauanbHbIM MOMEHT BpemeHH (t = 0) sHeprus KOHTypa COCTOUT U3 SHEPTUH 3aps-
KEHHOT0 KOHJEHCATopa, TO

W (t)= gé . (17)

DHeprus KOHTypa 4epe3 BpeMs, paBHOE MEPHOY, YMEHBIIIUTCS B COOTBETCTBUU C YMEHb-
IIUBIITUMCS 3aPSJIOM:

(qoez_cﬂT)Z . (18)

[ToxncraBus Boipaxkenus (17) u (18) B ypaBuenue (16), momyunm

W(t+T) =

Q= 27 _ 27w . (19)
162/ 1o

W3BecTHO cooTHOMICHUE € X~ 14X , BBIMOJHSIOIIEECS AUl MANIbIX 3HaYCHUH X: (X << 1).

C yuderom atoro BelpaxkeHue (19) ynpoctures:
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_7. (20)
Q o

JIoOpOTHOCTH MOKHO BBIPAa3HTh U Yepe3 MapaMeTpbl KOHTYpa, mpuMeHuB popmyiy (14):

1 (L. (1)
Q=2c

N3 ypaBuenuit (20) u (15) caenyer Taxxe, 4To JOOPOTHOCTH MPONOPLHUOHATIBHA YHUCITY
KOJIEOaHUI B KOHTYpE, COBEPIIMBIINXCS 32 BpEeMs pelakcallii, B TeUeHHEe KOTOPOro aMILIUTYyAa
YMEHBLIAETCS B € pas3:

Q:TCNe.

B psaae ciy4dacB KoJieOaTeIbHBIN IponecCc MOKHO HUCCIICAOBAThL, U3y4dasd B3aMMO3aBUCH-
MOCTb MEXKAY HAIIPSXKCHHUEM U U TOKOM 1B KOHTYp€.

I'paduk, n3o0pakaromuii 3Ty 3aBUCIMOCTb, Ha3bIBaeTcs (pa3oBoil KpuBoid. COCTOSTHUE KO-
ne0aTebHON CUCTEMBI J1s JIF000Tr0 MOMEHTA BPEMEHHU N300pa3uTcs TOUKOH Ha 3TOM KpUBOii (pHcC.
4).

VYpaBuenue (HazoBoi KPUBO MOKHO MOJTYYHTh, UCHOJIB3YsI 3aBUCUMOCTH TOKA M HAaIps-
JKE€HHUA OT BPEMEHU.

W3 Beipaskenus (7) u cootnomenus U=q/C cieayer, 4To

u :%’e—ﬂt cos(wt + &)

Cz[enaeM 3aMCHY UO — qo /C , 1 IIOJIYYUM 3aBUCHUMOCTD HAIIPSAXKCHUA HAa KOHIACHCATOPC

OT BPCMCHU:

u=u - e Aleos(wt + ) (22)

Trac Uo — HavanbpHas Pa3HOCTb NOTCHINAJIOB.

N3 ypaBHeHwUs (7) MOKHO OTIPEIETUTH M 3aBUCUMOCTh TOKa B KOHTYPE OT BPEMEHH
i_dg_d

dt dt
=g,e~ Al—w-sin(at + a) — B - cos(awt + )]

[qoe_ﬂ leos(wt + a)} =

Jia Manbix 3aTyxaHuil B << o, Torga
. At .
I=—q,-®-e " -sin(wt+a)
O6o03naunM lo= Qo e®, Toraa | = — |Oe‘/5)t sin (a)t + a) , TO €CTh
i=le cos(wt+a+%): (23)

CpaBHuuB BeipaxkeHus (22) u (23), MOXXHO YBUJIETh, UYTO KOJICOAHUS CHUITBI TOKA OTIEPEIKAIOT
o ¢aze Ha 7% KoJieOaHUsl HANPsHDKEHUST Ha KOHASHCATOpe.

[IpeoGpaszyem BeipaxkeHus (22) u (23) cienyronmm oopazom:
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—e Pleos(wt +a)

Cl=

=—e Plin(wt+a):

0

Ecnu Bo3BecTH 3TH ypaBHEHHUS B KBAJpaT U CIOXKUTh, TO MOJYYHM ypaBHEHHE (ha30BOH
KpUBOU:
. \2 2
T u ] —g2mt (24)
Io UO
B cnydae nesaryxaromux konebanuii ( R = 0, B = 0) da3oBas kpuBas umeer Gopmy 3Ji-
nurca (puc. 4,a). [lns peansHoro koutypa (R # 0, R < Ryp) da3oas kpuBast npenctabiseT co0oit
CKPYYHBAIOIIYIOCS CIIUPAJb, IPHYEM OOJIBIIIEMY COIPOTHBICHHIO KOHTYpa COOTBETCTBYET OOJIb-
niee 3atyxanue (puc. 4,0 u puc.4,B).

[Ipu aneproanueckom KosaeOaHnu, KOTia CONPOTUBIEHUE KOHTYPa O0JIbIlIe KPUTUIECKOTO
(R > Rxp), da3oBas kpuBasi BRIPOKIACTCS B TMHUIO, H300paKEHHYIO Ha PUC. 4,T.

Ty |

TIi+T)

i @i\}\ i
—/

N

T

I +T7)

g
]

Kf) - kJG

Puc.4.

Oobopyoosanue u mamepuaieol.
JIaGopaTopHasi ycTaHOBKA COCTOUT U3 ocLwIorpada u creHna, CoaepsKalero ABe Ka-
TYLIKH WHIYKTUBHOCTH, JIBAa KOH/IEHCATOPAa, Mara3uH CONPOTUBIICHUH M TEHEPATOP UMITYJILCOB.
I'eneparop BeIpabaThIBa€T KOPOTKHE IMOJIOKUTEIBHBIE MMITYJIBCHI, B PE3yJbTaTe 3TOTO
KOHJICHCATOP K0JIe0aTeIbHOr0 KOHTYPa EPHOANYECKH MTOydaeT HEKOTOPBIH AIEKTPUIeCcKuil 3a-
psa. B mpoMexyTkax BpEMEHH MEXy UMITYJIbCaMH B KOHTYpE OYyAyT COBEpIIATHCS 3aTyXaoIe
konebanus. ['paduku 3TUX KoNeGaHM MOXKHO OyJIeT HaOmIoAaTh Ha PKpaHe ocuwuiorpada u,
nanee, Mo HUM ONPEACTATh MEPUOoJ, JIorapu(MUIECKHN JEKPEMEHT 3aTyXaHus, TOOPOTHOCTH,
KPUTUYECKOE COTPOTHBIICHHUE.
HeoOxoauMeie asist pacdeToB MmapaMeTphl JIIEMEHTOB KOHTYpa YKa3aHbl Ha CTEH/IE.
Ykazanua no mexnuxe 6e3onacnocmu.

28



1. K BBIOTHEHHIO TA0OPATOPHBIX pabOT AOMYCKAIOTCS CTYIEHTHI, N3yYHBIINE IPAaBUIa TEX-

HUKU O€30MaCHOCTH.

2. JlaGopatopHbie pabOTHI MOTYT IPOBOAMTHCS TOJBKO MO PYKOBOJICTBOM U HAaOIIOIEHUEM
npenoaaBaTens.
3. Ilpwu BeImonHEHNH Ta00PATOPHBIX PAOOT CTYACHTAM 3alpEIacTCs:

- BKJIFOYATh CXEMBI T0]] HAMpsKEHHEM 03 MTPOBEPKU MPEToaaBaTes;

- MIPUKACAThCS K HE3AMHUIIEHHBIM U30JIAIUCH 9acTIM CXEMBI, HAXOISAIINXCS 0] HATpsI-
KEHHUEM;

- OTIPENIENIATh HAJTMYUE HATIPSDKCHUS Ha DJIEMEHTaX [ENH PY TIOMOIIH MaJIbIEB; POBEPKa
HAIMYUS HAIPSHKEHUS TIPOU3BOAUTCS TOJIBKO C TIOMOIIIBIO BOJBTMETPA U B IIPUCYTCTBHH TIpe-
1oJaBaTedIs;

- ipu paboTe Ha TabopaTOPHON YCTAaHOBKE MPUKACATHCS OTHOBPEMEHHO CTEH, PaIUaTOPOB
CUCTEMBI OTOIUICHHUS U APYTUX METAUIMISCKUX MPEIMETOB;

-BKJIFOYATh PyOMIbHUKH, HAKUMATh KHOIIKH, TIPUKACATHCA K DJIEKTPHUECKOMY 000pya0Ba-
HUI0, HE OTHOCSIIEMYCS K JJAaHHOU JJabopaTopHO# paboTe 6€3 Beaoma MpernojaBaTers;

- IPOU3BOIUTH 110 X0y BBINOJIHEHHs pabOThI IEPEKIIIOYCHHS B CXEME, HEe 00eCTOUUB e¢;

- OpocaThk COeIMHUTENBHBIC TIPOBOA HA TI0JI M Ha UCCIIETYEMYIO YCTaHOBKY;

- 3aMEHSTh CTOPEBIINE MPEIOXPAHUTENU HAa pa0OUYNX IUTAX IPU BKIIOYEHHBIX PYOMIbHU-
Kax;

- KJIaCTh Ha paboYHii CTONI TOCTOPOHHUE MPEAMETHI;

- BXOJIUTH B JIa0OpaTOPUIO B BEPXHEN OJIEKIIE;

- KYpUTbh U 3a)KUTaTh OTOHb.

4. Ilepen BKIIFOUEHHEM CXEMBI 00s3aTEIPHO MPEIYyNPEIUTh YIeHOB Opuraapsl: «OcTopoxHO!
Bxarouaro!».

5. IIpu paboTe Ha yCTaHOBKaX, B KOTOPHIX MOKET HAOIIOIAThCS Pe30HAHC, COOII0AATh 0CO-
OYI0 OCTOPOXKHOCTb.

6. Ilpu Hamu4uM B cXxemMe KOHAEHCATOPHBIX OaTapeil, HeOOXOIMMO TTOCIIe OTKIFOUEHUS THTa-
HUS UX Pa3psiAUTh O] HAOII0JeHUEeM MPENo1aBaTeNs.

7. Ilpu oOHaApyKEHUU KaKUX — JIMOO HEUCIIPAaBHOCTEH, MCUE3HOBEHHUS HAMPSKEHUS B CETH, a
TaK)Ke MPH HECUACTHOM cllydae, HEMEJIEHHO MPEKPaTUTh paboTy, OTKIIOYUTh YCTAHOBKY OT
AIIEKTPOIUTAHUS M COOOLTUTDH MPEIO/IaBaATEIO.

8. [ToMHHTD, YTO MIPU OTKIIOYCHHUH LIETIeH TOCTOSSHHOTO TOKA ¢ MHAYKTUBHOCTHIO BO3MOXKHO
KPaTKOBPEMEHHOE PE3KOEe MOBBIIICHHE HATIPSKCHHUSI.

9. CtyneHTsl, HApyIIMBILIKE MPaBUa TEXHUKU 0€30MacHOCTH, HE JOMYCKAIOTCS K JlajdbHei-
et paboTe B JIa0OPATOPUU U MPUBJICKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.
1. Cobpatb cxemy cornacHo puc. 5. ConpoTusiieHrne MarazuHa Ry cienats paBHBIM HYJTIO.
NHIYyKTUBHOCTH U €MKOCTh KOHTYpa BhIOpaTh MPOU3BOJIEHO, BHECTH UX MapaMeTpsl B Ta0. 11.1.

. C L
FEHEPATOP —
¥ o]
Ru Bx. Y
’—_O
Puc. 5.
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2. Bxmounts ocuuiiorpad, nporpeTb ero B TeueHue 1-2 Munyt. Pyuxoit “@okyc” xo-
pouIo ChOKYyCHPOBATH JIyd, YTOOBI YMEHBIINUTh OIIMOKY U3MEPEHUH.

3. Bxmounts reHeparop. C MOMOIIBIO PydeK yNpaBIeHUs pa3BepTKON ociuiuiorpada 1o-
OUTHCS HETIOABUKHOM KapTHHBI KOJeOaHUH Tak, YTOOBI 00eCTIeYUTh JO0CTaATOYHO TOYHOE U3Mepe-
HUE BPEMEHHBIX UHTEPBAJIOB U aMIUIUTY KOJECOAHUH.

4. C noMOI1BIO NIOJyYEHHOM OCLIMIUIOIPAMMBI, aHAJIOTUYHOM pUC. 3, U3MEPUTD IIEPUOJL KO-
nebanuit To mpu MMHMMAaJIBLHOM COIIPOTUBJICHUH KOHTYpa, T.€. Ipu Rm = 0, pe3yapTaT BHECTH B
Tabsa. 1 B MIITUCEKYHAX.

JJ1s IOBBIIIEHNS TOYHOCTH MOXKHO U3MEPUTH MTPOMEXKYTOK BPEMEHHU, COOTBETCTBYIOIIMMA
HECKOJIBKUM INepHOiaM KOJIeOaHUH, pa3ieuTh €ro Ha YUCIIO MEPHOAOB U, TAKUM 00pa3oMm, orpe-
JIeNUTh JUINTEIBHOCTh OJJHOTO IIEPUOJA.

5. YBenuuuBas CONpOTUBIIEHHE Mara3uHa Rm, IpocieInTs 3a BO3pacTaHUEM CKOPOCTH 3a-
TyXaHus KoJIeOaHUN U ONPEIeIUTh KPUTUYECKOE COITPOTUBIIEHHE KOHTYPa, COOTBETCTBYIOLIEE Te-
pexoly OT MEepPUOANYECKHX KOJeOaHUH K anepruoqUYecKuM (T.e. Mepexoy OCLUUIIOrPaMMBbl OT
puc. 2,B K puc. 2,r):

RKp =RL+R M,

rzie RL — coOCTBEeHHOE CONPOTUBIIEHUE KAaTyIIKU HHAYKTUBHOCTH. [TomyueHHOe 3HaueHHe
Rip BHECTH B TaOII. 1.

6. YMeHbIuTh conpoTuBieHre Ry, Hanpumep, BaBoe oT Rip. B KOHType BHOBb BO3HUKHYT
3aTyxarolme nepuoandeckue Konedanus. OnpeaenuTs nepuo Tux konebanuii T u BMecTe ¢ mo-
Jy4EeHHBIM 3HaueHHeM conpoTusieHus KoHTypa (R = RL + Rwm) 3anectu B Tabu. 1. YOeaurscs B
paznuunu nepuooB Kosnebanuid To u T, COOTBETCTBYIOIINX PA3IMYHBIM 3HAYCHUSM CONPOTHBIIE-
HUS KOHTYpa.

Tabnuna 1.

Ne |C,mMx® |L,mI'H R, Om | To, Mmc Rip,OM |RMm, OM |R, OM T, Mc

7. IToBTOpHUTH H3MEPEHUS IO MMyHKTaM 4 — 6 Tpu pa3a Juisl pa3nuyHbiX komOuHanmii L u C

8. Jlns Bo1OpaHHBIX 3HaueHui eMkocTu C, MHAYKTUBHOCTH L, conpotuBnenus RL u moin-
HOT'O CONPOTHUBIICHHSI KOHTYpa R, BHECEHHBIX B Ta0JI. 1, BBIUMCINUTE U 3aHECTH B Ta0JI. 2 TEOPETH-
YEeCKUe 3HAUCHHUS:

To — mo popmyne (10); T — o dhopmye (.9);

Rkp — o opmyme (12); & — o dopmye (14),

Q — mo popmyie (20).

Tabnuma 2.
No To, mc T, mc Rxp, OM ) Q
1
2
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9. lnsa mpousBonbHBIX 3HaueHud L u C wuccnenoBaTh 3aBUCUMOCTD JIOTapU(PMHUUECKOTO
JIEKPEMEHTA 3aTyXaHUs OT COMPOTHBIICHUS KOHTYpa. Y BEITUYHBAasi CONPOTUBIICHHE KOHTYpa C I0-
MOIIbI0 Mara3uHa CONPOTHUBIICHUH R, u3MepuTh aMIuIUTyabl A1 U A2, KOTOPbIE COOTBETCTBYIOT
MOMEHTaM BPEMEHH, OTJIMYAIOIIUMCS Ha iepuoy (puc. 3).

PesynbTatel usmepenuii BuecTH B Ta0u. 3. [logcuntars SKcriepuMeHTalbHbIE 3HAYEHUS JIO-
rapuMUYECKOTo IeKpeMeHTa 3aTyxaHus O mo gopmysne (13), mo popmyne (14) — ero Teopetu-
YECKUE 3HAYCHHS Or.

Tabmuna 3

No R, Om A1, MM A2, MM RS Or

o~ W N

10. J{ns mabnronenust pa3oBBIX KPUBBIX COOpaTh CXeMy IO puc. 6.

= Bxopg ¥
C L
<
FTrEHEPATOP —
= Bxopg X
<
Em
-1 Kopnyc
Puc. 6.

ITpu 5TOM Ha BXx0oa X MO/AETCs CUTHAJ C CONPOTUBIEHUS Ry, KOTOPBIN HaxoauTces B (haze
¢ TokoM B KOoHTYpe. Ha Bxon Y mojaercst curHai, HaXoAsmuiics B ase ¢ HanpsbkeHueM. HaOoro-
nast pa3oBble KPUBBIC ISl PA3TUYHBIX CONMPOTHBICHUH KOHTYpPa, MOXHO HCCIEI0BaTh BIUSHHE
3aTyxaHus Ha GopMmy (a3oBOi KPUBOW U YTOUHUTH 3HAYCHNE KPUTUIECKOTO COMPOTUBIICHUS IS
JTAHHBIX 3HAYEHUI eMKOCTH U MHIYKTUBHOCTHU (pHUC.4,T).

C nmomoipio (ha30BbIX KPUBBIX MOKHO MPOBECTH TaKKe U3MepeHusi mo 1.9 (puc. 4,0).

11. Jng ogHOBpEMEHHOTO HAOMIOCHHS OCIIHIUIOrpaMM KoJieOaHUil TOKa M HaNpsHKEHUS
U OTIpeiesieHns ciBUra a3 MexIy HIMU coOpaTh CXeMy B COOTBETCTBHUH C puC. 7.

31



Bxog Y

1 KaHan
C L
I
rEHEPATOP — Bxoa Y
2 KaHan
I
Rm
1 Kopnyc

Puc. 7.

Ha Bxonp!l Y mepBoro u BTOporo KaHajoB ocIuuiorpada mogatoTcsi CUTHaNIbI, TPOMOPIIH-
OHaJIbHbIC HAIPSDKEHUIO M TOKY B KOHTYpe. YOeIuThCsl B HANMYMH caBUTA (Da3 3TUX KojeOaHMid,
OLICHUTD BEJIMYHHY 3TOTO CIIBUTA.

Cooeprcanue omuema.
OrtTueTrT noaabopaToOpHBM paboTaM AOJXHB C O]

e pXarThb:

- TUTYJIbHBIH JIUCT;

- 1esb paboThI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPE/ICICHUI, TOHATUH, GOPMYII;
- OCHOBHOE 000pYy/I0BaHUE, CXEMa YCTAaHOBKHU;

- OIMCAHME M0 MyHKTaM BBIIIOJIHEHHOM paboThI;

- pe3yJbTaThl U3MEpPEHH U pacueToB (TalOauLIbl, TpaduKn);

- OLIEHKAa MOrPEIIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI 110 PE3YJIbTaTaM BBIIIOJHEHHOW paOOoThl, 1aTa, MOAIMUCH.

Konmponsnsie eonpocut.

1. Pacckazatb 00 37eKTpUUYECKUX KOIEOAHUIX B KOHTYpE.

2. JlaTs onpeenieHre aMIUTUTY/Ibl, YaCTOTHI, (pa3bl, meproaa KoieOaHui.

3. Kakoii mporiecc Ha3pIBaeTCs anepruoandeckuM? YTo Takoe KpUTHYECKOE CONpOoTHBIICHHE? BhI-
BeCTH ypaBHeHHe (12).

4. Kakue npeBpalilieHus: JHEPrUl UMEIOT MECTO TPU NEPUOANYECKOM U allepUOANUECKOM MpoIiec-
cax?

5. Kakue popmysbl OMUCHIBAIOT YHEPTHIO ANEKTPUYECKOTO MOJIsi KOHJIEHCATOpa U SHEPTHUIO Mar-
HUTHOTO TOJISI KaTYIIIKH.

6. BeiBecTH ypaBHEHHE 3aTyXalOIMIUX JIEKTPHUECKUX KOJIeOaHH.

7. Uto Takoe morapuMUUecKuii JeKpeMeHT 3atyxanus? OObICHUTE ero GU3NIECKUN CMBICIT, BBI-
BecTH ypaBHeHue (15).

8. [losicHUTH (M3HUYECKUN CMBICT TOOPOTHOCTH KOHTYpa. BeiBecTH ypaBHenue (20).

9. Yro HaspiBaeTcs ¢azoBoit kpuBoii? [lonyuuTs ypaBHEHHE 3TON KPHUBOH.

10. BriBectu ypaBHenue (7), npuMeHUB 3akoH OMa Ji1sl HEOAHOPOJHON 3aMKHYTOH LIETIH.

11. KakoBa BenuunHa caBura a3 Mexay KoieOaHUSIMU TOKa M HAMPSHKEHUS B UACATLHOM KoJie-
OarenpHOM KOHTYpe? Kak MOKHO U3MEPUTD €€ B PEATIbHBIX YCIOBHSIX?

12. PacckazaTh 0 MPakTUYECKOM MTPUMEHEHUHU KOJIeOaTEIbHOTO KOHTYPa B TEXHHKE.

JlaGopaTopHas paGora Ne 5

Tema pabomot. OnipenesieHue yeJbHOT0 3apsiaa YJ1eKTPOHA METOI0M MarHeTpPOHa
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Ilenv pabompwi. i3ydyeHUE NBUKEHUN 3aps 0B B JJICKTPUUECKUX U MArHUTHBIX MOJISIX, U3ME-
pEeHUE yIEeNbHOTO 3apsia JIEKTPOHA.

Teopemultecmm yacmse.

VY enapHBIM 3apsA0M 4YacTULbl Ha3blBalOT OTHOLIEHHE ee 3apsna Q k macce M. MmenHo
YACJIBbHBIM 3aps/10M Q/ M OMMUCHLIBACTCS TJIaBHBIM 06p330M MOBCACHHUEC YAaCTHUIIBI B 3JICKTPUICCKUX
Y MarHUTHBIX MOJISAX.

B nacrosmeit pabote onpenensieTcss yAeIbHBINA 3apsa] HanOoJee 4acTo BCTPEYAoIIEeics B
IPAaKTUKE YaCTULBI-3JIEKTPOHA METOAOM MarHeTpoHa. MarHeTpoH- 3JeKTPOHHBIM npudop, B KO-
TOPOM IIOTOK 3JICKTPOHOB OJHOBPCMCHHO YIIPABJIACTCA B3aMMHO - NECPHCHAUKYJIAPHBIMH 3JICK-
TPUUCCKHUM U MAarHUTHBIM IOJIAMH. B COBpCMCHHOfI TEXHUKE MAaroeTpOH UCIIOJIB3YCTCA AJIA I'CHE-
PUPOBaHUS CBEPXKOPOTKUX JIEKTPOMArHUTHBIX BOJH Hampumep B paauonokanuu, CBY- tex-
HUKE.

B naGopatopHoii paboTe B kauecTBE MarHeTPOHA UCIIOJIb3YETCs IBYXAJIEKTPOIHAS JIaMIa ¢
TWIUHAPUYECKUM aHOJIOM A U TIPSIMOJIMHEWHBIM KaTtoaoM K, pacnofiokeHHBIM Ha OCH aHO/1a, TIO-
MeIlleHHasl B aKCHaJIbHOE (HAaIIPaBJIEHHOE BJI0JIb OCH aHOJ]a) MarHUTHOE MoJie ¢ MHIyKIMen B, co-

3JaHHOE JOCTaTOYHO JUIMHHBIM cojieHouaoM C puc.l DiaeKTpoHbI HcIycKa-

A A A @  ©MbI€ PAaCKaJIEHHBIM KaTOJOM IO JEHCTBUEM JIEKTPUUECKOIO 10JI pa3HO-
> CTBIO MOTEHIHAIOB MEX Y KaTOJOM M aHOJIOM IIPU OTCYTCTBUM MarHUTHOI'O
- HOJIS IBUXKYTCSI 110 paidalibHbIM TPAeKTOpHUsM (puc.2a).

N
pnc . |
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B=0 Bxkpr>B>0 B=Bkr
B> Bkp

Puc.2

Kak u3BecTHO pa3HOCTh MOTEHIIMAIOB YUCIEHHO paBHa paboTe MO MEePeHoCy eINHUYHOTO
3apsijia U3 OJIHOM TOYKH TOJIS B IPYTYI0. B 1aHHOM cityyae pa3HOCTh MOTEHITUANIOB, PaBHAsI aHO/I-
HOMY HampspkeHuio Ua, coBepIiaeT mepeHoc oT Karoja K aHOy dJIeKTpoHa 3apsaom Q=e=1,610
19 Kn. U Bemonasemas anekTpudeckum nojieM pabota A=eUA UaeT Ha cOOOIIEHHE JIEKTPOHY
KMHETHYECKOH SHEPTHH, PaBHOH MV?/2.

mvV?
2

CieqoBarTeabHO eUa=

Otcroza cKOpoCcTh V 3IIEKTpOHA JOCTUTLIETO aHOa OyIET paBHOM
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CrnenyeT 3aMeTUTh, YTO SJEKTPUUECKOE TMOJIE€ MEXKIY aHOIOM M KaTOJOM PEe3KO HEOJHO-
ponHo. ['ycroTa CHUIOBBIX JUHHI, a ClIe0BaTeNbHO, U HAaNpsKeHHOCTh noiid E, BOmu3u karona
MHOTO Ooybllle YeM B cpelHed W mpuaHoAHoi obmactu (puc.2a). [IocKoNIbKy HaNpsSKEHHOCTh
€CTb I'paJUCHT MOTCHIOHAJIAa, TO €CTh paBHA M3MCHCHHIO IIOTCHIHAJIA HA CAWHUIIC PACCTOAHUA
BJIOJIb CHJIOBOM TUHUM, aHOAHOE HanpsikeHne Ua pactpeieieHo B IPOCTPAHCTBE MEXTy aHOAOM
M KaTOJAOM HCPaBHOMCPHO. OcCHOBHAs YacTh €r0 nmagac€T Ha NPpUKAaTOAHOM YYaCTKE CHIIOBBIX JIU-
Huil. Uneanu3upys, MOKHO CUMUTATh, YTO BCE aHOJHOE HANPSDKEHHUE MaJlaeT Ha OYEHb MalloM
y4acTke BOJM3M KaToja, Ha KOTOPOM U MTPOUCXOIUT Pa3rOH 3JICKTPOHOB, a AAJIbIIE, T.C. IPAKTH-
YEeCKHU Ha BCEM CBOEM ITyTH OT aHOJA K KaTOJTy, JJIEKTPOHBI IBUKYTCA C MPAKTUUECKH TOCTOSTHHOU
0 BEJIMYMHE CKOPOCTHI0. DTa CKOPOCTH U ompenensercs mo gopmye (1).

Ecnu no AnMHHOMY COJIGHOHMTY TIPOMYCTUTH TOK CHIIOH lc, TO BHYTPH €ro co3AacTcs OJHO-
POIHOE MarHUTHOE IOJI€ C UHIYKIUEN

N
B::U:Uol_lc ()

rJie |\ -MarHuTHas TMPOHUIIAEMOCTh cpebl (B JaHHOM ciydae | =1); u 0=4xn 10-7 I'a/m —
MaruuTHas mocrostuaast; N- urcsio ButkoB coaeronaa (N=2000); | - qmuna coneHounmaa.
Kak u3BecTHO, Ha 3NIEKTPOH, JABIKYIIUNCS B MATHATHOM TI0JI€ JIeHCTBYeT cuia JlopeHa

F=e\V.B| ©)

Tak KaK B CHITy KOHCTPYKIIUH MArHETPOHA BEKTOPLLY 1 B OpTOroHaibHBIE, TO BEINIHHA

cuibl Jlopenua Oyzer paBHa
F =eVB, 4)

a ee HampaBlieHue F onpenenseTcst U3 BEKTOPHOTO Mpou3BeaeHUs (3) WilH O MPpaBUITy JIEBOM
PYKH C YYETOM OTPHUIATEIBHOTO 3HaKa 3apsja aekTpoHa (puc.20). U3 ¢popmynst Jlopenna (3)
CJIeJTyeT, YTO MAarHUTHOE MOJIE B OTJIUYHE OT dJIEKTPHUUECKOT0 IEUCTBYET TOIBKO Ha IBIXKYIIYIOCS
gactuiy: npu V=0, F=0. Kpeme Toro 310 jaeilicTBue HE MPUBOJNT K U3MEHEHHUIO BEITMUUHBI CKO-
pocT YacTuilpl. JleficTBUTENBHO 31eMeHTapHas padora cuimsl Jlopenna dAA pasua dAA=Fdr
CoSa. , TI€ O- YTOJI MEXKIY MepeMenieHneM qacTuilbl dr u cunel F. VI3 BeKTOpHOTO TIpOM3BeIeHuUs

(3) cnenyer, uto F1V, cnenosarensro FLdr (T.x. V = % ) u cosa=0. 3HauuT, paboTa CHIBI

mV 2

Jlopennia dAA paBHa HYJTIO, T.€. B MATHUTHOM T10JI€ KWHETHYECKAs SHEPT ST YaCTHIIBI ocTa-

€TCs HEU3MEHHOH U ee CKOPOCTH I10 BEJIMYUHC MMOCTOSTHHOM (V:COHSt) TaKHUM 06pa30M MAarauTHOC
I1OJIC HC YCKOPACT 4aCTHIBI (He HU3MEHACT BECIIMYUHBI UX CKOpOCTI/I), a TOJIBKO UCKPUBJIACT UX Tpa-
CKTOPHUIO. Cuna HopeHua SIBIISICTCS CUJIOU I_[CHTpOCTpeMI/ITCJ'H:HOI\/'I, " 110 BTOPOMY 3aKOHY Hzro-
TOHa HMEEM

F=eVB=mV /r (5)
rzie I- paanyc KpUBU3HBI TPACKTOPUH YACTHUIIBI (2JIEKTPOHA).
U3 (5) st r momyunm r= eV (6)
~.B
m

Kak BumHO n3 opmyisl (6) B OJHOPOJHOM OPTOrOHAJILHOM MarHUTHOM mojie (B=const)
TPAEKTOPUS YaCTHIIbI- OKPY>KHOCTb (r=const). IIpu sTom yuTteHo, yto V=CONSt, T.K. MarHUTHOE
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In 4

I1OJIC 3JICKTPOHBI HE YCKOPACT, a4 FTCOMECTPUS SJICKTPUUCCKOTO IMOJIA B JAHHOM MAarHC€TpoOHE O3B0~
JIET CYUTATh UX CKOPOCTHU NPAKTUYCCKU HCU3MCHHBIMU HaA OoJIBIIEH YacTH IMyTH OT aHOJA K Ka-
TOOY, O YEM IMHUCAJIOCH BBIIIIC.

C pocToM MHAYKLIMH MarHUTHOTO N0Js B paauychl TpaeKTOpUU AJIEKTPOHOB YMEHBIIIA-
IOTCSl ¥ TIPU HEKOTOPOM 3HaueHun B=Bkp (kpuTndeckoe) OHM CTaHYT PaBHBIMH MOJOBUHHBIMU
PacCTOSIHUS MEX/1y aHOJIOM U KaToJ10M (puc. 2 B)

r=(R,-R,)/2 (7)

B sTOM citydae a5eKTpoHBI IEPEecTaHyT TOCTUTATh aHOJA B OYIyT MO OKPYKHOCTH BO3Bpa-
matkes K kKatoy. [Ipu 3ToM anoHbIN TOK | A JaMIibl, MpONOPIUOHANBHBIN KOJTUYECTBY 3JIEKTPO-
HOB, IOCTUTAOIINX aHO/ B EAMHUILY BPEMEHH, PE3KO YMEHBIIACTCS

Y TeopeThdecku 10 Hyis (KpuBas (a) Ha puc.3). [Ipu nanpHelem
YBEITWYCHUU HHIYKIIMU MarHuTHOTO 110Jis1 (B>BKkp) amekTpons! Oy-
YT Kpyde 3aBOpayMBaTh K KaToJly, a aHO/HBIM TOK OCTaHETCs paB-
HbIM HyIO (puc.2). Habmonenne ckaykooOpa3HOro yMEHBIICHUS
AQHOJIHOTO TOKAa MarHeTPOHAa B 3aBUCUMOCTHU OT BEJIMYMHbBI MarHUT-
HOTO TIOJIS JISKHUT B OCHOBE HCITOJIb3yEeMOT0 METO/Ia OTIPE/ICICHUS
yIIeJILHOTO 3apsijia 3J1eKTpoHa. PacyerHas ¢popmyna s e/m j1erko
MOJIy4aeTCsl M3 BBIPAKEHUS ISl paauyca KpuBHU3HBI (6), eciu
Puc. 3 YUYeCTb €ro KpuTuieckoe 3HaueHue (7) ¥ BbIPa3UTh CKOPOCTh 3JIEK-

TpOHOB U3 GhopmyJs (1)

v

e
2°
R, — Rk \Y m Ua e 8u ,
> = =% OTkyna nosyunm: o =— >
- Bxp — BKp BKp (RA - I:\)K )
m m
Bripaxast Bxp 13 popmynisl (2) okOHUATENBHO HAMIEM, YTO
2
e U
—=K=2, rie K=2 2l 8
m IKp /u/uON(RA_RK)

Yepes Ixp 0003HaUeHO 3HAUCHHME TOKA cojieHoH A IC cooTBeTCTBYIOIEe MHIYKIHMH B=Bxyp.
Koaddurment K 3aBUCUT TONBKO OT KOHCTPYKIIMOHHBIX JAHHBIX MarHeTPOHa.

TakuMm 006pazom, 11 OlpeieIeHMsl YIeIbHOT0 3aps/ia AIEKTPOHA METOJOM MarHeTpoHa, 10-
CTaTOYHO CHATH 3aBUCUMOCTb AaHOAHOTO TOKa JamIbl |A oT Toka B cosieHon e IC, Tak Ha3bIBaEMYIO
cOpocoByto xapakTepucTuKy. O4eBHIHO, popma rpaduka STOH 3aBUCUMOCTH JIOJKHA OBITh aHa-
noruyHoi kpuBoii |A= f(B), npeacrasiennoit Ha puc.3. Mcnonp3ys mony4eHHy0 KPUBYIO, Ha HEH
MOXHO HaiiTh 3Ha4YeHue lkp, a 3arem o ¢popmyiie (8) BHIYUCIUTE &/m.

Ha puc.3 npencrasnena uacann3upoBanHas (a) u npaktudeckas(6) cOpocoBbIe XapaKTepH-
ctukd. Ha mocneaHeit, criajaromuii yuacTok 00Jee pa3MbIThIi. DTO O0BICHIETCS KaK pa3IMuHOTO
pOJla HECOBEPILIEHCTBAMHU KOHCTPYKIIMHM MarHeTpoHa. CroJla OTHOCSTCS HE TOYHAas KOaKCHalb-
HOCTb aHOJA M KaToJa, HE CTporasi OJHOPOJAHOCTh MAarHUTHOTO IOJISi BHYTPU COJIEHOMJA U Jp.
Oco000 HY>KHO OTMETUTH TEIJIOBOM pa3OpoC HaYaIBHBIX CKOPOCTEN 3JIEKTPOHOB, BHIJICTAIOIINUX C
MOBEPXHOCTH KaTo/a, MPUBOISIINAN K PA3MBITHIO KPUBOW. B CBSI3U ¢ 3TUM 3aTpyIHSAETCS OTCUET
cOpPOCOBOTO, T.€. KPUTUUECKOTO 3HAUYCHUS HaMarHuunBaromiero Toka lkp. Ilo-suaumomy, Hanbo-
Jiee yAOBJIETBOPAIOIIEMY TEOPUHU, CIEAYET CUMTATh TO 3HaUeHUe |lc, mpyu KOTopoM HabmroaaeTcs
HaubobIee n3MeHeHue lA.

CxeMa IKCIEePUMEHTAJILHOM YCTAHOBKH
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Pabouas cxema nokazana Ha puc.4. OCHOBY €€ COCTaBJISIET 3JEKTpOHHAs Jiamma JI, mome-
mennast B conenouns C.

puc.4

[TocrostHHOE aHOHOE HanpspkeHue UA cHUMaeTcs ¢ YHHBEPCAIbHOIO MCTOUYHUKA MTUTAHUS
(YUII-2), perynupyercs MOTEHIHMOMETPOM R, pyKosTKa KOTOPOTO pacrojaraeTcsi Ha IMaHeld
YUII-2 u usmepsiercs BonbtMeTpoM V. AHOAHBIN TOK u3Mepsercs Muumamnepmerpom MmA. Ha
nanenu Y UIT umeroTcst Takxke KIEeMMBI, C KOTOPhIX CHUMAETCS HanpsbkeHue 2 B, npenHazHaveH-
Hasl JUIsl TUTaHUSl HaKajla HUTU KaToja.

HamaranuuBarommiicst coneHoun C nuraercs ot Bempsmutenst B b5-7. Tok conenonna
peryaupyercs pydkaMy Ha MaHelu BBIIPAMUTENS U OoJiee MIaBHO peoctaToM R.

Nzmepsiercs |C amnepmerpom A.

Oobopyoosanue u mamepuaisl.

MarnetpoH - 3nektpudeckas jgamma 21[2C (nuonm), pacmonoxeHHas BHYTPH COJICHOHIA.
VYHuBepcanbHblid ucTouHUK nutanus (YUII-2), sempsamutens b5-7 ¢ perynupyembiM Hampsoke-
HUEM, BOJIBTMETP, aMIIEpMETP, MUILLTUAMIIEPMETP, PEOCTAaT.

Ykazanua no mexnuke 6ezonacnocmu.

1. K BBINOTHEHHIO TAOOPATOPHBIX pabOT AOMYCKAIOTCS CTYIEHTHI, N3Y4HBIIHNE PaBUIa TeX-
HUKU O€30MaCHOCTH.
2. JlaGopatopHbie pabOThl MOTYT IPOBOAMTHCS TOJBKO MO PYKOBOJICTBOM U HAaOIIOIEHUEM
MIPEeno1aBaTeis.
3. Pacmonaraiite mpubopsl, MaTepuaibl, 000py0BaHNE Ha pabouyeM MECTe B TOPSKE, YKa-
3aHHOM IIPEIOAaBaTEIEM.
He nepxute Ha pabodeM cTose IpeaMEThI, He TPeOYIOUecs Jisi BBITOTHEHHS 33 JaHHS.
5. Ilepen Tem, Kak MPUCTYNUTH K paboTe THIATENHLHO U3y4UTE €€ OMHCAaHME, YSICHUTE XOJ
BBITIOJIHEHUSI paOOTHI.

3aoanus.

1.Cobpatb cxemy (puc.4). [Ipu 3TOM perysaTopsl BBIXOJAHOTO aHOAHOTO HanpspkeHus: Y UTI-
2 u Bempsmutens b5-7 ycraHoBUTh Ha HyJieBoe 3HaueHHe. CXxeMy He BKIIIOYATH /10 IPOBEPKU €€
npernoaBaTeseM WK Ja00paHTOM.

2. [locne BKIIOYEHUS CXEMbI TO0KAATh 2-3 MUHYTHI, TOKA IPOrPEETCs KaTOJ MarHeTpoOHa.

3. Tlo 3aganuto npenoaaBaTesisi yCTAHOBUTh BEIMYMHY aHOAHOTO HampsukeHuss UA u 3anm-
caTh ee B OT4YeT 1o paboTe.

4. Ilopnepxusas Bce Bpemst UA cTporo nocTostHHbIM (OCOOEHHO B KPUTHUECKHI MOMEHT)
MOCIeA0BATENbHO YBEIUYMBAsI HAMAarHUUMBAIOIIUN TOK colieHoua |lc CHATh cOPOCOBYIO Xapak-
tepuctuky |A=IA(Ic). Pe3yabpraTsl n3MepeHus 3amucath B TAOIHUILY.

&
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l(A)
Ia(mA)

WuTepBanbl u3MeHeHus lc 1 uncio u3MepeHuit nogo0pare caMOCTOSATENBHO, Ooee TIua-
TEJILHO U3MEPsIsi KPUTHUECKUH YUaCTOK.
5.IToctputk rpadux cOpocoBOM XapaKTEPUCTUKH MarHETPOHA.
6.0mnpenenuTs N0 HEMY KpUTHYECKOE 3HaueHue lxp U 3amucaTh ero B OTUeT.
7.3anucath B OTYET KOHCTPYKTUBHBIE JAHHBIE MarHeTPOHA:
yucio BUTKOB cosieHousia N=2000, paguyc karoga Rk = 0,1cm u anonga Ra=0,95¢cm. U3me-
PUTb U 3amKcaTh JUIMHY coiieHouna l.
8.Pacuurats o dopmysie (8) Benmunny kodpduuuenra K u onpenenuts 3HaueHue /m s
3JIEKTPOHA.
9.CpaBHUTH NOIyYECHHOE 3HAUYCHHE ¢/m C TAOJIMYHBIM U BBIPA3UTh PA3HUILY B IIPOIICHTAX.
Cooepiicanue omuema.
Otuet 1o 1a00paTOPHBIM paboTaM JAOJIKHBI COAEPIKATH!
- TUTYJIbHBIH JIACT;
- 11eJ1b PaboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIpEJICICHUH, MOHATHH, HopMy;
- OCHOBHOE 000pY/IOBaHUE, CXEMa YCTAaHOBKH;
- OTIHMCAHUE IO ITyHKTaM BBIITOJIHEHHOH paboTHI;
- pe3yabTaThl U3MEPEHHUH M pacueToB (TaOIUIlbI, TpaduKH);
- OLIEHKA MOrPEIIHOCTEN;
- OTBEThI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI TI0 PE3yJIbTaTaM BBIMOJIHEHHON pabOThl, 1aTa, MOIHCh.

Konmponsusie eonpocot.
1.YT1o Ha3bIBaeTCA yJEAbHBIM 3apsSI0M YacTHUIl?
2.Kak JieficTByeT JIEKTPUUECKOE MOJIe Ha 3apsSKEHHYIO YaCTHILY ?
3.Kak aeiicTByeT MarHuTHOE 10JI€ Ha HAXOISIIIYIOCS B HEM YacTHUILy ?
4.KakoBO yCTpONCTBO UCIOJIB3yEMOTO B pab0oTe MarHeTpoHa?
5.Kak ABMKYTCS 3JIEKTPOHBI B MarHeTpoHe?
6.Pacckaxxute 0 KpUTHUECKOM pEKUME pabOThl MarHeTpoHa?
7.Kaxue nuaeanusamnuu BBOASTCS MPH PACCMOTPEHUH ABM)KEHHUS JIEKTPOHOB B MarHeTpoHe?
8.BeiBecTr pabouyro Gopmymy (8).

JlaGopaTopnasi pa6ota Ne 6

Tema padompl. U3MepeHue 1JIMHBbI CBETOBOM BOJHBI € MOMOIIBLIO 1M(PPAKIMOHHOM pe-
IETKH

Ilens pabomui. 1.I103HaKOMUTCS C SIBICHUEM TU(PPAKINU CBETA B MApAIUICTBHBIX JTydax JId-
(bpaKkLMOHHON pemeTKy.

2.0npenenuTs JJIMHY CBETOBOM BOJIHBI C TIOMOIIBIO TU(PPAKITMOHHON PEIICTKH.

[TpubGopbl W NPUHAAJIEKHOCTU: YCTAHOBKA C MCTOYHHKOM CBETa, LIENbIO U JU(pPaK-
UMOHHOW PEIIETKOM.

Teopemuqecmm yacme.

1. qudpakmus crera.
Judpakuueii cBeTa Ha3bIBaeTCs OTMOAHUE CBETOBBIMH BOJIHAMH BCTPEUHBIX MPETIATCTBUM.
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B Gonee mmupokoM cMmbicie audpakiueld cBeTa Ha3bIBACTCS COBOKYITHOCTH SIBJICHHH, 00Y-
CJIOBJICHHBIX BOJHOBBIMU CBOMCTBaMU CBETa U HAOIIOJAEMBbIX IIPU €r0 PACIPOCTPAHEHUH B CpeJie
C PE3KO BBIPA)KEHHBIMU HEOJHOPOAHOCTSMU (OTBEPCTHUS B HENPO3PAUYHbIX IKpaHaX, FPAHULIBI He-
NpO3payHbIX Te U T.11.). SIBIeHNEe TU(PPaKLUHU YKa3bIBaeT Ha HApYLIEHNE 3aKOHOB F€OMETPUYECKOM

orTHKN. SIBenne audpakuun HabToaaeTes Ha paccrosiun ot mpersirereus £~ D*/44 ,;rae D
- IMHEHHBIE pa3Mepbl MPEMATCTBUS, A - JUIMHA BOJHBI (ycI0BHE HAOII0AEHUS TU(PPAKLINN).

Juist pemiennst aupakMOHHBIX 33124 - OTHICKAHHUE PACIIPEIeIICHHUs Ha SKpaHe HHTEHCUBHO-
CTH CBETOBOM BOJIHBI, pACIPOCTPAHSIOLICHCA B CpeJie C MPENATCTBUAMMU, - IPUMEHSIOTCS TPUOIH-
JKEHHBIE METO/1bl, OCHOBAaHHbIC Ha NpuHIMNax [ roirenca u 'rolirenca - @penens.

[Tpuniun I'rolirenca’, kaxaas touka S1,S2,...,Sn ¢pponTa BoiHbl AB siBIsieTCs HCTOYHUKOM

HOBBIX, BTOPUYHBIX BOJIH. HoBoe monoxkenue ¢pponTa Boiasl Al B1 yepes Bpems At IIPEACTABIISIET
co00i1 orudarolyto NOBEpXHOCTh BTOPHUUHBIX BOJH (puc.l).

SI

A Puc.1

[Tpuniun [toiireHca sBisieTcst YUCTO reoMeTpudeckuM. OH MO3BOJISET, HAPUMEDP, 00bsC-
HHUTh PAaBEHCTBO YIJIOB MaJcHUs | ¥ oTpakeHus I' Ha moBepxHocTH MN cpenbl pu OTpakeHHH
ceera (puc.2). Paznocts xoma CB myueit AA2 u BB2 co3nmaer takoii ¢ppont DB orpaxkenHoit
BOJIHBI, YTO U3 MPSIMOYTOJIbHBIX TpeyroiabHukoB ADB u ACB (AD=CB) cienyet pasenctro: i=i'
(puc.2). Takxe MOKHO OOBSICHUTD 3aKOH MPETOMIICHUS.

[Tpuniun I'olirenca-dpenens: Bce BropuuHble ucTouyHUKH S1, S2 ...SNn, pacnonokeHHbIe Ha
MOBEPXHOCTU (PPOHTA BOJIH, KOTEPEHTHBI MEX 1y cO00H. AMIUIUTY A U (pa3a BOIHBI B THOO0M TOUKE
M npocTpaHCTBa - 3TO pe3yJIbTaT HHTEPPEPEHIIMH BOIH, U3Ty4aeMbIX BTOPUYHBIMH UCTOUHUKAMHU

(puc. 3).

IIpssMonuneitHOE pacrpocTpaHeHHue Iy4a SM, UCITYILIEHHOT' O
HCTOYHHUKOM S B OIHOPOJHOM cpene, 00BsCHSIETCS MPUHIIUTIIOM T'rolireHnca-
O®penens. Bce BropuuHbie MOJIHBI, U3JTy4Yae€Mble BTOPUYHBIMM HMCTOYHMKAMHU, HAXOISIIU-

MHUCS Ha IOBEPXHOCTH (ppoHTa BOHBI AB, racarcs B pe3yibraTe MHTEpGEPEHLINN, KpOME BOJIH OT
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HCTOYHHMKOB, PACIIOJIOKEHHBIX HA MAJIOM y4acTke cepuyeckoro cermenra ab, MeprneHIUKYIIsp-
Horo k SM (puc.3). Cet pacrpocTpaHsieTcs BA0Jb Y3KOro KOHyca ¢ O4€Hb MajbIM OCHOBaHUEM,
T.€. IPAKTUYECKHU MPSIMOIUHENHO.

B psane nudpakunoHHbIX 3a/1a4, 00J1aAa01MX OCEBOM CUMMETpUeEH, pacyeT HHTeppepeHInN
BTOPUYHBIX BOJH MOXKET OBITh CUJIBHO YNPOILEH C MOMOLIbI0 HAIJISIIHOIO T€OMETPUUECKOTO Me-
ToJIa pa3dueHust (POHTA BOJIHBI HA KOJIBLIEBBIE YUaCTKHU, Ha3bIBaeMble 30HaMu Ppenens. Pazoue-
HUE Ha 30HBI NPOU3BOJUTCS TaK, YTOOBI ONTHYECKass Pa3HOCTh XOJa OT CXOACTBEHHBIX I'DAHUI]
(BHYTpEHHMX WJIM BHEUIHMX) Ka)KJOU Mapbl COCEAHUX 30H JI0 paccCMaTpUBaeMoil Touku M paBHs-

A
Jach 5 . BTOpI/ILIHBIe BOJIHBI OT CXOACTBCHHBIX TOYCK ABYX COCCAHUX 30H MPUXOIAT B TOUKY MBsB
IMPOTHUBOIIOJIOKHBIX q)a3ax M B3aUMHO OCJIA0JISIIOT ApyT Apyra 1Ipu HAJIOKCHUH.

< g :
! T \”

\ /-7 3orna
! -7 3OHZ
T-7 Jora
/-7 GoHZ

Puc. 4

Ha puc. 4 nokazano noctpoenue 30H OpeHens B ciiydae cheprudeckoil BOIHBI BO30YkKaaeMoit
HCTOYHUKOM S.

Tak kax a u b » A, To ipu He ciuiKoM OosbiioM K mtomiaau mepssix K 300 dpenestst oanHa-
KOBBI:

_m-abl

§, =8, =85, ="

B ciydae miiockoro BOJHOBOTO (poHTa
S$,=8,=.8 =7-bA

Pasznuyarot nBa ciyuas audpakuuu. Eciam ncrounuk cera u Touka HabmoaeHus P pacnosno-
JKEHBI OT NMPEIATCTBUSA HACTOJIBKO AAJIEKO, YTO JIyYH, MaJAI0IIUE HA IPENATCTBUE, U JIy4Hd, UITyIIHE
B TOUKy P 00pa3yroT mpakTudecku napajuieibHble IMyYKH, TOBOpAT o audpakmun dpayHrodepa
WIN 0 IU(paKIMY B MapajuleIbHbIX Jydax. B mpoTuBHOM citydae roBopst o audpaxiun Openens,
T.e. nu¢ppaknueit Openens Ha3bIBAIOT Takue TUPPAKIMOHHBIE 33/1a49H, B KOTOPBIX HEJb3s MPEHe-
OperaTh KpUBHU3HOM BOJIHOBBIX MOBEPXHOCTEN Maatomiel 1 TudparupoBaBiieii BOJH.

2. Mudpaxmus cBeta Ha menu. JuppakimoHHas pemerka.

[TycTe Ha HENpO3pauHbIi 3kpaH E, B KoTOpoM npope3aHa y3kas menb BC, nmeromas nocro-
sHHYI0 muprHy b=BC n mmmny L»b, magaer nepnenaukynspHo K 3KpaHy My4OK HapaulebHBIX
JTy4deil MOHOXpOMAaTHYECKOIo cBeTa (puc 5).
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Ha skpane D, yajieHHOM OT IIeJd Ha paccTosiHuu |, Oyner HabmoaaThes siBiieHre Audpak-
un. Eciiu OBl 3TOTO SIBJIEHUS HE OBLIO, TO HA DKpaHe 3, YCTAHOBIEHHOM B (POKAbHOU TIOCKOCTH
cobuparomeit muH36I MJI, B Touke FO rimaBHOro (hokyca JUH3BI MOJIYIHIOCh ObI H300paKeHUE HC-
TOYHHMKA cBeTa. [Ipu mudpakuuu Ha y3KOil menu Ha SKpaHe HaOnromaeTcst nHTephepeHIIMOHHAs
KapTHHA: MOCJIEI0BATEIbHOCTh PA3MBITHIX M300paKeHUN UCTOYHHKA CBETA, PA3ICICHHBIX TEM-
HBIMHU ITpOMEXyTKamMH. B Touke F@ Ha sKkpaHe cobuparoTcs Bce mapayjiebHble JTy4H, MMaJaroline
Ha JIMH3Y 1o yriioM ¢ (yros audpakiuun) k ontudeckoit ocu OF0 nuH3bI, epneHANKYISIPHON K
(GpOHTY BOJHBI.

Tak kak BropuyHble (GUKTHUBHBIE UCTOUYHUKU (ppoHTa BoIH BC TOYeuHbIe, TO GPOHTHI BOJIH,
U3JTy4aeMbIX MU c(hepruecKue, a CiIe0BaTeNIbHO, TU(parupoOBaHHbIE JIyYH HIyT BO BCEX HAIPaB-
neHusix. Beibepem Te, KOTOpbIE YT MO/ YIJIOM ¢ K HalmpaBleHuIo najaomux dyyed. Ilamas Ha
JMH3Y 3TH Jy4YH coOHMparoTcsi B ofHOH Touke F¢ (oxanbHOI miockocTy.

MpsicneHHO pa3o0beM IIeNlb Ha yYacTKH, KpailHie TOUKH KOTOPBIX MOCBHUIAIOT JIyYH C pa3Ho-

A
CTBIO X0J1a 5 B sTOM ciyuae Bce J1yuu, MOCIaHHBIE IEPBBIM YYaCTKOM OYy/IyT HOTAIIeHBI JIydYaMH
BTOPOI'0 y4acTKa, JIy4H TPEThEro - JTy4aMy 4eTBepToro u T.J1. CieoBaTeNnbHO, €CIIM YUCIIO yYacT-
A
KOB pa30MEHHUs YETHOE, T.C. €CIH O =2M > TO B Touke F@ Oyaer TeMHO (MUHUMYM OCBEIICHHO-

cti). Ecnu ke uncio y4acTkoB pa3OueHus HeueTHoe, TO Touka F¢ OyneT ocBemieHa (MaKCUMyM
OCBEIIEHHOCTH).

TakuMm oOpa3om, ycuieHue cBeta (IuQpakiMOHHbIE MAKCUMYMBI) TIPU AUQPPAKINH HA y3KOI
IeJTM HAOJIIOIAETCS TIO/T YTJIAMH (P, YIOBJICTBOPSIONIMMH YCIOBUIO

bsinp =(2m+ l)g,(m =0,1,2,3....).
Ycnosue ocnabienus cBeta (IuppakiMOHHbIE MUHUMYMBI).
bsinp = 2m§,(m =0,2,....) .

Yucao M Ha3bIBaeTCA MOpAAKOM I[I/I(bpaKI_[I/IOHHOl"O MaKCUMyMa HUJIM MUHUMYMa. Benmnunna

6=CD=Db sing npexacraBiser co00i ONTHYECKYIO Pa3HOCTh X0Aa MEXIy KpaiHumu Jydamu CN
u BM, nayummu ot menu nox yriom ¢ (puc.5). B nanpasnenuu ¢=0 HaGnronaercs caMmblii HHTEH-
CUBHBIH LIEHTpaJIbHbBII MaKCUMYyM HyJieBoro nopsijaka. B Touke FO Bcerna Habmonaercs ycuieHne
CBETa, HE3aBUCHMO OT 3HAYCHHUSI [UTUHBI BOJTHBI A.

[Tpu HaOJIIONeHUU T paKIuu Ha LIETHA B oeoM CBETE
UHTEpPEepEHIIMOHHAS KapTHHA Ha IKpaHe OKa3bIBACTCS OKpAaIIeHHOH. B
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TUGPaKIUOHHOM MaKCUMyMe KaXK0r0 nopsika (m=const) Ommke K
LEHTPAJIbHOMY,  HEOKpAaIlEHHOMY  MAaKCUMyMy  OKa3bIBAIOTCS JU(PPAKLIMOHHBIE MAaKCH-
MYMBI ¢ MEHBITUMH JJTMHAMH BOJIH.

JludpakumoHHON peleTKoN B ONTUKE HA3bIBAETCS COBOKYIHOCTH OOJIBIIOTO YKCIa MPEIsT-
CTBHH U OTBEPCTUH, COCPEAOTOUCHHBIX B OTPaHUUYEHHOM IPOCTPAHCTBE, HA KOTOPBIX MTPOUCXOIUT
TuQpakLus CBeTa.

[Ipocreimei nuppakinoOHHON peleTKol ABseTcs cucteMa U3 N 0JIMHAKOBBIX Mapajlieib-
HBIX LIeJieil B IUIOCKOM HENpO3payHOM 3KpaHe HIMPUMBI b Kaxas, pacloio)KeHHbIX Ha PaBHBIX
HENPO3pavHbIX IPOMEXKYTKAX a IpYr OT Apyra (puc. 6).

Bennunna d=b+a HazpiBaeTCcs NOCTOSHHOM AM(PAKIMOHHON PEILIETKH.

B
i
F
Puc.6

ITo npunnuny I'oiirenca-dpeHens kaxxaas weib SBISETCS HCTOYHUKOM KOI'€pEHTHBIX BOJIH,
CHOCOOHBIX MHTEP(EpUpOBaTh APYT ¢ ApyroM. Ecin Ha qudpakiMOHHYIO PEUIETKY MePIeHANKY-
JSIPHO K HEeH masiaeT My4yoK MapajuiebHbIX JIyuell cBeTa, TO MO yIioM Iu(pPaKIUU @ Ha 3KpaHe O,
pacroynokeHHOM B (hOKaJIbHOW TUIOCKOCTH JIMH3BI, OyJIeT HAaOII0AaThCs crucTeMa MU PaKIIMOHHBIX
MaKCUMyMOB MUHHMYMOB, IOJIy4€HHas B pe3yjbTaTe HHTEP(EPEHIIMN CBEeTa OT PA3JIMYHbIX Ile-
Jei.

[TycTs py MaJieHUU TUTOCKOW MOHOXPOMATHUYECKOW BOJHBI Ha MTU(GPAKIMOHHYIO PEUIETKY
JTy4H, TudparupoBaHHbIe HAa OJHOM IIEIH JAI0T B TOUKE F( MakCMMyM OCBELIEHHOCTH. DTO ellle
HE 3HAYUT, 4TO B TOUKe F@ Oy1eT MaKCHMyM OCBEILIEHHOCTH, TaK KaK JTy4YHd MOCIaHHbIE STOU LIEIbI0
MOTYT OBITh HOTAIlIEHBI JIy4OM OT COCETHEH, M Hao0opOoT ycuiieHbl. Eciiu ycuieHsl, To B TOUKE
Fo Gyner 6ombI1ast OCBEIEHHOCTh, YeM OT OJAHOM 1ienu. Toraa, yauTsIBas yCJIOBUE YCUIICHHUS BOJIH
npu UHTepdepeHLny, rIaBHble MAKCUMYMBbI IPU TU(GPAKIMK HA pelieTKke HaOloJatoTcs Mo yr-
JaMH (@ YJOBJIETBOPSAIOIIMMU YCIOBHIO

dsin ¢ = kA,
riae k= 0,1,2,3 Ha3pIBaeTCs MOPSIKOM TJIaBHOTO MakcuMyma. Bemmuuna & = DK = dsine sisisercs
ONITUYECKOH pa3HOCTHIO X0/1a MEXy CXOACTBEHHBbIMH JiyyamMu BM u DN, uaymmmu ot coceaHux
mieneit (puc.6).

['maBHBIE MUHMMYMBI Ha TU(PPAKLIIMOHHON pelieTKe HabI0Aat0TCs 01 TAKUMU yTIaMHU ¢ AU-
(dpakuuu, UIST KOTOPBIX CBET OT Pa3HBIX YacTed KaXKIOH IIEeNH TOJHOCTBHIO TACHTCS B HAa OJHOM
IEIH

bsine=mA, (m=0,1,2,3,..).

Tax Kak eclii HU O/IHa U3 IIeJiel He MOChIIAeT JIy4yeil B 9TOM HaIllpaBJIE€HUU TO B COOTBETCTBY-
IOLIEeH TOYKE Ha KpaHe OyeT TEMHOTa.

[Tpu HabGmroneHuu MUpakiIuy B HEMOHOXPOMAaTHYECKOM CBETE BCE IJIABHBIE MAKCUMYMBI,
KpOMe IIEHTPAJIbHOI'O HYJIEBOTO MaKCUMyMa, OKpalleHbl. C yBeJIMYEHNUEM JJIMHbI BOJIHbI IJIaBHbIE
MaKCUMYMBbI BHYTPH JAHHOTO MOPSAIKA PACIOIaratoTcs Mol OONbIIMMHU yIIIaMU OT IIEHTPAJIBHOTO.
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Panyxnas mosocka, comepikaiias CeMb IIBETOB OT (PHOJIETOBOTO /10 KPACHOTO (CYUTACTCS OT IICH-
TPaJbHOI0 MAaKCUMyMa), Ha3bIBaeTCsl AUDPAKIMOHHBIM CIEKTPOM. JnpakiuroHHas pemeTKka sB-
JSIETCSl OJHUM U3 MPOCTEUIINX JOCTATOUYHO TOUYHBIX YCTPOMCTB ISl U3MEPEHUS JJIMH BOJIH.

Teopusi MeTO1a ¥ ONICAHHE YCTAHOBKH.

PaccMoTpuM 01MH 13 METOAOB ONPEEICHUS ITTMHBI CBETIION BOJIHBI IIPU MOMOILHU JU(pPaK-
IMOHHOH pemeTku. Ha onTudeckoit ckaMbe (MK crieuaibHON peiike) yKperuiseTcs U pakiuoH-
Has pemerka P u nepnesauKysipHO OCH NOJBMKHASL MAJUIMMETPOBast TuHenka AB ¢ mensro 111,
JleneHus IMHENKY, 11eJb U IUTPUXU PELIETKU paclojaraioT napajuienasHo ApyT aApyra. lllens ocse-
IaeTCSl HCTOYHUKOM S U paccMaTpUBaeTCsl Yepe3 penieTky riaa3om (puc. 7). Ha nmuneiike mpoenu-
PYIOTCS M300pakeHHs TIIaBHBIX MAaKCHMYMOB U M3MepsieTcs paccrosHue |K Mexay MakcuMymom
1-ro nopsaka 1 MAKCUMYMOM HYJIEBOTO MOpAIKa (T.€. OT LIEJIN)

.- 5
S zﬂ : ;

(=N
x

Xon myueit nocne TudpakiMOHHON pelIeTKH COOTBETCTBYET X0y Jydel Ha puc. 6. OT uc-
TOYHHKA CBETa S yepe3 MUPOKYIO HIeTb B THHEHKe AB MpoxoauT my4ok 6eoro cBeTa u Mmormajgaet
CHauaJsa Ha Tu(PaKIUOHHYIO PEIIETKY, a 3aTeM B IJ1a3 HabmoaaTens. Jlyuu, uaymme napauieabHo
[JIaBHOM ONTHYECKOW OCH XpyCTalMKa MaloT B (OKyce LEeHTpasibHbIM (HyJeBoil) Mmakcumym FO
OCBEIICHHOCTU O€JIbIM CBETOM.

Jlyuau, co3naronue B HEKOTOPO# TOUKE ceT4aTKu F@ MakCUMyM OCBEIIEHHOCTH KaKUM-JTHO0
[[BETOM (Hampumep, (UOJETOBBIM) MAJal0T Ha XPYCTAIMK MoJ yrioMm ¢. CriemoBaTenbHO, OHU
BUJHBI KaK ObI BBIXOJSAIIMMHU U3 TOUKH D, OJI0KEHNE KOTOPOM ONpeAensieTcs Mo MIKaue TMHEHUKU
AB.

Takum oOpa3om posib JIuH3bI JI (CM. pHC. 6) BBIIOIHSAET XPYCTaIMK I71a3a, KOTOPbIi pokycu-
pyeT mapaJuienbHbIe Jy4YH, MOJyUYeHHbIe B pe3yibTare audpakiuu (Hampumep, tyun M u N) Ha
ceTyaToil 000JI0UKe Tia3a (MUTPArOIIeH posTh SKpaHa).

VYcnoBrue MakcuMyMa OCBELIEHHOCTH UMEET BUJL.

dsing = ki 1)
W3 pucyHka BUIIHO, YTO
) /
sing = ——— (2)
NH? + 07
CrnenoBaTeabHO
oA -

kNH? + 07

Tak, kak H » |, To

dt
A=— 4
T (4)

Oobopyooeanue u mamepuainol.
YcraHoBKa ¢ HMCTOYHHUKOM CBETa, MIENBIO U AUPPAKIIMOHHON PEIIeTKOM.

Ykazanua no mexnuke 6ezonacnocmu.
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1. K BBIOTHEHHIO TA0OPATOPHBIX PabOT AOMYCKAIOTCS CTYIEHTHI, N3yYMBIIHE TIPABUIIA TEX-
HUKU O€30MaCHOCTH.
2. JlaGopatopHbie pabOTHI MOTYT POBOAMTHCS TOIBKO MO PYKOBOJICTBOM M HAaOIIOIEHUEM
npenoaaBaTens.
3. Pacmonaraiite mpubopsl, MaTepHaibl, 000py0BaHUE Ha pabodeM MECTE B TIOPSKE, YKa-
3aHHOM IIPEIO0JIaBaTeNIeM.
He nepxute Ha paboueM cTOj€ MPEAMETHI, HE TPeOYIOIUEcs AJis BbIIOIHEHUS 3a/1aHHUS.
5. ITlepen Tem, Kak NMpUCTYNHUTh K paboTe TUIATEIbHO U3yyUTE €€ OMHMCAHUE, YSICHUTE XOJ
BBITIOJTHEHHSI paOOTHI.
3aoanus.
OmnpenenuTe MaKCUMAaITbHBIE TIOPSIOK CIIEKTPa HAOI01aeMOoro B JAHHOW padoTe, YIUTHIBaAs
gro 0=0.01 mm.
1. YcranoButh uHeliky AB Ha 3aganHoM pacctosuuu H ot audpakunonnoii pewerku (H >
300 MM). Bri1rounTh HCTOUHUK CBETa S U, IS Yyepe3 TUPPAaKLMOHHYIO PEIIETKY He ILeb, IPo-
BeCTH HaOMI0IeHNEe AUPPAKIIMOHHOTO CIIEKTpPa.
2. Onpenenenue nonoxenue IK s cuHel, 3eJ€HOM U KPaCHOMW JIMHUHM CJIeBa U CIIpaBa s
1-ro 1 2-r0 NOPSIAKOB CIIEKTPOB.
Pe3ynbTaThl 3aHECTH B TaOIUILY.
3.ITo dhopmyie (4) BBIYUCIUTD IJTMHBI BOJH YKA3aHHBIX JIMHHM.
4. YKa3aTh U OLIEHUTb OCHOBHBIE MOTPEIIHOCTU JaHHOI'O METO/Aa U3MEPEHUs, a TaKXKe IMo-
TPEIIHOCTD, AOMYCKAEMYIO TIPHU UCTIOIb30BaHuH GopMyisl (4), a He (3)
PE3YJIbTATHI NI3MEPEHUIA.

B

d=0,01 mm H= (Mm)
[Topsimox Ik(Mm)
ciektpa K — — —
DroNeTOBBIN 3eneHsbIit Kpacuprit
JIEBBIN MpaBbIii JIEBBIN MpaBbIi JIEBBIN MpaBbIii

Cooeporcanue omuema.

Otuet o 1abopaTOpHBIM paboTaM JOJKHBI COAEPIKATH!

- TUTYJIbHBIH JIUCT;

- 1eJb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPEJICIICHUH, MOHATHH, (HopMyIT;
- OCHOBHOE 000pY/IOBaHUE, CXEMa YCTaHOBKH;

- OTIMCaHUE IO IMyHKTaM BBIITOJIHEHHON paboTHI;

- pe3yJbTaThl U3MEpPEHH U pacueToB (TaOauIIbl, TpaduKn);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI;

- BBIBOJIBI TI0 PE3yJIbTaTaM BBIIOJIHEHHON pabOTHI, 1aTa, TIOIHCh.

Konmponwsnwie éonpocuwi.
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UYro HazwiBaeTcs audpakimonHoro ceera? KakoBel yC1oBus HAOIIOACHHUS STOTO SIBICHHS.
Cdhopmynuposats npunuun [ toiireHca.
Cdopmynuposats npuniui [ roiireHca-Openernsi.

4. OOBSCHUTH C UCMONb30BaHUEM MpuHIUNA [ toiireHca- OpeHens 3aK0H MPSIMOIUHEHHOTO
pacupoCTpaHeHus CBETA.

5. Yrto Takoe «30HbI @peHensy. Kak onpenensrorcs miomaan nepBbix K 3007

6. UYro Takoe audpakiponHas pemeTka? OnpeneuTh yeIoBus Ju(pakiny Ha penieTKe.

7. BeiBectu Gopmyiy (4).

LN e

JladopaTopnasi pabora Ne 7
Tema paoomut. IlpoBepka 3axona Mauroca
Lens padomoi. 1IpoBepuTh BHINOIHEHUE 3aKOHa Matoca.
Teopemuueckan uacme.

Kak u3BecTHO, III0CKast 3JIEKTPOMArHUTHAs CBETOBAs BOJIHA ABJISETCS IONEPEYHON M Tpea-
CTaBJISIET PAaCIPOCTPAHEHUE B3aMMHO NEPIEHIUKYJISPHBIX KOJeOaHUI: BEKTOpA HAINPSKEHHOCTH
anekTpuueckoro noiis E u Bekropa HanpskeHHOocTH MarHuTHOro Hoiist H (puc. 1a). Kak mokasbeiBaer
OTIBIT, pHU3HOIOTHYECKOE, (POTOXUMHUYECKOE, (POTOITEKTPUIECKOE U PYTUE JCHCTBUS CBETA BBI3bI-
BAIOTCSI B OCHOBHOM KOJIEOaHUSMU AJIEKTpUUYECKOro BeKTopa. BexTop E Ha3bIBaeTCs CBETOBBIM BEK-
TOPOM, U BCE PACCY’KJIEHHUS Mbl OTPAaHMYUM PACCMOTPEHHMEM 3TOro BekTopa. Hannuue Bexropa H
[I0JIpa3yMeBacTCsl.

pucl.

CBeToBOIf My4y0OK, B KOTOPOM pa3/InYHbIE HaNpaBiieHUs: BekTopa E B monepeyHoi Kk Hampas-
JIEHUIO PacpOCTPAHEHMS BOJIHBI IIIOCKOCTH PAaBHOBEPOSITHBI, HA3bIBAETCSI €CTECTBEHHBIM (pHC. 1
0)

CBeT, B KOTOpPOM HampaBieHUs KojJeOaHUI BeKTopa yHopsIoueHbl KaKuM-Iu00 0O6pa3oM U
MOTYMHSIIOTCS HEKOTOPOM 3aKOHOMEPHOCTH, Ha3bIBaeTCs MOJIIpu30BaHHBIM. Eciin koneGanus Bek-
TOpPAa MOT'YT COBEPILATHCS JIUIIL B OJHOM OINPEAEICHHOM HAIIPaBIECHUHU, TO CBET HA3bIBACTCS JIU-
HEWHO WJIH ITOCKOTIOJIIPU30BaHHBIM (pHC. 2a).

Ecnu ke xoneGanust Bektopa E coBepiiarores Tak, 4To €ro KOHEI OMMCHIBAET KPYT WK 3J1-
JIMIIC, TO CBET HA3bIBA€TCSI COOTBETCTBEHHO MOJISIPU30BAHHBIM I10 KPYTY (pUC. 20) WK UM THYE-
CKHU TOJISIPU30BaHHBIM (pHc.2B). [Ipu nMHENHON Nossgpu3annu mIOCKOCTb, COAEpIKaIast Iyd U BEK-
Top E, Ha3bIBaeTCs IIIOCKOCTHIO KOJIEOaHHM, MM MJIOCKOCTHIO MOJIIPU3ALUU BOJIHBL.
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Puc 2.

I[JBI MOJTy4YCHUA JIMHEHHO MOJIIPU30BAHHOT'O CBCTA MMPUMC-

HAIOTCS CHeIMalIbHbIe ONTHUYECKUE MPHUCIIOCOOICHUSI- TMOISPU3ATOPHI.
[TnockocTh KoneOaHUi FITEKTPUIECKOTO 'BEKTOPA B BOJHE, MPO-
nIe e J) yepe3 MOJSApU3aTOp, Ha3bIBACTCA IUIOCKOCTHIO MOJISPU3ATOpA.
Hus [IOJly4Y€HHUs1  IUIOCKOIOJIIPU30BAHHOIO  CBETA  HCIIOJIB3YIOT
HECKOJIBKO CITIOCOOOB.
a) OTtpakeHue cBeTa OT IOBEPXHOCTH JTUAIIEKTPUKOB.

OTpakeHHBIA OT JAMAJIEKTPUKA CBET BCETJa YaCTUYHO ToJisspu3oBaH. Ha pucyHke depHbie
TOYKH COOTBETCTBYIOT KoyieOaHUsM BekTopa E meprneHauKyIsipHbIM IJIOCKOCTH MaJCHUS, a CTpe-
JIOYKH - KosieOaHusM B 1iockocT nageHus (Puc.3). CteneHs mossipuzaiuu OTPaKEHHOTO JTyda
3aBHCUT OT OTHOCHUTEJIBHOTO MOKa3aress mpeiaomieHus N12 u ot yrna nagexus o. [Ipu nagenun
ay4a E Ha mockocts MN noa yriiom bBprocrepa ob oTpaskeHHbIH 1yd E | IOTHOCTBIO MOJIIPU30BAH.

ITpenomiiennslii iyu E1 nonspusosan yactnyHo. COOTHOLIEHHUE l‘gO(B =715 HA3bIBACTCA 3AKO-

HoM bprocrepa. [1nockocTh Kosie6aHmil 271EKTPUUECKOTO BEKTOPa B OTPAXKEHHOM CBETE MEPICH U~
KyJIsipHa MJIOCKOCTHU TaJCHUSI.

£ £3

Ey

Puc.3

0) IIpenomiienune cBeta B CTOIE CTEKISHHBIX IU1acTUH (cTona CToneroBa).

ITockoNbKY OTpa’k€HHBIM OT JUAJIEKTPUUECKON IUIACTUHKU CBET YAaCTUYHO (WM Ja’ke MOJ-
HOCTBI0) NOJISIPU30BaH, MPOXOJAIINN CBET TaKXKe YaCTUYHO TMOJIAPU3YETCSl U CTAHOBUTCS CMe-
IIaHHBIM cBeTOM. [IpenMyIiecTBeHHbIE KOIe0aHUs ANEKTPUYECKOT0 BEKTOPA B IPOIIEIIIEM CBETE
OyayT coBepLIaThcs B MIOCKOCTH MaJeHus. MakcuManbHas, HO He TOJIHas CTeNEHb MOJspU3aluu
IIPOXOJSIIErO CBETAa JOCTUTAeTCs MPHU NaJAeHUM oA yriaoMm bprocrepa. [l yBelMueHHs CTENeHU
HOJISIPU3ALUU TIPOXOJSIEro CBETa UCMONb3YIOT CTOIY CTEKJISHHBIX MIacTUHOK (ctomy Crose-
TOBA), PACTOJIOKEHHBIX N0 yIJIoM bprocTepa k magaroieMy cBety. B 3Tom ciiyyae MOXKHO MOJy-
YUTh NPAKTHYECKH MTOJHOCTBIO MOJIAPU30BAHHBINA MPOXOAAIIUNI CBET, TaK KaK KaKJ0€ OTPAKEHUE
ocnalJsieT MpoMyIeHHbIe KoJIeOaHus, ePICHIUKYIISIPHBIE MJIOCKOCTH MAJCHUs B ONPEIeICHHOM
OTHOIICHHUH.

B) [Ipenominenue cBeta B JBOSIKONPEIOMIISIONINX KPUCTAIIIAX.

Hexkotopsle kpucTamibl (MCIaHACKU IIMaT, KBapl, CI0a U JIp.), a TaK)Ke HEKOTOPbIE H30-
TPOIIHbIE BellecTBa (M0 JeHCTBUEM MEXaHUYECKUX HAarpy30K WIN 3JIEKTPUUECKHX I0Jei) obia-
JIaI0T CBOMCTBOM JIBOMHOTO JydenpenaoMieHus. [Ipenomissace B TakoM KpUCTalie, CBETOBOM JIyd
pazzensieTcs Ha JBa JUHEHHO MOJISPU30BAHHBIX JIydya CO B3aUMHO NEPIEHIUKYISPHBIMUA HalpaB-
JeHusMu KojeOanuil. OauH U3 nyuyeil Ha3biBaeTcs OOBIKHOBEHHBIM U 0003HauaeTcs OyKBoOil 0. a
BTOPOH -HEOOBIKHOBEHHBIH 1 0003HaYaeTcst OykBoii €. OOBIKHOBEHHBIN JIyd YIOBJIETBOPSET OOBIU-
HOMY 3aKOHY IPEJIOMJICHHUS U JIEKUT B OAHOM IJIOCKOCTH € NMAaJarolIMM JIy4oM U HOpMaibko. [l
HEOOBIKHOBEHHOT'O JIy4a OTHOIIIEHUE CUHYCOB yTJIa NaJeHUs U YTJIa IPEJOMIIEHUS] HE OCTAeTCs 10~
CTOSIHHBIM IPY U3MEHEHUU YIJIa aJCHHUS.
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Kpome Toro, HeOOBIKHOBEHHBIH JTyd, KaK MMPABHUJIO, HE JIE)KHUT B TUIOCKOCTH MAZICHUS M OTKIIO-
HseTed oT dydya O Jake Mpy HOPMaJbHOM MajeHuu cBeta. OTKIIOHSS OJUH U3 Jy4yeil B CTOPOHY,
MOYKHO TIOJYYHTH IUIOCKOTIOJSIPU30BaHHbIA Jyd. Tak ycrpoeHa, Hampumep mnpu3ma Hukoms
(puc.4). /IBe ecTecTBEHHBIE T'PaHK KPHCTAJUIa UCIAH/CKOTO IIMAaTa CPe3aroTcs TaK, YTOObI YMEHb-
IIMTH YTOJI MEXAY IOBEPXHOCTSIMU 110 68°.

3areM KpUCTaJUl pacIHJIMBaeTcsa Ha ABe 4acTH 1o miockoctd BD nox yrmom 90° k HOBbIM
rpaasM. [locie moIMpOBKM MOBEPXHOCTH pacliila CKICHBAIOTCS KaHAJACKUM 0allb3aMOM, UMEIO-
IIMM TOKa3aTellb IPeoMIICHU N, yIOBIETBOPSIOMINN YCIOBUIO Ne<N<No, I/I€ N0 U Ne - TOKA3aTEIN
NPEJIOMIICHUS HCTIAHJICKOTO IITaTa sl OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO JIyYa.

[Tapas oz yriom, GoJbliie NpeenbHOro, Ha MI0cKocTh BD, 0ObIKHOBEHHBIH JTyy mpeTeprie-
BaeT IOJIHOEC BHYTPEHHEE OTPaKEHHE Ha TpaHMIle ImaT - 0aimb3aM. HeoOBIKHOBEHHBIN JIyd, s
KOTOPOTO, BEIXOJIUT U3 MPU3MBI HHHeﬁHoﬂnonﬂmeBaHHmM.

Puc.4

r) [lornomenne cBera B JUXPOUYECKUX MJIACTHHKAX.

Y HEKOTOPBIX ABOSIKOTPEIOMIISIONINX KPUCTAIUIOB (HaIpUMeEp. TypMannHa) K03(QPHUIreHTb
MIOTJIONICHHMSI CBETA JIJISL IBYX B3aUMHO MEPIEHAUKYJIISIPHBIX TOJISPU30BAHHBIX JTydel OTINYAOTCS
HACTOJIBKO CHJIBHO, YTO YK€ MpU HEOOJIbIION TONIUHE KPUCTAIIIA OJIMH U3 JIy4ei racuTCs Mpak-
TUYECKH MOJTHOCTHIO M U3 KPUCTAIIIA BEIXOINT JIMHEWHO MOJIIPU3UPOBAHHBIN IMyYOK CBETa. JTO
SBIIEHUE Ha3bIBAETCS AUXPOU3MOM. B Hacrosiiee BpeMs IUXPOUYECKHE MIIACTUHKU U3TOTOB-
JISIOT B BUJIE TOHKUX TUICHOK - MOJIIPOHJIOB, UMEIOIIHMX MTUPOKOE MpUMEHeHHe. B OonbImuHCTBE
CJIy4aeB OHU COCTOAT U3 MHOXKECTBA MalleHbKUX (TOMIIMHOM /10 0,3 MM) MapaijieIbHO OPHEHTHUPO-
BaHHBIX KPUCTAJUIOB CEPHOKHUCIIOTO HOAMCTOTO XUHUHA-TEPATATUTA, HAXOIAITUXCS BHYTPH CBS3Y-
IOIIIEH Cpebl - MPO3pAYHOM TIJICHKH.

Jlst ucciemoBaHusl XapakTepa W CTEIECHU TOJSPHU3AINK CBETAa MPUMEHSIOT YCTPONCTBA,
Ha3bIBaEMbIe aHANM3aTOpaMH. B KkauecTBe aHAJIM3aTOPOB UCHIONIB3YIOT TOXKE YCTPONUCTBA, KOTOPbHIE
CITyXaT JUTsl OJTy9CHHS THHEHHO-TIONSIPU3UPOBAHHOTO CBETa (TIONSPU3ATOPHI).

[Tycth Ha monsApu3aTop MaAaeT IIOCKOMOISIPU30BAHHBIN CBET aMILTUTY IbI A0 U MHTEHCHUB-
HOCThIO |0 (Puc. 5). CkBO3b moOJNIIpU3aTOp MPOIIET COCTABISIONIAs KOJCOAHHS ¢ aMIUTUTYI0H A
=AoC0Sa. , TIIE 0 - YTOJl MEXTy MIOCKOCThIO KoJeOaHuil aIaloliero CBeTa U MiI0CKOCThIO MOJIPH-
3aTopa. A Tak Kak MHTCHCHBHOCTh CBETa MPONOPIIMOHATIFHA KBAPATy €r0 aMIUIUTY kI, TO HHTCH-
CUBHOCTD IMPOIIEAIIETro CBETa onpeenseTcs BoipakenueM [=[oCos a.

DTO COOTHOIIIEHUE HOCUT Ha3BaHUE 3aKoHa Masroca.

ILTOCHOCTh NMORAPHIATODE

Ay
Ay cos a

A, sina

Puc. 5
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[TocTaBuM Ha TyTH €CTECTBEHHOTO Jiy4a nosisspuszatop P u ananuzarop A (puc.6). U3 mosns-
pu3aTopa BBIMIET MJIOCKOIOISIPU30BAHHBIN CBET, HHTEHCHBHOCTh KOTOPOT'O COCTABUT MOJIOBUHY
WHTEHCUBHOCTH €CTECTBEHHOTO cBeTa, T.¢. 11= lo /2. CornacHo 3akoHy Maitoca U3 aHanmu3atopa
BBIIJIET CBET MHTEHCUBHOCTHIO: 12=11C0S20. (T/1€ @ yroa MeXay TUIOCKOCTSIMH MOJISIpU3aTopa U aHa-
mu3aropa). Takum 00pa3oM, HHTEHCHUBHOCTD CBETA, MPOILIEAIIETO Yepe3 MOJSIPU3aToOp U aHAIN3a-

TOp paBHA IZZ%IO cos’ «.

Puc.6 A

Onucanue yCTaHOBKH.

B HacTosmiei paboTe U1l MOTy4eHUs U UCCIIE0BaHMS IMHEHHOTO MOJISIPU30BAHHOTO CBETa
OPUMEHSIOT NOAsIpouabl. OHM M3rOTaBIMBAIOTCS U3 OYEHb MEJKHUX KPHUCTAJUIOB TypMajllHA WU
repanaTuTa, HAHECEHHbIX Ha LEJUTYJIOUIHYIO IUIEHKY. ONTHYECKHE OCH KPUCTAJIOB ClIEUAIbHBIM
00pa3oM OpUEHTHUPYIOT B OJHOM HampasiieHuU. Kpucramibl TypMaiiHa IPOITyCKalOT CBET TOJIBKO
C OIpEeJIeIEHHON OpUEeHTaleil CBETOBOIO BEKTOPA U MOYTH MOJIHOCTHIO MOIJIOLIAIOT BCE MEPIEH-
JUKYJISIPHBIE COCTABJISIOLINE CBETOBOIO BEKTOpa K HANpaBIEHHMIO OCH KpucTaiia. Cxema ycra-
HOBKU NIpuBeieHa Ha Puc 7.

B®

AN

P

-
-

Puc. 7

CBeT OT UCTOYHHKA CBETa S MPOXOJUT Uepe3 HEMOoIBUKHBIN monspuzatop P. Ananuzarop
A 3aKperuieH BO BpalllalolleMcsi JAUCKe. YTOJ MOBOpOTa aHajau3aTopa M3MepsieTcs IO IIKaje
JIICKa, pa3zeneHHol Ha 360 nenenuil. [Ipoiiasg nonspusaTop U aHaIU3aTOpP, CBET NAJACT HA BEH-
TUIbHBINA poTo3nemeHT BD (conHeunsiit snemeHT). [lpyu He oueHb OOJIBIINX OCBEIIEHHOCTAX
cuiia (poToTOKa MPOMOPLHUOHATIBLHA CBETOBOMY MTOTOKY. BennunHa GpoToToka u3Mepsercss MUKpO-
amrnepMeTpoM. Mex1y HoJaspu3aTOPOM U aHAIM3aTOPOM HMEETCs KaMmepa, B KOTOPYIO MOYHO
NOMeIIaTh 00pa3ibl A HAOMIOEHUs SIBIEHUS (POTOYNPYTOCTH U MHTEPPEPEHIIMH MOJISPU30-
BAHHBIX JIy4eH.

Oobopyooeanue u mamepuanol.

1. YcranoBka juis mpoBepkH 3akoHa Mamtoca. 2. ctounuk cBeta. 3. MukpoamMmepmeTp.

Ykazanusa no mexnuxe 6e3onacnocmu.
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K BbITIONIHEHHTO JTA0OPATOPHBIX padOT MOMYCKAIOTCS CTYACHTHI, H3yYHBIINE MPABUIIA TEX-
HUKU O€30MaCHOCTH.

JlaGopaTopHbie pabOThl MOTYT MTPOBOJUTHCS TOJIBKO MO PYKOBOJCTBOM U HAOJIOICHUEM
npenoaaBaTens.

Pacnonaraiire mpubopsl, MaTepuaisl, 000py0BaHHE HA paboYeM MECTE B MOPSAKE, yKa-
3aHHOM IpEeNoAaBaTEeIeM.

He nepxute Ha paboyem cToJie TPeAMETHI, HE TPEOYIOIIMUECs /sl BHITIOTHEHUS 3a/1aHHSI.
[lepen TeM, Kak IPUCTYNHUTh K pabOTe TIIATEIHHO M3Y4YHTE €€ OMUCAHUE, YSICHUTE XOJ
BBITIOJTHEHHSI paOOTHI.

3aoanus.

1
2

.BKJIIOYHMTH HCTOYHUK CBETA.
.Bpaias ananuzarop, 10OMTbCS MAKCUMAIBHOTO 0TOpOCa CTPENIKU MUKpoaMIiepMeTpa (A

MOXET OBITh clieyeT no0uBaThCsi MUHUMaIbHOTO? [Touemy? UeMy paBeH yrod B 3ToM cirydae?).

3
qepes
4

.3anKCchIBAIOT ITIOKA3aHU MHKpOaMIICpMETpa U B ﬂaﬂbHeﬁmeM, IMoBOpavYMBas aHaJIMU3aTOop,

10 rpamycoB 3amMcChIBalOT COOTBETCTBYIOIIME 3HAYCHUE TOKA.

Kakum o6pa30M 110 IIOJIYUYCHHBIM JAHHBIM MOKHO Y66,Z[I/ITLC$I B IIPaBHUJIbHOCTU 3aKOHaA

Mamoca? Kakue rpaduku U3 HIDKE IEPEYUCICHHBIX CIIEIYET OCTPOUTH JIsi TPOBEPKHU 3aKOHA?
(BBIOOp apryMEHTHPOBATH)

Lt Il: f(cosg) — = f(cos? )

I=f(p).12=F(g), '0 o o

5
6

. [locTpouts rpaduk 3aBUCUMOCTH.
. Cmenatp BBIBOJI.

Pe3yabTaTnl M13MepeHuii.

o | coso. cos2a.

Cooepicanue omuema.

Ortuer

10 JJa0OpaTOPHBIM PadOTaM JIOJDKHBI COJIEPKATh:

- TUTYJbHBIH JIHCT;

- 11eJ1b PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIpeJIeIeHUH, MOHATHH, hopMy;
- OCHOBHOE 000pYy/I0BaHUE, CXEMa YCTaHOBKHU;

- OTHMCAHME MO MTyHKTaM BBIITOJHEHHOH paboThl;

- pe3yJIbTaThl U3MEPEHH U pacueToB (TabyuLlbl, rpadukm);

- OLICHKA IIOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBO/JIBI 110 pE3yJIbTaTaM BBIMOJIHEHHON paboThl, 1aTa, HOIHCh.

KOHmpOJleble 60RPOChHl.

NogakownE

Urto mpeacTasisieT u3 cedsi CBeTOBast BOJIHA?

Kaxkue nerictBus okaspiBaeT cBeT? brnaronaps yemy 3T0 BO3MOXHO?

Uto Takoe nonsipuzanusa? Kakoil cBeT Ha3bIBaOT €cTeCTBEHHBIM? [1ossipr30BaHHBIM?
OnuuuTe BUIBI MOISPU3ALUU.

[Tepeuncnure crmocoOb! MOTyYSHHS TOJIIPU30BAHHOTO CBETA.

Cdhopmynupyiite 3akoH Maroca.

. Kakwue nannbie B paboTe m03BOMSIOT yOSIUTCS B CIPaBEIIIMBOCTH 3aK0H Maittoca ? (0T-

BeT chopmynupyiite).
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JlaGopaTopnas padora Ne 8
Tema padomut. U3yuyenne BHemHero poroddpgexra
ILlenv pabomer. OnipeneneHrne CKOPOCTH MOJIETa MyJIH € IOMOIIBI0 (PU3HUUECKOr0 MasiTHHUKA.

Teopemultecmm uacmeo.

Pazmuuarot Tpu Buga Gorodaddexra:

Buewnum gomosgpghexmom HazbIBaeTCs BBIPHIBAHUE JJIEKTPOHOB M3 BELIECTBA 0]
JeCTBUEM  3JEKTPOMAarHUTHOrO M3nyuyeHus. Buemnuit  ¢doroaddexr Habmogaercs
MIPEUMYLIECTBEHHO B IIPOBOIHUKAX.

[Ipu 6nympennem pomoaghghexme 3neKTPOHBI OJT IEUCTBUEM CBETA TEPSAIOT CBSA3bH CO CBOMMU
aTOMaMH 1 MOJIEKYJIaMH, HO OCTAlOTCsl BHYTpH BelecTBa. Takoi Buj poto3dpdexra Bo3MoxeH
TOJIBKO B MOJIyIPOBOIHUKAX.

Beumunouwiti homosgpgpexm 3akimoyaeTcsi B BOBHUKHOBEHUHU (DOTO-3.]1.C. TIPU OCBEIICHUU
KOHTAaKTa JIBYX Pa3HBIX MOIYMPOBOAHHKOB WJIM IMOJYMPOBOAHMKA U MeTalia 0e3 Haludus

BHEIIHETO 3JIEKTPUUECKOT0 MOJIs.

B nannoit pabote sl U3ydYEeHUsI 3aKOHOMEPHOCTEH sHeuwne2o ¢ho-
moaggexkma UCTIONB3YIOT BaKYYMHBIN QoTodnemeHT. OH MpencTaBiseT
co0OM CTEKJISTHHBII OTKayaHHbIN cepuyeckuil OanoH, B IIEHTPE KOTO-
pOro pacnoJio’KeH aHOJ A B BUJ€ KOJblla WK TulacTUHKHU (puc.l). YacTts
BHYTPEHHEH MOBEPXHOCTH 0ajuloHa MOKPHITa TOHKUM CJIOEM MeTaa,
KOTOPBIN CITyKUT homokamodom. Ha puc.1. nzodpaxeHa npUHLIUIINAb-
Hasl CXeMa, C MOMOIIbI0 KOTOPOH UcclieayeTcss BHEIIHUN (HOTOAIPPEKT.
Mexly aHOOOM U KaTOAOM HCTOYHUK TOKa CO3AaeT 3JIEKTPUUYECKOE
nosie. Tak Kak 3jeKkTpUuyecKas LENb Pa3OMKHYTa, TO IPU OTCYTCTBUU
CBeTa 3JIEKTPUUECKU TOK yepe3 poToanemeHT He unet. [Ipu ocseniennn
KaTO/1a CBET BBIPHIBAET U3 HETO AJIEKTPOHBI, KOTOPBIE MO/ JEHCTBUEM CHUII
JJEKTPUYECKOTO OIS ABMKYTCS K aHOAY. B 1ienu nosiBisieTcst nekTpu-
YeCKUH TOK, Ha3blBaeMblii ¢pomomoxom. Cuna (HOTOTOKa H3MepseTcs
rampBaHoMeTpoM G, HampspkeHue Mexay aHogoM A u gortokaromom K
— BosibT™METpOM V. M3MeHsIst HalpsbKeHHE ¢ TOMOILBIO TOTEHIIMOMETpa
P, HaxoasT 3aBUCUMOCTb CHIIBI (POTOTOKA OT HAIPSHKEHUS — BOJIBTaM-

MIEPHYIO XapaKTEPUCTHKY.

I#%

Ha puc. 2 uzobpaxeHna BojabTaMIepHasi XapaKTepUCTHKA BaKy-
ymHoro (hotosnementa. [Ipu U = 0 (Mex 1y KaTo0M U aHOAOM
L, _/_li SIEKTPUYECKOTO TI0JIs HET) cuiia (POTOTOKA BCE PABHO HE PaBHA

| HYJIF0. DTO 00yCIIOBJIEHO TEM, YTO dJICKTPOHBI, BBIPBAHHBIE CBE-
TOM M3 KaToJla, UMEIOT HEKOTOPYIO HAaYaIbHYI0 CKOpPOCTh V (a

3HAYUT, U KHHCTUYCCKYIO 3HCpFI/IIO) 1 9aCTb U3 HUX MOXCT O0-
CTUraTh aHOJ A U IMPU OTCYTCTBUH DJICKTPUICCKOI'O I1OJIA.

Ecnu yBennuuBaTh HalpspKEHUE MEXKIY KaTOAOM M aHO-
1oM (ToaBasi OTpUIATEIbHBIA MOTEHIIMAT Ha KaTo/l, @ Ha aHOJ
— TOJIOKUTEbHBIN), OyleT yBeIMUUBAThCA CHJIA TOKA. DTO
OOBSICHAETCS TEM, UTO TeNeph AEKTPOHBI, KoTopsie ipu U =0
HE JOCTUTaju aHoja, MOJA JEHCTBUEM CHJI JJIEKTPUYECKOTO

IIOJIA MPUTATHUBAIOTCA K aHOOY.

W3 rpaduka BugHO, 9TO MpU HekoTopoMm 3HaueHuun U = U, cuma dortoroka mgocruraer

HanOOJIBIIIET0 3HAUYCHHSI, TOTYYMBIIET0 Ha3BaHNE TOKA HackIeHud |y, JlanpHelee ypennueHue
HaIPSKEHUS YK€ HE BBI3BIBAECT POCTA CHJIBI TOKA. JTO 3HAYMT, YTO BCE DJICKTPOHBI, BRIPBAHHBIC
CBETOM U3 KaTo0Jla, IOCTUTAIOT aHoNa. Eciu 3a edunuyy épemenu CBET BBIPHIBACT U3 (POTOKATOAA
N 3JIEKTPOHOB, TO TOK HACHIIIEHUS OYJIET paBeH
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l.=e-n, 1)

r7e € — 3apsij dJIEKTPOHa.

Ecnu moMeHsTh MONSAPHOCTH AJIEKTPOHOB, TO €CTh MOAATHh HA KATO/ MOJIOKUTEIbHBINA TO-
TEHIUAJI, & HA AHOJ — OTPUIIATEIBHBIN, TO IEKTPUICCKOE MMosie OyaeT TOPMO3UThH JABMKCHHE
AIEKTPOHOB OT KaToJa K aHOy. 3a cueT paboThl cui aiekTpuueckoro nois (Ag = eU) kunetude-
CKasl SHEPTHUs JIBIKYIIUXCS JIEKTPOHOB OyIeT yMEHbINATLCA. Ecii mepBoHaYabHass KHHETHYC-
ckas sHeprus snekTpoHa Wy Oyaet Gomnbiie padotsl snekrpudeckoro monst (W, >Ag), 3MeKTpOoHbI
OyIyT mOCTUTaTh aHOJa, B ienu OyaeT uatu Tok. [Ipu W, <'eU snexTpoHsl aHO/1a HE JOCTUTHYT U
TOK npekpaTutcsa. HanMmenbliiee HarpsbkeHue, pu KOTOPOM IMpeKpaiiaeTcs: pOToToK, Ha3bIBaeTCs
3aJIePI)KUBAFOTIIHM.

ITIpu U = U, naxe camble OBICTpBIE AJIEKTPOHBI, UMEIOIINE MAaKCUMAIBHYIO CKOPOCTh, HE
JOCTUTAIOT aHofa. B aTux ycnoBusx

mv 2
eU, = — 2
= @

Taxum o6pa3zom, uzmepss Ha onbiTe Uz, MOXKHO BBIYUCIUTH MAKCUMAJIbHYIO KUHETHYECKYIO SHEP-
TUIO 3JIEKTPOHOB, BBUIETAIOIIMX U3 KaTO/a.
Oobopyoosanue u mamepuaiesl.

[Tpu u3yueHun 3akoHoMepHoOcTeN poTodPdekrra B paboTe NCIOIB3YyEeTCsl BaKyyMHBIN QOTO-
JIEMEHT, IPUHIUIINAIIBHAS CXEMA BKJIFOUEHUSI KOTOPOTO B 3JIEKTPUUECKYIO LIETb IPUBECHA Ha
puc. 4.

1. ®orosnement @, ceetopunbTp CP U UCTOUHUK CBETa (CIIEKTpaibHast pTyTHas gamna) JI mo-
MEIICHBI B 3aKPbIThI KOHTEWHEp. CBET OT JamIibl, poxo/is uepe3 cBetopunstp CD, cTaHOBUTCS
MOHOXPOMaTHYECKUM H, MaJ1as Ha KaToJ (hOTOdIIEMEHTa, BhI3bIBaeT (PpoTordpdext. Mukpoammep-
MeTp MA H3MepseT clily GOTOTOKA, a BOJILTMETP V — HanpshkeHHe Ha (POTOdIeMEHTE.

2. YCTaHOBKa COCTOMT M3 OOBEKTa MCCIEIOBAHUS M YCTPOWCTBA U3MEPUTEIHHOIO, BHIIIOJIHEH-
HBIX B BHJIE KOHCTPYKTUBHO 3aKOHUYEHHBIX U3/I€TUI, yCTaHABIMBAEMbIX Ha JJAOOPATOPHOM CTOJIE
U COEIMHAEMBIX MEXy co00i KabeneMm.

3. OOBeKT uccleoBaHUsI KOHCTPYKTHBHO BBIMIOJHEH B BHIE COOPHOTO KOpIyca, B KOTOPOM
YCTaHOBJIEHBI OCBETUTENb (CIIEKTpalibHasi PTYyTHAs JIaMIla) C UICTOYHUKOM MUTaHUA, OJIOK UHTEp-
depennnonHbIx cBeToGUIbTpoB Nel (A=407 mxm), Ne2 (A=435 mkm), Ne3 (A=546 mxm), Ne4
(A=578 MKM) U yCTPOUCTBO peryIupoBkH ocBelieHHocTu. [Tonoxxenue "0" 610ka cBeTOGHIBTPOB
COOTBETCTBYET MPOXOXKICHHIO CBETa 0€3 CBETO(QUIBTPOB U MOKET IPUMEHSATHCS JUISl CHATUS UH-
TErpajbHbIX BOJIbTAMIIEPHBIX U JTHOKCAMIIEPHBIX XapaKTEPUCTHK, a MTOJIOKEHHE "S" - mepekphIBaeT
JaMIly U MCTIONb3yeTcs JIJIsl yCTaHOBKU HOMsL. K Koprycy ¢ MOMOIIbI0 KpOHIITEHHA TPUKPETIEH
YCUJIUTENb (JOTOTOKA, Ha BEPXHIOIO KPBIIIKY KOTOPOT'O YCTAaHABIMBAIOTCSI CMEHHBIE (DOTOIPUEM-
HUKH ¢ poTorremenTamu -8 u @-13. [Ipu ycraHoBKe (HOTONPHEMHHUKOB HX TPHEMHOE OKHO COB-
MEIAETCs ¢ BBIXOAHBIM OKHOM OCBETUTENS M 3aKPhIBAIOT TP MOMOIIHU OJICHIBI.

Ha nepenneii manenu oObeKTa UCCIIEJOBaHUS HAXOASATCSI CETEBOM BBIKJIIOYATENb C MHIUKA-
TOpOM BKJIIOUEHHUs ceTu. Ha 3aiHelt manenu o0bEeKTa UCCIeT0BaHHUS PACIIONOKEHBI KIeMMa 3a-
3eMJICHUS, IepKaTely MpeJoXpaHuTeNel u ceTeBoi mHyp ¢ Buiikoi. Ha 60koBoil cTeHke pacmo-
JI0’KEHO BBIXOJIHOE OKHO OCBETHUTENS U YCTPOMUCTBA /U1l CMEHBI HHTEP(EPEHIIMOHHBIX CBETO(PUIIB-
TPOB U PErYJIUPOBKH OCBEIIEHHOCTH. Ha OOKOBBIX MOBEPXHOCTSIX ycUIuTeNs (POTOTOKA pacioio-
YKEHbI COEIMHUTEIBHBIN IIHYP C pa3beMOM ISl TOAKIIOYeHUsT 00BEKTa UCCIIEJOBAHUS K YCTPOii-
CTBY U3MEPUTEIBLHOMY M peryisatopsl 6ananca yecunutens [ PYBO u TOUHO.

OOBeKT HccaeI0BaHus C MOMOIIBIO CETeBOro IIHYypa nojakiodaercs kK cetu 220 B, 50 I'n.

4. YCTpoicTBO M3MEPUTENBHOE BBINOJIHEHO B BUJE KOHCTPYKTHBHO 3aKOHYEHHOTrO u3aenus. B
HEM IPUMEHEHAa OJHOKpPUCTaJIbHasi MHUKpO - OBM c COOTBETCTBYIOIIMMHU JOMOJIHUTEIbHBIMU
yCTPONCTBAMM, MO3BOJISIOIIMMY POU3BOJUTH U3MEPEHNE TOKA (DOTOAIEMEHTA, YCTAHOBIEHHOTO
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B 00BEKTE UCCIIEIOBAHMS, YCTAHABIMBATH U H3MEPSTH MUTAIONINE HAIPSHKEHHUS Ha POTOIIEMEHTE,
a TaKKe OCYLIECTBIATh (DYHKUMHU YHPaBICHUs yCTaHOBKON (YCTaHOBKA PEXHMMOB MPSAMOTO WU
o0paTHOro n3MepeHus u T.11.). B cocTaB ycTpoiicTBa H3MEPUTENBHOIO BXOJAT TaKK€ UCTOUYHUKU
€ro IMUTAHHUS.

Ha nepenneii nanenu ycTporcTBa H3MEPUTEIHHOTO Pa3MEILICHBI CIIEAYOIIUE OPraHbl yIIPaBICHUS
n unaukanuu: kHornka [IPAAMAS - OBPATHAS ¢ coOoTBETCTBYIOIIMMU HHIUKATOPAMU - IIPEIHA-
3HaueHa JUId BKJIIOYEHMS NPSIMOIO WM OOpaTHOrO PEeXUMOB M3MepeHus; kHomku "+", "-" u
CBPOC - npenHa3HaueHsl U1 peryJIMpOBKU HAMIPsDKEHUS Ha (POTORJIEMEHTE U ero cOpoca B HOJIb;
MHAMKATOPBI B 11 MKA - npeiHa3zHavyeHb! JUIsl UHAUKAWY 3HAYCHUH BEIMUUH HANIPSKEHUsI Ha o-
TO3JeMeHTe U (OTOTOKA B mpolecce padoTsl. Ha 3agHei maHenu ycTpoicTBa U3MEPUTEIILHOTO
pacnosnoxkensl Boikitouatenb CETb, kinemma 3a3emiieHus, aepkaTenu NpefaoxpaHuTened (3a-
KPBITHI IPEOXPAHUTENIBHOM CK00OI1), CEeTEeBOM MIHYP C BUIKOW U pa3beM AJIS MOAKIIOYEHUS 00b-
€KTa UCCIICIOBAHUA .

VY CTpOoHCTBO U3MEPUTENBHOE C IIOMOIIBIO CETEBOrO IIHYpa noakiaoyaercs k cetu 220 B, 50 I'n.
5. IlpuHiuun aeicTBUs YCTAaHOBKM OCHOBAaH Ha U3MEPEHUHU TOKa 4yepe3 POTOIEMEHT IIpU U3Me-
HEHUU MOJIIPHOCTU U BEJIMYMHBI IPHIOKEHHOTO K HEMY HAIIPSDKEHMSI M U3MEHEHMSI CIIEKTpaJlb-
HOT'0 COCTaBa U BEJIMYMHBI OCBELICHHOCTH KaTo1a ()OTORIEMEHTA.

6. B mpouecce BbInosHEeHHs 1a00OpaTOPHBIX PadOT CHUMAIOTCS 3aBUCUMOCTH TOKa yepe3 GoTo-
AJIEMEHT OT MPUJIOKEHHOTO K HeMy HampshkeHus. [Ipu aToM MeHseTcsl HOASIPHOCTh HAPSKEHUs
(T.e. pa3enbHO CHUMAIOTCA IpsMasi U oOpaTHasi BETBU BOJIBTAMIEPHON XapaKTEPUCTUKU (OTO-
3JIEMEHTA). XapaKTepUCTHUKU CHUMAIOTCS MPU PA3IUYHbIX 3HAYEHHSIX OCBELIEHHOCTH U NP U3Me-
HEHMHU JUTMHBI BOJHBI OcBelleHUs GoToaneMeHTa. [1o pe3ynbraTam U3MepeHHi CTpOsTCS ceMeii-
CTBa BOJIbTAMIIEPHBIX XapaKTEPUCTUK U, MCIOJb3Yys COOTBETCTBYIOLIME METOJbI pacdeTa, 4Hc-
JIEHHO OLIEHMBAETCS 3HaYEHHE NOCTOsAHHOM [Inanka.

Ykazanua no mexnuke 6ezonacnocmu.
1. K BeImoJHEHUIO Ta00OPaTOPHBIX PabOT OMYCKAOTCS CTYICHTHI, H3yYHBIITUE ITPaBUIIA TEX-
HUKU O€30MaCHOCTH.
2. JlaGopatopHble pabOTHI MOTYT MPOBOIUTECS TOJIBKO MOJT PYKOBOACTBOM U HAOJIOICHUEM
npernoaaBaTes.
3. Pacmonaraiite mpubopsl, MaTepuaibl, 000py0BaHUE Ha pabouyeM MECTe B TIOPSKE, YKa-
3aHHOM IIPEMNo/iaBaTeIeM.

4. He nepxxute Ha paboYeM CTOJIC IPEIMETHI, HE TPEOYIOIIUECS JIJIsl BBIMIOJTHCHUS 33 IaHUSI.
5. Ilepen Tem, Kak MPUCTYNUTH K paboTe THIATENHHO M3y4UTE €€ OMHCAHME, YSICHUTE XOJ
BBITIOJIHEHUSI paOOTHI.
3aoanus.

ITocTpoenne BoJIbTAMIIEPHOI XapaKTepUCTHKHU GOTO3JIeMeHTA.
1. VYcranoBute Ha 0OBEKT HCCIEIOBAHUS (POTOMPUEMHUK C MCCIETYEMBbIM (POTOIIEMEHTOM U
3aJIBUHbTE OJICHLy OCBETUTEJIS B OKHO (JOTOIJIEMEHTA.
2. TloakmounTe ceTeBBIE NIHYPHI YCTPOHCTBA N3MEPUTEIHHOTO U 00BEKTA HCCIIEIOBAHUS K CETH
Y BKIIFOUUTE YCTPOHCTBO n3MeputTenbHoe BeikitodaterneM CETD na ero 3aanei manenu. [Ipu aTom
noikeH 3aropethest nHaukaTopel OBPATHA S, B 1 MKA yctpoiicTBa uamepurensHoro. Ha nnau-
KaTope B 10KHBI yCTaHOBUTHCS HYJH (AOIMYCKAaeTCsl MHIUKALMS 10 3HAUYSHHsT 2 MITJIILIEero pas-
psna). Ilocne 5 munyTtHOro nporpesa pyukamu Y CTAHOBKA HVJIS Ha 00bekTe uccieqoBaHus
YCTaHOBUTb HYJIEBOE 3HAUYECHUE HA MHIUKATOPE MKA yCTPOMCTBA U3MEPUTEIBHOTO.
3. Bxumounrte 00bekT uccnenoanus Beikimouarenem CETD Ha ero nepenneit nmanenn. [Tpu sTom
noskeH 3aropetbest uHaukatop CETD o6bexra uccnenoBanus.
4. JlaTb 1aMIe OCBETUTEINS IPOTPEThCS B TeUeHHE 15 MuH.
5. C nomomusto kHonkH [TPSIMAS - OBPATHA S BeIOpaTh HEOOXOUMBII PEKUM U3MEPEHHUSL.
6. YcranoButs cBeTogmiibTp Nel moBopoToM aucka 61oka CD.
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7. N3menss 3HaueHus HanpsbkeHus yepes 0,5 B ¢ momoupio kHonok "+" u "-" u cunThIBast noka-
3aHus (OTOTOKA ¢ MHAMKATOpa "MKA" MOSyuyuTe JaHHBIE JJI IOCTPOCHUS BOJbTAMIIEPHON Xa-
PaKTEPHUCTHKHU.

8. YcranaBiuBas AMCK CO CBETOQMIBTPAMU B MOI0KeHUe "5" U mpoBepsisi yCTaHOBKY HyJIs TOKa
IIPY HYJIEBOM 3HAY€HUU HANPSKECHUsI, TOBTOPUTE AEUCTBUA 10 MII. S...7 HACTOALIETO pa3jesia s
npyrux cBetopunbTpoB (CO2-CD4).

[Tpumeuanue 1: [Ipy HE0OXOIMMOCTH € TOMOIIIBbIO TOBOPOTA KOJIbLIA, PACIIOJIOKEHHOTO Ha BbI-
XOJJTHOM OKHE 00bEKTa HCCIIeI0BaHUS MOKHO U3MEHSTh OCBELICHHOCTD (DOTORJIEMEHTA.
[Tpumeuanue 2: [Ipu onpenenennu 3anyuparomiero HarpsbkeHus GoToseMeHTa HeoOX0JUMO Hy-
JIEBOE 3HAUEHUE TOKA CUYUTHIBATH IIPU YMEHBILIEHUY HANPSKEHHUS OT HyJIEBOIO 3HA4Y€HUs 10 3Ha-
YEeHUsI 3aIIMPaIOLLEro HanpsKeHus, a He Hao0opoT. He pekoMeHyeTcst Takke yCcTaHaBIUBATh
3HAUEHUE HANPSHKEHUS HUKE 3aIIUPAOILETO.

9. TIlo okoHYaHWHM padOTHl HEOOXOIUMO OTKIIOYHTH MUTAHWE YCTAHOBKH BBIKITIOUATEIISIMHU
CETb (na 3amHei maHenu yCTpolcTBa U3MEPUTEIBHOTO U IIepeIHEH MaHenu 00beKTa Uccie10Ba-
HUS1) U OTKJIFOYUTH CETEBbIE BUJIKU YCTPOWCTBA U3MEPUTEIHLHOTO U 00BEKTa UCCIIEI0BAHUS OT MH-
TaIOLIEH CETH.

10. Pexwum pabOTHI yCTAHOBKH MPEPHIBUCTHIN - Yepe3 Kaxable 45 MUHYT

paboThl nepepsiB Ha 15-20 MuH.

[To maHHBIM TAOIUIEI | TOCTPOUTH BOJBTAMIIEPHYIO XapaKTEPUCTUKY, TO €CTh rpadK 3aBUCH-
MocTH cwitbl hoToToka | (abcumcca) oT Hanpsokenust Ha Gorornemente U (opauHarta).

Tab6muma 1
Onpedenenue pabomsl 6b1X00a 1eKMPOHA, KPACHOU paHuybl homod3ppexma u nocmosauHou
ITanka

Co U,
Nel B

I, mxA
co | U
Ne2 I, A
Co L;
Ne3 I, A
co | U
Neq I, A

1. C nomomrsto kHOTKK [TPAMAS - OBPATHA S BeIOpaTh pexxum nsmepennst ObPATHAS (ne
JIeNlaeéM YCTaHOBKY HYJISI KaK B IIEPBOW 4acTH paboTsl!).

2. W3MmeHss 3HaYEHUS HAIIPSKEHUS C TIOMOIIBI0 KHOMOK "+" 1 "-" yCTaHOBUTH MOKA3aHMS WH/IH-
kaTopa ¢ororoka "MKA" paBHbIM 0. 3aHECTH TTOITYYEHHOE 3HAYCHHE 3a/I€P>KUBAIOIIETO HATIPSI-
xenus Uz B Tabuity 2.

n_n

3. ToBTOpuTh MyHKTHI | U 2 1151 APYTHX CBETODMIBTPOB.
4. Tlo mo;yYeHHBIM dKCTIEPUMEHTAIBHBIM 3Ha4eHusIM U3z paccunTars:
d) KHHETHYECKYIO SHEPruio (POTOIICKTPOHOB: Wk=e-Us
b) paboTy BbIXO/a JIEKTPOHOB: h-c
C) kpacHyro rpanuny Gotosddexra: Aspre = 1 e-U,
A = h-c
ABbIX
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Tab6muma 2

WK A@bzx
Ne /it ], MKM Uz, B ' [Jmax, MKM
1020 5k 10205 e
C
5. Tlo moiy4eHHBIM JJaHHBIM TIOCTPOUTH Ipaduk 3aBucuMoctd Uz oT v, Tae V = ;
] AU, h
6. Mcnons3ys mosy4eHHbIH rpadyK, BMUCIUTH 110 Gopmydte (ga = A— = — W OLICHUTH I10-
14 e

IPELIHOCTh U3MEPEHUIA.
Cooeporcanue omuema.
Otuet 1o 1a00paTOpHBIM paboTaM JOKHBI COAEPKATh:
- TUTYJIbHBIH JIUCT;
- 11eJ1b PaboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICIICHHIA, TOHATUH, (OPMYIT;
- OCHOBHOE 000pY/I0BaHUE, CXEMa YCTAaHOBKHU;
- OTIMCAHUE IO IMyHKTaM BBIITOJIHEHHOH paboThI;
- pe3yabTaThl U3MEPEHHUH M pacueToB (TaOIUIlbI, TpadUKH);
- OLIEHKA MOrPEIIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI TI0 pe3yJIbTaTaM BBIIOJIHEHHON pabOTHI, 1aTa, OIHCh.

Konmponsnsie éonpocoi.

Yro HaswiBaetcs Gpotodrdpdexrom? Kakue OpiBaroT Bl hoTorddexra?

B uewm 3akimouatorcs 3akoHbI poTodrdhdexTa?

Kak cBsi3aHbI JyIMHA BOJHBI M 4acToTa (POTOHA?

Kaxkast uMeHHO 0COOEHHOCTH POTO3PPeKTa HE MOKET OBITh OOBICHEHA C TOUYKHU 3PCHHUS
BOJIHOBOM T€OpHUU cBeTa?

3anumuTe 1 00BICHUTE YpaBHEHUE DiHIITEHHA 17151 hoTOdPeKTa.

Yro Ha3bIBaeTCs KpacHOM rpaHuiiel porodddekra u oT 4ero oHa 3aBUCUT?

OT 4ero 3aBUCHT MaKCHUMaJbHasi KWHETHYECKas SHEPTUsl (POTOIIEKTPOHOB?

Hapucyiite 1 00bSICHUTE BOJIBTAMIIEPHYIO XapaKTEPUCTHKY (HoTodPdeKTa.

Ha yem ocHOBaH c1rioco0 orpeeneHusi KpacHo# rpanuiibl Gorodddekra B JaHHOH pabore?

NS

©CoNo O

JlaGopaTopHnas padora Ne 9
Tema pabomui. U3yyeHne 3HepPreTH4eCKOro CeKkTpa 3JIeKTPOHOB

Ilenwv padomui. Onpenenenye JJIMHBI Tpo0era MEMEHTApHbIX YaCTHI] B BO3/LyX€ IIPU aTMO-
cepHOM JaBICHUH M ONPEAETICHNEe MaKCUMAIIbHOM SHEpriH OeTa-4acTHIl IIPU ITOMOIIM METo/1a
HOTJIOIICHUS.

Teopemutteclcaﬂ uacmeso.
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SIBnenue paanoakTUBHOCTH ObLIO 0OHapysxeHo bekkepenem (1890 r.). OH 3ameTw1, 4TO He-
KOTOpBIC BEIECTBA, COJACPIKAIINE YpaH, 00JaJaf0T 3aMeuaTeIbHOH 0COOCHHOCTRIO CaMOIIPOU3-
BOJIBHO, 0e3 BCSIKOT0 BHEIITHETO BOSHeﬁCTBHH, H3J1y4aThb JIy4H, CIIOCOOHBIE MpOXOANUTh CKBO3b HEC-
Ipo3payvHbIe IS BUANMOTO CBETa BEIIECTBA.

PagnoakTrBHOE M3ITyueHUE OBIBACT TPEX BHJIOB: (X -Ty4H, ﬂ -IYyYd B Y -y,

O -1y4¥ NMPEACTABISAIOT MOTOK SJEpP I'eJINEBbIX ATOMOB, WU, UHBIMU CIIOBaMH, IIOTOK TeJIie-
BBIX MOHOB C 3apsiaoM +2e.

ToXIEeCTBEHHOCTh (X -Tyuyel € IOTOKOM TIEJIMEBBIX sIEp
Obly1a yCTaHOBJIEHA C TIOMOLIBIO CIIEIYIOLIETO OIBITA, IPOU3BECH- ) J_ F
goro Conau.

Cocyn A (puc. 1) ¢ mOMOIIBI0O TOHKON CTEKJISTHHOM Iepero-
ponku G pazaensuics Ha n18e yactu B u C. B wactu B [Tomemanocs ~ ; @ E
paanoakTUBHOE BeuiecTBo F, r
n3nyyatomiee o -nyun. [leperoponka G momdupanach Takoi TOJ- |2
HIMHBI, YTOOBI ¢ -Ty4yd MOTJIM HPOXOAUTH CKBO3b Hee. Jlpyras
qacTb 3TOro cocyna C coegunsuiack uyepe3 kpaH K ¢ BakyyMHbIM
HAcoCOM, U B 3TOH YacTs CO3[aBajOCh JIOCTATOYHO CHUJIIBHOE pa3-
pEXKEHHUE.

B tpy6ke H, coemunennoit ¢ cocynmom C, momemanucek a8a snekrpoaa D, E, ¢ momorisio
KOTOPBIX MOXHO OBLIIO BbI3BaTh paspsi B TpyOke H. Bakyym B cocyae C coznaBaiicsi CTOJIb BBICO-
KU, 4yTO npu npuiokeHuu Kk D u E pa3HOCTH NOTEHIIMANIOB B HECKOJIBKO COTEH BOJIBT JIEKTPHU-
yeckuil paspsa He Bo3HMKa. Ilocie oTkauku cocyn A orcoeaussuics oT Hacoca. CrycTs He-
CKOJIBKO JIHEW, OJJHAKO, I0CJIE€ IPUIIOKEHUS pa3HOCTH NoTeHIManoB Mexxay D u E Bo3Hukan sek-
TPUUECKUN pa3psili, YHTEHCUBHOCTh KOTOPOI'O C TEUEHUEM BPEMEHHU BO3pacTala.

Cser, ucxosimuii npu paspsae u3 Tpyoku H, Obut mpoaHanu3upoBaH ¢ IOMOIIbIO CIIEKTPO-
rpaga. Oka3anaock, YTO CIIEKTP ATOTO U3IYUYEHHUS B TOUHOCTH COBIAJIAET CO CIIEKTPOM HM3ITyUeHHUS,
BO3HUKAIOIIKUM MIPH IEKTPUUECKOM pa3psjie B ra3000pa3HOM I'eJIHH.

B tpyOke H renus e 65110, HO ctofa u3 B nmpoHUKanu ¢ -4acTuliibl, U3IydaeMble panoakx-
TUBHBIM IIpenapaToM. [IoCcKobKy B pe3ynibTare Takoro NpOHUKHOBEHMS B TpyOke C MOSIBUIINCH
aTOMBI I'eJlusd, TO, CIEI0BATEIbHO, (X -HaCTHUIIbl U SBISAIOTCS T€JIUEM, IPaB/ia, HE aTOMaMH, a siji-
pamu renud. Sapa renust (@ -4acTUIIbl) 3aXBaTHIBAIOT U3 OKPYKAIOIIEH cpeibl 2 AJIEKTPOHA U Tpe-
BpAaIllaloTCs B «HOPMaJIbHBIE» aTOMBbI renus. Mtak, o -4acTUlIbl SIBISIOTCS SJIpaMH aTOMOB T'eJlis.

XapakTepHOH BETUYMHOMN UX SBIIAETCS SHEPTUS. DHEPTUS ¢ -4aCTHUIl BEJIMKa — MOPsAKa He-
CKOJIbKMX MUJUIMOHOB 3JIEKTPOHBOJIBT. PaznuuHble paOaKTHUBHBIE BEIIECTBA U3ITY4alOT ¢ -4a-
CTHUILIbI PA3JIMYHON SHEPTUH, HO BCE (f -HACTHUIIbI, U3TyUYEHHbIE JaHHBIM PaJUOAKTUBHBIM BEIlle-
CTBOM, UMEIOT BIIOJIHE ONPEACNIEHHYIO SHEPTHUIO.

[} -nyun SABNAIOTCS TTIOTOKOM OTPHIATENBHO 3apAKEHHBIX YaCTHUIL. 3HaK - (MUHYC) TIpH OYKBe

e

ﬁ NOAYCPKHUBACT, UTO 3THU YaCTULIbI HCCYT OTpHHaTCHBHLIﬁ 3apsna. OtHomeHnne — JJI1 HUX OKa-
m

3aJIOCh B TOYHOCTU TAKUM K€, KaK U IJId 3JICKTPOHOB. ﬂ-ﬂy‘-{I/I SBJIAKOTCA B ZIGfICTBI/ITCJII)HOCTPI

& Z

Puc.1 OnbiT Cogam

(i

IMOTOKOM 3JICKTPOHOB. Otimune ﬂ -JIy‘-IGfI OT OOBIYHEIX KaTOJHBIX JIy‘-IGfI HC Ka4C€CTBCHHOC, a KO-
JIMYCCTBCHHOC. 3Hepr1/15{ 9JICKTPOHOB
ﬁ -nyqeﬁ SHAYUTCIIBbHO IMMPEBOCXOANUT SHCPIrUIO KATOJHBIX J'Iy'—IeI\/’I 1 UMCCT BCJIIMYUHY IMOPAJIKA MUJI-

JIMOHA 3JICKTPOHBOJIBT.
7 -JIy4H, HC OTKJIOHACMbBIC HU MAaIrHUTHBIM, HU 3JICKTPUYICCKUM I10JICM, HC HECYT JJICKTpHUYC-

ckoro 3apsza. I1o ceoeit mpupoze ) -JIydn aHaJIOTMYHBI PEHTTEHOBBIM JIy4aM, HO OTJIMYAaOTCS OT
HUX OOJIBLIEH BEIUNYUHOU KBAHTOB.
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Kak yxe yka3pIBaJloCh, paJl0aKTUBHOE U3IyUEHUE MPOU3BOAUT CUILHOE HOHU3UPYIOLIEE U
(doToxXuMHUECKOE IEHCTBHE U 110 ITOMY JAEHCTBHUIO MOXKET ObITh perucTpupyemo. Tak Kak OT/IeNb-
HBIE YACTHIBI, BXOALIME B COCTAB PaAMOAKTUBHOTO M3JTyYeHHs (Q -4acTHIbl, [ -dacTuisl, -

KBaHTBI), 00J1a/1a10T OOJIBIION YHEPTHEH, TOPSAKA MUJLTHOHA JIEKTPOHBOJIBT, TO TIPEACTABIISACTCS
BO3MOXKHOCTh HaOJII0JaTh M PErUCTPUPOBATH HE TOJBKO PaIMOAKTUBHOE U3ITyYEHHE B 11€JIOM, HO
Y OTJEJIbHBIE YACTHIIbI, BXOASIINE B COCTAB 3TOTO U3JIyUEHUSI.

Haubonee yacto 1yist peructpaiuy 1 HabII0IeHUS OTAEIBHBIX OBICTPBIX YACTHI] TPUMEHSIOT
TPU METO/A:

a) Kamepa Bunbcona. B rimase VI Ob11 ykazan npuHIuUn AeicTBus kamepsl Buibcona u mo-
KazaHbl Qororpaduu myteit & -yactuil. Kamepa Bunscona npuronna u ans HaOnoAeHUs myTen
[ -uactuil. 3HauuTENBLHOE YCOBEPIIEHCTBOBAHHE B METO KaMephl Buiibcona 6b110 BHeceHo 1. B.

CKOOENBIIBIHBIM.
Cko0enbIIbIH MOMEeCTHI Kamepy BunbcoHa B MarHUTHOE moJie. MarHUTHOE TIOJIE€ UCKPUBJISIET

TpaekToputo [f-uactuil. B ciyuae, korna [ -uacTuiia ABUKETCS NEPHEHIMKYJISPHO CUIOBBIM JIH-
HUSIM OJIHOPOJHOTO MAarHUTHOTIO HOJIS, €€ TPACKTOPHUEH SBJISETCS  OKPYKHOCTh paanyca

R mcu
eH

rae U - CKOpOCTh YacTHIIbI, H - HaNpsHKEHHOCTh MAarHUTHOTO TIOJIS, € - 3apsij] 3JIEKTPOHA, C - CKO-
pocTh cBeTa. B kamepe BunbcoHa, mOMEIIEHHOW B MAarHUTHOM I10JI€, TPEKH JIEKTPOHOB IMPE/-
CTaBJISIIOT YacTU OKpy>kHOcTell. [lo BennuuHe paauyca 3TOH OKPYKHOCTH MOXKHO OINpEAENUTh
CKOPOCTb 3JIEKTPOHA.

0) Cueruuk ['eitrepa-Mrosiepa. CyniecTBYIOT JIBa BApHaHTA CYETYMKOB: CYCTUUK C OCTPUEM
(cuetuuk I'elirepa) u cueTunk ¢ HUTHIO (cueTuuk [ elirepa-Mroiiepa).

Cueruunk ¢ HUTHIO (puc.2) npeactasiseT HuIMHAP C, MO0 OCH KOTOPOTO HATsAHYTa HUTH AB -
TOHKasi METaJuIn4ecKasi MpoBoJioka. HUTH B 3JIEKTpUUECKOM OTHOIIEHUH U30JIUPYETCs OT KOpIyca
cuetynka C. CueTUHK HAMOJHAIOT ra30M MPU HEOOIBIIOM JIaBICHUH.

o

Vi

XN
K YOUNLEA R0

Puc.2 Cxema yCTpoicTBa CHETUYMKA
%J”/ lenrepa-Mionnepa

6

il—

Mesx 1y HUTBIO U IMJIMHIPUYECKIM KOPITyCOM CYETYHKA ¢ TOMOIIbIo O6atapen E wim cienu-
aJIbHOTO BBINPSMUTENBHOIO YyCTPOMCTBA CO3AAIOT DJIEKTPUUECKOE MOJIE

Takoro HanpsKeHHUs, IPU KOTOPOM B CHETUMKE MOKET pa3BUBAThCS KOPOHHBIN paspsa. Ko-
POHHBII pa3psii HAUHET pa3BUBAThCS, €CIIM B IPOCTPAHCTBE MEKY HUTBIO U KOPITYCOM OKa)XyTCs
3apspKEHHBIC YacTUIBL. [109TOMYy KOPOHHBIN paspsii BOSHUKAET B CUCTYMKE BCAKUM pa3, KOraa B
HET0 MPOHUKHET HOHU3UPYIOIast YacTUIa-3IeKTpoH win & -uactuia. Takast 4yacTuIa, IBUrasich
BHYTPH CUETYMKA, IPOU3BOJNUT MOHU3ALMIO T'a3a, BCIEICTBUE YETO U BOSHUKAET KOPOHHBIN pa3-
psa. [TocnenoBaTeIbHO C HUTBIO CYETUMKA MOAKIIOYAETCS CONPOTUBIIEHNE R, BeNMMunHy KOTOpPOro
NOOUPAIOT TaK, YTOOBI MPU PAa3BUTUHU KOPOHHOIO pa3psja Ha 3TOM CONPOTHUBIIEHUU BO3HHMKAJIO
JIOCTaTOYHOE NaJeHHE NMOoTeHIMana. Ecin 3To najeHne NMOTEHIMAla OKaXETCs JOCTaTOYHBIM
(OKOJIO COTHH BOJIBT), TO BO3HUKIIMM B CUETUNKE KOPOHHBIHN pa3psij MpepBeTcs.
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[To Bo3HMKIIEMY B cueTuuke [ 'eiirepa UMITyJIbCYy TOKAa U CYISAT O TOM, YTO Y€pe3 CUCTUHK
MpoIIa HOHU3UPYIOIIasi yacTuila. Harra npoMBIIIIEHHOCTh BBIMMYCKAaeT TaK Ha3bIBacMbIE yCTa-
HOBKH THMa «by», comepxariue annmaparypy, HeOOXOAUMYIO ISl TUTAHUS CYETYNKOB, YCUITUTEIb,
C TOMOIIBIO0 KOTOPOTO UMITYJIBC TOKA B CYETUMKE YCUIIMBACTCA 10 TAKOW BEIMYUHBI, YTO IPUBOIUT
B JICUCTBHUE pejie HyMepaTopa, MpeIHa3HAYeHHOTO JJI OTCUETa YUCJIa BO3HHUKIINX B CUETUHKE
[eiirepa ummynbcoB. J{s Toro 4to0sl cueTunk ['eitrepa «cpaboTam», HOHU3UPYIOIIAs YacTUIIA
JIOJDKHA TTPOHUKHYTH BHYTPb €0 - MPONTH Yepe3 CTeHKHU. Eciu u3mydeHne morionaeTcs: CTeH-
KaMU CUETYHKA, TO IPUMEHSIOT [Tl PETUCTPAIIUU TAKUX YACTHUIL TUOO0 OUEHb TOHKHUE CTEHKH, TH00
CIeNUaIbHBIE TOHKUE OKOIIIKH.

B TopueBbIx cueTunKax HUTh 3aMeHseTCs Uriioil A. B nmepenHeli cTeHke cueTurka Jesiaercs
oTtBepcTHe B, 3akppiBaemMoe (poaproi Hy»KHOM TONIIUHEI (puc. 3).

Cueruuku ['elirepa npuMeHsIIOTCA U JUIsI cUeTa ) -KBAaHTOB, ) -KBaHTHI BbI3bIBAIOT B CTEHKAaX

cyeTyuka GoTo3aeKTpruueckuil 3pPexT nin KoMnToH-3¢pdext. BolpBaHHBIE U3 CTEHOK CUETYHKA
($oTO- ¥ KOMOTOH-3JIEKTPOHBI U BO30YKJAIOT pa3psl B CUCTUHUKE.

i

i £

K SACKITYPCHETIDY
LU JoURIPENSD
Puc.3 Cxema Top1ieBoro cueT4ymka.

B) MeTtoa TOJCTOCIONHOM (GoTorIacTUHKA. MeTo TOJICTOCIONHBIX (DOTOTUTACTHHOK OBLT
paszpaboran MeicoBckuM U JKmaHOBBIM. VIMH M3TOTOBIISUTUCH CIICIIUATBHBIE (DOTOILIACTHHKH C
YTONIIEHHBIM c10eM GoTodmyabern (50—300 MK). @ -4acTHIIBI PU IBIXKEHUU B TAKOM CJIO€ BbI-
3BIBAIOT Pa3JIOkKeHHEe OPOMHUCTOTO cepedpa TOIBKO B T€X 3€pHAX, uepe3 KOTOPhIe OHH MPOIILIH.
[Tocne nmposiBieHUsI TaKOM MJIACTUHKHM B HEW BO3HMKAIOT «JIOPOXKKW» U3 OCaJAMBILErocs cepeopa,
XOpOIIO BUAMMBIE B MUKpockore. Kaxkaas Takas ITOpoKKa MpencTaBiIseT cOOOM clie]] JBUTAB-
mreiics yacTtuipl. [lo BennmunHe mpobdera ¢ -4acTUIIBI MOXKHO OTPEAEIIUTh €€ SHEPTHUIO.

Tonctocnolinbie (HOTOIUIACTUHKYA MPUTOIHBI ISl PETUCTPAIIUU HE TONBKO ¢ -Ilydel, HO U
JIPYTUX CUJILHO MOHU3UPYIOUIMX YACTHI] - IPOTOHOB, AEUTPOHOB. B HacTodIee BpeMsi H3rOTOB-
JSIOTCS ¥ Takue (OTOIUTACTUHKH, B KOTOPBIX MOKHO OOHAPY>KMBATh CJIEIBI YACTHUI[ HE CTOJb
CHJIbHO MOHU3HPYIOIINX, B YACTHOCTH, JIEKTPOHOB OOJIBIIION SHEPTUH.

Obopyooeanue u mamepuanol.

B pabote ucnonws3yercs TopuoBbiid cueTurk I eirepa-Mromnepa. Uccneayemplii paaroak-
TUBHBIM MCTOYHHUK B T€pPMETHUECKOH KallCcyJie pa3MelIeH Ha JeprKaTelie, CBOOOJHO MepeMelaro-
HIeMcsl IO CKaMbe OTHOCUTEIBHO cueT4rKa. J1Jig u3MepeHus pacCTOSTHUS MEXAy CUETIUKOM U 00-
pas3ioM Ha CKaMbe yCTAaHOBJICHAa M3MEpHUTEbHAs JMHEWKa, a Ha Jep)karerne oOpas3la HaHeceHa
pucka. [lornorutenem 6eta-yacTuil ABIsSeTCS HAOOP TOHKUX ATIOMHUHHUEBBIX TUIACTUH, TOMEIICH-
HBIX Ha CIIEHUAILHOM JeprkaTtese. Tonmmnaa Kax/a0u MIacTUHBI YKa3aHa Ha KOJIbIIE IepKaTesl.

Ykazanua no mexnuxe oezonacnocmu.

1. K BeImogHEeHHUI0 1a00paTOPHBIX Pa0OOT AOIMYCKAOTCS CTYICHTHI, N3YUYHBIIHE ITPaBUia TEX-
HHUKHU 0€30IaCHOCTH.

2. JlabopatopHbie pabOTHI MOTYT MPOBOIUTHCS TOJIBKO MOJI PYKOBOACTBOM U HaONIOJCHUEM
MPETo/1aBaTes.

3. Pacnomnaraiite mpubopsl, MaTepuasbl, 000pyA0BaHUE HA paboueM MecCTe B MOPSAKE, YKa-
3aHHOM TpEToAaBaTeIeM.

4. He nepxxute Ha pabodyeM CcToJie MPEeIMEThI, HE TPEOYIOIIUECS ISl BBIMOJIHEHUS 3a/IaHuUsl.
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5. Ilepen Tem, Kak MPUCTYNHUTHh K paOOTe TIIATEIBHO U3y4UTE €€ OMHCAHHUE, YSICHUTE X0
BBITIOJTHEHUSI PaOOTHI.
3aoanus.
1. BxirounTs puOOpsl YCTAHOBKH U JaTh UM MPOTpeThes B TeueHue 10 MuH.
2. YCTaHOBHTH Ha CUCTUYHKE pabouee HAMPSIKCHUE U ONMPEACITUTE «()OH» CUeTUnKa.
3. [TomecTUTh B «JIOMUK» HCCIEAYEMbIF HCTOUHUK OeTa-U3IyYCHHS U OMPEeIUTh Hayallb-
HYI0 MHTEHCHUBHOCTbH O€Ta-MU3My4eHHUsI PU OTCYTCTBUH MOTJIOTUTEIIS.

Wcrounmk Bera - yactny

Habop anioMUHUeBbIX NNACTUH

smepiTensHoe yCTRofcTa Topuoablii cueTumk leiirepa-Mionnepa

BRoK NuTaHKs cueTuuka
=

Erm.us m © 00
ol @ @

4. I/ICHOJ'II)SYS{ Ha6op AJIFOMHMHHEBBIX IIJIAaCTHH, CHATH 3aBUCUMOCTh HHTCHCHUBHOCTH OeTa-us-
JIYUYCHUS OT TOJIIINHBI d mormoruTens. HOCTpOI/ITL M0 MOJIYUYCHHBIM OAaHHBIM KPHUBYIO ITOIJIOLIC-
HU.

5. B nemsix 6ojee TOYHOro ONpeaeieHns MaKCUMAIbHOTo npobera R, sKcTpamomnsimio

HEOOXOMMO MIPOM3BECTH 10 IpaMKy KPHUBOM MOTJIOIIEHHS (II0 OCH OpAMHAT OTKJIaIbIBAIOT 3HA-
yenus Inl, a mo ocu aberuce — d).

6. Vicrionb3ys hopmyiy (8) 1 HaiiieHHOE ITyTeM KCTPATONSINK 3HadeHne R, , onpese-

JUTH BEJIMYMHY MaKCUMalIbHON SHEPruH OeTa-yacTHII.

7. OLeHUTH NOTPEMIHOCTD PE3YIbTATOB.

CHsiTHE 3aBHCHMOCTH HHTEHCHBHOCTH 3JIEMEHTAPHBIX YACTHI OT PACCTOSIHHUS /10 HUC-

TOYHHMKA U3Jy4YECHUS

1. BKIrounTh yCTaHOBKY B CETh YCTAHOBUTH BpeMs peructpauuu 10 cexyHn.

3. YCcTaHOBUTH HaYalIbHOE paccTOsiHUE R MeX Iy CHMHTHIUISILIMOHHBIM SKPaHOM U Ipenapa-
TOM, COOTBETCTBYIOIIIEE HYJIEBON TOYKE IIKAJIBI.

4. Hcnonb3ys yCTaHOBKY, OIPENEIUTb HMHTEHCUBHOCTH | 3JI€MEHTapHBIX 4YacTUIl AJs
HayaJbHOTo paccrosinus R.

5. YBeIMUnTh paccTOSTHUE MEXy 3KpaHOM M npenaparoM Ha 0,5 ¢M ¥ IOBTOPUTH U3Mepe-
HUSl NHTEHCUBHOCTH.

6. Ilponomxkas yBenuuusaTh pacctossHus R uepes 0,5 cMm, IOBTOPATH U3MEPEHUSI NHTEHCUB-
HOCTH 3JIEMEHTAPHBIX YaCTHII 10 BCEH JUIMHE TUHEUKH Mpuodopa.

7. I1o mosryueHHBIM JaHHBIM OCTPOUTH Ipaduk 3aBucumoctu I = f (R) u onpeaenuts cpen-
Hul poder Ro, sxcTpanonupoBanubiii R 1 mapamerp pasbpoca s.
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8. [Ipomud dhepenmnuporas rpaduuecku monydeHHyro kpuByro [ = f(R) onpenenuts cpeaamii
.. dl
npooder Ro kak abcuuccy MakcCuMyMa KpUBOM: R v (R)

9. OueHUTH MOTrPELUIHOCTh PE3YIbTATOB.
Cooepoicanue omuema.
Otuet o 1abopaTOpHBIM paboTaM JAOJKHBI COAEPHKATH!
- TUTYJIbHBIH JIACT;
- 1esb paboThI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEJICIICHUH, TOHATHH, HopMyIT;
- OCHOBHOE 000pY/IOBaHHUE, CXEMa YCTAaHOBKH;
- OTIMCAHUE IO ITyHKTaM BBIITOJIHEHHOH paboTHI;
- pe3yJbTaThl U3MEpPEHU U pacueToB (TalOauLIbl, TpaduKm);
- OLICHKA MOTPEIIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIE BOMIPOCHI;
- BBIBOJIBI TI0 PE3yJIbTaTaM BBIIOJIHEHHON pabOTHI, 1aTa, TIOIHCh.

Konmponwvuwvie éonpocoi.

Yrto Takoe paAMO0aKTUBHOCTh? BUJIbI palu0aKTUBHOIO U3JTYUYEHUSI.

®dusnueckas npupoaa & -, - U y - U3IIy4CHUH.

Mertoasl perucTpaluuu paguoaKTUBHBIX U3TyUYEHUN.

Onucatsb paboty cueturka ['eitrepa-Mrosuiepa.

CdopmynupoBaTh NpaBuiia paguoaKTUBHOTO U3TyUEHUSI.

3anucaTth GopMyTy pagrloakTUBHOTO pacnazga. [louyemy Kimaccuueckuit MeToa He 00bsC-
HSIET PUPOIY & -pacraja?

Onucath & -pacnaj ¢ HO3ULMI KBAHTOBOM MEXaHUKH.

Onucarp [ -pacnaj ¢ HO3UIUN KBAHTOBOM MEXaHUKHU.

SOUhkwnNE

® N

9. B uewm 3axirouaeTcsi METO/] OTIpeIeTICHHs ITMHBI CBOOOAHOTO Mpobera aeMeHTapHOH Ja-
CTHIIBI B JAHHOH pabore?

10. 3anucare popmyiy I'eitrepa.

11. B yem 3akirouaeTcss METOJ] ONPEIETICHUs SHEPTUH AIEMEHTAPHBIX YaCTHIL (METO/I MOTJIO-
meHus )?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue oucyuniunvl

5.1 Ilepeuenv ocnosnoll u 0ONOTHUMENLHOU TUMEPAMYPL, HEOOXOOUMOU 05 0CBOe-
HUA OUCUUNTUHDL
5.1.2 Ilepeuensv ocnosnoii numepamypol:

1. ®usuka 1715 By30B: MEXaHUKa U MOJIEKYJsipHas (u3uka [DIeKTpoHHBIN pecypc]: yueo-
Huk / B.A. Hukepos. - Mocksa : M3gatenbcko-toprosasi koproparus «/lamkos u K°», 2017. -
136 c. : TalII., rpad., CXEM. - ISBN 978-5-394-00691-3;-URL:
http://biblioclub.ru/index.php?page=book&id=450772

2. TanmeikoBa-bymikesuy, .M. ®usnka : B 2 4. / .M. TanuieikoBa-bymikesuy. — 2-¢ u3 .,
ucnp. — MuHCck : Bemmiimmas mkona, 2014, — Y. 1. Mexanunka. MosiekyspHas GU3NKa 0 TEPMO-
JUHAMUKA. DJIEKTPUYECTBO U MarHeTus3M. — 304 c. : ui., cxem. — PexuM JocTyna: no moJnucKe.
— URL: http://biblioclub.ru/index.php?page=book&id=235732
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3. TamsikoBa-bymkesuu, .M. ®usnka : B 2 4. / 1.W. TamubikoBa-bymkeuy. — 2-e u3.,
ucnp. — MuHck : Beimiimas mkona, 2014. — Y. 2. Ontuka. KBanrosas ¢gusuka. Ctpoenue u Gpu-
3MYECKHE CBOMCTBA BemiecTBa. — 232 c. : WIL., ¢XeM., Taba. — Pexxum moctyna: mo moAnucKe. —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuenv oononnumenvHoii 1umepamypol:

1. Jlexumu 110 yueOHOM quciuruinHe « OCHOBBI TEOPETUYECKON (PU3UKU». DIEKTPOINHA-
MUKa. [DIeKTpoHHbIH pecypc] : yueOHoe nmocodue / E.M. Kyxapb. — DIeKTpOH. TEKCTOBbIE JJaH-
Hble. — Bourorpaza: Bonrorpaackuil rocy1apCTBEHHBIN COLMAIIBHO-IEArOTUYECKANA YHUBEPCH-
tet, 2017. — 57 ¢. — 2227-8397. — Pexxum noctyna: http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usuka: coBpemennsiii kypc / B.A. HukepoB. — 2-e u3a. — Mocksa :
W3narenscko-Toprosas kopropauus «Jlamkos u K°», 2016. — 452 c. : win. — Pexxum nocryna: no
noamucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

5.2 Ilepeuens yueoHo-memoouuecKozo odecneueHus camocmoamenabHo pabomst 00y-
Yauuxcsa no OUCYUNIUHE

1. MeToanueckue peKOMEHAAINH JJIs MOATOTOBKH K MPAKTUYECKUM 3aHATHSIM 1O TUCIIH-
winHe «Dusukay.

2. Metoanueckue peKOMEH IAIUH [T IOATOTOBKH K TAOOPATOPHBIM 3aHSATHUSM TI0 JTUCIIH-
winHe «Dusukay.

3. Meroanyeckre peKOMEH AU TI0 OPTaHU3AINNA CAMOCTOSATEIHHON PabOThI CTYICHTOB
1o guciuruinae «Ousnkay.

5.3 Ilepeuens pecypcoeé ungpopmayuonno-menexommynukayuonnoi cemu Humepnem,
Heo0X00UMbIX 0151 0C6OCHUA OUCUUNTIUHDL

1. http://www.biblioclub.ru -OBC "YuauBepcurerckas 6ubinoreka oHaaiH"

2. http://www.iprbookshop.ru/ - DnexkrponHo- 6udauoreunas cucrema IPRbooks
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MMHUCTEPCTBO HAVKM U BBICIIIET'O OEPA30BAHMS POCCUIMCKOM ®EEPA-
115041
denepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPESKICHUE
BBICIIIEr0 00pa30BaHUs
«CEBEPO-KABKA3CKUI ®EJIEPAJILHBI YHUBEPCUTET»
[Tsaturopckuit uuncturyt ($punuan) CKOY

MerToaunyeckue ykazaHus

O BBIMIOJHEHUIO IPAKTHUECKHUX padoT
o gucturummae «OU3NUKA»
JUTSI CTYJIEHTOB HaIpaBJiI€HUs! OATOTOBKU
13.03.02 DnexTpodHEpreTuKa v JIEKTPOTEXHUKA
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Conepxanue

No Crp.

n/m
Beenenue

1. | Lenb u 3agaun u3yyeHus AUCLUILUINHBI

2. | ObopynoBaHue U MaTepUabl

3. | HammeHnoBaHue npakTH4eCKUX paboT

4, ConeprxkaHue MPaKTHYECKUX padoT

4.1 | IIpaktuyeckas pabora Nel KunemaTnka MaTepualbHOM TOUYKH.

4.2 | IIpaktuyeckas padbora Ne2 J/IluHamMuka MaTepHaIbHONU TOUKH.

4.3. | IIpaktnueckas padota Ne3 PaGota u sHeprus. MexaHuka TBEpAOTO Teja.

4.4 | IIpaktuyeckas pabora Ne4 Mexannueckue KojeOaHus U BOJIHBL.

4.5 | IIpaktudeckas pabora Ne5 OCHOBBI MOJEKYJISIPHO-KHHETHYECKON TEOPHUHU.

4.6 | [Ipaktnueckas padota Ne6 OCHOBBI TEPMOIUHAMUKH.

4.7 | IIpaktuyeckas pabora Ne7 DieKTpocTaTHKa.

4.8 | IIpaktuyeckas pabora Ne8 IIpoBOAHHUKH B 3JIEKTPUUECKOM IOJIE. DICKTPUIECKOE
110JI€ B TUDJICKTPUKAX.

4.9 | IIpaktudeckast pabota Ne9 3aKoHBI TOCTOSITHHOTO TOKA.
[Tpaktrueckas padora Nel0. ITorstue o marautHOM Mosie. 3akon buo — CaBapa-
Jlamutaca.
[Tpaktrueckas padota Nell. DieKTpoMarHuTHOE TOJIE.
[TpakTrueckas pabora Nel2. IlepeMeHHBIN IEKTPUYECKHM TOK.
[TpakTuueckas pabora Nel3. ['eomeTpuyeckas onTuka.
[TpakTnueckas padorta Nel4. BomHoBas ontuka. MHTepdepennus u qudpakmus
CBETA.
[TpakTrueckas padota Nel5. KBanToBas npupojia u3my4eHus.
[Tpaktuyeckas pabora Nel6. Moxenu atoma Tomcona u Pesepdopna. Teopus
aToma Bogopoaa o bopy.
[Tpaktuyeckas padota Nel7. OCHOBBI (U3UKK aTOMHOTO siipa. DIIEeMEHTapHbIE
YJACTHUIIBL.

) Y4ebHo-MeToanueckoe U HHPpOpPMAIIMOHHOE 00eCTIeYCHHE TUCITUTLTAHBI

5.1 | IlepeyeHb OCHOBHOH U JOMOJHUTEIBHOMN TUTEPATYPbl, HEOOXOAUMOM U1 OCBOE-
HUS! TUCLIUILIMHBI

5.2 | Ilepevenp yueOHO-METOAMYECKOTO OOECTICUCHHSI CAMOCTOATEIBHOM PaboThI 00Y-
YAIOLIUXCS 0 AUCLHUIINHE

5.3 | Ilepeuens pecypcoB HHPOPMALIMOHHO-TEIEKOMMYHHUKAIIMOHHON ceTu MHTepHeT,

HGOGXOI[I/IMBIX JJI1 OCBOCHUA JUCITUITIIMHBI

61



BBenenue

[IpakTHdeckue 3aHATHA CO3MAOT ONTHMAJIbHBIC NUIAKTUYCCKUE YCJIOBUS IS JIEATENb-
HOCTHOTO OCBOCHMsI CTYJIEHTaMH COJEP>KAHHUS U METONOJIOTMHM U3y4aeMON JUCHUILUINHBEI «Du-
3MKa», UCIIOJIb30BAHUE CIIEIIMAIBHOIO J1a00PaTOPHOro 000OPYJOBAaHUSA U TEXHUYECKUX CPEICTB.
[TpakTHueckue 3aHATHS 3aHUMAIOT IPEUMYIIECTBEHHOE MECTO MPH M3YYEHUH 0o0Lienpodeccuo-
HaJIBHBIX U NPO(eCCUOHANBHBIX TUCHMIUIMH. [IpakTHUecKue 3aHATHS IPOBOASATCS C LI€JIbIO BBIPA-
OOTKH NMPAKTUYECKUX YMEHHUH U MPUOOPETEHUsI HABBIKOB B PEIICHUH 3a/1a4, OTPA0OTKHU YIIpaXKHe-
HUU, BBITIOJIHEHUH YEPTEIKEU, IPOU3BOICTBE PACUETOB U T.II.

Henpro npakTUyecKuX 3aHATHH sABIsETCS (OPMUPOBAHNE NMPAKTUUECKUX YMEHUN — Ipo-
(eccrOHANIBHBIX (BBIIOIHSTH ONpPEACIEHHBIE NEHCTBUSA, ONepaliii, HEOOXOJUMbIE B IOCIELYI0-
11eM B MPo(heCcCHOHAIBHON AESTETbHOCTH) WM Y4eOHBIX, HEOOXOAUMBIX B MOCIENyIOIEeH yueo-
HOU JIEATENBHOCTH 10 00IIenpodeCCUOHATBLHBIM B MTPO(PECCHOHATBHBIM TUCIUILTHHAM.

bubnunorpaduueckuii cicok CoEPKUT CBEIECHUS O CIIPABOYHOMU JIUTEPAType U IONOTHU-

TCIIbHBIX U3JJaHUAX, HGO6XOI[I/IMBIX JJIA er'IY6J'IeHH01"O N3YUYCHUA OTACIbHBIX BOIIPOCOB.
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1. I]enw u 3a0auu uzyuenun OuCyUNIUHbL

Lenbto ocBOEHUS TUCHUITIMHBI « PU3UKay ABIseTCA (GOPMUPOBAHHE y CTYIEHTOB KOMIIe-
TEHIUI MO3BOJISIONUI BbIpadOTaTh HaBBIKM (PU3NYECKUX HMCCIEI0BaHUHN B cepax akaaeMuye-
CKOM, IpoeccnoHaIbHOM U 00IIeHAYYHON eSTEITbHOCTH.

3aauu OCBOCHHMSI TUCUUILINHBI:

— U3YYEHHE 3aKOHOB OKPY’KAIOILIEro MUPA B X B3aUMOCBS3U;

— oBjiajeHue QyHJAMEHTAIbHBIMU MPUHIMIIAMU U METOJAaMU PEIeHHUs] HayYHO-TEXHHUECKUX
3az1ay;

— (dopMHpOBaHNE HABBIKOB 110 TPUMEHEHUIO NOJI0KEHUH (DyHIaMEeHTaIbHON (PU3UKU K TPaMOT-
HOMY HayYHOMY aHAQJIU3Yy CUTYalUl, C KOTOPBIMU UH)KEHEPY MPUXOAUTCS CTAIKUBATHCS IIPU
CO3/1aHUU HOBBIX TEXHOJIOTUH;

— OCBOEHHE OCHOBHBIX (PM3WYECKUX TEOPHi, MO3BOJSIOLUIUX ONUCATh ABJIECHUS B IPUPOJE, U
IIPEJIEI0B IPUMEHUMOCTHU 3TUX TEOPHUH IS PELIECHUSI COBPEMEHHBIX U NIEPCIEKTUBHBIX TEX-
HOJIOTUYECKUX 3a/1a4.

2. Obopyoosanue u mamepual
AnmnaparHble cpeACcTBa: MEPEHOCHOM HOYTOYK, MMPOEKTOP, 10CKAa MATHUTHO-MapKepHas.
VYyeOHast ayauTopus A MPOBEACHUS YUEOHBIX 3aHSATUH, OCHaIlleHa 000pYyJAOBaHUEM H

TCXHUYCCKUMU CPEACTBAMU OGy‘-ICHI/ISI.

3. Haumenosanue npakmuueckux paoom

Ne Temsbr W3 Hux npakrtuue-
HaumeHoBaHMe TeM JUCHUIUIMHBL, UX KpaTkoe | OO0bem
JUCLIU- CKasi IIOJIrOTOBKA,
coJlepiKaHue 4acoB
TIJTUHBI 4acoB
2 ceMecTp

IMpakTnyeckas padora Ne 1. Kunemaruka
MaTepUuaJIbHOH TOUYKH.

Kunemartuka nocrynarensHoro apuxenus. Ku-
HEMAaTHKa BpallaTeJIbHOTO JBUKEHUS MATEepHU-
aNbHOM TOYKH. TaHreHIMaIbHOE, HOPMAJIbHOE
Y MIOJIHOE YCKOPEHMSI

1,5

IMpakTnyeckas padora Ne 2. /Inunamuka ma-
TePUAJIbHON TOYKH.

[Tepserit 3akon Hetotona. Cuna, macca, UM-

2 mysbe. Bropoit 3akon Herotona. [Ipunnmm He- 15
3aBUCUMOCTH AeUCTBUSA cuil. Tperuil 3aKkoH
HproroHa. 3akoH coxpaHeHHs UMITyJIbca. 3a-
KOH JIBIKEHUS LIEHTPa Macc

IIpakTuyeckas padora Ne3. PaGora u 3Hep-
rus. MexaHuka TBepAoro reJja.

3 PaGota, MOLITHOCTE, SHEPTHs: TIOHSATHUS U B3au- 1,5
MOCBSI3b. 3aKOH COXPaHCHHS dSHEPTUU. MOMEHT
WHEpUHH. 3aKOHBI MEXaHUKH BpallaTeIbHOTO
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JIBKEHUS TBEpAOro Tena. Kunernueckas
SHEprus MPU BPALLATEIBHOM JBHKCHUU.

IIpakTyeckas padora Ned. Mexannueckue
KO0JIe0aHMS U BOJIHBI.

KonebarenbHble porieccsl B Mexanuke. [ ap-
MOHHMYECKHe KoneOanusi. CBOOOAHBIE 3aTyXal0-
e kojebanus. BeIiHy X 1eHHbIE KOJeOaHUs.
Pe3onanc. BosIHOBBIE POLIECCH] B MEXAHUKE

1,5

IIpakTyeckas padora NeS. OcHOBBI MoJ1e-
KYJISIpHO-KMHeTH4YecKoi Teopuu. OCHOBHbIE
HOHATUS U 3aKOHBI MOJIEKYJISIPHO-KMHETHYe-
ckoi Teopur. CTaTUCTUYECKUE paCIIPEIEICHUs
U CIIE/ICTBUS U3 HUX. DJIEMEHThI (PU3NIEeCKON
KMHETUKH

1,5

IIpakTyeckas padora Ne6. OcHOBBI TepMO-
JAUHAMHKH.

BHyTpenHss sHeprus uaeanbHoro rasa. BuyT-
PEHHSIS SHEPTUS MHOTOATOMHOT 0 raza Pabora B
TepMoanHamuke. PaboTa rasa npu u3otepmu-
yeckoM Ipouecce. Hauana tepMoauHaMuKu 1
CJICICTBUS U3 HUX.

1,5

IIpakTnuyeckas padora Ne7. DiekTpocra-
THKA. DJIEKTPUUECKHE 3aps/Ibl U 3aKOH COXpa-
HeHusd 3apsiaa. 3akoH Kynona. Dnektpuueckoe
nosne. Hanpsbxkennocts nons. Teopema [Maycca
JUTSL HAPSDKEHHOCTH 3JIEKTPUYECKOTO TIOJIA.
Pa3znocts norenuanos. CBA3b HAMPSKEHHO-
CTH M pa3HOCTH NMOTEHIIMaI0B. OCHOBHBIE
YpaBHEHHUSI SJIEKTPOCTATHKHU B BAKyyMe

1,5

IMpakTnyeckas padora Ne§. IlpoBoannku B
3JIeKTPHYECKOM M0JIe. DJIeKTpUYecKoe moJje
B IMYJIEKTPUKAX.

[TpoBOAHMK BO BHELTHEM DJIEKTPHUUECKOM TOJIE.
OnekTpoeMkocTb. KoHieHcaTopsl. DHeprus 3a-
PSKEHHOTO TIPOBOHUKA. DHEPIHsl dJIeKTpHUUe-
ckoro nosist. [lonsipuzanust 1usaeKTpuKkoB. [u-
AIIEKTPUKH B AIEKTPUYECKOM IIOJIE.

1,5

Hroro 3a 1 cemectp:

12

2 ceMecTp

IIpakTyeckas padora Ne9. 3akoHbl MOCTO-
SIHHOT'0 TOKA.

ITocTostHHBIN 2NEeKTpUYECKU TOK. 3aKkoH OMa.
[TpaBuna Kupxroga u ux npuMeHeHue K pac-
YeTy JJEKTPUIECKUX 1enei. 3akoH [[xoymns —
Jlenna. Pabota u MomHocTh TOKa. Kitaccuue-
CKasl 2JIEKTPOHHAs TEOpHUs IPOBOJUMOCTH Me-
TaJJIOB

1,5

10

IIpakTyeckas padora Nel0. IlonsaTue o
MarHuTHOM moJie. 3akon buo — CaBapa-
Jlamuaca.

XapakTepUCTUKH MarHUTHOT'O NOJIs. 3aKOH
buo — Caapa — Jlannaca 1 ero npuMeHeHHe K

1,5
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pacuery MarHuTHoro noiisi. Teopema o HupKy-
JSIMM MarHUTHOTO 1osisd. 3akoH Amiepa. B3a-
MMOJIEHCTBUE NapajlieIbHbIX TOKOB

11

IMpakTnyeckas padora Nell. DuexkTpomar-
HHUTHOE MoJIe.

3akoH nosiHoro Toka. Tok cmenienus. Enunas
TEOpHs AIEKTPUUECKUX U MATHUTHBIX SIBJICHUM
Makcgemia. Cucrema ypaBHeHH MakcBeria.
CKopocTb pacnpocTpaHeHHsI SJIEKTPOMArHHUT-
HOTO 1oJist PensTuBrCTCKAs TPaKTOBKA MarHUT-
HBIX SIBJICHUH

1,5

12

IMpakTnyeckas padora Nel2. [lepemenHblit
3JIeKTPUYECKHUI TOK.

IIepeMeHHBIN 3JIEKTPUYECKUI TOK: OCHOBHBIE
IIOHSATHS U 3aKOHBL. BUXpeBOE JIeKTpUYECKOe
nosie. MOIIHOCTD, BhIAEIsIEMAs B LIENIN IIepe-
MEHHOI'O TOKa

1,5

13

IMpakTnueckas padora Nel3. I'eomeTpuue-
cKasl ONTHKA.

®orometpusi. OCHOBBI F€OMETPUUECKON OII-
TUKU. 3aKOHBI OTPAKEHUS U TPETOMIICHUS
cBeTa. SIBIeHHE OJHOr0 BHYTPEHHETO OTpa-
xenus. [Tpuaun @epma. JIunzel, hopmyna
TOHKOM JTMH3bl. OnTHYECKAas CUJIA JINH3HI.
N3006paxeHune npeMeToB C MOMOIIBIO JIUH3.
3epkana. Cuctema JIMH3 KaK OCHOBA OINTHYE-
CKHX TPHOOPOB

1,5

14

IpakTnueckas padora Nel4. BoanoBas on-
THKa. UHTepdepenuns u fudpakuus cBera.
SIBnenue naTepHepeHIIuN CBETOBBIX BOJH. /{u-
¢bpakuus cBeTOBbIX BOJH. JudpakiuonHas pe-
nietka. BzaumoselicTBre 3J1eKTPOMAarHUTHBIX
BOJIH ¢ BemecTBoM. Jlucnepeus ceera. [lorio-
nieane cBera. Paccestaue cBera. Dddext [o-
mwiepa. [lonsipusanus ceera

1,5

15

IMpakTnueckas padora NelS. KpanroBas
NPUPOIA U3TYUEHHUS].

3aKOHBI TEIUIOBOTO U3NydyeHus. 3akoH Cre-
(dana-bonsiimana. 3akon Buna. @otoaddekr.
YpaBHeHue DHWHIITEHHA [T BHEIIHETO OTO-
a¢ddexra. Macca, sHEpTUs U UMITYJIBC POTOHA.
Hasnenue cBera. Dddexr Komnrona u ero
AIIeMEHTapHas PUPOIa

1,5

16

IMpakTnueckas padora Nel6. Moaean aroma
Tomcona u Pezepdopaa. Teopusi atoma BoO-
aopoaa no bopy.

Monenu aroma Tomcona u Pezepdopaa. Jlu-
HEWYaThIi CIIEKTp aroMa Bogopoaa. Ilocry-
natel bopa. Cniektp aroma Bogopoaa no bopy.
KopmyckynsipHO-BOJIHOBOM ayaiiv3M CBOWMCTB
BellecTBa. HekoTopsle cBOWCTBA BOJIH 1€

1,5
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Bbpoiinsa. Obmee ypasaenue Llpeaunrepa. Dme-
MEHTBI COBPEMEHHOW (DM3UKH aTOMOB M MOJIe-
KyJI

17

IMpakTnueckas padora Nel7. OcHoBbl ¢u-
3MKH aTOMHOI'0 s11pa. JJIeMeHTapHbIe Ya-
CTHIBI.

Cocras, 3aps] aTOMHOTO s1ipa. MaccoBoe U 3a-
psnoBoe uncna. Jlehekt Macchl U SJHEPrust
cBs13u szpa. CIuH sipa U ero MarHuTHBIN Mo-
MEHT. SInepHble CUIIbI, UX CBOWCTBA, MOJIEIH
a1pa. 3aKOH paJIMOaKTUBHOTO pacnajia. die-
MeHTapHble yacTulbl. Kocmuueckoe usmyde-
Hue. Knaccudukanus sneMeHTapHbIX 4acTHll.
dusnyeckas KapTUHA MUPA.

1,5

HToro 3a 2 cemectp

13,5

HToro

25,5
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4. Cooepacanue nadbopamophnvix pabom

Paznen 1. Mexanuka
IIpakTnueckoe 3ansitue 1.
Tema 3anamua. KnnemaTnka MaTepuaJIbHOH TOYKH
Lenv 3anamusa. VI3y4ntb 3aKOHOMEPHOCTH JBUKEHUS MATEPUAIIBHON TOUKHU.
Teopemuueckaa yacme.
Ilocmynamenvnoe ogudicenue

Cpennsis (1myTeBasi) CKOPOCTb:

rae AS —1yTbh, IPOUCHHBIM TOUKOW 3a nHTepBai Bpemenu At. I[lyte AS He MoxkeT yObIBaTh u
NPUHUMATh OTPUIATENIbHBIC 3HaYCHUS, T.e. AS > 0.

MrHoBeHHasi CKOpPOCTh (ITPOCKIIMS HA OCh X ):

dx
v, =—
dt

CpenHee yCKOpeHHeE:

do, d?x
a, = .
dt  dt?

OcHOBHBIE YPAaBHCHUA KUHCMATHUKHN MOCTYINATCIBHOI'0 ABMIKCHUA: CKOPOCTh U IMYyTh PABHOIICPC-
MCHHOTI'O ITOCTYNATCIIBHOI'O JIBUKCHHA:

v=y, tat,

at?

2 2
U —0U
SZUOt+T,S:—O

2a

rae U, —HadallbHasi CKOPOCTH (B MOMCHT BPEMCHHU t=0 , AJIA paBHO3aMCIJICHHOI'O ABUXKCHUSA
0

a <0, anst paBHOycKopenHoro a > 0).

HpI/I ABHUKCHUU TECJIA IO BECPTUKAJIIbHOMY HAIIPABJICHHUIO B MTOJIC CUJIBI TAKCCTU 3emimn a = g.

ﬂeuofcenue MamepuaﬂbHoﬁ MOYKU NO OKPYIIHCHOCMU

VYrnoBast CKOPOCTb:
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YrinoBoe yckopeHue:

CBsi3b MCXKOY JIMHEHHBIMH U YIJIOBBIMH BCJIMYMHAMMU ITPHU ABUKCHUN TOYKH 110 OKPYIKHOCTH:

v=wR, a =¢R, an:a)zR,

rac U —MOonyJb JIMHEHHOM CKOPOCTH, at n an — MOAYJIM TAHI'CHIIUAJIbHOI'O 1 HOPMAJIbHOI'0 YCKO-

peHHH; @ —MOMYJIb YIJIOBOH CKOPOCTH; & —MOAYJIb YITIOBOTO YCKOpeHus; R — paxuyc okpyxHo-
CTH.

MO,Z[y.TIB IMMOJIHOT'O YCKOPCHMU:

a=.a’+a’.

OcHOBHbBIE ypaBHEHHMS] KMHEMATUKH BpAIIATEIbHOTO IABM)KECHMS: YTJIOBas CKOPOCTb M YTJIOBOM
nyTh

w=w0,+et,

—a)t+g—t2 _a)z—a)g
P = 7 ' 7 2¢

J11 paBHONIEPEMEHHOT'0 BPAIaTENbHOIO IBUKECHUS (8 = const) , & >0— yckopeHHoe BpalieHue,

& < 0 —3amMeyIeHHOE BpaIlleHHE.

CBs13b 4aCTOTHI BPAIICHUS N M YTIIOBOH CKOPOCTH:
w=2m.

CBs3b YIIIOBOTO MEpEMELIEHUs 1 Ynciia 000poTos N:

@=27N .

IIpumeps! pemreHus 3aga4

3apaya 1. CTyzmeHT npoexai I0JIOBUHY IIyTH HA BEJIOCUIIENE CO CKOPOCThIO v, = 16 kxm/4. [lanee
TIOJIOBUHY OCTABILErOCS BPEMEHH OH €XaJl CO CKOPOCThIO v, = 12 KM/, a 3aTeM [0 KOHILA ITyTH
IEJT TIEMIKOM CO CKOPOCTBIO v, = 5 KM/4. ONpenenure CpeaHIor CKOPOCTh IBUKEHHS CTyAEHTA

Ha BCEM IIyTH.

Pewenue:
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F 3
A

JlnvHa nepBoW 4acTH MyTH S/=VI{] , BTOPOW YaCTH MYTH S2=V2{2, TPETbEU YaCTH, S3=V313.

ITo ycnoButo, si=s2+s3, a Bpems £2=t3. CpeHss CKOPOCTb

( _ S+, 45,
t o+t +t,

TaK Kak Si- MOJIOBUHA ITyTH, TO BECh IyTh PaBEH 2s1, BpeMs ¢/=51/vi , OCTaBIIEeCs BPEeMs
t,+t, =, Torma

(0) = ) _ 2v, (v, +v,) .
S, 25, 2u,+u,+u,
L, +0,

3anaua 2. [locnennue 2 MeTpa MyTH BEPTUKAIBHO Nagaroiee Tesno nponuio 3a 0,3 ¢. C kakoit
BBICOTHI MAAJI0 TEIO?

Jano:
h=2wm
t2=10,3c
H="7?
Bricoty H magenus tema (6e3 Ha4aqbHON CKOPOCTH) MOKHO OMPEIEIUTh MO (hopmyJie
2
H = =—. 3necs t—nonnoe Bpems nagenus. OueBuaHo t = t1+t2, rae t1— BpeMs MPOXOkKICHUS

MEPBOro y4acTka; t2— BpeMsi MpOX0XKACHUS MOCIEAHUX 2-X METPOB Iy TH.
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3anuinemM ypaBHEHHUE IBHXKEHUS AJISl ABYX MOCJIEIHUX METPOB IyTH, CUUTAsl IBUKEHUE PaB-
HOYCKOPEHHBIM:

gt;
h=ut, + =%,
1%2 2

rac€ 01— CKOpPOCTh, C KOTOpOﬁ TEJI0 «BXOAUT» B OTOT YHYAaCTOK ITYyTH.

2
.ot
2 h g
CrnenoBaresbHO, V=—"-"=———"5=, 1)
t, t, 2
[TepBblii y4acTOK IyTH TEJIO IPOXOAUT O€3 HayallbHOM CKOpOCTH, T.€. vo= 0, a Tak Kak
v, — U, . h t
g =10 10 t1=—1. VYyuteiBas (1), momydum t1:———2.
[ g gt, 2
Taxum o6pa3om, obiiee Bpems aBrkeHus Tena t = ti+ t2 paBHO
h t h t
= Z4t=— @

= L
g, 2 ° gt, 2

[Toncrasnsas (2) B popmysy i H, OKOHYATENIBHO, OJTy4YUM

2 2
9 L+t_2 :E. L-p% ~ 3,33 M.
2\ gt, 2 2 (10-0,3 2

3anaua 3. Teno OporIeHo ¢ HaYaIBHOM CKOPOCTHIO 00 = 20 M/c o yriom o = 30° K TOPU30HTY.
OHpC,Z[eJII/ITB MaKCUMAJIBHYTO BBICOTY MOABEMA, JAJIBHOCTD I10JICTA, @ TAK K€ TAHTCHIUAJIBHOC U
HOPMAJIBHOE YCKOPEHMS, paiuyC KPUBU3HBI TPACKTOPUM B HAYAJIbHBI MOMEHT BPEMEHH.

Jano:
00=20 m/c

a=30°

R=?

Bocnonbs3zyeMest pUHIIMIIOM CYTIEPIIO3UIIMH ABUKEHUMN: IBIXKCHHE TEJla TPEICTaBUM KakK JIBa
HE3aBUCHUMBIX JIBIJKEHHSI BIOJb Oceil koopauHaT X u Y.

N3 TpeyroiapHUKa CKOPOCTEN HailleM HayajdbHbIE CKOPOCTH
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U =0, "COSax , v, =0y, -SIna . 1)
Bnaonbs ocu X aBuxkeHue paBHOMEpHOE (IIPU OTCYTCTBUU COMTPOTUBIICHUS IBUKEHUIO, PYTUX
CHUJI, IEUCTBYIOIIMX BIOJIb OCU X , HET). [lo3aToMy vx He U3MEHSIeTCsl, TO €CTh Dx= Dox.

Broas ocu Y nBrkeHne — paBHOYCKOPEHHOE 3a CUeT CUJIbI TAroTeHus. [Ipu mogbeme Ha BbI-
cory h cKOpOCTb vy H3MEHSETCS CO BPEMEHEM 110 3aKOHY: U, = U, — gt. Cunras, 9ro B Mak-

CHUMaJIbHON TOYKE MOabEMA v, = 0, maiinem BpeMs mojbema 1! Uy = gtl. YuuteBas (1), mo-

JTy4UM

v, Sina
g

W3 ypaBHEHHUs IBUKEHUSI BAOJb OCH Y HAlUJEM BBICOTY IIOJABEMA

t= 2)

h=v_ -t _g_tf:U _SinaUOSina_gu(fsinza:ugsinza
Vo2 g 29° 29

W3 ypaBHEeHHsT paBHOMEPHOTO JIBIKSHHS BJIOJh OCH X, HAliIeM TadbHOCTH OJIeTa S:

=5Mm.

S=uy, -t=v,-cosa-t,

rae t- oOmiee BpeMsl IBIIKEHUS, U3 COOOPaKCHUH CHMMETPHH, PAaBHOEC YIBOCHHOMY BPEMEHU
noabema, T.€. t=2 t1. Torma

sing  vZsin2a
g g
do

TaHreHHI/IaHLHOG YCKOPCHHUCE, 110 OIIPCACIICHULO, aT — ——, a TaK KaK CKOpPOCTb

dt

S=vy,-cosa-2t =2v,c08c -y, =34,6 m.

(O

_ [,,2 2 _ _ _ ]2 2
L= UX+Uy,I/I U, =0, a Uy—on gt, 3HAUUT U_\/on+(uoy_gt)

CruezoBaTenbho  @_ = do d\/u + Doy gt) _ (on_gt)'g
dt dt \/(on - g'[)2 + fo

B HauanbHbI MOMeHT Bpemenu t=0,

g _on'g:UO‘Sina'g

\/U +l) Uy Uy

=g-sina =5wm/c’.

ITonHOC YCKOPEHUEC ABUIKCHUS TECJIa, OYCBUIHO, PABHO YCKOPCHUIO CBO6OI[H01"O maacHus g.

[TooTromy a = af +af =g.

Otkyna @, =+/g° —a’ =8,66 m/c’.
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2 2
v 1Y)
ITo onpenenenmio, @, = E CnenoBatepio R =— =46,2 M.

a

n

3anaua 4. /[Be MaTepHaibHbIC TOUKH ABIXKYTCS COITIACHO ypaBHeHnsaM X, = At + Bl'[2 + Clt?’,

X, = At + thz + Czts, rae A1 =4 m/c, B1=8 m/c?, C1=—-16 m/c3, A2 =2 m/c, B2 =—4 m/c?, C2

= 1 m/c®. B xakoif MOMEHT BpeMeHH t yCKOpeHHe 3THX Touek OyayT oguHakoBbl? Haiitn ckopo-
cTi U1 U U2 TOYEK B 3TOT MOMEHT BPEMEHH.

Hano: JI1s1 0THOMEPHOTO IBUKEHMS YCKOPEHUE €CTh BTOPast
IIPOU3BOJIHASL OT KOOPAUHATEL, TO €CTh d = d 2)c/ dt’?

x = At+Bt* +Ct° WJTH TIepBasi IPOM3BOIHAS OT CKopocTH To ecTh @ = dv/ dt .

X, = At + thz + C2t3 [TosTOMy Hamo, BHAYalle ONPEIETUTH CKOPOCTH TOYEK:

_ _dx 2 3y _ 2
A1=4 w/c. v, _E_(AIH Bt°+Ct’) =A+2Bt+3Ct )
dx, 2 3ys 2

A2=2 m/c. L= = (At+B,t"+Ct°) =A + 2Bt +3C,t )

B1=8 m/c?. Teneps HailieM yCKOpPEHUS. Bo=-4
do ,

w/c? . alzd—tlz(A&+ZBlt+3Clt2) =2B, +6Ct 3)

=16 w/c? 99 _ (A 2Bt +3Ct7y = 2B, + 6C

C1=-16 m/c Z—E—(Ag"‘ )t +90, )— , TOL, (4)

Co=1 m/c®

a, =a, [TpupaBusB (3) u (4), Haiigem t:

B B, - B, B 8—(-4)
~ 3(C,-C) 3(1-(-16))

=0,235c.

Teneps moactaBuM 370 3HadeHue t B (1) u (2):
v, = 4+2-8-0,235+3-(~16) - (0,235)* =5,1m/c,

v, = 2+2-(~4)-0,235+3-1-(0,235)° =0, 286 m/c.

3amaya 5. MarepuanbHas TOYKA IBUKETCA HA MIIOCKOCTH COTJIACHO YPABHEHUSIM:
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T
X = 4c0s (Et); X,y — B MeTpax,

T
y = 3sin (Et); t — B ceKyHax.

Haiitu: 1) ypaBHEeHue TpaekTopuu;
2) KOOpAUHATBI TOUKH;
3) NoJNHYI0 CKOPOCTb;
4) moIHOE YCKOPEHUE;
5) TaHreHuUaNbHOE U HOPMAJILHOE YCKOPEHUE;

6) paauyc KpUBU3HBI TPAEKTOPUU B MOMEHTHI BpeMeHu t1=2 C u 12=6 C.

Perenne:

1. [nsg HaxoXAeHHs ypaBHEHUS TPACKTOPUH (3aBUCUMOCTH OJTHOM KOOPIUHATHI OT APYToi) uc-
KJIFOUUM U3 YPABHEHUI MEPEMEHHYIO BEJIMUUHY t:

( r,2
X T X 9 T
—=c0s( —1) — =C0S (=1 2 yz
3, 473
. T . T
X=5m(—t) y—2=5|n2(—t)
3 6 3 6
\
DT0 ypaBHEHHE DIUIHIICA C TTOayocsMu a =4 m; b =3 m.
Y
A2, 2,6) B MmomeHT t1= 2¢

X1= 4cos(%-2j:> X, :4cos%: 2M

X

v

,13sin(%-2j:> y1:35in%=2,6M

B Moment t2=6c¢: X, =4c0S(7)=—4Mm, Y, =3sin(z)=0m.
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Takum oO6pa3oM, B MOMeHT BpeMenu t1=0 koopauHatel Touku: 4 (Xy) = (2, 2, 6);

B MOMEHT BpeMeHH t2 = 6 ¢ koopauHatel Touku: B (X,y) =(—4, 0).

2. JIns HaXOXAEHUS OJIHOM CKOPOCTH HAMJIEM Dx U by B MOMEHTHI 11 = 2¢ u t2 = 6¢:

, dx T Arr . (r« 2 . (x
=X =—=|4c0s=-t | =——sin| = -t |[=—zsin| =t
dt 6 6 6 3 6
oy=Y = 3sin S, :3—”003 —-t 17rcos 7t
6 6 6 2 6

vx1:—4—ﬂ5in(£ . 2) —4—7Zsm(”) -1,81m/c.
6 6 6 3

Uylzlncos(aw) —0,785m/c.
2

o 1=+(<1.8)° +(0.785)° =1,98 wc.
AHaJOru4yHO HAXOJIUM, UTO

szz—%Sin (% . 6] =0wm/c, DyZI%ﬂ'COS(ﬂ) =-1,57 m/c.

Unonu.2= 1,57 Mm/c.

3. JInst HaX 0K IEHUS TIOJTHOTO YCKOPEHUS dnoxn HAMIEM ax M @y B MOMEHTHI BpeMeHU 11=2 cu 12=6
c:

) 4 V4 3 (7
ax = ox'= —gﬂ'zCOSLE'tj,ayq)y =—§7zzsm(g-tj

ax1 = —lﬂ' cos(z ZJ:—EEZ -cos(zj:—O,SS m/c?.
9 6 9 3

ayl———ﬂ' sin] Z. J:——zz sm(?)j —0,71m/c%.

Adnonu.1 = \’ +CZY —O,9M/CZ.

axz———ﬂ cos(% j:——n cos(z)=11 m/c’.
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1 .
ay2 = —Eﬂ'z Sln(ﬂ') =0 m/c?.

Auonu.2 = 1,1 M/Cz.

2

L
4. Halinem HOpMabHO€E (LEHTPOCTPEMUTENLHOE) YCKOPEHHUE: (I, = — , TAHI€HIUAILHOE YCKO-
do
penue d, =——.
dt

Hatinem vnonn.

2 2
Urom :\’Uf +U§ = (%7[5'”(%1:) —{—(%ﬂ'cos(%tj) —

»| 8 T . (7 1 T i
7| —=cos| —-t|sin| —-t |——cos| —-t |SIn
do 9 6 6 2 6

:

oy

a =—=
oo dt
127 4sin2(”-t)+1cosz(7[-t)
9 6 4 6

a_,=0,22 m/c’.

Crenosatensho ay, =+Ja?,, —a? =+/0,9 —0,22% = 0,87 m/c?.

Takkak U, =1,98 M/c, 1o paguyc kpuBu3HbI B TOUKe 4 paBeH
2 2
v, 198
L =——= 4,84 m.
a, 0,81
257z cos(rr)sinz
AHaOTUYHO: a,= =0.

12-18\/gsin2(7z)+ic032(7r)

1,577

CnenosatensHo d,, = a, =1,1m/ c’ = Ry =2,24Mm .

)
Bonpocwt u 3a0anusn

Mexannueckoe nBuxkeHue. CucreMa oTcueTa.
MarepunansHas Touka. Tpaekropus. llepemerienue u myTs.

TaHreHI_II/IaHBHOG U HOpMAJIbHOC YCKOPCHUA.
Kunemaruka BpalIaTCJIbHOI0 ABUIKCHUS MaTCpHaHLHOP'I TOYKH.

ook wbhE

BpPEMEHH.

CkopocThb U YCKOpEHHe, KaK MPOU3BOAHBIE OT pauyCc-BEKTOPa M0 BPEMEHHU.

VYrnosas CKOPOCTB M YITIOBOC YCKOPCHHMEC, KaK IMMPOU3BOAHBIC OT yIJia ITIOBOPOTA IO
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7. CBs3b MEXAY JUHEWHBIMH U YTJIOBBIMU XapaKTEPUCTUKAMU JIBUKEHUSI.

3agayu 11 CaMOCTOSITEILHOTO PellieHus!

1. JIBe MaTepHanbHbIe TOUKH JBUKYTCS COTTACHO ypaBHEHUAM X1=A1t+Bit>+Cit,

X2 = Aot+Bat?+Cat®, rme A1= 4 m/c; Bi= 8 m/c%;, Ci1= - 16 m/c®; A2=2 m/c; B2= -4 m/c?; C2=1
m/c®. HaiiTi MOMEHT BpeMeHH t , KOTjia yCKOPEHHMS STHX Todek OyIyT ofuHaKoBHL. Haiitu ckopo-
CTH 01 M U2 TOYEK B 3TOT MOMEHT BPEMEHH.

2. Touka JBMKETC 110 PAMOI corsiacHo ypaBHenuto X=At+Bt3, rie A= 6 m/c; B= 1/8 m/c®. Haiitu
CPEHIOIO IyTEeBYIO CKOPOCTh <0> TOYKH B MHTEpBaJie BpeMeHH oT t1=2 C 1o t2= 6 C.

3. JlBwkeHue TOUKH MO MPAMOii 3a1aH0 ypaBHeHneM X=At+Bt% rne A=2 m/c; B=

= -0,5M/c?. OnpenenuTh CPEHIO MyTEBYIO CKOPOCTh <0> JBIIKEHHs TOUKM B MHTEpBale Bpe-
Mend ot t1=0c mo t2=3c.

4. Teno OGpormieHo ¢ 6aTKOHA BEPTUKAIBLHO BBEPX CO CKOPOCTHIO 0o =10M/c. BricoTa GankoHa Hax
HOBEPXHOCTHIO 3eMiin h =12m. HanrcaTh ypaBHEHHE ABUKECHUSI M OTIPENICIIUTD CPETHIOKO ITy TEBYFO
CKOpPOCTB <0> C MOMEHTa OpOCaHMsI O MOMEHTA MaJCHUs Ha 3eMJIIO.

5. C GankoHa OpOCHIIN MSTYMK BEPTUKAIBHO BBEPX C HAYaJIbHOM CKOPOCTBIO v 0 =5 M/C. epe3 t =2¢
MSIYHMK yrai Ha 3eMiato. OnpeeNuTh BEICOTY OajaKkoHa HaJl 3eMJIeH U CKOPOCTh MSIYMKAa B MOMEHT
yAapa o 3eMJIIo.

6. Teno, OporIeHHOE BEPTUKAILHO BBEPX, HAXOIUIOCH HA OJTHOW U TOMU K€ BBICOTE

h =8,6m nBa pasa ¢ untepBanom At =3c. [IpeneOperass cOnpOTHUBICHUEM BO3/yXa, BHIUHUCIIUTH
HavaJIbHYI0 CKOPOCTh OPOIIEHHOTO Tela.

7. BepTukanbHO BBEpX C HayalbHOU CKOPOCTHIO v 0=20M/c OporieH kameHb. Uepes 7=1C mocine
3TOro OpoIllieH BEPTUKAIBHO BBEPX JIPYroi KaMeHb C TaKO# jke ckopocThio. Ha kakoit BeicoTe h
BCTPETATCA KaMHH?

8. Kamens OporieH BepTHKAILHO BBEPX C HAYAIILHOU CKOpOCThI0 00=20 M/c. Uepes kakoe Bpems
KaMeHb OyJeT HaxouThes Ha BbicoTe h =15M? Haiitu ckopocTh v kamHs Ha 3Toi Beicote. Co-
NPOTHBIEHNEM BO3yXa Npenedpeus. [TpuHaTs g =10 m/c?,

9. Kamenb naiaet ¢ BeicoThl N =1200M. Kakoii myTh S mpoiiieT KaMeHb 3a TIOCIICTHIOK CEKYHIY
CBOEro najgeHus’?

10. C kakoi#i BBICOTBI H yIajo Teno, eciii OCASTHANA METP CBOETO IYTH OHO TIPOIILIO 3a BpeMs t
=0,1c?

11. Teno OpoIIeHO MO/ HEKOTOPHIM YIJIOM ¢ K TOpH30HTY. HaliTh BenmuuuHy 3TOro yria, eciu
TOPU30HTANIbHAS TaJIbHOCTB S TOJIETa TeJia B UeThIpe pasza 0oJIbllie MaKCUMaIbHON BBICOTH H Tpa-
EKTOpHHU.

12. Cuapsn, BBITYIICHHBIA U3 OpyAus o1 yriioM ¢ = 30° K TOpU30HTY, JBaKIbI OBLT HA OJHOW U
Toit ke BeicoTe N: crmycts Bpemsi t =10 ¢ u t =50 ¢ mocne BeicTpenaa. OnpeaeinTh HaYaIbHYO
CKOPOCTb 0 0 ¥ BBICOTY h.

76



13. [Tyns mymeHa ¢ HadaabHOU cKopocThio 00=200 m/c mox yriaom a = 60° k ropusonTy. Onpene-
JIMTh MAaKCUMAJIbHYO BBICOTY H moabeMa, 1anbHOCT S TOJIeTa ¥ pajnyc R KpUBU3HBI TpaeKTOPUU
MyJIM B €€ HauBbIcHIeH Touke. COMPOTHBICHHEM BO3IyXa MIPEHEOPEYb.

14. Kamenb OpoIlIeH ¢ BBIIIKH B TOPU30HTAILHOM HAIPABICHUU ¢ HAYAJIbHOU CKOPOCThIO 00=30
Mm/c. OnpenenuTb CKOPOCTh v, TAHTCHIUAIBHOE 8; U HOPMAJIbHOE @n YCKOPEHUS B KOHLIE BTOPOH
CEKYH/IbI II0CJIe Hayala JBUKECHHUS.

15. Teno 6pomeno nox yriiom « =30° k ropu3onTy. Haiitu TaHreHuuanbHoe a,; 1 HOPMaJIbHOE dn
YCKOPEHUS B HAYaJIbHBI MOMEHT JIBUKEHUSI.

16. Quck pagumycom I = 10 cM, HAXOIMBIIMIACSA B COCTOSTHUH TTOKOSI, HaYaJl BpaIaThCs C MOCTO-
SHHBIM YTIIOBBIM yckopenueM &= 0,5 paj/c®. HaiiTu TaHreHIMaibHOe a7, HOPMAJILHOE an U HOJI-
HOE & YCKOpPEHUS TOYEK Ha OKPYXKHOCTH JIUCKa B KOHIIE BTOPOIl CEKyH/BI II0CJIE€ Hayaja Bpallie-
HUSL.

17. Jluck paguycom I = 20 cM BpamiaeTcsi COraacHo ypasHeHHo ¢ = A+Bt+Ct3 rne A= 3 pan;
B=-1pan/c; C=0, Ipan/c®. Onpenenurs TaHTEHINAIBHOE &, HOPMAIBHOE an U MOJHOE & YCKO-
pEeHMs TOUYEK Ha OKPY>KHOCTHU AMCKa asi MomeHnTa Bpemenu t =10 c.

18. MaxoBHK Hauyaa BpallaThCcsi PABHOYCKOPSHHO M 3a MPOMEXYTOK Bpemenu At = 10c moctur
4acTOTHI Bpamenus N = 300 mun. OnpenenuTs YyIriIoBoe yCKopeHne & MaxoBuka i uncio N 06o-
POTOB, KOTOPOE OH CAEJIAN 3a 3TO BpeMs.

19. BenocurieiHoe KOJIeCO BpaIlaeTcs ¢ 4acToTon N =5 ¢L. Tlox meiicTBHEM CHIT TPEHUs OHO OCTa-
HOBHWJIOCH Yepe3 UHTepBall BpeMeHH At = 1 muH. OnpeaenuTs yrioBoe yCKopeHue & u uuciao N
000pOTOB, KOTOPOE CIEIAET KOJIECO 3a ITO BPEMsI.

20. Koneco aBromarmHbl Bpamiaercs paBHoyckopeHHo. CienaB N = 50 moiaHBIX 000pOTOB, OHO
M3MEHHJIO YaCTOTY BpalleHus oT N1 =4 ¢ 1o N2 =6 ¢1. OnpeenuTh yrioBoe yCcKopeHue £ Koneca.

IIpakTnyeckoe 3anaTHe 2.
Tema 3anamua. JuHaMuKa MaTepruAJIbLHOH TOUYKH.
Ilenw 3anamus. VI3yunTh 3aKOHBI JUHAMUAKH MaTEPUAIBHON TOYKH.

Teopemuuecmm yacme.

Hunamuka nocmynamenbHo2o 08UdCeHUs
Nmrryisc aOCOMIOTHO TBEPAOTO Tela MAcCoOi M, IBMIKYIIETOCS CO CKOPOCTHIO U !
p=m-o.
Bropoii 3akon qunamuku (HproToHa):

dp = Fdt,

rae F —pesynbrupytomas cuina, JeicTByoIas Ha MaTepUAIbHYIO TOUKY.
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Cunbl, paccMaTpuBacMble B MEXaHUKE:
a) cuja yrnpyroctu F =—kx;

rae K —kosddurment ynpyroctu (B ciryyae IpyKUHBI — )KECTKOCTh); X —abcoioTHast aepopma-
LHst;

0) cuiia TAXKECTH: F=mg;
B) cHJjIa TPEHUS (CKOJIbXKEHU): F=uN,
rae M —kodddunpent tpenus; N — cuiia HOpMaTBLHOTO JaBICHUSI.

3aKOH COXPAaHCHUSA UMITYJIbCA: UMITYJIbC 3aMKHyT0ﬁ CHUCTEMBI OCTACTCA TOCTOSIHHBIM
n

D P, = const

i-1 _

Jlis nByX Teu mpu abCOIOTHO YIIPYTOM yiape:

M,0; + M0, = myl, +m,0,

rae U, u U, - CKOPOCTH Tel repe] coyaapenuem, U, u U, — CKOPOCTH TeJl B MOMEHT TIOCIIE COY/1a-
peHus.

I[J'IH a0COJIIOTHO HCYIIpyroro yaapa AByX TCJI:
m,0; + M0, =(m, +m,)t

IIpumeps! pemieHus 3aga4

3anaua 1. Ha rmagkom crone yiexut 6pycok Maccoit 3 kr. K 6pycky npuBs3aHsl J1Ba MIHYypa, 11e-
PEKMHYTBIE Yepe3 HEeMOABMKHBIE OJIOKH, MPUKPEIUIEHHbIE K IPOTUBOIIOIOKHBIM Kpasm crosa. K
KOHIIaM LIHYypPOB MOABELIEHBI THPH MaccaMy M1 = 2 kr u M2= 3 kr. Halitu yckopeHue a, ¢ KOTo-
PBIM JIBHXKETCS OPYCOK M CHITy T HATSKEHHMs KaXJ0TO U3 HIHYpoB. Maccoil 0J0KOB M TpeHUEM
npeHedpeus. [LIHypbI cuuTaTh HEPACTAKUMBIMH.

Jano: —
— E—— —
m=3xkr T, T,
m
mi =2 kr x
Mm2= 3 kr. = A =
T1 T2
a-? a’T m m, m, la
Ti-2 y Mg my,g
T2-7?
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Pacnmmem cuitbl, neiicTByromme Ha Tena. Beibepem cucteMy KOOpIMHAT, Kak yKa3aHO Ha PH-
CyHKe (Ha rpy3 M, JeKaluil Ha CToJIe BOOOIIE-TO JEHCTBYIOT €Ile BE CHIIbL: CHIIa TshKecTd Mg

u cuia peakiuu onopsl N . Ho Tak Kak TpeHueM B 3a7aue IpeHedperaeTcst, TO JACUCTBHUE ITHX
CHWJI U3 PACCMOTPEHMSI Mbl HCKIIIOUAEM).

3anumeMm BTOpOfI 3aKkoH HproTona AJI1 KaXKA0T0 y4aCTBYIOIIETO B ABMXKCHUH TEJIA:

ha=mg+1,
,a=mg+1,
a=T+T,

(HOCKOHBKy IIHYPLI CHUTAIOTCA HCPACTAKMMBIMU, TO BCEC TCJIa JABUIKYTCI C OAWMHAKOBBIM
YCKOPCHHEM a).

BriOupaem HampaBieHHE YCKOPEHMs, KaK yKa3aHO Ha PUCYHKe (I10 HarpaBJIEHHUIO 4acOBOU
ctpenku). Crnpoenupyem CUCTEMY YpaBHEHHI Ha BHIOpAaHHBIE OCH KOOPAMHAT:

—fa=mg-T,
m,a=m,g—T
3 BTOporo ypasHenus (1) BhUMTaEM MEPBOE:
(m, +m)a=(m,-m)g—(T,-T)
(m, +m)a =(m, - m,)g —ma

(m, +m +m)a=(m,—m,)g, rorxa

m, —m
a=—>=—1— ()
m,+m, +m

HOI[CT&BJ'IHCM YHCJICHHBIC 3HAYCHMUA:

a=_°"2 10-19_ 1052
3+2+3 8

T,=mg+ma=m(g+a)=2(10+1,25)=22,5 H,
T,=m,(g—-a)=3(10-125)=26,2 H.
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3anaua 2. Yepes 050K, yKpPEIUICHHBINM HAa KOHIIE CTOJIA, IEPEKUHYTa HEPACTSKUMasi HUTh, K KOH-
1[aM KOTOPOW MPUKPEIJIEHBI TPy3bl, OJUH U3 KOTOPBIX (1 = 400 r) IBUXKETCS MO MOBEPXHOCTU
cTona, a napyrou (m2 = 600 r) — Baonb BepTHkanu BHU3. KoadduumeHt f Tpenus rpysa o croin
paseH 0,1. Cuutast HUTh ¥ OJIOK HEBECOMBIMHU, OMIPEEIUTD: 1) YCKOPEHHE @, C KOTOPBIM JBUKYTCS
Tpy3bl; 2) CUTy HaTsDKeHUst T HUTH.

Pewenue.

Br16paB ocu koopAuHAT (PHC), 3aMUIIEM IS KaXKI0TO I'py3a ypaBHE-
HUE JIBIKEHUS (BTOpOil 3akoH HpI0TOHA) B MPOEKLMAX HA 3TH OCHU:

mya = myg—T

YuureiBas, 94To

, IOJIy4UM CUCTEMY ypaBHEHUM:

ma=T-fmg,
ma=m,g-T,

OTKY/ZIa HICKOMOE YCKOPEHHE!

a (m, - fm)g
m, +m,

CI/IJ‘Iy HaAaTsSKCHUA HUTHU HafIJICM "3 BTOpOFO ypaBHeHI/IH CUCTCMBI.
T=m,(g-a)

Beraucnsas, momydaem: 1) a = 5,49 m/c?; 2) T=2,59 H.

3anaua 3. [Ipu nageHuu Tena ¢ GOJIBIION BBICOTHI

€r0 CKOPOCTD Vycr IPU YCTAHOBUBILIEMCS JBIKEHUHU F e 4

nocturaet 80 m/c. OnpenenuTs Bpems 7, B TCUECHUE

KOTOpOT'0, HaYWHast OT MOMEHTA Havaa MaJcHu, O b __

CKOPOCTh CTAaHOBUTCS PABHOM vycr/2. CHity compo- 050, L __ —./—

TUBJICHUS BO3AyXa MPUHATH MPOMOPIIMOHATIBEHON mg 4 :

CKOPOCTH Tena. o] _
Pemenue. t t

a) 6)

Ha napgaromiee teno 1eHCTBYIOT ABE CHIIBI (PUC.
a): cUJia TSDKECTU MJ U cuJla COTIPOTUBIIEHUS Bo3ayxa Fe.

Cuna compoTHBIICHHS BO3yXa MO YCIOBUSM 3a/laddl MPOMOPIHOHAIBHA CKOPOCTH Tella U
IIPOTUBOIOJIOXKHA € 110 HANpaBJICHUIO:

F, =—kg,
(D)
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riae K — koahpuIreHT npornopinoHaIbHOCTH, 3aBUCSIIUN OT pa3MepoB, (GOPMBI TEJIa U OT
CBOMCTB OKPYXaIOIIEH Cpeabl.

Hamumem YpaBHCHHUC ABUKCHUS TCJIa B COOTBCTCTBHUU CO BTOPBIM 3aKOHOM HrioToHa B Bek-

—

U _ — —
TOpHOH (opme: ma =mg + FC. 3amenus F_ cormacho (1), nomyunm:

(2)

CrpoenrpyeM Bce BEKTOPHBIE BEJIMYMHBI HA BEPTUKAJIBLHO BHU3 HANIPABJICHHYIO OCh U
HaIuIlIeM ypaBHEHUE (2) 175 IpOoeKIuH:

do
m—=mg —kv.
dt
ITocae pa3aciICHUA NICPCMCHHBIX ITOJTYYHUM
do  dt
mg-ko m’

BbInomHUM MHTETpUpOBaHUE, YUUTHIBASI, YTO IPU U3MEHEHUH BPEMEHHU OT HyJiA 10 T (uc-

(puc. 1, 0):

KOMOE BpeMsi) CKOPOCTb BO3pACTaeT OT HYJIS JI0 EUYCT

1
—v

¢ do _rdt 1 e _ T
_Av 8 iin(mg — ko) = L
! mg — kv !m’ k|n(mg V) m

N3 nomy4deHHOro BeIpaKeHUsI HalJeM UCKOMOE BpPEMSI:

e=Mpn 19 o
mg _Ekuy”

Bxoasmuii crona k03GGUIIHEHT TPONOPIHOHATBLHOCTH K OMpeieinM U3 CIEAYIOHX C000-
paxkeHuid. [Ipu ycTraHoBUBIIIEMCS IBIKEHUU (CKOPOCTH MOCTOSIHHA) anredpanydeckasi cymma mpo-
eKIIUH HA BEPTUKAIBHYIO OCh JACHCTBYIOIIMX Ha TEJO CHJ paBHA HyNO, T. €. MQ — kl)yCT =0,

mg

OTKyJa k=—.
1]

yer

[ToacraBuMm HaiieHHOe 3HaueHue K B popmyiy (3):

mo
ST
L
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i i T =2%]n2
[Tocne cokpalieHuii ¥ ynpoueHui noayyum: 7 = n

IloncraBuB YHMCIIEHHBIE 3HAYEHMS], TOOyuuM 7 = 5,66 c. IIpoBepka pazMepHOCTH pe3yiib-
TaTa B JAHHOM ClIy4ae He 00s3aTelbHa, TaKk KAK OHa OYEBHJIHA.

Bonpocwt u 3a0anusn

ITepBb1it 3ak0oH HproToHA. MIHEpLIMANBHBIE CUCTEMBI OTCYETA.
Bzanmoneiicreue ten. Cuaa, macca.

Nmiynbe (KOJIMYECTBO ABUKEHUS).

3aKOH COXpaHECHMsI HMITYyJIbCA.

Bropoii 3axkoH HeroTOHA.

Tperuii 3akoH HproTOHA.

No gar~owDdE

I/I3OJII/IpOBaHHaSI CUCTCMa MAaTCPUAJIBHBIX TCJI.

33)13‘11/1 AJIA CAMOCTOATEJIBHOI'O PCIICHUA

1. CamosieT NeTUT B FOPU30HTAILHOM HAIIpaBIeHHH ¢ yckopeHueM a = 20 m/c?. Kakosa nepe-
rpy3ka naccaxupa camosiera? (Ileperpyskoii HazpIBaeTcsi oTHOILIEHHE cuilbl F, aelicTByromeil Ha
naccaxxupa, K cuie TsbkecTH P).

2. ABTOLMCTEpPHA C KEPOCHHOM JBMKETCS ¢ yckopenueM a =0,7 m/c?. 1ol KakuM yIJIoM ¢ K ILI0C-
KOCTH TOPU30HTA PACIIOJIOKEH YPOBEHb KEPOCHHA B LIUCTEPHE?

3. bak B TeHepe mapoBo3a umeet qiuHy |=4 M. KakoBa pa3sHocts A | ypoBHe# BOIbI y MepeIHET0
¥ 33JJHETO KOHIIOB 6aKa My JBMKEHHH T10e3/1a ¢ yckoperueM a = 0,5 m/c3?

4. Karep maccoii m=2m Tporaercs ¢ MecTa U B TeueHue BpeMeHn 7 =10 ¢ pa3BUBaeT Mpu JABUKE-
HUU 110 CTIOKOIHOMN BOJIe CKOPOCTh v = 4 M/c. OnpeAenuTs cuily TIru F MoTopa, cuuTas ee mocTo-
sHHOU. [IpUHATH CHITy COMPOTUBIICHUS FC JBIKEHUIO MPOTIOPIIMOHATIBHON CKOPOCTH; K03 dHu-

et conpotuBieHus K =100 kr/c.

5. Hauanwshas ckopocts vo mynu paBHa 800 m/c. [Tpu aBmxenun B Bo3ayxe 3a Bpemss  t=0,8C ee
cKopocTh ymeHbimiach 10 v =200. Macca m nynu paBHa 10 r. Cuurtasi cuiay CONpOTUBIIECHUS
BO3/lyXa MPOIMOPIIMOHATBHONW KBaJPaTy CKOPOCTH, OMPEACTUTh KOAPPHUIMSHT CONMPOTUBICHNU K.
JleiicTBHEM CUJIBI TSKECTU TIPEHEOPEUb.

6. MaTepuanpHasi TOYKa Maccoii M =2 Kr JBHXETCs MO/ IeHCTBUEM HEKOTOPOii cuitbl F cormacHo
ypasreruio X=A+Bt+Ct?+ Dt?, rue C =1 m/c?, D = - 0,2 m/c®. HaiiTu 3HaueHuns Toii CHIIBI B MO-
MeHTBI BpeMeHH 11=2 C u t2 = 5 C. B kakoif MOMEHT BpeMEHH CHJIa paBHA HYJO?

7. HakyioHHas TUIOCKOCTh, 00pasyrommas yroi o = 25°¢ mIOCKOCTHI0 TOPU30HTA, UMEET JTHHY | =
2 M. Terno, nBUTAsICh PaBHOYCKOPEHHO, COCKOJIB3HYJIO C ATOW IIOCKOCTH 3a Bpems t = 2¢. Ompe-
JeTUTh KOA(PGUIIMESHT TPEHHS L TEJIa O TUIOCKOCTb.

8. Ha rmaskom crote siexxut 6pycok maccoir M = 4 kr. K Opycky npuBsi3aHbl 1Ba IIHYPa, IEPEKH-
HYTbIE Yepe3 HEMOIBHKHbIE OJIOKU, MPUKPETIJICHHBIE K MPOTUBOIOJIOKHBIM KpasiM ctona. K koH-
11aM IIHYpPOB MOJBEIIEHbI TUPU, MacChl KOTOpbIX Mi=1 kr u m2 = 2kr. Haiitu yckopenue a, ¢
KOTOPBIM JIBHKETCSL OPYCOK, U CHITy | HaTsDKEHHsS KaXKI0To U3 HIHYpoB. Maccolt G10KOB U Tpe-
HUEM TIpeHEeOpeYb.
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9. l1Ba 6pycka maccamMu Mi1=1 Kr u M2 = 4Kr, COeIMHEHHBIEC IIHYPOM, JiexkaT Ha ctoie. C KaKum
YCKOpeHHeM a OyayT IBHUraThCsl OpYCKH, €CIM K OAHOMY U3 HHUX MpWIOXKUTh cuiny F = 10 H,
HarpaBjeHHYI0 ropu3oHTalbHO? KakoBa Oyzaer cwma 7 HATsOHKEHHs] ITHYpa, COCIHHSIONIETO
Opycku, ecnu cuiny 10 H npunoxuts k nepoMy 6pycky? Ko Bropomy Opycky? Tpenuem npene-
Opeub.

10. K mpy>kuHHBIM BecaM ToJBelIeH 00k. Uepe3 OJ0K mepeBelieH IHyp, K KOHIIaM KOTOPOTO
NpUBSA3aIU Ipy3bl MaccaMu M1 = 1,5 kr u M2 = 3 kr. KakoBo OyzeT noka3aHue BECOB BO BpeMs
JIBIDKEHUS Tpy30B? Maccoii 010ka U IiHypa IpeHeOpedb.

IIpakTnyeckoe 3anaTue 3.

Tema 3anamus. Padora u IHEprus. KunemaTuka u JMHAMUKA BpamaTeJIbHOI0 IBHKE-
HUs.

Ilensy 3anamua. V13y4nth 3aKOHBI COXpaHeHuUs dHeprud. KnneMaTtuky U TMHaMHKy Bpalla-
TEJIbHOTO JABUKECHUS.

3Hanua u ymenus, npuodpemaemole CHyOeHmMOM 6 pe3yibmame 0C60EHUs MeMbl, Popmu-
pyemvle komnemenyuu. Pabora. Pabora nepemennoit criibl. MoniHocts. KoHcepBaTuBHBIC U He-
KOHCepBaTUBHbIEC cuiibl. [loTeHIManbHas sueprus. CBs3b MEXAy CHION U MOTEHIUAIBHON YHEP-
rueil. Jueprus ynpyro nehopmupoBaHHoro tena. Kunerudeckas sHeprus u €€ cBsizb ¢ paboToOi
NpWIOKEHHBIX cuil. [lonHast MexaHuveckas SHEprusi CUCTEMbI TeJl. 3aKOH COXPaHEHUs! MEXaHU-
yeckoii sHepruu. Juccumnanus sHepruu. Bianeer cnocoOHOCTRIO MPUMEHSITH COOTBETCTBYOIIUN
bu3MKO-MaTeMaTHYECKU anmapat Ipy pelieHud NpodecCHOHATBHBIX 3a/1a4.

AKmyaJleOCmb mempl. 3aK0H COXPAaHCHUSA DHEPIrur, a TaKKC 3aKOHBI JMHAMWKHA Bpalia-
TCJIIBHOTO ABMXXCHUS IIUPOKO MPUMCHACTCA IIPU PECIICHUN MHOT'MX MHXKXCHCPHBIX 3a7a4.

Teopemu'lecmm yacmo.
BaKOH COXPAaHCHUS UMITYJIbCA: UMITYJIbBC 3aMKHyTOI71 CUCTEMBI OCTACTCA ITOCTOSIHHBIM
n
> B, =const.
i=1
Jlnst IBYX TeIt TipH aOCOITIOTHO YIIPYTOM yaape:
m, 5, + M, 5, = m,{, +m,,,

rae U, U U, - CKOPOCTH TeJ Tiepet coyaaperueM, U, u U, — CKOPOCTH Tell B MOMEHT TI0CIIE COY/Ia-

peHus.
I[J'I}I a0COJIFOTHO HCYIIpYyroro yaapa AByX TCJI:
m,o, + m,0, =(m, +m,)u.

Kunernueckas sneprus 1’ Tena, ABHKYIIEToCs MOCTYNATENbHO:

2

p
wm 1 =—.
)

_ mo?
(2m

T ;
2
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[TorenuunansHast sueprus 11 :

a) ynpyroae(popMHUpOBaHHON TPYKUHBI:

2

11

rae K —sxecTkocTh IpyKMHBI; X — aOCoMOTHAs 1e(opMalius;
0) Tena, HaXOAIIETOCS B OJHOPOIHOM I10JI€ CHIIBI TSIKECTH:

IT =mgh,

roe g — YCKOPCHUC CBO6OI(H01"O naacHus, h — BeIcoTa Tena HaJa YPOBHEM, IPHUHATBHIM 3a HYHCBOﬁ

(bopmyna cpaBemuBa mpu yeaosur h << R, rae R —paanyc 3emin).

3akoH COXpPAaHCHUA MEXaHHUYEeCKOMH SHEPTrruu: €CJIN B CUCTEMC HeﬁCTBYIOT TOJIBKO KOHCCPBATHBHLIC
CHJIbI, TO IIOJIHAA MCXAaHNYCCKasA SHCPIUusaA CUCTEMbI HC MCHSCTCS

E=T+1]=const.

3aKoH COXpaHCHUA DHEPIUHU IIPU a0COJIFOTHO YOPYromM CTOJIKHOBCHHH ABYX TECJI, ABHXKYIIUXCS B
FOpH3OHTaHBHOﬁ IIJIOCKOCTH:

2 2 2 2
m, v, n m,v, MU, n m,u,

2 2 2 2

3aKOH COXpaHEHUs SHEPTUH IpU a0COIIOTHO HEYNIPYTOM CTOJIKHOBEHHMHU JIBYX TEJl, ABMXKYILIMXCS
B TOPU30HTAIILHOM TUIOCKOCTH:

2 2 2 2
mo; M,  mu;  m,u
11+ 272 _ 11+ 22+Q1
2 2 2 2

Trac Q — OHCPIUA HArp€BaHu:A TCJI U UX OCTaTOYHOM ,I[C(I)OpMaHI/II/I.
CKOpOCTI/I JABYX TCJI I1OCJIC a0COJIFOTHO YIIPpyTroro CTOJIKHOBCHUSA:

_ (ml —-m, )Ul +2m,v,
o (mmy)

(mz —m, )02 +2m,v,

2T (mem,)

Pabora, coBepiaemasi pe3ybTUPYIOLIEH CUIION, OMpeeNsaeTcs Kak Mepa U3MEHEHHUs KHHETHYe-
CKOM PHEPTUM:
A=AT=T,-T,.
Jlunamuka epawgamenvrHo2o 08udiceHyst

OcHOBHOE YPaBHCHUEC JTUHAMUKHU BpalllaTCIIbHOTO IBUKCHUS:

M=Je,
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rae M —pe3ynbTupyronmii BEKTOp MOMEHTOB BHELIHHX CHJI, ACWCTBYIOIIMX HA TEJIO, OTHOCH-
TEJBHO OCH BPAIICHUSI, £ — BEKTOP YIJIIOBOTO YCKOPEHHUS; J —MOMEHT WHEPIHMU CHCTEMbI OTHO-
CUTEIIBHO OCH.

MoOMEHTBI HHEPITMH HEKOTOPBIX TEJI MacCOi M OTHOCUTEIILHO OCH BPAIICHUS, TPOXOIAIICH Yepe3
LICHTp Macc:

a) MaTepUaJIbHOW TOUKHU: J=mr?,
IZIe I —PacCTOSHUE OT MaTEPUATBHON TOYKH JIO OCH;
0) cTepHs AIMHOW { OTHOCHTEIIFHO OCH NMEPHEHIUKYIIIPHON CTEPIKHIO:

J:i 0%
12

B) 00pydYa MM TOHKOCTEHHOTO IMJIMHJIpPA pajnyca R OTHOCHTENHHO OCH, COBIAJAIOUICH C OCBIO
HWIUHAPA:

J =mR?2.

I') OJIHOPOIHOTO (CILIOMIHOTO) AuCKa (MIMHAPA) paaruyca R OTHOCHTEIBHO OCH, COBITAIAOMICH
C OCBIO JINCKa!
1
J ==mR?;
2

1) MMyCTOTENIOro HMIIMHpa paauycaMu R, u R, ¢ ocbro BpamieHus, COBIAAONICH C OChIO [IHJIHH-
npa:

J =%m(R12 +R2);

€) 11apa ¢ OChI0 BpaIICHUs, IPOXOIAIISH Yepe3 ero IeHTp:
2
J=ZmR?.
5

TeopeMa ]_UTCI\/'IHCpaI MOMCHT UHCPpIUU "]0 TCJ1a OTHOCHUTCIIbHO HpOH3BOHBHOﬁ OCH pPaBCH CyMMC

MOMCHTA UHCPLIUHU JC 9TOTr0 TCJ1a OTHOCHUTCIBHO HapaHHeHBHOﬁ OoCH, npoxonxmeﬁ qepe3 LCHTP

MaccC, 1 IpOU3BCACHUA MAaCChl m Ha KBaapaT paCcCTOAHUA a MCKIY STUMHU OCAMU
_ 2
J,=J.+ma’,

MoMeHT uMITysIbca MaTEPUAIILHOM TOYKM MAacCOW M, UMEIOIIEH CKOPOCTh U M HAXOMSILYOCS Ha
PAcCCTOSIHUU I OT OCU BpalCHU:

L=mor.

MomMmeHT HMITYyJIbCa L TCJIa, Bpallaromerocst OTHOCUTCIIbHO HEMOJBM)XHOM OCH C er'IOBOfI CKOpPO-
CTBIO @ .

L =J w.
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3aKOH COXpaHEHHsT MOMEHTA UMITYJIbCa CHCTEM TeJI, BPAIAIOIIMXCS BOKPYT HEMOABHKHOMN OCH:
n
> J;@; = const .
i=1

Kunernueckas SHEPIus TCja, BpallatoICrocs BOKpyT HGHO,Z[BH)I(HOﬁ OCH:

2 2
—Ji WIN T:L—.

(23)

+
2 2
IIpumeps! pemrenus 3aga4
3agaua 1. CHapsig maccoi m = 5kr o6naman ckopocthio = 300 M/c B BepXHel TOUKe TPACKTOPHUHU.
B a10i1 Touke OH pazopBalics Ha IBE YacTU. MeHbIlas 4acTh MacCoil M = 2 KT, MOTy4Hia CKOPOCTh

U 1= 500 M/c u monerena Buepes moxa yriom 60° k ropu3onty. Haiitu ckopocts U 2 mocie pas-
pbIBa BTOPO#, OOJIBIIIEH YacTH, U TT0/1 KAKUM yIJIOM K TOPU30HTY OHA IMOJIeTeNa.

Hano:
m = 5kr B BepxHeil yacTu TpaeKTOPHUHU, CHAPSL ABUTAJICS TOPU30HTAIBHO.
v =300 m/c ['eomeTprUYEeCKN 3aKOH COXPaHEHUsI UMITYJIbCa UMEET BUJ v, =500
m/c — S
BJ('K[ -
mi1=2 Kr Y e
Py “‘*.‘_‘_‘_
o= 60° < — — >
— B
B}('KZ H‘k‘k‘\“\\\& e a
v, ? T X
»m—"?
P=PF,; + Pociz wi - Mo =muo, + M0, . (1)

Hcnonb3ys TeopeMy KOCHHYCOB, HailieM ‘Pocxz‘

(Pocm )2 =P*+ ( Poc1<1)2 — 2P - Pk, - COS 9. )

Tak kak Poc2 = (M — M1) U 2 mosay4um, 910

=441wm/c.

Pocko \/ 1500° +1000° — 2-1500-1000 - cos 60°
L, = =
m— m1 (5 - 2)
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T

— — —

Cupoeunpyem Bekropa Py, 1 Py, Ha nanpasnenne P . ITo Teopeme o npoekumu cymmb

BEKTOPOB, OJyYUM

P=P_ _+P .o P

OCK.1P ' " OCK.2P * OCK.1P :‘ OCK.1

—

‘-cos% a

—

= ‘Isocm‘ . COS(—gD2 ) , T.K. yTOIl (0, JICKHUT HUKE OCH P,

P

OCK.2P

OTKyJa

P—(Pocci )05 15001000 cos60°

=0,756,
1322,9

cos(—¢,)=

‘ POCK.Z ‘

smauur  —@, =arccos(0,756)=40,8", a ¢, =-40,8

DTy 3a7a4y MOXKHO PELIUTh U IPYTHUM CIIOCOOOM.

Bribepem ocu koopauHAT, Kak Ha pUCyHKe. 3anucaB ypaBHeHHUE (1) B IPOEKIHIX HA OCH KO-
OpJIMHAT U, YYUTHIBas, 4T0 U x=U u Uy =0,

MOy YNM
mv = mu, COS @, + M,u, COS P, , (3)
0=mu,sing, —m,u,sSing, .

Wnu m,v, COS@, =M — My, COS @, (4)

m,u, Sing, =mu; sing,.

Bo3Bojs B kBasipat 00a paBEeHCTBA, U CIOXKUB UX, TOCIIE TPUBHAIBHBIX MpeoOpa3zoBaHUil MOTyUYUM
dbopmyity (2) 11t BBIYMCIEHUS UMITYJIbCa U CKOPOCTH BTOPOTo ockojika. 13 Broporo ypaBHeHUs
cucTemsl (4) moiayyaem BhIpaKeHUE
_mpsing,

H

sing, = o
2772

13 KOTOPOTO BBIUUCIISIEM YTOJ (2.

3agaua 2. Ha npyxune sxectkoctsio K = 510% H/M mozasenten 6710k B hopme AMCKa Maccoit 5 kr
u paguycom 0,2 M. Uepes OJIOK MEPEKUHYT MIHYP, K KOHIIAM KOTOPOTO TPUBS3aHbI TPy3bl M1 = 2
Kr 1 M2 = 3 kr. Haiitu: 1) yckopeHune rpy30B U YIJIOBOE YCKOpEHHE OJI0Ka; 2) CHITBI HATSHKSHHS
HIHYypa; 3) CUly YOPYTrOCTU NPYKUHBI U yJUIMHEHUE NPYKUHBL, 4) KHHETUYECKYIO SHEPTUIO CH-
CTEMBI uepe3 2 ¢; 5) u3MeHeHHe MOTCHITMAIBbHONW SYHEPTuH OJI0Ka U TPy30B 3a 2 ¢; 6) HANTH YCKO-
pEHHUE IIEHTPa Macc Irpy30B.

Jano:
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Mo =5 KT VYkaxkeM Bce CHIIbI, JCHCTBYIONINE Ha KaXK]10€ TeJo (CM. pHC.).

mi1 =2 xr HanumeMm ypaBHenue BToporo 3akoHa Hel0TOHa B BEKTOpHOU

m2 =3 kr (dopme [T KaXKI0TO Tela, IPU 3TOM OJIOK COBEpIIAeT
BpalaTeabHoe

k=15"10° H/m nBIKeHue. Yurem, Takxke 9yro | = mol’2 / 2 u

r=02wm d=¢& I (mpockanb3bpIBaHUs HET ) M TUHEHHOE

t=2c YCKOpEHHE KpalHUX ToueK OJI0Ka paBHO

a-? e ? YCKOPEHHUIO TOYEK IIHYpa. 3aMETHM, YTO

1o TpeTbeMy 3akony Hetotona T1/=T1u T2'=T2.
st mpoekmuii cril Ha 0Ch X MOTyYuM

CUCTEMY ypaBHEHUI:

Fm,g-T,=m,a
T1 —mg=ma
a (1)

1.2
T-r-T .r=—m,r--
2 1 2 0 r

T, +T,+myg—-F=0.

m,g -

m,g

CkuazipIBasi IepBbI€ TPH YPABHEHUS, MOIYYUM
Gmemen,
m,g —Mmg =2l ZMy+m,+m |=
— 10-(3-2) 4
a=-— "2~ g= a:M:_ m/c’ =1,33m/c’.
=m, +m,+m 7.5
e=2-133_ge6 L
r o, C

2
U3 nepBoro ypaBHeHus Haiinem: 1, =T, =M, (g - a) =26,0H.

U3 Broporo ypaBHeHus Haitnem: [, = Tll =m, ( g+ a) =22,7H.

W3 yeTBeproro ypaBHeHus Haitnem F:

F=T+T,+m,g=987H.
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Y mmHeHue npyKuHbI Haiinem u3 hopMyJisl 3akoHa ['yka:

F 987

F =—KAX = AX = — 7 =0,0197 m=1,97 cm.
K 10

OTO yUIMHEHHME TIPYXHHBI TpU JBWXKYyIIUXcA rpy3ax. Ecmm 3acromoputs OJIOK, TO
F1 = (ml +Mm, + mO) -g= 100 H , uto BBI30BET yIMHEHKE TIPYKUHBI TOUHO 2 cM. C HagamoM

JBUKEHUSI IPYKUHA cOKpaTUTcs Ha =~ 0,3 mM. M3 cucteMbl ypaBHeHui (1) MOKHO MOMyduTh hop-
MYJTy JUIsl pa3HOCTU CUJIbl HaTsokeHust AF=F1 — F:

(m, _ml)z

5 My +m, +m,

AF= g,

HICIIOJIB3Yysl KOTOPYIO MOKHO OLIEHUTH U3MEHEHUE PACTSKEHHUS TPy KUHBI
!
AX'=AF/k=0,27 mm.

UToObl HAMTH KHHETUYECKYIO PHEPTHIO BCEH CUCTEMBI, HAEM KUHETHUUYECKYIO SHEPTHUIO T0-
CTYMAaTeIbHOTO JBIKEHUSI TPY30B Krp U KUHETHUECKYIO DHEPTUI0 BPAIllaTeIbHOTO JBIKEHUS
o1oka Kon:

(m,+m,)o’
Krpz > ;
m, +m,)a’s* 5.133%.
Tak kak v =at = Krp:Krp:( 2 Zz)a :51’33 4zl7,7 JIK.
2 2 2
KGHZI% TaK KaK a):z)/r, " |=mol’2/2,To KGHZWL(:r—gzgllm.
r

Taxum oOpa3om nosiHas kuHeTuueckas sueprust K = Krp + Kon = 26,7 JIxk.

3anaya 3. J[Ba CBHHIIOBBIX IlIapa MaccaMu #1 = 2 KT ¥ m2 = 3 KT TIOJIBEIIICHBI HA HUTAX JUTMHOMU [
=70 cM. [lepBoHauaIbHO MIAPHI COMPUKACAIOTCS MEKIY cO00ii, 3aTeM MEHBIIHI Iap OTKIOHWIN
Ha yron @ = 60° n ornyctunu. Cunras ynap HEHTPaJIbHBIM U HEYIIPYTHM, ONIPENETIUTH: 1) BBICOTY
h, Ha KOTOPYIO TTOJTHUMYTCS IIaphl TTOCie yaapa; 2) suepruto AT , u3pacxomoBaHHyto Ha aedop-
MAIIO IIapOB MPH yrape.

Pewenue.

VYnap Heynpyruid, mo3ToMy IOCIE yaapa HIapbl JBHXKYTCS C OOIIEH CKOPOCThIO U, KOTOPYIO
HaNJEeM M3 3aKOHA COXPAHEHUS UMITYJIbCA:

mo, + M, =(m +m,)o, (1)
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€ U, U U, — CKOPOCTH IIApoB 10 yaapa. CKOPOCTh v; MAJoro Iapa HaiJeM U3 3aKOHa CoXpa-

HEHHUS MEXaHUYEeCKOM OHCPIruu:

m.u?
mlgh1: 121 >

OTKYyJa:

v, =4/2gh, =2,/2gI(1-cosar) = 2\/asin%, 2)

(yain, uro h =l(1-cosa)).

W3 Belpaxkenuit (1) u (2) npu yciaoBuu, 4to
v,= 0, moy4yum:

. o
mo, 2m1\/asmE

11
m +m, m +m,

; 3)

D=

W3 3akoHa COXpaHCHUA MEXaHMYeCKOU 9HEPTHUU UMECM:

2
19
(m, + mz)? =(m, +m,)gh,

OTKYyAa UCKOMas BbICOTA:

(yama popmyay (3)).
DHeprus, u3pacxofoBaHHas Ha Jedopmalivio mapoB IpHu yaape,

mo? m+m
AT="L 0 2 (@)
2 2

WM, oACTaBuB (2) B (4), HAXOIUM:
mm .o
AT =2gl——2_sin* =,
m, +m, 2

Boeraucss, momydaem: 1) 2 =5,6 cm; 2) AT =4,12 JTx.

3agaya 4. MOTOLMKIIUCT €/1€T 110 TOPU30HTAIBHOM Topore. Kakyro HaMMEeHbIIYH0 CKOPOCTh 0 OH
JIOJDKEH Pa3BUTh, YTOOBI, BHIKIFOUHUB MOTOP, POEXATh 10 TPEKY, UMEIOIIEMY (hopMy «MepTBOH
netian» paguycoM R =4 M. TpeHreM u conpoTUBICHUEM BO3/1yXa IpeHeOpeyb.

Jano:

R =4wm | 3anumem ypaBHEHHUE ABUKECHUS
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MOTOIIMKJINCTA B BEPXHEH TOUKE
0 =7 «MEpPTBOH METIN»:

mg+ N =ma.

Tak Kak IpU MUHUMAJIbHOM CKOPOCTH

N=0, To a = v*/R, u cliegoBaTEIILHO

2
m;)l:mg, n y=yJ0R @

I7Ie 01 — CKOPOCTh MOTOILIMKJIA B BEPXHEU TOUKE «MEPTBOU METIN.

IIo 3aKOHY COXpPAaHCHUA SHCPIUH, IOJIHAA SHCPIUA MOTOLUKIIUCTA HA l"OpPI3OHT8.J'ILHOI>i Aopore,

mu?

paBHasi €ro KHUHETUYECKON SHEPTUH , Oy/1IeT paBHA [TOJIHOM SHEPTUU B BEpXHEHN TOUKE «MEPT-

2
1113}

BOU METJINY», TO €CTh CyMME MOTEHIMANBHOM 3Heprun MQN u kuHeTHUECKOMH . Takum 00-

2

mo :
pa3zoM uMeeM " mgh +

mo;

W3 nocieaHero paBeHCTBA M0JIyYUM v = 2gh + 1)12 . Tak

kak h=2R, To 1)12 =0’ - 49R. Tloacrasnsem monydenHoe BeIpaxenue B (1) Haiigem, 4To

v*=4gR+gR=5gR, n v=./50R =0, 141 m/c = 14,1 cm/c.

3amaua 5. [ py3 maccoit m = 80 KT mOIHUMAIOT B/10JIb HAKJIOHHOM IJIOCKOCTH C YCKOpEeHHEM a = |
M/c?. JImiHa HaKJIOHHOM mIockocTu [ = 3M, yron @ ee HaKJIOHA K TOPU30HTY paBeH 30°, a kod-
¢uruent tpenus f = 0,15. Onpenenuts: 1) paboTy, coBepIaeMyto MOABEMHBIM YCTPOUCTBOM; 2)
€ro CpPEeIHIOI MOIIHOCTD; 3) €ro MakCHMajbHYI0 MOIIHOCTh. HavalbHas CKOpoCTh Ipy3a paBHa
HYITIO.

Pewenue.
VYpaBHeHHUE JBUKEHUS IPy3a B BEKTOPHOIT opme: ma = F + El + Ez + g +N.
B npoekuusax Ha ocu x Uy (puc. 16) sto ypaBHenne npumer Bux Mma=F-F -F,, 0=N-F,,
rze F =mgsina, F,=mgcose, F,=fN = fmgcosa..
ITosToMy
F=m(a+gsina+ fgcosa).

Pabota, coBepiraemasi HOAbEMHBIM YCTPONUCTBOM,
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A=Fl=ml(a+gsina+ fgcose).

CpenHssi MOLIHOCTb, pa3BUBaeMasi MOJBEM-
HBIM yCTPOMCTBOM,

Py =2,
t

rne t =./2l/a — Bpems nogvema rpysa. Ciie-

JIOBAaTEJILHO, (P)=A %.

MakcumanbHass MOILIHOCTb, pa3BUBacMas MNOABEMHBIM ycrpoiictBom: P =Fu_  =Fat.

[Moxcrassst 3HaveHus, noaydaem P =m+y/2al(a+gsina + fgcosa).

Boeraucss, HaxonuMm: 1) 4 = 1,72 xJIx; 2) (P) =702 Br; 3) P = 1,41 xBr.

3anpaua 6. [llapux maccoit m = 300 1 ynapuiics o CTeHy ¥ OTCKOYMI OT Hee. OnpeaesuTb UMITYJIbC
p1, TONY4YCHHBIH CTEHOW, €CITM B ATOT MOMEHT Iepel yIapoM IapuKk uMen ckopoctb 10wm/c,

HarnpasleHHYI0 1o yriioM « = 30°K MOBEPXHOCTH CTEHBI. YJap CUYUTATh A0COIIOTHO YIPYTUM.
Pewenue:

Mo ycnoButo 3a1auun ynap abCOIIOTHO YIPYTHH, CIe0BaTEIbHO, CKOPOCTH IapuKa Mo abCOIOT-
HOMY 3HA4€HHIO JI0 ¥ TI0CIIE YAapa OAMHAKOBLL, T.€. U =), .

HpI/IMCHI/IM 3aKOH COXpaHCHUA I/IMHyJ'IBCB.(B MIpOCKIUAX Ha OCHU KOOp,Z[I/IHaT)Z

y: Py, =0=m(v,, —v,) =m(v,, —v,,) =0 .

o

) 4

X plx = p1 = m(UOx _(_UOX)) = 2rnUOX > Uo 7

————— ——>
— 1 "/ —_ X
e v,, =u,Sina =Y

. vp

p, =2mu,sina
vy

TOrga

P1=2 +0,3x2"10m/c+ sin30°=1 5~

C
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3anaya 7. /IBa CBUHIIOBBIX IlIapa MaccaMu m1 = 2 KT ¥ m2 = 3 KT MOJABEIICHBI HA HUTAX JJIMHOM [
= 70cwM. IlepBoHaUanbHO MIAPHI COMMPUKACAIOTCS MEXKIY CO00#, 3aT€M MEHBIIHUHA 11ap OTKIOHHWIN

Ha yron @ = 60° u ornyctunu. Cuuras yaap UEHTpasb-
HbIM U HEYIPYIHMM, ONPEIENIUTh BBICOTY /1, Ha KOTOPYIO
NOJHUMYTCS ILIaphl Mocie yaapa u sHepruro AT uzpacxo-
JIOBaHHYO Ha Jie(hopMalnIo IapoB IpHU yaape.

Pewenue.

VYmap Heympyrui, MosToMy IoOciie yaapa mapbl ABIXKYTCS C OOIIEH CKOPOCThIO U, KOTOPYIO

HalileM U3 3aKOHa COXpaHCHU UMITYJIbCA:

muo, +m,u, = (M +m,)o, (1)

I7ie U, U L, — CKOPOCTH IApOB J0 yAapa. CKOpOCTh v; MAJoro IIapa HaiiieM U3 3aKOHa CoXpa-

HEHHUS MEXaHUYeCKOH OHECPIruu:

OTKYyJIa:

v, =/2gh, =2,/2gI(1-cosa) = 2\/asin%, (2)

(yuanm, uto h =l(1-cosa)).

W3 Beipakenwuii (1) u (2) npu ycnosuu, uro v, = 0, momy4um:

. a
m, 2m, /gl sin~
L= = ; 3)
m +m, m +m,

N3 3ak0Ha COXpaHEHMs] MEXaHUYECKON YJHEPTUU UMEEM:

1)2
(m, + m2)7 =(m,+m,)gh,

OTKYyJa UCKOMaAs BbICOTA:

(yam popmyny (3)).

OHeprus, u3pacxo0oBaHHas Ha Ae(opMalHio apoB MpH yaape,

2 m +m
AT = ;1_ 12 20f, 4
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WM, IoACTaBUB (2) B (4), HAXOIUM:

mm .«
12 gin? =,
m +m, 2

AT =2gl

Boraucnsis, nomyuaem: 1) 7= 5,6 cm; 2) AT =4,12 JIxk.

3agaua 8. [llap maccoit m = 5 xr u paauycoM R = 5 cMm BpaiaeTcst BOKpYr ocH, IpoXoAsiuen

yepes ero HeHTp. YpaBHEeHUe BpallleHus mapa umeet Bua @ = A+ Bt® + Ctg, rne A =2 pan, B

=16 pan/c?, C = =2 pan/c®. Haiitu 3aK0H W3MEHEHHs MOMEHTA CHJI, JeHCTBYIOMNX HA IIap U
ONpeAeIuTh MOMEHT CuJl M B MOMEHT BpeMmeHu t = 2c.

Jano:
m=35xkr Tak Kak MOMEHT MHEpPLUU 11apa MOCTOSHHBIN, OCHOBHOE ypaB- R =
5102 m HeHue IMHAMUKU BpalllaTeJIbHOIO ABM)KEHUS UMEET BUJL:
2
¢ =A+Bt* +Ct° M=1-¢g (1)
A =2 pan rae | — MoOMeHT uHepuuu, € — yrioBoe YCKOPEHHE Tela, B=
16 paz[/c2 M — MOMEHT cul, IEUCTBYIOIIUX HA HETO. C=-2
3 2 2
pan/c”. Jlns mppa MmomenT uHeprmn | = g R°. (2)
t=2c

MO =2 M(@2) =2

[To onpesesieHUIo YII0BOE YCKOPEHUE €CTh BTOPast POU3BO/IHAS OT YIJia MOBOPOTA Bpalla-
IOIIIETrOCs TEJI 10 BPEMEHH

" !

£=¢(t)=(A+Bt’ +Ct*) =(2Bt+3Ct’) =2B+6Ct. 3)

[Toncrasnss (2) u (3) B (1) u ucnionb3yst uncnennsie 3Hauenus A, B u C Haiizem 3aKoH n3me-
HEHUS MOMEHTA CHJI, ICUCTBYIONINX Ha IIap.

M () =§mR2 (2B +6Ct)=(0,16 —0,06t) H-w.

Jlis momenta Bpemenu t=2c¢, M (2) =0,0 4 H-m.

3agaua 9. Jluck paguycom R = 0,5 M u maccoit m = 50 Kr packpydeH /10 4acTOTHI BpallleHus
ni = 10 ¢! u npemocTaBien camomy cebe. ITox AelcTBEEM CHII TPEHHS MAXOBUK OCTAHOBHIICS
yepes 60c. HailTu MOMEHT cuJl TpeHus.

Hano: CorsiacHO OCHOBHOMY YPaBHEHHUIO TMHAMUKHU BPAIIATEIIbHOTO JBUKECHUS
R=05wu dL, /dt=M,
1)
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m= 50 kr rjae dLX— M3MEHEHHME TPOCKIIMHU Ha OCh X MOMEHTA UMITYJIbCa JUCKA,

ni=10c? BpAILlAIOIIEr0oCsi OTHOCUTEIBLHO OCH X, COBIAIAI0ONIEN C TEOMETPUUYECKOM

t=60c OCBIO JIUCKa, 32 uHTepBan Bpemenn Ot . M — mpoekuust Ha ocb X MmomenTa M = ?

BHEIIHHUX CWJI (B JAHHOM CJIy4yae CHUJI TPEHUs), NEHCTBYIOIUX Ha JHCK.

CuurraeM, 4TO MOMEHT CHJI TPEHHS CO BPEMEHEM HE U3MEHSETCS, TOT/Ia YPaBHEHHE
(1) MmoxHO 3anucaTh B BUJE:

AL =M At @)
M3meHeHne NpoeKIu: MOMEHTA UMITYJIbCca
AL =1, -Aw, (3)
rae | = MR%2 MoMeHT MHepILUM IUCKA OTHOCUTEIBHO OCcH X.
N3 (2) u (3), umeem:
M, At=mR?/2-Aw. (4)
V3MeHeHne yrioBoii ckopoctn A® =@, — @y, = 27N, — 270, =2z(n, —n,).
Torga u3 (4) nonyyum

_ zmR*(n, —n,) |
X At

M

Tak xak At =t, a n, = O (amck ocranoBMIICS) TO, IOJCTABUB JAHHEIE, TIOTYYHM, UTO

M= Mx=654HwM.
IIpoBepuM pazMepHOCTb NOIYYEHHOI'O Pe3ybTaTa:

Kr-Mzc'l_Kr-Mz_Kr-M
=———=——M=HxM.
c c c

3anaua 10. Yenosek maccoit 60 Kr cTOUT B IEHTpe ckambi JKyKOBCKOTO U BMECTE C HEMl Bpala-
etcs o uaepruu. Yacrora Bpamenust N1= 0,2 1/c. B BBITAHYTBIX B CTOPOHY PYyKax YeJIOBEK Jep-
JKUT TI0 TAaHTEJIM Maccor 6 Kr kaxnas. Paccrosinue mexay rantensamu 1,6 M. Onpenenurs: 4a-
CTOTY BpaIllEeHUs N2 CKAMBU C YE€JIOBEKOM, [TOCJIE€ TOTO, KAK OH OITYCTUT PYKH, U PACCTOSTHUE MEXKTY
rantensiMu ctaneT paBHbIM 0,4 M. [Ipu pacuere MOMEHTOB MHEPLIMHM 4YeJIOBEKA MPUHATH 3a 1H-
muHAp paguycoM 10 cM, a ckaMblo cuuTaTh AUcKoM paauycoMm 0,4 m u maccoit 10 kxr. Haiitu usz-
MEHEHHE SHEPTHH BPAIIAIOIICHCS CHCTEMBL. TpeHrneM IpeHeOpedb.

Jano:
mi= 60 xr

rn=0,1m
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m2= 10 kr
r=0,4 m
m=0,2 c*
=04 m
lb=1,6 m

ms= 6 xr

nz-"?

AW -?

YemoBek BMECTE CO CKAMbEH COCTaBIISICT 3daMKHYTYI CUCTEMY, BpalllarOIIYIOCSA BOKPYT BEPTHU-
KaJIbHOM OCH. I[J'Iﬂ TaKOH CUCTEMBI CIIpaBCJINB 3aKOH COXpPAaHCHUA MOMCHTA UMITYJIbCA:

liaon= l2ar, (1)
r71e MOMEHTHI uMnyibca lion u l2ar B HauanbHbI 1 B J11000H APYroil MOMEHT BPEMEHHU.

31ech | — MOMEHT HHEpLIMH, @ — yTJIOBasi CKOPOCTh. |1 COCTOMT M3 MOMEHTOB HHEPIIUU CKaMbH
lex= M2r2%/2, yenoBeka — la =mir1%/2 (CKaMbsl ¥ YEJIOBEK CYUTAIOTCS CIUIOIIHBIMUA LUJIMHIPAME) U
nByx rantenei |:=2ms(l2/2)2.

2
1, 1 ,
[osTomy =] =m,r; +—mr°+2m,| =
2 2 2
YraoBas ckopocts @ = 27,. AHANOTHYHO, 1JIsl BTOPOTO TIOJIOKEHHS TaHTeIeH HMeeM
2
1 1 |
L= =myr/+=mr?+2m,| L | |; u @,=27n,
2 2 "2

[ToncraBuB 3T BeIpaxkeHus B(1) mosyunm:

1, 1, )’ 1, 1, 1,
Emzr2 +Em1r1 +2m, 5 27, = Emzr2 +Em1r1 +2m, > -27n, .

1 1
(2-10-0,16+2-60-0,01+12-0,64j-0,2 1,756

00
LN 1 “1m o
(2-10-0,16+2-60-0,01+12-0,O4j ! ©
KnneTHuecKas SHEprusl BpalIaiolerocs Tena Beraucisercs mo gopmyne W=1a?/2.
2 2
W, = |1;01 _ 8,7821,58 —6,9Tx; W, = |2go2 _ 1,58-48,7 38,5 JTxc

AW =W, —W, = 31,6 JTx.
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3agauya 11. OgHOPOAHBIN TOHKHI CTEep:KeHb Maccoi M1 = 0,2 Kr u gmuHOoH | = 1M MOXKeT cBO-
00JTHO BpaIIaThCs BOKPYT TOPU3OHTAIBHOM OCH Z, Tpoxoasie yepe3 Touky O (cMm puc.) B Touky
A Ha cTep)KHE MOoMNaaeT MIACTUIMHOBBIN apuK, Maccoi M2 = 10 T, JeTAIIMi TOPU30HTAIBHO CO
cKopocThio v = 10 M/c 1 puiIKIIaeT K CTepkHI0. ONPEeenuTh YIIIOBYI0 CKOPOCTh CTEPXKHS @ B
Ha4aJbHBI MOMEHT BpeMeHH, ecit a=40=I/3.

Hano: o— -
m1=0,2 kr a
I=1m "
m2=10r=0,01 xr N I
v=10 m/c
a =173

CuuTasi CHCTEMyY TeJ U3 IAPHKA U CTEPXKHS 3aMKHYTOH, IPUMEHUM 3aKOH COXPAaHECHHUS MO-
MeHTa umIysbca: Lo = L Q)

B HavanbHBI MOMEHT yJiapa YIjioBas CKOPOCTb CTEpkHA @o=0, MO3TOMY €ro MOMEHT UM-
nynbca Loi = 0. [Ipu 3TOM neTsmuii mapuk nomagaeT B TOUKY A, cleAoBaTeIbHO OTHOCUTEIHHO
touku O (OcH BpalieHus) oblagaeT MOMEHTOM HMITyJbca Loz = Mzva, Tie a — paccTOsSTHUE OT
ToukH nonaaanus 10 Touku O. Takum obpazom Lo= 0 + maoa.

[Tpununmmii K CTepP)KHIO MAapUK OyAeM CUUTaTh MaTepHabHOM TOUKOMW, Bpalllatoleics ¢ yr-
JTOBOI CKOPOCTBIO CTEPIKHS (i, EFO MOMEHT UMITyJIbca paBeH L2=m2a%w. | @ — MoMeHT ummybca
CTEepXKHS, Iie | — ero MOMEHT MHEPLIMK OTHOCUTEIHFHO OCH BpallleHus. Torjga MOMEHTa UMITYJIbca
CHCTEMBI CTepKeHb—IIapHK OyzeT paseH L2 = | @ + m2a?w. TToacTapiss NpuBeIcHHbIE BBIIIE BEI-
paxenus B (1), morydum

mava = lw + m2aw.

m,va
CrnenoBaTeabHO, w=

=— . )
| +m,a’

UYrto6s! HaiiTu | oTHOCHTENnBHO ToukH O, Bocmosb3dyeMcs TeopemMoii Ilteiinepa:
_ 2
I =1, +m(OC)",

rae lo=mil?/12 — MmoMeHT nHEpIMH cTepXkHs oTHOCHTeNbHO Touky C (1eHTpa Macc). PaccTosHue
oC=1/2 - 1/3=1/6, Torma
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|
™3 __3mp _ 300110 _, . pan

ml®, ml® (m+m)l (0,01+0,2)1 c
9 9

Bonpocwl u 3a0anus.

C yuetoMm (2) monyunM @ =

Pabora. PabGoTa nepeMeHHON CHIIBI.

MontHoCTb.

KoHcepBaTuBHBIC M1 HEKOHCEPBATUBHBIC CHITBL. [[0TEHITMAIbHAS SHEPTHUSI.
CBsI3b MEXKly CUJION U TOTEHIMAIBHON YHEPTUEH.

DHeprus ynpyro 1eopMHUpPOBAHHOTO TEA.

Kunernyeckas sHeprust u e€ cBsizb ¢ pabOTON NPUTIOKEHHBIX CHIL.
[TonHas MexaHUYeCKast YHEPTHUS CHCTEMBI TEJl.

3aKOH COXpaHEHHS] MEXaHUYECKOU PHEPTHH.

Juccunanuys SHEpIruu.

0. [TonsaTHE aGCOIIOTHO TBEPOTO TEJA.

1. IToctynarensHOE ¥ BpallaTeIbHOE JBYKCHUS TEla.

12. Yucio creneneiil cBOOOIEL.

13. Llentp unepuuu (Macc) TBEPAOTO Tela.

14. MomeHT cuiibl. MOMEHT HHEPITUH.

15. OcHOBHO 3aKOH JUHAMHUKHU BPAILlaTEIbHOIO ABH)KEHUS.

16. MomeHT umItysibca. 3aKOH COXPAaHEHUS MOMEHTA UMITYJIbCA.

17. PabGoTa o BpamieHuro Tena.

18. Kunernueckas sHeprus Teia, Bpallaroierocsi BOKPYT HEMOIBUKHONU OCH.

RBRowoo~NoOR~wNE

3agaum AJ1s1 CAMOCTOATEIHLHOIO pPeUICHUs

1. Cuapsig maccoir m = 10 kr obmagan ckopocteio v =200 M/c B BepXHel TOYKe TpaeKropuu. B
ATOW TOYKE OH pa3opBaJiCS Ha JBE YacTU. MEHbIas MAacCOi M1=3 KT MOJy4Wsia CKOPOCTh U1 =
400m/c B mpekHEM HarpaBiieHUd. HailTu CKopocTh Uz BTOPOA, OOMIBINEH YacTH TIOCTIE pa3phiBa.

2. I'py3uK, mpuBsA3aHHBIN K MHYPY MHHON I=50CM, OIKCHIBAET OKPYKHOCTh B TOPH30HTAILHOM
nockocTu. Kakoii yron ¢ o6pasyer miHyp ¢ BepTHKAIBIO, €CIH YacToTa Bpamenus n = 1¢2.

3. I'py3uk, npuBsS3aHHBIN K HUTH JUIMHOW | = 1 M, ONMUCBIBAaeT OKPYKHOCTh B TOPU3OHTAIBHOM
wiockocTd. OnpeaenuTs nepuol T oOpaleHus, eclii HUTh OTKIOHEHa Ha yroi ¢ = 60° oT BepTH-
KaJIu.

4. ABTOMOOWIIb HCT IO 3aKPYTIICHUIO II0cce, paauyc R kpuBu3HbI kKoToporo paseHn 200 M. Ko-
s urueHT TpeHus K Kojec o mokpeitre noporu paseH 0,1 (romonen). [lpu xakoi ckopoctu V
ABTOMOOWIIS HAYHETCS €r0 3aHOC?

5. Kakyio HanOOJBIIYI0 CKOPOCTh Dmax MOXET Pa3BUTh BEIOCHIIEINCT, POE3Kasi 3aKpyTICHNE
paauycom R=50Mm, ecnu k03 (HUIIUEHT TPEHUS CKONBKEHHSI L MEKIY IIUHAMU U achaibToM pa-
BeH 0,37 KakoB yron ¢ OTKIIOHEHHS BEJOCHUIIEAA OT BEPTUKAIIN, KOT/Ia BEJIOCUTICTUCT ABUKETCS
10 3aKPYTJIECHHUIO?

6. KameHb CKONB3UT ¢ HauBBICHIEH TOUKHU mosrycdepsl, paguyca R. Kakoii MHbI 1yTy onuiier
KaMeHb, MIPEXk/Ie YeM OTOPBETCS OT €€ MOBepXHOCTH? TpeHuem npeHeodpedb.
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7. Pakera Mmaccoit m=1m, 3amyIieHHas ¢ MOBEPXHOCTH 3€MJIM BEPTUKAIBHO BBEPX, MOHUMACTCS
¢ yckopenueM a=2g. CKOpOCTh v CTPYH Ta30B, BRIPHIBAIOIINXCS M3 coruia, paBHa 1200 m/c. Halitu
pacxon Qm roprouero.

8. lapuk maccoit m = 300 r ymapuics o CTeHy U OTCKOYMI OoT Hee. OnpeAenuTs UMITYJIbC pi,
MOJTyYEHHBI CTCHOM, €CIIH B MOCJIEIHUNA MOMEHT MEpe]l yAapoM MIapuK UMeN CKOpocTh vo = 10
M/c, HanpaBJeHHy0 1o yriaoM o=30" K MOBEPXHOCTHU CTEHBL. Y 1ap CYUTATh a0COIIOTHO yHPYTUM.

9. Teno mMaccoit M=5 kr 6pomreno noj yriaom a=30" K FOPU30HTY ¢ HAYaIbHOH CKOPOCTHIO 00 = 20
m/c. IIpeneGperas conpoTUBIEHHEM BO3AyXa, Haiitu: 1) ummynsc cuisl F , geiicTByromeit Ha
TEJI0, 32 BPEMs €ro noJieta; 2) u3MeHeHue Ap UMIyJibca Teja 3a BpeMs IoJIeTa.

10. MarepuanpHasi TOYKa Maccoid M = 1 Kr, IBUTAsICh PAaBHOMEPHO, OIUCHIBACT YETBEPTh OKPYXK-
HOCTH paguyca I = 1,2 M B Teuenue Bpemenu t = 10 ¢. Haiitu nsmenenne Ap umiyiibca TOUYKH.

11. U3 nByX coynapsitoniuxcs abCOMOTHO YIPYTUX MApOB OOJBIIHIA MIap MOKouTcs. B pe3yibrare
OpPSIMOTO yJIapa MEHBIIHI Iap moTepsut 3/4 cBoei KHHETHUYECKOW SHepruu 11. OnpeaenuTh OTHO-
mrenue k=M/m macc mapos.

12. Illap maccoit m = 1,8 KT cTaIKUBAETCs C TOKOsIMIEMCcs IrapoM Ooutbieit maccel M. B pesyib-
TaTe MPsIMOTO YNPYroro yaapa map norepsit 36% cBoei kuneruueckoi snepruu T1. Onpenenursb
Maccy OOJIbIIero mapa.

13. Ilap, maccoit m1 = 200 r, ABWXKYLIHICA cO CKOpOCThIo v1 = 10 M/c, yaapsieT HelmoABHKHBIN
map Maccoit mz = 200 r. Y aap npsimol, abcomtotHo ynpyruid. Kakossl OyayT ckopocTu Ui U U2
mapoB nocie yjaapa?

14. MonoTkoM, Macca KOToporo M1 = 1 kr, 3a0MBaiOT B CTEHY TBO3Ab Maccoit M2 = 75 r. Onpene-
muth KII/I # ynapa MosioTKa npy TaHHBIX YCIOBUSIX.

15. boek cBaiiHoro Mmosiota Maccoil M1 = 500 Kr magaeT ¢ HEKOTOPOM BBICOTHI HA CBAKO MAacCOil M2
= 100 r. Haittu KII/] n ynapa Goiika, cuuras yaap Heynpyrum. M3MeHeHHeM MOTeHIUAIbHOM
SHEPTUU CBaM NpHU YIiIyOJIeHNUHU ee peHeOpeyb.

16. Monot maccoit M1 = 5 Kr yapseTr HeOOJIbIIOHN KyCOK XkKele3a, JIeXKaIiii Ha HakoBaJibHE. Macca
m2 HakoBayTbHY paBHa 100 kr. Maccoii Kycka xene3a npenedpeus. Y pap Heynpyruid. OnpenenuTsb
KIIJl # yrapa MoyioTa Ipy JaHHBIX YCIOBHSX.

17. Monekyna pacmanaercs Ha JBa aToma. Macca 0IHOTO U3 aToMOB B N = 3 pasa Oousblie apy-
roro. [IpeneOperast HauaIbHON KMHETUYECKOH SHEprHel U MMITYyJIbCOM MOJIEKYJIbl, OIPEACTUTh
KUHETHYeCcKue sHeprun 71 u 72 aTOMOB, €CiIM UX cyMMapHasi kuHetuueckas sueprust 7 = 0,032

H/IX.

18. Konbkobexer, cTos Ha JbAy, OPOCHII BIEPE TUPIO MACCO M1 = 5 KT U BCIEACTBUE OTAAYU
MOKATUJICS Ha3aJl CO CKOPOCThIO 02 = 1 M/c. Macca koubkoOexIia mi1 = 60 kr. OnpenenuTs padoTy
A, cCOBEpUIEHHYIO0 KOHbKOOEXKIIEM MTPU OPOCAHUU THPH.

19. Snpo aToma pacmamaeTcss Ha JBa OCKonka mMaccaMu Mi = 1,6:102° xr u mz2 = 2,4-102° xr.
Ornpenenutb KHHETUYECKYIO SHEPTUI0 72 BTOPOTO OCKOJIKA, €Clu 3Heprusi 71, MepBOro OCKOJIKA
paBHa 18 u/[x.

20. IIpwu BbIcTpene u3 opyaust cHaps Maccoit M1 = 10 Kr nony4aeT KHHETUYECKYIO SHEPTUto 11 =
1,8 x/lx. Onpenenutb KMHETUYECKYIO DHEPIUI0 72 CTBOJIA OpYAMs BCIEACTBHE OTAAUH, €CIU
Macca M2 ctBosa opyaus paBHa 600 kr.
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21. Yepes HENOABIKHBIN 010K Maccoit M= 0,2 KT IepeKUHYT IIHYP, K KOHI[aM KOTOPOTO MO/BE-
cum rpy3sl Maccamu M1=0,3 kr u M2=0,5 kr. Onpeaenuts cuiabl 71 U 12 HATSKEHUS LIHypa M0
00€ CTOpOHBI OJI0Ka BO BpeMs JIBHKEHUS TPY30B, €CIIM Macca 0JI0Kka paBHOMEPHO pacipeesieHa
o o6oxy.

22. Yepes 610k, umeronuii popmy nucka, mepekuHyT mHyp. K KoHIIaM IIHypa MpuBsS3aiu rpy-
3uku Maccod Mi= 100 r u m2= 110. C kakuM ycKOpeHUEeM a OyAyT JBUTAThCS TPY3UKH, €CIIH
Macca m 6oka pasHa 400 r? TpeHue mpu BpalieHHH 0JIOKa HUYTOXXHO MaJIo.

23. Ban maccoit m =100 kr u paguycoM R = 5 cm Bpamaics ¢ actortoit N = 8 ¢, K mununapu-
YeCKOW TTOBEPXHOCTH BaJla TIPHKAIM TOPMO3HYIO KOJIOJKY ¢ cuioi F= 40 H, mon nelictBreM Ko-
Topoii Bai octaHoBmIICS yepes t = 10 €. Onpenenuts K03HOUITUSHT TPEHUS L.

24. Ha ropu30HTaIbHYI0 OCh HaCa)KaHbl MAaXOBHK U JIETKUH MIKUB paguycoM R= 5 cm. Ha mxuB
HaMOTaH IIHYp, K KOTOpOMYy IIpuBsi3aH Ipy3 maccoi m = 0,4 kr. Omyckascb paBHOMEPHO, Ipy3
nporien myTh S = 1,8 M 3a Bpemsi t = 3 ¢. OnperenuTh MOMEHT HHEPIH J MaXxoBHKa. Maccy IIKuBa
CUMTATh IPEHEOPEKUMO MAJIOM.

25. ToHKHI OJHOPOAHBIN cTepkeHb AarHO# | = 50 cM 1 Mmaccoit m = 400 r Bpamaercs ¢ yriioBbIM
ycKOpeHHeM & = 3 paj/c? 0KoJI0 OcH, MPOXOAIIel TepHeHUKyIAPHO CTEPHKHIO Yepe3 ero cepe-
nuny. OnpenenuTs Bpallaronii MOMeHT M.

26. IIap maccoit m=10 xr u paguycom R= 20 cM Bpaimaercss BOKPYT OCH, IPOXOISIIEH Yepe3 ero
1eHTp. YpaBHeHHe BpalleHus mapa nMeet Bu p=A+Bt>+Ct3, rne B=4 pan/c?; C=-1 pan/c?. Haiitu
3aKOH U3MEHEHUS] MOMEHTA CUJI, IEHCTBYIOIMX Ha map. OnpenenuTb MOMEHT cuil M1 B MOMEHT
BpeMeHu 11 = 2 C.

27. YenoBek cTOUT Ha ckambe JKyKOBCKOTO W JIOBUT PYKOH Msid mMaccor M=0,4 Kr, JeTAIUN B
TOPU30HTAILHOM HAIPaBJIEHUHU CO CKOPOCThIO 0 =20 M/c. TpaekTopus Ma4ya MPOXOAUT HA PACcCTO-
sHUU ' = 0,8 M OT BEpTUKAJIBLHON OCH BpalleHus ckambu. C KaKoW yIJIOBOM CKOPOCTHIO @ HAYHET
BpanaThcs ckaMbs JKyKOBCKOTO C YEJIOBEKOM, OMMAaBIIINM M4, €CJIM CyMMapHbIA MOMEHT UHEP-
1y J 4eoBeKa M CKaMbM PaBeH 6 Kr-M2?

IIpakTHyeckoe 3ansaTHe 4.
Tema 3anamusa. Mexanndeckue KoJ1e0aHus U BOJHDBI

Ileﬂb 3AHAmMUA. HSy‘II/ITL OCHOBHBIC 3aKOHOMCPHOCTH KoJieOaTeIbHBIX MponecCoB B MEXa-
HHKCE.

Teopemuuecxaﬂ uacmo.

MexaHu4YeCKUMHU KOJe0AHUSMM HA3bIBAIOT IBUKEHHS TeJ, MOBTOPSIOUINECS TOYHO (MM
NpUOIN3UTENBHO) Yepe3 OAMHAKOBBIE MPOMEXKYTKH BpeMeHH. [IpuMepamu mpocThIX Koseba-
TEJBHBIX CUCTEM MOTYT CIYXKUTh TPY3 Ha MPYKUHE U MaTeMaTUYSCKUI MasTHUK.
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Konebanus mupoko pacnpocTpaHeHsl B mpupoze u TexHuke. KonedarenbHbIe MPOLECCH
JIeKaT B OCHOBE TaKUX OTpAacieil TEXHUKHU KaK 3JIEKTPOTEXHUKA, PAIUOTEXHUKA U.T.]T).

B 3aBucuMOCTH OT XapakTepa BO3ACHCTBHSI Ha KOJIEOIIOIIYIOCS CHCTEMY, Pa3IndaroT: CBOOOI-
HbI€, (COOCTBEHHBIE) KOJIeOaHus, BbIHYKIEHHbIE KOJIeOaHMsl, aBTOKOJIeOaH!sI U TapaMeTpuye-
CKHUE KojeOaHMsl.

1. CBoOoxHble _KojeOaHUs, COBEpIIAIOTCS IMOJ JIEHCTBUEM BHYTPEHHHX CHJI CH-
CTEeMBI, IIOCJIe TOTO, KaK CUCTEMa ObllIa BhIBEJIEHA U3 COCTOSIHUA paBHOBecus. (Ko-
nebaHus Tpy3a Ha MIPYKUHE WIH KOJICOaHHS MasTHUKA SBJISTFOTCS CBOOOTHBIMH KO-
neOaHUSIMHU. ).

2. BBIHYXJICHHBIC - CHCTEMa TIOJIBEPTaeTCs BO3JICHCTBHIO BHEITHEH, TICPUOINICCKI
M3MEHSIOMIUNCS CHITBI (KoJiebaHne MOCTa TPH MPOXOKICHUH CONIAT, UAYIIUX B
HOTY).

3. ABTOKOJNEOaHUs - cHUCTeMa caMa YIpaBIseT BHEITHUM BO3JCHCTBUEM (MasTHHK
9acoB IOJTy9aeT TOJTYKH B MOMEHT IPOXOXKJICHUS €€ uepe3 CpeHee MOJIOKCHNUE).

4. TlapaMerpuueckue KojeOaHUs - MPOUCXOAUT MEPUOINIECKOE UZMEHEHUE KaKOTO-
700 TlapaMeTpa CHCTEMBI 3a CYET BHENTHETO BO3JACHCTBHS (HAIPUMEP JJTAHBI
HUTHA MaTeMaTHYECKOTO0 MasTHUKA).

OCHOBHBIE XapaKTEPUCTUKHA TAPMOHUYECKOTO KOJIEOaHHS:

1. X- cMmeleHue- OTKIOHEHUE OT TIOJIOKEHHUSI PABHOBECHS B JJAHHBI MOMEHT BPEMEHHU (MOXET
ow1TH >0 1 <0)/

2. A —amMmmuTyaa - MaKCUMaJdbHOE OTKIIOHEHHE OT IMOJIOKEHHSI PABHOBECHSI.
3. T- mepuoj - COBEpIICHUS OJJHOTO MOJIHOTO KOJICOAHWSI.

4. wt- pasa konebaHus - XapaKTepHU3yeT COCTOSIHUE KOJIeOaTeIbHONW CUCTEMBI B JTF000H 3ajaHHBIH
MOMEHT BPEMEHH.

5. V-dacroTa - 4ncio KojaeOaHu B €IMHUITY BPEMCHHU.
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Ecnu x Hauany HaOmoneHus ¢aza umesna HEKOTOPOe HauajdbHOE 3HAaYEHUE ¢, , TO ypaBHe-

HHUC 3aIIMIICTCA:

Xx=A- Sm((ﬁo + Wt) - TapMOHHUYECKOE KoJie0aHne ¢ HadaJIbHOU (ha3oil.

CKopocTh H YCKOPEHHE TAPMOHMYECKOr0 KoJ1e0aHus

CKOpPOCTb - TapMOHHUYECKUX KOJICOAHUH €CTh TIepBasi MPOU3BOIHAS CMEIIECHUS 110 BPEMEHH.

S
I/I3BCCTHO, 4TO CKOPOCTh V = EHHH TrapMOHHUYCCKOI 0O KoJIcOaHHs CKOPOCTH OHNPCACTIACTCA

dx d(A-sinwt)

CIIe YoM obpaszom V = — =A-W-COSWt ;
AYIOTHIN O5P dt dt

V=A-W-COSWt|-ckopocTh rapMOHIYECKOrO KONeOaHHsL.

a=dv _d(A-W-COSWY) __ ) 2 ginwt
dt dt

a=-A-w-sinwt} YCKOPEHHE IIPU TaPMOHUUYECKOM KOJICOaHUU.

KonebarensHoe JABMXCHUEC BBIIIOJIHACTCA IO I[CflCTBI/ICM CHUJIbI, KOTOpasd MOXET OBITH

ompejienieHa o BTopoMy 3akony Herorora: F = M - @, no yckopenne npu rapMoHndecknx
2 -
Kkonebanusx onpenensercs no gopmyne & = —A-W* - SIN WL | noxcrasim suauenne ycko-

peHust Bo BTopoii 3akon Hbrotona, o F =—m- A- w? -sin wt ,H0 A-sSInwWt = X, 1o

2 .
F =-M-X-W cuna neitcteyromas na kone6momeecs Teno.

Ona mponopuruoHajibHa CMCUICHUIO, 3HAK «-» YKaA3bIBACT HA, TO YTO CHJIa HAIIpaBJICHA B

2
MPOTHUBOIIOJIOKHYIO CTOPOHY OTHOCHUTCIIBHO CMCIICHMUS. K=m-v

F — _k - X} KBasuynpyras Cujia, BbI3bIBAOIIAsA KoJie0aTeIbHbIE JABWXKXCHUS.

JHeprusi rapMOHMYECKOr0 K0J1e€0aTeJIbHOr0 JIBHKEHHS

KBasuynpyras cuna siBIsieTcss KOHCEPBATUBHOM M MOATOMY IOJHAs MEXaHUYECKash SHEPrus
CUCTEMBI OCTaéTcs MOCTOSIHHON. B mpoliecce kojieOaHU NPOMCXOJAUT MPEBpPAIIECHNE KHHETHYE-
CKOW DHEPrUu B MOTEHIIMAILHYIO U 00paTHO, MPUYEM B MOMEHTHI HAUOOJIBIIET0 OTKJIOHEHUS OT
MIOJ0KEHUSI PABHOBECHS MOJIHASI SHEPTUs COCTOUT TOJbKO M3 NOTEHIHUAIBHOW IHEPIUU, KOTOPAst
JIOCTUTAET CBOETO MAaKCHUMAJILHOT'O 3HAUCHHS.
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2
E_E k-A

" T , A- aMIunTy1a

HpI/I MPOXOKACHUHN CUCTEMBI Y€PE3 IMOJIOKCHUEC PaBHOBECHUA IMOJIHAA SHEPTHUA COCTOUT TOJIBKO
U3 KUHETUYECKOM OHEPIuu, KOTOpad JOCTUTACT CBOCTO MAaKCUMYyMaA.

E_g _mevi,  m-A7.w?
T Skun.max -

2 2

IIpy:KUHHBI, MATEMATHYECKUN U (PU3HYECKUIT MAaSTHUKH

LIpyorcunnviii masamuuk- 3T0 rpy3 Maccoi M NOABEUIEHHBIN Ha YIIPYTOW NPy >KMHE U COBEP-
HIAIOIINKA FApMOHUYECKHE KOJIeOaHusl.

AN NN NN NN

o]
h\

3

Kone6anns MasTHAKA COBEPIIAIOTCS MOJ JEHCTBUEM yrioBoi cunel. F = —k-x,

k-

KOd(PUITMEHT YIIPYTOCTH, a B CITy4ae C MPYKUHOW OH Ha3bIBaeTCs KOAPHUIIMEHTOM KECTKOCTH.

YpaBHCHI/Ie JABMOKCHUA MasATHHUKA 3aIIMChIBACTCA:
m-a=-k-x  (3)

YCKOpeHI/IC- 9TO BTOpasd IMporu3BoOaAHAA CMCIICHHA 110 BpPCMCHU:

"
m-x"=-k-x,tx d=X

Pazngenum 06e wacTu ypaBHEHHS Ha M, TO MOJYYUM

k
X"+—x=0 (4)
m
5 , k K 27
CpaBHuM Mexay coboi ypaBHeHus (2) u (4), oueBHIHO, YTO W* = —, a W= E , W= ? ;
m
2
T=—r-1. Nepuo KoJieOaHus, MOICTaBUM B (OpPMYITy TIEpHo/ia KoeOaHus 3HaueHue W, gepes K
2 m
um,to | =——, T=2r|—
K
m
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T =2z |-} nepuo KojebaHus Mpy>KUHHOTO MasATHUKA.

DuzuuecKuil MAAMHUK - TBép,Z[OC TEJIO CLIOCOOHOE COBCpUIATDH KoJIeOaHUSI OTHOCHTEIIHLHO OoCH, HE

COBIIAJIAIOLLEH C LIEHTPOM Macc.

mg

M3 0CHOBHOTO ypaBHEHUS TMHAMMKH BPAIlaTEIbHOIO ABHKCHHUS
J-e=M, rne
M=-m-g-d-sing
Jlns ManbIx kose6anuit moskuo noyuuts J € —M =0
J-¢"+m-g-d-¢=0 3)
Paznenum ypasuenue (3) Ha J
m-g-d
J

.. 2 _
Beném obo3nauenne Wy = , IOJTyYUM ypaBHEHUE

" 2
Q@ +tW Q= 0 , KOTOpO€ aHAJIOTUYHO ITOIyYE€HHOMY paHee.

T = 2w _ 21
[Tepuon xonebanus GU3NIECKOro MaITHUKA = W_o = m—gd
J
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Mamemamuueckuii MaamuukK - MaTeprualibHas TOYKA NOJABELICHHAs HA HEBECOMOU HEPACTSKU-
MOH HUTH.

PeanbHblil MaATHUK, y KOTOPOTO Macca Tejla BO MHOTO pa3 00JIbIlle MacChl HUTH, a pa3Mephbl
T€Ja BO MHOTO pa3 MEHbIIIE JUIMHHBI HUTH, MOYKHO CYUTATh MaTEMaTUUYECKHUM.

VuuThIBas, 4TO0 MOMEHT cuibl Tsokectd M =—mM-Q - |-Sina w moment WHEPIMHA TOYKH

2
J =m- 1", u3 numamMudeckoro ypaBHEHUS BpaIaTenbHOTo JBHKeHHA otydnm: J - & = M |
m-1°>.a"+m-g-l-a=0 (@

Paznenum ypasuenue (4) na ml?, momydanm

m-g-l
o'+ 190,

m-1? 0

05”+|g-a:0,:> a"+wW, =0 Wy =+~

[Tepuon xonebanuss MaTEMaTUUYECKOTO MasiTHUKA
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T:Z—E:Zﬁ !

Wy g

Mu1 IIPpUXOAUM K BBIBOAY, YTO BO BCEX ClIydasXx KOJICOaHMST OIHCBIBAIOTCS OJHUM U TEM

" 2 _ O
xe ypapuennem X + Wy - X =V coBnamarommum ¢ ypaBHEHMEM IBUKEHHS TAPMOHMYECKOTO

oCHUJIIATOpPA.

Boiny:kaeHHbIe KoJ1e0anus. PezoHanc. ABTOKO0.J1€0aHusA

BrIHyX/1eHHBIMH KOJeOaHMSIMHU HA3bIBACTCS HE3aTyXaloIIue KOoJeOaHusi CUCTEMBI, KOTO-
pbI€ BBI3BIBAIOTCS JEHCTBUEM HA HEE BHEIIHUX CUJI, IEPUOJNYECKH U3MEHSIOUXCS ¢ TEUEHUEM
BPEMEHH.

Cuna, BBI3bIBAIOIIAsl BEIHYKICHHBIC KOJICOAHMUS, Ha3bIBACTCS BO3MYILIAIONINI (BBIHYX/1a-
OIINIA) CHUIIOM.

BBIHY)KI[aIOH_IaH CrJia UBMCHSCTCS 110 3aKOHY:
F({t)=F,-cosw-t
Fo- aMILUIATyda BLIHyH(z[afomeI‘/'I CHJIBI, W- [IUKJINYECKASA 4acToTa.

ITox neiicTBUEeM 3TOW CHIIBI B CHCTEME yCTAaHABJIMBAIOTCS TApMOHUYECKHE KOJICOAHHS C
[UKJINYECKON YaCTOTOU W.

AX = A-cos(W-t+¢,)

['e A- aMIuIMTy1a BEIHYKIEHHBIX KoneOanuii cMemenus. P1- pasnocts (a3 MexKLy BHIHYXK-

neHEbIME KoneOanuamu AX u cunoit F(t).

AMHJ'II/ITy,Z[a BBIHYXIACHHBIX KOJIEOAHMH 3aBHCUT OT AMILIIUTY JbI BBIHY)KI[aIOH_Ieﬁ CHJIBI 1
eé 4aCTOThbI, 3aBUCUMOCTb aMIUIUTY AbI KoJIeOaHHMI OT YaCTOTHI OPpUBOJUT K TOMY, YTO IIPpHU HCKO-
TOpOﬁ JaCTOTC aMINNIMTyld BBIHYKJICHHOT'O KOJIeOaHHS JOCTUTIa€T MAKCHUMAJIBHOT'O 3HAUYCHHUA. 910
SABJICHUC TTOJIYUWJIO HA3BAHUC pe3oHaHcd, a COOTBETCTBYIOIIAA YaCTOTa~ DE30HAHCHOU YACMOMbL.

ﬂ #0 , TO A JOCTUTHECT MAKCUMAJIBHOT'O 3HAYCHHUA IIPU 4aCTOTC Wpai =W,

2
W=W,, =W —28% =w,_ [1- 2\52

0

SIBnenHue BO3paCTaHHWA aMIIJIMTY Ibl BBIHY > KACHHBIX KoJe0aHui npu HpI/I6J'II/I)KeHI/II/I TUKJIN-
YeCKOH YaCTOTHI BLIHY)KI[aI-OIHeﬁ CHJIBI K 3HAYCHUIO Wpes — HA3BIBACTCS_PE30OHAHCOM , Wpes — PE30-
HaHCHas NUKJINYCCKasa 4aCToTa.

[Ippy Hanuuuu TpeHHs PpE30HAHCHAS LUKINYECKAas 4YacToTa Wpes HECKOJIBKO

AW, =~/W; = 1 MeHbLIe Wo.

dopMa pe30HaHCHBIX KPUBBIX 3aBUCUT OT 3HaueHus S . Yem Goubiie £, Tem Oosee moso-

TUMU CTAHOBATCA KPHUBBIC.
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[Ipumeps! pe3oHaHca: sBICHHE PE30HAHCA UCMOJIb3YEeTCsl B aKyCTHKE - JIJIsl aHallu3a 3BY-
KOB, UX YCHJICHUS U.T.].

ITox nmelicTBHEM NMEPUOAUYECKH U3MEHSIOIIUXCS HATPY30K B MAlIMHAX U PA3IU4HBIX CO-
OPY’KEHHSIX MOTYT BO3HUKHYTh SIBJICHUSI PE30HAHCA, KOTOPhIE MOTYT OBITh OMACHBI JJISl AKCILTya-
TallX MAILUH.

Aemoxkonebanus- KoyebarenpHas cUCTEMa, COBEPIIIAIOINAs He3aTyXaroIIHe KojieOaHus 3a
CYET UCTOYHHMKA SHEPTUH, HE 00J1aIAI0IET0 KoJieOaTeIbHBIMUA CBOMCTBAMHU- HA3bIBACTCS d68MOKO-
JlebamenbHou CUCIEeMOl.

IIpumeps! pelieHus 3aaa4

3agauya 1. MarepuanbHas Touka Maccoit m = 10 r coBepIaeT rapMOHUYECKUE KOJIeOaHUs ¢ Ya-
crororr V= 0,2 I'n. AMmuTyna konebanuii 4 paBHa 5 cMm. OnpenenuTtsb: 1) MaKCUMaJIBHYIO CHITY,
JICHCTBYIOIIYIO HA TOUKY; 2) TIOJTHYIO SHEPTUIO KOJICOTIOMICHCS TOUKH.

Pewenue

YpaBHEHHE TAPMOHHYECKOTO KoJieOaHus
X = Acos(a,t + ).

CKOpOCTb U YCKOpEHHE KOJICOMIOLICHCS TOUKH

L= % =—Aaw, sin(o,t + ),
do )
a= P —Aw; cos(a,t + ).

CornacHo BTopomy 3akoHy HbloToHa, cua, AeiicTBytoIIas Ha TOUKY,

F =ma=-Aw. cos(w,t + );

F=F_ 1pu COS(CUOt + (P) =41, H03TOMY HCKOMOE MaKCUMAJIbHOE 3HAYEHHE CHIIBI
_ 200 4 2.2
F o = Agym=4rz"v"Am
(yunwu, uto Wy = 2rrv ).
[Tonnas sHEprust KOIEOMIOMIECHCS TOUKH
1 mA%w?
E=T ==-mv 0

2 -_—_—_—_—_—
max max '
2 2
IloncTaBus crofa @, , HalieM HCKOMYIO MOIHYIO SHEPIHUIO:
2 2 A2
E=27z"mv°A".

Breruucnsis, nonmydaem: 1) Fmax = 0,8 MH; 2) E = 19,7 mx/]x.

107



3anaya 2. Ou3nveckuii MasTHUK MPEACTABISET COO0H TOHKUN OMHOPOIHBIN cTepKeHb. Onpee-
JUTH JJIMHY CTEPKHSI, €CJIM YaCTOTa KOJIeOaHW MassTHIKA MaKCHMaJlbHa, KOT/Ia ToukKa moaseca O
HaxoauTcs oT ueHTpa macc C Ha pacctosHuu 20,2 cM.

Pewenue

[uxueckast 4acToTa KojebaHui (U3MIeCKOTr0 MassTHHKA

mgx

P73 (1

A€ m — Macca MasiTHHKA, J — MOMEHT ero HHCPIIUH.

CormacHo TEOpEME HITeﬁHepa, MOMCHT MHEPUHU CTEPIKHA OTHOCUTCIIPHO TOYKHU ITOABECA, OTCTO-
SIH_[eﬁ OT OCHTPA MAaCC Ha paCCTOSAHHU X,

[ToncraBus (2) B (1), momyunm

Haiinem skerpemym dynkimu (3):

do  6g(1°-12x%)

dt X217 +12x3)77

OTKy/a
1> -12x* =0,

T. €. HICKOMas JJIMHA MasTHHUKa

| = 2\/§x.

Boraucss, nonydaem /=70 cm.

33[{3'—[3 3. Touka yY4aCTBYCT OJHOBPEMCHHO B IBYX I'ApMOHHUYCCKHX KOJ'IG68.HI/I$IX, MPOUCXOAAIIUX
BO B3aMMHO MNEPHICHAUKYIAPHBIX HAIIPABJICHUAX U OIMUCBIBACMBIX YPAaBHCHUSAMU X=C0Szt u

/4
y= COSEt . Onpenenuth ypaBHEHHE TPACKTOPUH TOUKH.

Pewenue
ITo ycnoBuro 3anaum,

Xx=coszt; (I)
y=cosZt. (2)
ot
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Jlnst onpenenenys ypaBHEHHS TPACKTOPUH TOUKH U3 ypaBHeHuUH (1) u (2) UCKITI0OYMM BpeMsi, ToTIa
cos zt = cos? Zt—sin? Zt = cos? Zt — (1 cos® Zt) = 2cos? Zt—1=2y® -1,
2 2 2 2 2

OTKYyd UCKOMOC YPAaBHCHUC TPACKTOPUH TOYKH

npeacTaBiseT co0oil mapabdoy.

3anaua 4. JlorapudmMudeckuii TeKpeMEeHT 3aTyXaHHs Tena, koyueomronierocs ¢ yactoro 50 I,
paseH 0,01. Onpenenuts: 1) Bpems, 3a KOTOpOe aMILIUTYAa KoseOaHuid Tena yMeHbIHTcs B 20
pas3; 2) 4KcIo MONHBIX KoJeOaHui Tena, 9To0bl MPOU30IILI0 MOA0OHOE YMEHBIICHUE AMILTUTYIBI.

Pewenue

AMIUIATY/IA 3aTyXaIOMUX KOJIeOaHMI

A=Ae", (1)
rae Ao — ammuTyaa Konebanuit B MoMeHT ¢ = 0; O — ko3 PUIMEHT 3aTyXaHHUSsI.

JlorapudmMuueckuit 1eKpeMEHT 3aTyXaHuUs ® =0T (T =1/v — ycroBHBIIi IEPUOLT 3aTyXAIOIIHX

konebanuit). Torma 0=0v u BbIpakeHue (1) MOXKHO 3amucaTh B BUJE
-0t
A=Ae ",
OTKyZa HCKOMOE BpeMs

1A

t=—In—2.
®Ov A

Yucito HICKOMBIX IOJIHBIX KOJIeOaHUH

N =—=tv.

t
=

Breruucnsis, nomyuaem: 1) =6 c; 2) N = 300.

3agaua 5. I'py3 maccoii m = 50 1, moBeIIeHHBIN HA HUTH JUIMHOH / = 20 cM, coBepIiaeT KoiebaHus
B xkuakoctu. Koapdunuent conporusnenus » = 0,02 kr/c. Ha rpy3 nelcTByeT BBIHYXIArOIas
cuna F =0,1coswt, H. Onpenenuts: 1) 4acToTy BBIHYXIAIOIICH CHIIBI, PH KOTOPOM aMIUTUTYy/Ia

BBIHY’KJICHHBIX KOJIEOaHUI MaKCUMaibHa; 2) PE30HAHCHYIO aMILTUTY/Y.
Pewenue

OueBHIHO, YTO YACTOTA BBHIHYKIAIOIIEH CHIIBI, IPH KOTOPOIl aMILTUTYAa BBIHYXKIEHHBIX KojieOa-
HUI MaKCHMAJIbHA, ABJIAETCS PE30HAHCHOW YaCTOTOM:
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(’Ope?, = \/(’05 - 282’ (1)

r

e @, — COOCTBEHHAass 4acTOTa KOJNEOAHHH CHCTEMBI, o= om K03 (OUIMEHT 3aTyXaHHUs.
I’py3, HOABEIIEHHBIH HA HUTH, MOKHO HPUHATH 32 MaTeMaTUUeCKHil MasTHUK, Torna Py = |_
IToncrasus 3HayeHus W, u O B dhopmyay (1), HaiiieM HCKOMYIO Pe30HAHCHYIO YACTOTY:

O‘)pe3 =
[ToncraBuB dhopmymy (1) B BelpaxkeHue i1 aMIUTUTY/bl BEIHYKICHHBIX KojeOaHui

F
A= 2 02 2 2’

m\/ (0] —0" —45°w
rae Fo — aMIUIMTYIHOE 3HaYeHUE BBIHYXIAIOMEH CHIIbI (TI0 YCIOBHIO 3a/1a4H, Fo=0,1 H),
Hal/IeM HCKOMYIO PE30HAHCHYIO aMILTUTYLY:

F

0

A = omfof -8

Berancisist, monywaem: 1) o, =7 pan/c; 2) A,,=71.4 cm.

Bonpocwt u 3a0anus.

1. TapmoHmMYeckue KojaecOaHwus.
2. OCHOBHBIC XapaKTEPUCTHKH KOJICOATEILHOTO JBIKEHUS: aMIUTUTya, (a3a, yacTora,
MEPUOSI.
JlnHaMuKka rapMOHUYECKUX KOJICOaHUIA.
[IpyxuHHBINA, MaTEMaTUYECKUH B PU3NUECKHi MasTHUKHA. KBa3uyrpyrue Cuibl.
Kunerndeckas, moTeHI[ManbHas U MOJHASL SHEPTHSI TAPMOHUYECKOTO KOIeOaHusl.
["apmoHnYecKuii OCIUILIATOP.

3agaum 11 CaMOCTOSATEIbHOTO PelIeHust

©o ok w

1. Hanncarps ypaBHEHHE rapMOHUYECKOTO KOJEOATEeNbHOIO JABMKEHUS C aMIUTUTYA0l 4 = 5 cM,

. . V4
ecau 3a Bpems ¢ = 1 MuH coBepmaercs 150 koneOanuil U HauanbHas (aza KoiedaHUM ¢ = e

Haueptutsb rpaduk 3T0r0 ABHKEHHUS.
2. HanmucaTh ypaBHEHHE TapPMOHUYECKOTO KOJIEOATEIHPHOTO IBMXKCHHS ¢ aMIUTUTYI0u A = 50 MM,

o . v o o
nepuogoM 7 = 4 ¢ ¥ Ha4aJIbHOU (a3on ¢ = e Haiitn cmemienue x kosieOmomencs TOYKd OT

noJjoxeHus paBHoBecus nipu ¢t = 0 u £ = 1,5 ¢. Haueptutsh rpaduk 3TOro IBMKEHHUS.
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3. Uepe3 kakoe BpeMsl OT Hayaia JBUKEHHS TOYKa, COBEpIIAlOIIas rapMOHUYECKOoe KojebaHue,
CMECTHTCS OT TOJIOKCHHSI PAaBHOBECHS Ha TOJIOBUHY aMIutuTyasl? [lepuon konebanuii 7 = 24 c,
HavyasbHas gaza ¢ =0.

4. Yepe3 kakoe BpeMs OT Ha4alla JBMKCHHS TOUKA, COBEPINAIONIAs KoJieOaTeaIbHOe IBHIKEHHE TI0
. T

YpaBHEHHUIO X = 7SiNn Et MPOXOJUT MYTh OT MOJIOKEHHUSI PABHOBECHS O MAaKCUMAJIbHOTO CMeIIIe-

Hus?

5. Hauanphas ¢asza rapmonnueckoro konebanusi ¢ =0 . [Ipu cMeleHn TOUKU OT MOJI0KEHUS paB-
HOBECHA X1 = 2,4 CM CKOPOCTb TOUKM U, = 3 CM/C, a IIPU CMEILEHHH X2 = 2,8 CM €€ CKOPOCTh U, =

2 cm/c. Haiitn ammuutyy A v niepuont 7 3Toro KoseOaHus.

. . . (T, T
6. YpaBHeHue KoseOaHUN MaTepraabHON TOUKH Maccoil m = 10 r umeer Bux X =5Sin (Et + Zj

cM. Haiitn MakcumanbHyto cuity F_ ., IEWCTBYOIIY O Ha TOYKY, U TIOJIHY0 dHepruto W konebiiro-

IICUCST TOYKH.

. . (T, 7
7. YpaBHeHHe KojeOaHusl MaTepUaIbHOW TOUKU Maccolt m = 16 r umeeT BUI X = 2Sin (Zt +Zj

cMm. [loctpouts rpaduk 3aBUCHMOCTH OT BpeMEHH ¢ (B MpeJiesiax 0JHOTrO MepHoia) KHHETHYECKOM
Wi, noreHunanbHon Wy v oIHOM W 3HEpruu TOYKH.

8. Ilomuast HEprus Tena, COBEPIIAIOIIETO TAPMOHHYECKOE KosiebaTenpbHOoe aABMxkeHue, W =30
MK/DK; MakcuMalbHas Cuila, IeicTByrommas Ha teno, F__ = 1,5 MH. Hanucats ypaBHeHWE JBHKE-

. V4
HUS 3TOTO TeJa, eciiu nepuoj konebanuil 7 =2 ¢ v HadyanpHas daza ¢ = 3"

9. K npyxuHe noaBenieH rpy3 Mmacco m = 10 kr. 3Has1, 4TO MPYKUHA MO/ BIUSHUEM CHUIIBI F =
9,8 H pactsaruBaercs Ha /= 1,5 cM, HaliTu neprof T BEPTUKAIBHBIX KoJIeOaHUH Tpy3a.

10. Touka ydyacTByeT B JBYX B3aMMHO MEPIEHIUKYISIPHLIX KonebaHumsax X=2SiNwtm wu
y = 2C0S wt M. HaliTh TpaeKTOpHIO Pe3yIbTUPYIOMIETO ABUKEHHS TOUKH.

Pa3znen 2. OCHOBBI MOJIEKYJISIPHO-KUHETUYECKOW TEOPUU U TEPMOJIMHAMMKA
IIpakTH4yeckoe 3anATHE S.

Tema 3anamus. OCHOBbI MOJIEKYJISIPHO-KMHEeTHYeCcKOH Teopuu. CtaTucTHyeckas pu-
3UKa

Ilens 3anamusa. VI3yunuTh OCHOBHBIE TIOHATHUS U 3aKOHBI MOJIEKYJIIPHO-KMHETUYECKOU Teo-
pHH.

Teopemuqecmm yacmos.

[IpencraBiaeHue o TOM, 4TO BCE Tejla MOCTPOCHBI U3 MEJIbYANIIUX YaCTHUI[ — aTOMOB, BO3-
HUKJIO €11I€ B IPEBHOCTHU M OBLIO BhICKa3aHO TpeueckuM unocopom Jlemokpurom (V B. 10 H. 3.).
OpnHako, B JIbHEHTIIEM 3TH TIPEJCTABIICHUS OBUTH 3a0BITHI U JIUIIIH BO BTOPOii mooBuHe X VII B.
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ObLIM pa3pabOTaHbI B KAUYECTBE HAYYHOH TEOPHUH, MOTyUHBILIEH HA3BAHUE KAACCUYECKOI MOIEKY-
JIAPHO-KUHEMU4ecKoll meopuu.

Ona ocHOBaHa Ha CJICAYIOIIUX ITOJIOKCHUAX.

1. Bce BEHICCTBA COCTOAT M3 OYCHb MAJICHBKUX YACTHIL — MOJEKVI.

Kamnoe BCIICCTBO COCTOUT M3 OJWHAKOBBIX MOJICKYIJIL. CKOIIBKO BCIICCTB B IIpUpPOAC,
CTOJIBKO 1 BUI0OB MOJICKYII.

MoaEKYIbl COCTOST U3 €IIe 0oJiee MEJIKUX HaCTHIl — amomoe.

Yucno aTOMOB paBHO YHCITY XUMHUUECKHX 3JIEMEHTOB U UX U30TOMO0B (109 XuM. 351eMeHTOoB
u 6osee 1500 U30TOMIOB U3BECTHO B HAIIIE BPEMSI).

Morexymbl — pa3iIuyHble KOMOMHALMU U3 aTOMOB (MOJEKYJISIPHO-KMHETHUYECKAsT TEOpHUs
HE pacCMaTPUBAET CTPOECHHUE aTOMA).

2. Mexay MoJIeKyJIaMH Tejda OJHOBPEMEHHO JIEHCTBYIOT CHJIBI B3AUMHOIO OPUTSDKEHUS
(cuienaeHus ) ¥ CUJIbl B3aMMHOTO OTTAJIKUBAHUS, IPUYEM CUJIbI OTTAJIKUBAHUSI C YBEJIIMYCHUEM pac-
CTOSIHUA YOBIBAIOT ObICTpEE, YeM CHIIBI clieruieHus. [loaToMy Ha ornpeieIeHHOM pacCTOSIHUU APYT
OT JpyTa MOJIEKYJIbl MOT'YT HAXOJUTHCA B YCTOMUNBOM paBHOBecUH. COIJIaCHO COBPEMEHHBIM HC-
CJIEIOBaHUSM, MOJIO0XKEHHE YCTOMYMBOTO PaBHOBECUSI COOTBETCTBYET MUHUMYMY UX HOMEHUU-
QbHOU IHEPZUU.

3. MoaeKyJIbL, 06D33VIOH_[I/IG TCJ10, HAXOAATCA B COCTOAHHUU HETIPEPHBIBHOT'O 6€CHOD$IILO‘I-
HOI'O ABMXXCHMA.

CKOpOCTB JABHXKCHHA MOJICKYJ BO3pACTACT C YBCIIMUCHUECM TCMIICPATYPhI, IIOOTOMY JIBU-
JKEHUE HA3BbIBAETCS IMENI08bIM O8UNCEHUEM.

ITo mepe yBenn4eHUss THTEHCUBHOCTH TEIUIOBOIO JBUKEHUS, CPEIHEE PACCTOSTHUE MEXKIY
MOJIEKYJIAaMH BO3pacCTaeT, CJIEN0BATENIBHO, TEJI0 MNEPEXOAUT U3 TBEPAOrO COCTOSHHUSA B JKUJIKOE.
[Ipyn nmanpHelmeM HarpeBe PAacCTOSHHUE MEXAY MOJIEKYJaMU YBEJIIMYMBAETCS HACTOJIBKO, YTO
CHJIBI CLETICHHSI NCYE3al0T, CJIEA0BATENIbHO, TEIO0 IEPEXOAUT B ra3000pa3HOE COCTOSIHUE.

Hoeanvnwuii caz. E2o napamempuoi

HoeanvHbim 2a30m Ha3bIBACTCA T'a3, MEX]y YaCTUI[AMHU KOTOPOT'O OTCYTCTBYIOT CHJIBI
B3aMMHOTO NpuTsHKeHus. [Ipu coyaapeHusax Mexay coboil, YacTuIlbl Ta3a BeAyT ce0sl Kak ynpy-
TU€ [apHUKU KpaiiHe MaJloro pa3smepa.

CymecTByromue B JEMCTBUTEILHOCTH I'a3bl IIPU HE CIIMIIKOM HU3KHUX TEMIIEpaTypax u
J0CTAaTOYHO MAJIBIX JABJICHUAX HA3BIBAIOTCA Pa3psA>KCHHBIMU ra3saM U 110 CBOUM CBOMCTBaM
OJIM3KH K UICATbHOMY Tazy.

KoJsmyecTBO BemecTBa (YUCI0 MoJIei)

N m

rae N — uucno monekyn, Na — moctosiHHas ABoraapo, M — macca Bemectsa, M — MossipHast
macca.

Ypasuenne Kinaneiipona-MeH/esneeBa pV =VRT,
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rae p — naBieHue raza, V —ero o0beM, R — yHuBepcanbHas ra3oBas MOCTOSHHAS, T — Tep-
MOJMHAMHUYECKast TEMIIepaTypa.

YpaBHeHne MOJIEKYJISIPHO-KHUHETHYeCKOM

2 1 2
TEOPHUH ra3oB p =§n<6‘mm> = éml’]0 <UKB> ,
rae N — KOHUEHTpauus MOHeKyH,<€HOCT> — cpeAHsisi KUHETUYEeCKas SHEpPIrusi MOCTyNaTeIbHOTO

JIBUYKEHHSI MOJIEKYJIbI, Mo — Macca MOJIEKYJIbI <UKB> — CpeIHss KBagpaTUyHasi CKOPOCTb.

[
Cpennsisi 3Heprus MoJIeKyJibl <8> =—kT,

rje | — 4ucio cTerneneit cBoOOAbI MOJIEKYJIbI, K — mocTosiHHas bosbiMana.

BHyTpeHHss 3Heprusi HaeajabHOI0 ra3a

U = L\RT.
2

Cucrema u3 N MaTepHaIbHBIX TOYCK, MEXKy KOTOPBIMU HET JKECTKHUX CBs3el, umeeT 3N
cTerneHer cBOOOIbI.

Mornexymbl ra3oB, cocrosiue u3 ogHoro aroma (Ar, Xe, He) obnanator Tpems cTeneHsIMu
cBOOOBI 1=3; MOJIEKYJIBI Ta30B, cocTosIHE U3 NByX aromoB (02, H2, N2) o6nanaroT msTeio cre-
MIEHSIMU CBOOOJIBI i=5; MOJICKYJIBI Ta30B, COCTOSIIHE U3 Tpex U Oonee atomoB (CO2, CH4) o6na-
JAIOT IIECTHIO0 CTETICHSIMHU CBOOO/IBI i=0.

CKOpOCTb MOJIEKYJI:

cpednsa keadpamuunas (0, ) =+3KT /m, =[3RT/M;

cpednss apudmemuueckas ()= JBKT I(zm,) = J8RT /(zM).

HauGonee eeposmuas Uy =2KT /My =+/2RT /M.
Cpenusisi [uMHA CBOGOTHOTO MPOGEra MOTEKYIbi (2)= (ﬁnd 2n)_l,

riae d — 3 heKTHUBHBIN AUAMETP MOJIEKYJIBL.

CpenHee 4uCJI0 CTOJTKHOBEHH I MOJIEKYJIbI B eIMHUILY BpeMeHH <Z> = \/Eﬂd n <U>
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Pacnpenesienne Mos1eKyJ1 B MOTEHUUAJBHOM I10JI€ CHJI n= n0 exp(——),

KT

rac 17— NOTCHIMAJIbHAsA SHCPIrUust MOJICKYJIbI.

)
Bapomerpuyeckas popmysia P=pP,exp|— T )
YpaBHenne nudppy3un

dp
dm=-D——dSdt,

dx

rae D — kosddurment nuddysuu, p — mWIoTHOCTh, dS — seMeHTapHas IUTONIAAKa, IePICHIUKY-
nspras ocu OX.

dT
YpaBHeHue TeNJI0NPOBOJHOCTH dQ=—-= d_ dSdt,
X
I/I€ & — TEIUIONPOBOIHOCTb.
do
Cuniia BHyTpeHHero TpeHus dF = —ﬂd— ds,
X
I/i€ / — AMHaMUYecKas BA3KOCTb.
1
Koyppuumnent nuddysun D= §<U><ﬂ.>
BsskocTh (IMHAMUYECKAS)
1
n=3p{0)4)=Dp.
1
Tens10NpoBoOAHOCTE &= —Cvp<0><ﬂ.> =1C,

rae Cv — yaeabHas U30X0pHAas TCIIOCMKOCTh.

IIpumeps! pelieHus 3aga4

3anauya 1. B 6amione BMectumocthio V = 6,9 1 HaxoauTes a3ot maccoil m = 2,3 r. [Ipu HarpeBa-
HUH 4aCTh MOJIEKYJ IUCCOLIMUPOBAIIN HA aTOMbI. CTeNeHb Iuccounannu (OTHOIIEHUE YHUCIIa MO-
JIEKYJ1, pacIaBIIMXCS Ha aTOMBI, K 001meMy uucity mojekyn raza) o=0,2. Onpenenuts: 1) obmiee
yucao N1 MOJIeKysl M KOHLIEHTPAIMIO N1 MOJEKYJ a30Ta J0 HarpeBaHus; 2) KOHUEHTpauuu N2

MOJICKYJI ¥ N3 aTOMOB a30Ta IIOCJIC HarpeBaHUsI.
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Hano:

V=6,91=6,9-103Mm3 ITo onpeenen o, KOHIEHTPAINs YaCTHI] I'a3a eCTh
m=2,3r=2,3-10 3kr OTHOIIICHHE YKCIIa Ta3a K 3aHUMaeMOMY Ta30M 00bEMY:
N
o=0,2 n=—
V
Ni=? m="?

1. Mucmo MOJICKYJI N1 raza J10 Harp€BaHHsA Haﬁl[eM N3 COOTHOIICHHA

=7 ns=? lev-NA:%-NA,

rae V — koiauuecTBo BemecTBa; Na — mocrosiHHas ABoraapo; M — MounsipHast Macca (y a3oTa
M = 28 1073 kr/mon).

[ToacraBisis YnCIeHHBIE 3HA4YCHHA, ITOJTYIUM

- 2,3.10°
' 10°.28
N, 4,94.10%

nlz—_—_gM'3=7,16-1025i3.
V 6,910 M

.6,02-10% =4,94-10% MOIIEKYJI, a

2. KoHieHTpauu MOJEKYJI MOCIe HarpeBaHUsI HalIeM U3 COOTHOIICHUS

N, Nl(l_a)
VTV

Trac N2 — gucio MOJICKYJI, HC pacClIaBIINXCsA HAa aTOMBI. HO,Z[CTaBI/IM YHUCJIOBBIC 3HAYCHHUA:

| 4,94-10%(1-0,2)

n, — M2=573-10°m2,
6,9-10

Tak kak kaxaas MOJIEKYJIa ITOCJIE paciaja JaeT J1Ba aTOMa, TO KOHLEHTpalus aTOMOB 10CIIE
HarpeBaHus a3ora Oy/eT paBHa

2N, -«
nng

2-4,94-10%.0,2
~6,9.10°

M2 =2.86-10"m>,

CrnenmoBartenabHO, n,
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3amaua 2. B 3akpeitoM cocyne npu temmeparype 300 K u gaBnenuun 0,1 MIla naxomsitca 10 ©
Bozopoza u 16 r renust. Caurasi ra3sl UCadIbHBIMU, ONPEACIIUTD YASTbHBIN 00bEM CMECH.

Pewenue.
CornacHo 3akony JlaneroHa, 1aBJIeHNE p CMECH I'a30B PABHO CyMME NMapIIUAIbHBIX JTABICHUI:
p=p,+p, (1)
N3 ypaBuenus Knaneiipona — MeHaeneeBa nmeeM:
m m
pV=—RT u pV=—2RT.
M 1 M 2
Haiing orcrona p1 u p2 u nonctasus B (1), momyuum:
m m
pV = (—1 + —ZJ RT.
M 1 M 2
VYnenbHbI 00BEM CMECH:

mp
Mp

(my+ma)p

my .
_(M1+ )'RT

Brruncnss, nomydaem = 8,63 M/Kr.

3amaua 3.

OmnpesennTh, BO CKOJIBKO pa3 oTIHYaroTcss koddduuumentsl audoysun azora (Mi = 28-1073
KI/MOJIb) U YIIEKUCIIOTOo Ta3a (M2 = 44- 1073 kr/Monb), eciti 06a Ta3a HaXOAATCS MPH OJMHAKOBBIX
TeMIeparype u aapieHun. DPpPeKTUBHBIC TUaMETPHI MOJIEKYJ ITHX ra30B CYUTATh OJMHAKOBBIMH.

Pewenue.

Kosdpounuent nudpdysun raza:

D==()X), (1)

1
3

8RT 1
rae () =,[—— — cpeaHsis apudMeTHIECKasi CKOPOCTb ero Monekyr; (I) = — — CpemHss
M \/Ed n

JUTMHA cBOOOAHOTO mMpobera Monekyi. [lockonbky p = nkT , u3 ycinoBus 3anauu (71 = T2, p1= p2)

cnenyer, uto n1 = n2. Hoxcrasus 3navenns (v),(l) B Gpopmyny (1) u yunTeBas ycnoBue 3a1aum,
HaligeM

Dl MZ

D, M,

1
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Brruucnss, nonydaem Hl =1,25.
2

Bonpocul u 3a0anus.
1. TepmoanHamMuueckuii MeToa uccienoBanus. TemnepaTypHsble mKaibl. Meanbuslii ras.
. 'a30BBIE 3aKOHEI.
. YpaBHEHHE COCTOSIHUSA UJICATBHOTO Ta3a.
. OcaoBnoe ypaBuenue M.K.T.

. 3akoH MakcBemna o pacrpeaciiCHuu MOJICKYJ HACAJILHOT'O Ira3a 110 CKOPOCTAM.

. Anuna cBoOoiHOTO Ipobera Mouiekys1. OnbIThl, noareepxkaaronme MKT.

2
3
4
5
6. bapomerpuueckas gopmyna. Pacnpenenenue bonbiimana.
7
8. SIBneHus nepeHoca.

9

. BHyTpenHss sneprusi.

10. 3akon bonbiiMana 0 paBHOMEPHOM paclpeIeICHHH MOJIEKYI.
3agaum 11 CaMOCTOSITEILHOTO pelleHust

1. CxoybKO MOJIEKYJ Ta3a COACPXKUTCA B OayIOHE BMECTUMOCTBIO V=3() 1 mpu Temmeparype
7=300 K v naBnenwnu p = 5 Mlla?

2. B cocyne HaXoAuTCs CMECh KHCIIOpo/aa U Bojoponaa. Macca m cMmecu paBHa 3,6 r. MaccoBas
JoJ1s w1 Kucnopoaa cocrasisieT 0,6. OnpenenuTsb KOJIMYECTBA BEIIECTBA V CMECH, a TAKXKE V1 U V2
Ka)XJIOr'o raza B OTHEJIHLHOCTH.

3. B 6amione BMecTHMOCTBIO V = 3 JT HAXOAUTCS KUCIOPO Maccoid M = 4 kr. OnpeaenuTs KOIH-
YECTBO BEIIECTBA V I'a3a M KOHIIEHTPAIHIO N €T0 MOJIEKYJI.

4. OmnpenenuTh KOIWYECTBO BenlecTBa v 1 yucio N Mosiekys raza, coaepikaiierocsi B kojade BMe-
ctumocThio V=240 cm® ipu Temneparype 7=290 K u napnennn p=>50 xI1a.

5. OnpenenuTs cpefHee 3HaYeHUE < € > MOJHOM KHHETUYECKON YHEPTUU OJHOM MOJEKYJIBI Clle-
JYIOIINX Ta30B: TeIHs, KUCIOPOia M BOASHOTO napa npu temrneparype T = 400 K.

6. Onpenenuts unciao N MONEKyN pTyTH, CoJepsKaluxcs B Bo3ayxe o6bemoMm V=1 M> B nomerie-
HUU, 3apaXKEHHOM PTYThIO, TpHU Temnepatype t=20°C, ecnu gaBlieHHe P HACBIILIEHHOTO TTapa pTYTH
npu 3Toi Temmneparype pasno 0,13 Ila.

7. JlaBnenue p rasa passo 1 mIla, koHneHTpanus N ero Monekyn pasra 101°cm?.  Onpenenmnts:

1) Temnepatypy T rasa;2) cpenHIOI KHHETHUECKYIO SHEPTHUIO < &n> MOCTYIATEIbHOTO ABMKE-
HUS MOJIEKYJI Ta3a.

8. B xonbe BmecTumMocThio V=240 cm® Haxomutcs ras npu Temmeparype 7=290 K u nasnenuu
p=50 kIla. OnpenenuTh KOJIMUECTBO BeIIeCTBa v raza u uncio N ero Moseky.
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9. OmnpenenuTh KHHETHYECKYIO SHEPTHIO, MPUXOAIIYIOCS B CPETHEM HA OJIHY CTETNEHb CBOOOIbI
MOJIEKYJIBI a30Ta, npu Temneparype 7=1 kK, a Takxe CpeHIOI0 KHHETHYECKYIO SHEPruto < &n >
MOCTYTATEIBHOIO JBUKEHHUS, < €5 > BPALATEIbHOTO IBM)KEHUS U CPEIHEE 3HAUEHUE NTOJIHOM KH-
HETHUYECKON PHEPTHH < & > MOJICKYJIbI.

10. Cmechb renus u aprona Haxoautes rnpu Temneparype 7=1,2 kK. OnpenenuTs CpeIHIO KBajI-
PATUYHYIO CKOPOCTH < Dks > U CPEIIHIOI KMHETHUYECKYIO YHEPTHIO aTOMOB T'€JIUsI U aproHa.

11. Cpennsist ;yinHa cBOOOAHOTO Tpodera (|) aTrOMOB TeNusi P HOPMAJIBHBIX YCIOBUSX pPaBHA
180 am. Onpenenuts auddy3uto D remms.

12. Tuddysus D xucnopona npu temmneparype ¢ = 0 °C pasna 0,19 cm?/c. OnpenenuTs CpeaHIo0
JUTMHY cBOOOIHOTO mpobera (|) MOJIEKy KHCIOpoa.

13. Boruncnuts nuddysuto D azota: 1) npu HopMaibHbIX yCIoBUsX; 2) npu nasieHuu p = 100 I1a
u temneparype 7= 300 K.

14. Omnpenenuth, BO CKOJIBKO pa3 ominyaercs auddysus D1 razoodpasHoro Bogopoaa ot auddy-
3un D2 ra3000pa3HOro KMCIopoaa, eciii 00a raza HaxoAATCsl IPH OJUHAKOBBIX YCIOBHSIX.

15. Onpenenuts 3aBucuMocTs 1uddysuu D oT temmneparypsl 7 pu ciaeayouux npoueccax: 1)
n300apHOM; 2) H30XOPHOM.

16. Onpenenuth 3aBUCUMOCTh AU dy3un D oT JaBiieHus p MpU ClAeayonmX npoueccax: 1) uzo-
TEPMHUYECKOM; 2) U30XOPHOM.

17. Beruncnurth JAHAMHUYCCKYIO BA3KOCTh T] KHCJIOPOAA IIPU HOPMAJIbHBIX YCIOBUAX.

18. HaiiTu cpenHioro JyMHy cBOOOIHOTO Mpodera (|) MOJIeKyIT a30Ta P yCIOBUH, YTO €ro JHHA-

Muyeckas Bi3kocth M = 17 mklla-c.

19. HaiiTn quHaMHUYeCKyto BA3KOCTb 1| TelMs IPU HOPMAJBHBIX YCIOBHSIX, ecinu tuddysus D

TIpH TeX ke ycaoBusx pasna 1,06- 10~ m%/c.

20. OmnpenenuTb 3aBUCUMOCTh JUHAMHUYECKOHN BA3KOCTH 1] OT TeMIeparypsl 7 MpH CleTyOMNX

nporeccax: 1) uzobapaom; 2) n3oxopHoM. M300pa3uTh 3T 3aBUCUMOCTH Ha Tpadukax.

IIpakTHyeckoe 3ansitue 6.

Tema 3anamusn. OCHOBBI TEPMOAUHAMHUKH.
Lenwb 3anamun. I3yuutb OCHOBHBIE MOHATHS U 3aKOHBI TEPMOAMHAMUKH.
Teopemuueckas uacme.

TepMoaMHAMHUKA B OTJIMYHE OT MOJICKY/ISIPHO-KHHETHUESCKOI TeOpHUH HE BIAETCS B pac-
CMOTPEHHE MUKPOCKOTIMYECKOM KapTHUHBI ABJICHUI (OMEpUpyeT ¢ Makponapamerpamu). Tepmo-
JMHAMHKA PACCMATPUBACT SIBIICHHS, OMMPAsCh Ha OCHOBHbBIC 3aKOHBI (Hayasa), KOTOPbIC SBJIs-
10TC 00001IEHNEM OIPOMHOI0 KOJINYECTBA ONBITHLIX JAHHBIX.
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BHyTpeHHss 3Heprust — sHeprust GU3NYECKO CUCTEMBI, 3aBUCSIIAs OT €€ BHYTPEHHETO
COCTOSIHUSI. BHYTpeHHSS1 3HEprusi BKIIOYAET SHEPTUI0 XaOTUYECKOTO (TEMJIOBOTO) IBHKEHUS
BCEX MUKPOUYACTHUI] CUCTEMBI (MOJIEKYJI, aTOMOB, HIOHOB U T.J.) U SHEPTUIO B3aUMOJICHCTBUS 3TUX
yactull. Kunetnueckas sHeprus IBH)KEHUSI CUCTEMBI KaK 1eJIOro U e€ MOTeHIUaIbHas SHePTUs
BO BHEITHUX CHJIOBBIX MOJISIX BO BHYTPEHHIOIO SHEPTHIO HE BXOAUT. B TepMoanHaMuKe U e€ mpu-
JIO’KEHUSIX TIPE/ICTABIIIET MHTEPEC HE cCaMO 3HAUYECHUE BHYTPEHHEH SHEPIUH, a €€ M3MEHEHUE Npu
M3MEHEHUHU COCTOSIHUS CUCTeMbl. BHYTpeHHSsI SHEprusi — QyHKINSA COCTOSHUS CUCTEMBI.

Pabota TepMOHHHaMHHCCKOﬁ CHCTCMBI HaJl BHCIITHUMU TCJIaMH 3aKJIIO4YaCTCsa B U3MCHC-
HUW COCTOAHUA I3THUX TCJI U OINPCACIIACTCA KOJIUYCCTBOM SHEPIUH, HCpCHaBaeMOﬁ CHCTEMOM
BHCIIHUM TECJIaM IIPpHU U3SMCHCHUHA o0beMa.

o YPaBHeHI/Ie COCTOAHHA UACAJIBHOI'O I'a3a.

ov =""RT
7

rne p - napnenue: V — o0bem; T - abcortoTHas TeMIepaTypa; M — Macca; 4 - MOJISIpHasi Macca,
R = 8,314 JI/(K-Moib) — yHUBEpcaabHas ra30Bast MOCTOSHHASL.

e VYpaBHEHHUE COCTOSHUS BaH-/I€P-BaaJIbCOBCKOIO rasa (st OJJHOTO MOJIA):
p +\%Xv ~b)=RT,

rae V - o0beM, 3aHUMaeMbIid MOJIEM Ta3a Mpu JaHHbIX p U7, a u b - mocrosiuHbie Ban-nep-Ba-
ajbca U JaHHOTO rasa.

e 3akoH [lanbTOHa: dagieHue cmecu UOedlbHbIX 2A308 PABHO CyMMe NAPYUATbHLIX OasieHuti(ap-
LMaJIbHOE JIABJICHUE - 3TO JIaBJIEHUE, KOTOPOE OKa3bIBaJl Obl HA CTEHKH COCYJa OJIMH a3 CMECH
B OTCYTCTBHUE OCTAIbHBIX).

e 3aBHUCHMOCTbH JaBJICHHUS T'a3a OT BBICOTHI B TIOJIC CHIIBI TSHKECTH B M30TEPMHUYUECKOM MPUOIIMIKE-
HUH JTaeTCsl 0apOMETPHUIECKOM (hOPMYIIOH:

p=p e—,ugh/RT
O )

r7Ie po - naBienue Ha Bicote h = 0, g =9,8 M/c? - yCKOpeHHe CBOOOTHOTO M ICHHS.

e [lepBoe Ha4aIO TEPMOIMHAMUKH:

Q=AU + A,

rae Q - KoaudecTBo Teria, cooOIeHHoe cucTeMe; A - padoTta, coBepiraemas cucremoit; AU -
NIpUpPAICHUE BHYTPEHHEH YHEPTUHM CUCTEMBI.

e Pabora, coBepIiaemas ra3oMm:
V,
Vl
e TemmoeMKOCTh CHCTEMBI:
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c-X
dT

YpaBHenve Maitepa:

C,-C, =R
Trac Cp, Cv - MOJIAPHBIC TCIUIOCMKOCTU IIPU HOCTOSAHHBIX HNABJICHUW U 00BeEME COOTBET-
CTBCHHO.

MOJ'ISIpHI)Ie TCIUIOCMKOCTHU I'a3a ITPH ITOCTOSIHHOM 00BbeMe U TIOCTOSIHHOM JaBJICHHUHU OIIPEACTIAOTCA
COOTHOIICHUSAMM:

i i+ 2 C, i+2
C,=-R, C,=—°R, y=2=—"°%
2 2 C, i
e | - uncio creneHeil cBOGOIBI MOIEKYJIbI Ia3a.
BHyTpeHHss sHEprus ueanbHOIo rasa:
m m RT \
U :—CVT :—-—:p—
H uoy-1 r-1
MossipHas TEIIOEMKOCTb UI€aIbHOI0 Ta3a IIPU MOJUTPOIHUYECKOM IIPOLIECCE:
__ -7
(n-D(r -1
BryTtpennss sneprust Mo raza Ban - nep - Baansca:
C
U=C,T-=
\Y

K. 0. a. TerioBoi MaIllMHLI:
n=A/Q1=1-Q2Qx,
rae Q1 - Teruto, moirygaeMoe padbounm tesioM; Q2 - oT1aBaeMoe TeruIo.

K., nukia Kapsno:

_T1—T2
n=——,
T1
rae Ti, T2- TemnepaTypbl HarpeBaTens U XOJ0IUIbHUKA.

HepasenctBo Knaysuyca:

N
j?fsa

rae 6Q - 3reMeHTapHOe TETUIo, OyYeHHOE CHCTEMOH.

[Tpuparienye SHTPONUHN CUCTEMBI:

AS:§§2

OcHOBHOE ypaBHEHHE TEPMOJMHAMUKH [ OOpaTUMBIX IIPOLIECCOB:
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TdS =dU + pdVv
e  (CB0o0Oo/HAs SHEPTUsL:
F=U-TS, Ar=-AF
e  (CBs3b MEXIy SHTPONUEH U CTATUCTHYECKUM BECOM (2 (TEpMOJMHAMHUUYECKON BEPOSTHOCTHIO):
S=knQ,

rac K - mocTostHHAs Bbonpumana.

IIpumepsl pemrenus 3agaq

33}13‘13 1. OHpe,[[CJII/ITL YACJIBbHYIO TCIIJIIOCMKOCTD CV CMCCH a30Ta U BOAOpOJa, €CJIN KOJIHNYC-

CTBO BCIICCTBA I'a30B B CMECHU OJMHAKOBBLI U PABHBI V.

Pemenue:

VY IeNbHYI0 TEMIOEMKOCTE CMECH IIPU NOCTOSHHOM 00BEME C,, HAMIEM U3 CIIEMYIOIUX CO00pa-

JKEHUIL:

1) TerioTy, HEOOXOAMMYIO JUIsl HArPEBAHUS CMECH ra3oB Ha AT MOKHO

paccuuTaTh 1O hopmyie:
Q zcv(ml+m2)-AT (1)
2) Ty e TeIJIOTy MOYKHO HalTH U IPYTHUM CIIOCOOOM:
Q = (cvlml +cV2m2)-AT, (2
rie €\, M C\, — YACHbHBIC TCIIOGMKOCTH OT/ETBHBIX Ia30B.
[Tpupasuusas (1) u (2), monyuum

cy (m, + mz) AT = (cvlml +cy,m, ) -AT, otkyna

_oym ey m,

Cy = ©)
m +m,
I R i .
Tak kak ¢, = ———, rJe | —4uCiIo cTeneHel cBOOObI MOJIEKYJIbL.
2M
[TockobKy MOJIEKYJIBI a30Ta M BOJIOPOJIa — AByXaToMHbIe, TO | = 5. TTosaTomy
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R

M,
R
M,
[ToncraBinsiss 3Tu BeipaxeHus B (3), HOTy4YUM

5S4 m m

Rl 14" | 5 5

2 (Ml Mz)_ZR(VHVz)_ZR'ZV_ 5Ry "
m, +m, m, +m, m+m, m+m,

CV:

m
KonuuecTBo BeliecTsa VZM, um=v-M,m=v-M,.

B pesynbTate dhopmyna (4) npuMeT BUI

B SRy ~ 5R
vM+vM, M +M,

Cy

HO}ICT&BJ’IH €M YHUCJIOBBIC 3HAUCHU .

¢, = 5_'38’31 1385 AL
28-107°+2-10 kr-K

3amaya 2. OnpeaenuTs KOJIUYECTBO TEIUIOTHI, TOTJIONaeMON BogopoaoM M = (0,2 Kr Tpu Harpe-
BaHuu ero ot Temnepatypsl t1= 0°C go temnepatypsl t2= 100°C npu mnoCTOSHHOM JaBJICHUU.
Haiitu Taxxe n3mMeHeHrne BHYTPEHHEH YHEPTUH Ta3a U COBEPIIAEMYIO UM padoTy.

JHano:
m = 0,2 xr KommgectBo TernoTsl Q, moriiomaemMoe ra3om mpu
t1=0°C; T1=273K M300apHOM HArpeBaHWH, OTpeenseTcs mo Gopmyre
m
t2=100°C; T2=373 K sz-Cp-AT 1)
Q=? AU=? rne Cp — MOJISIpHAsl TETJIOEMKOCTD Ta3a MPU TOCTOSSHHOM A = ?
JTABJICHUH.
I+2
Tak kak Cp = T R, To (1) npumer Bux
I+2 m
Q=—Z2."R-AT
2 M
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[ToCKONBKY BOJOPOJ — JABYXaTOMHBII Ta3 (M = 2-1073 Kr/MoIIB), M 4MCIIO CTENeHeH CBOOOIBI
€ro MOJIEKyJI | = 5, To

A
5+2 0,2 o mone K _
Q= 5 -2.1073-8,31-100=291-10 o =]k =291 k]JIx.
MOJIb
im
BryTpennss sneprus U = M RT , cnenoBarensho
AU = m RAT , torma
2 M
5 02 Kriﬂm K
= 500 81100= 208-10° | —MOIE- K=k | =208 xlx.

MOJIb

PaboTty pacmmpenust ra3a HaiiieM U3 BIpKEHUS JIJIs1 IEPBOTO Havasia TEPMOIUHAMHUKH:

Q=AU + A, orkyzna
A=0Q—-AU =231-208 =83 kI x.

3anaua 3. B nunuHape noa mopirHeM HaXxouTes Bogopoa Maccoi m = 0,02 kr npu TemiiepaType
T1=300K. Bomopon Hauan aquabaTHO pacIIUPSTHCS, YBEIHMUUB CBOM 00BEM B 5 pas, a 3aTeM ObLI
CKaT U30TEPMHUYECKH, YMEHBIIINB CBOM 00heM B 5 pa3. Haiitu Temneparypy 72 B KoHIE agnadat-
HOTO pacIIUpeHus U paboTy 4, COBEPIIEHHYIO T'a30M.
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Hano:

m = 0,02 xr W3 ypaBuenus Ilyaccona juist aquaGaTHOTO Mpolecca uMeeM T1= 300K

T (vY™ i+2
2 | 1 1) , 20e Y =—— — nokazamenv aduabamul.

T Vv, [
V2=5V1 a V1=V31no ycnosuto
To=? 4= Tak kaK BOAOPOJ ABYXaTOMHBIHN ra3, To i =5u y =1,4.

vV r-1 1 1,4-1
s (1) T2:11~(vlj =3oo-(gj K =158K.

2

Pabora A1ra3a npu aquabaTHOM pacHIMPEHUH OMpeesieTcs Mo Gopmyie
m [
A :MCV -(Tl —TZ), rae C,, :ER .

CJ'I@)IOBaTCJ'II)HO

5 0,02
A:——RT—T ==,
L 2Mm ( 2) 2 2.10°

PaboTta A2 ra3za nmpu N30TEPMHUYECKOM CKATHH BBIpakaeTcs: (hOpMyIIoit

A =RT, MinY2__g31.158. 202
MV 210

3

(300 ~158) [k = 29,5 Kllyk.

IN5=-21,1x/Ix

3HaK MHHYC O3HA4YacT, UTO IPH CKATHUU pa60Ta ra3a COBCpUIICHA BHCITHUMU CHIIaMMU.

[TonHas pabota

A=A +A = 88 kJlx.

3anaua 4. B munHape noJ NOpUIHEM HaXoauTcs Bogopoa maccoit m = 0,02 Kr mpu Temneparype

=300 K. Bonopon Hayan pacumpsatbes ainadaTHO, yBEIMYUB CBOM 00beM B 5 pas, a 3aTeM ObLT
CKaT U30TEePMUIECKH, YMEHBIITUB CBOW 00beM B 5 pa3. Haiitu Temmneparypy 7> B KOHIlE aanadar-
HOTO paciIupeHus U paboTy 4, COBEpPIIEHHYIO I'a30M.

Pewenue:

CornacHo YpaBHCHHIO HyaCCOHa JJIA aI[I/IaGaTHOI‘O nmponecca

T, (v o
T

i+2 . .
TJe Y — MOoKa3arenb afuadarel, y = T (i =15, T.X. BOIOPOJ ABYXaTOMHBI ra3), T.c.

_5+2

=14.
5
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vV r-1 1 1,4-1
s (1) TZ:Tl-[\le :300~(gj T, =158 K.

2

Pabora A1 rasza npu agnabaTHOM pacIIMPEHUH ONpeaeseTcs o Gopmyie
m [
A =MCV -(Tl—Tz), e C, =§ R, To ecth

i 5 0,02
= (Tl_TZ)z_' 03

-8,31-(300-158) JIk = 29,5-10° Ik = 29, 5k JIx.

PaGora 42 raza npu U30TEpMUUECKOM CIKAaTUU BhIpaskaeTcs (hopmymnoit

m, V 0,02
=-RT, -—In—2=-8,31-158- —
AZ 2 M V 2 0*3

3

In5 = 21132 /o = —21x/oie

3HAK «-» MMOKA3bIBACT, UTO MPHU CXKATHH padoOTa ra3a CoBepIlicHa BHENTHUMH criiaMu. [TomHas pa-
oora

A=A +A =85xTuc

3agaua S. MneanbHslii ra3 cosepuaet uukin Kapno. Temneparypa 71 HarpeBarens pasHa 470 K,
temneparypa 72 oxyagurens pasHa 280 K. IIpu m3orepmMuueckoM pacHIMpEeHUU I'a3 COBEPIIAET
pabotry 4 = 100 JIx. OnpenenuTs TEPMUUESCKUN K.IL.J. 7] IIUKIIA, @ TAKKE KOJIMYECTBO TEIJIOTHI

QZ, KOTOPOC ra3 OTAacT OXJIAAUTCIIIO ITPU U30TCPMUICCKOM CXKATUU.

Pewenue:
P A ) 'I'1 A
v 2

. 3

1 1

1 Q2 1 >
Vv

o Tl — T2
TepMuueckuit K.I1.7. IIUKJIA ONPEACIISICTCS BRIPAXKEHUEM 1) = T

KonnyecTBo TEMI0TH EpEeIaHHOE OXJIAAUTEI0 MPU U30TEPMUIECKOM CIKATUU (3— 4) paBHO pa-

00Te COBEPILIEHHOM HaJl ra30M CTOPOHHUMH CUJIaMU

V,
4y, =-0, =VRT, In\Tl

2
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V
=vRT, In-2
QZ 2 V

1

VYuuteiBasi, 4To paboTa raza npu U30TepPMHUECKOM paciiupenuu (1-2)

v
A=vRT,In2=vR=

HUMEEM:
V 5
Vi T,In-2
Vl
V T
Q,= AV T,In2=A2%
T,In-2 Vi T
V.

3anaya 6. MneansHblil ras, copepuatonuii nukin Kapro, npoussen padory 4 = 600 Ix. Temne-
parypa 71 HarpeBarens paBHa 500 K, 72 xononunsauka — 300 K. Onpenenuts: 1) TepMudeckuii
KIIJ uukna; 2) KOIM4eCTBO TEIJIOThI, OTIAHHOE XOJIOAUIBHUKY 3 OIUH LIHKJL.

Pewenue.

Tepmuueckuit KIT/] nukna Kapuo

Komuectso TCIJIOTHBI, OTAAHHOC XOJIOANIIbHUKY,
Qz = Q1 -A (1)
rac Ql = A/77 — KOJIMYECTBO TCIIJIOTHI, HOHy‘ICHHOﬁ OT HarpeBareciid.

[ToncraBuB 310 BRIpaskenue Q1 B (1), HalimeM

0, - A(l_lj.
n

Boeraucsist, momydaem: 1) n =0,4; 2) 02 =900 Ix.

3amaua 7. Haiitu usmenenune AS 3HTpoONHHM NPU HarpeBaHUM BoJbl Maccord m = 100 r oT Temrie-
parypsl t1 = 0°C mo Temnepatypsl £2 = 100 °C u mocnenyronieM npeBpaiieH:y BObI B Iap MpH TOU
JKe TeMIieparype.

Pewenue:

Onpenenum U3MeHeHHE SHTPOHH AS Kak CyMMY W3MEHEHHsS SHTPONUU AS, TP HarpeBe BOJbI

¥ U3MEHEHHMS SHTPONIUK AS, NPH €€ MPEBPAILECHHUH B Map:

AS = AS, +AS,
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H3BecTHO, UTO

AS =| «Q
T
Iic
[Tpu HarpeBanun dQ =mc-dT , Tae ¢ — yaenbHas TeII0eMKOCTb Bosibl, C = 4200 X’ TOIZa
K2-
T
. T
As, =[5 T meln 2 =0.1.4200-1n 372 130 4%¢
T. 273 K

T 1

IIpu npeBpalieHny BOABI B I1ap TEMIIEpaTypa HE U3MEHAETCA, 3HAYUT

Iac Q — KOJIMYECTBO TCILIOTHI, IEPEAAHHOEC BOAC AJId IIPEBPAIICHHA €€ B I1ap,

Q =r-m,
A€ v — yAacCiabHas TCIJIOTAa HapOO6pa3OBaHI/I$I,
IHC
r=22,5-10° 'ZZ—,
Ke

5
_rm_ 22,510 0,1:603;;9@’ rora

AS,
T 373

As =132 22%€ | go3 ¢ _ 735 4¢
K K K

3amaua 8. Onpenenuth U3MEHEHUE SHTPOUU AS TIPH U30TEPMHUYESCKOM PACIIMPEHUH a30Ta Mac-
coif m = 10 1, ecnu naBieHue ra3a ymeHbmmnaoch ot p1 = 0,1 MIla go p2 = 50 xI1a.

Pewenue.

HN3meHeHne OHTPOIINH, YUUTBIBAA, YTO ITPOLECC HSOTepMquCKHﬁ,

TS PO

CormacHo mnepBoMy Hayaly TEPMOJMHAMHKM, KOJIMYECTBO TEIUIOTHI, IMOIYYEHHOE TIa30oM,
Q= A+AU . Ins uzorepmuyeckoro npouecca AU = 0, mostomy Q = 4. Pabora rasza B u3orep-

MHYECKOM IIponecce

v
A=TRTIn2-Mprint (g

M vV, M P,
[ToncraBus (2) B (1), HalimeM UCKOMOE U3MEHEHUE YHTPOIIUHU:
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AS =len&.
M P,

Beruncnsist, nonyuaem AS = 2,06 JIx/K.

Bonpocut u 3a0anuas.

1. OcHoBHBIE 3aKOHBI TEPMOAMHAMHKH.

2. TlepBoe HayaJI0 TEPMOAUHAMHKH.

3. Pabora, coBepuraemasi ra30M Nnpu U3MEeHEeHNH o0bema. PaboTa raza npu pa3aIMyHbIX Iporec-
cax.

Anunabatuyeckuit mporiecc.

Outponus. HepaBenctso Kiaysuyca.
CrarucTrueckoe UCTOIKOBAHUE SHTPOIIHH.
Bropoe Hauano TepMOAMHAMUKH.
TermoBou aeurareins. Teopema KapHo.
XonoauapHas MalIMHA.

[uxn Kapho.

CoOoo~No G A

1

33Ila‘ll/l AJI CAaMOCTOATEJIbHOIO peIICHUA

1. CMmech ra3oB COCTOUT U3 aproHa 1 a30Ta, B3AThIX [IPU OANHAKOBBIX YCJIOBUAX U B OJMHAKOBBIX
o0bpemax. OnpenenuTsb MoKazareib a1uadaTsl ¥ TaKOW CMECH.

2. Haiitn moka3atenb annadathsl y Ui CMECH Ta30B, cojeprkaliel remii Maccoii Mi1=10 T u Bo-
JI0poA Macco ma=4 r.

3. CMech Ta30B COCTOUT U3 XJIOpa M KPUNTOHA, B3SATHIX MPH OJAMHAKOBBIX YCIOBHUSIX U PaBHBIX
obbemax. OnpeaenuTh yACIbHYIO TEINIOEMKOCTb Cp CMECH.

4. OnpenenuTs yAEIbHYIO TEINIOEMKOCTh Cv CMECH Ta30B, conepikaiiei Vi=5 1 Bogopona u V2=3
7 renus. ['a3pl HAXOAATCS MPU OAMHAKOBBIX YCIOBHSX.

5. KakoBbI yieibHbBIE TETUIOEMKOCTH Cv M Cp CMECH Ta30B, COJIEpIKaIIeH KUCIopoa maccoit mi=10
I 4 a30T Maccoit m=20r ?

6. OnpenenuTh MoKazareiab aauadaThl ¥ YaCTHYHO JHUCCOIMUPOBABIIETO ra3000pa3HOro a3oTa,
CTETeHb IUCCOIMAIMH o KoToporo paBHa 0,4.

7. A3zot maccoit m=5 kr, Harpetbiif Ha A7=150 K, coxpanun HemsmeHHblit o0bem V. Haiitu: 1)
KOJIMYECTBO TEIUIOTHI Q, coobmieHHoe rasy; 2) uamMenenue AU BHyTpeHHEH YHEPTUH; 3) COBEp-
LIEHHYO ra3oM pabdoty A.

8. Bomopox 3arnMaet o0beM V1=10 M nipu aasnenun p1=100 kl1a. I"'a3 Harpenu npu MOCTOTHHOM
o0wveme 1o naenenus p2=100 klla. Onpenenuts: 1) n3menenne AU BHyTpeHHeH sHepruu rasa; 2)
COBEPIICHHYIO ra3oM padoty A4; 3) KoJauuecTBO TermIoThl Q, coo0IIeHHOoe Ta3y.

9. Hanmmenpmmii o0bem V1 rasa, cosepmatomero mukn Kapao, pasen 153 1. Ompenenuthb
HanOonpIUi 00beM V3, ecu 00beM V2 B KOHIIE M30TEPMUUECKOT0 paclIupeHust U o0beM Vi B
KOHIIE M30TEPMHUUECKOI0 CXKAaTHUsI COOTBETCTBEHHO paBHbL: 600 11 1 189 1.
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10. MneanbHebIi Ta3, coBepiiaronuii uki KapHo, moayyuB OT HarpeBarTessh KOJIMYEeCTBO TEIJIOTHI
Q1=4,2 x/Ix, cosepmmn pabory 4=590 Jx. Haiitn tepmumueckuii KIIJ{ 7 storo mukma. Bo
CKOJIBKO pa3 TemnepaTtypa 71 HarpeBatess Oobliie TeMrnepaTypsl 72 oxmaauTens?

11. MneansHslii ra3, copepuaer uuki Kapno. Temnepatypa 71 HarpeBaTens B TpU pa3a BbIIIE
temneparypsl 12 oxmnagurens. HarpeBarens nepenan ra3y konmdectBo TerioTsl Q1=42 k/Ix. Ka-
KyI0 paboTy A coBepiuni raz?

12. VneanpHblii ra3, copepmaromuii mukia Kapro, 2/3 konuyectBa TerioThl Q1, MOIYYEHHOTO OT
HarpeBatels, OTAaeT oxyiaaurento. Temneparypa 72 oxyagurens paBHa 280 K. Onpenenuts Tem-
nepatypy 71 HarpeBares.

13. N neanbHBII MHOTOATOMHBIH ra3 COBEPIIAT UK, COCTOSIIUHN U3 IBYX U30X0pP H IBYX U300ap,
npuyYeM HauOOJbIIIee IaBICHUE Ta3a B [Ba pa3a 0oJbIe HAMMEHBINETO, & HANOOIBIIHIA 00BEM B
4yeThIpe pa3a Oonbiie HanMmenbiero. Onpenenuts Tepmudeckuit KITJ 7 mukoa.

14. VineanpHbIi TBYXaTOMHBIA ra3, COJAEP)KAIIUA KOJIUYECTBO BEIIeCTBa V=1 MOJIb, COBEpIIAET
IIUKJI, COCTOSIIUN U3 IBYX U30X0p U ABYX n300ap. Haumenwuit 06beM Vmin=10 1, HanGonpmmi
Vmax=20 11, HaumeHsb11ee naBaeHue Pmin=246 lla, Hanbonsuree pmin=410 Ila. [Toctpouts rpaduk
uukia. OnpenenuTs TemmepaTtypy 7' raza ajis XapakTepHbIX TOUEK LKA U ero TepMuyeckuit KITJ]

n.

15. Cogepimasi 3aMKHYTBIH TIPOIECC, Ta3 MOJYyYHUJI OT HArpeBaTellss KOJWYeCTBO TeIioThl Q1=4
k/[x. Onpenenuts paboTy 4 ra3a npu NpoTeKaHUU MUK, eciu ero Tepmudeckuit KITJ 77 = 0,1.

16. Kycok npaa maccoit m=200 r, B3sTbIil pu Temmneparype t1= - 10 °C, 6bu1 HarpeT 10 Temrie-
patypsl t2=0°C u pacriasies, mocie 4yero oOpa3oBasiiasics Bojia Oblia HarpeTa 10 TeMIIepaTyphl
t3=10°C. Onpenenutb n3MeHeHHe AS SHTPONHUHU B X0JI€ YKa3aHHBIX IPOLIECCOB.

17. Haiitn n3menenne AS >HTponuu npu M300apuuecKOM pPacUIMPEHHH a30Ta Macco M=4 r oT
obonema V1=5 1 10 oonema V=9 1.

18. Kuciopoa Mmaccoit M=2 Kr yBeJIUYHII CBOM 00beM B N=5 pa3 oJ1H pa3 U30TEPMUIECKH, IPYTOi
— anuabaTtnyecku. HaliTi U3MeHeHHsI SHTPOMUU B KaXKIOM M3 YKa3aHHBIX MPOIIECCOB.

Pa3znea 3. diekTpuuecTBo

IIpakTH4yeckoe 3ansTue 7.

Tema 3anamun. IAEKTPOCTATUKA
Lenv 3anamusa. VI3y4nTh OCHOBHBIE 3aKOHBI 3JICKTPOCTATHKHU.

3Hanua u ymenus, npuoopemaemvle CHyOeHmoM 6 pe3yibmame 0C80CHUs memul, op-
Mupyemvie KOmnemenyuu. JNEKTPUUECKUE CBOMCTBA TEJl. 3aKOH COXPaHEHUs AIEKTPUUYECKOTO 3a-
psana. 3akoH Kynona. Dnekrpuueckoe nose. [loTok BekTopa HampsbkeHHOCTU. Teopema Octpo-
rpaackoro — I'aycca. Beruucnenue HanpspKEHHOCTEW IMOJIEH 3apsKEHHBIX Tell PAa3iIM4HON Ieo-
MeTpun. PaboTa cui 35eKTprUUecKoro mojs Mpu nepeMelieHuu 3apanoB. Llupkynsamus BexkTopa

HAIIPsS’KCHHOCTH. IToreHnnuan moass TOYEYHOTO 3apsaa. PazHocTh moTeHIIMANOB. HpOBOI[HI/IKI/I B
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AIIEKTPUYECKOM I0JIe. DIEKTPUUECKOE M0JI€ BHYTPU 3apsHKEHHOIro MpoBoAHMKA. Pacnipenenenue
3aps70B B MPOBOJHUKAX. DJIEKTPOEMKOCTh MPOBOAHUKOB. KoHIEHCATOpBI. DHEPrus 3JeKTpocTa-
TUYECKOro moiisi. BrnageeT cnocoOHOCTRIO MPUMEHSATh COOTBETCTBYIOIIUN (PU3MKO-MaTeMaTuye-

CKHUH amnmapar Mpu pereHu  npo(ecCHOHAIBHBIX 3a/1a4.

AKmytlJleO(fmb membl. OCHOBHBIC 3aKOHBI QJICKTPOCTATUKU ITPUMCHSAIOTCA IMPU PCIICHUN
MHOTI'MX HWHKCHCPHBIX 3a/1a4.

Teopemultecmm uacmeao.

3axon Kynona: cuna B3auMOICHCTBUSA ABYX HEMOIBIXKHBIX TOUCUHBIX 3apsJI0B B BAKyyMe
MPOTMOPIMOHANIFHA MX BEJIMYUHAM (1 U (2 1 00paTHO MPONOPIIMOHATIEHA KBAAPATY PACCTOSHUS 12
MEXIYy HUMHU.

B ckansproii popme 3akon Kyiona:
F — ql ) q2
Arge X}

0712

. — 3meck: & — DSIEKTpUYecKas IOCTOSHHAsA; & =
I, Ez 8.85-10"12Kn?/H-m? (pa3MepHOCTb MOXKET ObITh MPH-

BeacHA K BUIy @/M); £ — IUAICKTpUYECKas MPOHUIIA-
+q: *q:2 €MOCTb CpeJibl, OKA3bIBAET, BO CKOJIBKO pa3 CHJIa B3au-
a) MOJICHCTBUS 3aps/I0B B BAKyyMe IIPEBBINIAET CUITY B3au-

Fo

F

JIOHa B BakyyMme, F — B cpezie); quanekTpuueckast mpo-
HUIIAeMOCTh Bakyyma &= |, Bo3ayxa & = 1. 3akon Ky-
6) JIOHA, 3alMCaHHBIN B BeKTOpHOU hopme (1), (2), ompe-
JeNSeT CHITY, JCUCTBYIOIIYIO Ha 3apsibl (2 U (1 CO CTO-
POHBI (1 ¥ (J2 COOTBETCTBEHHO.

F‘ = MOJICHCTBUS UX B cpene, T.e. € = (Fo — cuna Ky-

A
O
1
O

B)

Puc. 1

F= 2% p @

- 3 '12°
Arse,l,

Ifz _ ql.qz r21. (2)

1 3
Aree,l,,

130



—

Cuna F, neiicrByer Ha 3apsn g2 co cTOpoHSI (1, PU 3TOM pajmyc-BeKTop Iy, Gukcupyer
HOJIOKEHHE 3apsjia (2 OTHOCUTEIBHO Hadalla CUCTEMbl KOOPJMHAT, TIOMELIEHHOIO B TOUKY, I/le

HaxomuTCs 3apsj (1. Panuyc-sexrop [, Hanpasnen ot 01 k Q2 (puc.la). Cuna F,; neiicteyer na

3apsa (1 Co CTOPOHBI (2, paanyC-BEKTOP r21 (Ha‘laJ'IO KOOpAUHAT MMOMEIIACTC B TOUYKY, I'IC HAXO-

IUTCs 3apsij (2) HampaBieH oT (2 kK Qi (puc.16). Cuna Kynona HamnpaBieHa B Ty K€ CTOPOHY
(puc.1a,6), 9yTo U paanyc-BeKTOp I TMpPH OJUHAKOBBIX 3HaKax 3apAnoB ((4102>0), u B cTOpoHY,
MIPOTUBOMOJIOKHYIO paanyc-BeKTopy I (puc.1B) — MpH pa3nUyHBIX 3HAKaX 3apsioB (i1 U (2

(9102<0).

Cunbt Fp, u F,; no tpetsemy 3axony HpioToHA paBHBI 10 BENWYKMHE M TIPOTUBOIIOIOKHBI

10 HaIpPaBJICHUIO:

I:12 = _F21-

HanmoMHuM, 4TO TOUEUYHBIM 3apsiIOM Ha3bIBAE€TCA HAJIEKTPU30BAHHOE TEJIO, pPa3Mephl KO-
TOPOTO MPEHEOPEIKUMO MaJbl 110 CPABHEHUIO C PACCTOSIHUEM 0 OPYTHX Tell, C KOTOPHIMU OHO
B3aUMO/JICHCTBYET.

Bzaumooeticmeue moueunozo 3apsoa ¢ pacnpeodenieHHbiM 3apsioom

3apsia, COOOIICHHBIN Ty, MOKET PaCIPEIeISAThCS 10 €r0 MOBEPXHOCTH (METAILT) WITH T10
00beMy (AMDIIEKTPUK).

XapakTepuCTUKaMU paclpeesIeHHOTO0 3aps/ia CIIyKart:

1. JluneitHas mIOTHOCTH 3apsia (7).
2. TloBepxHOCTHas TUIOTHOCTH 3apsina (o).
3. OOBeMHas IIOTHOCTS 3apsija ().

L8080 AQ

ALY AS AV

3nech AQ — 3apsi1, HAXOAIIMNCSA COOTBETCTBEHHO Ha 3JIeMEHTE JUTUHBI Al, TOBEpXHOCTH
AS, oovema AV 3apsHKSHHOTO Tela.

Hanpﬂmceuﬁocmb noJisi mo4e4Hozo 3apﬂ()a

BexTop Hanps»KeHHOCTH 3JIEKTPOCTATUUECKOTO M0JII B HEKOTOPOIl TOUKE SBISIETCS PU3U-
YECKOW BEJTMYMHOW, YMCICHHO PABHOM CHJIE, IEWCTBYIONIEH HA MOMENIEHHBIN B 3Ty TOUYKY €/1H-
HUYHBIN MOJI0XKUTENbHBIN 3aps] (pOOHBIH).

Hanpasnenue BekTopa HaPsSYKEHHOCTH B HEKOTOPOW TOYKE TOJISI COBIIAIAET C HAIIpaBJIE-
HUEM CWIbIL, JENCTBYIOLIEH HA IOMEIIECHHBIN B TAHHYIO TOYKY 3JIEKTPOCTATUYECKOTO MOJIS I1OJI0-
JKUTEJIbHBIN 3apsi]l

E=—, (3)
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(' - 3apsa, mOMeIIeHHBIH B JaHHYIO TOUKy moiisi. PazmepHocTs E cnenyet u3 Beipaxkenus (3):

Bl

HanpspkeHHOCTD 10151, CO34aBa€MOIr0 TOYEUHBIM 3apsiioM (| B TOUKE HA pacCTOSHUU I OT
3apsijia HaXoJAT, UCNOJb3Ys BelpaxkeHue (3) u 3akoH Kysona:

. 90 _ g

Ares, 0’ Ames, i’

(4)

YT1oObI HANTH HANPaBJIEHUE BEKTOPA HAIIPSHKEHHOCTH B TOUKE A (pHcC. 2), cleayeT IOMECTUTh

o v ! o o
B 9Ty TOYKY HpO6HLII/I TTOJIOKUTCIIBHBIN 3apsi/ q W HAWUTU HAIIPABJIICHHUC CUJIbL KyJIOHa, ACUCTBYIO-

o '
i€ Ha q CO CTOPOHKI 3apsaa, CO34ar0Iero ImoJie. BeKTOp HaIIPsSXKCHHOCTH I10JIA, CO31aBa€MOIo

MIOJIO’KUTEITBHBIM 3apsIOM B TOUKe A (pHC. 2a), HalpaBJieH B CTOPOHY OT 3apsija (CpaBHHUTE C PHC.
1), a B ciryuyae oTpUIIATEIBLHOTO 3apsia HAIPaBJICH B CTOPOHY 3apsia (puc. 20). s HaxoxaeHus
HANPSHKCHHOCTH TIOJIS, CO3/1aBa€MOT0 CHCTEMOH 3apsiioB, CIIEAyeT BOC-

> =  [0JIb30BAThCS IPUHITUIIOM CYTIEPIIO3UITUH IEKTPHUYCCKHUX ITOJICH: BEKTOP
ri A E;
. Se S, HANPsXKCHHOCTH 3JICKTPHYECKOTO IOJIs CHCTEMBI 3apAJI0B PaBEH reoMeT-
+q +q' pUYECKON CyMMe HaIpsKEHHOCTEHN MOJIEH, CO3/JaBa€MbIX B IAHHOM TOUKE
a) KQXJIbIM 3apsiIOM B OTJEIbHOCTH.
2> >
E 2 rr A
° >e
- /
q +q
Paboma cun nona npu nepemewienuu 3apsoa, nomeHyuau, pas-
HOCMb NOMEHYUAN08, NOMEHYUANbHAS IHEPLUSL CUCTEMbL 3aPA008.
PaGora o nepemenieHuto 3apsa B moie.
Puc.? lomenyuan

[Tycts npoOHBIif 3apsaa (' mepeMeniaeTcs B ojie TOYEYHOTo 3apsiaa ( Ha OECKOHEYHO Ma-
aeiit orpe3ok dl (puc. 3). DnemenTtapHas paboTa, coBepIiraeMas moJjieM Py MepeMeCHUHN 3apsia:

dA=Fdl cose, (5)

I'ne F — cuna, neiictByroras Ha 3apsa (' Ha otpeske dl, « - yron mexay F udl (puc. 3).

[To 3akony Kyinona

F= 19
dreg,r® (6)
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N3 AABC (puc. 13) Haiigem, yTo mpupalieHue
JUTHHBI paIiyC-BeKTOpa I YHUCICHHO PaBHO:

dr=dl-cosa. (7)
[ToxcraBus Boipaxkenus (6) u (7) B BepaxkeHue (5),
TIOJTyYUM:
da=—99_ar o
? Areeql

Jlisg HaxoX/AeHUs MOJHOW paboThl, coBep-
[IaeMOM MOJeM IpH MepeMelleHnr MpoOHOro 3a-
psana q’u3 nonoxxkenus 1 B monoxkenue 2 (puc.13),
cienyeT BoipaxkeHue (8) MpOUHTErpupoBaTh MO BCEMY Iy TH:

: , g %dr_ , g ,1 1
= dA: [ — =),
A Jl- | Areg, ; I’ ] Aree, (rl rz)
TO €CTh
a9 qq

= . 9
472'&90 n 471'86‘0 s ( )

Bbynem nepememiats npoOHBIH 3aps ‘U3 TOUKH | 3a mpeesns! Hous, T.e. B 06CKOHEYHOCTb,
I'J1e HallPsDKEHHOCTD AIeKTpudeckoro nons E., pasHa 0. [Ipu atom B popmyite (9) rz=oo, u 11 A1
MOy YHM

_ g9
Aloo 47[880 n . (10)

[Tonenus Boipakenue (10) Ha Q, MOMy4YHM BEIHUMHY, KOTOpas Ha3bIBAETCS JEKTPUUECKUM TIO-
TEHILIMAJIOM JAHHOW TOYKH TOJIS:

Ao _ 1

q  dmesgr

¢ = (11)

To ecTh, MOTEHITUAIT JAHHOM TOYKH TIOJISl YUCIICHHO PaBeH paboTe, KOTOPYIO COBEPIIAT CHITBI TTOJIS
IPY TIEPEMEIICHUN STUHIUYHOTO TTOJIOKUTEIILHOTO 3apsijia U3 JaHHOW TOYKH B OECKOHEYHO yia-
neHHyto. [loTeHman onpenensieTcsi ¢ TOYHOCTHIO 10 TocTostHHOM C. J171s1 0ECKOHEYHO y1ajIeHHOM
TOYKH MpocTpaHcTBa yao0Ho nmpuHuMaTh C=0. (B Bepaxkennu (11) C npunsta paBnoii 0). Equ-
HUIIA U3MEPEHUS TIOTCHIINAIA MOXKET OBITh Hal/ICHA M3 BBIPAYKCHHS:

(Al e Kn-B
[(P]—m— Kn  Kn =B

Kax cnenyer u3 Beipakenus (11), moTeHIMaN MO TOYEUYHOTO 3aps/ia B 3aJJaHHON TOUYKE OIS
BBIYHCIISIIOT TI0 popMyIie:
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?T.3 (12)

'_4mwml

BHeCB q — 3apsn, KOTOpHﬁ CO314ac€T 1oJie, I' - paCCTOSIHUE OT 3apsaa A0 TOYKH, B KOTOpOfI BBIYMC-
JIACTCA IIOTCHIMATIL.

PasHocTh IIOTCHIIMAJIOB

PaznenuB Beipaxenue (9) Ha (, MOTyIHM:

A2 _ 9 ¢
q’ Areeghy  Ameeghy

=PL—P2.

Orcrona:

Ao =q' (1 —92). (13)

Bennuuna (¢, —¢,) Ha3bIBaeTcs pazHocmvio nomenyuanog. Pa3HOCTb MOTEHIUANIOB

JABYX TOYCK U3MEPACTCA pa60T0171, COBepmaCMOﬁ CuJIaMU IIOJIA ITPU NEPEMECIICHUH TTOJIOXKUTEIIb-
HOIro CAMHUYHOI'O 3apsaa us3 HCpBOﬁ TOYKH BO BTOPYIO.

HOTGHIII/IaJ'I I10JIA CUCTEMBI TOYCUYHEBIX 3apsa0B

paBCH anre6pa1/1q601<0171 CYMMC ITIOTCHIOHAJIOB, CO3AaBACMbIX OTACIIbHBIMHU 3apsaJaMH. To ecthb JIA
MMOTCHIIMAJIA, TAK K€ KaK 1 IJIs HAIIPSKCHHOCTH I10JIA, CIIPABCAJIMB IIPUHIHAII CYTICPITIO3UIIUHU JICK-
TPUUICCKHUX MOJIEH. HpI/I 9TOM IMOTCHLHUAJ ITOJIA CUCTCMBI 3apsAa0B paCcCUUTATh BCETAA JICTUC, YEM
HAIMpPAKCHHOCTD, T.K. IOTCHIHAJI — BEJIMYHMHA CKAJIAPHAA (BHCpI‘ CTUYCCKAA XapaKTCPHUCTHUKA HO.TISI).
HOBTOMY B ClIy4asX, Koraa Haao HaWTH HAIIPAKCHHOCTH U ITOTCHI A B KaKOM-TH0O0 TOUKE 110J141,
CICeaycCT HalTH CHadaja NMOTCHIHUAJI, a HAIIPAKCHHOCTD ITOJIA UCKATb, UCIIOJb3YA CBA3b MCKIAY
HAIMPAKCHHOCTBIO U TIOTCHIHUAJIOM:

E-_22

Ax (14)

HanpsbkeHHOCTB OIS YUCIICHHO paBHA M3MEHEHHIO MOTCHIIMAJIA Ha €IMHUILY JITHHBI, OT-
CUMTAHHOU B HAMPABJICHHUH 10 CHJIOBOW JTMHHUH, U HATIPaBIIeHA B CTOPOHY YOBIBaHMS MMOTSHIIMATA
(9TUM OOBsICHSIETCS 3HAK MUHYC B (14)).

Ecnu mone HEOMHOPOAHO, TO COCTABISAIOUIAs BEKTOPA HANPSKEHHOCTH AJIEKTPUUYECKOTO
MoJisl B ITAHHOM TOYKE IO JIF0OOMY HAaIpaBJIEHUIO paBHA MPOU3BOJIHON OT MOTEHIIMAJIA TI0 3TOMY
HaIpaBJICHUIO B TOH K€ TOYKE, B3ATOM CO 3HAKOM MHUHYC:

e . G o __do. o _ do
X~ 4y YT T4yt T T

dx dy dz
Jl1s1 0OIHOPOAHOTI O TOJIS BO BCEX €r0 TOYKAX HAIPSLDKEHHOCTh O/IHA U Ta k€. Ecin g1 — noreHnman
TOYKH 1, @ ¢ — MOTEHIMAIl TOYKHU 2, pacCTOSTHUE MKy Toukamu d, To:

Ap=pr—q
134



1 BbIpakeHue (14) 11t OHOPOAHOTO TOJIS UMEET BU/I:

E = ¢2_¢1

d

[ToTentman mosst 3apskeHHOM cdepsl (11apa) onpeneseTcs Kak MOTSHIIHAI MO TO4YeU-
HorO 3apsiaa (hopmyna 12). [Ipu s3Tom cuntaercs, 4To 3apsi COCPEAOTOUYCH B IIEHTPE CPeEpHI, T.€.
pacctosiHue I' (popmyia 12) oTcUUTHIBaeTCS OT LIEHTpa Cepsl.

Pemienue 3ama4n mo HaxXoXASHUIO IIOTEHIMANIA oJIsA, CO34aBacMoOro CHCTEMOM TOYCUHBIX
3apss 0B B JIaHHOM TOYKC, HC BbI3bIBACT 3any)lHeHI/II71, MMO3TOMY INPUMCEPHI PCIICHUA 3ala4 Ha 3Ty
TEMY 31CCh HC paCCMAaTPUBAIOTCA.

bonee cioxuo PEIICHHUE 3a4a4 IO HAaXOXKJACHUIO ITOTCHIIMAJIa B TOYKAaX I10JIA paCcupeaciICH-
HOI'0 3apsaa, Ha 9TOM OCTaHOBHUMCA HOHp06H€€.

Pacuem pabomui,
COBepIIacMOl TOJIEM TPU NIEPEMEIIICHUH 3apsi/ia, ¥ MOTCHIIMATLHOM YHEPTUU CHCTEMBI 3apSIOB.

Pabora cun mosst, coznaBaemoro 3apsaoM Q, 1Mo mepeMenieHnto 3apsijia ( u3 Toukd 1 B
TOYKY 2 MOACUUTHIBaeTCA 1o ¢popmyie (9), T.e.

M2 =0 (-

- 47[6‘80 rl r2

W3 sToro BeIpaxkeHus CieayeT, YTO BeMYUHA padOThl MO MEPEMEIICHHUIO 3apsiia B JJIeK-
TPOCTATHUUECKOM TI0JI€ HE 3aBUCHUT OT IyTH JBUXKEHUS 3apsija (, a 3aBUCUT JIMIIIb OT €r0 Hadallb-
HOTO ¥ KOHEYHOTO MOJIOKEHHM.

[Ipu HaxoxaeHuHn paboOThl CUUTACTCS, YTO MEepPEeMelaoNuiics 3apsa (0OBIYHO MEHBIIIHIA
10 BEJIMYMHE, YyeM 3apsa Q, KOTOPbI CO3/aeT MoJie) He U3MEHSET ANEKTPOCTATUYECKOTO OIS, B
KOTOPOM OH JIBHXKETCSI.

[MoTeHnmansHas SHEPTHS B3aUMOJICHCTBUS JIBYX 3apsiioB ( 1 Q paBHa:

w=_920 ,w_
Aregqr

OOBIYHO ISl YTIPOILIEHUSI pacueToB OECKOHEYHO YAaJleHHYI0 TOYKy (2 = 00) MPUHUMAIOT 3a
Hauajo orcyera sHeprud, T.e. W= 0. Torna:

qQ
W(r)=———.
) Aregqr (15)
Cpasaure (15) u (12).

N3 (15) cnenyert, 4To MOTEHIIMAN MOJIA B JAHHOW TOUKE YMCIIEHHO PaBEH MOTEHIUAIbHOMN
SHEPTUH, KOTOPOH 00J1a1aeT €AMHUYHBIN MTOJIOKUTENLHBIN 3aps/], TOMEIICHHBINH B TaHHYIO TOUKY
nojsi. Pabora, kak Mepa n3MEHEeHHs YHEPTUH (B JAHHOM Cy4ae MOTEHIMAIbHOM):

A12 :Wl _Wz-
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Wrak, pabota cui1 moJist 1o epeMeNIeHUIo 3apsa:

6) A=[Fdl, ectu F=const: A=Fl=qEl.
(OXHOPOJHOE TIOJIE, 3APS/I ABUIKETCS 110 CHIIOBOM JTMHIM)

B) Al =q4(o1 —92).

r) Ap =W, -W,.
1. _q
OMEeHYUAl O MOYEUHO20 3aPA0A =,
Areyer
do
CBsi3b MeK/Iy NMOTEHIIHAJIOM U HANPSIKEHHOCTHIO EI = —a.
CuJjia npUTSIKEHUST MeKAY IBYMSI PA3HOMMEHHO 3apsisKeHHbIMHI
2 2
&EE"S q
00KJIAIKAaMH KOH/IeHCATOpA F = = ,
2 28,6+ S
rae S — mwromane IacTUH.
DJIeKTPOEMKOCTh:
C= q
VeOUHEHHO20 NPOBOOHUKA =—,
&S .
NIOCKO20 KOHOCHCamopa C= g
A
CIIOUCTN020 KOHOCHCAMOopa C=s"—,
e
wapa C= 4rns,eR,

rae d — paccTosiHEe MEXIy IUIACTHHAMU KOHJEHcaTopa, Oi — TONIIMHA i-T0 CJI0s AUDICKTPUKA,
&; — €ro IMDJIEKTPUYECKask MPOHUIIAEMOCTh, R — paauyc mapa.

DJIEKTPOEMKOCTb 0aTapen KOHAECHCATOPOB, COIHHEHHBIX:

napanienbHo C= ZCi;



1 1
nocnedoeamensHo c = Z— :

JHeprus noJis:

3APAIANCEHHO20 I’lpOGO()HuKCl

3APAINHCERHOC0 KOHdeHcamopa W3 = EOEEZV '

rae V — o0beM KoHJIeHcaTopa.

O0beMHAasI IVIOTHOCTDH YHEPTUU

_geE*  D* ED

? 2 266 2

INEKTPUIECCKOI0 MMOJIsA

IIpumepsbl peienust 3aaa4

3agaya 1. Tonkuii crepxeHb 1IMHON 20 CM HECET pAaBHOMEPHO PacIpeleICHHbIN 110 JUINHE 3apsil
¢ nuHeiHo# moTtHocThIO 7 = 2 MKKi/M. Ha paccrostnuu 30 cm oT cTepkHs HaxoauTes 3apsn 20
HKJ1, paBHOYJaJIEHHBII OT KOHLIOB cTepKHA. Haiitu cuiy B3auMozaecTBYs 3apsia U CTEPIKHS.

Jano:

I=20cm=0,2 M

r =2 MrKi/m = 2-10 ° Kin/m
ro=30cm=0,3 ™M

Q=208Kn1=2-108Kn
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Bbigenum Ha cTepskHe dreMeHTapHblil ygactok juHoii dl. 3apsin ero dQ = zdl moxHo pac-

cMarpuBaTh Kak ToueuHbld. Torma mo 3akoHy Kynona cuia B3ammopeiictBus Mexay Qi u dQ
paBHa

dF =

1 Q-z-dl

2
4re, r

r7ie I — pacCTOsIHUE OT BBIJICIIEHHOTO yJacTKa /10 3apsaaa Q1 (cm. puc.). M3 pucyHka ciemyer, 4to

I rda
dl = , TJe Fo — pacctosinue oT Q1 10 CTepIKHSL.

r= ,
COSa CoOSa

[MoacrauB Beipaskerus st ¢ u dl B popmysy st cunbl dF momyuum, dro

1 Q-r-rda 1 Q-7-ry-da_ Qrda
4re, I‘O2 B 4re, r02 .CoOSar Are,l, '
—0 —.cosa 2 —
COS COSx

dF =

D10 BeKTOpHAas BeanuuHa; pazinoxkum dF Ha cocrasnsromue:
nepnenauKyspayto crepxkaio dF, u napamnensuyto emy dF,. Ouesnaro,

dF, =dF -cosa, dF,=dF -sina, rorma

TCOSx 7SINx
Qreosa dF, = _Qrsina
4re,l, Are,l,

dF, = da

HpOI/IHTeF PUPYEM MOJIYUCHHBIC BBIPAXKCHUS JJISA CUJI B MIPEACTIaX UBMCHCHUA yIJla & OT — ﬂ

7o f.

——sin g

TCOSx
_[Ql dor =2 siner|| % Q7
Are,l, 4re,l, 27r50r

g -
Qrsina Q7

4re,r, 4re,l,

Qe

27e,l,

F, =

-p

B pesynbrare nonyunm, uto F =F = sinf

Bennuuny SiN £ onpejenum U3 pucyHKa:

2
\/ro s \/4r +1
4

1 NOACTAaBHUM B BBIPAXKCHUC IJIS1 CUJIbI F.

sin g =
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. Qr | 210°210° 02
2ty \Jar?+17 2:314:88510°°:03 4 (0.3) +(0,2)

=0,76-10"°H

3amaua 2. Toukuit crepkeHb amuHOM | = 10 cM HeceT paBHOMEPHO paclpeesiCHHbIH 3apsi
Q =1 vKun. Onpeznenuts NOTEHLIUA (P 3JIEKTPUYECKOTO MOJIS B TOUKE, JEXkKALEH Ha OCH CTEPHKHS

Ha paccTostHuU a= 20 cM oT OJmKaiilero ero KoHia.

JaHo: ’ dr S )

< >1€ >

= = |
I=10cm=0,1M |  C_______ _:___:_____l y

Q= 1uKn=10"°Kn V! P

|

a=20cm=02wu S '

D7

BeigenuM Ha CTep)KHE JIEMEHTApHBIN y4acToK JUHOM dr. 3apsi Ha CTep)KHE pacipeesicH
pPaBHOMEPHO, CJICJIOBATEIILHO, €r0 JMHEWHAs IIOTHOCTh 7 = — M Ha yd4acTKe JyuHOW dr pas-

mereH 3apsn dQ = 7 - dr. DToT 3apsi MOKHO CUMTATh TOYEYHBIM. TOrIa MOTEHIHAI DIIEK-
TPHYECKOTO TOJISL STOTO 3apsfa B TOUKe A paBeH
dQ zdr Q dr

Arg,r At Amel r

r7e I — paccTOsIHUE OT AJIEMEHTAapHOro ydactka dr 1o TOUKH A.

U3 IMpUHOUIIA CYIICPIIO3UINU CICOAYET, UTO O6H.[PII>1 MOTCHIIMAJI PaBCH CYMMC IIOTCHIMAJIOB
BCCX 3JICMCHTAPHBIX 3apAd0B CTCPIKHA.

[TosToMy wmHTerpupyem Bbipaxkenue (1) ans dg B npenenax usmenenus dr ot a o |+a:

I+a I+a -9
o- | Q dr Qljg_ Q ,l+a_ 10 n%1t02 5658

= = -In
J4mel v 4mel i v 4mel A  4.314.885-102.01 0,2

3anaua 3. Konaencarop emxocThio Co= 20 MkD 3apspkaroT 10 pazHocTy noteHnuanoB Uo=400B
Y TIOJIKJIIOYAIOT K KOHJeHcaTopy eMKocThio C = 1 Mk®D, B pe3yJsibTaTe 4ero nociaeIHun 3apshka-
ercs. OTKIIIOYHMB ATOT KOHACHCATOP, 3apsIKAIOT TAKUM K€ 00pa30oM BTOPOH KOHJIEHCATOP TOU Ke
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emkoctu (C = 1mMk®d), 3aTem TpeTuii, Y4eTBEPTHIA | T.1I. 3aT€M KOHJECHCATOPHI COCIUHSIIOT MTOCIIE-
noBatenbHO. Kakyro MakcMMallbHYI0 pPa3HOCTh OTEHIIMATIOB MOXKHO MOJIYYUTh TAKUM 00pa3omM?

Jano:
Co =20 Mk®=20-10"°D Hauanbnblii 3apsa konaeHncaropa emkocteio Co 6yner  Uo= 400
B paBubiM Qg = Co- U. C = 1mMx®d

ITocne nogkmro4YeHHs K HEMY KOHJCHCATOpa EMKOCTbIO C

sgpsan Qo pactipenensercs mexay Co u C. Ilocne orcoenmue- U = ?
Hus C ot Co Ha 000MX KOHJEHCATOpax OyIeT OJIMHAKOBAS

Pa3HOCTh IMOTCHLIMAJIOB (T.K. HUX COCAMHCHUC ObLIO napal-

JIEJIbHBIM).
U = Q _ CU,
1= = .
C,+C C,+C
CoUs

Ha koupencarope Co ocranercsi sapsain Q, =C,-U, =

C,+C’

[pu mocnenyromeM MOIKIIOYCHUH BTOporo koHaeHcatopa C Ha konzaeHcarope Co octaHeTcs
zapsin Q2= Co- U2.

2

GU, — G U
0
C,+C (G, +(C

[Mpuaem U, =

[ToBTOpSIs 9TY omeparrio N pa3, Mbl OyJieM UMETh HAOOP KOHJIEHCATOPOB, 3apSKCHHBIX 10 HATIPS-
n
Co

xennii U1, U, Us,..., Un(n=1,2,3,...). U =U,| ——
C,+C

O6mee HaIpsHDKCHHUE IOCIIC MOCIEA0BATEIIBHOIO COCAUHEHMA BCEX N KOHACHCATOPOB 6y,[[€T paBHO

COU 0 l + CO + C; C(I;

U=U+U,+U ;+..= st ———
C,+C|" C,+C  (C,+C) (C,+C)

[TpocyMMupoOBaB MoJTyueHHY0 OECKOHEUHYIO YOBIBAIOIYIO T€OMETPUUECKYIO IPOTPECCUI0
HaiileM e€ cymMMy paBHYIO0 MaKCHUMaJIbHOM pPa3HOCTH moTeHIuanos U:

_CU, 20-10°-400
C 10°°

U =8000 B.

3anaua 4. barapero, COCTOSIIYIO U3 IBYX KOHACHCATOPOB eMKOCTAMU 4 1 5 MK®D kaxxbIil, coeau-
HUJIY TIOCJIEZI0OBATENILHO U BKIIIOUMIIN B ceTh ¢ HanpspkeHueM 220 B. [Totom GaTapero OTKIIOUMIn
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OT CEeTH, a KOHACHCATOPbI Pa3beIMHIIHN U COSTUHUIIHN NapajuiebHO 00OKIIaAKaMHU, UMEIOLIUMH OJ1-
HOMMEHHBIE 3apsaabl. KakuM OynieT HampspKeHUe Ha 3a)KMMax MoJydeHHOU OaTapen?

Jano:

U1=220B Tak Kak KOHJEHCATOPbl COEAUHEHBI TIOCTIEA0BATENBHO, TO C1=4 MKD
=4-10°®  3apsam KaXKmOT( U3 HUX ¥ 6ATAPEN B IIETOM OJUHAKOBHI:

Co=5Mxd=5-10°D Q1=Q2=...=Q.

i )

EMKoCTh OaTapen MOoCIeI0BaTeIbHO COSUHEHHBIX KOHaeH- Uz = ?
CaTOPOB BBIYHCISETCS IO hopMyJIe

1 Z”: 1
C &C
CGC,
EMKoOCTh 6GaTapeu U3 IByX KOHAeHcaTopoB paBHa C = ——=—
C +C,
C.C,
amxzapan Q=CU, =——=-U,.
' C,+C,

[Ipu OTKIFOYEHHH KOHACHCATOPOB 3apsiji KAKAOT0 U3 HUX coxpaHutcs. [Ipu mapamienbHOM HX
coeauHeHny Oy et paBeH cymme 3apsiioB kornencaropos Q' =Q, +Q, =2Q, a emxocts Gara-

oo~
peu Oyner pasna cymme emkocteit C'=C, +C,.

O6mee HAIPAKCHUEC CTAHCT PABHBIM

0, -Q_9+Q 20

Cc' C,+C, C,+C,

[ToncraBiss B modyueHHOE BbIpaxeHue Gpopmymy i Q, moxyyum:

-6 -6
u, = 2C1C2U12 _2-4 10_6 5-10 _62220 _1086B
(C,+C,) (4-10°+5-107)

3agauya 5. Kakoe KOMM4YeCTBO TEIUIOTHI Q BBIACIUTCS MIPH pa3psAKe TUIOCKOTO BO3AYITHOTO KOH-
JICHCATOpa, €CJIM Pa3HOCTh MOTCHITHAIOB MEX/TY IlacTuHamu paBHa 10 kB, paccrostaue d=0,5 mm,
a TUIOIAIh S KaXKI0M riacTuHbl paBHa 100 cm??

Hano:

U=10 kB=10*B CornacHo 3aKOHY COXPaHEHUS SHEPTUHU, KOJIUYECTBO

d=0,5 MM=5-10"*m TETTOTHI Q, BBIZICTUBIIIEECS] B KOHICHCATOPE MPH €ro

S=100 cm?=102 m? pa3psIKe, PABHO SHEPTUHN 3apSKEHHOTO KOHIEHCATOPa
CU ?

Q=" Q=

EMKOCTB M10CKOTO KOHIEHCATOPa OmpeenseTcs mo hopmyre
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EELS

4

C=

re &— AUDJIEKTpUUYECKasi MPOHUIIAEMOCTh Cpebl (711 Bo3ayxa £ =1). 3Hauut

_£SU% 8,85-10%2.102.10°
2d 2.5.10"

Q =8,85-10"° x=8,85 M/ k.

Bonpocwut u 3a0anus.
1. DaekTpuyecKuii 3apsil U €ro CBOMCTBa. 3aKOH coOXpaHeHus 3apsaa. 3akoH KyioHna.

2. Hanpsi»k€HHOCTD 3JEKTPOCTATUUECKOTO 1oJI. JIMHUM HanpsyKEHHOCTH 3JIEKTpOCTaTHYe-
ckoro nojs. [IoTok BekTopa Haps>)KEHHOCTH.

3. [Ipunnun cynepno3uiuu. [lome qumnoss.

4. Teopema ['aycca [uis 311€KTPOCTATUYECKOTO TI0JIS B BAKyyME.

5. Ilpumenenue teopemsl ['aycca k pacuery nojei B BaKyyMe.

6. Llupkysus BEKTOpa HaPsSKEHHOCTH 3JIEKTPOCTATUYECKOTO MOJIS.
7. IToTeHunan 371€KTpOCTaTUUECKOT O M0, Pa3HOCTh OTEHLIMAIOB.

8. CBs3b MCXKAY HANMPsX)KEHHOCTBIO U ITOTCHIHUAJIOM. Brrancaenue Pa3HOCTHU IMMOTCHIHUAIOB
110 HAIPAKCHHOCTHU I10JIA.

9. Huanextpuku. IlonsipuzoBaHHOCTh AMANEKTPUKOB. HampspkeHHOCTh Mosis B JAMAJIEK-
TPHKE.

10. Teopema [Maycca Jiy1st oJist B TUAJIEKTPUKE. Y CJIOBUS HA TPAHUILIE pa3jiesa IBYX AUAJICK-
TPUYECKUX CPE]I.

11. [IpoBOJHUKHN B 3JIEKTPOCTATUUECKOM TOJIE. DINEKTPOeMKOCTh. CoeIMHEHUE KOHIeH Ca-
TOPOB B OaTapew.

12. DHeprus cucTeMsbl 3apsii0B U YEAUHEHHOTO IPOBOIHMKA. DHEPTUs KOHAEHCATOpA.
OHeprus MEeKTPOCTATUYECKOTO MO

3agauu 1151 CAMOCTOATEILHOIO PeIICHUA

1. JIBe OeckoHeuHbIE NTapajuIebHbIE MIACTUHBI PABHOMEPHO 3apSKEHBI C IOBEPXHOCTHOMU IJIOT-
HocThIO 01 = 10 HK/M? 1 02 = -30 5K1/M%. OnpeienuTh CHTy B3aMMOJIEHCTBHS MeX/Ly TLIACTH-
HAMH, IPUXO/IANIYIOCS Ha MIOMmaab S, paBHyio 1 M2

2. JIBe mpsIMOYTOJIbHBIE OJMHAKOBBIE MapajuIeNbHbIC IIACTHHBI, [UIMHBI CTOPOH KOTOpPBIX @ = 10
cM u b = 15 cM, pacnonokeHsl Ha MajnoM (110 CPABHEHHUIO C JIMHEHHBIMHU pa3MepaMu IUIACTHH)
paccTostHUM IpyT OT Apyra. Ha ofgHo# U3 miactud paBHOMepHO pactpenesnes 3apsan Q1= 50 uKa,
Ha apyroi — 3apsan Q2 = 150 K. OnpenenuTs HaANPsHKEHHOCT E 3IEKTPUYECKOTO MO MEXTY
TUTACTUHAMHU.
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3. Ha oTpe3ke TOHKOT0 MpsSMOro MpoBOAHKMKA JuinHOM | = 10 cM paBHOMEPHO pacrpeaesicH 3apsi
C IMHEHHOM TUIOTHOCTHIO 7=3 MKKI/M. BhuncanTh HanpsKeHHOCTH £, CO31aBaeMyI0 STUM 3apsi-
JIOM B TOYKE, PACIIOJI0KEHHON Ha OCH MPOBOJIHUKA U YAAICHHON OT OJIMKANIIIETO KOHIIa OTpe3Ka
Ha PacCTOSIHUE, PABHOE €T0 JJUHE.

4. B BepmmHax KBajpara HaxoaaTcs onuHakoBblie 3apsaasl Q = 0,3uKi kaxxapiit. Kakoii otpura-
TEJBHBIN 3aps Q1 HyKHO IIOMECTUTH B LIEHTPE KBaiparta, 4TOObl CHCTEMA 3aps10B HAXOIMIIACh B
II0JIO’KEHUU paBHOBECHUS?

5. DeKTpuYecKoe moJie co3ano AByMs TodeuHbiMu 3apsaamu Q1= 40 aKn u Q2 = —10 uK,
HaxoasAmMucs Ha paccrosauu d = 10 M apyr ot apyra. OnpeaeauTs HaupsHKCHHOCTD E OIS B
TOYKE, Y/IaJIEHHOM OT EPBOTo 3apsiaa Ha 1 = 12¢cM U OT BTOPOTro Ha 2 = 6¢CM.

6. Tpu onunakoBbIX 3apsaa Q=1 HKII kaaplii pacmoyioKeHbl 0 BEPIIMHAM PaBHOCTOPOHHETO
TpeyroiabHuKa. Kakol orpumarensHbiid 3apsg Qi HYy)KHO MOMECTUTHh B IIEHTPE TPEYTOJIbHUKA,
4TOOBI CHUCTEMA 3apsJ0B HAaXOJWIach B IIOJIOKEHUU paBHOBecusa? byzner 1nm 310 paBHOBecue
YCTOIMUUBBIM?

7. Tonkast HuTh AarHOM | = 20cM paBHOMEPHO 3apsKeHa ¢ TMHEHHOM IOTHOCTRIO 7= 10 HKI/M.
Ha pacctossauu a = 10cM OT HUTH, IPOTHB €€ CePeIHbI, HAXOAUTCs ToueuHbIN 3apsaa Q = 1 HKo.
Boruncnuts cuny F, nelicTBYIOIIYI0 Ha 3TOT 3apsiji CO CTOPOHBI 3apSKEHHON HUTH.

8. B BepmmHax mpaBUIBLHOTO MIECTUYTONBHUKA CO CTOPOHON a=10 CM pacmosio>KeHbl TOUCHYHBIE
sapsbl Q, 2Q, 3Q, 4Q, 5Q, 6Q (Q=0,1 mxKu). Haiitu cuny F, ne#icTByoIIy 0 Ha TOYCUHBIN 3apsijl
Q, nexxamui B TNIOCKOCTH MIECTHYTOJIBHUKA, PABHOYIAJICHHBIN OT €ro BEPIIUH U PAaBHBIN 3apsry

Q.

9. ToHKUI JUTMHHBIA CTEP)KEHb PABHOMEPHO 3apsKEH C JIMHEWHOM TJIOTHOCTHIO T 3apsija, paBHOU
10 mxKn/M. Ha mpooiokeHr# ocu cTep)kHS Ha paccTossHUH a=20 CM OT ero KOHIIa HaXOJUTCS
toueunbidt 3apsan Q = 10 aKn. Onpenenuts cuity F B3auMOJEHCTBUS 3apsHKEHHOTO CTEPIKHS H
TOYEYHOT0 3aps/a.

10. Paccrostaue mexay nBymst ToueunbiMu 3apsiaamu Qi1=1 MxKu u Q2= - Q1 paBHo 10 cm. Ompe-
nenuth cuny F, meictByromnyro Ha ToueuHsld 3apsg Q=0.1 mxKii, ynaneHnsiit Ha 1= 6 cM ot
MEPBOTO U Ha 2=8 CM OT BTOPOTO 3apsiI0B.

11. JIe GecKOHEUHBIE MapalIeabHbIE TUIOCKOCTH HaxoaaTcs Ha paccTosauu d = 0,5 cM apyr oT
npyra. Ha miockocTsX paBHOMEPHO pacIpeesieHbl 3aps/ibl C TOBEPXHOCTHBIMH TUIOTHOCTSIMU 01
= 0,2 MmxKn/m? u o2 = 0,3 MxKn/m?. OnpeaenuTb pa3HOCTh MOTEHITMAI0B U MEXTy TIIOCKOCTSIMH.

12. OnpenenuTh MOTEHIMAIBHYIO SHEPTHIO /] CUCTEMBI YETHIPEX TOUEUHBIX 3apsI0B, PACIIONO-
YKEHHBIX B BEpPIIMHAX KBaJparTa co CTOPOHOH JIMHOM & = 10cM. 3apsiibl 0AMHAKOBHI 110 a0COJIIOT-
HoMy 3HaueHuto Q = 108K, HO 1Ba M3 HUX OTpHIIATENBbHBL. PaccMOTpeTh /1Ba BO3MOKHBIX CITy4dast
PacIoI0KEHUs 3apsIIOB.

13. KakoBa nmoteHuuagbHasi SHeprusi /1 CUCTEMBI YEThIPEX OJIMHAKOBBIX TOUEUHBIX 3apsioB Q =
10uK71, pacnosio’)keHHBIX B BEpIIMHAX KBajpaTa co CTOpoHor a = 10cm?

14. J1sa kongeHcaropa anekrpoeMKocTsIMU C1 = 3MK®D u C2 = 6MK®D coeMHEHBI MEXy cOO0M U
npucoearHeHs! kK 6arapee ¢ DJIC E = 120B. Onpenenuts 3apsaasl Q1 1 Q2 KOHACHCATOPOB U pa3-
HocTH noteHnuanoB U1 u U2 Mexay ux oOKiIagkamu, €Clid KOHJIEHCATOPhl COCIMHEHBI: 1) mapai-
JIENBHO; 2) TOCIEI0BATENIBHO.
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15. Konnencatop snexkrpoeMkocThio C1 = 0,2Mk®d ObL1 3apsiKeH 10 pa3HOCTH noTeHnuanos Ui =
320B. Ilocne Toro Kak €ro COeAMHUIN NMapauieIbHO CO BTOPBIM KOHJIEHCATOPOM, 3apsiKEHHBIM
1o pasHoctu noteHmanos Uz = 450B, nanpsbxenue U Ha Hem n3Menmioch 10 400B. Berauciuts
eMKocTh C2 BTOPOT0 KOHAEHCATOPA.

16. DaexTpudeckoe moisie cozaano 3apsokeHHoi (Q = 0,1 mMxKit) chepoii paguycom R = 10 cm.
KakoBa sueprus W mnoisi, 3akiitoueHHasi B 00beMe, OrpaHnueHHOM c(hepoii U KOHIICHTPUIECKOM ¢
Hel chepuyeckoil TOBEPXHOCTHIO, paJlyC KOTOPOH B J1Ba pa3za 0oJble paanyca cepsl.

17. lap panuycom R1=8 cm 3apsukeH a0 nmoteHmana ¢1=500 B, a map paguycom R2=4 cm - o
noteHnuana @2=300 B. OnpeaenuTs NOTEHIHA ( IIAPOB MOCJE TOTO, KaK UX COSUHUIIA METaJl-
JUYECKUM MPOBOJHUKOM. EMKOCTBIO COETMHUTEIIBHOTO IMMPOBOHUKA ITPEHEOPEYb.

18. Illap pamuycom R1=6 cMm 3apsbkeH mo noreniumana ¢1=300 B, a map pagumycom R2=4 cm — 1o
noreHuuana ¢2=500 B. OnpenenuTs NoTeHIMAI @ IAPOB IOCIE TOr0, KAK UX COSUHWIN METall-
JMYECKUM MPOBOJTHUKOM. EMKOCTBIO COeAMHUTENFHOTO IPOBOJHHIKA TPEHEOPEUb.

19. Cuna F npuTshKkeHus MEXTy IIIACTUHAMHU TUIOCKOTO BO3IYIITHOTO KOHeHcaTopa paBHa 50 MH.
[Tnomans S kaxa0# rmacTuHbl paBHa 200 cm?. HaiiTi IiioTHOC TS SHEpPruu W IoJjsi KOHJIeHcaTopa.

20. Kakoe konmn4ecTBO TEIUIOTHI Q BBIICTUTCS MPHU Pa3psIKe MIIOCKOTO KOHIACHCATOPA, €CIIH Pa3-
HOCTh noTeHmanoB U mMexay ractuHamu paBHa 15 kB, paccrosaue d = 1 MM, TUIJICKTPHK —
CIJIIOJIA M TUIOIAAb S KaXK0U mmacTunel pasaa 300 cm?

2. Hukepos, B.A. ®usuka: coBpemennsiii kype / B.A. Hukepos. — 2-e uzn. — Mockaa : Us3-
JlaTesIbCcKO-ToproBas kopropanus «JlamkoB u K°», 2016. — 452 c. : 1. — PexuMm gocrymna:
no moanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

IIpakTH4eckoe 3ansaTHE 8.

Tema 3anamusn. IIpoBOAHUKH B JIEKTPUYECKOM I0JIe. JJIEeKTPUUYECKOe MOoJie B M-
IJIeKTPUKAX

lleflb 3aHAmMuUA. I/ISYIII/ITB IMPOBOAHUKH B DJICKTPHUYCCKOM II0JIC.
Teopemuuecxaﬂ yacme.

Husnexmpuku. Inexmpuueckoe none 8 ousnekmpukax. IHonapuzayusa ousnekmpuxos. Ilonapu-
3ayuonHble 3apsobi.

BexTop nonsipuzanuu (MOJASPU30BAHHOCTB) — 3TO AUMOJIbHBIE MOMEHT €IMHUIBI 00beMa, OH

onpenensercs coornomenneM P = ¥&0E, rne y— mmnexrpuueckas BocnpuuMunsocts. Bek-

TOp BHCKTqueCKOﬁ HHAYKIUH (I/IJ'II/I BCKTOP JJICKTPUICCKOTI'O CMCIICHUA OIIPCACIIACTCA BbIPpAKE-

HUEM D=€oE+P_
Tonsapuzyemocms. JludnexkTpruueckas NPOHUIIAEMOCTh 3aBUCHUT OT IMOJIIPU3YMOCTH MOJIEKYII
Berectsa, P = BEoE. Tenzop nonsipuzyemoct. B o6miem ciydae TUTIONBHBIA MOMEHT MOJIe-

KyJIbI HE COBIIAJIAET I10 HAMPABJICHHIO C BHEIIHMM MArHHTHBIM T10J1eM, To3Tomy Pi = p ij€0 E i
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IInockuii konoencamop, 3anoHeHHbI 0OHOPOOHBIM Oudiekmpuxkom. B 3Toil cucteme cBsi3aH-

—

P

HBIC 3apsiIbl OyIyT TOJBKO HA MOBEPXHOCTH, M CYILECTBYET CBsI3b || = O rie O — MOBEPXHOCT-

Has IMJIOTHOCTH CBA3AaHHBIX 3apsA10B.

Teopema ['aycca 0ns ousiekmpuxos

I[JIH AUIJICKTPUKOB BBITTOJHAKOTCA CICAYIOINIUEC COOTHOMICHUA:
§PdS =—q', divP=—p",
§DdS =Q, divD = p.

Ilone moueunozo 3apsoa 6 ousniekmpuxe

3akoH KynoHa st 66CKOHEYHOTO OJTHOPOTHOTO JTUAICKTPUKA UMEET BH/T

E: d:d2

2 r.
dregyr

Ycnosus na epanuye pazoena 08yx ousneKmpukos 60 HeuwHem deKmpudecKom noJe.
Ha rpanune paszziena Iu3JIEKTPUKOB BBIMOJIHSAETCS PABEHCTBO TAHTE€HIIMAIBHBIX COCTaBIISIO-

X  BCKTOpa E: E]_t = E2t U PaBCHCTBO HOPMAJBbHBIX COCTABJIAIOIIUX  BCKTOpaA

D: Dln = D2n . YPaBHCHI/IC HyaCCOHa IJI1 OTHOPOAHBIX JUIJICKTPUKOB UMECT BU

%(gw):_ﬁ.

:‘)HepFI/IH CUCTCMBbI JJICKTPUUYCCKUX 3apsAa0B B IUIJICKTPHUKCE. 9Hepm;1 IIOJIA B OUDJICKTPHUKAX.
IInoTHOCTH OHCPIrur OJICKTPHUUYCCKOro II0Jd B JHUIJICKTPUKAX OIPEACISCTCA BbIPAXKCHUEM

W= T
Dnexmpuueckuil MoK 8 NPOBOOHUKAX
IT;moTHOCTH TOKA, TNIOTHOCTE TOKA M TOK CBSI3aHBI COOTHOIICHHUEM J. JdS =1 . YpaBHEHUE He-

Pa3pBIBHOCTH (3aKOH COXPAHEHUS 3apsia)

a—p+§]:0
ot :

3axon Oma 0na niomuocmu moka. Yoenvuas nposooumocms, yoeibHoe conpomugienue
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Mesxly MIOTHOCTBIO TOKA U HANPSXKEHHOCTHIO AJIEKTPUUYECKOTO MOJISl CYHIECTBYET JIMHEHHAs

cazp, ) = ot (3axon Oma B nuddepennmanbaoil popme). 3akon Oma 151 OJHOPOAHOTO TPO-

U
BOAHHKA 3aIIUCHIBACTCA B BUJIC I = E . 3aKOH I[)KO}/JIH — .HCHI_[a 3a4a€T KOJINMYCCTBO TCI1J1a, KOTO-
PO€ BBIACIACTCA B IPOBOJAHUKE IIPHU IIPOTCKAHNWU TOKA B CAUHUILY BPCMCHU:

dQ U?

dt R

HpaBI/IHLHOC OMMCAHUC ABHIKCHUA 3apAN0B B MMPOBOAHUKAX AACT TOJIBKO KBAHTOBAsA TCOPUS.
HpI/IMI/ITI/IBHaSI QJICKTPOHHAA TCOPUA IPOTCKAHUA TOKA UCPEC3 MCTAJJII OCHOBBIBACTCA HAa ABUKCHUUN
3apsiIOB KaK KJIACCHYECKMX YaCTHUI[, HA KOTOPbIC JICHUCTBYET CHJIa CO CTOPOHBI 3JIEKTPHUYCCKOTO
TIOJISL ¥ CHJIA TPEHUS CO CTOPOHBI CPE/Ibl.

IIpumepsl pemienus 3agaq

3anaua 1. {unosns ¢ anekrpudaeckuM MoMeHToM P=50 nKii'M cBOOOIHO yCTaHABIMBACTCS B OJ1-

kB

HOPOJHOM DIIEKTpUYecKoM Tojie HanpskenHocthio E =30 — . Haiitu paboty, HeoOXxoauMyro
M

JUTSI TIOBOPOTA qUmofs Ha yroi o=30°.
Hano:
P=50nKn-mM=5-10"Kn-m PnemenrapHas paboTa npy oBOpoTe AUINONS Ha yroi da
kB B
E=30—=3-10"— dA=M -de,
M M

a=30° rielM =P-E-SIna - mexanuueckuit MoMeHT cui, neiict-

— —

BYIOIMI Ha IUTONb. o — yroj Mexay Bektopamu E u P 4 =7
Takum o6pasom dA=P-E-sina-da.

IIpu cBOGOHOM MONOKEHUH JUIONb B d1ekTpudeckoM noje ¢ = 0, 3Haunt nonuas pa6ora Mo-
JKeT OBITh paccuuTana 1mo Gopmyie

a
0"

A=IP-ESina-da=—PE-COSa
0

A=-5.10".3.10" (cos 30° — cOos 0°) =2-107 JTx=0,2 MxJIx.

Bonpocwt u 3a0anus.

1. IudnexTpuKy B 3JIEKTPOCTaTUYECKOM IIOJIE.
2. [Monsipuzanus JUAIEKTPUKOB, BEKTOP MOJISPU3ALIIH.

146



3. CBsi3b BEKTOpA MOJSPU3ALUHU ¢ OOBEMHOHN U MOBEPXHOCTHOM TIOTHOCTBIO CBSI3aHHBIX 3apsi-
IIOB.

4. Teopema ["aycca yist AUATIEKTPUKOB.

5. [Tone ToueyHoro 3apsifia B TUAIIEKTPUKE.

3agaum A1 CaMOCTOSITEIbLHOI0 peIICHUsA

1. Toyeunslit U0 C AeKTprudeckuM MoMeHTOM P = 100 nKn'M cB0OOHO yCTaHOBUIICS B OJI-
HOPOJHOM 3JICKTPUYECKOM I0JI€ HAMPsHKEHHOCThIO £ = 9 MB/M. Jlumnons moBepHYIM HA MaJbIid
YTOJI U IPEIOCTaBIIIN camoMy cebe. OnpeIeiuTh 9acTOTy ¥ COOCTBEHHBIX KOJICOAHHA TUTIONS B
AIEKTPUYECKOM I10JIe. MOMEHT UHEPIMH J AUIIOJIS OTHOCUTENIBHO OCH, TPOXOISIICH Yepe3 HEeHTP

JIATIONS, paBeH 4+ 1022 kr M2

2. lunons ¢ snexTpudeckuM MoMeHTOM P = 100 nKi-M cBoOOIHO yCTaHOBUIICS B OJTHOPOAHOM
AIIEKTPUYECKOM TIOJIe HANPsHKEHHOCTHIO £ = 10 kB/M. OnpeaenuTs n3MEHEHHE MOTCHIIUATBHON
sHeprun A/l munons mpu MOBOpPOTE ero Ha yroa « = 60°.

3 Jlumons ¢ snexkrpuyeckum MomeHToM P = 100 nKioM ¢cBOOOIHO yCcTaHABIUBAETCS B OJHOPOI-
HOM DJICKTPUYECKOM I10JI€ HanpspDKeHHOCTRIo £ = 150 kB/M. Beruucnuts paboty 4, HE00X01uMY10
JUTSL TOTO, YTOOBI IOBEPHYTH TUIOJb Ha yroi ¢ = 180°.

4.0npenenuTs HaNpsHKEHHOCTh E 1 moTeHman ¢ moss, CO31aHHOT0 TOYEYHBIM IUTIOJIEM B TOUKaX
A n B. Ero snexrpuyeckuii MomeHT P = 1 nKi-m, a paccrosHue
r or Touek 4 u B 1o uentpa aunoss paBHo 10 cm.( cM.pucy-
HOK).

A

5. Paccrosiaue | mexxay 3apsmamu Q= £3,2 uKon qumnosnis paBro 12 cM. Haiitu HanpsbkeHHOCTD E 1
MOTEHLUAN ¢ I0JIs, CO3JaHHOIO JIUII0JIEM B TOUKE, y/IaJE€HHON Ha =8 CM Kak OT MepBOTro, TaK U
OT BTOPOTrO 3apsa.

6. JIBa TOUEUHBIX IUTIONS C IEKTPUUECKUMHU MOMeHTaMu p1 = | nKim-Mm u p2 =4 nKn-m HaxogsaTcs
Ha pacCcTosiHUU I = 2 ¢M JpyT oT Apyra. HailTu cuily Mx B3auMMOJENCTBUS, €CIU OCU JUIMOJICH
JIe)KaT Ha OJTHOM TIPSIMOM.

7. JIBa TOYEUHBIX JMUIOINA C IEKTPUUECKUMU MOMeHTamu p1 = 20nKn-m u p2 = 50nKn-m Haxo-
JATCS Ha paccTosiHuM I' = 10 cM JpyT OT apyra Tak, 4To UX OCH JIeKaT Ha OJHOM npsMoil. Beruuc-
JUTHh B3aMMHYIO OTEHUIUAIbHYIO SJHEPIHIO JUIIOJIEH, COOTBETCTBYIOIIYIO UX YCTOMUMBOMY PaB-
HOBECHIO.

8. OmnpenenuTh HAMPSHKEHHOCTh E M MOTEHIAN (P TI0JIsI, CO3/1aBa€MOT0 TOUYCYHBIM JIUIIOJIEM C
ANEKTpUYECKUM MOMEHTOM p = 4 nKi-M Ha pacctossHuu ' = 10 cM OT 1ieHTpa JUMOs, B HAIPaB-
JICHUH, COCTABIIAIONIEM Yrol & = 60°C BEKTOPOM 3JIEKTPHUIECKOI0 MOMEHTA.
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IIpakTnyeckoe 3ansiTue 9.
Tema 3anamun. 3aKOHBI NOCTOSTHHOTO TOKA.
Henwb 3anamun. 3yunTth 3aKOHBI IOCTOSIHHOTO TOKA

3Hanusn u ymenus, npuodpemaemole CMmyOeHmoM 6 pe3yjibmame 0C60eHUs membl, (hopmu-
pyemvle Komnemenyuu. Inexrpudeckuil Tok. Cuia Toka. [ImotHocTh Toka. 3akon Oma mist
ydyacTka nenu. CompoTHUBIEHUE MPOBOJHUKOB. VICTOUHMKM TOKa. DIJIEKTPOIBMIKYIIAS CHIIA
(BAC). 3akon Oma nst yuactka 1enu, coaepskamero JJ[C. 3akon Oma yis moiaHo enu. Pas-
BETBJICHHBIE IeTH. 3akoHbl Kupxroda. Pabora u momHocTs Toka. 3akoH J[koyis - Jlenma. Ten-
JIOBOE JCHCTBHE JIEKTPUUYECKOTO TOKA U €r0 MPUMEHECHHUE B TEXHUKE. DJIEMEHTapHas Kilaccuyie-
CKasi TeOpHs AJIEKTPONPOBOAHOCTA METAJUIOB. ['paHUIbl MPUMEHUMOCTU KIIACCUUECKOW Tepuu
aNeKTponpoBoiHOCTH. KOHTaKkTHBIE siBJeHHs. Bianeer cnocoOHOCThIO MPUMEHSITH COOTBETCTBY-
IOIUI (PU3UKO-MATEeMAaTUICCKUH ammapaT Mpu pelieHu: Mpo(eccHoHAIBHBIX 33/1a4.

AKmyaJlbuocmb mempbl. OCHOBHBIC ITOHSATHSA M 3aKOHBI IIOCTOSHHOI'O TOKa IIPUMCHSACTCA
IIpHU pCUICHUHN MHXKXCHCPHBIX 3a7a4.

Teopemuuecmm uacmeso.
Xapakmepucmuku INEeKMPUUECKo20 mokKa u yCcjioeusn e20 Cyu,eCmeoeanus

B »aekrpocTaTtuke HU3Yy4aJINCh ABJICHUA, 06YCJ'IOBJ'ICHHBIC HEIIOJIBYDKHBIMU 3apsagaMu. Ecim
110 KaKOM-T00 IMPUYIMHE BO3HUKACT YHOPAAOUYCHHOC ABUKCHHUC 3apAA0B U YCPE3 IMOBCPXHOCTDH
IIEPSHOCUTCS 3apsiJl, OTIMIHBIA OT HYJIA, TO TOBOPAT, YTO BOSHHUKACT DIICKTPHUUCCKUN TOK.

KomuuectBeHHoMI XapaKTepHCTHKOﬁ SJICKTPUYCCKOI'O TOKA CIIYKUT CHUJId TOKA — BCJIIMYNHA
3apsja, IepPeHOCHMMOro Yepe3 pacCMaTpHBAEMYIO IOBEPXHOCTh B EIMHHMIIY BpeMeHH. Eciau 3a

Bpems Ot gepes moBepxHOCTH MepeHocuTes 3apsa dQ, To cuiia ToKa paBHa:

,_da
dt

Enununeii cunbl Toka siBisiercs amnep (A). 3a HampaBiIeHUe TOKa IPUHUMAETCS HalpaBJie-
HUE, B KOTOPOM IIEPEMELIAIOTCS MOJIOKUTENIbHbBIE 3aps/Ibl UM HAIPaBIE€HUE, IPOTHUBOIIOIOKHOE
HAIpPaBJIEHUIO BIKEHUS OTPUIATENbHBIX 3apsAoB. CBOOOAHBIE 3apsibl, KOTOPBIE MMepeMela-

OTCA B CpCAC, HA3bIBAKOTCA HOCUTCIIAMUA TOKA.

DneKTpUUeCKUi TOK MOXKET OBbITh pacIpesie]ieH HEPaBHOMEPHO IO MOBEPXHOCTH, Yepe3
KOTOPYIO OH TeueT. boisiee 1eTanbHO TOK MOKHO 0XapaKTepPHU30BaTh C IIOMOIIbIO BEKTOPA MIIOTHO-

CTH TOKa J . HYCTL 3apSAKCHHBIC YaCTULBI ABUKYTCA B OIIPCACIICHHOM HAIIPAaBJICHHUU CO CKOPO-

cTeio U . BekTopoM IIO0THOCTH TOKa J HAa3bIBACTCA BEKTOP, 10 HAIIPABJICHUIO COBITaJAIOIIMI C

HaIpPaBJIEHUEM CKOPOCTHU MOJOKUTENbHBIX 3apsAA0B (WM MPOTUB HAIIPaBJIEHUS CKOPOCTH OTpPHU-
LATEBHBIX 3apSJI0B), & 0 a0CONIOTHOM BEIMYMHE PAaBHBIN OTHONIEHUIO criibl Toka 01 uepes sie-

MCHTAPHVIO INIOMIAAKY dSJ_ , PACcOJI0KEHHYIO B JAHHON TOYKE IMMPOCTPAHCTBA NEPHCHANKYIIPHO

K HaITpaBJICHUTIO IBHXCHHUA HOCHTCHeﬁ, K €€ I1oniaju.
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[
ds,

Yucao HOCHUTEIEH TOKa B CAUHUIIC oO0bema N Ha3bIBaeTCS INIOTHOCTHIO HOCHUTEIICH TOKA.

3apsi OTACIEHOTO HOCUTEIS Oy 1eT 0003HaYaThes € .

Ecnu cBoOOAHBIMY 3apsiiaMu SIBISIOTCS, HAIPUMED, SJIEKTPOHBI, a MOJI0XKUTEIbHBIEC 3aps bl
HETOJIBWKHBI (3TO MIMEET MECTO B METajllIaX), TO INIOTHOCTh HOCHUTENEH OyJIeT COBIAaTh C YMC-
JIOM CBOOOJIHBIX 3JIEKTPOHOB B €/IMHUIIE 0O0beMa.

BekTop mi10THOCTH TOKa MOKHO BBIPa3UTh Y€pe3 IJIOTHOCTh HOCUTEIIEH TOKA U CKOPOCTh UX
P nBwkeHus. KomudecTBo 3apsiia, mepeHECEHHOTO 3a Bpemsi

\ I dt gepes HEKOTOPYIO OBEPXHOCTH S , EPIIEHIUKYJISIPHYO
N K BekTopy ckopoctH (puc. 20.1), pasao dg=n-e-u-dt-S.

3a Bpems dt ruiomanky S mepecekyT Bce cBOGOMHBIE 3a-
bomm e PSAbI B Iapaulelenunene ¢ OCHOBaHkueM S u umHoi udt.
Ecnu momanka S 10CTaTouHO Maja, TO IIOTHOCTh TOKA B
eé mnpemenax MOXKHO CUUTAaTh IIOCTOSHHOM M TOrja:
| dg n-e-u-dt-S

T

¥

n-e-u.

B BekropHO# hopme:

—

j=n-e-i

Cuna Toka 4epes3 IpoU3BOIbHYIO IOBEPXHOCTh

| =[]dS
S

DneKTpuYecKuil TOK, 00YCIIOBICHHBIN ABMKCHUEM CBOOOTHBIX 3aps0B B TPOBOHHUKAX Pa3-

JIMIHOM MMpHUPOJbI, HA3bIBACTCA TOKOM ITPOBOAUMOCTH.

CB06OJIHBIC 3apsAAbl B MIPOBOAHUKE UCIBITHIBAIOT CTOJIKHOBCHHA C aTOMaMU IMIPOBOJHUKA.
3a BpCMs1 «CBO60,Z[HOI‘O Hpo6era» T MeEXAy ABYMs CTOJKHOBCHUIMH 3aps] B IIPOBOAHUKE IPH-
06peTaeT HampaBJICHHYIO CKOPOCTH BAOJIb BHCHIHCTO SJICKTPHYCCKOI'O I10JIA:

R =
G=Wr=—7
Mo

—

rac E HAMpPsKCHHOCTD SJICKTPUYCCKOTO ITOJISA B IIPOBOJHUKE. Ilocne OUYCPCaAHOTO CTOJIKHOBCHHA
CKOPOCTb TECPACTCA. BaTeM, A0 CIeayrmero CTOJIKHOBCHUA, MPOUCXOAUT HOBOC HapalllMBaHUC
HaHpaBHeHHOﬁ CKOpPOCTH.

W3 BBIIICU3IIOKEHHOTO CIICTYET, YTO YCI08UAMU CYULECHBOGAHUSL MOKA SBIISICTCS:
a) Hanmuume cBOOOIHBIX 3apSIOB;

0) Hanmame »rekTpryecKoro mojisi BHYTPH MPOBOIHUKA, YTOOBI TOIEPKUBATH TIEpEMeEIe-
HUE 3apsI0B.
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Dnekmpoosuscywan cuna, HANPAICEHHOCMY

Ecnu 651 Ha HOCUTEIb TOKA HCﬁCTBOBaHH TOJIBKO CHJIBI DJICKTPOCTATUYICCKOT O I10JIsA, TO IO
I[eﬁCTBHeM OTUX CUJI TOJIOKUTCIIbHBIC HOCUTCIIU MMEPECMCIIAINCH ObI M3 MecTa ¢ OOJIBIINUM ITOTEH-
ouajioM K MECTY C MCHBIIUM IIOTCHIHAJIOM, 4 OTPUIATCIIBHBIC HOCUTCIIN ABUTAJINCH Obl B 06paT-
HOM HaITpaBJICHUH. 3T0 IIPUBEJIO OBl K BbIPABHUBAHUIO MMOTCHIIMAJIOB, U B PE3VJILTATC TOK OBl
INPCKPATUIICA. YT00BI 3TOr0 HE IpOrU3011J10, JOJIKHBI UMCTHCA YUACTKHU HA KOTOPBIX IIECPEHOC I10-
JIOKUTCIIBHBIX 3apAI0B IIPOUCXOIUT B CTOPOHY BO3pacTaHUd (@, T.€C. IPOTHUB CHJI 3JICKTPOCTATH-

yeckoro nosst. IlepeHoc HocuTenel Ha 3TUX y4acTKax BO3MOKEH JIMIIb € IIOMOLIbIO CHUJI HE DJICK-
TPOCTATUYECKOTO MPOMCXOXKJICHUs, HAa3bIBAEMbIX CTOPOHHUMM cuiamu. Dusnueckas npupoza
CTOPOHHMX CHJI MOXKET ObITh pa3nuyHa. Hampumep, xumuueckas (Kak B akKyMyJIsTOpax), Mexa-
HUYECKasi, MAaTHUTHAsI U JPyTHE.

BennunHa, paBHas OTHOLIEHUIO paOOThHL CTOPOHHUX CHJI 110 IIEPESHECEHUIO 3apsiia K BEJHU-
YWHE ITOT0 3apsAaa HaszeBaeTcs diekrpoasmwkyiaei cuioit (91C).

O/1C uzmepsieTcs B TeX K€ eMHMIIAX YTO U MOTEHIIUAM, T.€. B BoabTax (B).

— —

CTOpOHHIOIO CHITY, IEHCTBYIOILYIO HA 3apsij, MOKHO IIPEICTAaBUTh B BHJIE chop = Ecmopq

—

, IaC E - HaANpsAXKCHHOCTH IIOJIA CTOPOHHUX CHIJI. PabGora CTOPOHHHMX CHJI Haa 3apiaa0M Ha

cmop

HCKOTOPOM YYACTKEC 1-2:

cmop

2
Aoy = 0] Epopd
1

Pa3nenuB o6e yactu cornacHo onpenenenuto DJC Ha 3aps, MOIyduM:

1-2 2
_ mop _ = T
€12 = - I Ecmopdl
9 1
JIns 3aMKHYTOM 1enu:
& = Epopdl

OJIC, nelcTBYIOMAS B 3aMKHYTOMI OCIr, MOXET OBITh OoNpCACJICHA KaK NUPKYJIANNA BEKTOPA
HaIMpsAXKEHHOCTH CTOPOHHUX CHJIL.

KpOMe CTOPOHHHUX CHJI Ha 3apAal JEHUCTBYIOT CHUJIBI 3JIEKTPOCTATUUECKOTO OIS FE = qE .

PesynpTupytonias cuia, 1eHCTBYIOIIAs B KaKI0M TOUKE LIENIN Ha 3apsi]l, paBHA:

— — —

F= Fe + chop = C](E + E>cmop)
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'nc. 20.2

Pabota, coBepmiaemast 3Toil cuitoif Hax 3apsaaoM ( Ha yyacTke enu 1-2, onpeaensieTcs Bbl-

—

2 2 2
paKEeHHEM A = qj Edl + qj Ecmopdl . T.x. QJ- Edl =q(o1—97), a
1 1 1

2
QI Ecmopdl = (&12 , Torna pa6ora paeHa A12 = CI(§D:|_ - (02)4- géera.
1

A
Paznenum o6e uactu Ha ( . B neBoii yacTu OTHOIIEHHE 12 6o3naunm U 12 . Bennyuna

q

YHUCJIICHHO paBHAasj OTHOIICHHIO Da6OTI)I U JICKTPOCTATHYCCKHUX M CTOPOHHHMX CHUI IO INIEPEMEIIC-
HUIO 3apsaaa K BEJIMYHUHE 3TOI'O 3apAaa Ha3bIBACTCA MAaACHUEM HAIIPAXCHUA MJIH ITPOCTO HAIIPSAAKC-

HHUCM Ha JaHHOM YYaCTKEC IICIHN U 12

£
1‘3’4’1 | I :3?; Taxum o6pasom (puc. 20.2),
Up =g -p +é1p
3amernm, uto eciu Ha ydyactke orcyterByer DJIC, to Ui =@ — @, . (s 3amMkHyTOM
nerm Touku | 1 2 coBnazaot, @) = @, u, rorna Uqy = £15.) Moxno nokasars, uto U1o = IR

, TJE R - [IOJTHOC COMPOTHUBJICHUC LCTIM U TOr'1a

IR=@ — @y +&15

D10 ypaBHEHHE BhIpakaeT 3akoH OMa Uit HeoaHopoaHoro yyacTtka nenu (¢ 9/1C).

Knaccuueckas ynekmponnasn meopus 31eKmponpoeooumMocmu Memanios u ee Heoo-
cmamovHocmep

BHYTpeHHsAs CTpyKTypa METAIUIOB XapaKTEPU3YETCsI KPUCTAUIMYECKON pemeTkor. B y3max
KPUCTAJNINYECKON PELIeTKH HaXOJATCS IMOJIOKUTENbHbIE MOHBI; B MPOCTPAHCTBE MEXIY HUMHU
NPaKTUYECKH CBOOOTHO JBHXKYTCS 00001IecTBIeHHbIE 1eKTpoHbl. Hemenkuit pusuk I1. [pyne
IIPEITOJIOKUI, YTO DJIEKTPOHBI BEJIYT €051 KaK YaCTHUIIbl UI€aJIbHOTO r'a3a, U HPEJUI0KHII UCTIONb-
30BaTh I ONUCAHMS UX MOBEJICHHS U3BECTHBIE (HOPMYJIIbl KHHETUYECKON TEOPUU Tra30B.

Cucrema cBOOOJHBIX 00OOIIECTBIEHHBIX B KPUCTATUYECKON PEIIETKE DJIEKTPOHOB HA3bI-
BaeTCs AJIEKTPOHHBIM T'a30M. B oTiinume ot Mosieky rasa, mpoOer KOTOPBIX ONpeAesycs coyaa-
PEHUEM MOJIEKYJI IPYT C APYTOM, DJIEKTPOHBI CTATKHUBAIOTCS MPEUMYIIIECTBEHHO HE MEXIY COOO0H,
a C MOHaMH 00pa3yIOUIMMH KPUCTAITUMYECKYIO PEIIeTKy MeTaja. DTUMH CTOJKHOBEHUSMHU 00Y-

CJIOBJICHO B YaCTHOCTH, CONMPOTHUBJIICHUEC METAJ1JIa SJICKTPHUYCCKOMY TOKY.

Xa0TUYECKOE TEIIOBOE JABMKEHHE IEKTPOHOB B METAJIaX MOXKHO XapaKTepU30BaTh Cpel-
. 8KT 3
Hell CKOpOCThI0 < U >= |——— (151 KOMHATHBIX TeMIIepaTyp <U> ~10°m/ ¢). llpu Hanmuuuu
-m
e

BHCIIHCTO ITOJIA 3JICKTPOHBLI O6J'IaI[aIOT (S211(¢ HGKOTOpOﬁ CpeIHEH CKOPOCThIO HAITPABICHHOTO JBH-

sxerms G . O6braro U~ 1072 =105 0/ C, To ecTh U << <U>
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Bw1600 3axonoe Oma u /Prcoyna-Jlenya u3 31eKmpoHHbIX BPEOCMagieHul
3akoH Oma.

Cpennuii myTh, MPOXOAUMBII CBOOOTHO ABIKYIIIMMHUCS DJIEKTPOHAMH MEXKITY IBYMSI ITOCIIe-
JIOBaTEIbHBIMHU CTOJIKHOBEHHUSIMU C MOHAMHU PEIIETKH HA3bIBACTCS CPEAHEH TTMHHON CBOOOHOTO

npobera A . CpenHee BpeMsi MEXIy IByMs CTOJIKHOBEHUSIMH 7 = — (OIPEIENSIETCS CKOPOCTHIO
v

—

Xa0THUYECKOro ABMKeHMs). [Ipy Hamnumu moys E HampaBiieHHAs CKOPOCTh 3JEKTPOHOB HAKall-
JMBaeTCs 3a BpeMsi CBOOOTHOTO mpobera M K MOMEHTY CIISAYIOIIEr0 COyAapeHus TIOCTUTaeT MaK-
CUMAJILHOM BEJIMYUHBIL:

Ckopocts U m3MeHsieTcst 3a BpeMs npodera jnuneitHo. [TosToMy ee cpesnee 3a nmpober 3Ha-
YEHHE PABHO MOJOBUHE MAKCHMAJIBHOTO 3HAYCHHUSI.

P T eE 1
2 ™ 2mo
IInoTHOCTB TOKA:
- _, n- ez * Z« —
J=n-e<ti>——-=E
2mov
2
- — n * e * 2/
Koaddurment nponopipioHaabHOCTH Mexy | U E o00o3Haumm 0=2— (o - mpo-
mo

BOJMMOCTH). B pe3ynbTarte momyunm 3akoH Oma B JIoKanbHOU dhopMe (mapaMeTpbl OTHOCATCS K

JTAHHOM TOYKE CEUEHUS MPOBOJIHUKA).

IInoTHOCTE TOKA B IMPOBOAHUKE MMPOMNMOPIHHUOHAIIbBHA HAIPAKCHHOCTHU DJICKTPUICCKOI'O MMOJIA

E . KosddurpeHToM MpomopIriHoHaibHOCTH ABJISETCSA MTPOBOAUMOCTS. (3ameuanue. CpaBHUM I10-

nTydeHHyro Gopmyity ¢ u3BectHoit | = R [TpoBoarMOCTs O 0OPATHO MPOMOPLUOHATIBHA YAEITb-
1 -
HOMY CONPOTHBJICHUIO O O = — . [IMOTHOCTH TOKa | = 3 Hanpspkennocts monst E = T (I -
Yo
1U U U
nnuHHA IpoBoanuka). Torma —=——,wm | =——S = —, uro u Tpe6oBanoce.)
S pl ol R
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3axod JLxoyiad — JIeHna.

K xoHiy cBoOOIHOrO mpoOera 3JaeKTpPOH MPUOOPETAEeT JAOMOIHUTENbHYI0 KUHETHUECKYIO
DHEPIHUIO0, CPEIHEE 3HAYEHUE KOTOPOM PaBHO:

2 242
M-Unax _ © A
2

<AEy >= E2

2mo
eEA

(HamomHUM: Upay = —).
mo

CTOJIKHYBIIIMCH C aTOMOM, 3JIEKTPOH, 0 MPEAIOJIOKEHUIO, ITOJIHOCTHIO IepeaaeT mpruoodpe-
TEHHYI0 UM DHEPIUI0 KpucTaindecko pemierke. CooOnIeHHAas peleTKe SHeprus UAeT Ha yBe-
JUYeHUE BHYTPEHHEH SHEPIUHU METalIa, IPOSBIISISICh B €0 HarpeBaHUU.

. v .
Kaxxnprit 57eKTpoH mpeTeprneBaeT 3a CeKyHAY B CpeIHEM Z = N coynapenuii. O603HaunM

YHUCJIO 3JICKTPOHOB MPOBOJUMOCTH B CAUHHIIC oobema N , TOrga moJiHad S3HCPruid, nepcaaHHasi

QJICKTPOHAMH 34 CAMHUIY BDCMCHHU B CAMHUIIC 00BeMa 6y,Z[CT PaBHATHCA:

242 £2 _ ne’A igEg B ne’A

_ - E?,
2mu? 2mov v A 2mo

W=n-z<4E >=n-z-

3Has1, 4To O = B pe3yJsbTaTe MoiyyuM 3akoH Jxoyis — JIeHua B lokanbHOU popme:

W =c-E?2

TennoBas MOITHOCTDH, BBIACIAIONIAACA B CAMHHUIIC o0beMa IOpy IIPOTECKAHWU 3JICKTPHYC-

CKOTI'0 TOKa IMponopurMoHaJIbHa KBaAPaTy HANPAXKCHHOCTH I1OJIA.

[lepexonsior 0 u E x p u j:(Uzl, Ezi),HOJIytII/Iszl =| =p-j°,um
Yo, o)

W=p-j?

[Monyunnu apyryio dbopmy 3akona Jxoyns — Jlenna. (OO0bemMHasi MIOTHOCTh TEILIOBOM
MOIITHOCTH PaBHA MPOU3BEACHUIO YICIILHOTO COMPOTUBIICHUS HAa KBAPAT TUNIOTHOCTH TOKA).

3ampyonenun Knaccuueckoil 31eKmMpPOHHOU MeopuU INEKMPOnPOEOOHOCHU MEMAll08

Krnaccuueckast Teopus cMoria 00bSICHUTH MOJIYYSHHBIC paHee IKCIECPUMEHTAIBHO 3aKOHBI
Owma u JIxxoyist — JIeHIIa, HO €CTh U CYIIECTBEHHbBIC 3aTpyAHeHMsI. OCHOBHBIMU SBJISIFOTCS CIICTY-
FOIIIHE:
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1

1. Teoperuyeckoe 3HaYEHUE IPOBOAMMOCTH U3MEHSETCS € TeMIIepaTypoit O peop ~ _ﬁ

1

, DKCTICPUMCHTAJIbHA K€ 3aBUCHUMOCTh O = — .

2. Knaccuueckas TCOpHA HC B COCTOAHUU OOBSICHUTH TAKOC SIBJICHHE KaK CBEPXIIPOBOAM-
MOCTbD.

HNmerores u APYTrue 3aTpyAHEHUA U B 9TOM HEJOCTATOYHOCTD KJIaCCHYECKOMU TEOpHUH.

CoBpeMeHHasi KBaHTOBasi TEOPUs JIEKTPOIMPOBOJUMOCTH METAIJIOB MOKAa3bIBAET, YTO BCE
TPYAHOCTH KJIACCUYECKON TEOPUU CBSI3aHBI C TEM, YTO MPEACTaBICHUE 00 3JIEKTPOHAX KaK Uie-
aJbHOM Ta3e ABJISIETCS IpyObIM npubamxkeHueM. Ha camom jene s7neKTpoHbl BHYTPY METaJlIa He
SBIISIOTCS TAKUMU CBOOOIHBIMU, KaK TO CIIEIyeT U3 KIIACCUYECKOW TEOPHUH.

B coBpeMeHHOI KBaHTOBOM TEOPUM IOKA3bIBAETCS, YTO JIEKTPOHBI BHYTPU METAJUIA, KaK U
AJIEKTPOHBI B aTOME HE MOTYT UMETh JIIOOYIO SHEPTrulo, a JIMIIb BIOJHE JAUCKPETHBIC 3HAYEHUS
DHEPIUU — SHEPIUs YIEKTPOHOB KBAHTYETCS.

5. 3akonvt Kupxzoga

1. ITepssIii 3akoH Kupxroda:

Anre6pa1/1q601<a;1 CyMMa CHUJI TOKOB, CXOAANIMXCA B YV3JIC, paBHA HYJIIO.

Sy =0

[Tpu 5TOM TOKH, UAYIIUE K Y3y, IPUHATO CUYUTATH MOJIOKUTETHHBIMU, & OT
y3J1a — OTPHUIATEIFHBIMHA (MOKHO U HA00OPOT — ATO HECYIIECTBEHHO).

Puc. 20.3

3amMeTuM, 4TO y3eJ] — 3TO TOUKa, IJIe CXOAATCS TpH U Oosiee Toka. Hampumep, s puc. 20.3
IIEPBBII 3aKOH 3aIUIIETCS TAK:

|1—|2+|3:O.

2. Bropoii 3akon Kupxroda (oH 0OTHOCHTCS K JTI0OOMY BBIICTIEHHOMY B IIETIH 3aMKHYTOMY
KOHTYpY):

AjrebGpanyeckas cyMMa MPOU3BEACHUMN CUJI TOKOB B OTIEJBHBIX VYACTKAX IIPOU3BOJIBHOTO
3aMKHYTOT'O KOHTYpPAa Ha MX CONPOTHUBICHUS (CyMMa TMaJCHUNA HaNpsOKESHUI) paBHA anreOpande-
ckori cymme DJI1C, neHCTBYVIONINX B DTOM KOHTYDE.

2R =26

IIpumeps! pelieHus 3aga4

3anaua 1. Jlannt 12 snementos ¢ DJIC & =1,5 B u BHyTpenHuM conpoTusiaenuem r=0,40m. Kak
HYKHO COEAMHUTD ITH JIEMEHTHI, YTOOBI MOJIYYUTh OT COOpAaHHOM M3 HUX OaTapeu HauOOJIbIIYIO
CHJIy TOKa BO BHEIIHEH 1enu, uMeroneit conporusienne R=0,3 Om?  OmnpeaenuTs MaKCUMab-
HYIO0 CHJTy TOKa Imax.
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Hauo: i BLEEEEEES 0
N=12 A T —
=158 i_ beooemee |_i
r=0, 4 Om I I
[E— |_ _______ |_'
R=0, 3 Om R
Imax = ?

[Tpenmnonoxum, 4To COEAMHEHNE COCTOUT M3 M MapajlieIbHO COeIMHEHHBIX BETBEH 1O N 1o-
CJIE/IOBATENBHO COEMHEHHBIX DJIEMEHTOB B Kak10# (cM. puc.). Ouesumno, N =m-n , Ilpu
nocyenoBarenbHoM coeanHeHnu DJIC M BHYTPEHHETO COINPOTHBIICHHUS 3JEMEHTOB CKJIaJbIBa-
rotest; mostomy DJIC kaxoii BetBr &, =N -& , a BHyTpeHHee CONPOTUBIICHUE L=n-r.

1 &1

[pu napaienbHOM COCIMHEHNN & CUCTEMbl PaBHA & OT/EIBHOTO 3IEMEHTa U — = Z—
r 1 T
C

. CnenoBarensHo, J/IC coenunenus paBHa 3J[C oTnenpHON BETBU gc = gB, a BHYTPEHHEE CO-

r
NPOTHBIICHHUE COeAMHeHMs I = £
m

nr
TaxuM 06pasoM, Ui GaTaper dJIeMeHToB uMeeM &. =N-& ,u I, =—.

ITo 3akony OMa J1g 3aMKHYTOM IENU MOTyYUM

& n& nmg& N-&

| = = = = (1)
r+R MM r nr+mR n-r+mR
m
Tak kak N =M-N u N=— , T0 OKOHYATENLHO MOIYYHM
m
N.& N& -m
= - 2)
“r4mr  NFFM
m
Hccnenyem Ha skcTpemyM dynkmmto 1(m), mpencraBieHHyto popmyiioi (2).
() ( NZ.-m ]l N -g-(Nr+m2R)—N-g-m-(2mR)
m)= = 3
Nr+m’R (Nr+m2R)2 ®)
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[TpupaBuuBas (3) K HyIIO

N%”(Nr+m2R)—2Né”-m2R B
(Nr+m2R)2 -

Hafl,[[eM MaKcHMaJIbHOE 3HaueHue M. B PE3YIbTATEC IMOJTYYHUM

Nr 12-0,4 N 12
m= = =4y N=—=—=3.
R 0,3 m 4

Taxkum o0pazom:

N& 12.1,5

I = g =
™ nr+mR  3-0,4+4-0,3

7,59A.

OTBeT: coeIMHEHNE COCTOUT M3 YEThIPEX BETBEH MO 3 MOoCIeI0BaTEIbHO COSAMHEHHBIX AJIe-
MCHTOB, MAKCHMAaJIbHBIN TOK 7,5 A.

3agaua 2. [Ipu cune Toka 11=3 A Bo BHeIIHeH Lienu OaTapeu akKyMYJIATOPOB BBIAEISETCS MOILI-

Hocth P1=18 BT, npu cune toka l2=1 A — coorBerctBenno P2=10 Br. Onpenemuts DJC & u
BHYTPEHHEE CONPOTUBIICHHE I 6aTapen.

Hano:

=3 A

P1=18 Br

=1 A

P>=10 Bt

& =?

r=2?

Tak kak momuocts P =1 -U , To nanpsokenne B nepsom ciyuae
P, P
U,=-1, aBosropom U, =—2.
1 2
. &
U3 3akona Oma uis 3aMkHyTOM nenu - | = .
R+r
W3 npuBeICHHBIX BBIIIEC PABEHCTB CIIEIYET
R
& =1r+U, & =Lr+—=
& g
I:)2
& =1,r+U, & =1r+—=
|2
P P Pl,—PI
lr+t=Lr+2=or=—21 12 -20m,

I1 |2 |1|2(I1_|2)
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W F-lr+i-12B

3anaua 3. [o xene3HomMy npoBOAHKKY, nuamerpoM d = 0,6 MM, Teder Tok 16 A. OnpenenuTsb

CPCAHIOO CKOPOCTH <U> HalIpaBJICHHOI'O ABW)XCHUS SJICKTPOHOB, CUHTAasl, YTO KOHLICHTpanus N

CBO6OHHBIX OJICKTPOHOB paBHAa KOHLUCHTPALUU n’ atoMoB IIPpOBOAHUKA.

Hano:

d=0, 6 MM=6-10"*m )

@—>6—>

=16 A

1)

rae t — BpeMsi, B TeYEHHE KOTOPOTO BCE CBOOOIHBIE DIICKTPOHBI, HAXOISIINECT MEX/TY CCUCHHUSIMHE
1 u 2, mpoiinst ceuenne 2 (cM. puc.), nepenecyt 3apsn Q =e - N, co3maBast Tox cuimoi

eN
-3 @

rae e — dIeMeHTapHbIi 3apsaa, N — 4ucio SIeKTPOHOB IPOBOAHMKKA, | — ero muHa.

O4YEeBUTHO YHCIIO DIEKTPOHOB N=n-V=n-I-S (3)

rae V- 00beM, a S — miomas cedeHns MpoBoAHKKa. I10 ycinoBuio, N=N’, CIe10BaTENBHO
Na Na Na-p

n=n'=—%= = : (4)
vV, Mlip M

m

KI'
rae Na —umcino ABoraapo, p — INIOTHOCTE JKENe3a ( p=1,87 10° —3) ,
M

3 KT
M — monsipHas macca xkenesa | M =56-107° .
MOJIb

[Moxcrapnsis (4) B (3), a 3areM B (2), OKOHYATEITHHO MOTYyYUM
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IMt
N,pSe’

OTKYyJa | =

2
zd
[loxcTaBuM nonydyeHHoe Bhipaxkenue B (1), cumtas, uto S =——,

[Tocne npeoOpa3oBaHus HAWEM, UTO

()= amM 4.16-56-10°
7d*N, - p-e 3,14-(6-10‘4)2-6,0-1023-7,87-103-1,6-10‘19

Bonpocut u 3a0anuas.

1. IToCTOSIHHBIH MEKTPUUECKUI TOK U €ro XapakTepUCTUKU. 3akoH OMa JJ1s ydacTKa LeIH.
2. Croponnue cwibl. Dnexrpoasmxymias cuia (3J1C). 3akon Oma 1t 3aMKHYTOH TIETIH.
3. PaGora u momHOCTh TOKa. 3akoH [[xoyms - JIeHma.

4. Kitaccuueckas 3JIEKTPOHHAs TEOPUS JIEKTPOIPOBOIUMOCTH METAJNIOB U €€ HEJJ0CTaTOU-
HOCTh

5. O606mmenHsbIi 3akoH Oma. [1pasuna Kupxroda.
6. DIIEeKTpUUECKUI TOK B METaJJIax.

3agaun AJIA CAMOCTOATEJIBbHOI'O PCIICHUSA

1. Tpu Gatapeu ¢ SAC E1= 12 B, E2=5 B u E3s = 10 B u o1uHaKoBbIMH BHYTPEHHUMHU COIIPOTHB-
JeHusIMU I, paBHBIMH | OM, CO€TMHEHBI MKy COO0 OHOMMEHHBIMU TomocaMu. ConpoTHBIe-
HUE COETMHUTENIbHBIX TPOBOJIOB HUUTOKHO Masio. ONpeeuTh CHUilbl TOKOB |, MayImux yepes Kax-
Iyt 6atapero.

2. JIBe rpynmbl U3 TPEX MOCIENOBATEILHO COCIUHEHHBIX JJIEMEHTOB COCIWHEHBI MapasijebHO.
OJIC E xaxpgoro snemenTa paBHa 1,2 B, Bayrpennee conporusienue I = 0,2 Owm. [Tonyuennas
OaTapest 3aMKHYyTa Ha BHeIIHee conpoTuiaeHue R = 1,5 Om. Halitu crity Toka | Bo BHeNTHEH 1erH.

3. BHyTpeHHee conpoTuBieHue I 6aTapen akKyMmysaTopoB paBHO 3 OM. CKOJIBKO IPOIIEHTOB OT
To4yHOro 3HaueHus JJ[C cocTaBiseT NOrpelIHOCTb, €CIN, U3MEPss Pa3HOCTh MOTEHIINAIOB Ha 3a-
XKuMax OaTapeu BOJbTMETPOM ¢ conpoTusieHneM Rs= 200 Om, npunate ee pasHoi JC?

4., 3amyHTHPOBAaHHBIN ammniepMeTp u3mepsieT Toku cuwioi 10 | = 10 A. Kakyro HanOoabyro cuimy
TOKa MOKET U3MEPUTH ITOT aMIlepMeTp Oe3 IIyHTa, eCJIM CONPOTUBIIEHHE Ra ammepmerpa paBHO
0,02 Om u conpoTHBieHHE R IITyHTa paBHO 5 MOMm?
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5. Cuna Toka B MPOBOAHMKE paBHOMEpHO HapactaeT oT lo =0 no | = 3 A B TeueHue Bpemenu t =
10 c. Onpenenuts 3apsn Q, TPOIIEAIIHI B IPOBOTHUKE.

6. Jans! 12 snemenrtoB ¢ 9/IC E = 1,5 B u BHyTpennum conportusienueM I = 0,4 Om. Kak Hy)HO
COGJIMHUTH 3TH AJIEMEHTHI, YTOOBI MOJYYUTh OT COOpaHHOM M3 HUX OaTaper HaHOOJBIIYIO CHUITY
TOKa BO BHEIIHEH 1enu, umeroniei comnporusienre R = 0,3 Om? Onpenenutb MakCUMAaJIbHYIO
cuiTy TOKa Imax.

7. IBa anementa (E1=1,2 B, r=0,1 Om; E2=0,9 B, r>=0,3 Om) coenrHEHBI OJTHOMMEHHBIMH TIOJTIO-
camu. ComnporuBiieHre R coeTMHUTENBHBIX MPoBOAOB paBHO 0,2 Om. OnpenenuTs crity Toka |
B LICIH.

8. Ompenenuth CHIy TOKa KOPOTKOT'O 3aMbIKaHUSI HCTOUYHUKA TOKA, €CJIM MPU BHEIIHEM COIPO-
tuBneHnn R1=50 Om cwiia Toka B neru 11=0,2 A, a mpu R2=110 Om cua Toka B nerm 12=0,1 A.

9. Karymika u aMIiepMeTp COCIUHEHBI MOCIEA0BATEIHFHO U MOKIIOYEHBI K HCTOYHHUKY ToKa. K
3a)KMMaM KaTyIIKH TPUCOEAMHEH BOJIBTMETp conpoTuBieHueM Ry=1 kOwm. [Tokazanus amrep-
metpa 1=0,5 A, BoasTmeTpa U = 100 B. Onpenenuts conporuBienue R katymku. CKOJIBKO MPo-
IICHTOB OT TOYHOT'O 3HAYCHUs COMTPOTHBIICHHSI KATYIIKA COCTABHUT MOTPEIIHOCTD, €CIIH HE YUHUTHI-
BaTh COMPOTUBJICHUS BOJILTMETpA?

10. K ucrounuky Toka ¢ DJIC E =1,5 B npucoenunmim karymky ¢ conporusieHruemM R=0,10m.
AmMriepMeTp mokaszan cuiy Toka, paBuyto 11=0,5 A. Koraa k HCTOYHHKY TOKa MPUCOCTUHIIIN T10-
CJIEIOBATENIbHO €l1€ OJIMH MCTOYHUK ToKa ¢ Takoi xe DJIC, To cuia Toka | B TOM ke KaTylke
okazanach paBHoi 0,4 A. Onpenenutb BHyTPEHHUE CONPOTUBIICHUS 1 U 2 IEPBOrO U BTOPOTO
MCTOYHUKOB TOKA.

11. ITo mpoBonHUKY conpoTuBieHHeM R = 3 OM TedeT Tok, cuiia KoToporo Bo3pactaer. Komuue-
CTBO TeruIoThl Q, BBIIETHBINIEECS B MPOBOIHUKE 3a Bpemsi 7 =8 ¢, paBHO 200 /Ix. Onpenenuts
KOJIMYECTBO AJIEKTpUYECTBA (,[IPOTEKIIEE 32 3TO BpeMs 110 IPOBOJAHUKY. B HauanbHBIH MOMEHT
BPEMEHM CHJIa TOKA B IPOBOJHUKE paBHA HYIJIIO.

12. Cuna Toka B MpoBOJHUKE conpoTuBiieHeM R = 12 OM paBHOMepHO yObiBaeT oT lo = 5SA 1o
| = 0 B Teuenue Bpemenu t = 10 c. Kakoe konmuecTBo TemoTs! Q BBIAETSAETCS B 9TOM IIPOBOJIHUKE
3a YKa3aHHBII IPOMEXYTOK BpeMEHU?

13. Cuna Toka B mpoBogHUKE conpoTuBiaeHueM I = 100 OM paBHOMepHO HapacTaeT ot lo = 0 g0
Imax = 10 A B Teuenue BpemeHnu 7=30 c. OnpenenuTs KOJHIECTBO TeIUIOTH Q, BBIIEIHUBIIIEECS 32
3TO BPEMS B IPOBOJIHUKE.

14. TIpu cune Toka l1 =3 A Bo BHelIHel 1leny 0aTapen aKKyMyJISTOPOB BBIIEISTCS MOIIHOCTD P1
= 18 BT, mpu cune Toka l2=1 A — coorBercTtBeHHo P2 = 10 BT. Onpenenuts 3/IC E u BHyTpeHHEE
COIpOTHUBIIEHUE I' 6aTapeu.

15. OOGMOTKa 3JEKTPUUECKOTO KUIISTHIIBHUKA UMEET JIBe CeKIuu. Eciy BKIIIoUeHa TOIbKO MepBast
CEeKIIMs, TO BoAa 3akunaet yepe3 t1 = 15 MuH, ecau Tonbko Bropas, To uyepes t2 = 30 mun. Uepes
CKOJIBKO MUHYT 3aKUIUT BOJIA, €CITU 00€ CEKIMH BKIIOYUTH TocneaoBarenbHo? [lapamiensHo?

16. K 3axxumam Gatapeu akkyMyssiTopoB npucoeanHer HarpeBatenb. DJIC E Garapeu paBna 24
B, BuyTpenHee conportusienue I = 1 Om. HarpeBartenp, BKIIOUEHHBIN B L€, OTPEOISET MOLII-
HocTh P=80 BT. Berunciauts cuny Toka | B ienu u KI1J] # marpesarens.
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17. OJIC E 6arapeu pasna 20 B. Conporusnenue R BHemHe# nenu papHo 2 OM, cuia Toka | =
4A. Haiitu KI1J] 6atapen. [1pu kakom 3Hauennu BHemHero conpotuBienus R1 KIT/[ Gyxer paBen
99%?

18. K 6arapee akkymysstopos, 9J1C E xoropoii paBHa 2 B u BHyTpeHHEee CONpOTUBICHHE I paBHO
0,5 Om, npucoeauHeH NPOBOAHUK. ONpeaeuTh: 1) conpoTtuBnenue R npoBogHMKA,
Py KOTOPOM MOUIHOCTb, BbIJIENIsIeMasi B HEM, MAaKCUMAJIbHA; 2) MOLTHOCTH P, KOTOpas MpH 3TOM
BBIJIETISIETCS B [IPOBOTHUKE.

19. BJIC 6arapen akkymyJssatopoB E =12 B, cuna Toka | kopoTkoro 3ampikanus paBHa 5 A. Kakyro
HauOOJIBIIYI0 MOIIIHOCTh Pmax MOXHO IMOJIYYUTh BO BHEIIHEH €N, COSMHEHHOMN ¢ Takoil O6ara-
peeii?

20. Jlamriouka U peocTaT, COCIMHEHHBIE MOCIIEeI0BATEIbHO, IPUCOSANHEHB K UCTOYHUKY TOKA.
Hanpsoxenne U Ha 3axumax gamiouku pasHo 40 B, conportusienue R peocrara pasao 10 Om.
Buemmnsas nens norpedisier momHocTs P=120 Br. Haiitu cuiy Toka B 1ieny.

21. B Me1HOM MPOBOAHKKE JIHHOM |=2 M ¥ TUTOMAABI0 S TONIEPEYHOro ceueHus, paBHoii 0,4 MM?,
unet Tok. [Ipu aTom execekyHHO BhiAesIeTcs KoaudecTBO TerioThl Q=0,35 J[. CKOJIbKO 3J1eK-
TpoHOB N IIpox0uT 3a 1 CEKyHIy Uepe3 MonepevyHoe CEYSHHE 3TOr0 MPOBOTHUKA?

22. [110THOCTH TOKA j B MEJHOM MPOBOIHKKE paBHa 3 A/Mm?%. Haiitu HanpskeHHOCTH E 311eKTpH-
YECKOT0 I10JIs B IPOBOJHUKE.

23. TI7I0THOCTH TOKA | B ATIOMUHHEBOM MPOBOJie paBHa 1 A/Mm?. HaifTu cpeiHIo cKopocTh <v>
YHOPSAAOYEHHOIO ABUKEHHUS JJIEKTPOHOB, IIPEAII0JIarasi, YTo YMCiIo

CBO60I[HLIX 9JICKTPOHOB, Ipcarojarasia, 4To 4ucjio CB060,Z[HBIX 9JICKTPOHOB B 1 CM3 AJIFOMHUHUA
paBHO YHUCJIO aTOMOB.

24. OnpenennuTb CPEeIHIOK CKOPOCTh < » > YIOPSAOYEHHOTO JABUKEHUS JIEKTPOHOB B METHOM
npoBoxHHUKe TipH cuie Toka | = 10 A u cevennn S nposoanuka, papaoMm 1 Mm%, [TpuHATH, 4TO
KQKJIbII aTOM MEJI MIPUXOJUTCS JABA IEKTPOHA ITPOBOJIUMOCTH.

25. Cuna Toka | B MeTa/uimueckoM TIpoBoiHHUKe paBHa 0,8 A, ceueHHe NPOBOAHMKA S= 4 MMZ,
[IprHUMas, YTO B KaX10M KyOMUECKOM CAaHTUMETpe MeTajlia cofepxkurcs N=22,5-10% co6os-
HBIX 3JIEKTPOHOB, ONPEIEIUTh CPEAHIOI CKOPOCTh <0> UX YHOPSIOUYEHHOT'O IBUKEHHUS.

26. B MeHOM mpoBoHIKE 00BeMOM V=6 cM° IpH TIPOXO0KIEHNN MO HEMY TIOCTOSHHOTO TOKA 32
BpeMs t=1 MUH BBIACITHIOCH KOJUYECTBO TEIUIOTHI Q=216 . BhUnCINTh HANPSKESHHOCTh F
3JIEKTPUYECKOTO ITOJISI B IPOBOJHUKE.

27. MeTanindeckuii NpoBOIHUK ABHXKETCS ¢ yekopenueM a=100 m/c?. Mcnonb3ys KaccHuecKyro
TEOPUIO AJIEKTPONPOBOJHOCTH METAIIIOB, ONIPEAETUTHh HAIPSKEHHOCTD £ 3JIEKTPUUYECKOTO 110JIS B
IIPOBO/IHUKE.

28. Menuslii nuck paguycom R=0,5 M paBHOMepHO Bpammaercs (0=10% paa/c) oTHOCHTENBHO OCH,
NEePIEHINKYJISIPHON TUTOCKOCTH JTUCKa M MPOXOISIIei uepe3 ero neHtp. OnpenenuTs pa3HOCTh
noteHuanoB U MeX/y IEHTPOM JNUCKa U er0 KpaHHIUMHU TOYKaMH.

29. MeTaninnueckuii cTep >KeHb IBHXKETCS BJIOJIb CBOEH ocH co ckopocThio v=200 m/c. Onpenenutsb
3apsn Q, KOTOPEIH MPOTEUET Yepe3 TrallbBAaHOMETP, MOJKITI0YAeMbIi K KOHIIAM CTEPXKHS, IPU Pe3-
KOM €ro TOPMOKeHHH, eciiu JuinHa | crepkHst paBHa 10 M, a conpoTuBieHue R Beeit nenu (BKIIO-
qasi LIeNb rajibBaHoMeTpa) paBHo 10 MOwM.
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30. YaenpHas mpoBOAUMOCTE y MeTauia paBHa 10 MCwm/m. Beraucnuts cpennioro mmny < | >
CBOOOJIHOTO TpoOera 3JIEKTPOHOB B METaJUIe, €CIU KOHIIGHTpanus N CBOOOJHBIX AJIEKTPOHOB
paBHa 10?8 M3, CpenHIO0 CKOPOCTh U Xa0THYECKOTO JIBIKEHHS SEKTPOHOB PHUHATH paBHO# 10°
Mm/c.

Pasnen 4. MarneTnsm. DJIeKTPOMATHUTHBIE KOJIeOaHUS U BOJHbI

IIpakTnyeckoe 3ansaTue 10.
Tema 3anamus. Ilonsitue 0 MarHuTHOM noJie. 3axoH buo — CaBapa — Jlannaca.
Llenw 3anamus. V13yunts OCHOBHBIE ITPOSIBJICHUSI MArHUTHOTO 11OJISI IOCTOSIHHOT'O TOKA.
Teopemuueckas uacme.

MarnuTHass MHAVKIHS M HANPAKEHHOCTh MATHUTHOIO MOJIsI.

—

MHoTok BekTOpa MaruuTHo# nuaykimun. Teopema N'aycca nis Bektopa B

Tepmun marautHOE TI0Ie BBEN B 1845 rony anrnuiickuii puszuk M.Dapaneii, CYuTaBIINH,
YTO KaK AJIEKTPUUECKOE, TAK 1 MAarHUTHOE B3aUMOJIEUCTBUS OCYLIECTBIISIOTCS IOCPEACTBOM €/11-
HOT'O MaTE€pPHAIbHOTO IOJI.

Hcrounnkamu MaKpPOCKOIMMYCCKOTO MAarHuTHOI'O ITOJIA ABJIAOTCA HAMArHM4CHHBIC TCJIa, IPOBOJI-
HUKHW C TOKOM M ABHXYHIUCCA JJICKTPHUYCCKHU 3aAPsKCHHBIC TCJIa. Hpnpolla 9TUX HCTOYHHKOB
CIMHA: MArHUTHOC I10JIC BOSHUKACT B PE3YJIBTATC ABWKXCHUSA 3aPAKCHHBIX MUKPOYACTHII.

MarauTHoe 1oJje — CHIIOBOE I10JIC, HeﬁCTBYIOIHee Ha IBHXXYIIUCCS DJICKTPHUICCKUC 3aps bl
Hn Ha T€JI1a, 06naz[a10ume MarHMTHBIM MOMEHTOM. MarauTHoe mose XapaKTCPU3yCTCsd BECKTOPOM

MarduTHON MHAYKIMK B . 3Hauenue B omnpenenser cuily, IeHCTBYIONIYIO B JAaHHOM TOYKE MOJIs
Ha JABVKYIIUACS SJIEKTPUUSCKHUM 3apsil U Ha Tejla, MEIOIUE MarHUTHBIM MOMEHT.

—

Bekrop B MOXHO BBECTH OJIHUM M3 TPEX SKBUBAJECHTHBIX CIIOCOOOB:
a) UCXO/sl U3 CUJIOBOTO JEHCTBUSI MarHUTHOTO MOJIS HA JBMXKYLIYIOCS B HEM 3apsHKEHHYIO 4Ya-
CTHILY;
0) OCHOBBIBASICH Ha CHJIOBOM JIEWCTBUM MAarHUTHOTO IOJI HA MaJIblil 2JIEeMEHT MPOBOJIHUKA C TO-
KOM;
B) MCXOJISl U3 CUJIOBOTO JICMCTBUSI MATHUTHOTO I10JIs1 HA HEOOJBIIYIO PAMKY C TOKOM.

Hanpumep, MarHuTHasi HHAYKIMSA — BEKTOPHAs BEJIMYWHA, MOAYJIb KOTOPOM ONpeaes-

€TCsl OTHOIICHHEM MaKCUMaJIbHOU cuitsl F. , JeficTByOIIEl cO CTOPOHBI MAarHUT-HOTO MOJIS Ha

Y4aCTOK MPOBOAHHKA C TOKOM, K CHUJIC 3TOI'0O TOKa | u JAJIMHE y4aCTKa Al IMPOBOAHUKA

Fmax —_
B =, [B] = Tx )

s rpaduueckoro n300pakeHus CTAIMOHAPHOTO MAaTHUTHOTO MOJIS MOJIb3YIOTCS METO-
JIOM JIMHUW UHAYKIUU. JIMHUAMY MarHuTHOM UHTy KUK (CUIIOBBIMU JIMHUSIMA MAarHUTHOTO TTOJIST)
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HAa3bIBAIOTCs JIMHUHA, MIPOBCACHHBIC B MArHUTHOM II0JIC€ TaK, YTO B Kﬁ)KI[OfI TOYKE ITIOJIA KacaT€lib-

Hasl K JJWHUHA MarHuTHOU HHAYKIOWH COBIAAACT C HAIIPABJICHUEM BCKTOPA B MarHUTHOH HUHAYK-
o1 B STOU TOYKe MOoJIsl. JIMHUM MarHUTHOHU WHAYKIOUW HUT'AC HE O6pI)IBaIOTC$I, T. €. HC HAYNHaA-
I0TCS ¥ He KOHUYatoTcs. OHM MO0 3aMKHYTHI, JINOO HAYT U3 OECKOHEYHOCTH Ha OECKOHEYHOCTD.

MarauTHOE I10JI€ Ha3bIBAeTCs OIHOPOJAHBIM, €CJIM BO BCEX €TI0 TOYKAX BCKTOP MarHUTHOM

UHIYKIUH B uMeeT 0HO | TO K€ 3HaueHHe. B IpOTHBHOM Cily4ae MarHUTHOE I10JIC HAa3bIBAETCS
HEOHOPOIHBIM.

I[HSI MAarauMTHOIO ITOJIA, KaK U JJIA 3JICKTPUICCKOI 0, CIIPABCIJINB IMTPUHIUII CYTICPIIO3UIIUUA:
Mar"HuTHoe mnojie B , CO31aBA€MOC HCCKOJIbKUMHU UCTOYHHUKAMH, PABHO BCKTOpHOﬁ CyMMC noJiei

Bi , IOPOXKIACMBIX KaKAbIM UCTOYHUKOM B OTACIIBHOCTHU:

_ . 2
B:iBi' ()
i=1

OTCyTCTBI/IC B MMpUpPOAC MArHUTHBIX 3apsAA0B MNPHUBOJUT K TOMY, YTO JIMHHUU MarduTHOM
WHAYKIOWUW HC UMCIOT HU HadaJla, HU KOHIIA. HO3TOMy IIOTOK BCKTOpA B qepes3 J'IIO6y10 3aMKHY-

TYIO MIOBEPXHOCTH S paBeH Hyuto. CienoBarenbHo, Teopema 'aycca st Bekropa B dopmysu-
pyeTcs cleyroIuM 00pa3oMm:

D, = § BdS =0. [®5] = B6 ()

— —

Hapsny ¢ unaykuueii B ucnonb3yercs MOHATHE HANPSHKEHHOCTH MarduTHoro moias H,
KaK MEpbI BO3/ICHCTBHS HA IPOBOJHUKH C TOKOM U MarHUTHYIO CTPEIIKY (pa3MepHOCTh €€ - A/m).

Hanpspkennocts H xapaktepusyer MarHuTHOE MoJie, CO3/1aBaEMOE MAKPOCKOITMYECKUMH TOKAMH
U N03TOMY OIpEAEsAeTCs UX BEIMYMHAMU, KOH(Urypanueil B IPOCTPAHCTBE U HE 3aBHCUT OT
CBOMCTB cpejibl. BekTop MHIyKIMKM MarHUTHOTO 110J1s B cBsA3aH ¢ HANPsS)KEHHOCTHIO MATHUTHOTO

—

IIOJIA H COOTHOIICHHUEM

— —

B =pnu,H, 4)

-7
rTae U, = 47-10 FH/M — MarHvuTHas IoCTOsTHHasA, |l — MarHuTHas MPOHUIIAEMOCTb CPEIbI.

3akon buo — Casapa - Jlanuiaca 1jisi 3J1eMeHTa TOKa.

Pacyer MArHUTHBLIX OJIEH

Ha ocHoBannm aHaim3a ONBITHBIX JaHHBIX JJId MarHUTHBIX MOJIEN MMOCTOSHHBIX TOKOB OBI ycCrta-

HOBJIEH 3ak0H buo — CaBapa — Jlansiaca Buja:

' 5
dB:u_OIdIsm(p’ ()
Ar  r?

rae I — paamyc-BeKTOp, MPOBEICHHBIA U3 3JIEMEHTA MPOBOJHUKA B PACCMATPUBAEMYIO TOUKY

nons; @ — yron mexay sekropamu Al u T .
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Hanpasnenue Bexkropa OB MoxHO Haiiti 1o npasumry Maxcsenna (IpaBuity GypaBumMKa): eclu
BBMHYUBAThH OypaBUMK C [PaBOi pe3p00ii 110 HAIIPaBIEHUIO BEKTOPA MNIOTHOCTH TOKA B AJIEMEHTE
IPOBOJHMKA, TO HAIIPABICHHUE JBHKECHHUSA PYKOSTKH OypaBUMKa yKa)KeT HaIlpaBJICHUE BEKTOpa

dB marnuTHO# MHIYKIHH.
|. Macnumnoe none npsmoco moxa.

Haiinem ¢ momoipto 3akoHa buo-Casapa-Jlamnnaca MarHuTHOE 1oJie MPSMOJIMHEHHOTO MPOBO/I-
Huka ¢ TokoM | (pucynok 1). Ilycts ro — paccTosiHME OT TOUKH, B KOTOPOIl ONpeaensercs mnoe,
JI0 TIPOBOJIHUKA ¢ TOKOM. Toraa paccTosiHue I' oT y4acTka npoBojHuka dl MOXKHO BBIpa3uTh Tak:

r=r, / sin @, rIe @ — yroia MeXAy BEKTOpaMu dl u F. Jnuna dl ceasana ¢ YIJIOM (@, IIOJ KO-

TOPBIM BUJCH 3TOT YHAaCTOK IIPOBOJAHHKA U3 paCCManHBaCMOﬁ TOYKH:

rd r.d
—_— ) P dl =— P = ;D . (6)
sing sin’g
It [ToncraBuM >TH 3HaueHus B hopmyiy (5)

I
Az ry -sin” g Az T,
(7)

LB g B cooTBeTcTBHYM C MPUHIUMIIOM CyHEepIIO3ULUH (2) MarHUTHAsI UH-

. 22
dB:&-I r,-de-sing-sin P _ M singdp.

JYKIMs IS yyacTKa npoBoaHuka B pasua:

. I
B=IdB=If—;-r—o-Sln¢d¢:f—;-r—(COSng —c0s@,), (8)

0

TAC @1 U @2 — YIJIbI MCKAY BEKTOPOM INNIOTHOCTU TOKA B IIPOBOJHUKE U paInyC-BEKTOpAMU, IIPO-
BCACHHBIMHU B paCCMATpPHUBACMYIO TOYKY U3 Ha4aJla 1 KOHIIA Y4aCTKa IMPOBOJIHUKA.

Puc.2.

Ecnu npoBoiHUK O€CKOHEYHO JUTMHHBINA, TO @1 =0, ¢2 = 71 HHAYKLIUSA MarHUTHOTO TOJI,
Kak cineacTue 3akoHa  buo — CaBapa — Jlamutaca, B 11100011 TOUKe MpOCTpaHCTBA

BBIUUCIISIETCS 110 MPOCTON hopMyIie BUA:

Ho 21ty | 9
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_dl _ JIMHUM MarHUTHOM MHIYKIUU TOJIS MPSMOTO TOKa MPEICTABISIOT
co00il cucTeMy OXBaTBHIBAIOIIMX MPOBOJ KOHIEHTPUUYECKUX
OKPYXHOCTEH.

2. Maenummoe none 8 yeHmpe Kpy208020 NPOBOOHUKA C MOKOM.

Kak CJICAYCT U3 pUCYHKA 2, BCC 3JICMCHTHBI KPYT'OBOT'O IIPO-
BOJHHUKA C TOKOM CO3Jar0T B €0 HCHTPEC MATrHUTHOC I10JIC OANHA-
KOBOT'O HAIIPpaBJICHHUA — BIOJIb HOpMAJIKM OT BUTKA. HOBTOMy CJIO0-

KCHHUE BCKTOPOB dB MOX>XHO 3aMCHHUTB CJIIOKCHUHEM HX MO,Z[y.]'ICI\/'I.

Tak kak Bce 3JIeMEHThI TPOBOAHUKA TEPIICHAUKYIISAPHBI Paanyc-BeKTOPY (SiNg=1) u paccTosHusI
BCEX DJIEMEHTOB MPOBOJIHUKA JI0 LIEHTPa KPYrOBOTO TOKAa OJIMHAKOBHI M paBHBI R , TO cormacHo

(5)
I (10)
dB =22 e dl.

472' R
Torna uaTETrpa, B3AThIN IO KOHTYPY MPOBOIHHUKA,

Mo |
B, =¢-°— dl,
’ L47zR2 47sz§

Tak xak §d| = 27R. , TO MarHuTHast UHAYKOWUA B LHECHTPC KPYroBOro nNpoBOJHHUKA C TOKOM B Ba-

KyyMe paBHa

I (11)
B, =155
2R’
3. Maenumnoe none Ha ocu Kpy208020 GUMKA C MOKOM.
7 i WHaykius MarHUTHOTO TOJIS BJIOJIb OCH, TIPOBeE-
r f B JIEHHOW Yepe3 IEHTP KPYyTOBOT0 TOKa MepHeH/Iu-
B fa" dg| | 5  KYMIPHO ero miockocty, OyJIeT yMEHbIIaThCs 110
: o\ | : Mepe yJaJleHus OT KpyroBoro Toka. Eciu Ha ocu
\ Vo BBIOpaTh TOUKy M (puc. 3), TO pe3yabTHPYIOIIast
H*i,i ! uHaykuus B onpenensercs xak cymma mpoek-
: i dBx, BEIpaKEHHBIX POPMYJIOH.
: R IR (12)
dB, =sin AB=—dB=40""qI.
3
r A r

OTKy1a HECJIOKHO TOy4nTh, UHTETpHUpYs (16.12)

13
47zr r

—

Hupkyasiiusi BekTopa B . MaruutHoe noJie coJieHOWIA W TOPOWIA
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B nensx ynpoiieHus B BBIYACIEHUN MATHUTHBIX NOJIEH MCHOJIB3YETCA TEOPEMA O LIUPKY-
JSIMAU PE3YIILTHPYIOIEro BekTopa B, KoTopas (GopMyIMpyeTcss Ha OCHOBAHHH OIPEIEICHUS
LUPKYJSLIUU C YYETOM MHAYKIMM MarHUTHBIX MoJieH B, , CO31aBaeMbIX Ka)JIbIM U3 TOKOB I10

(16.9) B coorBetrcTBUM ¢ 3akoHOM buo — CaBapa — Jlannaca, B Buze:
.. m
§Bdl = p, > 1,
k=1

rae uHgekcoM "K" 0003HAYEHBI JIMITL TOKH, OXBaThiBaeMbie KOHTypoM. CienoBareibHO, Teo-

(14)

—

pema: yupKyaayus éekmopa maznummuoi undykuyuu B no npouseonvnomy samxuymomy xon-
mypy pasna anzedpauyecKoil cymme moKoe, 0Xe6ambuvléaemuvix KOHMYPOM, YMHONCEHHOU HA L) .

XapakTepHbIM MIPUMEPOM HUCIIOJIB30BAHUS TEOPEMBI O

B=0 upKyssinud B (wn Hanpspk€HHOCTH H ; 3aKOHA MOJIHOTO
0000000000, TOKA) JUIA MOJTyYeHUs PaCUETHBIX (POPMYIT SIBIAIOTCS TToJIe Oec-
KOHEYHO JJIMHHOI'O COJICHOU/A, & TAKIKE TOPOHIA.

CoJteHon1 — CBEPHYTHIN B CIUPAIh N30JIMPOBAHHBINA MTPOBO/-

e o B Y R N . o
HUK, 110 KOTOPOMY TE€YECT SJICKTPHIYCCKHUHN TOK.

A o

Puc. 4.

Ilosie 0ecKOHEYHOTO COJICHOM A aKCHAJIbHO CUMMETPHUYHO U MOXET UMCTD JIMIIb KOMIIO-
HCHTY, NMapaJlJICJIbBHYO OCH COJICHOUOA (BI/ITKI/I HaMOTaHbI O4YCHb IJIOTHO, PHUC. 4)

Jlnst onpenenenns B BHyTpH coseHOMza MPUMEHHMM 3aKOH IMOJHOTO TOKA K KOHTYpY
AB1C1DA, B HéM N BuTkoB. MHTErpan He paBeH HyJIIO ToJbKO Ha yyacTke B1C1u mostomy

— 13
Boicy -I=n-1-1- 1, (13)

U3 (13) BuaHO, 4TO MOJIe BHYTPH COJI€HOMIA OJTHOPOHO U €T0 MHAYKIIUS paBHA!
B:ﬂonl’rﬂe n:N/I (14)

[IpousBenenue Nl Ha3pIBAETCS YMCIOM aMIIep-BUTKOB Ha METP.

B MaruuTHy10 MHAYKIUIO HA OCH COJIEHOU]Ia CHMMETPUYHO PACIIOIO0KEHHbIE BUTKH BHOCAT OJH-
HaKOBBII BkIag. [IoaTOMY y KOHIIA TOTYOECKOHEUHOTO COJICHOH/Ia Ha €T0 OCH MAarHUTHAsI MHIYK-
1Ml paBHA MOJIOBMHE 3HaueHus (16.14)

Lo (15)
- 2/’10 *
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[TpakTUuecku, eciy JIIMHA COJICHOMA 3HAYNUTEIBHO OO0JbINe, ueM ero auametp, Gopmyna (14)
OyzeT cripaBeIMBa ISl TOUCK B CPeAHEN YacTH cojieHouaa, a ¢popmyra (15) - aisa Touek Ha ocu
BOJIM3M €T0 KOHIIOB.

Topoun npencrasnser codOoi MPOBOJ, HABUTHIN Ha KapKac, HMe-
oM (popMy pasuanbHO HM30THYTOTO IMIMHIPA, Y KOTOPOTO
BXOJ/IHO€ Y BBIXOJITHOE CEUECHHMSI COBMAIAIOT (pHUC.5).

dopmyna i orpeieeHIs] MAarHUTHON MHAYKIIUY BHYTPH

TOPOH/IA TIOJyYaeTCss HA OCHOBAHWH TEOPEMBI O HHUPKYJsiun B
aHAJIOTUYHBIM 00pa3oM, U UMEET BUJIL:

R
B:ﬂonl'?- (16)

Puc.5.

Bne Toponia MarauTHas HHAYKIHS paBHA HYJIIO.

C nmomouibo TeOpeMbl O LUPKYJIALUN BEKTOpa B moskHO PEUINUTh U Pl APYTUX 3a1ad,
HaIpUMep, HalTH UHAYKIIHMIO B KOAKCHATbHOM Kabele, KOTOPbI HCIONB3YyeTCs ISl epelady Mo-
CTOSIHHOTO TOKa. KpoMe Toro, 3TOT 3aKOH HUCIOJIb3YETCS IPU pacyeTe MarHUTHBIX IENeil, I/ie BbI-
MOJIHSIET poJib BToporo npasuiia Kupxroda.

Cuya Amuepa. Cuia Jlopenna

AMnep Ha OIIBITC YCTAHOBHJI, YTO Ha IMPOBOAHUK C TOKOM B
MAardmTHOM I10J1¢ HeﬁCTByeT cuJjia

F=I[B], (17)
MOJYJIb KOTOPOH OmpeensieTcs mo Gopmyie:
F=1-B-/-sina,

a HarpaBJIeHHE, 110 TPABIITY MPABOTO BUHTA HJIH MPABHITY «JIe-
BOI pykmu» (puc. 6).

Puc.6.

Bo3HUKHOBEHHUE ATOI CHIIBI CBA3aHO C TEM, YTO MArHUTHOE MOJIe JICHCTBYET Ha 3apsKEH-
HbIE YACTHUILIBI, IBMKYILMECS B IPOBOJHHUKE C HEKOTOPOI ckopocThio V . Cuia, AeiicTByIomas Ha
3apsiJ B 9TOM cily4ae, Ha3biBaeTcsi cuiioii JlopeHna, u onpenensercs o popmyiie:

F =q[oB], (18)

a ee MOJIyJb
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F=q-v-B-sina,
Tae o — YToJa MCKAY HaApaBJICHUAMU CKOPOCTH YaCTHUILbBI U BEKTOPaA MAarHUTHOU HUHAYKIOUU.

MarauTHOe Tose He IeHCTBYET Ha MOKOSIIMICS 3aps/] U B 3TOM COCTOUT CYIIECTBEHHOE OT-
JMYUE MarHUTHOT'O MOJIS OT AieKTpudeckoro. Cuna JlopeHiia Bcerja nepneHIuKyisipHa CKOPOCTH
4acTUIIb! (€€ MEePEMEIIECHUI0) U I03TOMY Pa0OThl HE COBEPILAET, a, CIIEAOBATENILHO, HE U3MEHSET
KMHETUYECKYI0 SHEPruio YacTullbl. Beipaxkenue muist cuisl Jlopenua (18) mo3BossieT onpenenursb
XapakTep JABMKEHHS 3apsKeHHOM YacTuisl B MarautHoM none. Ilpu or = 90° wactuna nemwkercs

mv .
0 OKpYXHOCTH paguyca R = _B . Ecm yron o ymosnersopsier yenosuro 0 <o <90°, To
YaCTHIA ABUKETCS 110 CIIUPAJIH ¢ paauycoM R u marom h. Eciu ckopocTs yactuipsl V cocTaBIseT

yroa OU ¢ BEKTOpOM MarHUTHOM HHAYKOWUN B HCOAHOPOAHOI'O MarHuTHOI'O 1OJId, MHAYKIUA KO-
TOPOr'o BO3pacCTAacT B HAIIPABJIICHUHU ABMXCHHUA YaCTHUIIbI, TO R u h YMEHBIIAKTCA. Ha »>ToMm oc-

HOBAHO SIBJICHUC (bOK}’CI/IpOBKI/I 3apsAKCHHBIX YaCTUI] B MArHUTHOM I10JIC.

KoHTYp ¢ TOKOM B MATHUTHOM I 0JI€. Padora no MNEePEMECIICHHUIO ITPOBOJHUKA U KOHTYDPA €
TOKOM B MAIrHUTHOM I10J1€

Paccmompum konmyp ¢ mokom, naxoosawuiicsi 6 0OHOPOOHOM Ma2HumHoM noie. Brplne-

M sr1eMenT Kontypa (¢ . Ha Hero B MarHuTHOM monie GyzieT AeiicTBoBaTh cHila, cornacHo (17),
paBHas dF = ||:df . B:|. PesynbTHpytomas cuia, JeiicTByroas Ha KOHTYp, OyJeT paBHa reo-

MCTquCCKOﬁ CyMMC CHUJI, IIGfICTBYIOHII/IX Ha OTACIIBHBIC 3JICMCHTBI KOHTYpPA, T.C.

F I F={ildr-8l=1-Bfdr =0
> L L
3 Va / (19)
/ B lﬁ A CHeHOBaTeHBHO, B OJHOPOAHOM MArHMTHOM
- F 0JI€ PE3YJILTUPYIOLIas CUIla, ISHCTBYIOas Ha

KOHTYp C TOKOM, OyJeT paBHa HYIO, U KOHTYp
nepemeInaThes He Oy ieT.

Puc.7.

JI7nsl IPOCTOTHI pacCy KACHHI BO3bMEM MPSIMOYTOJIbHBIA KOHTYD CO CTOPOHAMH «a» 1 «hy

(puc. 7). B MarHuTHOM 10JI€ Ha HETO OyJeT AEHCTBOBAThH BPAILAIOIIMHA MOMEHT Taphl cuil F u
M03TOMY, KOHTYp OyseT Bpamathbces. Bpamarommii moment mapel cun M=F-b-sina, no
F=1-B-a,u, cnenosarenmsno, M=a-b-1-B-sina. Tak kak a-b =S — nnomans xourypa,
10 M=1-B-S-sino. Beegem Bexrop P=1-S maseiBaemblii BeKTOPOM MarHMTHOTO Mo-

MeHTa KOHTypa. Ero HarpasieHue COBIaAacT ¢ HalIpaBICHUEM IIOJIOKUTEIIBHOW HOPMAJIA K KOH-
TypY, KOTOpas OIpPEACIIAeTCs C IOMOLIBIO ITPaBUila IIPaBOro BUHTA. Torja s BpallaroIero Mo-
MEHTA, JCHCTBYIOLIErO HA KOHTYP ¢ TOKOM B MarHUTHOM I0JI€, IIOJy4YUM BBIpaXKEHUE:!

M =szina:[ﬁl§]. (20)
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OueBuano, uto M =0 npu SINot =0, T.e. KOHTYp ¢ TOKOM B MaTHUTHOM IIOJIE OPHEH-
TUpYETCS TaK, 9TOOBI €r0 BEKTOP MATHUTHOTO MOMEHTA ObLI MapaslIe/ieH BEKTOPY MaTHUTHON MH-
JYKLIHH.

Paccmompum xonmyp, naxooswuiics 6 HeoOHopoonom noje. Pabota, coBepiaemasi mpu
noBopoTe KoHTypa Ha yroi 0o, onpenensercs no popmyne dA =M -da . C yuerom (20) mo-
JTy4UM:

dA=p-B-sina-da.
IToHasg MexaHmueckas pa60Ta

A:jdA:Ip-B-sina-da:—chosa, (21)

Mexanndeckast IMOTCHIHaJIbHas SHEPIrusad KOHTypa ¢ TOKOM B MAarHuTHOM I10J1€ 6yz[eT
ONpECACIIATHCA 3THUM KE BBIPAKCHHUEM.

dw

Panee mbl IOKas3aJiki, 4TO CBA3b MCKIY CHIJION U 3HepFI/Ieﬁ FX =———— H, CJICA0BATCIIbHO, HAa
X

KOHTYpP € TOKOM B HCOJHOPOIHOM MAroHMuTHOM II0JIC 6y,[[eT ﬂefICTBOBaTB cuiia
F=p dB cosa. (22)
. =p-—- _
dx

Ipu a0 <90°, K >0 xonryp rsrusaercs B moxe, npu o >90°, K, <0 xonryp BbI-

TAJIKUBACTCA U3 I10JI.

B pe3ynbTare nepemMerienus IpoBOJIHUKA C TOKOM WJIM KOHTYpPa MPOU3BOIBHON (POPMBI B MATHUT-
HOM TI0JIe coBepIaeTcss paboTa Mo MPEOAOJICHHUIO CHII
noinia. He closkHO NOIy4YuTh GOpMYITy, OIPEIEISIONIY IO

@ @ : ®B 3Ty paboTy.

PaccMoTpuM IIpOBOAHUK AIHHOM £, ¢ TokoM |, crioco6-
HBI CBOOOJIHO MEPEMEINaThCs B MATHUTHOM I10JIE€ ¢ MH-

— i ﬁ‘I’l—pi:'.“-

. I ~
@ @ 1 @ nykuueil B, HanpasneHnHol nepreH MKy ISpHO TPOBOJI-
HUKY (puc. 8).

dx |

Puc.8.

B srom ciyuae Ha npoBOAHUK OyeT neiictBoBath cwiia Amrepa F=B-1-/ u npu me-
peMeleHny IpoBoIHNKA Ha pacctosaue OX, Oyzer cosepmena padora AA=1-B-/-dX, no
| -dx=dS , a onemenTapnsiii MarauTHbIH oTok B-dS = d® u torna snemenrapuas pabora
dA=1-d®d . Unrerpupys nanHOE BEIpakeHHeE, MOTyYHM, 4TO paboTa MO TEPEMENIEHHIO MPO-
BOJIHMKA C TOKOM B MATHUTHOM M0JIe OyJIET ONpeIeAThCs BhIPaKEHUEM

A=1-AD, (23)

rae AD — MarHUTHBIA TOTOK, TIEPECEYEHHBIN TPOBOIHUKOM.
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IIpumeps! pelieHus 3aga4

3agaua 1. [To ToHKOMY ITPOBOY, U30THYTOMY B BUJIE PABHOCTOPOHHETO TPEYTOJIbHUKA, TEUET TOK

—

cunoii | =40A. Jlnuna cropoHsl Tpeyronbauka a =30 cM. Onpenenuts uHayKuuo B B Touke
MEPECEYCHHSI BBICOT TPEYTOJIbHHKA.

Hano: MarautHy1o UHAYKLHIO B Touke O HalaeMm,

¢ ¥ICTIOJIb3ysl IPMHIKI cynepnosuuun s 1=40 A
MarHUTHBIX ITOJICH: a=30 cm=0,3m ciyyae

BECh KOHTYP MOX

OJIMHQKOBBIX YaCTH, MHAYKIUS KaKI0U U3 B=?

KOTOPBIX Bl B Touke O UMeeT

Puc. 1. OJIMHAKOBLIC BCIIMYUHY U HAIIPABJICHUC -

BEPTUKAIBHO BHU3 (OMpeesieMoe 1o MpaBuily IpaBoro BuHTA). [loaToMmy uHmykiwms B Touke O
Oyzner paBHOW B=3B1 1 HamnpaBJICHHOW BHU3 NEPIEHIUKYIISPHO puc 1.

Puc. 2

MarauTHyo HHAYKIIMIO CTOPOHBI TPEYToJIbHUKA B1 HalaeM ucnoib3ys GopMyy s MHAYKIHUH,
OTpE3Ka MPOBOAHUKA IMTPU CUMMETPUIHOM PACIIOIIOKCHHUU €0 KOHIIOB OTHOCHUTCIBHO TOYKHU 0]
(puc.2). TpeyroJbHUK TOKOB PaBHOCTOPOHHHI U €T0O BBICOTHI SIBJISFOTCSI TAK)K€ M MEIMaHAMH U
ouccexkrpucamu. Takum 006pazom,. nMeeM

ol a a a 1
B,=—"—cosp u, p=—=30", == 10p=—-—.
o P TS PRI -
CrnenmoBaTeabHO,
[ 3 9u |
B, = a . \/5 = at nu B=3B = at =240 mxT.
o a 2 2ra 2ra
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3amaya 2. DJIEKTPOH ABUKETCS B OJHOPOJHOM MarHMTHOM mosie ¢ uaaykuueit B = 0,03 Ta mo
OKpYyX)HOCTHU paguycoM =10 cMm. OnpeaenuTb CKOPOCTh AIEKTPOHA.

Jano:

B=0,03 Tn B MarHuTHOM noJie Ha IBUXKYIIMICS 3JIEKTPOH JEUCTBYIOT CHIIA

r=10 cm =0,1m JlopeHna. BenuyuHa 3TOM CUJIBI paBHA

e=1,6- 10" Ku F=e-v-B-sina .

m=9,1.10%kr  |Tak kak TpacKTOpPUs FNEKTPOHA — OKPYKHOCTb, TO cuna JlopeHua v=?

SIBJSICTCS] LICHTPOCTPEMUTEIBHOM CUIION, U yroa o = /2.

CrnenoBartenabHO,

OT1kyna umMeem vL=—. 1)

HOIICTaBI/IB YU CJICHHBIC 3HAYCHUS, TOJTYYUM

eBr 1,6-10%.3-107.10° 16
m 9.107*

v= -10*m/c = 0,533 -10°m/c |

To ecTh CKOPOCTh U CpPaBHUMA CO CKOPOCTBIO cBeTa ¢ =3-108 m/c. DT0 03HauaeT, uTo mpH pac-
yeTax HEOOXOIMMO MCTOIB30BaTh JIEMEHTHI CieruanbHOU Teopuu oTHOcuTenbHOCTH (CTO).

dopmyibl Ki1accuuecko MexaHukH npuMmeHumsl B CTO, ecnu cuutath, 4TO Macca Tena 3a-
m,
BHCHUT OT €r0 CKOPOCTH 10 3aKOHY, M = ﬁ, rze Mo - Macca nmokosi tena u f=vol/c. Tlox-
1-p

ctaBuM 31U BeIpakeHUs B (1). [Tociie HeCI0XKHBIX TPeoOpa30BaHMIA MOTYYUM PENSITUBUCTCKOE
L

BBIPAKEHHE JNIsl CKOPOCTH DJIEKTPOHA U, = T
J1+ p

TakuM 06pa3oM, PelSTHBUCTCKOE 3HAUEHHe CKOpOCTH paBo v p= 0, 525 -108 wm/c.

3agauya 3. B marautHoM nose ¢ uaaykuueit 0,1 Ta Bpamaercs pamka, cogepxaiias 1000 BUTkoB
nnomanpio 150 cm? kaxawiid. Makcumanshoe DJIC, unayupyemoe B pamke paBHo 94 B. Ompe-
JIeNTUTh YaCTOTY BPALICHUS PAMKH.

Jano:
B=0,1Tn I1g 3akony Papanest s JJIEKTPOMAarHUTHON MHAYKIUU UMEEM
dy
N=1000=10° &= (1)
S=150cm?=1,5-10%m? | rze Y — OTOKOCIICIIICHHE. élm ™ =94B
w=N-O,
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rne @ = BS COS — MarHUTHBIH HOTOK.
n=>? B ycnoBusix nanHoM 3aiaun o = 27-n-t, rmen -gacrora

BparieHus: pamku. Takum oOpa3om, 3akon Dapazes (1), mocne mpo-
neAypsl UG GEpeHIUPOBAHUS UMEET BT

& =NBS 27zn-sin(2zn-t).
W3 nosny4eHHOro BBIpaXXEHUsI CIENYET, YTO MaKcuMaibHoe 3HaueHue J/(C

&' = NBS - 27N, Bosnukaer xorna yron o =m/2. OTcrona nMeeM

A 94
n= ' =— = =10
NBS -2~ 10°-0,1-1,5-10-2-3,14

-1

Bonpocwt u 3a0anus.
1. MarauTHOE 10JI€ ¥ €0 OCHOBHBIE XapaKTEPUCTUKH.
. 3akoH buo - CaBapa - Jlaniaca u ero npuMeHeHHE.
. 3akoH Amriepa.- B3aumoeiicTBue napajiiesbHbIX TOKOB.

. MaruautHoe nose asuxyuierocs 3apsiaa. Cuna Jlopenna.

wm B W

. I[BI/I)KCHI/IC 3apsAKCHHBIX YaCTUIl B MAIrHUTHOM I10JIC.

. Teopema o nupKynsauuu BeKTopa B . MarHuTHsle NOJIs COJIEHONA U TOPOUIA.
. [IoTok BekTOpa MarHUTHOM MHAYKIMH. Teopema ['aycca s MarHuTHOTO OJIA.

. Pabora no NEPEMCIICHUIO ITPOBOJHHKA B MAIrHUTHOM II0JIC.

O o0 3 O

. DnexkTpoMarsuTHast MHIykuus. 3akoH dapazes.

10. IIpaBuno Jlenna. Bpaienre paMmku B MAarHuTHOM moJie. BuxpeBbie TOKH.
11. UaaykTUBHOCTH KOHTYpa. CaMOUHIYKIIHSI.

12. Toxu pu pa3MbIKaHUU U 3aMbIKaHUH LIEIIH.

13. B3anmHast tHAYKUHS.

14. TpanchopmaTopbl. DHEPrusi MArHUTHOTO TOJIS.

15. MarnuTHbl€ CBOICTBa BelecTBa. J(na- 1 napamMarHeTHKy.

16. MarauTHoe€ 1ose B BEIIECTBE.

17. 3akOH OJHOTO TOKA.

18. deppoMarHeTKy U UX CBOMCTBA.

3agayu 11 CaMOCTOSITEILHOTO PellieHus!
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1. Pacctosinue d Mexty AByMs JJTMHHBIME MapaJijIeIbHBIMU POBOaMH paBHO 5 cM. [To mpoBo-
JlaM B OJJHOM HAIpaBJICHUU TEKYT OAMHAKOBbIe TOKHM cwiioi | =30 A kaxnpiii. Haiitu HanpspkeH-
HOCTb H MarHMTHOTO MOJISI B TOYKE, HAXOSIIEHCS HA paCCTOSIHUU 1 = 4CM OT OJTHOTO U 2 =3 cM
OT JIPYyroro mpoBo/ia.

2. ITo ToHKOMY TIpOBOIAIIEMY KOJBIY paaunycoM R = 15 cm teuer Tok cwioii | = 60 A. Haiitu
MarHUTHYI0 HHAYKLHIO B B TOUuke, paBHOYIajeHHOM OT IIeHTpa Kousbla Ha I = 20 cMm.

3. Ilo n1ByM OECKOHEYHO JJIMHHBIM MPSIMBIM MapaJuIeIbHBIM IIPOBOJIAM TEKYT TOKHU cuioi 11 = 20
A u l2 =30 A B NIpOTUBOIOJIOKHBIX HampaBieHusx. Paccrosuue d mexay mpoBogamu paBHo 20
CM. BbIUNCINTD MAarHUTHYIO MHAYKLUIO B B TOUKe, YJaJI€HHON Ha 1 = 25 cM OT IEPBOIO U Ha I?2
= 40 cM OT BTOPOro MPOBOJA.

4. Tlo nByM O€CKOHEYHO JJIMHHBIM NapajljiesIbHbIM POBOJIaM TeKYT TOKU cuioh 11 =20 Au l2 =
30 A B ogHOoM HampaBiacHun. PaccTosuue d mesxay mpoBoaamu paBHo 10 cM. BeraucanTs Maraur-
HYI0 UHIYKIUIO B B TOUKeE, yAaJeHHONH 0T 000X MPOBOJIOB HAa OJIMHAKOBOE paccTtosiHue I' = 10cM.

5. 1o KOHTYpY B BHJI€ paBHOCTOPOHHETO TPEYrojbHUKa UJeT TOK cuiioi | = 40 A. [lnuna a cto-
poHbI TpeyroibHuKa paBHa 30 cMm. OnpenenuTs MArHUTHYI0 UHAYKLINIO B B TOUKE NEepEceUeHus
BBICOT.

6. Ilo koHTYpy B BUze KBaapaTa uaet Tok cuioi | = 50 A. JlnuHa a cropoHs! kBagpara paBHa 20
CM. OHpGI[CJ'[I/ITI) MAaroMuTHYO HHAYKIOHUIO B B TOuke MEPECCUCHUA )IHaFOHaHeﬁ.

7. ITo ToHKOMY POBOJY, U30THYTOMY B BUJIE MIPSIMOYTOJIBHHKA, T€UeT TOK cuiioid | = 60 A. J{muHbI
CTOPOH IPAMOYTOIBHUKA paBHBI a=30 cM 1 b=40 cM. OnpesenuTh MArHUTHYIO HHAYKIUIO B B
TOYKE MepeceueHus AuaroHane.

8. Ilo 1ByM OAMHAKOBBIM KBaJJpaTHBIM KOHTYpaM co cTopoHoii 8=20 cM TekyT Toku cuioit | = 10
A B kaxnoM. Onpenenuts cuty F B3anMoelicTBHS KOHTYPOB, €Clii paccTostHue d MeXIy cooT-
BETCTBEHHBIMU CTOPOHAMM KOHTYPOB PaBHO 2 MM.

9. [1o 1ByM TOHKHM TPOBOJIaM, U30THYTHIM B BHJIE KOJIbIIa paarnycoM R = 10cM, TeKyT oJIMHAKO-
BbIe TOKU criiol | = 10 A B kaxxmom. Halitu crimy F B3auMoAeCTBIS 9TUX KOJIEIT, €CITH TIIIOCKOCTH,
B KOTOPBIX JIEXKAT KOJIbI[A, MapajlIe/IbHbI, a paccTostHre d MeXIy [EHTpaMH KOJIell paBHO | MM.

10. [To Tpem npsaMbIM HapaiedbHbIM TPOBOAAM, HAXOASAIIUMCS HA OJUHAKOBOM PACCTOSIHUU @ =
10cMm apyr oT Apyra, TeKyT oguHakoBbie TOkU cuior | = 100 A. B 1Byx mpoBoax HampaBlIeHUS
TOKOB COBIAar0T. Berancnuth cuity F, neiicTBytornyto Ha oTpe3ok aiuHou | = 1 M kaxaoro mpo-
BOJIA.

11. [To nByM mapaiieabHbIM MPOBOJAM UIMHOM | = 1 M KaIIblii TEKYT TOKH OJJMHAKOBOM CHJIBI.
Paccrostaue d mexay mpoBogamu paBHo 1 cm. Toku B3aumozercTByoT ¢ cuoit F = 1 MH. Haittu
cuity Toka | B mpoBojax.

12. TTo nByM mapajuiebHBIM MPSMBIM MPOBOJIAM JUTHHOM | = 2,5 M Ka)kJIbId, HaXOIAITUMCS Ha
paccrosiauu d = 20 cM Ipyr OT Apyra, TEeKyT OJMHAKOBbIC TOKK criioil | = 1 kKA. Beruucnauts cuiry
B3aUMOJICUCTBUS TOKOB.

13. Tpsmoit npoBox aimuHHOM | = 10 cM, mo kotopomy Tedet Tok cuioi | = 20A, HaxomuTCs B
OJIHOPOJHOM MarHMTHOM noJie ¢ uaaykuuen B = 0,01Tn. Halitu yron o Mexay HanpaBlieHUSIMU
BEKTOpa B M TOKa, €clii Ha TPoBOJI AcicTByeT criia F = 10 mH.
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14. B ogHOpOAHOM MarHuTHOM ToJie ¢ uHayknue B = 0,01 Tin HaxoauTcst mpsiMoii MPOBO IJTH-
HoOU | = 8 cM, PacoIOKEHHBIN MEPIEHINKYIAPHO JTUHUIM HHAYKIuU. [Io mpoBoay TedeT TOK
cunoit | =2 A. [lox neficTBHEM CHUI TTOJISI POBOJI MEPEMECTHIICS HA paccTosiHue S = 5 cM. Haiitu
paboTy A cui mos.

15. Conenounpg nnykruBHocTbio L =4 MI'H copepxut N = 600 BuTk0oB. OnipeienuTh MarHUTHBII
noTok @, ecnu cuiia Toka |, mpoTekaromiero mo ooMoTke, paBHa 12 A.

16. C moMoIipio peocTaTa paBHOMEPHO YBEIWYMBAIOT CHTy ToKa B Karymike Ha Al=0,1 A B 1 c.

NunyxrtuBHOCTh L karymku paBHa 0,01 I'n. Halitu cpennee 3nauenue DJ[C camomnaykiuu <E
i>.

IIpakTyeckoe 3ansaTue 11.
Tema 3anamusa. leicTBMe MATHUTHOIO OJISI HA ABUHKYLIUICS 3aps]
Llenwy 3anamusn. VI3ydnTh NEACTBUE MAarHUTHOT'O II0JIL HA JIBHKYLIUICS 3apsii.

3Hanua u ymenus, npuodpemaemole CHyOeHmMOM 6 pe3yibmame 0C60EHUs MeMbl, Popmu-
pyemoie komnemenyuu. Cuna Jlopenua. Moayns cuinbl Jlopenia. JIBukeHHe 3apsHKEHHBIX Ya-
CTHI] B MArHUTHOM TioJie. Braseet crnocoOHOCThI0 MPUMEHSTh COOTBETCTBYIOIIHIA (PU3UKO-MaTe-
MaTUYECKH anmapar Mpy pelieHuy mpohecCHOHATbHBIX 3aa4.

Axmyanvnocmey mempl. JlelicTBie MarHUTHOTO MOJIS Ha IBWXKYILIUNCS 3apsii IPUMEHSETCS
IIPU PEIICHUU MH)KEHEPHBIX 3a/1a4.

Teopemuuecmm yacme.

Cuaa Jlopenna

Ha MMPOBOAHUK C TOKOM B MArHuTHOM I10JIC ﬂeﬁCTByeT cujia AMnepa:
dF =idl xB. (1)
Cuita Ammiepa 00ycCJIOBJIEHa CYMMapHBIM IEMCTBHEM MAarHUTHOTO TIOJISl HA BCE JIBUXKY-

IIMecs B IPOBOJHHUKE 3apsbl. ONpenaennum CUily, T1eHCTBYIOIIYO Ha €IMHUYHBIN IBHKYIIUICS B
MarHuTHOM MOJIE 3aps.

Bo3smeMm anemeHT JJIMHBI TPOBOAHUKA dl . O603naunm N - gucio 3apsKCHHBIX YaCTHII,

—

JIBIDKYIIMXCS B DJIEMEHTE dl , J - 3apsii KaKA0U 4acTUllbl, U - CPEIHIOI0 CKOPOCTh UX HaIpaB-
JIECHHOT'O IBIKeHHdA. Torma

idl =Ngo. 2)
[ToacraBuMm Beipakenue (4.46) B hopmymy st cuinbl Amriepa (4.45), morydum:

dF = Nqo xB. 3)

3I[€CI: d F - CyMMapHas culia, ﬂeﬁCTBYIOHIaH CO CTOPOHBI MArHUTHOT'O TI0JIA HAa N mHocure-
new 3apsaa. Ha oAMHOYHBIN 3JIEKTPUYECKUH 3apsii B MArHUTHOM T0JIE€ IEUCTBYET CUila, paBHAs
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. dF
F=—. 4

[ToacraBum B 3T0 BeIpaxkeHue hopmyny (4.47), mOTydnM:

TN
[l
o
Ci
X
o]l

(5)

Orta cuiia Ha3bIBaeTCs cunou Jlopenya.

CaoiicTBa cuibl JlopeHla onpeaenstoTcs CBONCTBAMU BEKTOPHOIO IPOU3BEICHUS, I10-

—

9TOMY OHa MNECPNCHAUKYJISIPpHA IJIOCKOCTH, B KOTOpOfI JIC)KAT BCKTOPLI UV n B .

Jl1s monoskuTeNnbHbIX 3apsaa0B (>0) HanpaBieHue cuiibl JIopeHia coBmagaeT ¢ Hampaslie-

—

HEeM BekTopHOTo mpomsseaenns U X B . Ecnu sapsin wactunsr otpurarernen (q<0), To Hampas-

JIEHUSI BEKTOPOB Fﬂ u U X B nporusomomoxsr.

Monynb cuibl JIopeHua paBeH:

F, =quBsina, (6)

—

rae & - yroll MeXJay BEKTOpaMu l_j u B .

N3 popmysl (6) caeayer, YTO MarHUTHOE TIOJIE HE JACHCTBYET HA 3apsDKCHHYIO YaCTHITY B
JIBYX CITyJasiX:

»  korjaa yactuna nokoutes (U =0);

*  KOrja 9acTHIa ABWKETCS BIOJIb JMHUNA MarauTHOTO nous (O || B).
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Taxk xak cuna JlopeHua Bcerya HampapieHa MePHEeHAUKYIIIPHO BEKTOPY

F

Ja

c

i

—

Puc.1. BzaumHaa opueHmayusa eekKmopoes v , B u .

CKOPOCTH, TO OHa HE COBepIIaeT paboThl Haj yacTuiel. Cie0BaTeIbHO, TIOCTOSIHHOE Mar-
HUTHOC I10JIC HC UBMCHACT KUHCTUYCCKYIO QHCPIUIO YaCTHULIBI.

I[BI/DKQHI/IC 3aPAKCHHBIX YaCTUI B MAHUTHOM I10JI€

—

HYCTL 3apsKCHHAA YaCTHLa BJICTACT B OAHOPOAHOC I10JIC C I/IH[[yKI_[I/IeI\/JI B .

Paccmotpum Haumboree mpocToil cilydaid, KOrja CKOpPOCTh YacTHIIbI HEepIEeHANKYIIIpHa
BEKTOPY MarHUTHOM MHIyKuu. Ha yacTtuiry Oyaer nefictBoBaTh cuia JlopeHiia, nepneHauKyasp-

—

Hasl K HATIPABIICHUIO ee JBrKeHns. Tak kak U | B (a=7/2), 1o MOAyJb cuiibl JIopeH1a paBeH:
Fﬂ =( vB. B pe3yJbTaTe TpPAaeKTOpUEH 3apsHyKeHHOM dYacTHIbI Oyaer

OKpYXHOCTb (puc.4.14).
B Cuna JlopeHua coob1iaeT 4acTuie HOpMaJlbHOE YCKOPEHHUE U UTPaeT

pOJIb LIEHTPOCTPEMUTEIBLHOM CHIIbl. HopManbHOE YCKOpEHUE OINpenenseTcs
Puc. 2.

BBIPaKCHHUEM
2
1))
an — (7)
R
rae R - paanyc okpyKHOCTH.
3anuineM BTOpou 3akoH Hbpr0TOHA 11714 3TOTO Cllyyas:
ma, =F, (8)
1507051
2
mo
——=(QuB. (9)
R

s pagnyca OKpy’KHOCTH IOJIy4YHM BBIpaXKEHUE:
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_mu

R=——. (10)
qB
®opmyny (10) Takke MOXKHO 3amucaTh B BUJE:
R = v . (12)
ey:
m
3aech — - yIeNbHBINA 3apsii YaCTULIBIL.
[Tepnonx oOpaieHrs YaCTUIIBI IO OKPY>KHOCTH PaBEH:
27R
T=—H". (12)
¥

[Toncrasnss B (12) BeIpaxkeHHe AJIs paAnyca TPAEKTOPUHU U IPOU3BOJIsl COKpAILEHUs], [O0-
TYIHM:

(13)

N3 Beipaxkenuii (11) u (13) cnenyer:

" paauyc OKPY>KHOCTH TEM MEHbIIE, YeM OOJIbIlIe MATHUTHAS WHAYKIIHS,
"  [epuoja OOpallleHUs YaCTHUI[BI B MATHUTHOM TI0JIe HE 3aBHCHUT OT €€ CKOPOCTH, a 3aBUCUT OT
BEJIMYMHBI YACIBHOTO 3apsi/ia ¥ OT MAaTHUTHOW WHIYKITUH TTOJIS.

N3mensieTcs mumis HapaBJIeHUE CKOPOCTH, a 3TO O3HAYAET, YTO 3apsHKCHHAs YacTHIla B
OJTHOPOJTHOM MarHWTHOM IT0JIE€ JIOJDKHA JIBUTAThCS TOYHO O OKPY>KHOCTH, €CJTH HET COCTaBJISIO-
el CKOPOCTH BJI0JIb MAarHUTHOTO TIOJIA.

PaccmoTpumM ciyuaii, Korjja CKOPOCTh YaCTHIIBI COCTABISIET C MATHUTHBIM TIOJIEM yTOJ @,
OTJIMYHBIN OT 7/2.

Pa3noxuM BEKTOp CKOPOCTH HA JBE COCTABIIAIOIIME: MEPIEHIUKYISIPHYI0 MATHUTHOMY

nomo U, ¥ napajiebHyIo nomo U, (puc.3). Moaynu 3TUX COCTaBISIOMIMX PaBHBI:

1

O, v, =v-sina,

5 v, =V-COSQ.

/ B Cwuta JlopeHna 00yciioBjIeHa TOJIBKO CO-

. - CTaBJIIOIIEN 9] | ¥ paBHa (110 MOJYJIIO):

Puc. 3. F,=quBsina. (14)

3ap;1>KeHHa>1 JaCTula 6y,HCT Y4aCTBOBATh B IBYX NBUKCHUAX:
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" B PaBHOMEPHOM JIBHKCHUH B HAIIPaBJICHUHU BEKTOpa B co CKOPOCTBIO U]

—

" B IBMXKCHHUH IO OKPYXKHOCTHU B INIOCKOCTH, HepHeHﬂHKyanHOﬁ HAITPpaBJICHUIO BEKTOPa B , CO

CKOpoCThIO V| .
B pe3yibraTte HaNOXKEHUS 3TUX
R JIBYX JIBUKEHUW TPAeKTOPUEH YacCTULIbI
Oyzaer BUHTOBAs JTUHUA (puc.4.).

k i ) ! \i ) U U U U B Omnpenenum mapaMeTpsl TPAaeKTo-

PpHUU 49aCTUIDI. Pa,Z[I/IYC BHHTOBOM JIMHUU

Puc. 4. Bunmosas auHus Oyzer paBeH:
R v, :Usma. (15)
alg (s
m m

IITar BUHTOBOW JIMHUU

h=oT _voosa 2F (16)

LA
m

PaccmoTtpum ciyyaii, koraa 3apsbkeHHas YacTHIIA BJIETAET B HEOJHOPOAHOE MarHUTHOE
nonie. [lycTe MarHuTHast MHIYKIUS Bo3pacTaeT B HampasieHuu X (puc.3). Toraa 3apspkeHHas da-
cTula Oy/eT ABUTaThCs O BUHTOBOU JTMHHUH, PAJUYC U IIAr KOTOPOH YMEHBIIAIOTCS.

Takum 06pa30M, 3APAINCERHbIE Yacmuybl, eiremarnyue 6 NOCMOAHHOE MACHUNIHOE no.Jie,

—

UBMEHSIOM HANpaeleHue céoe2o dsudicenus u "wasusaiomes” na aunuu éexmopa B . dtum cBoii-
CTBOM TIOJIB3YIOTCSI B HEKOTOPBIX MTPHUOOPAX, YTOOBI YCpKaTh ITyUKH 3apPsSHKCHHBIX YaCTHI] OT pac-
TUTBIBAHUS.

CymHocTh MeToJa MarHuTHOM (hoKycH-
POBKH (B KpaTKOM BapHUaHTE) COCTOUT B CIIEAYIO-
nieM. Ecnm yactuna nBMKETCS TOYHO BIOJb JIU-

—

Huu BekTopa B, To MarauTHOE mosie He OKa3bI-

O BaeT Ha Hee HUKaKoro BoszzelctBus. Ecioum da-

/ CTHIIA 10 KAKUM-TO IPUUYMHAM MOJIYYUT COCTAB-

JSIOLYI0 CKOPOCTH, NEPHNEHAUKYISPHYIO K JIH-

HUSM I10JIs1, TO OHAa BCE PaBHO HE YHIET JTAJEKO B

CTOPOHY OT OCHOBHOH TpaeKTOpPHH U OyAeT JIBU-
raThCs 0 BUHTOBOW JIMHUMU.

<y

. IIpumepnl pemeHust 3aaa4
Puc.5. [leuxceHue 3apaxceHHOU p pelp a

Yyacmuybl 8 HEOOHOPOOHOM MA2HUMHOM none
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3amaya 1. a-dyacTuia, yCKOpeHHasi pa3HOCThIO oTeHIHaIoB 250 B, BiieTaeT B 0IHOPOIHOE Mar-
HUTHOE T0Jie MHAYKIUen 25 MTi, nepneHanuKyIsspHO JIMHUSAM MarHUTHON MHIYKIIMU U ABUKETCS
1o oKkpyxHocTH. Haiinure paanyc oKpy>KHOCTH U TIEPHOJ] OOpaIeHUs O-9aCTHIIBI.

3anuieM KpaTKoO€ yCJIOBHC 3a/1a1u.

Hano: CHu

Pemrenue:
e=1,6-10"Kn
PaGora  anmekTpuueckoro
_ 1027

mp=1,67-10""k MoJisi  3aTpauyMBaeTCsl Ha
U=250B YBEITUYEHUE KUHETUUECKOM

OHEPIUuu 4aCTHUILIbIL:

B=25mTn =25-10"Tn
=900,
R, T-?

mv? 2qU
V= [/
2 m

B MarauTHOM TI0JIE Ha ABMXKYIIYIOCS 3apsOKEHHYIO YacTUIly JedcTByeT cwia Jlopenma:

F; =qBvsina, yron 0=90° u sina. =1. Cornacto Bropomy 3akony HplotoHa Fr;=ma,,

mv?

rac an = R - HCHTPOCTPEMUTCIIBHOC YCKOPCHUC YaCTHUILIBI, I[BI/I)KyIJ_[CI\/'ICH 110 OKPY’KHOCTHU pa-

2

R

Jyca ) [Monyyaem qBv =

W =

[Tepuon oOpalieHus YaCTHUIIBI HailieM, pa3AeuB JJIMHY OKPY>KHOCTHU HA CKOPOCTh YaCTHIIbL:

OxoHuaTenbHO paaunyc OKPYHOCTH:

mv

2n——
T 2R~ gB _ 2mm
v v gB

Bapsia o-vactuip:  =2e=2-1,6 10°Kn = 3,2 107 Kn , €€ Macca
m=4m,=4-1,67-10% xr =6,68-10 % kr

IIpoBeaem npoBepKy pa3MEPHOCTH:

|:Rj|:i = . = =
™m\V Kn H Kn H Kn?
(A-m)
AM ——— A-Mm M 5
. = H = — H =
H-Kn wer - H-A-c & . c ¢ .
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[c]— KT KT _kr-m_ H-c

“KnTn A-c.H “c¢H H
K- Tn AC%A_M) ccH H

=0,13m

1 2.6,68-107%" . 250
HpOI/ISBeI[eM BBIYUCJIICHUA . R = 3 —19
25.10 32-10

27
T 2-314-.6,68-10

_ =52.10"%¢
32.10°.25.1073

Ortser: 0,13 m; 5,2-10%c.

Bonpocwut u 3a0anus.
1. Cuna Jlopenia.
2. Monayns cuibl Jlopenna

3. I[BI/I)KGHI/IG 3apsAKCHHBIX YaCTUI B MAIrHUTHOM I10JIC.

3agaun AJIA CAMOCTOATEJIBHOI'O PCIICHUSA

1. DneKTpoH, yCKOPEHHBIHN Pa3HOCTHIO MOTEHIMANIOB 3 B, nBHKeTCs napajyiebHO JTMHHOMY
poBoAYy Ha pacctosiHuu 4 MM ot Hero. Kakas cuiia OyJieT Ha Hero J1eiiCTBOBaTh, €CIIH 110
MIPOBOJAHUKY MPOITYCTUTh TOK CHIION SA?

2.251eKTpOH, YCKOPEHHBIN Pa3HOCTHIO NOTEHIIMATIOB 5B, ABMKETCS MapaiienbHO JUIMHHOMY
NPOBOJY Ha paccTossHUM 4 MM OT Hero. Kakoe yckopeHne mpuoOpeTeT 3JeKTPOH, €CIIH
10 IPOBOJHUKY MPOIYCTUTH TOK cuitoit 10A?

3. IIpOTOH M 37IE€KTPOH, JBUTAsICh C OJUHAKOBOM CKOPOCTBIO, MONAAI0T B OJTHOPOJHOE Mar-
HUTHOE 10J1e. BO CKONBKO pa3 pajguyc KpUBU3HbI TPAEKTOPUH MTPOTOHA OOJIBILIE paguyca
KPHUBH3HBI TPACKTOPUU AIIEKTPOHA?

4. IIpOoTOH M PJIEKTPOH, YCKOPEHHBIE OJUHAKOBOM Pa3HOCTHIO IOTEHIMAJIOB, BIAJAIOT B
OJIHOPOJHOE MarHUTHOE noJje. Bo ckoiabKko pa3 paauyc KpUBU3HBI TPAEKTOPUU NIPOTOHA
Oouble paguyca KpUBU3HBI TPACKTOPUH dIIEKTpOHA?

5. DIEKTPOH, YCKOPEHHBIN pa3HOCThIO ToTeHHaIoB 10B, BiieTaeT B OIHOPOAHOE MAarHUT-
HOE I10JI€ TIEPIIEHANKYJIIPHO CUIOBBIM JIMHUAM. MHykuus nose pasHa 0,01 Tun. Onpe-
JIETUTh PAaJInyC KPUBHU3HBI TPAEKTOPHUH JIEKTPOHA.

6. DJIEKTPOH BJIETAET B OTHOPOAHOE MarHUTHOE I10JIE IEPIIEHAUKYJIIIPHO CUIIOBBIM JIMHUSM.
WNupyxius nosns pasra 0,001 Ta. Onpeaenuts nepros] U 4acTOTy 0OpalieHust SJIeKTpoHa
10 OKPY’KHOCTH.

7. IIpoToH u anbda-yacTuiia, IBUTasch ¢ OAMHAKOBON CKOPOCTHIO, TIOMAIAl0T B OJTHOPOIHOE
MarHuTHoe moje. Bo CKOabKO pa3 paauyc KpHUBH3HBI TPACKTOPUHU alib(a-dacTHIIBI
OoJbIIIE painyca KPUBU3HBI TPACKTOPHH MPOTroHa?
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8. IIpoToH u anb(da-yacTuiia, IBUTasCh C OJTMHAKOBOIN CKOPOCTHIO, IMOMAIAI0T B OJHOPOTHOE

MarHuTHoe mojie. Bo ckonbpko pa3 mepuoj oOpalieHus anbda- JacTUIlbl OOJIbIIe
nepuoa oopaieHus nporona’?

9. DneKTpoH, YCKOPEHHBIH pa3HOCTHIO MOoTeHIUaaoB 10B, BIeTaeT B 0JHOPOIHOE MArHUT-

10.

11.

12.

13.

14.

15.

16.

17.

18.

HO€ I10JI€ TaK, YTO HaIIpaBJIEHUE €r0 CKOPOCTU cocTaBiisieT yroi 30° ¢ HampaBiIeHHEM
cwioBbIX JuHU. Maaykuus nons pasHa 0,01 Tin. Onpenenuts paanyc KpUBU3HBI Tpa-
€KTOpPHUU JIEKTPOHA.

DIIEKTPOH, YCKOPEHHBIN pa3HOCThIO MOTeHIIMaIoB 10B, BiieTaeT B OTHOPOAHOE MarHuT-
HOE M0JI€ IEPIECHIUKYJISIPHO CUIIOBBIM JIMHUAM. MHnykius nosis pasHa 0,01 Tin. Yemy
paBHBI TAHT€HIIMAJIBHOE U HOPMAJIBHOE YCKOPEHUS JIEKTpOHA?

[IpotoH, yckopeHHbIi pazHocThio noteHuanos 1000B, Bieraer B 0AHOPOIHOE MarHUT-
HOE I10JI€ NEPIEHAUKYIISIPHO CHIIOBBIM JIMHUAM. MHaykuus nonst pasua 0,01 Ta. Onpe-
JIEJITh TAHT€HIMAIbHOE U HOPMAJIbHOE YCKOPEHUE IIPOTOHA.

DIIEKTPOH, YCKOPEHHBIN pa3HOCThIO MOoTeHIIMaIoB 10B, BiieTaeT B OTHOPOAHOE MarHuT-
HOE T0JI€ TaK, YTO YroJ MEX/1y HallpaBJICHUEM CKOPOCTH U CUJIOBBIMU JIMHUSIMU COCTaB-
nset 30°. Unaykuus nossg pasHa 0,01 Tin. OnpeaenuTs TaHreHIHAIBHOE M HOpMaJIbHOE
YCKOpPEHHUE AIEKTPOHA.

[IpotoH, yckopeHHbIi pazHocThio noteHuanos S000B, BieTaeT B 0AHOPOIHOE MarHUT-
HOE I10JI€ TaK, YTO YIroJ MEX/1y HallpaBJI€HUEM CKOPOCTH U CUJIOBBIMU JIMHUSIMU COCTaB-
nset 45°. Mnnykuus nosd pasaa 0,005 Ti. Onpenenuts TaHreHIMAIBHOE U HOPMAJIBHOE
YCKOpEHHUE MPOTOHA.

DIIEKTPOH, YCKOPEHHBIN pa3HOCTHIO MOTeHIMaI0B 60 B, BiieTaeT B 0ITHOPOHOE MarHUT-
HOE T0JI€ TaK, YTO YroJ MEX/1y HallpaBJICHUEM CKOPOCTH U CUJIOBBIMU JIMHUSIMU COCTaB-
nset 30°. Unaykuus nonst pasHa 0,01 Tn. Onpenenuts paguyc KpUBU3HBI TPACKTOPUHU
3JIEKTPOHA U LIAr BUHTOBOM JIMHUHU, IO KOTOPOU JIBHXKETCSI SJIEKTPOH.

DJEeKTPOH, YCKOPEHHBIN Pa3HOCTHIO MoTeHIInanoB 30B, BreTaeT B MarHuTHOE T10JI€ CO-
nenouaa moa yriiom 30° k ero ocu. Yucno amriep-BUTKOB cojieHouaa pasHo 5000. nuna
coneHoua 25 cm. OmpenenuTs mar BUHTOBOW TPACKTOPUHU AJIEKTPOHA B MAarHUTHOM
TI0JIE COJICHOU/IA.

[IpoToH BieTaeT B OJHOPOIHOE MAarHUTHOE TOJI€ TaK, YTO YTOJI MEXKIY HampaBiIeHHEM
CKOpPOCTH Y CUJIOBBIMM JIUHUSIMHU cocTaBisieT 30°. Munykius nons pasua 0,1 Tin. Onpe-
JEUTh KUHETUYECKYI0 SHEPTUIO IPOTOHA, €CJIM PaJInyC KPUBHU3HBI €r0 TpaekTopuu 1,5
CM.

B onHOponHOe MaruuTHoe mnosie ¢ uHAykuuen B =10 MTn nepneHauKynsipHO JTUHUSIM
WHIYKIIUU BIETACT AJIEKTPOH ¢ kuHetuueckoi aneprueit K =30 3B. Onpenenuts paaunyc
KPUBHU3HBI TPACKTOPHH AIIEKTPOHA.

DIIEKTPOH, YCKOPEHHBIN pa3HOCThIO MOTEHIMAIOB 71 B, BiieTaeT B 0IHOPOHOE MarHUT-
HOE T0JIE TaK, YTO YroJ MEX/1y HallpaBICHUEM CKOPOCTH U CUJIOBBIMU JIMHUSIMU COCTaB-
nseT 37°, 1 OnUChIBAaeT ciMpaib paanycoM 54 MMm. OnpenenuTh MHIy KLU0 MarHUTHOTO
I10JIs ¥ Il1ar BUHTOBOH JINHUY, 110 KOTOPOH ABMXKETCS IEKTPOH.
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19.91ekTpoH, YCKOpPEHHBIN pa3HOCThIO noTeHManoB 10 B, BieTaeT B OHOPOIHOE MAarHUT-
HOE T0JI€ TaK, YTO YroJ MEX/1y HallpaBJICHUEM CKOPOCTH U CUJIOBBIMU JIMHUSIMU COCTaB-
nsget 53°. Unaykuus nonst pasHa 0,1 Ta. Onpenenuts paanyc KpUBU3HBI TPACKTOPUH U
1ar BUHTOBOW JIMHUH, TIO KOTOPOIl IBUKETCS SJEKTPOH.

20.0npenenuTh KHHETUYECKYIO SHEPTUIO TPOTOHA, IBHXKYIIETOCS O JyTre OKPYKHOCTH pa-
auycoMm 60 cM B MarHUTHOM 110J1€, MHAYKIUS KOTOPOI'O 21073 To.

21. 3apsbkeHHas YacTUIlA IBUKETCS B MATHUTHOM I10JI€ TI0 OKPY>KHOCTH CO CKOPOCThIO0 106
M/c. Uaaykius marautHoro nostst 0,3 Ti. Paguyc okpyskHOCTH 4 cM. OnipeieiuTh 3apsi
YaCTUIbl, €CJIM U3BECTHO, YTO €€ AHEeprus paBHa 12 k3B.

22. B ogHopoHoe MarHuTHoe nose ¢ uaaykuueit 0,01 Ti neprneHquKyIspHO JUHUSAM HH-
IOYKIMH BIIETAET 3JIEKTPOH ¢ KMHeTn4deckoi sHepruent 30 k3B. Onpenenuts paguyc Kpu-
BU3HBI TPAEKTOPUU JBUKEHUSI YACTHLIBI.

23. IlpoToH u anbda-yacTuila MONAAAI0T B OJHOPOHOE MArHUTHOE MOJIe, IBUTasiCh Iep-
MEHAUKYJISPHO JTMHUSAM UHAYKIUH. CpaBHUTH PainyChl KPUBU3HBI X TPACKTOPUH, €CITH
OHU UMEIOT OJINHAKOBYIO YHEPTHIO.

24.901eKTpOoH, BIETEBUIMI B OJHOPOJHOE MarHUTHOE 1nose ¢ uuaykuueit 0,02 T nepren-
JUKYJIIPHO HAIpPaBICHUI0 MarHUTHOI'O T10JIsI, IBUJKETCS B HEM I10 OKPYXHOCTHU pajny-
coM 2 cM. Onpenienuts pa3HOCThb IOTEHLIUAIOB, KOTOPYIO IPOLIEI 3JIEKTPOH IIEPE TEM,
KaK BJIETE] B MATHUTHOE TIOJIE.

25. DNeKTpoH, MPOIIEIIINNA HEKOTOPYIO Pa3HOCTh MOTEHIIMAJIOB, BIETA€T B OJHOPOAHOE
MarHuTHOE Toje ¢ uHaykuuen 1,5-10-2 Tn nepneHAuKyJIIpHO MarHUTHBIM CHJIOBBIM
JTUHUSAM. B MarHuTHOM MOJie 3JEKTPOH OIMCHIBAET OKPYXKHOCTH paauycoMm 114 mwm.
Omnpenenuts pa3HOCTh NOTEHIIMATIOB, KOTOPYIO MPOLIEI 3JIEKTPOH Mepel TeM, Kak Bie-
T€J B MAarHUTHOE TIOJIE.

IIpakTyeckoe 3ansaTue 12.
Tema 3anamusn. IeKTPOMATHUTHbIE KOJIeOAHUA B KOJ1e0aTeJILHOM KOHTYpe.
Ilens 3anamus. VI3yquTs 2IEKTPOMAarHUTHBIE KOJIEOAHUS B KOJIEOATEILHOM KOHTYpE.

3Hanus u ymenus, npuodpemaemole CHyO0eHmMOM 6 pe3yibmamne 0C60EHUs MeMbl, Popmu-
pyemvle KomnemeHnyuu. IIEKTpUYECKUe KoneOaHus B KoiebdaTenbHOM KOHType, auddepeniu-
aITbHOE YpaBHEHUE COOCTBEHHBIX DJIEKTPUUECKUX KoNeOaHuil. 3aryxaromue konedanus. JJoopot-
HOCTb KOHTypa. BeiHykneHHbIe KoneOanus. Pesonanc. [lepeMeHHBIN TOK, €ro MPOMBIIIJICHHOE
MOJIy4YCHHUC. HepeMCHHI)IfI TOK B ICMH C MHAYKTUBHOCTBIO, CMKOCTBIO U aKTUBHBIM COIIPOTHUBJIC-
HUEM, BEKTOpHas JuarpaMMa HalpsDKeHUH M TOKOB. DJIEKTpOMarHuTHas MHIyKuus. Buxpesoe
anekTpudeckoe nose. [lepBoe ypaBHenue Makceiia. Tok cMemenusi. Bropoe ypaBHenne Makc-
Beiwia. Cucrtema ypaBHeHU MakcBesuia. DJIeKTpOMarHuTHhIE BOJIHBI. OCHOBHBIE CBOMCTBA JJICK-
TpOMarHuTHHIX BOJH. [lIkana sneKTpoMarHUTHEIX BOJH. BriageeT ciocoOHOCThIO MPUMEHSATH CO-
OTBETCTBYIOLIUI (PU3NKO-MATEeMAaTUYECKUH amnmapaT Mpu peuieHnH npodeccuoHaNbHbBIX 3a/1a4.

Axmyanvsnocms mempl. DIEKTPOMArHUTHBIE KojeOaHMs B KOeOaTeIbHOM KOHTYpE MpH-
MEHSETCS MPU PELICHUH UHKEHEPHBIX 3a]1a4.

Teopemullecmm yacme.
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JJIeKTPOMATHUTHBIE KOJIe0aHUs B K0J1e0aTeJIbHOM KOHTYpe

YpaBHe}me CBOOOJIHBIX He3aTyXarnumuX rapMOHHICCKHUX KoJIeOaHui

KosedaTeJbHBI KOHTYP — 3TO 3JEKTPUUYECKasl LENb, COCTOALIAs U3 BKIIOYEHHBIX IOCIEA0BA-
TEJIbHO KaTYyIIKU HHAYKTUBHOCTBIO L, KOHIeHCaTopa eMKOCThI0 C U PE3UCTOpa COIPOTUBICHUEM
R. B naeaqbHOM Ko0J1€0aTeJIbHOM KOHTYpe CUUTACTCS, YTO CONPOTHBIEHHE R mpeneGpexnmo
Mmano (R~0), uro no3BoJAT B MaeaabHOM KOHTYype (puc. 18), cocTosiiieM TOJbKO U3 KaTyLIKU
MHAYKTUBHOCTH U KOHJIEHCATOPA, OJYyUYNUTh He3aTyXalollue 3JIeKTPOMATHUTHbIE KOoJIe0aHus.

] .1 teugT t=d 1

g 7 2 3
i () = e
-0 EE—— R

Puc. 18

J1s BO30y K AeHHs B KOHTYpe KoJieOaHH IpeIBapUTENbHO 3apsKatoT KOHAEHCATOP, coo0IIast ero
oOknaakam 3apsan +(. Torna B HauanpHbIM MOMEHT Bpemenu t=0 (puc. 18, a) mexay oOkiiagkamMu
KOHJIEHCATOpa BO3HUKHET 3JIEKTpUYecKoe mnose. Eciu 3aMKHYTh KOHJEHCATOp HA KaTYyIIKy MH-
QYKTUBHOCTHU, KOHJIEHCATOP HA4YHET pa3psiKaTbCs, U B KOHTYpE MOTEYET BO3PACTAIOLIUI CO Bpe-
meHeM Tok |. Korjma koHzieHcaTop MONHOCTBIO pa3psiAUTCS, SHEPTUS ANEKTPHUUECKOTO MOl KOH-
JIeHCATOpa MOJHOCTHIO TIEPEeHIET B SHEPTUIO MATHUTHOTO TIOJIs KaTymiku (puc. 18, 6). Haunnas ¢
ATOr0 MOMEHTA TOK B KOHType OyzeT yObIBaTh, 1, CJIE0BATEIbHO, HAYHET 0C1a0eBaTh MATHUTHOE
TOJI€ KAaTYILKH, TOTJIa B HEN cOorIacHoO 3akoHy dapaness uHIynupyeTcs: TOK, KOTOPbIN T€YET B CO-
OTBETCTBMH C ITpaBWJIOM JIeH11a B TOM )K€ HamlpaBJIeHUH, YTO U TOK pa3psiku KoHaeHcartopa. Kon-
JICHCATOP HAYHET Nepe3apsuKaThCsl, BOSHUKHET AIEKTPHUECKOE TT0JIe, CTPEMSIIeecs: OCIaOUTh TOK,
KOTOpPBIH, B KOHLIE KOHIIOB, 0OpaTUTCS B HYJIb, a 3apsi/i Ha 00KJIaJKax KOHJEHCATOpa JOCTUTHET
Makcumyma (puc. 18, 6). Jlamee Te ke mpoliecchl HAaYHYT MPOTEeKaTh B 0OpaTHOM HaIpaBICHUHU
(puc. 18, 2), u cucrema k MomeHTy Bpemenu t=7 (T — mepuon KonebaHuil) MpUaeT B IEPBOHA-
yanbHOE cocTosiHue (puc. 18, a). [locie 3Toro HaYHETCS MOBTOPEHUE PACCMOTPEHHOTO ITUKJIIA pa3-
PSAAKY U 3apsJIKM KOHJIEHCATOpa, TO €CTh HAYHYTCS MEPUOJUYECKUE He3aTyXarolue KoineOaHus
BEJIMYMHBI 3apsna ( Ha oOKJajKax KOHJeHcaTopa, HampsbkeHus Uc Ha KOHJEHCaTope W CHJIbI
ToKa |, TeKymero uepe3 Karymky MHAYKTUBHOCTH. CornacHo 3akony ®apajes HanpsokeHue Uc
Ha KOHJEHCATOpEe OMPENENsAeTCs CKOPOCThI0 U3MEHEHUS! CHIIbI TOKA B KAaTyIIKE€ MHIYKTUBHOCTHU
UJ€ANTBHOTO KOHTYpPA, TO €CTh:

dl
-L—.
dt
Ucxons u3 toro, uro Uc=q/C, a I=dg/dt, monyuaem nuddepeHnnaibLHoe ypaBHeHHE

cBOOOHBIX HE3aTyXaIoIMX FAPMOHNYECKUX KOJ1eO0aHMii BEIUUYMHBI 3apsaia ( Ha oOKiIaakax
KOHJIeHCaTopa:

Uec=¢5 =
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d’g 1 q d’q
dt* LC dt?
Pemrenuem sroro auddepeHnnanbHoro ypasuenus sisisercs GyHkims (t), To ecTh ypaBHeHHe

CBOﬁOIleIX HE3aATYXAaIHUX FTAPMOHUIECCKUX K0J1e0aHUH BEINYUHBI 3apsaa ( Ha O6KJ13.I[K3.X
KOHACHCATOpa:

+a)0q 0.

q(t) = g, cos(apt + @) |

rae ((t) — BenuumHa 3apsiia Ha OOKJIAJIKAaX KOHJIEHCATOPa B MOMEHT BpeMeHH {;

Jo — aMIUIMTYyAa KojeOaHui 3apsiia Ha OOKJIaJAKaX KOHAEHCATOPa;

(D — xpyroBas (WK HUKINYECKas) 4acToTa Kojnebanuil ((Wy = 1/VLC );

Wy =27 [T (T —nepuox KonedaHui, T=27+LC - ¢popmyaa Tomcona);

(a)ot + (00) — (ha3a xosebaHUii B MOMEHT BpEMEHHU t;

(o — nauansuas dasa xonebanuii, To ecth (asza konedanuii B MoMeHT Bpemenu t=0.

YPaBHeHI/[e CBOﬁO)]HI)IX 3aTyXaIlIuX rapMOHUYE€CKHUX KoJ1e0aHuii.

B peanbHOM Kone6aTeTbHOM KOHTYpPE YUUTHIBAETCS, YTO, KPOME KaTYIIKU MHAYKTHUBHOCTHIO L,
KOHJIeHCcaTopa eMKOCThI0 C, B LIEMHU TaKKe UMEETCSl PE3UCTOP COMPOTUBICHUEM R, OTJIMYHBIM OT
HYJISl, YTO SIBJISIETCS IPUUMHOM 3aTyXaHus KojiebaHHi B peaIbHOM KosiebaTelbHOM KOHType. CBo-
00JHbIE 3aTyXal0lIUue KoJieOaHusl — KoJieOaH!sl, aMIIJIUTY/]a KOTOPBIX U3-3a MOTEPh SHEPTUU pe-
aJIbHOM KosieOaTeabHON CUCTEMOH ¢ TeUeHHEM BPEMEHU YMEHbILAEeTCS.

I[J'I}I e pCaJIbHOTO K0JIe0aTeILHOrO KOHTYpa HAIIPAKCHUA HaA MOCICIOBATCIIBHO BKIIFOUCHHBIX
KOHACHCATOPC EMKOCTBIO Cu PE3UCTOPEC COMPOTHUBIICHUCM R CKJIaabIBaroTcs. Torma ¢ YUCTOM 3a-
KOHa Gbapaneﬂ IJIg LI p€aJIbHOT'O K0JIe0aTeIbHOr O KOHTYpa MOKHO 3alliuCaThb:

U, +IR=g =—LI
dt

rae g — DIEKTPOJBUIKYIIAS CHITa CAMOUH/IYKIMH B KaTYIIKE;

Uc — nanpsbxenue Ha konaercatope (Uc =g/C);
IR — HanpsKeHUs Ha pe3ucTope.

Hcxoast u3 toro, uro |=dg/dt, momydaem muddepeHnnanbHOe ypaBHEHHE CBOOOIHBIX
3aTyXalUMX rApMOHHYECKUX KoJ1e0aHMil BeMIrHbI 3apsa ( Ha 00KIaKax KOHICHCATOpa:

dq Rda, 1o $9.0599 g0,
di2  Ldt LC iz dt
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, 1
rie O — K03 UIHEHT 3aTyXaHus KojebaHuit ( o=— ), Wy =—= .
2L LC
Pemiennem nomydeHHoro muddepenuuanpHoro ypaBuenus siBisiercs ¢ynkims ((t), To ectsb

yYpPaBHeHMe CBOOOIHBIX 3aTYXAKIINX FTAPMOHMYECKUX KOJIe0aHMI BETMUMHBI 3apaa  Ha 00-
KJIaJIKaX KOHJEHCAaTopa:

q(t) = q,e ™" cos(awt + @),
rae (t) — BenauumHA 3apsiia Ha 00KIaAKaxX KOHAECHCATOPA B MOMEHT BPEMEHH {;

-ot o
(o€ = — ammumTyna 3aryxaromux KonebaHMi 3apsana Ha OOKIagKax KOHAEHCATOPa B MOMEHT

BpeMeHu t ;

(Jo — HavaJIbHas aMIIJIMTya 3aTyXaromux KoJIEOaHHHI 3aps/a Ha O6KJ'IaI[KaX KOHACHCaTOopa,

() — xpyroBas (WM HUKIAYECKast) yacToTa Kojaebanuii ( 0 =

(a)t + (D) — (baza 3aTyxarolux KojueOaHuil B MOMEHT BpeMEHH t;

@ — nauvanbhas daza 3aTyXaroMmMX KoneGaHHiA.

DJIeKTPOMATHUTHBIE BOJIHBI. BekTop YMoBa-IloiinTuHra

CornacHo TCOpHUUn Makcgena QJICKTPOMAIrHUTHBIC TTOJIA MOTYT CYHIECCTBOBATH B BUAC JJICKTPO-
MAarouTHBIX BOJIH, (baBOBaSI CKOpPOCTH 1y PacipoCTpaHCHUA KOTOPBIX OIIPCACIIACTCA BRIPAKCHUCM

b 1 1 _¢C
NENTENENTRENES

Trac 80 u ILIO — COOTBCTCTBCHHO JJICKTPUYCCKAA U MaIrHUTHAA IMOCTOSHHBIC,

& N U — COOTBECTCTBCHHO JJICKTPUUCCKAA U MAIrHUTHAA IPOHULIACMOCTH CPCIbI,

¢ — CKOpOCTh cBeTa B Bakyyme ( C = —).
\ €0l

B Bakyyme (¢ = 1, ¢ = |) ckopocTh pacripoCTpaHEHHs JIEKTPOMAarHUTHBIX BOJH COBIAJACT CO
CKOPOCTBIO cBeTa ( ¢ ), 4TO corylacyercs ¢ Teoprueld MakcBeia o ToM,

YTO CBCT NPCACTABIIACT co0oii QJICKTPOMArHUTHBIC BOJIHEI.

ITo TCOpHUn MakcBeaa JICEKTPOMAIHUTHBIC BOJIHBI ABJIAIOTCA NMOMEPECIHBIMHA, TO €CTh BCKTOPbI

EuH HAMPSKEHHOCTEH 3JIEKTPUYECKOT0 M MAarHUTHOTO TOJIeH B3aMMHO MepIeHANKYISPHBI U

JIeXaT B IUIOCKOCTH, MEPIEHIUKYIISIPHON BeKTOpy U
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CKOPOCTH PaCIpOCTPAHEHUS BOIHEI, IPUYEM BEKTOPEI E.Huo 00pa3yIoT IPaBOBUHTOBYIO
cucremy (puc. 19).

N3 teopun MakcBemnna cieyeT Takke, 4TO B 3JIEKTPOMAarHUTHOM BOJIHE BEKTOPBI E u H xo-
7eOII0TCS B OJUHAKOBBIX (azax (puc. 19), To ecTh 3HaUCHHS HANIPSHKEHHOCTEH E U H dyekTpude-
CKOr0 ¥ MarHMTHOIO TMOJIEH OJHOBPEMEHHO JOCTHTal0T MaKCUMyMa M OJHOBPEMEHHO oOpaiia-
I0TCSI B HYJIb, IPUYE€M MTHOBEHHBIE 3HaueHUs £ u H CBSI3aHbl COOTHOILIEHUEM:

&€ E = pouH .

YpaBHeHHe NJIOCKOI MOHOXPOMATHYECKON 3J1eKTPOMATHUTHOM BOJIHBI (MHIEKCHI ¥ U Z IPU

E v H noguepkuBatoT 1umb 1o, uto Bektopsl £ u H manpasnens Brons B3anmuo neprensu-
KYJISIPHBIX OCEW B COOTBETCTBUU C puc. 19):

E, = E, cos(wt —kx +¢),

H, = H, cos(wt —kx+ @),

rae Eo u Ho — COOTBETCTBEHHO aMIUIUTY/1bl HANIPSKEHHOCTEHN 3JIEKTPUUECKOr0 M MATHUTHOTO I10-
JIeH,

@ — KpYyroBasi 4acToTa BOJIHbI, (U = 27T (T — nepuon xonebanwmit),

k — BosTHOBOE YHCIIO, k=272 ( A JUTMHA BOJIHBI),

@ — HauvanbHas Qasza konebaHuil (HayaimbHast (aza KojJeOaHU ¢ MMeeT OAMHAKOBOE 3HAUYCHUE
KakK JJIs1 KoJIeOaHMs AIIEKTPHUECKOTO, TAK U MATHUTHOTO BEKTOPOB, TaK KaK B 3JICKTPOMATrHUTHOM
BOJIHE 3TH KOJIeOaHUS TPOUCXOIAT B OJIMHAKOBBIX (ha3zax).
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JHeprus 31eKTPOMATHUTHBIX BOJIH. DJIEKTPOMarHUTHbIE BOJIHBI TepeHOCST 3Hepruio. O0b-
e€MHas TUIOTHOCTh W SHEPTyu AJIEKTPOMArHUTHOW BOJHBI CKJIAJBIBAETCS U3 OOBEMHBIX IUIOTHO-
CTE€H Wsz DJIEKTPUYECKOrO U Wy MAarHUTHOTO TOJICH:

g,6 E° +y0yH2
2 2

YunteIBas BBIPAKCHUC CBA3U MCIKAY BCIIMYMHAMU Eu H , MOXHO IIOJIYy4YUTb, YTO CyMMapHasd
IJIOTHOCTB S3HCPIrUHU SJICKTPUUCCKOTO U MArHUTHOT'O MOJICH:

W= /eouly~ /e LEH .

YMHOXHUB IUIOTHOCTh 3HEPTrUM W Ha CKOPOCTh U) pacnpOCTpaHEHUs BOJHBI B CPEAE, MOIYyYUM
MOZYJIb IUIOTHOCTH IIOTOKA DHEPIUHU:

S=wuo=EH,

Tax xak BCKTOPbI E n H B3aMMHO NEPNECHANUKYIISAPHBI, TO IIPOU3BEACHUC EH COBIIagacT C MO-

ZyJIEM BEKTOpa [E H ([E H ]— BEKTOPHOE MPOU3BEJEHUE BEKTOPOB EuxH). Kpowme Toro,

HaITpaBJICHHUEC BCKTOpaA [E H COBITAAACT C HAIIPABJIICHUCM PACIIPOCTPAHCHUA BOJHBI, TO €CTh C

HaIpPaBJIEHUEM IIEPEHOCA YIHEPTHH, YTO ITO3BOJIMIO BBECTH BEKTOP S, PaBHBIN BEKTOPHOMY IPO-

HN3BCIACHHIO [E H , KaK BeKTOP IVIOTHOCTH IMOTOKA 3ﬂeKTp0MaFHI/ITHOI7[ 9HEePIruM, Ha3bIBac-

MbIl BeKTOpoM YMmoBa—IloiiHTHHTa:
Monynb BekTOpa S PaBEH SHEPTUH, IEPEHOCUMOM 3JIEKTPOMAarHUTHOM BOJTHOM 32 €JUHUILY Bpe-

MEHU 4Yepe3 EeAMHUYHYIO IUIOMAJKYy, MEepHeHAUKYISIPHYI0 HANpaBlIeHUIO PacIpOCTpaHEHUs
BOJIHBI.

IIpumepsl pemienus 3agaq

3apaua 1. KonebaTenbHbI KOHTYpP, COCTOSIINNA M3 BO3AYIIHOTO KOHJIEHCATOpA C IJIaCTHHAMU
momapio S=100 cM? U KaTYIIKK ¢ MHAYKTUBHOCTHIO L=1 MKI'H, pe30HHpYeT Ha BOJIHY JJINHOM
A=10 M. OmnipeieTUTh PaAcCCTOSTHUE MEXKTY TIIaCTHHAMU KOHEHCATOPA.

Jano:

S=100 cm?=102 m? EMKOCTB IIIOCKOTO KOHIGHCATOPa OTPE/IENAETCs 1Mo (hopMyIIe
ENES

L=1mx['a=10"°Txn C= Od
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_ £ES

A=10m CrnenoBarenbHO, d C 1)
d=? JlmvHa BOJIHBI CBsI3aHA C MEPUOAOM KoJjiebaHui T M CKOPOCTHIO
¢ DJIEKTPOMAarHUTHBIX BOJTH COOTHOIICHUEM
A=c-T. (2)

ITo popmyne Tomcona T=27LC.

Bripaszus C u3 popmynsl Tomcona, ¢ yuerom (2) u (1), nomydum

drspc’SL 4-3147-8,85:1072.(3.10°) 1021077
o 10°

d =314-10° =314 MM

3anaua 2. Pe3onanc B KojebaTeIbHOM KOHTYpE, COACpIKaIeM KOHACHCATOp eMKOCThio C1 =
1 mx®, Hactynaet npu yacrore vi = 400 ['n. Korna e napamiensHo konaeHcaTopy C1 MOAKIIO-
YIIH e1e OJIMH eMKOocThio C2, pe30oHaHCHas yacToTa ctaHOBUTCS paBHOU v2= 100 ['u. Haiitu em-

KOCTb KOHJIeHcaTopa Ca.
Hano: C1=1 Mx® = 10° ®; vi=400 I'rg; v2= 100 I'w.
Haiimu: Ca.

Pewenue

Pe3onanc B konebaTeTbHOM KOHTYPE HACTYTAET, KOT/Ia COOCTBEHHAS YacTOTa KOJIeOaHmit
CTAaHOBUTCS PABHOM 4acTOTE BBIHYKJEHHBIX KOJIeOaHUH, BO30YK/AaeMbIX BHEUIHUM NepeaaTyu-
koM. IIpu 3TOM aMIIMTYy1a 3JEKTPOMAarHUTHBIX KOJIeOaHUH B KOHTYpE CTAaHOBHUTCS MaKCHMallb-
HOU. YacToTa BBIHYKICHHBIX KOJIeOaHWH, paBHash COOCTBEHHOM YacTOTe KOJIEOATEIHHOTO KOH-
Typa, Ha3bIBAETCS PE30HAHCHOW YacTOTON. Pe3oHaHCHas yacToTa vi B KojebaTeIbHOM KOHTYpE,

cojepxaleM Toiabko oauH KoHAeHcatop Ci, ompenensercs (opmynoil  TomcoHa:

1

= 1’
1= onicy @

rzae L — MHAyKTUBHOCTH KaTyIIKH KosiebaTenbHoro kouTypa. Koraa k konnencaropy Ci moaxiro-

YUJIM TapajiiesbHo KoHnaeHcatop C2, eMKOCTh OaTapeun KoHjueHcatopoB  crana paBHa Cit+Ca.
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1
Pe3onanchas qacToTa V2 npu 9TOM paBHa: V2 = .
2n,/L(C1 +C2)

(@)

OOGe 4acToTHI V1 U V2, a Takke eMKocTh C2 u3BecTHbl. HensBecTHa MHIYKTUBHOCTD Ka-
Tymku L 1 uckomas emkocts C2. CrienoBarenbHO, HEOOXOAMMO UCKIIOUUTH U3 ypaBHeHul (1) u
(2) uaayktuBHOCTH L, HanpuMep, NOJENMB JIEBbIE U MPABbIE YaCTU 3TUX YPAaBHEHUI COOTBET-

CTBCHHO Jpyr Ha Jpyra. ITocae ACJICHUA, COKpall€HUA W YHOPOUICHUA I10JIydacM:

v1  2nL(C1+C2) vi _ [L(C1+C2) _ [C1+Cp

% - 2n,/LCq " vo LCq C1
2 2 2
OTtcrona Y1 =1+ Cz; C1 | -1; Co=C1 v -1
V2 C1 Co (v2 V2

3anaya B o01ieM, Buje penieHa. [IpoBeaem BoIYMCIECHUS:

2

400 -1[=1510°.

c,=10"%| 22
100

Omeem: C2=1,5-10° ®.

Bonpocwt u 3a0anus.

1. Dnekrpudeckue kojaebaHus B KojaeOaTeIbHOM KOHTYpE, TuddepeHInaIbHOE YpaBHE-
HUE COOCTBEHHBIX JIEKTPUUECKUX KOJICOaHUH.

2. 3aryxaromue kojiebanus. JloOpoTHOCTh KOHTYpa. BeIHy X IeHHBIe KoteOanus. Pe3o-
HaHC.

3. TlepemeHHBIN TOK, €r0 MPOMBIIIJIEHHOE TIOTyUYEHUE.

4. TlepeMeHHBIH TOK B IIEMH ¢ UHAYKTUBHOCTBIO, EMKOCTHIO 1 aKTHBHBIM COTIPOTHBIIE-
HUEM, BEKTOpHasl [uarpaMMa HarpspkeHHH U TOKOB.

5. DrnekTpomarHuTHas MHIYKIM. Buxpesoe anexTpuyeckoe mosie.

6. IlepBoe ypaBHeHHe MakcBeia. TOK CMEIIECHUS.

7. Btopoe ypaBHeHne Makcsea.

8. Cucrema ypaBHeHMT MakcBea.

9. DnextpomarHuTHbIe BOJIHBI. OCHOBHBIE CBOMCTBA 3JIEKTPOMAarHUTHBIX BOJIH.

10. BonnoBoe ypaBHeHue. [1nockast 311eKTpoMarHuTHas BOJIHA.

11. DHeprusi u UMITYJIbC JIEKTPOMArHUTHOTO MoJis. BekTop YMoBa - [loiinTHHTA.

12. DxcnepuMeHTaIbHOE UCCIIEOBAHUE 3JICKTPOMArHUTHBIX BOJIH.

13. IlIkana 31eKTpOMarHUTHBIX BOJIH.
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3agaum AJ1s1 CAMOCTOATEILHOI0 PCIICHUA

1. ITo o6moTKe conenonaa UHAYKTUBHOCTEIO L=0,2 I'H Teder Tok I1=10 A. Onpenenauts SHEPTUL0
W MarHuTHOrO moJIsl COJIECHOUA.

2. ManyktuBHOCTH L Katymku (0e3 cepaeunnka) pasHa 0,1 mI'H. [1pu xakoii cuite Toka | sHeprust
W marnutsHoro noss pasaa 100 mx/x?

3. Conenoup congepkut N=1000 ButkoB. Cuiia Toka | B ero oOMoTke paBHa 1 A, MAarHUTHBIN ITOTOK
@ yepe3 nornepeyHoe ceueHue coneHousa pased 0,1 MB0O. Berancnute snepruto W MarautHoro
OJISL.

4. Ha xene3Hoe Koiblo HamMmoTaHo B oauH cioil N=200 ButkoB. Onpexnenuts 3uepruto W mar-
HUTHOTO TOJIsA, €cJin Tipu Toke 1=2,5 A marauTHbBIN oToK @ B kene3e paseH 0,5 MBO.

5. Ilpu HekoTOpoii cusie Toka | MIOTHOCTE PHEPrUu W MarHUTHOTO MoJis cosieHoua (0e3 cepaey-
Huka) pasHa 0,2 JIx/M°. Bo CKONBKO pa3 yBEIUUMTCS TIIOTHOCTh SHEPTUHU OIS TIPU TOM 3Ke CHIIe
TOKa, €CJIU COJICHOU OyIeT UMETh JKEJIEe3HbIN CEePICUHUK?

6. O6MOTKa TOpOUIa C HEMAarHUTHBIM CEPACYHUKOM UMeeT N=10 BUTKOB Ha KaXKABII CAHTUMETP
JUIHBL. ONpeAenuTh IIOTHOCTh 3HEPTUU W T10JIs, €CJIHM 110 0OMOTKE TedeT Tok 1=16 A.

7. O6moTKa TOopora coaep>kut N=10 BUTKOB Ha K&Kl CAHTUMETp JJIUHBI. Cep/IeYHUK HE Mar-

HUTHBIN. [Ipn kakoi cuie Toka | B 0OMOTKE TUIOTHOCTH PHEPrud W MAarHUTHOTO TOJIs paBHA 1
3

Jx/m>?

8. Karymka nnayktuBHOCTRI0 L=1 MI'H 1 BO3AyIIHBIN KOHIEHCATOP, COCTOSAIIUN U3 IBYX KPYT-
JIBIX TUIACTHH auameTpoM D=20 cM Kaxx1asi, COeIMHEHBI MapauieabHo. PaccTosnue d Mmexay 1uia-
cTrHaMu paBHO | cM. Omnpenenuts nepuof 7' dIeKTpHUECKUX KOJIeOaHNH B TAKOM KOHTYPe.

9. Konnencarop anekrpoemMkoctbto C=500 nd® coeawHeH NapajieNlbHO C KAaTyIIKOH JJITHHOMN
I=40cm 1 momansio S ceuenns, paBHoii 5 cm?. Karymka cogepsxut N=1000 Butkos. Cepaednux
HeMmarHuTHbIA. Haiitu nepuon T anekTpuueckux KojiebaHui B 3TOM KOHTYpe.

10. KonebarenbHblii KOHTYp COCTOUT M3 KaTyIIKU HHIYKTUBHOCTBIO L=20 MKI'H 1 KOHIEHCaTopa
anekTpoeMKocThi0 C = 80 H®. BennurHa eMKOCTH MOXKET OTKJIOHATHCS OT YKa3aHHOTO 3HAYEHUS
Ha 2%. BpluucnnuTh, B KaKux Ipeenax MOKET U3MEHATHCS JJIMHA BOJIHBI, HA KOTOPYIO PE30HHU-

PYET KOHTYP.

IMpakTnyeckoe 3ansaTue 13.
Tema 3anamusa. I1lepeMeHHbIH 2JIEKTPUYECKHH TOK.
Ilens 3anamus. VI3ydnTsb 3aKOHBI IEPEMEHHOT0 MIEKTPUUECKOTO MOJIS.

3Hnanua u ymenus, npuobpemaemole CHyOeHmMOM 6 pe3yibmame 0C60EHUs MeMbl, Popmu-
pyemvie Komnemenyuu. [lepeMeHHbBIN IEKTPUUECKUN TOK. J{efCTBYyIOIEE 3HAUCHUE TIEPEMEH-
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HOTO TOKa. ODJIEKTPUYECKas IENb C PE3UCTOPOM. DIIEKTPUUECKAsI 1IETIh ¢ KaTyIIKOH WHTyKTUBHO-
CTU. DJIEKTpUYECKas e C KOHAEHCATOpOoM. 3akoH OMa JJ1sl [IeNy NEPEMEHHOT0 TOKa. MrHOBEH-
Hasi MOIIIHOCTh. Pe30HaHC B aeKTpuuecKux emnsx. Pezonanc HanpsbkeHuil. Bnageer cnocoOHo-
CTBIO TIPUMEHSTh COOTBETCTBYIOIINI (PU3UKO-MAaTEeMaTUYECKUI amnmapar mpu peieHun npodec-
CHUOHAJIBHBIX 3a1a4.

AKmyaJleOCmb memeol. SHGKTpOMaFHI/ITHBIe KoJieOaHMs B KOJeOaTEILHOM KOHTYpPE IIpU-
MCHACTCA IIPpU PCIICHNHN MHXXCHCPHBIX 3a1a4.

Teopemuuecmm yacme.

IlepeMeHHBIN YJIEKTPHYECKHH TOK

Y cTaHOBHBILMECS BBIHYKACHHBIE 3JIEKTPOMArHUTHBIE KOJIEOAHHUS B LIEMU C PE3UCTOPOM, Ka-
TYLIKOM MHAYKTUBHOCTH U KOHJIEHCATOPOM MOXHO PACCMATPUBATh KaK nepeMeHHblll d1eKmpuye-
ckuii mok. Eciin nogBoaumele K KOHTYpY BHewHsAA DJ{C win HanpskeHue epUoInYecKy U3Me-
HSIOTCS 110 TApMOHHYECKOMY 3aKOHY, TO IEPEMEHHBIN TOK Ha3bIBAIOT cUHycoudanrbubim (puc. 1):

i=1_sin(at+ @),
nin
I=1_cos(at+¢,),
rac | — MrHOBEHHO€E 3HaYEHHE CHUJIBI TOKa, TO €CTb 3HAUYCHUC TOKA IJId KaKAOI'O0 MOMCHTA BpPC-

MCHHU, I m — AMIIMTYyJHOC 3HAa4YCHMEC CHJIbI TOKA.

ITpu wactore vV =50 /Yy (MpoMBIIIIEHHAs YaCTOTA) MEPUOJL DJIEKTPOMATHUTHBIX KOJIeba-

awuii coctasisier 7 =002¢.

A

Tl |
R\

Puc.1.

BBI/II[y TOro, 4TO B TCUCHUC IICPUOJa CUJIa IEPCMEHHOTI'O TOKA U3MCHACTCA, O BCIIMYUHE Ta-
KOr'o TOKa CyIsT HC I10 MTHOBCHHBIM 3HAYCHHUAM, a 110 ﬂCﬁCTByIOHlCMy nin B(I)(I)CKTI/IBHOMY 3Ha-

YCHUIO I ope * HpI/I 9TOM JCUCTBUC NMEPCMECHHOI'O TOKAa OICHUBAIOT 11O TCIIJIOBOMY B(I)CI)CKTY, KO-

TOPBI CPAaBHUBAIOT C TETIOBBIM 3()(h)EKTOM MTOCTOSTHHOTO TOKA.

JlelicTBYIOIIIEE 3HAYEHHE IEPEMEHHOI0 TOKA
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Heticmeyrowum (3¢pgpexmusnvim) 3nauenuem nepemenHo2o moxa Ha3bIBAIOT TaKyl0 BEJH-
YUHY, KOTOpPasi paBHa CUJIE MOCTOSHHOIO TOKA, BBIICIISIOLIETO B IPOBOJHUKE TAKOE KE KOJIUYE-
CTBO TEIUIOTHI, YTO U JAHHBINA IEPEMEHHBIN TOK 3@ OJTHO U TO e BpeMsl. J{elCTByoIIee 3HAUCHUE
MEPEMEHHOTO CUHYCOUIAJIBHOTO TOKA CBSI3aHO C €r0 aMILIMTYIHBIM 3HAYEHUEM COOTHOLLICHUEM

|
=1 =-1\
"2 o)

J7isi MTHOBEHHBIX 3HAYCHHI CHHYCOUIAIBHBIX TOKOB BBIMOJHSIOTCS 3akoH OMa U mpaBuiia
Kupxroda.

PaccMoTpuM nenu, conaeprkaime pe3ucTop, KaTyllKy MHIYKTUBHOCTH, KOHAEHCATOpP U BCE
TPU JIEMEHTA, COEMHEHHBIE [TOCIIEJOBATEIBHO, HAa 32KMMAaX KOTOPBIX MPUIIOKEHO IEPEMEHHOE
HapsDKEHUE

u=U_cosat,

rac U m — AMIUTUTYJHOC 3HAa4YCHHC HAIIPSIPKCHUA.

DJieKTpuYecKasi 1ienb ¢ Pe3UCTOPOM

Cuiia Toka, mpOTEKAIoLIEro yepes3 pe3uctop (puc.2), onpeaensercs 3akoHoM Oma

m

cosat =1 cosat,

()
U m
rae | = —" —ammmmryna cuie Toka. O4eBuHO, 9TO P uKMCTO akTMBHOM (R) XapakTepe uenn
cABUT (a3 KojebaHu ToKa U HaNPsHDKEHUS paBeH HyJIo (puc. 3).
u, A
u=f(t)
i
~Uu
> = f(t
Puc. 2 (o) > ( )

Puc. 3
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DJIEeKTPUYECcKAs eNnb ¢ KATVIIKON HHIVKTHBHOCTH

B karymike 6e3 noreps ( R =0 ) 6yner nporekars Tok, eciu HanpshKeHHE Ha €€ BBIBOJIAX
komrnencupyet 3/1C camonnaykuuu (puc. 4), To ecTh

° dt 3)

OTKYyJla TOK

: u. .
|:j1U coswtdt=—"sinawt + A= COS(a)t—Z).
L " ol " 2

(4)

IlocTtosHHAs HHTCTPHUPOBAHUA AZO, TaK KaK TOK U3MCHSCTCS 110 TApMOHHUYCCKOMY 3daKOHY, TO
€CTh HE NMEET ITOCTOSTHHOM COCT&BJ’IS[IOH.[GIZ. OLICBI/II[HO, 4YTO aMILIUTylda TOKa B LICIIN C KaTYIHKOﬁ

U
|, =—"

m 1

ol (5)

e X, = oL — undykmuenoe conpomuenenue, sapucsamee or uactorst. [pu v =0 (npu npote-

KaHUU IIOCTOSHHOIO TOKa) X, = 0.
Taxum 00pa3zom, B LIENU ¢ KaTyIIKOW MHTyKTUBHOCTH KOJI€OaHUsI CUJIbI TOKA OTCTAIOT IO (aze

T
Ha — OT KoJieOaHW HarnpshKeHus (puc.S).

Ju=1(1)
/ i=f(1)

Puc. 4 o

Puc.5

DJjekTpHYecKas Ielb ¢ KOHAEHCATOPOM
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_ECJ'H/I npeHe6peqL AKTUBHBIM COIIPOTHBJICHUEM COCAMHUTCIIBHBIX ITIPOBOAOB U O6KJ'Ia,Z[OK KOH-

neHcaropa (puc.6), To HanpsKeHHe Ha KoHjeHncarope U, = E OyzleT paBHO HAMPSHKCHHUIO Ha

q

sakuMax nenu, To ectb - U COSat = —,

OTKyJa 3apsJ KOHJEHCaTopa
q=U_Ccosat.

Cwuia ToKa B IIeTH KOHACHCaTOopa

. d : T Vs
I :—q:—a)UmC sinot =U_«oC =cos(awt +—)=1_cos(at +—),
dt 2 2 (6)
U, 1
rae | m = U ma)C = , XC = —— - eMKOCmHoe conpomugieHue Nend. YeM MeHbIlle YacToTa
X

C
Vv, TeM Gosbiie X . [loaTomy B tenu nocrostaroro Toka (V = 0) X, —> 00 u konzeHcarop He

IIPOBOJIUT AIEKTPUUECKUI TOK.

T
Takum O6p830M, B IICTIU C KOHACHCATOPOM KoJIeOaHMS CUJIBI TOKA OIICPCIKAKOT 110 (1)336 Ha —

KosieOaHus HanpspKeHus (puc.7).

C

H— Y1 Ju=1(1)

Puc.6 o) Tt

Puc.7 i=f(t)

3akoH OMa I end NePeMEeHHOI0 TOKA

PaccMoTpuM Teneps 3MeKTpUYecKyro LEeMb U3 MTOCIIeI0BATEIFHO COSTMHEHHBIX PEe3UCTOpa,
KaTyIlIKM MHIYKTUBHOCTH U KOHJIeHcaTopa (puc.8).
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1 /VV\ __ U,
_____ U
~u c— : '
U, l
¢ .
Aoue
Pnc.8 U,
Puc.9

[To BTOpomy npaBuity Kupxroda a1t MTHOBEHHBIX 3HaYE€HUN HAITPsHKCHUE HA 3aKUMax enu
paBHO CyMME HaNpsHKEHUN Ha OTIAEIbHBIX 3JIEMEHTax

Uu=u, +U,_+U,.

[TocTpouM BEKTOPHYIO JHarpaMMy LIEMH C YUETOM IOJyYeHHBIX paHee (ha30BbIX COOTHOIIIE-
HHI: a) HalIpsDKEHUE HA PEe3UCTOPE COBIAMAET MO (hase C TOKOM; 0) HampspKeHHe Ha

KaTyIIKe WHAYKTUBHOCTH OIIEpEXkaeT 1o ¢a3e TOK Ha — ; B) HaIpsDKEHUE HA KOHJIEHCATOPE

T
oTcTaet o (asze ot Toka Ha — (pwuc. 9).

)4 & BCKTOpHOﬁ AuarpaMMbl HalijeM MOAYJIb ,[ICfICTByTOH.[CFO 3HAYCHUA HAITPAKCHUA

U=JU;+U2=UZ+(U_-U.),

(20.9)
roe U » — PCAKTUBHAs! COCTABIISIOIIAS HATIPSKCHHSL.
VYuyuteBas, 4To UR =IR, U,_ = |X|_, UC = IXC,I'IOJ'Iy‘II/IMZ
2 1 2
U=I1 /R +(ab——) =12,
oC

rae Z — noanoe conpomusieHue 1enu. Beipaxxenue

U U

1
R* +(awl ——-)°
( a)C)

Has3bIBaeTcs 3axoHom Oma ons yuenu nepemerrnoco mokda.
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1

Pasnocte X =@l — —— HaswpBAOT peaxmuenvim conpomuenenuem. W3 BeKTOpHOH mua-

TpaMMBbI CJIEIYEeT, YTO yroJ caBura ¢a3z Mexay TOKOM M HaNpshKeHHEM Ul paccMaTpuBaeMoin
CXEMBI

B a)L—i

U U
o =arctg—" = arctg—-_—< —arctg— 2 . (20.11)
U, U, R
Ecmum X, > X, nens uMeeT MHAYKTUBHBIA Xapakrep, () > 0; ecrm X, <X, Ienb UMEET

€MKOCTHBIN Xapakrep, (@ < 0; ecm X, =X, TO pCaKTUBHOC CONPOTUBICHHE Lenu X, = 0,

@ =0 u nenb uMeeT aKTMBHBIH XapakTep nasxe Mpu Hadu4uu B Heii L u C.

MrHoBeHHASI MOIIHOCTD

Menosennas MOWHOCNb, Pa3BUBaACMas B ICIIH IEPEMCHHOI'O TOKA, paBHA ITPOU3BCACHUTIO
MT'HOBEHHBIX 3HAUYEHMH CHIIbI TOKA U HaITPAKCHUS:

p(t)=i(t)u(t)=1_,cos(wt —¢)U, cosat. (12)

Cpennee 3a nepuo/i 3Hau€HUE MIHOBEHHOM MOIITHO-
D, i, u CTH Ha3bIBAIOT AKMUBHOU MOWHOCMbBIO
A

1 T
P =—j p(t)dt.
T (13)

W3-3a Hanuuus caura ¢a3z ¢ 3HaKU y TOKa U Hampsi-

KEHUS B JAHHBI MOMEHT BPEMEHU MOTYT OBITh Pa3HEIE.
[TosTOMYy MrHOBEHHAsI MOIITHOCTH MOXET OBITH OTPHUIIA-
TETLHON B HEKOTOPHIE JOIU NIEPHO/Ia IEPEMEHHOTO
TOKa, YTO 03HAYaeT BO3BPAIICHNUE YHEPTUH U3 TIETTH UC-
TOYHHUKY TOKA.

Ha puc.20.10 npuBenaeHsl rpaduku H3MEHEHUS
MTHOBEHHOM MOIIHOCTH TPU Pa3IMYHBIX yTiaxX CIBHUra
ha3 Mex a1y KoieOaHUSIMH HAMIPSKSHHSI U TOKA.

IIpu ¢ =0 B m000H MOMEHT BpEMEHH MOIIHOCTH

MOJIOKUTEIbHA, OHA PACXOJy€ETCs B LIEITU HA COBEPILICHHE
pa3nuuHbIX BUaOB padothl. [Ipu 0 < ¢ < 7 /2 B oTaens-

HBIE TPOMEXYTKH BPEMEHH MOIIHOCTh OTpHUIATEIbHA.
OTO OOBICHSETCS TeM, YTO MPHU HAIMYUMA B IEMH Ka-
TYIIKA WHAYKTUBHOCTH BO3pAacTaHHE TOKA MPUBOIHUT K
CO37IaHUIO0 B HEM MarHUTHOTO TOJIs, KOTOpoe o0yiamaer
3amacom sHepruu. [Ipyu yMeHbIIeHUN CHUIbl TOKA MAarHUTHOE TIOJIE MCYe3aeT U 3araceHHas B HeM
SHEpPrus BO3BpAIllaeTCsl K MICTOYHUKY TOKa (TeHepaTopy).

p=rl2
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AHAJIOTUYHBIA MPOIECC MPOUCXOANUT MPHU HAIWYHH B IIEMTU KOHJEHCATOpA: B TCUCHHE TOU
YEeTBEPTH MEPHO/Ia, KOTAa MMPOUCXOIUT 3apsIka KOHICHCATOpa, JHEPTUs B HEM 3aItacaeTcs, a Ko-
I/1a KOHJICHCATOp pa3psHKaeTcsi, OH OTJACT B IIETIh 3alIaCCHHYIO YHEPTHIO.

[Tpu ¢ = 7/ 2 monoxuTeIbHAS MOIIIHOCTh paBHA OTPHUIIATEIHHOI MOITHOCTH, paboTa TOKA 3a

NIEPUOJ paBHA HYJIIO, CJIEI0BATENIbHO, CPEAHSS MOLIHOCTD TaKk)Ke paBHa Hy:to. [Ipu sToM nepuo-
JUYECKU DHEPTrUsl 3a11acCaeTCsi B MArHUTHOM U 3JICKTPUYECKOM IOJISIX, a 3aTEM CHOBA MepelaeTcs
redeparopy. [Tocieqauii ciydaii Bo3mMorkeH Jiamib mpu R=0.

[Toacrasus (12) B (13) u BeIMOIHUB NTpeoOpa3oBaHms, HAMIEM CpeiHee 3HaUYE€HUE MOIIIHOCTH
MIEPEMEHHOTO TOKa!

P:%ImUmCOSgo:UICOSqo, (14)

rae COS @ — xocunyc yria caBura (a3, KOTOPBI Ha3bIBACTCS KOIDDuyueHmom MouHoCmu.

®opmyna (14) nokaspIBaeT, YTO pa3BUBaeMas B LIEMH MEPEMEHHOTO TOKA MOLTHOCTh 3aBHCUT
HE TOJBKO OT CHJIBI TOKA M HANIPSKEHUSI, HO U OT cIBUTA (a3 MEXTy HAINPSHKEHUEM U TOKOM.

Kosgppuyuenm mowmnocmu COS @  xapaxmepuszyem nomepu suepeuu 6 yenu W, CllefoBa-
TEJIbHO, SIBJIAECTCS BAKHEUIIEH TEXHUKO-ODKOHOMUYECKON XapaKTEPUCTUKON IIPU IPOESKTUPOBAHUU
AIIEKTPOOOOPYIOBAHUS NIEPEMEHHOT0 ToKa. Eciin Harpy3ku B €N UMEIOT OOJIbIINE EMKOCTHBIC
Y MHIYKTHBHBIE corrpotuBiieHus, T0 @ # 0 u COS @ moxxeT ObITh MHOTO MEHBIIIE €IMHHIIBL.

B atux ciaydasx st nepenaun TpeOyeMoil akTHBHOM MOITHOCTH P (TIpy 33JaHHOM Harpsike-
HUH) HEOOXOIMMO YBEJIIMYUBAThH CHJTY TOKA, YTO MIPUBOJIUT K BBIJICIICHUIO B IIETTH OOJIBIIIOTO KOJIH-
YeCcTBa TEIUTOTHI. [103TOMY MPUXOIUTCS THOO yBEINUIUBAThH ceueHue mpoBooB (R~1/S), mubo pac-
IPEIeISATh peaKTUBHBIE HArPy3KH Tak, 9To0bl COS (0 GbuT 110 BO3MOKHOCTH OIIMIKE K €NHHUIIE.

Pe30oHaHC B 2j1eKTpHYECKHX Henax. Pe3oHaHC HaNpsKeHMI

Pezonancom B d1EKTPUYECKON LIETIM HA3BIBAETCSA PEKUM y4acTKa, COAEPKAILEro UHIYK-
THBHBII ¥ €MKOCTHBIH 2JIEMEHTBHI, IIPU KOTOPOM Yroil (¢ czaBura (a3 KojaeOaHui HaNpsKeHUs U
TOKa paBeH HyJ10. Pe3oHaHC xapakTepusyeTcsl psSaoM 0COOEHHOCTEN, KOTOpbIE 00YCIOBUIIN €r0
HIMPOKOE TPUMEHEHHUE B PAIMOTEXHUKE, dJIEKTPOTEXHUKE, U3MEPUTEIBbHOM TEXHUKE U JPYTHX 00-
JACTSAX.

PazanuaroT HECKOIBKO BHIOB p€30HAHCA: pE€30HAaHC HaprI)KCHI/Iﬁ (HpI/I IIOCJIICJOBATCIIBHOM
COCIMHCHHNU BHCMGHTOB), PE30HAaHC TOKOB (HpI/I mapaajiecJIbHOM COCIAUMHCHUU SHGMCHTOB), pE30-
HAaHC B MAaroHuTHO-CBA3AaHHBIX LCIIAX U JP.

Peszonanc nanpsocenuti. I3 eipaxkenus (1) cnegyer, 4To npu mocie10BaTeIbHOM COEIH-

1

wennn R,L,C Tok B 1enu npuobperaer MakcHManbHOE 3HAYEHHE TIPU ol ———=0, 1o ectp

npu oL = E . DTOMY yCIIOBHIO yJOBJIETBOPSIET YaCTOTA
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W, =0, =—F——. (15)

—» .
U B stom cnyuae @ =0, Z = R — MiN, nagenns nanpsxe-
# HUS Ha KaTyIIKe WHIYKTHBHOCTU M KOHJIEHCATOPE OJMHAKOBBI
) 10 BEJIMYMHE ¥ IPOTUBOMNOIOXKHEI 110 (aze (puc.11). Takum 06-
/ paszom, Ipy pe30HAHCE HAMPSHKCHUI
U, =U,,
U, i
1 L U |L
U =w, Ll=—==Ll=|"1==_|==UQ,
v LC C RVC
(16)
rie Q — ToOpOTHOCTH KOHTYpa.
RN
] 1
v I L |
R, R, |
|
|
~Uu :
L C }
|
I ‘ P N >
—_— ja U
Puc.12 Puc.13

Tak xak 70OpOTHOCTB KOJIEOATENBHBIX KOHTYPOB OOJIbIIIE €MHUIIBI, TO HAMPSKEHUE, KaK Ha
KaTyIIKe WHAYKTUBHOCTH, TaK U Ha KOHJIEHCATOPE MPEBBIIIAET HanpshkeHne U, MpUIoKEeHHOE K
uenu. 13 Beipaxxenus (16) cienyer, 4To 100pOTHOCTh KOHTYpa IMOKa3bIBAET, BO CKOJIBKO pa3 Mpu
pe30HaHCe HaNpsKEHUE Ha PEaKTUBHBIX 3JIEMEHTaX OO0JIbIIE [0 BEJIMYMHE BXOJHOTO HAMPSKEHHUSL.

SIBneHue pe3oHaHca HANPSHKEHUH UCIIONIb3YETCSl B paAMOTEXHUKE U JIEKTPOHUKE ISl yCHIIe-
HUS KoJIeOaHUH HamnpsHKEHUS] KaKoM-Tubo onpeielIeHHON 4yacTOThl. B anekTposHepreTuke siBie-
HHUE pe30HaHCa HaNpsHKEHUH HEO0OXOANMO YUUTHIBATH NPHU BBIOOPE M3OJSALMU BHICOKOBOJIBTHOIO
000py10BaHUs, TaK KaK HHA4Y€ MOXET IPOU30UTH ee poOoil.

Bonpocut u 3a0anus.

1. TlepemeHHBI 2EKTPUIECKHI TOK.
2. JlelicTByroliee 3HAYCHUE IEPEMEHHOTO TOKA.
3. DnekTpuyeckas Lenb ¢ PE3UCTOPOM.
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DnekTpuueckas LeMb ¢ KaTyIIKON UHIYKTUBHOCTH.
DneKTpuyYecKas Lelb ¢ KOHIAEHCATOPOM.

3akon Oma 11 ey MEPEMEHHOT0 TOKa.

MrHoBeHHasi MOILIHOCTb.

Pe3onaHC B ayiekTpUUeCKUX LEMsX. Pe30HaHC HaNpsy)KeHUM.

N OA

33Ila‘ll/l AJI CAaMOCTOATEJIbHOIO peIICHUA

1. B cerb mepeMeHHOro TOKa C JIeHCTBYIOIMM HampspkeHueMm 220 B BKJIIOYEHO aKTUBHOE
conpotuieHrne 55 Om. OnpenenuTs IeHCTBYIONIEE U aMITUTY THOE 3HAYCHHE CUITBI TOKA.

2. HeoHnoBas jlamna BKJIIOYEHA B CE€Th MEPEMEHHOI0 TOKa C 3(PPEeKTUBHBIM HAIPSKEHUEM
V>=71 B u nepuonom T=(1/50)c. HaliTu nmpoMexxyTok BpeMEHH, B TEUEHHUE KOTOPOTO
JUIMTCS BCIIBIILIKA JIAMIIBbI, ¥ YaCTOTY BCIBILIEK JIaMIIbl n. HanpskeHue 3a)KuraHus JaMIibl
V3=86,7B cunurtaTh paBHBIM HaNPSYKEHUIO TalleHUs Vr.

3. B uens nocienoBaTenbHO BKIIOUEHBI PE3UCTOP C CONPOTUBIEHUEM R, KOHIEHCATOP C eM-
kocThio C 1 KaTymika ¢ MHIyKTuBHOCTHIO L. I1o nenu npotekaeT nepemeHHsIi Tok. Omnpe-
JIEJIUTE aMIUIUTYAbl HAIPSKEHUS Ha KaXKJI0M M3 JIEMEHTOB 1IeNH U BO Beel nend. [1o ka-
KOMY 3aKOHY U3MEHSETCS MPUII0KEHHOE K LIENU HanpsKeHue?

Pa3nes 5. Ontuka. KBanToBasi npupojaa u3jiy4eHus

IIpakTyeckoe 3ansaTue 14.
Tema 3anamusa. I'eomerpuueckast ontuka. JInH3bI

lle./lb 3anamus. HSy‘-II/ITI) OCHOBHBIC 3aKOHBI FGOMeTpH‘ICCKOfI OIITHKH.

3nanun u ymenus, npuoopemaemple CmyoeHnoM 6 pe3yibmame 0C60CHU MeMbl, (hop-
Mupyemovle Komnemenyuu. 3aK0H MPSIMOJIMHEHHOTO pacCPOCTPAHEHUS CBETa B OJHOPOHOM
cpene. OcHoBHBIC 3aKOHBI ONTHKH. [ToHOE Tpaskenue. Jlunzbl. @opmyina nuH3b1. Biageer cro-
COOHOCTBIO MPUMEHSATh COOTBETCTBYIOLIHMI (DU3UKO-MAaTEMAaTHYCSCKHI anmapaT Mpyu PeleHUN
npodeCCUOHATIBHBIX 3a]1au.

Axkmyanvrnocms memvl. OCHOBHBIE 3aKOHBI TEOMETPUUECKOMN ONTUKH MTPUMEHSETCS TIPH pe-
IEHUU WHXCHEPHBIX 3a71a4.

Teopemuueckan uacme.
3aKOH NPSIMOJIMHENHOT0 PACIPOCTPAHEHUsI CBeTAa B OJITHOPOJHOM cpeje

[IpssMonUHENHOCTH CBETOBBIX JIydel 03HaYaeT, uTo opMa TeHH MpPEAMETa MPHU €ro OCBe-
HIEHUU TOYEYHBIM HMCTOYHUKOM COOTBETCTBYET T'€OMETPUUECKON YeHmpanbHou npoeKyuu KOH-
Typa npeameTa (¢ UeHTpoOM B UCTouHHKE). [IpencTaBieHne o NpSIMOIMHEHHBIX CBETOBBIX JIydax
HCIIOJIB3YETCS B MHCTPYMEHTAJIbHON ONTHKE [ KOHCTPYUPOBAHUS U pacyeTa ONTHYECKUX MpPH-
60poB. B onTHuecky HEOAHOPOAHBIX Cpeax reoOMeTpUIecKas ONTHKA JIOIMYCKAET M HETIPSIMOJIH-
HENHOE paclpoCTpaHEHUE CBETA.

3aKoH HE3aBHCHMOCTH CBETOBBIX nyqeﬁ
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OnbIT NOKa3bIBAET, YTO CBETOBBIC MTYUYKHU MPH MEPECEUEHUH, KaK MPABUIIO, HE BO3MYILAIOT
npyr apyra. IlpouszBoaumoe oHUM IMyYKOM JE€HCTBUE HE 3aBHCUT OT HAJIUYUS JPYTUX MYUYKOB.
MatemaTuuecky 3TO 03HAYAET, YTO MPU HAIOKEHUH HECKOJIbKUX CBETOBBIX ITyUYKOB PE3YJIbTUPY-

n
omast MHTCHCUBHOCTD ITYYKOB paBHA CyMMC I/IHTeHCI/IBHOCTeﬁ, KaxKa0ro u3 Iry4KkoB I = Z I i » TO
i=1

€CTb 3/IeCb MBI IIpeHeOperaeM BOJIHOBBIMHU CBOIMCTBaMU cBeTa (MHTephepeHuei u nudpakumeit).
Kpowme Toro, 3T0T 3aKOH CTpOT0 CIpaBeINB AJIs BaKkyyMa. J{js CBETOBBIX JIyuell B BEILIECTBE 3a-
KOH HE3aBUCUMOCTH CBETOBBIX JIy4Y€H CIIPaBEAJIUB JUISl JIUHEUHbIX CPEJ], OITUYECKHUE CBOMCTBA KO-
TOPBIX HE 3aBUCAT OT HHTEHCHUBHOCTH CBETA. DTO BBINOJIHACTCS TOYHO MTPHU HEOOIBIION 1 IPpUOIIHN-
’KEHHO IIpY YMEPEHHON MHTEHCUBHOCTH cBeTa. IIpu pacnpocTpaHeHny cBeTa BBICOKOW NHTEHCHB-
HOCTH B BEHICCTBE OTOT 3aKOH HAPYIIACTCA.

3akoH OTpaKCHHUA CBETA

HpI/I MaaACHUU JIydad CBCTA HA I'paHUIlyY pa3iciia IBYX CPC, B TOYKC IMaJCHHUA BOCCTAHABIIN-

BaIOT HOpPMaJIb K TPaHUILIEC pa3jiesia U OTCUUTHIBAIOT yroji MaJeHusi o , Kak P

a a

YTON MeKIy NMaJaloluM JTyd0oM M HOPMANbIO, a YroJl OTpaKeHHs & - Kak
yroJl MEXIy OTPakEHHBIM JIydOM M HOpMalibio. Torma 3aKOH ompasicenus ?
céema TIACUT: Y4 NAOQIOWULL, JIyY OMPANCEHHBLL U HOPMATb K OMPAXCAIO-
well NOBEPXHOCIMU JIeHCam 8 0OHOU NIOCKOCHU, NPUYEM Y201 NAOCHUSL PABEH Vel OMPANCEHUSL O.
=a'

3akoH NMpeJIOMJICHUSA CBETA

boiiee crmoxkHBIN 3aKOH UMEET MECTO NP MEPEXOJE CBETA U3
OAHOM cpenbl B Ipyryro. [Ipu mageHnu cBeTa Ha TrpaHUIly pasieia

1 2

TIPO3PAYHBIX Cpell C aOCOMIOTHBIMU MOKAa3aTeNsMH MHPEIOMICHHS
C c n :
N, =— u N, =— 4YacTh CBETa OTPAXKAETCH, @ YACTh MPOXOJIUT BO 2 :
v \Y Z

BTOPYIO Cpeay, U3MEHsS HallpaBJIeHNE PacTpoCTpaHeHHs (TIPEIoMIIs-

ercsi). 31ech ¢ — CKOPOCTh CBETa B BaKyyMme, V — CKOPOCTh CBETa B

COOTBETCTBYIOILIEH cpefie. YTol K HOPMalH, IOA KOTOPBIM CBET PacIpOCTPaHSETCs] BO BTOPOil

cpeze, Ha3bIBAIOT YIJIoM IpenomiieHus . Torna sakon npenomnenus TIACUT: 1YY HAOAIOWUTL, 1Y

NPenoMAeHHbII U HOPMATL K NPENOMAAIOWel] NOGEPXHOCMU 1eXHCAMm 8 0OHOU NI0CKOCmuU. Y2on na-
Sina

Oenus u Yol npejlomMileHusl ceA3aHbl COOMHOUWEHUEM. — — n

. ,1» TA€ N, - OTHOCHUTENILHBIN
sing

K03 QUIIMEHT NPETOMIIEHUS] BTOPOM CPEJIbI OTHOCUTENBHO nepBoi. N, = —==—.

3,[[€CI> pas3iiidaroT ABa Cliy4as:

1. Kora cBeT nepexouT U3 ONTUYECKH MEHee IUIOTHOM cpeibl B ONITHYECKH OoJiee TII0T-
Hyto cpexy (N, > N,), yron npenomienus Menbie yria nagesns ( f < o). B atom ciydae moist

OTpa)KCHHOﬁ OHEPIrUur CBCTOBOI'O JIyda OT I'paHUIbI pa3Jiciia ABYX CpE€d CHUIJIIbHO BO3pAaCTACT IIO
MCpPC YBCIMYCHHA yIJIa MaJICHUA. OI[HaKO AaXKe IpU 04YCHb OOJIBIINX yriax naacHus, OIM3KHUX K
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90°, korga cBETOBOM JIyd MOYTH CKOJIB3UT BIIOJb MOBEPXHOCTH pa3jieia JIBYX Cpell, BCE )K€ 4acTh
CBETOBOH DHEPTUHU MEPEXOUT BO BTOPYIO CpPEy.

2. HoBoe MHTEpECHOE SIBICHUE BO3HUKAET TOT' /1A, KOTJa CBET NEPEXOAUT U3 ONITHUECKU 00-
Jee IUIOTHOM cpelnbl B ONTHUYECKM MEHEE IUIOTHYIO cpeny (

N, <N,). Torna yron npenomiieHus Ooible yriaa najaeHus (

L > ). 3nech Tarke 0k OTPAKEHHON SHEPIUHM BO3PACTAET C

Y

YBCIIMUCHUCM YyIJla HOaJACHUSA, OAHAKO BO3paCTaHUC HACT II0
HHOMY 3aKOHY: HAYUHAA C HEKOMOpOo2o y2aia na()enuﬂ, 6CA ceemo-
6asl JHepzsusl ompaosicaemcst om cpaHuybl pa3deﬂa. OTO sABJICHHE
HOCHUT HAa3BaAHUC NOJIHO20 BHYMPEHHE20 OMPAIHCEHUAL. Vron nange-
HUA Onp, HAYUHAA C KOTOPOI'O BCA CBETOBAA DOHECPIUA OTPAXKACTCA OT rpaHUIBI pas3gciia, Ha3bIBaCTCA
npe()eﬂbelM Y2HI0OM NOJIHO20 6HYNIPEHHE2O0 OMPANCEHUAL. 3HaveHue 3TOro yrijia onpeaciasa€TCs Bbl-

paxennem: SINa, =N, . Ilpu najeHuu jyda ¢ yrioM najeHus & > «, , BCs CBETOBas 9HEP-

TUSl OTPa)KaeTcsl B MEPBYIO CPelly U HE MPOXOAUT BO BTOPYIO, MPEIIOMIIEHHOTO JIydya BO BTOPOU
cpele HeT.

CaencTBusl M3 32KOHOB reOMeTPHYECKO ONTHKH
doxkycHoe paccTosiHUE CHEepUIecKOro 3epkaja
F=R/2,
rae R — paanyc KpuBU3HBI 3epKaa.
Ontuyeckas cuia ceprudeckoro 3epkaia
D=1/F.

dopmyna cheprudeckoro 3epkana

L1 1,1
Fodf

Q=

Trac duf- pacCTOAHUA OT IOJIIOCA 3€pKajla COOTBETCTBCHHO O IIPEAMETA U I/I306pa)KeHI/I$I. 3Hak
IIJIFOC COOTBETCTBYCT HCﬁCTBHTCHBHBIM BCJIMYMHA, 4 3HAK MUHYC — MHUMBIM.

OnTuyeckas Cujia TOHKOH JIMH3BI

1 n, 1 1
—== -1 —+—
F o\ ng R, R,

D=

Trac F - (I)OKYCHOC pPacCTOsIHUE JIMH3BI, Nn — a0COIIOTHBIM OKAa3aTelb MMpCJIOMJICHUS BCIICCTBA
JIUH3BI; Nep — a0COIIOTHBIN IMOKA3aTelhb MPpCIOMIICHUSA Opr)KElIOIJ.[CfI Cpcabl.

Panuycel Bemmykiibix noBepxHocteit (R1 u R2) OepyTest co 3HAKOM IUTIOC, BOTHYTBIX — CO 3HA-
KOM MHHYC.

OnTHueckas cuia IByX TOHKUX JIMH3, CI0’KEHHBIX BIUIOTHYIO
D =D1 + Da.

dopmyJia TOHKOH JIMH3bI
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-+

1 1.1
t—=—+—
F d f
rae d u f — paccTOSHUS OT ONTUYECKOTO LEHTPA JIMH3bI COOTBETCTBEHHO JI0 MpeAMeTa U n300pa-

JKEHUS. 3HAK IUIFOC COOTBETCTBYET ICHCTBUTENBHBIM BEIMUNHA, a 3HAK MUHYC — MHUMBIM.

VYrinoBoe n300paxxeHue Jymbl

r-%
Fl

rae do — paccrosinue Hawtyuiiero 3perus (do = 25 cm).

Vriosoe YBCIUMYCHUEC TEJIICCKOIIA B CIIy4ac, KOraa B TEJICCKOIL Ha6J'IIO,I[aIOT YAAJIICHHBIC IIPEI-

F

METBI r=— ,

F

2

Trac FiuFo— (I)OKyCHLIe paccTodaHnud COOTBCTCTBCHHO 00BEKTHBA U OKYyJspa.

IIpumeps! pelieHus 3a1a4

3anaua 1. CBeToBo# 1yu nmagaeT nox yriom o = 60 ° Ha miocko- \a<
napauleibHYI0 CTEKSIHHYIO TUIAcTUHKY TommuuHoi d = 10 oM. ol
Omnpenenute cMeNIeHNE S JTyda MIACTUHKOMN, €CITU IIACTHHKA T10-

rpy>eHa B Boay. [lokazarenu nmpenoMeHust CTEKIa U BOJIbI COOT- d N
BETCTBEHHO paBHBI N2 = 1,5, n1 = 1,33. S .

JMano: Pemienne. U3 mpsIMOYTONBHBIX TPEYTOJIHHUKOB

AOB v BOC cnenyer:
a=60°

d=10cm
d S

ni=1,33 = =
cosp  sin(a—p)

CO.
n=15

S-7? OTcroa cMeleHue TyJa TIAaCTUHKON

S dsin(a — p) _dl sino - cosasing
cosp cosp

@)
1o 3akoHy niperomiieHus
—2, sinf=———, 2)

CnenoBarteibHO,
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- 1 -
cos 8 =+/1—sin? =n—\/n§—nf sin® o . 3)
2

[ToncraBmnss Beipaxenus (2) u (3) B popmyny (1), momyuum

: ' . in2
s —dl sing _ _Mn.cosasina | _ . nsin2a _
n,y/nZ —n2sin’ 2,/n? —n?sin’a
~10) sing0" — _=osini20 ~ 267 om

2,/15° 133" sin’ 60°

3agaya 2. BHyTpeHHSAS NOBEPXHOCTh KOHYCA MOKPBITa OTPAXKAIOIIUM CI0EM, 00pa3yIoluM Ko-
HUYECKOE 3epKaJio. B1osb ocu KOHyca BHYTpHU HEro HaTAHyTa CBeTAIIasicst HUTh. Onpenennure Mu-
HUMAaJIbHBIN YT0JI pacTBOPA KOHYCa Ctmin, IPX KOTOPOM JIy4H, UAYILUE OT HUTH, Oy1yT OTpaxaTbCs
OT IIOBEPXHOCTHU KOHYyca He 0oJiee OHOrOo pasa.

Al

Pemenune. PaccmoTrpum xof syda (1), ucrymeHHOro Toukoit 4, nexamieit Ha Huth. [locne nep-
BOT'0 OTPAKEHUS OT KOHUYECKON TOBEPXHOCTH B TOUKe B i1yd 1 moiineT Tak, kak eciu Obl OH BbI-
11ea U3 ToUku 4" — MHUMOro n3o00paxxkeHust Touku 4. Ecnu yron pacTBopa KoHyca Mall, TO TOYKa
A" — n3obpakeHue Touku 4 OyaeT nexats Boiie npsimoin OC (puc. a). Toraa myu 1 moxer otpa-
3UTHCS B TOYKE /[ BTOPOM pa3 OT HWXKHEW MOBEPXHOCTH KoHyca. [Ipu GonblioM yrie pactBopa
KOHyca Touka A’ exxuT Huke npsimoit OC (puc. 6).

Torna HU OMH JTyd, BBIIICNTUN U3 TOUYKH 4 BTOPOH pa3 He MOMaIeT Ha 3epKajio. ITo OyaeT
HMETH MECTO, €CITH

ZA'Of + ZAOL + ZAOC > 180 °. 1)

Ho LAOC = ZA0/ = ZA'O/] = ./ 2. TloactaBuM Bbipaxenue st yriioB B (1): 3(a
/2)>180 °.

Otcrona nony4um
omin = o > (2 / 3)- 180°.

amin = 120°.
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3anaua 3. Ha ontrueckoi ckaMbe YCTaHOBJIEHA JIaMITOvKa JI (€€ MOYKHO T
CUMTATh TOYEHYHBIM UCTOYHUKOM cBeTa). OT JIaMIIOUKH OTOJIBUTAIOT C IO- A

CTOSIHHOM CKOPOCTBIO Vo COOMPAIOIILYIO JIMH3Y, (OKYCHOE pacCTOsSHUE KO- * o
Topoii paBHO F. B kakyio cTopoHy, 1 ¢ Kakoi CKOPOCThIO OyA€T IBUTAThCS -
n3o0pakeHue JI' JaMIOYKH B TOT MOMEHT, KOTJja JIMH3a OKa)XeTCs OT Hee Ha pacctosauu 1,5F?
Jlammnouka Bce BpeMsi OCTaeTCs Ha TJIABHOM ONTUYECKOW OCH JIMH3BI.

‘ZI!

ﬂdT f
Mano: Pemenue. B cucreme orcuera, CBA3aHHOMU C JIMH30H, ‘L o, X
d=15F | CKOPOCTE IaMIOIKM -
V' = —Vo.
Vo
=? [Ipomuddepentupyem GopMyIry JTUH3BI
1_1.1 o
F d f’

rac d- pacCToAHUC OT MMPEAMETA A0 JIMH3BI; f— pacCTosAHuA OT I/I306pa)KCHI/IH A0 JIUH3BI, F- (I)O-
KyCHOC paCCTOAHHUC.

ddt  f2dL
dd
3mech o =V, — TOJIOKUTETbHAs BEIMYMHA, TAK KaK PACCTOSHUE JI0 MPEAMETa YBEIUUHNBACTCS.
Ckopoctb n3menenus f o6o3naunm U:
_df_ 7
d  d*> "
U3 Beipaskenus (1) naxoaum f:
Fd  F-15F
= =3F

f= - -
d-F 15F—F

Torna

_ 9F%v, .

———=—4v,.
(15F )? °

3HaK «MHHYC)» TOBOPUT O TOM, 4YTO f YMCEHBIIACTCA IO BECIUWYHUHE, T.C. I/I306pa)KeHI/Ie JJaMITIOYKHN
ABYIKCTCS 110 HAITPABJICHUIO K JIMH3C.

CKOpOCTB I/I306pa)KeHI/I}I B HeHO,HBH)KHOP'I CUCTCMEC OTCUCTA
vx = Ux + Vox = —4vo + Vo = —3Vo.

Takum 006pazom, W300pakeHUE JTAMITIOYKH JABUKETCS TI0 HAIMIPABJIEHUIO K JIMH3E CO CKOPO-
CTBIO 3Vo.
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33[{3‘[3 4. .HyLI CBCTA MaJAacT NMOoA YIJIOM Ol Ha ITOBEPXHOCTH CPEbI C I10-

KazaTeJeM MPEJIOMIICHHS, U3MEHSIOLEMYCs 110 3aKOHy N = No + Ky, rae 2 ¥
No u K — moyioKuTeNbHBIC TIOCTOSIHHBIC; Y — KoopauHara. Onpenenure 0 : X
TPAEKTOPUIO JIy4a CBETA B CpeIe. !
|

Pemenue. [ mo6oii Touku A, Jexaiieid Ha TPaeKTOpHH Jiyda (CM. 4 %
pHC.) MOKHO 3aIHCaTh:

y B

. =Ctg /3, 1)

rze 3 — yroa npeJoMiIeHus JIyda.
N3 3akona MMpEJIOMJICHUSA CBETA CICAYCT
sinpB/sinp=n.

Orcrona

_ _ — Jn? —sin’ a
sinB=sina/n, COSHB=-1-sIn"f = - : (2)

[ToacraBum BeIpakenwus (2) B (1):
dy +/n*-sina
dx  sina
Orcrona
Sina

NN =sina

HuTerpupys 3T0 ypaBHEHUE, HalJIEM TPASKTOPHUIO JTyda

dx=dy

_} sina dy—f sina q
o/n? —sina 0,J(n, +ky)? —sina

. y
_sina (no_+ kijr /n0.+ ky 4
k sina sina .

[Tocse HecI0XKHBIX TPe0Opa30BaHUN OTYUHM:

X = S'”0‘| [(n, +ky) +(n, +ky)" —sin‘a |+ C,

204



sina .
rie C = —Tln(n0 +4/n; —sin? a).

3amaua 5. J/[Be MI0CKOBBIMYKIIbIC JTUH3BI, CIIOKEHHBIC TNIOCKMMU CTOPOHAMH, 00pa3yroT JIHH3Y C
dokycubIM paccTosiuuem Fi1. Haiitu dokycHoe paccTosiHue F2 auH3BI, KOTOpas MOIYYHTCS, €CITN
CJIOKHUTH OTHU JINH3bI BBIITYKJIBIMHA CTOpOHaMI/I, a HpOCTpaHCTBO Me>1<z[y HHUMMH 3aII0JTHUTH BO)IOI\/’I.
[Tokazarens npenomieHus crekia N1=1,66, Boasl N2=1,33.

Jano:
B nepBoMm ciyuae Mbl UMEEM JIBOSIKOBBIIYKIIYIO JIMH3Y, onTudeckas F1=10cm
CUJIa KOTOQOH onpeesiercs mo Gpopmyre n1=1,66
1 1 1
@ == |(n, ~1)-| =+ |, €
F R
1 R, 2
n2=1,33 riae Ri u R2 — paanychl KpUBHU3HBI BBIMYKJIBIX TOBEPXHOCTEH JIMH3.
Bo BTOpoMm ciydae kK ABYM IUIOCKOBBINYKJIBIM JIUH3aM Jo0aBisercs F2=?

TPEThA JIMH3a (BOI[HH&H) C BOTHYTBIMH ITOBEPXHOCTAMHU, C OTPULATCIIb-

HBIMM pasnycaMu KpuBH3HBI R1u R2 1 onTuueckoit cuiioit

1 1
- 1) 2 .
(”21 ) R R, 2)

3,[[60]: N21 = N2/ N1— OTHOCHUTEIIBLHBIN ITOKA3aTellb MMPCJIIOMJICHUA.

o=
F

OnTuyeckas cHuila CIOKCHHBIX BIUIOTHYHO JIMH3

D, =D, +D nm i=i+l (3)
FF E F
[ToncraBum B (3) BeipaskeHuE (2)
R ST _i_iJ:i_(nz_l) N
2 1 R R, F, 2 @)
— (nz_l).nl_l. i i
1 nl_l R1 Rz

[ToacraBum B (4) neByto yactsb (1):
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1. 1 n-11 1 n-1) 1n-n
FF F n-1F F n-1) F n-1’
orkyna  F,= n -1 -F = 166-1 10—0’66-1O:ZOCM.

n-n,  166-133 0,33
Bonpocwut u 3a0anus.

1. 3aKoH IPSAMOJIUHEMHOT0 PaCIPOCTPAHEHHUS CBETA B OJJTHOPOJHOM Ccpelie.
2. OCHOBHBIE 3aKOHBI ONITUKH.

3. IlonHOE TpakeHue.

4. JIunzsl. @opmyiia JIUH3HIL.

3agaum ISl CAMOCTOSITEJILHOIO pereHust

1. TInockoBeImyKIIas JIMH3a ¢ (POKYCHBIM paccTosiHueM f = 1 M JIeKHT BBIMYKJIOH CTOPOHOW Ha
CTEKJIIHHOW myiacTuHKe. Paauyc nsroro TeMHoro kosela HeloToHa B oTpaxkeHHOM cBete I's=1,1
MM. OnpeaenuTh JUIMHY CBETOBOM BOJIHBI A.

2. Ontnueckas cwia @ o0wekTrBa Teeckoma pasHa 0,5 anrp. Okyyssp ACHCTBYET Kak JyTa,
natomas yBenudenue /1 = 10. Kakoe yBenuuenue /2 gaet teneckorn?

3. Jlyna naet yBenuueHue / =2. BIUIOTHY10 K HEMl IPUIOKHUIN COOUPAIOLIYIO JIMH3Y C ONTUYECKON
cuioit @1=20 nntp. Kakoe yBennuenue /2 Oyaer naBaTh cOCTaBHas Jyna?

4. Tlpenenbl akKOMOJIAINY Ta3a OJIM30PYKOTO YeoBeka 0e3 0YKOB JIeKaT Mexay a1 = 16 cm u a2
= 80 cm. B oukax OH XOpOIIO BUANT yIaJE€HHbIE TpeaAMETh. Ha kakoM MUHMMaJIBHOM PACCTOSSHUH

d oH MOXeT Jep)KaTh KHUTY TPU YTCHUH B oukax? CUHMTaTh PacCTOSHHE HAWIYUIIETO 3PEHHS
D=25 cm.

5. YenoBek 0e3 0YKOB YHMTACT KHUTY, pacrojaras ee rnepej co0oil Ha paccTtosHuu a = 12,5 cwm.
Kaxoit ontuueckoii cuibl @ 04K CIEAYET EMy HOCUTh?

6. 'maBHOe okycHOe paccrostHue f coduparorieii TuH3BI B Bo3ayxe paBHo 10 cMm. OnpenenuTs,
4yeMy OHO paBHO: 1) B Bojie; 2) B KOPUYHOM Maclie.

7. KakoBO BO3MOXXHOE HaMMEHbIIIEEe paccTossHHE | MeXIy MpeaMeToM U €ro JAeHCTBUTEIbHBIM
U300paKeHHEM, CO3aBaeMbIM COOMpArOIIEi JTHH30M ¢ IIaBHBIM (OKYCHBIM paccrostHueM f =12
cMm?

8. JIyd cBeTa mepexouT U3 Cpeibl C TIoKa3aTesIeM MIPEIOMIIEHHS N1 B Cpelly € NOKa3aTeseM Ipe-
nomuienus N2. [Tokaszars, 4TO €l YroJl MEXI1y OTPaKEHHBIM U MPEJTOMIICHHBIM U TIPETOMIICHHBIM

n
Jly4aMH paBeH /2, TO BbIIONHsAeTCs ycnoue 1gg; = -2 (&, -yron naneumus).
1

9. ITyuok mapajienbHbIX JIyuell IUPUHOM @ MajaeT Ha TOJICTYIO CTEKJISHHYIO IJIACTUHY O] yT-
aoM ¢ = 60° u, mpenomMiIssAch, nepexoauT B crekiio. [llupuna a myuyka B Bo3ayxe paBHa 10 cm.
OmnpenenuTh MUPUHY D MydKa B CTEKIIE.
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10. JIyu magaer o yriioM ¢ = 60°Ha CTEKJISHHYIO IUTACTHHKY TomuHoN d =30 MmM. OnpenenuTh
O6okoBoe cMmelieHue AX Jiyda mociie BbIX0a U3 TUIACTUHKU.

IIpakTH4yeckoe 3ansitue 15.

Tema 3anamusa. BonnoBasi ontuka. Unrepdepenuus u nudpakuus ceera. Jucnepcus
U NMOJIAPU3aLMs CBeTa.

Ilenv 3anamusa. VI3yuuth OCHOBBI BOJHOBOW onTuUKU. MHTepdepeHIMIO U TUpaKInio
cBeTa. /lucnepcuio U MoIspU3aIHio CBETa.

3Hanua u ymenus, npuodopemaemovie cCnyOeHmoMm 6 pe3yibmame 0C60EHUs membl, hopmupye-

Mble KomnemeHyuu. DIJIEKTPOMAaTrHUTHAs Npupoaa cBera. KorepeHTHOCTh U MOHOXpOMaTH4-
HOCTb CBETOBBIX BOJH. ONTHYeCKas AJUHA IIyTH U ONTUYECKas pa3HOCTb Xo/a Jiyuel. Pacuer un-
Tep(epeHIMOHHON KapTUHBI OT JBYX KOT€PEHTHBIX MCTOYHHUKOB. VHTepdepeHIus B TOHKUX
wieHkax. Marepdepennus maorux BosH. udpaxkinuonnas pemerka. Judpaxiys CBETOBBIX BOJH.
[Tpunnumn [Noiirenca — ®penens. Meton 3ou Openens. Judpakums Openens u qudpakuus Opa-
yHrogepa. Audpaxmus ot menu. Judpakuus peHTTeHOBCKUX Jy4ell Ha kpucramiax. EctecTBen-
HBIM W MOJISIPU30BaHHBINA CBET. 3akoH Maimoca. [lonspu3zanus cBeTa npu OTPaXKEHUH U TIPETIOM-
nenuu. JIBoitHoe mydenpenomiienre. HopmanbHas 1 aHOMasabHask JUCIIEPCUU. DJIEKTPOHHAS TEO-
pust aucnepcuu ceeta. Paccesinue ceera. [lornmomenne ceeta. CBA3b AUCIEPCHHU C MOTJIOMICHUEM.
CriexTpbl MOTJIOUICHHUS U 1IBeTa Tell. Biageer criocoOHOCThIO MPUMEHSTh COOTBETCTBYIOIIUI (PU-
3UKO-MaTeMaTHYECKH armapar Mpy pelieHny mpohecCHOHaNbHBIX 3a1ay.

Axmyanbnocmey memol. IIEMEHTHl BOJHOBON ONTHKU MPUMEHSETCS MPHU PEIICHUN HHXKe-
HEpPHBIX 3a]1a4.

Teopemuuec:«m yacmos.

HNurepdepennus cBera

B BOHOBOI ONTHKE paccCMaTPUBAIOTCS ONTHYECKHUE SIBICHHS, B KOTOPHIX TMPOSIBISETCS
BOJIHOBasl MpUpOJia CBeTa (HampuMmep, sBIeHUs HHTephepeHInd, AUudpakiuy, NOISIpU3alud 1
mucrepcuu cBeta). CBeT mpecTaBiisgeT cOO0 SJIeKTPOMAarHUTHBIE BOJIHBI, B KOTOPBIX COBEPILAIOT
KoJIe0aHusl BEKTOPHI AJIEKTPUUECKON HarpsbkeHHOCTH E u mMarHuTHO# HanpsbkeHHoctu H. Kak
MOKA3bIBAET OIBIT, PU3NOIOTHYECKOE, POTOXUMUYECKOE, (POTOITEKTPUUECKOE U APYTHE CBONCTBA
CBETa BBI3BIBAIOTCS KOJIECOAHUSAMHU AJIEKTPUIECKOTO BEKTOPA.

B cooTBeTcTBHUM ¢ 3TUM, B JaNbHEHIIIEM, TOBOPSI O CBETOBOM BEKTOpE, Oy/1eM MmoapasyMe-
BaTh M0J] HUM BEKTOp HAMPSHKEHHOCTH dJeKTprueckoro nois E. Henenue unmepgepenyuu ceema
cocmoum 6 yCunieHuu Uy 0ciadieHuu Koaeoanutl, Komopoe npoucxooum 8 pe3yavbmame Cloice-
HUSL 08YX UNU HECKOJILKUX 0JIH C OOUHAKOBLIMU NEPUOOAMU, PACAPOCMPAHAIOUUXCS 8 NPOCMPAH-
cmee, U 3a8UCUM Om COOMHOWEHUS MeXxCcOy (azamu CKIaobl8alowuxcs KoaeoaHuu.

HeoOxoaumbiM ycnoBrueM HHTEpPEPEHIIUN BOJIH SBISETCS UX KOTEPEHTHOCTb, TO €CTh pa-
BEHCMBO UX YACMOM U NOCMOSHHASL 80 8PEMEHU PA3HOCMb a3. ITOMY YCIOBHUIO yIOBIETBOPSIOT
TOJIbKO MOHOXPOMaTHYECKHE CBETOBBIC BOJHBI, TO €CTh BOJHBI OJTHOTO IIBeTa. [IJis CBETOBBIX
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BOJIH, TaK K€ KaK U JJIsl TIOOBIX IPYTUX, CIPABEIUB IPUHIIMII CYTIEPIO3UIIIH, TO €CTh PE3yJIbTH-
PYIOIINI CBETOBOM BEKTOP ABYX BOJIH, MPOXOASIINX Ye€pe3 OJHY TOUKY, paBeH BEKTOPHON CyMMe
CBETOBBIX BEKTOPOB KaXI0H U3 BOJIH B OTJECIBHOCTH.

AMIUTATY 12 pe3yNIbTUPYIOIIETO KOJeOaHUsI HAXOJUTCS MyTEM I'eOMETPUIECKOTO CIIOKe-
HUSI aMIUTATY T UCXOHBIX KOJeOaHWA. Y CIIOBHS YCUJICHUS WIN OCITA0JICHUS Pe3yJIbTUPYIOIIEro
Kosie0aHusi 00BIYHO POPMYIUPYIOTCS HE Yepe3 pa3HocTh (a3 Ag, a uepe3 pa3HOCTh X0J1a BOJH O.
U3BecTHO, yTO (ha3e @ = 7, COOTBETCTBYET MPOIIEHHBIM BOJIHOBOI IyTh, PAaBHBIM IOJIOBUHE
muHbl BonHbl A/2 (Puc.1). Torna ycioBue MakcCuMyMOB UHTep(hEPEHIIMH MOKHO CHOPMYITHPO-
BaTh CJIEIYIOIINM 00pa3oM: MaKCUMaJIbHOE YCHIIEHUE PEe3yJIbTUPYIOLIETO KojaeOaHs HaCTyIaeT,
€CJIM Pa3HOCTh X0J1a CBETOBBIX BOJIH paBHA YETHOMY YHMCITy TOJYBOJIH, MU LEIOMY YHCITY JUIMH
BOJIH, TO €CTh

0=2k—-=kA. 1
> (1)

Amnanoruuno ¢op-
MYJIUPYETCSl YCIOBUE MHU- ’
HUMyMOB:  ocia0ieHne
pesyabTUpytoliero koie- |
Oanust Oyner, eciu pas-
HOCTb XOJa cjaraeMbIx e ™
BOJIH paBHa HEYECTHOMY
YHCITy TIOJYBOJIH, TO €CTh

5 =(2k +1)%, )

rae k = 0,1,2... Ha3wIBa-
eTCs OPSAKOM HHTEpde-
PEHIIMOHHOTO MaKCH-
MyMa W1 MHHAMYMa.

Pemrenue 3amaq Ha
UHTEPPEpPEHIIMIO  CBeTa S=0° 2 A -4 A
HaJI0 0053aTeIBLHO COIPO- o n? H
BOXKJIaTh PUCYHKOM, YKa-
3aTh B HEM, KaKHe JIy4d Puc. 1.
unrepdpepupytor.  Cie-

JyeT pa3ianyaTh IyTh TEOMETPUUECKUN U MMy Th onTHYeCKuil. Eciin cBeT nmpoxoauT B cpefe, Mmoka-
3aTeNb MPEeIOMIICHHUSI KOTOPO OTHOCUTEIFHO BaKyyMa paBeH N, TO ONTHYECKas JJIMHA €TO0 ITyTH
S cBs3aHA C TEOMETPUYECKON £ CIIELYIOIMM COOTHOIIEHHEM

S=n/ (3)
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[Ipu oTpaskeHn# ty4da OT Cpebl 00Jiee TUIOTHOM, YeM Ta Cpeia, B KOTOPOM HIET Ma aroIuil
nyd, (aza KoyiebaHM U3MEHSICTCS Ha 77 pajiiaH, TO €CTh B IAHHOW TOYKE, TOBOPST, IPOUCXOIHT
«TOTEPsH» MOJIOBUHBI JUITMHBI BOJHBL. Hanbosee TUIHMYHBIM U pacpoCTpaHEHHBIM IPUMEPOM HH-
TepepeHIInu CBETa B IPUPOJE ABIsAETCS HHTep(hEepEeHIIHs B TOHKUX MJICHKAX: MbUIbHBIE MY3bIPH,
pamyHasl TUIeHKa He()TU Ha BOJIe, OKCUIbI IJIEHKA Ha MeTaljiax u T.A. JJomycTuM, 4TO TOHKYIO
IUICHKY TOJIMHOM 0 OKpyskaeT Bo3ayx (puc.2). Ha Hee moj yriioM o kK HOpMasii Tajaet napai-
JIEJIbHBIN ITy4OK JIyuel, U3 KOTOPOIo MOKHO BBIJIEIMTH JBa Jiyda 1 u 2 (paccMaTpuBaeTCs UHTEP-
depeHIrs B OTPAXKCHHOM U MPOXOIAIIEM cBeTe). J[s pasHOCTH X0/a ITUX JTydeld HMEIOT MECTO
CJIETyIOIIME BHIPAYKEHUS:

a) B OTPAXECHHOM CBeTe: 2-0U JIy4, OTpaxasch B Touke C OT cpebl 00Jee TUIOTHOM TUICHKHU «Te-
pse™» A/2, mo3TOMY pa3HOCTh X0/1a

o =2dncosd +%:2d\/n2—sin2a+§; (4)

0) B IpOXOJIAIIIEM K€ CBETE HU 1-blIii, HU 2-OH JIy4u HE UMEIOT «IIOTepu» A/2 U IOITOMY

d=2dncosy =2d+n’ —sin’ o . (5)

PaccmarpuBasi uHTEpEpEHIMIO CBETa B TOHKUX IUICHKAX, Pa3JIMYalOT MOJIOCHl paBHOU
ToimuHbl. [lepBbie HAOMIOAAOTCA B TEX ClIydasxX, KOTJa Ha IUIOCKONAPaUICIbHYI0, TOHKYIO
IUICHKY TaJaeT MO/ Pa3HBIMHU YIJIIaAMHU @ PACXOIAIINICS (MIIH CXOMAIINICS) My4oK cBeTa. MHTep-
(bepeHITMOHHYI0 KapTHHY MOXKHO BHJICTh Ha dKpaHe 2, yCTaHOBICHHOM B ()OKAIbHOU TIOCKOCTH
coOuparonie JTHH3HI.

1 W
"~ =

0

NNaCTUHKa

Puc. 2. Puc. 3.

209



PesynbTatel uHTEpdEpeHIIMHN OTPaKEHHOTO CBETA B PA3IUYHBIX TOUKAaX SKpaHa 3aBUCAT
TOJIEKO OT YTJIOB (X IAJICHUS Ha IUICHKY. MHTepdepeHIIMOHHBIC TIOJIOCH B 3TOM CITydae Ha3bIBa-
I0TCS TI0JIOCAMU PAaBHOTO HAKJIOHA, TaK KaK OHH MOJY4YaloTCs B pe3ylbTaTe WHTEp(EepEeHIIUN Ty-
Yeil, maJaronux Ha MJICHKY TO0J] OJHUM U TeM e YIJIoM. J[Jis pa3HbIX MOJIOC YIIIbI MaIeHUs pas3-
JIUYHBIL.

[Tosiockl paBHOM TONIIMHBEI HAOIIOJAIOTCS MPU OTPAKEHUHU MapajlIeIbHOro My4Ka JIyden
ceta (d = const) oT TOHKO# MPO3pavHON TUICHKH, TOMIMHA 0 KOTOPOH HE OJMHAKOBA B Pa3HBIX
MmecTtax. Omrnueckast Pa3HOCTh X04a I/IHTCp(i)epI/Ip}IIOIIII/IX BOJIH USMCHACTCA ITPH NTEPEXOAC OT O~
HUX TOYCK HA MOBCPXHOCTH IJICHKU K IPYIrUM, B COOTBCTCTBHUH C USMCHCHUCM TOJIIIHWHBI dj TakK
4TO yCIOBUA I/IHTep(l)epeHIII/II/I OAWHAKOBBI B TOUKaX, COOTBECTCTBYIOIIUX OJJMHAKOBBIM 3HAUYCHUAM
d. [Tpu npoeKkTUpOBaHUH IJICHKH Ha SKpaH MOCPEICTBOM JIMH3bI TAKMM 00pa30M, YTOOBI Ha IKpaHEe
HOJYYHIIOCh M300paKeHUE TUICHKH, TOCICHAHSS OKa3bIBACTCS IMOKPBHITOM MOJIOCaMH, MPOXOJsi-
IIMMH 110 TOYKaM, COOTBETCTBYIOIIUM paBHO#M TojmuHe d mieHku (puc.2). DTH MOI0Chl Ha3bIBa-
IOTCS TT0JIOCAMU PABHOM TOJIIIUHBIL.

YacTHBIM ciIyyaeM I10JI0C paBHOW TOJILMHBI ABJs0TCA Kosiblia HetoToHa (puc.3). ITnocko-
BBINTyKJIast JIMH3a C OOJBIIMM paguycoM R KpHMBU3HBI BHIMYKJIOW MOBEPXHOCTU OOpaleHa 3TOU
MIOBEPXHOCTHIO K TUIOCKOH IJIACTUHKE U compukacaercs ¢ Hell B Touke 0. [lapamienbHblid my4ok
CBETa Ma1aeT HOPMAJIbHO Ha IUIOCKYIO ITIOBEPXHOCTH JIMH3bI U YACTUYHO OTPAXKAETCS OT BEpXHEH
Y HUPKHEH MIOBEPXHOCTEM BO3AYIIHOIO IIPOMEKYTKA MEXAY JIMH30M U IIIacTUHKOU. [Ipu Hamoxe-
HHH OTPAKEHHBIX BOJIH BO3HHKAIOT MHTEP(PEPEHIIMOHHBIC KOJIbIIAa PaBHOW TOMIIUHEL. Pamuyc K-
TOT'O CBETJIOTO KOJIbIA B OTPa’KEHHOM CBETE (MJIM TEMHOIO B IIPOXO/ISAIIEM) PaBEH

r=./(2k +1)§ R. (6)

Paguyc k-Toro TeMHOTO KOJIbIIa B OTPAXKCHHOM CBeTe (MIJIM CBETJIOTO B MIPOXOJSAIIEM) paBeH
r =+kAR, (7

rae R — pannyc KpuBU3HBI JTUH3BI.

Judppaxkuus ceera. Iudpaxuusa @paynrogdepa. [udppakunonnas pemerka. Judpakuus
PEHTIeHOBCKHX JIy4ei

Hugppaxyueii nazvieaemcs omrkioHeHue ceema Om NPAMOIUHEUH020 PACHPOCMPAHEHUS 8
00HOPOOHOUL cpede, Ko20a ceem, 02ubas Npensmcmesus, 3axo0um 6 0oaacms 2eoMempuiecKol
menu. Jludpakuus cBeTa Bcerjga CONpoBOXKIaeTcsl HHTephepeHInend AuPparupoBaHHbIX JTydel.
Judpakius BO3HUKAET B TOM ciy4ae, KOraa (pOHT BOJIHBI HE SIBISIETCS OC3TpaHUYHBIM, a Ya-
CTHYHO dKpaHupoBaH. (Hampumep, BOIM3M rpaHUI] HEMTPO3PAYHBIX HITH TPO3PAYHBIX TEI, CKBO3b
MaJible OTBepcTHsi). [[pOHMKHOBEHHE CBETOBBIX BOJH B 00JacTh T€OMETPUYECKONH TEHH MOXKET
OBITh OOBSICHEHO € TIOMOIIBIO TpHHIIMTA [ FolireHca, CorflacHO KOTOPOMY KaXKaasi TOYKa, 10 KOTO-
pOIi TOXOAUT BOJHOBOE ABM)KEHUE, CITY>KUT LIEHTPOM BTOPHUYHBIX BOJH. Orubaromiasi 5TuX BOJIH
JIaeT MOJIOKeHHE (PPOHTA BOJIHBI B cieaytomuii MoMeHT (puc.1). [lycTh Ha MIOCKyro mperpamy ¢
OTBEPCTHEM IMaJacT NapalIeIbHbINA e GPOHT BOIHEI (pHC.2).
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dpoHT BOITHE
E MOMEHT
EpeMeHH tH At

DpOoHT BOIHEL
B MOMEHT
EpeMEHH T

Puc 1 Puc 2

[To TroifreHcy kakmasi TOYKA BBIJEISIEMOTO OTBEPCTHEM Y4YacTKa OTKPBITOTO (pOHTA
BOJIHBI CIIYKHT IIEHTPOM BTOPUYHBIX BOJIH, KOTOPbIE B OAHOPOJHON U U30TPOMHOM cpene OyayT
cpepuueckumu. [locTpouB orudaroIy0 BTOPUUHBIX BOJH AB, MOXKHO YOeAUThCA B TOM, YTO 3a
OTBEPCTUEM BOJIHA POHUKAET B 00JIACTh T€OMETPUUYECKON T€HU, orudasi Kpasi mperpasl.

[Tpuniun I'rolireHca He JaeT HUKAKUX CBEJCHMN 00 MHTEHCHUBHOCTH BOJIH, paclpocTpa-
HSIOIIMXCS B PA3IMYHBIX HANPABJICHUAX. DTOT HEJ0CTaTOK Obl1 ycTpaneH @penenem. [locneauuii
BIIEPBbIE MPEAIOIOKUII, YTO BCE BTOPUUHBIE BOJIHBI SIBIISIIOTCS KOT€PEHTHBIMHU M TI03TOMY MOTYT
uHTEpEeprupoBaTh B J000i1 Touke npoctpancTsa. [Ipunmun [tolirenca-Openens mo3BoseT pac-
CMOTpPETh MHOTHE CITyYau JU(PPAKIUU CBETA U JA€T PE3yJbTaThl, YAOBIETBOPUTEIHHO COTTIACYIO-
Mecs ¢ onbIToM. UTOOBI MOHATH CYyTh METO/1a, pa3padboTanHoro dpenenemM, onpeaeaTuM aMIUIH-
TyJly CBETOBOTO KoJieOaHus, BO30y»k1aeMoro B Touke P cheprueckoid BOIHOW OT UCTOYHUKA S

(puc.3).

Pazo0beM n300pakeHHYIO0 Ha PUCYHKE BOJHOBYIO TOBEPXHOCTh Ha KOJIBLIEBBIE 30HBI, MO-
CTpPOEHHBIE TaK, YTO PACCTOSIHUS OT KpaeB Kak/10i 30HBI 10 TOYKU P oTiaudaroTcs Ha A/2. D10
30HbI @penenst. Konebanus, npuxosiiye B TOUKY P OT aHaJTOIHYHBIX TOYEK JIBYX COCEIHUX 30H,
HaXOJATCS B MPOTHBO(dA3e, MOATOMY U pe3yJIbTHUPYIOIUE KojdeOaHHs, CO3/1aBaeMble KaKJOU U3
30H B II€JIOM, OyIyT AJIsl COCEIHHUX 30H OTIan4athes mo ¢ase Ha 7. [Ipu HebGonbioMm uncie K 30H
Openens mIoOMaaM UX IPUMEPHO OJTMHAKOBBI, @ BBICOTa cerMeHTa k<< a, [103ToMy MOKHO JIeTKO
BBIBECTH paanyc K-toii 3oHb1 Openens;

(8)

6+3M2

g+ A PaccrosiHue 6k OT 30HBI 10 TOYKH P MEIJIEHHO pac-
0 P TET ¢ POCTOM HOMEpa 30HBI K, 3HAYHT
hk amruntyaa Ak kojebaHus, Bo30yxKaae-
. Moro K-toii 30HOM B TOuke P MOHO-
/] ;_ é TOHHO YyObIBaeT. Bcmeactsue 3Toro
- MO>KHO MPUOIIMKEHHO CUUTATh, YTO

e

T
W

Puc.3
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Ak:A<—1+AK+1 u A:i
2 2

To ecTb amIuIMTYyZa B TOUKE P paBHA MOJOBUHE aMIUIMTYAbI LIEHTPaJIbHOM 30HBI. Ecnu Ha myTu
BOJIHBI MOCTaBUTh HEMPO3PAuHOIl 3KpaH C OTBEPCTHEM, OTKPHIBAIOIIUM TOJBKO LIEHTPAIbHYIO
30HY, TO aMIUIUTyJa B Touke P OyneT paBHa A, a UHTEHCUBHOCTb cBeTa OyJeT B UeThIpE pasa
0oJbIIe, YeM MPH OTCYTCTBUU IPErpajl MEXy Toukamu S u P.

Ecnu e oTBepcTHE TaKOBO, YTO OTKPBIBAET J1BE 30HBI DpeHensi, TO aMIUIUTY bl OT ITHX
30H (IPUMEPHO OJMHAKOBBIC) MPUAYT B TOUKY P B mpoTuBo(dase, U B Hell OyaeT HaOII01aThCs
MHHUMYM HHTEHCUBHOCTH CBETa. MOXKHO 3aKIIIOUUTh, UTO, €CIU 8 OMKPLIMbIU PPOHM BOJIHbL 6X0-
oum uemmnoe yucno 300 Openens, mo HabIOOAEMCA MUHUMYM UHMEHCUBHOCU ceemd, ecau K —
HeuemHoe, mo 6 mouke P nabawooaemcs MaKxcumym UHMeHCUBHOCIU C8emd.

Pasznuyarot nBa ciyuas qudpakiuu ceera: audpakuuio Openens, uiu 1udpakuuio B cXo-
AKX Cs Tydax, u audpakiuio OpayHrodepa, win nudpakuuio B mapauielbHbIX Tydax. B mep-
BOM cllyyae Ha MpersTCTBHE MajaeT chepuueckas WM IUIOCKas BOJIHA, a TU(dpakIUOHHAsS Kap-
THHA HAOIIOAAeTCA Ha JKpaHe, HaXOJIAIIeMCs 3a MPEMSITCTBHEM Ha KOHEUYHOM PACCTOSHUU OT
Hero. Bo BTopoMm ciyyae Ha mpemsTCTBHE MajaeT IUIOCKas BOJHA, a AU(PAKIMOHHAS KapTHHA
HAOI0TaeTCsl Ha DKpaHe, KOTOPhI HaxoauTcs B (DOKaIbHOW TUIOCKOCTH COOWpAOIIEH JIMH3HI,
YCTaHOBJICHHOM Ha MyTH IPOLIEAIIETO Yepe3 MPEnsITCTBUE CBETA.

Paccmotpum nudpaxuuio @paynrodepa Ha menu. [lycTs napanienbHplii y40K MOHOXPO-
MaTHYECKOr0 CBETAa MaJaeT HOPMAJIBHO Ha HEMPO3padyHbId 3KpaH, B KOTOPOM IpOpe3aHa y3Kas
nienp MmupuHou a (puc. 4). B coorBercTBUM ¢ npuHuunoMm [toiirena-OpeHens Bce TOUKH LIENU
ABIISIOTCS KOT€PEHTHBIMU HCTOYHUKAMU CBETA, KOJIEOIIOIMMUCS B OJHOHU (hasze.

Onrtuyeckast pa3sHOCTh XoAa Mexay KpaHumu idydamu MC u ND, uaynmmu ot menu B
IPOM3BOJILHOM HalpaBJICHUH ¢

o=asing. (9) ¢ ¢M¢ i ¢|\|l l

Pazo6bem miens MN Ha 30Hb1 Dpenens, ume- A
IOIIMEe BUJ TOJIOC, MapajuledbHbIX pedpy M miemnd.
Bce 30HBI B 3aJaHHOM HalpaBICHNHU U3TY4YarOT CBET
COBEpIIEHHO onuHaKoBo. llpum wuHTEpPepeHIun

CBETA OT KAXKIOM MAPBI COCEHNX 30H AMILTHTYI <—O : >
PE3YNILTUPYIOMIUX KOJIeOaHUI paBHA HYJIIIO, TAK KaK !

STH 30HBI BBI3BIBAIOT KOJNEOAHHUS C OJMHAKOBBIMU l

AMIUIMTYJaMH, HO HPOTHUBOINOJIOKHBIMU (Da3aMH. ' : 3
Pesynbrar mHTEpQEpPEHIMM B TOYKE B ompenens- R Puc. 4

€TCsI TEM, CKOJIBKO 30H (DpeHeJ'IH YKIaAbIBACTCA B LICIIN. Ecan uncao 300 YE€THOC, TO €CTh
: A
asmgo:J_erE (k=12..), (10)

TO HaOmOAaeTCs: MMPPAKIMOHHBI MUHUMYM.

Ecau uncno 300 HCYCTHOC, TO €CTh
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aﬁn¢:iQk+D% , (11)

TO HabrogaeTcs I paKIuOHHBINA

MAKCHMYM. l l l

Benmnunna K HaseiBaeTcs MOpAJAKOM J1U- - ‘/‘ ““““““
[ MN

bpakMOHHOTO MakcuMyMma (WM MUHU-
MyMa). qyl
MN=g
NC=8
. n
E / Puc. 5.
3

[[lupokoe pacmpocTpaHeHUEe B HayKe
N TCXHHUKEC IIOJTYYHUIINU ,Z[I/I(i)paKLII/IOHHBIC PEIIETKH, KOTOPBIC IPEACTABIISAIOT c000# MHOYECTBO ie-
JIe¥ OAMHAKOBOM IMPHHBI, Pa3/I€JICHHBIX OJUHAKOBOM IIUPUHBI HEIIPO3PAaYHBIMU ITPOMEKY TKaMHU.
OO0m1as muprHA TPOMEKYTKA H IIIeJTH Ha3bIBACTCS MMOCTOSIHHOM (MJTH IIEPHUOOM PEUIETKH ), TO €CTh
d=a+s.

HI/I(bpaKI_[I/IOHHaﬂ KapTuHa OT p€HICTKH CI0KHEE, YEM OT O,Z[HOI>'I meiau, moToMy, 4TO CBET
OT Pa3HBIX MIeNiel Takke uHTepdepupyeT. Eciin Ha pemeTky HOpMaabHO K €€ TOBEPXHOCTHU Ta-
JAeT CBET C JUIMHOM BOJIHBI A, TO (pHUC.5) Ty4H, HIyIIKe MO YIJIOM () K IepBOHAYaIbHOMY HaIpaB-
JICHUIO OT COOTBCTCTBYIOIIUX TOUCK Ka)KI[oﬁ mIcJiu, O6JI&I[E[IOT Pa3HOCTBIO X044

o=dsin ¢.

e~

Ecnu sma paznocms xo0a pagna yeaomy Yucuy OIuH 60J1H, MO HAON00Aemcs MAKCUMyM uHmep-
Gepenyuu. Ycnosus 2nasHbIx MaKkcumymos OJisl peulemku 3anuUcbl8aiomcs 8 uoe

dsin o= #kA(k=0,1,2...). (12)

Kak cnenyer u3 Gpopmymibl, €ciiu Ha pelIeTKy MajgaeT Oelnblil CBeT, To Al 0ojiee KOPOTKUX BOJH
YCJIOBHE MaKCHMyMa BBITIOJIHSIETCS TIPU MEHBIIINUX yTiax.
Pa3pemaromias cioco6HOCTh R nudpakiinoHHON pemeTKy, TO €CTh CIIOCOOHOCTD €€ Tpe/I-

CTaBUTH Pa3/IeIbHO JABE CIIEKTPaIbHBIC JIMHUHU, ONIPEACIISETCS M0 (opMyIie
R = kN, (13)

rae N — ofriee unciio mTpUxoB AU(GPaKIIUOHHON PeleTKH, K - Tmopsiiok 1udpakiiMOHHOTO MaK-
cuMyMa.
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Puc.6.

Jliia HabmoneHus: 1udpakinOHHONW KapTUHBI HEOOXOIMMO, YTOOBI IOCTOSTHHAS PEIIETKU
ObLIa TOTO K€ MOPSAIKA, YTO U JJTMHA BOJHBI MAJAIOMIETO CBeTa. [l03TOMY JUTsi pEeHTT€HOBCKOTO
U3JTYYCHHUS B Ka4eCTBE TUPPAKINOHHBIX PEIIETOK MOYKHO MCIIOIH30BATh KPHUCTAILUIBI, TOCKOJIBKY
paccTOSHHIE MEKTy aTOMAMHU B KPHCTAJIAX OJJHOTO HOPAAKA C Aperm. wn. (= 1072 — 108m).

Hugpakyuio penmeeno8cko20 U3Ny4eHus MOJUCHO PACCMAMpUeams KaK pe3yibmam e2o
OMpadiceHus Om CUCmeMbl NAPALLETbHbIX CEMYAmMblX NI0CKOCHMeEN KPUCMAiia, mo ecmo niocKo-
cmell, 8 KOMOPLIX Jiedicam y3/bl KPUCMAIIUYeckou pewemkuy. IT0 OTPAKEHUE, B OTIIMUUE OT
OOBIYHOTO, OCYLIECTBIIAETCS JINLIb IIPU TAKUX YCJIOBUAX MaJEHUS Jydyel Ha KPUCTAILI, KOTOpbIE
COOTBETCTBYIOT MHTEP(PEPEHIIMOHHBIM MAaKCUMyMaM JUIsl JIy4el, OTPaKEHHBIX OT Pa3HbBIX IUIOC-
KOCTEH.

AOCOJTIOTHBIN MOKa3aTesb MPEJIOMIICHUS BCEX CPE NIl PEHTI€HOBCKOTO M3ITy4YCHHS OJIn-
30K K €MHUIIE, TIOITOMY ONTHYECKAs PA3HOCTh X0J1a MEXIy AByMs Jydamu 1’ u 2', oTpakaromniu-
MHUCS  OT mIockocTeit A4 u BB paBHa (puc.6)

2dsin 0 (14)

rae d — MEXIUIOCKOCTHOE paccTosiHue, 6 - yroy CKojbkeHus. JudpakioHHble MaKCHMYMBI
HAOII0IAI0TCS B TEX HAMPABJICHUSIX, B KOTOPBIX BCE OTPAKEHHBIE aTOMHBIMU MJIOCKOCTSMU BOJTHBI
OyIyT HaxOIUThCS B OJMHAKOBOM (haze. DTH HampaBieHUs YJOBIETBOPSAIOT yciaoBHuiO Bynbda-
Bparros

o=2dsin9=mA, (m=1,2,3...). (15)
Hoasipusauus ceera. J[BoiiHOe JiyuenpesoMiieHHue.
Bpamenue miiockocTy noJisipu3anum

OObIUHBIC UCTOYHHKH CBETA MCITyCKAIOT E€CTECTBEHHBIH CBET, TO €CTh CBET, B KOTOPOM
UMEIOTCS KOJIeOaHMsI CBETOBOI'O BEKTOpPa, COBEPINAIONINECS B CAMBIX PA3JIMYHBIX HAIPABICHUSX,
MEePIEHANKYISIPHBIX K JTy4y (pHc.7).
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Puc. 7.

W3nyyeHne CBETSAIIErOCs Tella CaraeTcs U3 BOJH, HCITyCKaeMbIX ero aromamu. Ilpomecc
M3JIyYeHHUs OT/IENBHOTO aToMa mpojoinkaercs okono 1078 ¢. 3a 3o BpeMs ycreBaeT o6pa3zoBaThes
MOCJIEI0BATEIBHOCTh TOPOOB M BHAAWH (MJIH, KaK TOBOPST, LyT BOJIH), MPOTSHKEHHOCTHIO MPHU-
mepHO 3 M. «lloracHyB», aToM uepe3 HEKOTOPOE BPEMs «BCIIBIXUBAeT» BHOBb. OHOBpPEMEHHO
BCITBIXMBAET MHOKECTBO aTOMOB. B0o30y k1aeMbie MU I[yTH BOJIH, HAJIarasich IpyT Ha qpyra, 00-
Pa3yroT UCITyCKaeMYIO TE€JIOM CBETOBYIO BOJHY. [110CKOCTB KONeOaHuMil A1 KasK0T0 IyTa OpHEH-
TUpOBaHa ciiydaiiHo. [ToaTomy B pe3ynbTupyromiei BojiHe KoJeOaHus pa3InyHbIX HaIlpaBJICHUN
paBHOBEPOATHBL. B ecTecTBEeHHOM cBeTe KosieOaHUsl pa3IMuHbIX HAlpaBiIeHUH ObICTpO U Oecro-
PAIOYHO CMEHSIOT APYT apyra.

Ceem, 6 komopom Hanpasnenus Koredanuti ceemosozo eéekmopa E ynopsoouenvi kaxum-
ubo 06pazom, Hazvleaemcs noaApu3oeantviM. ECu KonebaHust CBETOBOIO BEKTOPA IPOUCXOSAT
TOJILKO B OJTHOM IJIOCKOCTH, MPOXOAIIECH yepe3 yd, CBET Ha3bIBACTCA IJIOCKO - (MJIH JIMHEHHO)
HOJISIPU30BAaHHBIM. YTIOPSAI0YEHHOCTh MOKET 3aKIII0YAThCS €IIe U B TOM, 4TO BekTop E moBopa-
YHMBAETCS] BOKPYT Jy4a, OTHOBPEMEHHO MyJIbCUPYS 10 BeJIMYMHE. B pe3yibTare, KOHEL BEKTOpa
E omnuchIBaeT WM 3JUTMIC (QJUTUIITUYECKH TOJISIPU30BAHHBIN CBET) MM OKPY>KHOCTH (ITOJISIPHU30-
BaHHBIN 110 KpyTy cBeT). [L1ockocmy, 6 komopou konedremces ceemosoil eekmop E, nasvieaemcs
NIOCKOCMbIO KOJIeOaHUl, a NepneHOUKYIAPHAs ell NI0CKOCMb HA3bl8AemCs NIOCKOCMbIO NOJIAPU-
3ayuu.

[Tnockomonsapu30BaHHBIA CBET MOXKHO IMOJYYUTH C MOMOIIBIO Pa3NUYHBIX YCTPOMCTB,
HA3bIBAEMBIX TMOJSAPU3ATOPAMH. DTHU MPUOOPHI MPOMYCKAIOT CBOOOIHO KoJeOaHMUsl, mapaielb-
HBIE TJIOCKOCTH, KOTOpasi Ha3bIBAETCS TUIOCKOCTHIO MOJSPU3ATOPA, U MOTHOCTHIO 33JEPKUBAIOT
Kosie0aHus, MepreHANKYIIpHbIe TON TUIOCKOCTH. [loMsipru30BaHHBIM CBET MOXKHO MOIYYHUTH
Tak)Ke MPH OTPAKEHUU OT AUANIEKTpUKa. Kak 1mokas3piBaeT OMbIT, OTPAKEHHBIN M MPeIOMICHHBIN
Jy4d BCETJa YaCTUUHO NOJsipu30BaHbl. CTENEeHb MOIspU3alMy 3aBUCUT OT yTJla NaJeHUs U MoKa-
3aTelis MPEJIOMIICHHUS.

N3yuas 310 siBineHue, bprocrep ycTaHOBUII, YTO MPH OINIPEAEICHHOM 3HAYEHUH yIJIa najie-
HUSl OTPaKEHHBIA JIyd MOJHOCTHIO JIMHEWHO MOJISPU30BaH B IUIOCKOCTH, MEPHEHAMKYJISPHON
IUIOCKOCTH majneHus. [Ipu 3Tom oTpaxkaercs TOJNBKO Ta KOMIIOHEHTa BEKTOpa HamNpsKEHHOCTU
AIEKTPUYECKOTO TOJIsI, KOTOopasi mapajieibHa MOBEPXHOCTU AUAIEKTPHUKA (YCIOBHO 3Ty KOMIIO-
HEHTY 0003HayaeM TOYKaMH, TO e€cTh KosneOaHusi E nmpoucxolsaT NepneHIuKyIsIpHO MIOCKOCTU
yeprexa). [IpernoMiaeHHbIH Tyd MOISIpU30BaH JIMIIb YACTHYHO. YTOJI NMaJeHUs, IPU KOTOPOM OT-
PaKEHHBIH JTyd MOJIHOCTHIO MOJISPU30BaH, Ha3bIBaeTCs yriioM bpioctepa (puc.8) u onpenensercs
COOTHOILIEHUEM
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. n
_ 1 _
tgi, =—2=n,, 17)
r11
rzie N1 1 N2 — aOCONTFOTHBIC TIOKA3aTEeI M MPEIOMIICHUS
cpen. llpu 3TOM yrom Mexzay OTpaX€HHBIM U IIPEJIOMIICHHBIM
nydamu paBeH 90°.

JIeHCTBHSL PA3IMYHOTO THIIA TOJSPU3ATOPOB OCHOBAHBI
Ha 3akoHe bprocrepa, MO0 Ha  AGreHuu  0601IHO2O
JIyuenpenomaeHus, Komopoe cocnmoum

mom, 4mo 6 Onmu4ecKu aHu3oOmponHsvlx Kpucmailax

JYY ceema, naoarowull Ha NOBEPXHOCMb KPUCMAILILA, pa308ausaemcs 8 Hem Ha 08a NPeroMIAEeHHbIX
ny4a

(puc. 9). OuH U3 HUX JISKUT B ITIOCKOCTH TTAJICHUS, TIOTYHHACTCS
3aKOHaM IPEJIOMIICHHS CBETa M Ha3bIBACTCS OOBIKHOBEHHBIM JIY- —> ¢
4yoM (0). BTopoii HE yA0BIETBOPSAET 3TUM YCIOBUSIM U Ha3blBa-

eTcsl HeOOBIKHOBEHHBIM (€). J[BOoitHOE JTyuenpenomiieHHue CBUe-

TENILCTBYET O TOM, YTO TaJarolIasi Ha ONTUYECKH aHU30TPOIHBIH

KPHCTAJII CBETOBAs BOJIHA BO30YK1aeT Puc. 9.

JABC BOJIHEBIL, paCpOCTpaHAOMUECS B KPUCTAJLIIC IO pa3JIMYHbBIM HAIIPAaBJICHUAM. OOBIKHOBEHHAs
1 HEOOBLIKHOBEHHAs BOJIHEI JTUHEHHO TIOJIAPU30BAHBI. HaHpaBJ’IeHI/IH BEKTOPOB E B 3THX BONHAX
YCJIOBHO IMOKa3bIBAKOT TOYKAMH Ha OOBIKHOBEHHOM JIy4€ U 4CpTOUYKAMH Ha HEOOBIKHOBEHHOM. B

OIHOOCHOM KPpHUCTAJJIC CKOPOCTH OOBIKHOBEHHOTO Jy4da UO YUCJICHHO OJWHaKoBa II0 BCEM
HalpaBJICHUSM UO = C/ no , TJI€ No — II0KAa3aTeJIb IPEIOMIICHUS KpUCTalIa JJIsd OOBIKHOBEHHOTI'O

my4da. COOTBETCTBEHHO, JUIsi HEOOBIKHOBEHHOrO Jyda: U, = Cl Ne. 3HaueHus Ne U Uy 3aBUCAT

OT HAIIpaBJICHHUA HEOOLIKHOBEHHOT'O Jy4a 1o
OTHOIIICHUIO K ONTHYECKOW OCH KPUCTAaIIa 0, o
(3TO HampapJIeHUE B KPUCTAILIE, BAONb KOTO-  ocp. \4{3 68°
poro He HabromaeTcs ABOWHOE Jyderpe-
nomiienne). st dyda, pacrpOCTpaHsIOIIe-

rocsa BIOJb ONTHYECKOM OCH, Ne = No, 26.4
Ue = UO . A" A B
0
[IpumepoM mosgpu3alUl  MOMKET Puc. 10.

cayxuth mnpusma Hwukons (puc.10). Ona
BBIPE3aCTCS M3 KPHCTAJIa UCIAHICKOTO IITIaTa, U B TIONEPEYHOM CEUeHHH UMeeT hopMy poMoa.
I[To mtockoctu CB KpHcTa pa3pe3aH U CKIISSH KaHaJICKUM 0aib3aMoM.

OObIKHOBEHHBIHN JTyd () TIOJTHOCTBIO OTPAXKAETCS OT HETO U MOTJIONIAETCsl 3aUePHEHHOM 10~
BepxHOCTbI0 AB. U3 mpu3mbl Hukosist BBIXOANUT TOJIBKO HEOOBIKHOBEHHBIN JIyY e, KOTOPbIH MOJIs-
PY30BaH B IUIOCKOCTH, MapajuIeIbHbIN INIABHOW IUIOCKOCTH MPU3MBL. Ycmpoucmea, cayicawue
0J14 aHanu3a cmeneHy NoAAPU3AYUU cemad, Ha3vl8arOMCs AHATUAMOPAMU.
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Nmu MoryT citykuTh Te e npu3Mbl Hukoms. Beskuii aHamu3aTop MOKHO YCIIOBHO U300-
pa3uTh B BUJIE PEIIETKH, IPYThsl KOTOPOU MapaiebHbl HAalIPABICHUIO KOJIEOaHU CBETOBOTO BEK-
topa E, B mpoxoasiieM CKBO3b Hee cBeTe (puc.l1). Ecnu Ha Takyro pelieTKy-aHaJIM3aTop
najlaeT eCTECTBEHHBIN JTy4, TO MHTEHCUBHOCTD |s MPOXOJSAIEro cBeTa He U3MEHUTCS IIPU TOBO-
poTe aHanuzatopa. ITO Ipo-
UCXOJIUT BCIIEACTBUE

Eq

E 4

TOTO, YTO B €CTECTBEH- A
HOM CBETE HU OJ[HO U3 HAIIPaB- /
JICHUW TIJIOCKOCTH KoJieOaHUM /

HE SsBISIETCS Tpeobiagaro-

M. Ecnu Ha ananu3zarop na-
JaeT JIMHEWHO MOJISPU30BaH-
HBIM CBET, MOJYYECHHBIH C TO-
MOILBIO MOJIIPU3aTOpa U UMe-
IOl MHTEHCUBHOCTH lp, TO /
WHTEHCUBHOCTh CBE€Ta, IpO- V
HIeJIIIEr0 4Yepe3 aHalIu3aTop

R ) [N H
2R

N\

Oyzmer 3aBuUCEeTh OT yria o > H,
MEXKIy TJIAaBHBIMH IUIOCKO-
CTSMU TOJISPU3AIMY aHAIIN3a-
Topa (¢ — @) W moJjspu3aropa
(P-P) (puc. 12). E, - ammu- .
TyJla BEKTOpa KoyiebaHuii cBera, -7 E SN.ona-

N
7

Puc.11

.
IpoIIeANmero yepe3 nonspusatop. Ha Bxone B E, a Ez
aHAJTM3aTOP JIyY Pa3JIOKUTCS HA JIBa 1yud, TIOJs-

pHU30BaHHbBIE B I1aBHOW TUIOCKOCTH aHAIM3aTOpa -
NEPICHIUKYISIPHON K HEW TIIOCKOCTH e

(a—a)m

E1=Epsina; E2=EpC0S o e

IlepBbIii Jyd TOTJIOTHTCS B aHAJIU3aTOPE,
MPOMAET Yepe3 HEro

BTOPOU

E. = EPcCOS a. Puc. 12.

TakuMm 00pa3oM, HHTEHCUBHOCTb CBETA, MPOIIEAIIET0 Yepe3 aHaau3aTop U MOJSpU3aTOp, MEHS-
€TCsl B 3aBUCMMOCTH OT yTJja o 10 3aKkoHy Maioca

la = Ipcos? a (18)

Ecmu lecm - THTEHCUBHOCTDL €CTECTBEHHOI'O CBCTA, TO U3 IIOJAPU3ATOPA BBIXOAUT IJIIOCKOIOJIAPH-
30BaHHBIN CBCT, MYHTCHCUBHOCTH KOTOPOTO

1

IP :EIecm'

CrnepnoBarenbHO, MHTEHCUBHOCTB CBETA, IIPOLIEIIETO YEPE3 ABA MOJISIpU3aTOPa

la= — leem COSZCZ.
2

217



Otkyza | pax = E | ecm (MOISAPU3ATOPBI NAPAIIIENbHEI) B Imin= 0 (IIOJAPHU3aTOPEI CKPEILECHBI).

@®opmynbl IpUBEACHBI O3 yueTa MoTeph HHTEHCUBHOCTU. HekoTophie pacTBOPHI (HAIpH-
Mep, pacCTBOp caxapa) U TBEpJbIe BElIecTBa (B YACTHOCTH KBapIl) 00JIaAal0T CBOWCTBOM BpaIlaTh
IJIOCKOCTb MOJSIPU3ALMHU TOJIIPU30BAHHOTO JIy4da. YTOJ ¢ HOBOPOTA INIOCKOCTH MOJISIPU3ALIUY 3a-
BMCHT OT IIyTH JIy4a B 3THX BelecTBax ¢ ¥ KoHueHTpauuu pactsopa C.

HJ’ISI TBEPABIX BCIICCTB

p=[dL.
Jist pacTBOpOB

p=[a]l C,

(19)

(20)

rnae [¢] — ynenbHbIi yroi BpaiieHus (IOCTOSIHHAS BPAIICHUS ), TTOKA3bIBAIOIINMN, HA KAKOW YToJ
noBepHeTcs mIockocTh nonspusanuu, eciu £ =1 u C =1(ana pactBopos). PasmepHocts [d]

3aBHCHT OT TOT0, B Kakux equnuiax B3atel £ u C B CU. [a] — pan/™m (1S TBEpABIX BELIECTB) IS

pacTBopos [a] = pag/m- (kr/MS).

IIpumepsbl peieHust 3aaa4

3anaual. Halit 1iiMHY BOJTHBI A MOHOXPOMATHYECKOTO U3ITyde- ,ﬁ ¥
HU, ecii B onbiTe FOHra paccrosiHue nepBoro uHTepdepeHuu- " | 4
OHHOI'O0 MakCHMMyMa OT LieHTpasibHOM nosockl x = 0,05 cm. Jlan- V |
HbIC YCTaHOBKH a =5 M, d = 0,5 cMm. l
IS n
Hano: Pemenne. Pa3zHoCTh X012 yuei, MpoIIeIIInX B TOUKY HaOII0ACHHUS paBHA
x=0,05cm d=r2—ri (1)
a=5m d 2
r;=a’+|X+—|; (2)
d=0,5cm 2 27
A =7
2
2 d 2
=\ x——| +a". (3)
2
JIerko BUAETH, UTO
xd
r,—r=—-=mAi. (4)
a

ITo ycnoButo 3agaun m = 1, mostomy
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xd

A =—=500nM.
a
l
I
S 4z
9
h
B —
3epkano

3anaua 2. B Touky A4 3KpaHa OT HCTOYHUKA S1 MOHOXPOMATHYECKOTO CBETA JJIMHON BOJIHBI A =
0,5 MKM MIPUXOIUT JIBa JTyda: HEMOCPEICTBEHHO OT UCTOYHHMKA TIEPIICHIUKYIISIPHBIN dKpaHy JIyd
S1A u nyu S1BA, oTpakeHHBIN B TOUYKe B OT 3epkaja, mapamienbHoro jydy SiA. Paccrosuue |1
paBHo 1 M, paccrostaue h paBao 2 Mmm. Onpesenure, 4to OyaeT HaOII0AaThCS B TOUKE 4 KpaHa —
YCHJIEHUE WK O0cabJIeHUe OCBEUICHHOCTH.

HaHno: Pemenne: VIcTOUHUK S1 1 MHUMBIH S2 SBISIOTCS KOTEPEHTHBIMH, TO3TOMY
L=0.5 Ha SKpaHe BO3HUKAET MHTEepPEPEeHIIMOHHAs KapTHHA. MaKCUMyM WU MU-

= MKM o o o

’ HMMYM BO3HHUKAET B TOW WM MHOW TOUKE 3KpPaHa 3aBUCUT OT ONTUYECKOU
l1=1m pa3HOCTH X0/1a & UHTeP(HEePUPYIOUTUX JTyUeH
h =2mm
min, max - ?
" @

Ecnu m — nenoe yetHoe 4ncio, TO UMEeM MaKCHUMYM, €ClIi M — IeJIoe HeYeTHOE, TO MUHH-
MYM.

Onruueckasi pa3HOCTh Xo1a 01 OyJIeT CKJIabIBaThCs M3 reoMeTpudeckoit pasnoctu l2 — |1
(06a Tyya MAYT B BO3AyXe) U JOMOIHUTENbHON pasHoctu A/ 2, 00yciopieHHON H3MeHeHHEM
¢a3pl KosebaHU HA T TIPU OTPAXKEHUHU OT CPeAbl, ONTUYECKH Oojee IoTHOM. Takum ob6pazom

A
o = -1 +=. 2
1 2 1 2 ()

2 _ g2 2 _ (Zh)z
o teopeme Iugparopa 12 =17 +(2h)*, (1, — Il)_T’ TaK KaK

1
I; -17 =, = 1), +1), rae l2+ 1~ 2l1, 2h < |

[Moacrasus 310 Beipakenue l2 — l1 B popmyny (2), Haitnem:

1
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3Has 61, MOKHO 110 ¢popmyiie (1) HaitTu M1:

Torma OKOHYATEIBHO NOJIYYUM

() , 2
m = 2, 2 _(2h)
12 W
2
m1:4h—+1.

1

Beipazum h, |1 1 A B MuUKpOMeTpax u BHIYUCIUM:

3\2
m, =4&+1=32+1=33.
1-10°-05

Tak xak Ha PA3HOCTH XOJa YKIAAbIBACTCA HEYCTHOC YHCIO MJIMH ITOJTYBOJIH, TO B TOYKEC A
Ha6J'IIO,Z[aeTC$I MaKCHMaJIbHOE OCJIa0JICHHE OCBCIICHHOCTH.

3anaua 3. Ha myTtu ogHOro y4a B uHTep(EepeHIIMOHHOM ycTaHoBKe FOHTa cTOoUT TpyOKa JIHHON
| =2 cM ¢ miockonapamieTbHbIMK CTEKJITHHBIMUA OCHOBAaHHMSIMU M HaOJI01aeTCsl MHTEpdhEpeHIH-
OHHAs KapTHHA, KOTJa 3Ta TpyOKa HAMoJHEHa BO3yXOM. 3aTeM TpyOKa HAMOIHIETCS XJIOPOM U
[P 3TOM HaOII0IaeTCs CMellleHue nHTepepeHIMOHHOM KapTuHbl Ha M = 20 monoc. Bes ycra-
HOBKa IOMEIIEHAa B TEPMOCTAT, MOJJIEPKUBAIOIINN MOCTOSHHYIO TeMmreparypy. Habmionenus
IIPOU3BOATCS co cBeToM auHMK D Hatpus (A = 5890 A). IIpuHnMas nokasartens MpeIoOMICHHS
Bo3ayxa N = 1,000276, BeluncinTe 1oKa3aTeab MPEJOMIIEHU XJIopa. B kakylo cTopoHy cmerma-
IOTCS TI0JIOCHI MHTEp(EepPEeHIINU PU HAITOTHEHUH COCY /1A XJI0poM?

Jlano:
I=2cm

m =20
A=15890 A
n1=1,000276

Nci - ?

Pemenue. JIerko noragarscs, 4TO pa3HOCTh X0/1a JIy4el IIPH yCUIICHUH
CBETa IO ONpeeNICHUIO paBHa MA. B maHHOM cityuae onTHYecKas pas-
HOCTh X0/1a paBHa (Nci — N)l. M3 moay4eHHOro paBeHCTBA HAXO UM

(ncr—n)l =mA (1)

nCI :n+|—.

Boeraucnsst, momygaem nci = 1,000865.

@)
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3amaya 4. Ha ToJNCTy10 CTEKJISIHHYIO TJIACTUHKY, MOKPHI-
TYIO0 OYCHb TOHKOM IJIEHKOU, KOA(DPHUITUEHT TIPETOMIICHUS
BEIllECTBAa KOTOPOM paBeH 1,4, magaeT HOpMaJIbHO Mapal-
JIEBHBIA MyYOK Jydyeld MOHOXPOMATHYECKOTO cBeTa (A =
0,6 MkM). OTpa’keHHBIII CBET MaKCHUMaJbHO OCJa0JieH

BcienctBue wuHTepdepeHuuu. Omnpenenaute TOIIUHY S| ,W C IMnenka
¥h D
IUIEHKH.
H3>H2 Bn
CreksiHHAs TUIACTUHKA
Jlano: Pemenue. B Toukax 4 u B nagatoutuii 1yd SA oTpa)kaeTcs ¥ YaCTUIHO
=06 npenomisiercs. Otpakennsie myun AS1 u BCS2 magaroT Ha coOuparomryto
= MKM
> nuH3y L, mepecekarTcs B ee
n=14
d-?

dokyce F u uHTEpPEpUPYIOT MEKITY COOOI.

[Tokazarens npenomienus Bozayxa (N1 = 1,0029) menblie mokaszaTesns IpeIoMIICHUS Bellle-
cTBa ieHkH (N2 = 1,4), KOTOPBIIl B CBOIO OUepe/ib MEHbIIIE TTOKa3aTels MPeIoMiIeHHs cTekia (N3
=1,5). B 06oux cirydasx oTpaskeHHEe IPOUCXOAUT OT CPeIbl ONTUYECKH OoJiee TUIOTHOM.

CrnenoBarenbHO, HUIKAKOTO U3MEHEHHs (a3bl KoJeOaHU HU y TOTO, HU y IPYTOro Jy4a He
IPOHCXOIHT.

5=(2k+1)%.

Kak BUIIHO U3 pUCYHKa, ONTHYECKAsk pa3HOCTh X012
8= (4B + BC) n2— ADn.

CnenoBartenbHO,
(AB + BC) n2— ADm1 = (2k + 1)%.
Ecnu yron nagenus i1 OyzeT yMeHbIIaThes, TO B ipejene npu i1 = 0 OyaeM uMeTh

5:2dn2:(2k+1)%,

OTKYyJa UCKOMasA TOJIIWHA IIJICHKU

IMonaras k=0, 1, 2, 3, ..., MOJy4YUM BO3MOKHBIC 3HAUCHUS TOJIIIHHBI IJICHKH:
A 06
o = —— =——=0,11 Mxm;
4n,  4-14
31
d1 =—= 3d0 =0,33 MKM.
4n,

3agaua 5. [louemy nentp koner; HptoToHa, HaOMIOAaEMBIX B OTPAKEHHOM CBETE, OOBIYHO TEM-
HBIi1, a B IPOXO/SLIEM CBETIBIN?
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Pemenne. B mpoxopsiiem cBeTe Ha IpaHUIE CTEKJIO-BO3/AYyX BEKTOP HAPSHKEHHOCTH AJIEKTpUYe-
ckoro noJisi E He ucnbIThIBaeT U3MEHEHUs (pas3bl, a IpU OTPaKEHUH Ha TPaHMIIE BO3AYX — CTEKJIIO

mensier a3y Ha 180 °, 94TO COOTBETCTBYET NMPHOOPETEHHUIO PA3HOCTH XOJa, PAaBHOW IOJIOBHHE
JUTUHBI BOJTHBI.

3agaya 6. Ha mudpakunoHHYIO pemieTKy OT pa3psiHOi TpyOKH, HANOJHEHHOHW TejueM, HOp-
MaJIbHO Ta/1aeT My4oK cBeTa. Ha kakyro auHuio A1 (B HAHOMETpax) B CIIEKTPE TPETHETro MOpPsIKa
HAKJIa/IBIBACTCS KPacHAast TUHUS TeHsl TMHON BOJIHBI A2 = 706 HM B CIIEKTpPE BTOPOTO MOpsIka?

Jano: Pemenne: YcinoBus riiaBHbIX MAaKCUMYMOB OCBEIIEHHOCTH I AU(PpPaK-
ki =3 [IMOHHOM PEIIeTKH BBITJISIIUT CICAYIOMUM 00pa3oMm:
1 —_—
ko= 2 dsing, =k A,; dsing, =k, A4,
A2 =706 aM
A1=7?

CnexTpaibHble TMHUU HAKIIAIbIBAIOTCS OJJHA HA IPYTYI0, TO3TOMY yIJibl Judpakuuu OyayT
paBHBIMH, TO €CTh Q1 = (2. Paznenus nepBoe ypaBHEHHE HA BTOPOE:

1 — klil
kzﬂ/z ,
OTKy1a A = Ko,
kl
[MoiCTABUM YHCIICHHBIC 3HAUCHUS
9
(2T

B B T

<
3anava7. Ha mens (puc.) mmpuno a = 0,1 MM HOpMaJIBHO 0
nmagacrt HapaJ'IJ'IeJ'IBHBIﬁ ITy4YOK CBETA OT MOHOXPOMATHUYCCKOI'O L
3KpaH

ucrounuka (A=0,6MkMm). Onpenenuth mWupuHy | 1eHTpasTb-
HOI'0 MaKCHMyMa B IU(PaKIIMOHHON KapTHHE, IPOeLUpyeMOon
C MOMOMUIBIO JIMH3BI, HAXOSMIEICSI HEMOCPECTBEHHO 32 IIie-
b0, HA 9KpaH, OTCTOSALIMH OT JIMH3bI HA paccTostHUM L = 1 M.

-

Jlano: Pemenne: LleHTpanbHbIil MAKCUMYM WHTEHCHBHOCTH CBETa 3aHHMAET 00-
JIACTh MEX]y OJMKaNIIMMK OT HETO CIIpaBa M CJIeBa MAaKCUMYMaMH UHTEH-
cuBHOCTH. [l0ATOMY MIMPUHY UEHTPATBLHOIO MAKCUMyMa MHTEHCUBHOCTH
A= 0,6MKM MIPUMEM PABHOM

a=0,1 mm

L=1wm pPacCTOAHUIO MCKAY ABYMSA MUHUMYMAaMH HHTCHCHUBHOCTU (pI/IC)

| =?

MuHHMYMBI HHTEHCUBHOCTH CBETa NPU TUPPAKINUN OT OJHOHN HIeTH HAOII0Aal0TCS MO YIIaMH
¢, OIIpPEACIISIEMBIMU YCIOBUEM
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asing==kA1, (1)
riae K — nopsimok muanmyMa. B Hamem ciryqae K = 1.

PaccTostHne Mex Iy OByMs MUHEMYMaMU Ha 3KpaHe OIpeiesuM 1o pucyHKy: | = 2L tg ¢.
[1pu manbix yriaax tge ~ sin @, TOrga

| = 2L sin ¢. (2
Beipaszum Sin ¢ u3 ypaBaenus (1) u mojcTaBuM B paBeHCTBO (2):

_2LkA 2-1.1.06-10°°
a 10

| m=12-107% =12 cm.

3anaua 8. Jludpaknumonnas pemerka comepxut N =200 mrpuxos Ha 1 mMm. Ha pemerky manaer
HOpPMaJIbHO MOHOXpoMmatudeckuii cBeT (A = 0,6 MkM). MakcuMyM Kakoro HauOOJIbIIEro mopsIKa
JlaeT dTa pemerka’?

[Mano: Pemenne: [lepuon audpakiimoHHON peleTky HailieM u3 GopmyJisl
2=0,6-10°m n=1/d.

n =200 mm!

Kmax — ? Orcrona d =1/n=1/2-10° =0,5'1075M.

Jns onpeneneHus 4nciia MAaKCUMYMOB, TaBa€MbIX TU(PAKIIMOHHON PENIETKON, BBIYUCITIM
CHaYaja MaKCUMAJIbHOE 3HAYCHUE Kmax, HCXOMS M3 TOTO, YTO MAKCUMAJBHBIA YTrOJI OTKIOHEHHS
Jaydel pereTkoi He Moxet npesbimath 90 ©. TlocTosHHas pemeTku o, [IrHA BOTHBI A U yrod
OTKJIOHEHHUS (), COOTBETCTBYIOIINN K-My AudpakiMOHHOMY MaKCHMyMYy, CBSI3aHBI COOTHOIIIE-
HUEM:

dsin ¢ =Kka,
rae ¢ = 90 °© — MaKCHMaJbHBIN YTOJI OTKJIOHEHHS JTydel pemeTrkoi. OTcromaa

k., =dsing/A=05-10°/06-10° =83.

Yucio K 00s3aTenbHO TOIDKHO OBITH 1IEJBIM. B TO e BpeMsi OHO He MOXKET MPHHSTH 3HaYe-
HHe, paBHOE 9, TaK KaK MPH 3TOM 3HAYCHUH SIN ¢ TOJDKEH OBITH OOJIbINE €AMHUIIBI, YTO HEBO3-
MoxxHO. CitetoBarenbHo, Kmax = 8.

3agaua 9. Ha qudpakumonnyo pemeTky, cogepxairyto N = 100 mtpuxoB Ha 1 MM, ajgaeT HOp-
MaJIbHO MOHOXPOMAaTHYECKUH CBET. 3pHUTeIbHAs TpyOa CIEKTpOMETpa HaBeAEHA HA MAaKCUMyM
TpeTbero nopsika. YToObl HaBecTH TPyOy Ha IPYrol MaKCUMYM TOTO XK€ MOpsi/iKa, €€ HyKHO Io-
BepHYTH Ha yroi Ag = 20 °. Onpenenure IIUHY BOJHBI CBETa A.
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HaHo: Pemenne: [lepuon nudpakiinoHHOM pemeTku HailaeM U3 GopMyJIbl
n =100 MM~ n=1/d.

Ap=20° Otcrona

k=3

A=7? d=1/n=1/10°=10"m.

MaKCI/IMYMLI HHTCHCHUBHOCTU CBCTA OJHOI'O IMOPAJAKaA IIPU zm(bpalcunn Ha Z[H(l)paKHHOHHOﬁ
pPCHICTKC HaAXOIATCA HAa OAWHAKOBOM PACCTOSIHHUU OT HCHTPAJIBHOTO MakKCMMyMa U, CJICIOBa-
TCJIBHO, Ha6J'IIOI[aIOTC${ o OAMHAKOBBIMH YIJIaMU ,[[I/I(I)paKI_II/II/I .

d =sin ¢ =KkA. (1)
ITo ycnoBuro 3amaun, uToObI HaBeCTU TPyOy Ha APYroil MakCUMyM TOTrO e HOpslKa, €e
HY’KHO TIOBEpHYTH Ha yroi Ag = 20 °. CinenoBaresbHo, yroi aubpakuun ¢ = A/ 2 =10 °. Toraa
u3 ypaBHeHus (1) anuHa BOJIHBI CBETa paBHA
_dsing 107 -sinl0
k 3

A =0,0578 -10° ~ 580 .

3agaua 10. Cser ¢ A= 589 HM najaeT HOpMAILHO Ha JUPPAKIIMOHHYO PEHICTKY ¢ repuoaom d =
2,5 mxMm, cogepxanryto N = 10000 mrpuxos. Haiinure yrinoByio mupuny 1upakiimOHHOTO MaK-
CUMYyMa BTOPOT'O MOPSAKA.

HaHo: Pemenue: Yrioas qucniepcust tudpakiOHHON PEIIETKH, CO-
CTOSILEH U3 OAHOM IIIEJIH:
A= 589 tn HIEH B OO T
d=2,5 _%0__K
> MIEM SA dcos@’
N = 10000
k=2
AO—7? Toraa yrnoBast mupuHa AUQPPAKIIMOHHOTO

MaKCUMyMa, CO31aBacMOro peHJeTKOﬁ, co,uepxcameﬁ N HITPUXOB:

kA

Ag=—""Isin?@+cos’ O =1]=
Nd cos &

kA
Nd+/1-sin? @
CBCT ImagacT Ha I[I/I(I)paKHI/IOHHYIO pemeTKy HOpMaJ'IBHO. yCJ‘IOBI/Ie TJIABHBIX MaKCI/IMyMOB:

dsin@d =kA.

Orcrona Sin@ = F Torna yrnosas muprHa TUGpPakIHOHHOTO MaKCUMyMa BTOPOT'O IO-

psinka OyJeT paBHa:
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kA kA

0= = .
Nd cos@ 2
o)

HOIICTaBI/IM YHCJICHHBIC 3HAYCHHA:

-9
o 2-589-10 __ar
-9
10°-25.10° [1-[ £289-107
25-10

3agaua 11. C nmomorpo audpakimonHoi pemretku ¢ nepuogom d = 20 MM Tpedyerces paspe-
muTh ayonetr Hatpus (A1 = 589 um u A2 = 589,6 HM) B ciekTpe BTOporo mnopsiaka. [lpu kakou
HaUMEHbIIEH JJINHE PEIIETKU 3TO BO3MOXKHO?

JlaHo: Pemenne: Paspemaronias cnocoOHOCTh AU(MPAKIIMOHHON PEIIeTKU:
d =20 mrm R= 4 =KN , rze N — uncio mTpuxos pemerxy.

A1 =589 um

A2=1589,6 um

k=2

-2 Uucno mTpuxoB PELIETKH MOXKHO HAWTH, 3Has JJIMHY

pemetku | u mepron pemerkn d: N = —.

A |
Torna R=—=k—.
o d
OTcro1a HaMMEHbIIAs JJIMHA PEIIETKH, IPH KOTOPOil BO3MOKHO Pa3pelluTh JyOIeT HaTpus:
|— dA
koA

rne SA=1,-4,=06-10"m,a A 2/11;2/12 =5893-10"° m.

Torna

_di_20-10°-5893-10°°
kS 2.06-10°°

| Mm=982-10"° m ~10 mm.

3anaua 12. [lokazarenu npeaoMIiIeHHUs KPUCTANIMYECKOTO KBaplia AJisl CBeTa ¢ JIMHOM BOJIHBI 600
HM paBHbl No = 1,544 u Ne = 1,553 111 OOBIKHOBEHHOTO M HEOOBIKHOBEHHOT'O JIy4el COOTBET-
CTBEHHO. B Kkpucramie kBapiia, BbIpe3aHHOM MapalieIbHO ONTUYECKON OCH, MOKHO MOIYYUTh
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MaKCHMaJIbHYIO Pa3HOCTh CKOPOCTEN OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTI'O JTyueid, €CIIM OHU HOP-
MaJIbHO MaJaloT Ha MOBEPXHOCTh KpucTaa. KakoBa nomkHa ObITh TOJIIMHA KPUCTAILIA, YTOOBI
Mpou301IIes CABUT (a3 ATuX Jydert Ha 90 ©, eciii UCTIONB3yEeTCs CBET YKa3aHHOM IJTUHBI BOJHBI?

Hano: Pemenne. Cupur ¢a3 BeraucisieTcs mo Gopmyie

st 9= 0,

ne = 1,553 rae d — paccrosaue, npoiinenHoe ceetom. [lomarast A@ = 1t/ 2 u npousBeas
Ap = 90° BBIYHCIICHUS], HAXOJIUM:

q.7 d=16,7 Mmm.

Bonpocwt u 3a0anus.

1.  DOnexTpomarHuTHas OpUpOJIa CBETA.

2.  KorepeHTHOCTh 1 MOHOXPOMAaTUYHOCTh CBETOBBIX BOJIH.

3. OnTuueckas JUIMHA ITyTH U ONITUYECKask Pa3HOCTh XOa JTyde.

4.  Pacuer unTepepeHIIMOHHON KapTUHBI OT IByX KOT€PEHTHBIX UICTOYHUKOB. HTEepdepeH-
U] B TOHKHX TICHKAX.

5.  Hutepdepennus muorux BosH. JudpakunonHas pemierka.

6. udpakuus cetoBsix BoiH. [Ipunmmn [oiirenca — dpenens.

7.  Meron 30 Openens.

8.  Hudpakuus ®penens u qudpakuus Opaynrodepa.

9. Judpakmus ot memnu.

10.  JIudpakuus peHTITeHOBCKHUX JIydell Ha KpUcTaiax.
11.  EcrecTBeHHBIN U MOISIPU30BAHHBIN CBET.
12.  3akon Mamoca.
13.  Tlomsipu3zanusi cBeTa MpH OTPAKEHUH U TIPEITOMIICHUH.
14.  ]IBoiiHOe my4enperoMiIeHHE.
15. HopwmanbHas u aHOMaJbHas JUCTIEPCUU.
16.  DnekTpoHHas TeopHs ITUcCIepcHu cBeTa. PaccesHue cBera.
17.  TlornomeHue cBera.
3agauM 1718 CaMOCTOSITEJILHOTO peleHHs

1. Ha mputbHyt0 miieHky (N=1,3), HaxoAs1ytocs B BO3AyXe, alaeT HOPMaJIbHO Iy4OK JIydeit Oe-
soro ceera. [Ipu Kakoii HauMeHbLIeH ToyKHe d MIIEHKN OTPaKEHHBIH CBET ¢ JUIMHON BOJIHBI A
=0,55 MKM OKa)KeTCsl MaKCHMAJIbHO YCHJICHHBIM B pe3yJIbTaTe HHTEp(EpeHIINH.

2. ITyuox moHoxpomatudeckux (A=0,6 MKM) CBETOBBIX BOJIH IaJaeT 1moja yriaoM £=30° Ha HaXo-
JSIIYIOCS B BO3AyXe MBLIbHYIO TIeHKY (N=1,3). [Ipu kakoii HauMeHbIeH TomuHe d IIEHKH OT-
pakKeHHbIE CBETOBBIE BOJHBI OYIyT MaKCUMAaJIbHO Ociia0ieHbl nuTepdepenueii? MakcuMmaabHO
YCUJIEHBI?

3. Ha ToHkuii cTexnsiHHbIN KiIMH (N =1,55) nagaer HOpMaNIbHO MOHOXpOMAaTUYECKUH CcBET. JIBY-
TpaHHBIN YTOJI ¢ MEXK]ly TOBEPXHOCTSAMU KJIMHA paBeH 2'. OnpeaenauTsb AIUHY CBETOBON BOJHBI A,
€CITM PACCTOSIHUE D MEXIy COCeAHUMH UHTEP()EPEHIIMOHHBIMU MAaKCHMyMaMHU B OTPaKCHHOM
ceere paBHO 0,3 MM.
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4. JIByrpaHHBIA yTOJ CTEKISHHOTO KinHaA paBeH 0,2'. Ha kiimH HOpManbHO K €ro MOBEPXHOCTH
MajaeT MydoK JIydell MOHOXPOMATHUECKOTO CBeTa ¢ IIUHOW BOMHBI A=0,55 Mxm. Onpenenutsb
mmpuHy b uHTEphepeHIIMOHHOM MOITOCH.

5. Ha TOHKUH CTEKIIAHHBIN KJIIMH B HAIIPaBJICHUU HOPMAJIM K €ro IMOBEPXHOCTHU MAJAaET MOHOXPO-
matuueckuit cBet (A=600 um). OnpenenuTs yroia € Mexay NOBEPXHOCTSIMH KJIMHA, €CIIH PacCTo-
sHue b Mexay cMeXHBIMU UHTEP(EPEHIIMOHHBIMU MUHUMYMAaMH B OTPa)KCHHOM CBETE paBHO 4
MM.

6. B ombite FOnra paccrostaue d mexy mensmu pasao 0,8 mm. Ha kakom paccrostauu | ot miernei
CJIEIIyeT PacIOJIOKUTh SKPaH, 4ToObI UpHHA D HHTEpEepEHIIMOHHOI MOJIOCHI OKa3aiach PaBHOU
2 mm? (A=640 uM).

7. Paccrosinue d mexay aByms mensimu B onbite FOHra paBao 1 mwm, paccrosinue | ot meneit 1o
sKpaHa paBHO 3 M. ONpeaenuTh ITMHY BOJHBI A, HCITyCKaeMOW UCTOYHUKOM

MOHOXpPOMATHYECKOI'O CBCTA, CCJIM IUPHUHA b monoc I/IHTep(bepeHI_II/II/I Ha 5KpaHC paBHA 1,5 MM.

8. Paccrosnue d mexay QByMsi KOrepeHTHbBIMU HcTOYHUKamMu cBeta (A=500 um) paBro 0,1 mMMm.
Paccrosinue b Mexay MHTEphEpEHIIMOHHBIME TI0JIOCAMHU HAa SKpaHEe B CpeiHeil yacth uHTepde-
PCHIIMOHHOM KapTuHBI paBHO 1 cM. OnpeenuTh paccTossHue | OT KICTOYHUKOB 10 dKpaHa.

9 .Haiitu Bce miuHbI BOaH Buaumoro ceera (ot 0,76 mo 0,38 MxMm), koTopeie OyayT: 1) Makcu-
MaJIbHO YCHJICHBI; 2) MaKCUMaIbHO OCJIa0JIEHBI ITPH ONTUYECKON pa3HOCTH X0/1a A uHTepdepupy-
IOIKUX BOJIH, paBHOH 1,8 MKM.

10. Ha TOHKHI1 CTEKJISTHHBIN KJIMH B HAIIpaBJICHUU HOPMAJIHU K €r0 MOBEPXHOCTH IaJ1a€T MOHOXPO-
matudeckuii cBet (A=380 um). OnpeaenuTs yroia € Mex1y MOBEPXHOCTIMH KIMHA, €CITH PacCTO-
sHue b MEXIy CMEKHBIMU HHTEPPEPEHITHOHHBIMH MUHUMYMaMH B OTPa)KEHHOM CBETE PaBHO 6
MM.

11. Kakoe nammenblniee 9ucio Nmin IITPUXOB JOKHA CONEPKATh MUQPPAKIIMOHHAS PEIeTKa,
YTOOBI B CIIEKTPE 2-TO MOPSAIKA MOXKHO OBLJIO BHIETh Pa3AeibHO JIBE JKENTHIC JIMHUU HATPUS C
JutiHAM# BOJTH A1=589 M u 42=589,6? KakoBa mnuna | Takoii pemerky, eciau MOCTOSHHAS pe-
meTkd d=5 Mkm?

12. IndpakironHas penieTka OcBellleHa HOPMaIbHO MaJarolliM MOHOXPOMAaTUYECKUM CBETOM.
B mudpaximonHoi KapTHHE MAKCHMYM BTOPOTO TIOPsIIKA OTKJIOHEH Ha yroil ¢ 1 =14°. Ha xakoi
YTOJI @ 2 OTKJIOHEH MaKCUMYM TPETHETO MopsiiKa?

13. Iudpakumonnas pemerka coaepxkur N=200 mrpuxos Ha 1 MM. Ha pemerky nmamaer HOp-
MaJbHO MOHOXpoMaTudeckuii cBeT (A =0,6 MkMm). MakcuMyM Kakoro HauOOJIBIIIETO MOPSIIKA 1aeT
9Ta peurerka?

14. Ha nudpakimonnyto pemeTky, coaepsxamryto N=400 mTpuxoB Ha 1 MM, MajaeT HOPMAJIbHO
MoHOXpomaTtudeckmit cBeT (A =0,6 mxMm). Haiiti obmiee uncino qudpakiimOHHBIX MaKCHMYMOB,
KOTOpO€ JaeT 3Ta peuierka. OnpeaenuTs yroia ¢ AUPPaKIMHU, COOTBETCTBYIOMINNA MOCIEAHEMY
MaKCHUMyMy.

15. Tlpu ocBemeHn# AUQPaKIIMOHHON PEIIETKH OEIBIM CBETOM CIIEKTPBI BTOPOTO U TPETHETO I10-
PAIKOB OTHACTHU MEPEKPBIBAIOT APYT Apyra. Ha kakyro AuHY BOJIHBI B CIIEKTPE BTOPOTO MOPsIKA
HakmabpiBaeTcs puonerosas rpanuna (A = 0,4 MKM) CIIEKTpa TPEThETro MOPSIIKA.
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16. Ha nudpakiuonHyto pemeTky, cofepxkamryo N=600 mTpuxoB Ha MUJUTUMETP, TagacT HOP-
MajbHO Oenblii cBeT. CIEeKTp MPOeHUpyeTcss MOMEIIEHHON BOJIM3M PEIISTKH JIMH30M Ha JKpaH.
OmnpenenuTh MUPUHY D criekTpa mepBoro mopsaka Ha KpaHe, €CIM PacCTOSHHE OT JIMH3BI JI0
skpana L=1,2 m. ['panuter Bugumoro cnekrpa A = 780HM, Ap= 400 HM.

17. CkoNbKO IITPUXOB HA KKIBIH MUJUTUMETP COACPKHUT AU(PPAKIIMOHHAS PEIIETKA, €CIIU MPU
HaOJII0ICHUU B MOHOXpOMAaTH4eCKOM cBeTe(A=0,06MKM), MAaKCMYM IISITOTO MOPSAIKA OTKIOHEH Ha
yron ¢p=18°?

18. Ha mens mmpunoit a=0,1 MM magaeT HOpMaIbHO MOHOXPOMATHYECKUNA CBET (1=05
MKM). 3a IIeIbI0 MOMEIIeHa COOUparoINas JIMH3a, B (POKAIBHOHN MIOCKOCTH KOTOPOH HAXOAUTCS
skpaH. Uto OyneT HaOIr0AaThCs Ha SKpaHe, eciii yron ¢ qudpakiuuu paseH: 1) 177;2) 43,

19. Ha y3kyro mienp najiaeT HopMaTbHO MOHOXPOMATHYECKHM CBET. YTOJ ¢ OTKJIOHEHUS ITy4KOB
CBETa, COOTBETCTBYIOIIUX BTOPOU CBETIION TU(DPAKIIMOHHOH 1OJI0ce, paBeH 1°. CKOJIBKUM IJTHHAM
BOJIH MAJAI0IIET0 CBETA paBHA IIUPHUHA HIeTn?

20. Ha mens mmpunoit 0,05 MM mamaeT HOpMalbHO MOHOXpoMaTtuueckuit ceet  (A=0,6 MKM).
Onpenenuts yroia ¢ Mexay NepBOHAYAIbHBIM HAIpPABICHUEM Iy4YKa CBETA M HANPABICHUEM Ha
YETBEPTYIO TEMHYIO TU(PPAKIIHOHHYIO TTOJIOCY.

21. Ilnockas cBeToBas BOJIHA MaJla€T HOPMAJILHO Ha auadparMy ¢ KpyribiM oTBepcTHeM. B pe-
3ynbTaTe AUQPAKIUK B HEKOTOPBIX TOYKAX OCH OTBEPCTHS, HAXOMASAIIMXCS HAa PACCTOSHUSX Di 0T
€ro IeHTpa, HA0JIFOJAt0TCS MAaKCUMYMbI HHTEHCUBHOCTH. 1) [Tomyuurts Bua ¢yukiuu b=f (r, 4, n),
rae r-paauyc oTBepcTHsi; A - JJIMHA BOJHBI, N-4UCIO 30H DpeHensi, OTKPhIBAEMBIX U1l JaHHOM
TOUYKH OcU oTBepcTus. 2) Crenath TO ke camoe sl TOYeK OCH OTBEPCTHSI, B KOTOPBIX Habt01a-
IOTCSI MUHUMYMbI UHTEHCUBHOCTH.

22. TlocpennHe MeX1y TOUYEYHBIM MCTOYHHKOM MOHOXPOMAaTHYECKOTO CBETa 4=550 M un
AKPaHOM HAXOJHUTCS Tuadparma ¢ KpyribiM oTBepcTueM. JnpakinonHas kKapTHHA Ha0It0JaeTcs
Ha SKpaHe, pacloI0KEHHOM Ha PAacCTOSHUM 5 M OT ucTogHMKa. Onpenenure paaunyc OTBepCTus,
Py KOTOPOM IIEHTP TU(PPAKIMOHHBIX KOJIEI, HaOII0JaeMbIX Ha dKpaHe, OyJeT Hamboyee TeM-
HBIM.

23. Ily4ok cBeTa, MIyIIUi B BO3AyXe, MajaeT Ha IOBEPXHOCTH JKUAKOCTH IO YTIIOM &1 =54°.
OnpeaenuTts yroi NpeoMIICHHS & Iy4YKa, €CIU OTPaKEHHBIN IyYOK MOJHOCTHIO MOJISIPU30BaH.

24. Ha xakoil yIrJIoBO BBICOTE ¢ HaJl TOPU30HTOM JOJKHO HaxoauThcsl ColHIle, 4TOObI COTHEY-
HBII CBET, OTPa’KEHHBIN OT MOBEPXHOCTH BObI, ObLT MOJHOCTHIO MOISPU30BaH?

25. Yron bproctepa &5 pu maJiecHUH CBETa U3 BO3/yXa Ha KPUCTAJI KAMEHHOM conu paBeH 57°.
Ornpenenutb CKOPOCTh CBETA B 3TOM KPHUCTAJIIE.

IIpakTH4yeckoe 3ansitue 16.
Tema 3anamus. KBaHTOBasi IPUPOAA U3JTyYeHHSA

Ilens 3anamusn. V13y4nuTs BOIIPOCHI KBAHTOBOW TEOPUU U3IyUEHHUS.
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3Hanua u ymenus, npuodpemaemvle CHyOeHmMOM 6 pe3yibmame 0C60EHUA membl, Pop-
Mupyemole KOmMnemeHnyuu. 3aK0HbI TEIUIOBOTO M3nydeHus. 3akoH Credana-bonbsimana. @oTo-
s¢¢ext. YpaBHeHue DiiHITelHA 17151 BHeMIHero poTtorddexra. JlaBiaenue ceera. dpdext Komn-
ToHa. BrasieeT crmocoOHOCTHIO NPUMEHSTh COOTBETCTBYIOIIUH (PU3HKO-MaTeMaTHYECKH anmapar
IpY PeLICHNH NMPO(eCcCHOHANBHBIX 3a/1a4.

Axmyanbnocmy memsl. DIEMEHTHl KBAHTOBOM TEOPUM MPUMEHSETCS IPU PEIICHUN Hay4-
HBIX 3a71a4.

Teopemuuecmm yacme.

3aKOHBI TEIIOBOTIO H3JTy4YCHUA

Tennosvim uznyyeHuem Ha3vl8aAOMm INeKMPOMACHUMHOE U3TyYeHUe, B03HUKaowee 3d cuem
BHYMPEHHel FHepeUul U3yuare20 meid u 3asucaujee moibko om memnepamypbl U ONMu4ecKux
ceoticms smozo mena. TernoBoe U3Iy4eHue — eAMHCTBEHHOE U3Ty4YeHUE, CIOCOOHOE HAXOUThCS
B TEPMOJIMHAMHYECKOM PaBHOBECHH C BEIIECTBOM (PaBHOBECHOE).

KosndyecTBeHHON XapaKTEepUCTUKON TEINIOBOIO M3IYUYEHHUs CIYKHUT SHEpreTudeckas cBe-
TUMOCTh (M3]1y4aTesIbHOCTh) RT — MOIIHOCTH M31Iy4eHuUs: aOCOIIOTHO YEPHOIO Teja ¢ €JUHULIBI
IUIONIA/IM TOBEPXHOCTH TeJIa BO BCEM MHTEpBae 4acToT (A7uH BOH) oT 0 10 0.  CriekTpaibHOU
XapaKTEpUCTUKOM TEIJIOBOIO M3JIyYEHUs Tela SBIIAETCS CHEKTpaJlbHAas INIOTHOCTh 3HEpreTude-
CKOM CBETUMOCTH (CIEKTpaibHasl INIOTHOCTh U3Iy4YaTeIbHOCTH) [v,T — SHEPrUs JIEKTPOMAarHuT-
HOT'0 U3JIy4€HHUs, UCIIyCKAEMOI0 33 €UHUIY BPEMEHU C €IUHMIIBI IUIOIIAAU TIOBEPXHOCTH TEJa B
MHTEpBaJe 4acTOT OT V 710 V + dv.

Pacnipenenenue sHeprum usiy-
YyeHHs] aOCOIIOTHO YEpPHOro Tefa B 3a-
BHCHUMOCTH OT YaCTOTHI U TEMIIEPATyPhI
IpuBeIeHO Ha puc. 1.

vt

BenmuurHa ~— M3IydYaTebHOCTH
MOJKET OBITh PACCYUTAHA IO 3aKOHY
Credana-bonpiimana Puc. 1.

Rt = oT?, 1)

rae o - nocrosinHas Credana-bonpivmana, 7' — abcomoTHas Temreparypa. Eciu B3s1h Ha rpaduke
€IMHUYHBIM MHTEpBajJ 4acTOThl AV, TO IUIOIIAAb 3AIITPUXOBAHHOIO YYacTKa ONpPENEIUT BEIH-
YUHY CHEKTPaJIbHOM MJIOTHOCTH U3JTy4aTeIbHOCTH.

MakcumanbHOE 3HaYeHUE CIIEKTPATLHOMN TJIOTHOCTH U3JTy4YaTeIbHOCTH OTPEACIIICTCS 3a-
KoHoM Buna
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(rv.)max = cT?, @)
rJe ¢ — BTOpas NocTosiHHas Buna.

[Ipu yBenuueHuun teMmneparypbl aOCOIIOTHO YEPHOTO TEja YacTOTa, Ha KOTOPYIO MPUXO-
JUTCSI MAKCUMYM CIIEKTPaIbHON IUIOTHOCTHU U3Ty4aTeIbHOCTH, CMELIAETCs B CTOPOHY 00Jiee BbI-
COKHX 4acTOT. J[J1MHa BOJIHBI Amax, COOTBETCTBYIOIAas MAaKCUMAIbHOMY 3HAYEHUIO U3JIy4aTeIbHO-
CTH, 00paTHO MPOIOPLHOHANIbHA €r0 TeMIlepaType (3aKoH cMelieHus: Buna)

6
ﬂ“max :?’

TAcC 6 — II€pBas IMMOCTOAHHAA Buna.

KsanToBas runore3a u ¢popmy.aa [lnanka. @oToHbl

JlaTtb TeopeTnueckoe 000CHOBAaHUE CIEKTPATbHBIM 3aKOHOMEPHOCTSIM TEIJIOBOTO U3JTyYe-
HUSl a0COIOTHO uepHoro tena ynaigock M. [lnmanky. [{is 3Toro emy mpHuuioch OTKa3aTtbes OT
YCTaHOBUBIIETOCS TOJIOXKEHUS KIACCUYECKON (DPU3UKH, COTIIACHO KOTOPOMY DHEpPrusl J000i CH-
CTEMBI MOKET U3MEHATHCS HEMPEPBIBHO, TO €CTh, MOKET IPUHUMATD JIFOOBIE CKOJIb YTOIHBIE OITN3-
Kue 3HaueHUs. M.IInank 8b108UHYI KBAHMOBYIO 2UNOMeE3Y, 3aAKII0UAOUWYIOCS 8 MOM, YMO SHepeus
AMoOMOB-0CYUILIAMOPOE MONCEM USMEHAMbC OUCKPEMHO, NOPYUAMU, NPONOPYUOHATILHLIMU He-
KOMOPOU 371eMEHMApPHOU NOPYUU — K8AHMY IHePUU

C
=hv=h—, 3
& 1% ) (3)

rae h — nocrosunas Ilnanka.

Hcnonb3yst cTaTUCTUYECKHME METOABl U MPEACTABICHUS O KBAHTOBOM XapaKTEPE TEIUIO-
Boro u3nydenwus, M.ILtank BeiBen popmyiry

_2711/2 hy
Ne=—7%" ikl _q° (4)

KOTOpasi COracyeTcs ¢ 3KCIepUMEHTAIbHBIMU JJAHHBIMH 110 PACIIPEICIEHUIO SHEPTUHU B CIIEKTpax
U3JTy4eHus: abCOJIOTHO YEPHOIo Tejla BO BCEM MHTepBajie 4acToT oT 0 0 oo M MpH pa3inuyHbIX
temneparypax. Kpome toro, popmyna M.ITnanka cogepxut B ceOe 3aKOHBI TEIJIOBOTO U3ITyye-
HUS, a TAK)KE TIO3BOJISET BBIUMCIIUTD TOCTOSTHHBIE B ATHX 3aKOHAX.

DUWHIITENH, cO3aBasi KBAHTOBYIO TEOPHUIO CBETA, PEATIOJIONKNUI, YTO HE TOJIBKO U3ITyUYEHUE
CBETa, HO U €r0 PACIPOCTPAHCHHE MPOUCXOJHWT B BHJIC NMOTOKA CBETOBBIX KBAaHTOB-()OTOHOB.
Maccy GOTOHA MOKHO HAWTH M3 COOTHOIIEHHUS Mc? = hy

m—h—v—L (5)
¢ cA’
a UMIyJIbC POTOHA
p—m.c—L.C—D (6)
c-A A
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Buemnuii porodrdgdexrt

Aenenue 8vipbigaHus 21eKMPOHOE ¢ NOBEPXHOCIIU MEMALO8 C8eMOBbIM NOMOKOM HA3bl-
saemcst enewHuM gpomosgpgexmom. Ilpu B3anMoACHCTBHHA KBAaHTOB CBeTa ((POTOHOB) C METaJI-
JIaMU BBITIOJIHSETCSI COOTHOIIICHHE, KOTOPOE HA3bIBACTCS YPAaBHEHHEM DWHINTEIHA

2

mo
_ max
hy = A@blx +T, (7)
2
mUmaX
rac Agblx — pa60Ta BbBIXOJa SHGKTpOHOB u3 MCrajlyla, —_— - MaKCHMaJlbHasd KHMHCTHYCCKas

SHEPIuUsa (I)OTOBHGKTpOHOB, BBUICTAOIIKWX M3 METAaJljla.

Ecmu sHeprust napatoniero (oToOHa MHOTO MEHBIIIE SHEPTUH MOKOos 3ekTpona Eo = 0,51
M>5B, TO KHHETHYECKYIO SHEPTUI0 MOKHO pPacCUUTATh MO Kilaccuyeckoi (popmysie, To ecTh

2

Ecnu sxe sHeprusi KBaHTa CBeTa, MaJalouiero Ha MeTalll CpaBHUMA HITH 00JibIne £0, TO /1715l BBIYHC-
JICHUS] KHHETUYECKOM SHEPTHH Exun (POTOIIEKTPOHOB CIIEyeT BOCIIOIb30BATHCS PEITUBHCTCKON
dbopmyoi

©)

e Moc? — SHEPTHs MOKOS DIIEKTPOHA.

Ecii cKopocTh BHIPBAHHBIX W3 MeTasna sektporos U = 0, To sneprus porona € =hv, =h—

K
, @ Vx HITH Ax COOTBETCTBYET KpacHOU rpaHutie porodddexra A JaHHOTO METalIa, TO €CTh Ax —
ma MaKkCUMAanbHast OJIUHA 80IHbBL (POMOHA, NPU KOMOPOU HAYUHAEMC sl 0TI OAHHO20 MEMANd (o-
moaggexm.

JlaBjienne cBeTa

CoBpeMeHHBIE KBAHTOBBIE NMPECTABICHUS O CBOMCTBAX CBETA CYIIECTBEHHO OTIMYAIOTCS
OT HBIOTOHOBCKOM KOPIYyCKYJISIPHOM Teopuu cBeTa. C KBAHTOBOM TOYKU 3PEHHUS IaBJICHUE CBETA
Ha MIOBEPXHOCTh KAaKOT0-JIM00 Te1a 00y CIOBICHO TEM, YTO IIPU COYAAPEHUH C ITON OBEPXHOCTHIO
KaXIbIH (DOTOH TepeaeT eif CBOM UMITYJIbC.

OTtpakeHue cBeTa OT MOBEPXHOCTHU TeJla CIEIyeT paccMaTpuBaTh KaK CIOKHBIN mpolecc
«Tepen3ydeHus» (pOTOHOB — Magaromuii (OTOH MOTIIOIMIAETCSI TOBEPXHOCTHIO, 8 3aTEM BHOBb H3-
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JTy9aeTcs €10 ¢ MPOTUBOIIOJIOKHBIM HaIlpaBJIEHUEM UMITYIIbCOB. [Ipu 3TOM naBiieHue cBeTa Ha OT-
paXkarolryro MOBEPXHOCTH JOJIKHO OBITh TAKUM K€, KAKUM OHO OBLTO B TOM CiTy4ae, eciid Obl (o-
TOHBI «3€PKATLHO OTPAKAIKCHY OT MOBEPXHOCTHU MOJOOHO aOCOTIOTHO YIPYTUM IIApUKaM.

Benuunna cBeTOBOTO MaBiIeHUS onpenenseTcs: Gopmymoi
P =ow(l+p), (10)

rae @ = E»/c — 00beMHas IJI0THOCT SHEPTUH U3iydeHus (E> — dHeprus Bcex (POTOHOB, agaronIuX
Ha eJIMHHILY TIOBEPXHOCTHU B €AMHUILY BpeMeHH, C — CKOPOCTh CBETa B BaKyyMe); O - KoahGuiueHt
OTPaKCHHSI CBETa OT MTOBEPXHOCTH TEJIA.

¢ dext KomnTona

KBaHTOBBIC CBOICTBA CBETA MPOSIBIAIOTCS B 3 dekre KoMIToHa, KOTOPBIN 3akitouaemcs
8 YNPY20M paccessiHul KOPOMKOBOIHOB020 INEKMPOMASHUMHO20 U3TLYYEeHUs (DEHM2EHOBCKO20 U ¥~
U3IY4eHusl) Ha c80O0OHBIX UNU CLAOOCBAZAHHLIX INEKMPOHAX Beuecmed, CONPOBOHCOAIOUEMCS
yeenuyenuem OnuHwl 60nbl AA. Benmmunna AA onpenensiercs ¢popmynoi Komnrona

AM=1—-1=22, sinzg, (11)

r7ie A - JUIMHA BOJIHBI MTAJAI0IIET0 U3ITyYeHHs, A - JUIMHA BOJHBI PACCESTHHOTO M3IIy4eHUs, & - yron

paccestHusI peHTT€HOBCKOTO KBaHTa, Ac — KOMIITOHOBCKAs JIJIMHA BOJHBI, ﬂvc =—, A =2,426
m.C
0

M (Mo — Macca MOKOS MEKTPOHA).

Oo6mwscuenne 3¢ dexra KomnTona MoxeT OBITH JaHO Ha OCHOBE KBAaHTOBBIX IpEJICTaBIIC-
HUH O MIPUPOJIE CBETA, KAK PE3YJIbTAT YIIPYTrOro CTOJIKHOBEHHSI pEHTIT€HOBCKUX (POTOHOB CO CBO-
OOIHBIMM JIEKTPOHAMH BellecTBa. B nporecce cToIKHOBEHUs (POTOH NEPEAAET IIEKTPOHY 4acThb
CBOMX HHEPrHH U UMITYJIbCA B COOTBETCTBUH C 3aKOHAMU UX COXPAHEHUS.

IIpumeps! pemieHust 3aga4

3anayva 1. J[mmHa BOJIHBL, HA KOTOPYIO MIPUXOJNUTCA MAKCUMYM CIIEKTPAIBHON TUIOTHOCTH dHEpre-
TUYECKOM CBETUMOCTH a0COITIOTHO 4epHOTo Tena Amax = 0,6 Mxm. Omnpenenute: 1) sHepreTude-
CKYIO CBETUMOCTB 3TOTO Teja RT; 2) CeKTpalbHYO IIIOTHOCTH YHEPTETHUECKOM CBETUMOCTH ;T
WIH )T, PACCUUTAHHYIO HA 1 HM BOJIM3H Amax B CIIEKTpE U3TyUYeHUSI aOCOIIOTHO YEPHOTO Tea.

Jlano: Pemenue. CormnacHo 3aKkoHy cMelleHus: BuHa, njinHa BOJHBI, Ha
KOTOPYIO IPpUXOAUTCA MaKCUMYM 3HepFeTI/I'-IeCKOI\/'I CBCTHMOCTH,

Amax = 0,6 MKM
06paTHO IIponmopuroHajIbHa TEMIICPATYPE

6=2,910° K-m

6
ﬂ‘ —
Bm max T

c¢=1,2310° 3 c
m” - K OTCIOZIA

232



B
6=56710% — " r=—2_

M3 'KS imax

Al=1uaM=10"Mm

Ri=?r,r="?

a sHepreTuyeckas cBeTuMocThb Rt onpenensercs 3akonoM Ctedana-bonbsimana, To ecTb, pornop-
[[MOHAJIbHA YETBEPTON CTEIIEHU a0COIIOTHON TEMIIEPaTyphl

4

R =0T'=0c 6
-3
R, =567-10° 2220 | _sgmBr/ a2
6-10

MakcumyM CHEKTPaJIbHOW IIJIOTHOCTH YHEPTETHYECKONW CBETUMOCTH, COTJIACHO 3aKOHY BuHa,
IIPONOPLUOHAICH IIATON CTEIIEHN TEMITEPaTypPhl

5

6
r,=CcT’=c— |,

max
Ho mb1 nmomyuwnu 1,1 B uHTepBajie aauH BoiH AA’= 1 M (enunnunbiid uatepsan B CH). Tak kak

1 1M B 10° pas MenbIte, TO U (I 2,T)max, TPHXO/IAIIASACS HA AA=1 M BOIU3U A max, BO CTOJIBKO
ke pa3 Oyzner MeHblie. TakuM 00pa3oM, HCKOMOE 3HaUY€HHUE ONPEAETUTCS BBIPAKEHUEM:

5

529-10°

(r.,)., =123-10 ~—+10° =38-10°Bm [ »" - 1w = 38kBm | M - um

Wtak, criekTpanbHas TUIOTHOCTh YHEPTeTUYECKOW CBETHUMOCTH, MPUXOAIIAsICS Ha WHTEpBAl
JUTH BOJIH AA = 1 HM BOIHM3U Amax paBHa 38 KBT/M%-HM.

3amaua 2. PackaneHHas MeTamnndeckas MoBepXHocTh S = 10 cm? n3nmyuaer B 1 MuH 3Hepruio E =
4-10* Ix. TemnepaTypa noepxaoctr T = 2500 K. HaiiuTe oTHOIIEHNE SHEPreTHYECKUX CBETH-
MOCTEH ATON TOBEPXHOCTHU M a0COIIOTHO YEPHOTO Tella IPU JaHHOU TemrepaType.

Jlano:

Pemienne. ckomas Bennunna N =

,tmeRom R um —
S=10cm? =10-10" m? R,

t= 1 MuH = 60 c 3HepreTI/IquKaﬂ CBCTUMOCTDb MeTaﬂﬂI/IquKOI\/JI HOBerHOCTH nu
YEpHOTo Tela, COOTBETCTBEHHO, 10 3akoHy Credana-Bombi-
E =410 Ix MaHa
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T=2500K Rar. = oT* = 5,67-10%.2500=2,21-10° Br/m?.
Bm DHeprus, u3aydaeMasi paCKaJIeHHOW METaUTMUYeCKOU
0=5,67-10" 5 2
m° K MOBEPXHOCTHIO, paBHa £ = R, 1-S. Otcrona
n="7?
E
R, =—
t-S
4.10° Bm
, = =0,67-10° ~.
60-10 M

y R, 0,67 -10°
Haiinem otHOIIEHNE =N N=-—‘—"_

) 6 = 0,3 .
Rom. 2,21-10

3agaua 3. Bo CKONbKO pa3 yBEIMYUTCS MOIIHOCTh M3IYUYEHHUS] YEPHOTO TEJa, €CJIM MaKCUMyM
SHEPrUM U3ITYYEHHs] CMECTUTCS OT KPACHOM rpaHUIIbl BUAMMOIO CIIEKTpa K ero (uoyieToBou rpa-
Huiie?

Jlano: Pemenne. CornacHo 3aKoHy cMelleHus: BuHa, 17iMHa BOJIHBI, HA KOTO-
=076 PYIO MPUXOIUTCS MAKCUMYM SHEPreTHYeCKOW CBETUMOCTH, 0OpaTHO
= MKM
« ’ MPONOPILMOHAIbHA TEMIIEPATYPE
Ap = 0,38 MKM
Nk/Ng - ?

6 6 6
o =—,orciona I, =—, T(ﬁ:—.

T 2, 2,
MomHocTh n3mydeHust pasHa N = RS.

B cootBerctBuE ¢ 3akoHOM Credana — bompnmana R = oT?, mis Temnepatyp Tx u T,
> @

HMEEM: NK = GTK4S U N P ol ; S. Torga ux OTHOLICHHE paBHO
4 4

Ny (L) [ A :(@] _16.

N (T 4, ) 038

3anaua 4. Ha ruiaTiHOBY1O IUTACTUHKY MajiaeT yiIbTpaduoaeToBoe u3nydeHue. /s npexparienus
dororddexra HyKHO MPUIIOKUTH 3aepxkuBatoiiee HanpspkeHnue Ui = 3,7 B. Ecnu nnatuHoByr0
IUTACTHUHKY 3aMEHMTH IIACTUHKOM U3 APYroro MeTajia, TO 3aepKUBAOIEe HAIPSHKEHUE HYKHO
yBenuuuTh 10 U2 = 6 B. Onpenenure padboTy BbIXxoAa (B 3JIEKTPOHBOJIBTAX) U3 BTOPOrO0 MeTallia.

Jano: Pemenue. CornacHo ypaBHeHHMIO DWHIITEHHA 1751 dhoTodddekra,

Ui=3.7B HMeeM
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U=6B

m Ul
hv=A +
A1=6,33B Al
_ -34
h=6,62-10"x-c YroObl 3aliepKaTh BBUICTAIOIINE DJICKTPOHBI, HEOOXOAMMO MPHUIIO-
4y =2 JKUTH 3aiepKuBaroliee Hanpspkenue U1.
2 =7
2
mo
eU1 = L y
2

rze e ¥ M — 3apsj (Mo MOMYJII0) U Macca JIEKTPOHA.
Takum o6pazom,

hv = A1 + eU:. 1)
AHAJIOTHYHOE BBIPAXKCHUE 3AIKIIEM IS IUTACTUHKH U3 BTOPOTO METallia

hv = A2 + eUo. (2
[Mpupasusiem (1) u (2)

A1 +eUr=A2+eU2
Az=A1+eUr—eUz2=41-e(Uz2-Uy)
A>=10,1-10"° - 1,6 -10%(6-3,7)= 6,42-10"° JIx

-19
4, 20420 7 4p

1,6-107°

3anaua 5. OGnydeHue TUTHEBOrO (POTOKATO 1A MPOU3BOAUTCS (PHOJIETOBBIMU JTydyaMH, JJTMHA
BOJIHBI KOTOPBIX paBHa 0,4 MmkM. Onpenenute cKopocTh (POTOIIEKTPOHOB, €CIIU JUTMHA BOJIHBI
KpacHo# rpaHuibs! potodddexra miast autus paBHa 0,52 MKM.

[ano: Pemenne. CornacHo ypaBHeHuto DifHIITeHa 1151 poToapdexra
sHeprus ¢poroHa Eg=hc/A pacxoayercst Ha pabOTy BBIX0JIA SJIEKTPOHA
A=0,4 MKkM _ s
A=Nhc/ Ax 1 cooOIIeHHne EKTPOHY KHHETHUECKOU dHepruu K.
Ax = 0,52 MKkM
v-?
hc hc mv® hc hc
oK, K= T
A A 2 A A

hc hc)?2 2hc( A — 4
Torna — == .
A A )m m\ A4
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-34 8 _ . -7
,_ [2:663-10 313 10%(5,2 1441) 107 e 105/
91-10*.52-4-.10

3agauya 6. OnpenenuTe MaKCUMaJIbHYIO CKOPOCTb 3JIEKTPOHA, BBIPBAHHOI'O C IIOBEPXHOCTH Me-
Tajla y-KBaHTOM c 3Hepruen 1,53 MaB.

Hano: Pemenne. [1o popmyne Ditnmreiina aiisa potorpdexra
E,=1,53 MaB E,=A+K. PaboTa BpIx0/1a 2JICKTPOHA U3 METAJJIa COCTABIISCT BETUYHHY
5 NOpsZIKa €AMHUILL AIEKTPOHBOJBT, YTO MHOTO MEHbIIIE MEra3jaeKTpOH-
Vmax - o
BOJIBT, CJIEJOBATEILHO MEHBIIIEH

BEJIMYMHOI MOKHO npeHeOpeub. Torna £y = K. Tak kak sHEeprusi raMMa-KBaHTa [IPEBBIILIAET dHEP-
2
ruto nokost snekrpona E; =M C° =0,511 MaB, 1o kunerunueckas sneprus dorosnexrpona

AO0JIKHA paCCUUTBIBATHCA AJIA PCIATUBUCTCKOTO CiIyvast.

2
K:M_moc2 ZL_EO'
VP Ve

0511
153+ 0,511

v=c [1-| ——| =3-10°./1—
K+E

2
j =28-10° w/.

0

3apaua 7. Onpenennure Clily CBETOBOIO JABJICHMS COJIHEUHBIX JIy4ell NEPHEHANKYJSIPHBIX IO-
BepXHOCTH Ha miomans 100 M? , eciu k0dDHUIMEHT OTpaxkeHns Tydeil papeH 0,2 ¥ conHEYHAs
nocrostHHas 1,4-10% Br/m2. (CoTHEYHO TTOCTOSHHON HA3bIBAECTCS BEJNUNHA, PABHAS TTOBEPXHOCT-
HOM MJIOTHOCTH NOTOKA SHepruu n3nydeHus CosHla BHE 3eMHOM aTMOC(ephl Ha CpEIHEM paccTo-
ssHuM oT 3emutn 10 COJTHITA).

JaHo: Pemenne. Cuna cBeToBOro faBieHus F Ha MOBEpXHOCTH paBHa IIPOU3Be-
S =100 a2 JIEHUIO CBETOBOTO JaBlieHUs P Ha miomaab S moBepxHoctu F =P S.
= E(1+
p=02 CBeToBOE JIaBIEHHE MOKET OBITH HalieHo 110 Gpopmyne P = M
C
Bm
E=1,410°— E-S(1+p)
Iy 2 . Torna uckomas cmma F = —— -2
o
8 M
c=310°—
C
F=?

1,4-10%-100-1,2
3-10°

F ~56-107* H .
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3amaya 8. Ha 3auepHeHHY10 MOBEPXHOCTh HOPMAJILHO MagaeT MOHOXPOMATUYECKUN CBET C JJIH-
Hoit BomHbI 0,65 MKM, mpom3Boas gasineHne 5-10° ITa. OnpenenuTe KOHIEHTpanMo (OTOHOB
BOIM3M MOBEPXHOCTH M YMCIIO (POTOHOB, MAJAIOIIMX Ha miomans 1 M? B 1 c.

JaHo: Pemenue: /aBiieHue cBeTa IIpU HOPMAJIBHOM I1aICHUH HA TOBEPXHOCTH
¢ kK03 (UIMEHTOM OTpaXeHUs p BerUMciseTcs 1o Gopmyrne P=w(1+p),
r71e @ — 00bEeMHasl ITIOTHOCTh YHEPTUHU, KOTOpAsk CBSI3aHa C IMOJTHOU YHEP-
P=510%11a | ruei (oCBEMEHHOCTHIO) £o NajaromuX (GOTOHOB HAa €AWHUILY ILIOIAAH
MOBEPXHOCTHU B €IMHHUILY BPEMEHU COOTHOLIEHHEM w=FEo/c.

A=0,65 MKkM

S=1m?
t=1c
No, N-?

C yderoMm TOro, 4TO JUIsl 3a4€PHEHHON MOBEPXHOCTU KOIPPUIIMEHT OTpaKEHHs p pPaBEeH
HyJII0 motyunm (opMyity [uisi faieHust ceeta B Bune P == E, / C. OGbeMHas MIOTHOCTH

SHEPrUH paBHA MPOU3BEICHUIO KOHICHTPAIMK (OTOHOB No Ha 3HEPIHI0 oaHOro GoroHa E1, w=
noE1= nohc/4, oTkyaa

@A _PA_5.10°.65-107
" hc hc 663-10*-3.10°

=16-10"wm3.

Yucno ¢poToHOB, MajaloluX Ha €IUHHULY IUIONIAJM IMOBEPXHOCTU B €AMHMIY BPEMEHH,
PaBHO OTHOILIEHHUIO YHEPreTUYECKOM OCBEIIEHHOCTH Lo K AHEpruu ogHoro ¢GoTtoHa Ei1:

E,_PA_

- n,c=16-10° -3-10° =48-10% w2,

1

3agaua 9. B sBnenun KomnTona snHeprus mapgaromero (oroHa E pacnpezensieTcs HOPOBHY

MEX]Ty paccessHHbIM ()OTOHOM H JIEKTPOHOM OTJauu. YTol paccesiuus §= rt/2. HaliauTe sHEpruto
¥ UMITYJIEC PACCESTHHOTO (DOTOHA.

Hano: Pemenue. DHeprus nagaromniero ¢oToHa ompenensercs GopMysioun

_ 31 Y
me = 9,110 xr E=h Z , TJie A - I7MHA BOJHBI Najaromero poToHa. DHEprus pac-
0=m/2 c
E/E /=2 cestaroro dorona £’ =h ; , Tae A’- IIrHA BOJHBI PACCESTHHOTO Ha
h =6,62-103 Jix-c anekTpoHe (otona. [1o ycnosuro 3anaun £ = E' = 2, Toraa
c=3108 m/c

E’,P'=?

AA=2, A=112, (1)

[To popmyne KoMmnToHa H3MEHEHHE JUTHHBI BOJIHBI ()OTOHA TIPH PacCesTHUM BhIpaXkaeTcs Gopmy-
JIOU

2—a=""(1-cos0), @
m,c
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yuuThiBasi (1), umeem

ﬂ’—izl(l—cosﬁ),
2 mgc
1501048
ﬂ/’
2 -1 (1-cosh),
> meC( cosé)
OTKy/a
ﬂ’:z—h(l—cose).
m,c

[Toncrainss Beipaskenue (3) B popMyily JUIsl SHEPIHUHM PACCESIHHOTO (POTOHA, MOJYy4aeM OKOHYa-
TEJIBHO

,hc_ hem,c m,c?

A" 2h(l—cos®) 2(1-cos@)

~91.10™.9-10"

2-(1—003”)
2

I[J'ISI OIpECACIICHUA UMITYJIbCa PACCCAHHOI'O (bOTOHa BOCITIOJIB3YyEMCA CIICAYIOIIMMHA COO6pa)KeHI/I—
SIMH.

= =41-10™ /]o«c=0,26 M5B .

Dueprus GpotoHa E'= My 2, a ummyibe GoToHa p’= My -, TOTA
!
, E
p=—.
c
Hmmnynbe paccessHHOro pOoTOHA paBeH

, 4110

3.10° =118-10"% xe-m/c.

3agaua 10. ®oton ¢ ummysscom 5,44-10°22 kr-M/c 6BUT paccesH Ha CBOOOTHOM JIEKTPOHE Ha YTOI
30° B pesynbrare addexra Komnrona. Onpenennure uMITyIbC pacCeTHHOTO (OTOHA.

Hano: Pemenne. HWmmynsc ¢otoHOB p1=h/i1; p2=h/i2, oTKyna
M1=h/p1, A2=h/p2. I3menenune nnunbl BoaHBI AL mipu 3ddekre
— -22

p1= 54410 xrm/c Komrmrona paBHo

0=30°

p2-?

h h h h
A=A, -1 =—|(1-coséd — ——=—(1-co0s8).
= o 00s0) == (1 cos)
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Otcrona

22 31 , .8
pyMC 54410722 .91.107°L . 3.10 _
p, = 1 0 = : 4310 %k - wie.

p1(l-cos6)+myc 544.10722.0134+91-10 °1.3.10°

3agauya 11. ®oron ¢ sHeprueii 0,51 MaB B pe3ynbraTe KOMITOHOBCKOTO pacCesHUs OTKIOHWIICS
Ha yrou 180°. Onpenenute JOII0 SHEPTUH B MIPOLIEHTAX, OCTABIIYIOCS Y PACCESIHHOTO (POTOHA.

HaHno: Pemenue. [1o 3akony coxpanenus suepruu £1 = E2+E,, rae E1— 3Hep-
rust Hanetatomero ¢oTtona, £2 — sHeprusi paccessuHoro ¢orona, E> —
SHEPrUsl JJIEKTPOHA. DHEPrHs HAJCTAIONIICT0 JJICKTpOHA paBHA E1
0= 180° =hc/J1, orctoma A1 = hc/E1, e A1 — iMHA BOJHBI HajeTaromero ¢o-
TOHA. AHAJIOTUYHO

E1=0,51 M»>B

EJVE1-?

J2=hc/E2. 3MeHeHue IIMHBI BOIHBI IIPH KOMITOHOBCKOM PAacCEHHU PABHO
AL = 22— 1 = Ac(1- cosb),
rae Ac = h/moc =2,43-10"12M — KOMITOHOBCKAs JJIMHA BOJHEI YJIEKTPOHA.

Torma AL = Ac-2, orcrona A2= A1+ AA = A1 + 2Ac u, crienoBaTenbHO, JHEPTHUS PACCESTHHOTO
¢doroHa paBHa

£ - hc hc
* A +24, hclE +24.
A ee nonsa
-34 8
E,__ he _ 663-10™ -3-10 —033-33%
E, hc+E -24. 663-10™*.3.10°+051-10™-2-2,43-10™"

Bonpocwt u 3a0anus.

1.  KsaHTOBas mpupoja U3ITyICHHS. 3aKOHBI TETIOBOTO U3ITyYCHUS.
2.  KsanroBas rumnotesa u ¢popmyna [lnanka. @oToHEI.

3. @oroaddexr.

4.  Macca, sHeprus ¥ UMIyJbc (poToHa.

5.  JlaBnenue ceta. Dpdext KomnroHa.

3az(atm AJI CaMOCTOATEJIbHOIO peIICHUsA

1. Kpacnas rpanuna gporoaddexra ais uuaka Ao=310 am. Onpenenuts MakCHUMaibHYI0 KUHETHYe-
CKYIO HEPTHUIO Tvax (POTOIIEKTPOHOB B AJIEKTPOH—BOJIbTAX, €CJIM HA IIUHK MaJaeT CBET C JUIMHOU

BOJIHBEL A =200 M.

2. BenencTBue M3MEHEHHUsT TEMIIEpPATypbl aOCOTIOTHO YEPHOTO Tela MAaKCUMYM CHEKTpaIbHOU
w10THOCTH (R T)max cMecTuiics ¢ A1 =2,4 MkM Ha A2= 0,8 mkm. Kak u BO CKOJIBKO pa3 H3MEHUIIACH
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SHEpreTHYecKasi CBETUMOCTh R» Tela 1 MakcUMalibHasl CIIEKTpaibHAs TUIOTHOCTh SHEPTeTHIECKOM
CBETUMOCTH?

3. Ilpu yBenuueHnr TEpMOIMHAMUYECKON TeMIIepaTyphl 7 UepHOro Tela B 1BA pa3a JAJIMHA BOJIHbI
Am, Ha KOTOPYIO MPUXOJUTCA MAaKCUMYM CIIEKTPaIbHON INIOTHOCTH 3HEPreTHYECKOW CBETUMOCTH

(Ry.T)max, ymenbmmiack Ha A1=400 aM. Ornipeie/uTh HaYaJIbHYI0 1 KOHCUHYIO TeMIlepatypsl 71 1
1.

4. DTaJIOH €AMHUIIBI CHUJIBI CBETA — KaHAeNIa — MPEACTABIAET COOOM MOTHBIN (M3TyYarOIIHi BOJTHBI
BCEX JJIMH) U3Ty4aTellb, TOBEPXHOCTh KOTOPOTO IJIOIIA b

S = 0,5305 MM? uMeeT TemmepaTtypy t 3aTBepAeBaHMs IIATHHBI, paBHyIo 1063 °C. Onpenenurs
MOLIHOCTb P W3iydarelis.

5. MakcumainbHas CrieKTpaibHast INIOTHOCTh SHEpreTuueckoi ceetumoctu (R 1) . depHOro tena

max

paBna 4,16-10%! Br/m2. Ha kakyio 1iuHy BOJHBI Am OHA IIPOXOIUTCS?

6. Temneparypa uepHoro Tena paBHa 2 kK. Onpenenuts: 1) CriekTpaiabHyIO IJIOTHOCTh SHEpre-
TUYECKOM cBeTUMOCTH (I, T) Uist UTMHBI BOJIHBI A =600 HM; 2) DHEepreTu4ecKyro CBeTUMOCTh Ry B
UHTEpBaJIe JUIMH BOJIH OT A1 =590 HM 110 A2= 610 M. [IpuHATH, YTO CpeHss CIEKTpaIbHAasl IUIOT-
HOCTb 3HEPIeTUYECKOM CBETUMOCTHU T€jla B 3TOM MHTEpBAJIC paBHA 3HAUCHUIO, HAMJIEHHOMY IS
BOJIHBI A= 600 HM.

7. OnpenenuTh MaKCUMaJIbHYI0 CKOPOCTh Vmax (DOTORJIEKTPOHOB, BHUIETAIOIINX U3 METajlla Mpu
o0mydeHun ero y - hoToHamu ¢ sHeprueit £ =1,82 MaB.

8. MakcuManbHasi CKOPOCTb Vmax (POTORIIEKTPOHOB, BBUIETAIONINX U3 METalla MPU O0TyUYeHHH €ro
y-potonamu, paBHa 291 Mwm /C. Onpenenuts 3HEPruto € HOTOHOB.

9. OnpenenuTh MaKCUMAIbHYIO CKOPOCTh Vmax (DOTORJIEKTPOHOB, BHUIETAIOIINX U3 METajlia Mpu
o0mydeHun ero y - hoToHaMmu ¢ sHeprueit £ =1,53 MaB.

10. OmnpenenuTs MaKCUMaIbHYIO0 CKOPOCTD Vmax (POTORJIEKTPOHOB, BHIJIETAIONINX U3 METAUIA MO
JeCTBUEM y - U3ITYUYEHUs C JUTMHOU BOJHBI A=0,3HM.

11. OnpenenuTs AIUHY BOJHBI A yIbTPa(UOIETOBOTO U3IIyUSHUS, ITaIAl0IIETO Ha TTIOBEPXHOCTH
HEKOTOPOTO METaJIa, TP MaKCUMATbHOH CKOPOCTH (OTOIIEKTPOHOB, paBHOil 107 M/c. PaboToit
BBIX0/Ia DJIEKTPOHOB U3 METajlia MpeHeOpeyb.

12. Ha umMHKOBYIO ITUIACTHHY MaJaeT MOHOXPOMAaTHYECKHH CBET ¢ JJIMHON BOJHBI A = 220 HM.
OnpenenuTb MaKCUMaIIbHYIO CKOPOCTb Vmax (POTO3JIEKTPOHOB.

13. lns npekpatienus ¢orodPpdekra, BHI3BAHHOTO 00TyUYeHUEM YIbTPaPHOIETOBEIM CBETOM ILIa-
TUHOBOM TUTACTUHKH, HY>KHO MPHIIOKUTH 3aJI€P’KUBAIOIIYI0 pa3HOCTh noTeHnuanos Ui = 3,7 B.
Ecnu niaTuHOBYIO IIIACTUHKY 3aMEHUTH JPYTroi MIIACTUHKOM, TO 3aJepKUBAIOLTYI0 PA3HOCTD 0-
TEHIUAJIOB MPUIETCS YBEIUYUTH 110 6 B. Onpenenuts paboTy A BBIXOa AIEKTPOHOB C MMOBEPXHO-
CTH 3TOU MJIACTUHKH.

14. Ha nmoBepXHOCTb JUTHS MagaeT MoHoXpomaTtudeckuii cBeT (A =310 um). UToObI pekpaTuTh
SMHCCHIO 3JIEKTPOHOB, HYKHO NPHJIOKUTH 33€PAKHUBAIOILYI0 Pa3HOCTh OTeHIMaI0B U He MeHee
1,7 B. Onpenenuts paboTy BbIxoa A.

240



15. Kakas mons sHepruu (hpoToHa M3pacxooBaHa Ha PabOTy BRIPBIBAHUS (POTORIEKTPOHA, €CITH
KpacHas rpannna ¢porodpdexra Ao =307 HM U MaKCHUMabHAsE KWHETHYECKast SHEPTHST Tmax POTO-
3JeKTpoHa paBHa 1 3B?

16. bByner nu nabmonarscst porodddekr, ecu Ha MOBEPXHOCTh cepedpa HANPaBUTh yIbTpaduo-
JIETOBOE M3Iy4YeHHE C AMUHOM BOIMHBI A =300 HM.

17. Onpenenuts 3HEpruto E, Maccy M u uMIyisc P (poToHA, KOTOPOMY COOTBETCTBYET AJIMHA
BoTHBI A = 380 HM ((huoneToBas TpaHUIla BUIUMOTO CIIEKTPA).

18. Onpenenuts ATUHY BOJHBI A, Maccy M U UMITyJIbC P oToHa ¢ sHeprueit € =1 MaB. CpaBHuUTb
Maccy 3Toro ()OTOHa ¢ MacCoy MOKOSIIETOCs IEKTPOHA.

19. Onpenenuthb JUIMHY BOJHBI A (OTOHA, UMITYJIBC KOTOPOTO PaBEH UMITYJIbCY AJIEKTPOHA, 00J1a-
JIAIOIIEr0 CKOPOCThIO V =107 m/c.

20. OmpenenuTh JUIMHY BOJIHBI A ()OTOHA, Macca KOTOPOro paBHA Macce MoKosi: 1) aJeKTpoHa; 2)
IIPOTOHA.

21. JlaBnenue p moHoxpoMatuueckoro cera (A =600 HM) Ha YEpHYIO MOBEPXHOCTh PACTIONOKEH-
HYIO NIEPIICHANKYJIIPHO Magaromum jiydam, paBao 0,1 mxlla. Onpenenuts uncino N ¢poToHoB, na-
JAoNUX 3a BpeMs t=1 ¢ Ha moBepXHOCTh MmIomaapo S=1 cm?

22. CniyTHHK B (popMe 11apa JBHXKETCS] BOKPYT 3eMJIM Ha TaKO# BBICOTE, YTO TOTJIOLICHUEM COJI-
HEYHOT'0 CBeTa B arMocdepe MOKHO npenedpeus. [uamerp ciytarka d = 40 M. 3Hasi COJTHEUHYO
nocrosiuuyto C=1,4 kJIx/M%*¢ M HPUHMMAS, YTO HOBEPXHOCTH CITyTHHKA TOTHOCTBIO OTPa)kaeT
CBET, OTIPENICUTh CHITY JaBlieHHs F cOTHEYHOro cBeTa Ha CITyTHUK.

23. OnpenenuTh MOBEPXHOCTHYIO TJIOTHOCTH | TMOTOKA DHEPrUM M3Iy4YeHUs, MAJalomero Ha 3ep-
KaJIbHYIO TTIOBEPXHOCTh, €CJIM CBETOBOE JIaBJICHUE P TIPH MEPIECHANKYIIPHOM NaJCHUH JTydei PaBHO
10 mxI]a.

24. ®oroH ¢ suepruei ¢ =0,4 MaB paccesuics o yriaom 6 = 90° Ha cBo60ogHOM d71eKTpoHE. Omipe-
JICTTUTh SHEPTHIO & PACCESIHHOTO (POTOHA U KHHETHUECKYIO SHEprHio T 3JeKTpOHA OTIauH.

25. OnpenenuTs UMITYJIBC p IEKTpoHA oTaaun npu 3¢ dexre Komnrona, eciau GoToH ¢ SHEPTHEH,
PaBHOM DPHEPTUU MOKOS AJIEKTPOHA, ObLT paccesH Ha yroy 6 = 180°.

26. Kakas nonst sHepruu ¢potoHa npu 3pdexre KomnroHna npuxoanTes Ha 3JIEKTPOH OT/IAuH, €CIU
¢doron nperepnen paccesiuue Ha yron 6 =180°? Dueprus ¢ ¢oroHa 10 paccesHus paBHa 0,255
M>bB.

27. ®otoH ¢ sHeprueii ¢ = 0,25 M»sB paccesiics Ha cBOOOIHOM 3JIEKTPOHE. DHEPTHs & PACCEsH-

Horo (orona pasHa 0,2 MsB. Onpenenuts yroiu paccesHus 6.

28. Yron paccesnust 6 dorona pased 90°. Yron ornaun ¢ snextpona paseH 30°. Onpenenutsb
SHEPTUIO & MaJaroIero GoToHa.

29. ®otoH (A =1 M) paccesicst Ha cBOOOAHOM 3JIeKTpoHe o yriiom & = 90°. Kakyto momro cBoei
sHepruu (OTOH MepeIall MEKTPOHY ?

30. [lnuna BoaHbI A pOTOHA paBHA KOMIITOHOBCKOM JUIMHE BOJHBI Ax 3JI€KTpoHa. OmpenenuThb
SHEPIruI0 £ M UMILYJIbC p (OTOHA.
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Pa3nes 6. DjieMeHTHI KBAHTOBOW MeXaHUKH U siiepHOH pu3nkn
IIpakTnueckoe 3ansitue 17.
Tema 3anamus. Teopusi aToma Boaopoaa no bopy. J;1eMeHTbl KBAHTOBOI MEXaHUKH.
Ilend 3anamusn. V13y4nuTs BOIIPOCHI KBAHTOBOW TEOPUU U3ITyUEHHUS.

3nanusa u ymenus, npuodpemaemoie cnmyOeHmoMm ¢ pe3yibmame 0C60CHUA membl, Pop-
mupyemote komnemenyuu. Monenu aroma Tomcona u Pesepdopaa. JInneiuatsiii ciekTp aToma
Bogopoaa. Iloctynatel bopa. Criektp atoma Bogoposa no bopy. ['unoresa ne bpoitnsa. Kopmyc-
KyJISIpHO-BOJIHOBOM ayanu3Mm. CooTHouleHHe HeompezesneHHoctel ['eiizeHOepra. YpaBHeHue
[lIpenunrepa. Biameer mocOOHOCTHIO MPUMEHSITH COOTBETCTBYIOIMIMKN (PU3HKO-MaTEMaTHICCKUN
anmnapar Ipu pelieHuu NpodecCuoHaIbHBIX 3aau.

AKmya.rtbnocmb membl. ITICMEHTBI KBAHTOBOMEXaHUYECKOM TCOpUU TMPUMCHACTCA IIPU PC-
IICHWH HAYYHBIX 3a1a4.

Teopemuuecmm yacmos.

Ha ocHOBaHMU OIIBITOB IO PAaCCESHUIO 0—4aCTULl TOHKUMHU METaNTnYecKuMH (Gosibramu 3.
Pesepdopaom Oblia mpeioxkeHa siaepHas Mojienb aroma. CoriacHo 3TON MOJIENH, B sJIpe aToMa
COCpEI0TOUECH BECh MOJIOKHUTENBHBIN 3apsi/l U MPAKTUYECKHU BCA Macca aTroma. JInHeitHbie pa3zMepsl
sanpa pasabl 107°-10"% M, Bokpyr smpa B o6mactu ¢ nuHeitHBIME pazmepamu 1070 M nBmxyTCs
AJIEKTPOHBI, Macca KOTOPBIX COCTABJISIET JIMIIb BECbMa Mallyl0 JOJI0 MAacChl siapa. SaepHas Mo-
nenb aroma Pesepdopaa BHEIIHE OUY€Hb HAIOMHHAET COJIHEYHYIO CHCTEMY: B IIEHTPE CHUCTEMBI
HaxoauTcs «CoNHIEe» — sIIPO, M BOKPYT HETO MO OpOUTaM ABMKYTCS «IUTAHETBD — JJIEKTPOHBIL.
[ToaTOMY HaHHYIO MOJIENb YACTO HA3bIBAIOT IUIAHETAPHOM.

OnpITHl MOKa3bIBAIOT, YTO aTOMY CBOMCTBEHHA MCKIIIOUUTENIbHASI YCTOWYMBOCTD, OJTHAKO
YCTOWYMBOCTh aTOMa HE MOXKET ObITh COTJIACOBAHA C KJIACCUUECKUM UCTOJIKOBAaHUEM SIEPHOM MO-
Jeny. DIIEKTPOH, IBWKYIIUNCS YCKOPEHHO MO0 OpOUTE BOKPYT SApa, JOJIKEH U3IydyaTh JIEKTPO-
MarHMTHbIE BOJIHBI. DTO W3Iy4yeHHE (M CBA3aHHAs C HUM IOTEpsS DJIEKTPOHOM €ro 3HEPruu)
JOJIKHO MPOUCXOJUTH HempepbiBHO. [l0ATOMYy, Ha OCHOBAHMH KJIACCUYECKHUX IPE/ICTaBICHMI,
JJIEKTPOH HE MOXET yJAep)KaTbcsa Ha OpOuUTe, a JOJKEeH MO CHUpaiu MpuOmmkarbes K sapy. OT-
CIOJIa CTIE/IYET, YTO aTOM 32 OUE€Hb KOPOTKOE BpEeMsI MPEKPATUT CBOE CYIIECTBOBAHKE, KPOME TOTO,
U3IyYeHUE aToMa JOJHKHO UMETh HENpPephIBHBIN crieKTp. OIHAKO OOIIMPHBINA dKCIIEPUMEHTAIIb-
HBII MaTepual yKa3bIBaeT Ha CTA0MIIBHOCTD U Ha IUCKPETHBIN (JIMHEHYATHIN) CIIEKTP aTOMOB, YTO
HaXOAHUTCS B MPSIMOM IMPOTHUBOPEUYUH C KIACCMYECKHM HCTOJIKOBaHHWEM Mojienu atoma Pesep-

dopna.

IlepBas mombITKa MOCTPOEHHUs HEKJIACCHYECKOW TEOPUM aTOMa, KOTOpas B HACTOsALIEE
BpeMs MPEJCTABISET TOJIBKO MCTOPHUYECKUI MHTepec, Obuta mpeanpunsata H. bopom. B ocHoBe
ITOU TEOPHH JIEKAJIA UJIEs CBA3aTh B €IMHOE 11EJI0€ SMIIMPUYECKHUE 3aKOHOMEPHOCTH JIMHENYAThIX
CIIEKTPOB, SIIEPHYI0 MoJieib aToMa Pezepdopa u KBaHTOBBIN XapakTep MOTJIOMIEHUS U U3JTyde-
Hus cBeTa. B Teopun bopa coxpaHsanock onmcaHne NOBEAEHUS JIEKTPOHOB B ATOME MPH ITOMOIIHA
3aKOHOB KJ1accudyeckoi ¢puznuku. OHaKO KIacCUYeCKre 3aKOHbI €My NMPUILIOCH JOMOJIHUTH HEKO-
TOPBIMU OTPAaHUYEHHUSAMHU, KOTOPbIE OBUIM CPOPMYIMPOBAHBI B BUJE MOCTYJATOB, (pU3HUECKUIL
CMBICJI KOTOPBIX HE MOT OBITh OOBSICHEH B PaMKax NMPUMEHAEMON TEOPHUU.

Teopuss bopa mnpuMeHumMa K aToMy BOAOpOJa M TaK Ha3bIBAEMBIM BOJOPOJIOIO-
JTOOHBIM aTOMaM, COCTOSIIIMX U3 SIPa C 3apsIoM Z€ U OJTHOTO JICKTPOHA, BPAIIAIOIIETOCs BOKPYT
sJIpa Ha BHEIITHEH opOuTe.
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[TepBrrit moctynatr bopa (mocTynar cTanoHApHBIX COCTOSIHUN (OpOWT)) 3aKitoyaeTcs B
CIICIYIOLIEM: CYWYeCmEyIon HeKOMopble COCIOSIHUSL JIEeKMPOHA 8 amome, HAX005ACh 8 KOMOPbIX
OH He U3Iyuaem 3Hepeull.

Bropoii moctynar bopa (nmpaBusio KBaHTOBaHUS OPOUT) YTBEPKAALT, UTO 8 CIMAYUOHAPHOM
COCMOAHUYU AMOMA 2JIEKMPOH, 08ULASCHL NO KPY20B80U opbume, OONHCEH UMemb KEAHMOBAHHbIE
3HAYEHUS MOMEHMA UMNYTIbCA, YOOBIEMBOPAIOWUE YCII0BUIO

Ln = mvnrn = nh , Q)

rae N — psii HaTypaibHBIX uncen (N =1, 2, 3, ...), M — Macca 3JeKTpOHa, V — ero CKOPOCTh, I' —
paanyc ero OpOUTHI.

Tperwnii moctynat bopa (paBuito 4acToT) yCTaHABIMBALT, UTO NpU nepexooe d1eKmpoHa
U3 00HO020 CMAYUOHAPHO2O COCMOAHUL 8 Opy20e UCNYCKAeMmCs Uil NO2Louaemcs 0OUH K8aHm
9Hepeuu 8 suoe homona

Enl _En2 - hV (2)

rae En1 1 En2 — 9HEpruu 3JeKTPOHa B IByX CTallMOHAPHBIX COCTOSHUSAX, V —yacToTa poToHa. [lpu
En2 < En1 mpoucxonut uznydyenue Gporona, npu Enz > En1 — ero norsomieHue.

bopoeckaa moodenvy amoma 600opooa
UToOBI OMYYUTH COTJIACKE C pe3yJIbTaTaMu HaOIIOAeHHM, bop Mpeanonoxm, 4To 31eKTPOH
B aTOME BOJIOPOa ABMKETCS TOJIBKO 110 TEM KPYyTOBBIM OpOHTaM, JIsl KOTOPBIX €r0 MOMEHT UMITYJIhCa

M=mvur=n#a, n=123,..., (3)

r7ie N — KBAaHTOBBIE YHUCIIA, M — Macca JIEKTPOHA, U - €ro CKOpPOCTh, I' - paauyc opoutsl. (Paccyx-
JeHUs1, KOTopble npuBenu bopa kK 3ToMy NMpeanonoKeHnI0 Mbl OITyCTHM. )

C moMoIIbIo 3TOTO npasuia KGAHMOBAHUs MOKHO HAUTH PainyChl KPYTOBBIX CTAllMOHAPHBIX
OpOUT BOAOPOJA U BOAOPOIONOAOOHBIX CUCTEM: HOHOB aTOMOB C OJIHUM OCTaBIIUMCS 3JIEKTPOHOM
(H,He", Li ™", ...) u cooTBeTCTBYIOIIHE UM SHEPTUH. [TyCTh 3apsil sipa BOJIOPOAONOI00HOM CHCTEMBI
paBeH €. Macca sijpa 3Ha4UTeNbHO OOJIbIIE MACCHI AIEKTPOHA, TIOATOMY SIAPO MPH ABMKEHUH DJICK-
TpPOHA MOKHO CUMUTATh HEMOABIKHBIM. Crienys bopy, Oyaem npearnosarate, YTo 3JIEKTPOH JBUXKETCS
BOKPYT $/Ipa M0 OKPYKHOCTH pajuyca I.

Cornacno 2-my 3akoHy HeroToHa
m=—==7, @
Pemras coBmectHO (3) 1 (4), MOKHO HATH PaJyChl AIEKTPOHHBIX OPOUT M UX CKOPOCTH Ha 3TUX
opburax:
[ n’ 20 _Ze’1 ©)
"mze’ " hon

Takum oOpazom, paauyc nepBoil (Onmxkaiiiel K sapy) opOUTHI ANEKTPOHA B aTOME BOIOpoAa (ero

0003Ha4atoT 00bI4HO I ¥ HA3BIBAIOT nepsbim boposckum paouycom)
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2
I, = f > =5,29 am (6)

me

BHYTpCHHHH OHEPIusa aToMa CKJIAAbIBACTCA U3 KHHETUYECKOM SHEPTHUU 3JICKTPOHA (H,Z[pO 1oJjia-
raroT HCHOI[BI/I)KHLIM) u HOTCHHH&HBHOﬁ SHEpPIrun B3aHMOHCﬁCTBHH 9JICKTPOHA C AAPOM. C y4ueToOM (5)
MOJIy4YnM:

£ mu? N Ze’ mZ%* 1 -
"2 r 2n° n*

n

ITpu nepexone aroma Bogopoaa (Z =1) u3 cocTossHUS #, B COCTOSHME 7, H3IydaeTcs GOTOH

me'(1 1
ho=E —E =——5|———| (8)
' ’ 2h°\ n; n,

Torz[a JaCTOoTa UCIIYIICHHOI'O CBETA paBHA

mefl L ©
2n*\ nz  n?)

Uro cooTBercTBYeT 0000meHHON popmyne bambmepa, ecin nocrosiHHas Punbepra ompenensercs
4
me
o

PacueT o sToi (bOpMy.]'IC XOpoHmo COoryIacyeTces € SKCIICPUMCHTAJIbHO OIMPCACIICHHBIM 3HAYCHHUCM.

(10)

Cxema SHepreTHUeCKUX ypoBHEH (pa3pelieHHbIX 3HAYSHHU YHEPTHH) aTOMa BOIOPOia IPUBEIeHA
Ha puc.l. Tam >xe moka3zaHbl BO3MOXHBIE MEPEXOJIbl, COMPOBOKAAIOIINECS HU3TyueHUEM (OTOHOB
ONPEAEIEHHON YaCTOTHI.

v

E

///////////

CBOOOAHBIN 2JIEKTPOH

T n— o

Es=-0853B(n=4)
Ex=-1,53B(n=3)
Y - . =
< —E>=-3,43B (n=2)
cepusi
Banemepa
1 2
—— E\=-13.63B(n=1)
cepus
Jlafimana
Puc.1.

Cl’leKmpaﬂbele 3AKOHOMeEpHOCmuU

W3ydeHnue CHEKTPOB H3IYYEHHS CHITPAJIO OOJNBIIYIO POJIb B MO3HAHMM CTPOEHHUsS aTOMOB. B
NEePBYI0 OUYepeb ATO KACaeTCsl CIEKTPOB, OOYCIIOBIEHHBIX H3JIyUEHHEM HEB3aUMOCHCTBYIOIINX
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JIPYT C IPYTOM aTOMOB. DTH CIIEKTPBI COCTOAT U3 OTACIBHBIX Y3KUX CIIEKTPATHHBIX IUHUMN, U MX HA3bI-
BaIOT JINHEHYATRIMU.

Hannare MHOTHX CTIEKTpaIbHBIX JTHHHUN YKA3bIBACT HA CII0KHOCTh BHYTPEHHETO CTPOSHUS aTOMa.
N3yyeHre aTOMHBIX CIIEKTPOB MOCTYKMJIO KIIFOUOM K TIO3HAHHUIO BHYTPEHHEH CTPYKTYphl aTOMOB.
[Ipexne Bcero, ObLIO 3aMEUEHO, YTO CIEKTPAIbHBIC JIMHUH PACIIOIOKEHBI He OecTiops10uHo, a 00pa-
3YIOT cepuu JTUHHA. M3yuas TUHeHUaThlid CIIEKTP amomapHo20 6000poda, bansmep (1885) yctaHoBHI
HEKOTOPYIO 3aKOHOMEPHOCTH. )1 4acTH JIMHUH COOTBETCTBYIOIUE UM YaCTOTHI MOXKHO B COBpEMEH-
HBIX 0003HAYCHUSX MPEIACTABUTD TaK:

1 1
o=R 2T 2 | n:3,4,5,..., (11)
2° n
IJie @ — MUKIAYECKas 4aCTOTa, COOTBETCTBYOINAS KaXI0H crieKTpaabHO# muHun (@ = 27¢/A), R —

HOCTOSIHHAS, Ha3bIBaeMasi nocmosinHou Puobepea.
R=2,07-10%c™ (12)

®opmyny (11) HazeiBatoT popmynoii barsmepa, a COOTBETCTBYIOUIYIO 656 486 434 )\.EM
CEpHUIO CIIEKTPATbHBIX TUHUI — cepueit banbmepa (puc.2). OcHOBHBIE JTH-
HUU 3TOM CEpUU HAXOIATCS B BUAUMOM YaCTU CIIEKTPA.

H, Hy, H,
JanpHeimme uccaeoBanus CIIeKTpa aTOMapHOTO BOJIOPOIA Puc.2.
MOKAa3aJIk, YTO UMEETCSI €111e HeCKOJIBLKO CepHil.
B ynbrpaduoneroBoii yactu criektpa — cepus Jlaimana:
1 1
o=R o o | n:2,3,4,..., (13)
1° n
a B nH(ppakpacHOW YacTH crieKTpa — cepus Ilawena:
1 1
o=R T o) n:4,5,6,..., (14)
3 n

" Tak gajce.

Bce aTu cepum MOXKHO TIPENICTaBUTh B BUJIE 0000wenHol popmynsl Banvmepa:

1 1
w=R ———| 15
n§ 2 (15)

rie #, - MOCTOSAHHOE Ul KaKA0H cepun uncno: No = 1 aus cepuu Jlaumana, No = 2 1 cepun bane-

mepa v T. A. IIpu 3a1aHHOM No YKCIIO N IPUHUMAET BCE LIEJIOYUCIICHHbIE 3HaUEHUs, HauuHas ¢ No + 1.

MakcuMansHOM JTHHE BOJTHBI cepuu Jlaiimana (13) oTBewaer N =2, 310 Anaxe = 270! @vun
=87 /3R = 121,6 aM. COOTBETCTBYIOIYIO CIIEKTPAILHYIO JIMHUIO HA3bIBAIOT PE30OHAHCHOM JIMHUEH
BOJIOPO/IA.
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o o 2
C pOCTOM N YaCTOTA JIMHMIT B Ka)KI0i CEpPHH CTPEMHTCS K MpeaenbHoMy 3Hadennio R / Ny , xo-

TOpPOE Ha3BIBAIOT I'PaHUIIeH cepuu (puc.2). 3a TpaHuIIei Ceprr CIIEKTP HE OOPBIBACTCS, @ CTAHOBUTCS
CIUIOLIHBIM. DTO MPUCYIIE HE TOIBKO BCEM CEPHUSM BOJOPOAA, HO U aTOMaM JIPYTUX AJIEMEHTOB.

Takum 006pa3om, nHTEpecytomas Hac cepus banbpmepa 3akiaoueHa B CIIEKTPAIbHOM HHTEPBAJIE OT
365 HM 110 656 HM, T. €. IEUCTBUTEIIHHO, BCE OCHOBHBIC JIMHUHU €€ PACTIONOKEHBI B BUIIUMOW 00J1aCTH
CIIEeKTpa.

I'mnorte3a ne bpoiiis. Kopnycky/asipHo-BOJHOBOM 1yaJiM3M
MaTepHuu

Cy1ecTBOBaHHE BOJIHOBBIX U KOPIYCKYJISIPHBIX CBOMCTB y (pU3MUECKUX OOBEKTOB OBLIO
cHauasa oOHapy>K€HO B CBETOBBIX ABJIEHUIX. OnTHYecKHe sABIeHUs (Hanpumep, HHTepdepeHuus
U JUQpaKIys), KOTOpble OOBSICHINCH HA OCHOBE BOJHOBOH (3JIEKTPOMAarHUTHON) TEOPHUH, ObLITH
B OCHOBHOM SIBJICHHSI PaCIIPOCTPAHEHUS CBETA U B3aUMOACHUCTBUS CBETOBOM BOJHBI C MAaKPOCKO-
NUYECKUMU TeJIaMU: JTUH3aMH, IPU3MaMHU, TU(QPAKIIHOHHBIMH pemeTKamMu U T. 1. OIHaKo B HEKO-
TOPBIX sBJIeHUAX (Hanpumep, KomnroH-3d ekt u poTorddexT), TedeHne KOTOphIX OnpeaenseTcs
B3aMMOJICHICTBHEM CBETa C MHUKPOCKOITMYECKUMHU OOBEKTaMHU — OTJEIIbHBIMU 3apSKCHHBIMH Ya-
CTHILIaMH, aTOMaMU HJIM MOJIEKYJIaMH, OOHapyKHBAETCSI PACXOKICHUE MEXKIY HpeAcKa3aHUsIMU
BOJIHOBOM TE€OpUU U pe3yibTaTaMy HAOIIOAEHUI U U3MEPEHUI.

B 1924 r., Jlyn ne bpoiinb BbicKazana TMIOTE3y, YTO KOPIYCKYISIPHO-BOITHOBOM JTyainu3M
(IBOMCTBEHHOCTb, T.€. OJJHOBPEMEHHOE HaJHUKe KOPIYCKYJISIPHBIX U BOJHOBBIX CBOMCTB), JOJI-
JK€H OBITh PaCHpPOCTPAaHEH HE TOJIKO Ha CBETOBbIE YAaCTHUIIBI — (POTOHBI, HO U HA YACTHIIBI Belle-
CTBA: 3JIEKTPOHBI, IPOTOHBI, ATOMBI U T.J.

CooTHOIIIeHNE IITMHBI BOJIHBI (POTOHA Ag C €70 UMITYITIBCOM Py

h

o= P (16)
¢

ne bpoiins 00001, MpeanoioKuB, YTO OHO UMEET YHUBEPCAIbHBIN XapakTep s JII0ObIX BOJI-
HOBBIX MPOIIECCOB, CBSI3aHHBIX C YaCTUI[AMH, 00JIaJal0IIMMH UMITYJIHCOM P:

A= (17)

rae A — JuHa BoJiHbI e bpoiins mist yactunbl, h — mocrosinnas [1nanka.

VMIyJIbC 4acTUIBI MOXKHO OIPENEIHUTh, €CIIM M3BECTHA €€ KMHETHUYecKas dHeprus K.
CBsI3b MMITyJIbca ¢ KHHETHYECKOW DHEPrUel pasiMyHa s HEPEIATUBUCTCKOIO ciaydas (Koraa
KUHETUYECKAs SHEPIHs YACTUIBLI MHOIO MEHBIIIE €€ DHEPIUH MOKOs £0) ¥ IS PEISTUBUCTCKOTO
ciyvas (korma K > Eo).

B HepensTuBucTckom ciyyae P = 2m0K , TOoT7Ia
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A=
\2m,K (18)

TAe Mo — Macca NOKOsI YaCTULIBI.

1
B penstuBuctckoM ciiyyae P = — K (2Eo +K ) , TOTa
C

P hc
JKQE, +K)

(19)

rac Eo=mo C2 - OHEPI'UA MOKOA YaCTHUIbI, ¢ — CKOPOCTh CBETA.

OmnbITH MOKa3aJiv, 4TO JBOHCTBEHHOCTh MPUCYIA HE TOJBKO IMOJIEBOW (opme MaTepuu
(HampuMep, AIIEKTPOMArHUTHAs BOJIHA — (DOTOH), HO U BEUIECTBEHHOU (opMe, T.€. BOIHOBBIMHU
(Hapsily ¢ KOPITyCKYJISIPHBIMH) CBOMCTBaMHU 00JIa1al0T TaK)KE YACTHUILIBI BEIIECTBA — JJIEKTPOHBI,
IIPOTOHBI, HEUTPOHBI, ATOMBI, MOJIEKYJIbI U T.4. [I03TOMY B HacTos1iee BpemMsl TOBOPAT O KOPITyC-
KYJISIPHO-BOJIHOBOM JlyaJIM3M€ MAaTEepUU.

Ypasuenue lHlpennnrepa

IIpu onucanuu sIBIEHUH, B KOTOPBIX y4aCTBYIOT MUKPOCKOIIMUYECKHUE YaCTHULIbl BEIIECTBA
— 3JIEKTPOHBI, IPOTOHBI, HEUTPOHBI U JIp., HA OCHOBE MPEICTABICHUN U 3aKOHOB KJIACCUYECKOM
¢u3uKu (MEXaHUKH, IEKTPOJUHAMUKHU, BOJIHOBOW ONTHKH U T.A.) BCTPETWJIUCH 3aTpPyIHEHHUS,
OKa3aBILIHUECS HENMPeOoAOIUMbIMU. {151 0ObsicHEHUsT HOBBIX siBJeHUH (poTtorddekt, nudpakuus
3JIEKTPOHOB M JIPYTHX YacTHUI] U T.J.) NOTPpeOOBaIMCh HOBBIE MPEJICTABICHHSI, KOTOPhIE HE YKJa-
JBIBAJIMCH B PAMKH KJIACCUYECKOM (PU3MKH, SIBHO MPOTUBOPEUNIIH €€ OCHOBHBIM IOJIOKEHUSIM.

Co BpeMeHeM OTIENbHBIE pa3pO3HEHHBIE NPEATION0KEHHS U TUIIOTE3b], BOZHUKILNE B pa3-
JIMYHBIX 00JIaCTSAX aTOMHOU (PU3MKHU, OBUTH CBSI3aHBI MEKIY COOOM M MpUBEIU K (OPMUPOBAHUIO
eIMHOM (hU3NYEeCcKOi TeOpuH, MOMyYUBIIEH Ha3BaHUE KBAHTOBOM (PU3MKH.

Baxxneimmmu cBoMCTBaMU KBAaHTOBBIX OOBEKTOB SIBIISIIOTCS CIIEAYIOIIIHE:
1) cymecTBOBaHME Y YacCTHIl KOPIYCKYJISIPHBIX U BOJHOBBIX CBOMCTB, HEOTIECIMMBIX JPYT OT

Jpyra 1 HECBOJIUMBIX APYT K IPYTY;
2) cymecTBOBaHUE Y (PU3NYECKUX CUCTEM TUCKPETHOIO CHEKTpa YCTOWYMBBIX COCTOSHUH, YTO
CJIeJlyeT, HalpUMep, U3 TUCKPETHOIO CIEKTpa U3JIy4YeHHs aTOMOB.
KopmyckynspHble CBOICTBA 3aKJIIOYAIOTCA B TOM, YTO Ka)1asl YaCTHLIA UMEET HEKOTO-

PYIO COCPEIOTOUYEHHYIO B MaJlOM OOBEME SHEPTuI0 U UMIIYJIbC; MPH B3aUMOJEHCTBUM YACTHII
MEXy co00H COOJIIOJAI0OTCSI 3aKOHBI COXPAaHEHHSI U UMITYJIbCA.

BoHOBBIE CBOMCTBA 3aK/II0YAIOTCS B TOM, UTO TPAEKTOPHUS YaCTUIIBI ONPEAEIIAETCS HEKO-
TOPOI CBSI3aHHOM C HEW BOJHOM, paclpoCTpaHEHUE KOTOPOM MOAYMHEHO TpUHLMMY [ 'tolireHca u
JUIsL KOTOPOW COOJI0aeTcsi MpUHIMN cyneprno3uin. OIHaKo 3TO yTBEp)KIeHHE TpeOyeT pac-
MK (POBKH, KaKOBa MPHPOJIA 3TUX BOJIH, Kakast (pu3nyecKasi BeIMUMHA XapaKTepu3yeT 3TH BOJIHBI
Y U3MEHSETCS B COOTBETCTBUM C BOJHOBBIM YpaBHEHUEM, KaKUM 00pa3oM MOBEJCHHE YaCTHIIbI
CBA3aHO CO 3HAYEHUSMH 1TOHM BEIMYMHBI B Pa3JIMYHBIX TOUYKAX IPOCTPAHCTBA, T.€. KAK B3aUMO-
JEHCTBYIOT MEXKITy COOOM «BOJIHA» U «Y4aCTHUIIA». 3aMETUM, YTO JUIS OJTHOW M3 YacTHIl — (POTOHA —
4yacToTa KoJIeOaHUH CBsI3aHa C SHEPrUei, a JUIMHA BOJIHBI — C UMITYJIbCOM YaCTHIIBI.

OnHako Ui 3JEKTPOHOB, IPOTOHOB, HEUTPOHOB U JPYTUX YACTHIL] BOJIHBI, KOTOPBIE OBLIH
ObI OTBETCTBEHHBI 32 TUPPAKLINIO U B TOXKE BPEMs 1OCTYITHbI HEMOCPEACTBEHHOMY U3yUEHHIO IIPU
IIOMOIIIM COOTBETCTBYIOLIEH (hru3nyeckoil ammaparypbl, He 0OHapyxeHbl. OTCIoa CleayeT, YTo
BOJIHBI Jie bpoiins (BOIHBI yacTHIl) UMEIOT CeNU()UUIECKYIO0 KBAHTOBYIO IPUPOJTY, HE UMEIOLIYIO
aHaJIOTUH B KJIACCUYECKOU (hU3HUKE.
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Jlnst ommcaHusi BOJIHOBBIX CBOWCTB KBAHTOBBIX YaCTHI[ BBEJAEM HEKOTOPYIO (PYHKITUIO
¥Y(x,y,z,t), Ha3pIBaEMYIO BOJTHOBOM (hyHKIMEH (Mau icu-Pynkiueit). Bomusl ne bpoiins nomyannu
CBOE0Opa3HOE CTaTUCTUUYECKOE (BEPOSTHOCTHOE) UCTOJIKOBaHUE. DUBNUYECKHUI CMBICT UMEET He

2
cama QyHkuus ¥, a kBazapat ee MmonyJisi. Bennunna ‘SU‘ HWMEET CMBICI INIOTHOCTHA BEPOATHOCTH

d )
d—\a,)=\9’\ - (20)

W3 (20) cieayer: BEpOSATHOCTH d@ TOTO, YTO YaCTHIIA HAXOAMUTCS B dyeMeHTe oobema dV , mpo-

2
HOPLHOHAILHA ‘Y" ¥ dlieMedTy o0bema dV.

W3 BBIIIECKAa3aHHOTO CIIEAYET, YTO B KBAHTOBOH (DM3MKE BOSHUKAET BaXKHEWIIas mpoliema
— OTBICKAHHE TAKOT'O YPABHEHUS JIBUKEHUS KBAHTOBBIX YaCTHULl, KOTOPOE SIBUIIOCH ObI TEM XK€, YEM
ABJISIETCSl YpaBHEHHUE ABMKEHUSA HprOoTOHA 1 Kilaccuueckod MexaHuku. lIpu 3Ttom mckomoe
ypaBHEHHE TOJDKHO OBITH YpaBHEHHEM OTHOCHTEIbHO QyHKIMU P(X,V,z,t). DTO ypaBHEHHUE ObLIO
HaiaeHo B 1926 r. 9. llpenuurepoM U UMEET CACAYIOMINMI BUA:

? L O
——AY¥Y +U(X,Y,2,t ¥ =1/h—.
>m (X,y ) ot (21)

o

3nech i = h/2r — nocrosuuas Jupaka, U(X,y,z,t) — noTeHIMa bHAs SHEPTHS YaCTUIBI B CHIIOBOM

0’ 0 0’ .
ToJjie, IJI¢ YacTHIIa OBYDKETCA, A = F + F + F - oneparop Jlamnaca, | — MHUMasi €MHHULIA.
X y z

N3-3a mpucyTcTBUs B ypaBHEHUH (21) MHUMOM €IMHUITBI BOJTHOBBIE QYHKIIMN ¥, ynoBIe-
TBOPSIIOIINE ITOMY YpaBHEHHIO, BCerJa KOMIUIEKCHBI. [loaTomy camu 3t pyHKIIMK HE HaOIOAA-
eMbl. MI3MeprMbl TOIbKO KBAHTOBOMEXAHUYECKUE BEPOSITHOCTH, BCeria cojiepxkaiine GyHkiun ¥
B IIPOU3BE/ICHUAX COBMECTHO C KOMIUIEKCHO CONPSIKEHHBIMU UM BEJIMYMHAMHM.

VYpaBuenue (21) cipaBensIBO 15 TFOOOM YaCTHIIBI, ABUKYIIIECHCS CO CKOPOCTHIO V<<C. B
PENATUBUCTCKOM 00JIacTH JBMXEHUS pu v~C ypaBHeHue llpeaunarepa 3amensiercst 6osee Clox-
HBIM ypaBHeHUEeM Jlupaka.

VYpaBHenue (21) Ha3bIBalOT HECTALMOHAPHBIM (BpeMeHHBbIM) ypaBHeHueM lllpeaunrepa,
100 OHO COAEPKUT MPOU3BOJIHYIO OT PyHKIMH ¥ o Bpemenu. OaHaKo i O0JIBIIOro uncia (pu-
3UYECKUX SIBICHUHM, TPOUCXOISIINX B MUKPOMHPE, HAPUMED, JJIsi ONMUCAHUS TTOBEICHUS DJIEK-
TPOHOB B aTOME, B Psi/ie CIIy4aeB BaKHO HaXOUTh CTallMOHApHBIE perieHus ypasHeHus lpeaun-
repa, He Co/iepKallue BpeMeHU. B 3ToM ypaBHEHHH JOKHA OBITh UCKIFOYEHA 3aBUCUMOCTh ¥ OT
BpPEMEHH.

Crammonapuoe ypaBaenue llpenunarepa oObdHO 3aMUCHIBAIOT B hopMe

2m
AW"‘h—z()(E—U)l//:O. (22)

3nech E — nosHas sHeprus yactuipl, ¥ = ¥Y(x,y,z).

VYpaBuenue (22) aBisieTcsl BaXHEUIIUM COOTHOUIEHUEM HEPEJSITUBUCTCKOW KBAHTOBOM
($U3UKHM, UTPAIOIIIMM OCHOBHYIO POJIb B aTOMHOH (pU3UKE.

CooTHomenue HeonpeaeaeHHocTei ['eiizendepra
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dusznyeckre BEITHUHHBI HUKOT'Zla HC MOT'YT OBITE HU3MCPCHEIL a0COJIFOTHO TOYHO. Bcer):[a
€CTh HeKoTopas omubka u3mepeHuil. Ommnodka Ha3bIBACTCA TaK)KE€ HETOYHOCTBIO WIIM HEONpesae-
JICHHOCTBIO, IpUYCM HOCJICI[HI/Iﬁ TCPMHH HUCTIOJIB3YCTCA NMPCUMYIICCTBCHHO TOJILKO B KBaHTOBOM
dusuke.

B xiaccuueckoit ¢puznke He ObLIO MPUHIMITHAIBHBIX OTPAHUYEHUI HA TOYHOCTH U3Mepe-
Hui. CYUTAIOCh, YTO MIPU IOCTATOYHO COBEPILCHHOMN anmapaType Bce BETMYHHBI, XapaKTepH3yIo-
mye GU3HYECKYI0 CHCTEMY, MOTYT OBITh H3MEPEHBI CO CKOJIb YTOJHON TOUHOCTBIO. DTOT B3I
HOATBEPIKAAJICSA BCEMH ONBITHBIMU (haKTaMU MakpocKonmudeckoi ¢gusuku. Ho, kak BBIICHUIIOCH,
JUIS. MUKPOCKOIIMYECKUX CHCTEM HEOTPaHWYEHHOE MOBBIIICHUE TOYHOCTH M3MEPEHUH NMeeT Me-
CTO He Bcerja. B psje cityyaeB CyIiecTBYIOT IPUHIUIHATIbHBIE OTPAHUYEHUS. HA TOYHOCTh MU3Me-
peHus GU3NYECKUX BETMYUH. DTH OrpaHUUYCHHS HE ONPEAETISIOTCS COBEPIIEHCTBOM U3MEPUTENb-
HOM TexHuKU. Kaxioe u3 HUX sBseTcsa pyHAaMeHTaIbHbIM CBOMCTBOM MaTtepuu. Ho nposiBnenue
3TUX CBOMCTB CYIIECTBEHHBI TOJIBKO B MUKPOCKOITMYECKUX cucTeMax. [I[puHIMIHaIbHbIe OrpaHy-
YEHUS Ha TOYHOCTb M3MEpeHUs (PU3NYECKUX BETMUMH HA3bIBAIOTCS COOTHOIIECHUSIMH HEOIpe/e-
nenHocteil. Biepsrie onu Obutn chopmynupoBansl B 1927 r. B. Ieiizen6eprom.

Haunbonee BaXHBIMU SIBJISIFOTCS JIBa COOTHOLLIEHUS] HEOIIPEIETICHHOCTEH.

HepBoe OrpaHN4YMBaACT TOYHOCTb OAHOBPECMCHHOT'O U3MCPCHUS KOOPAUHAT YaCTHUIBI U CO-
OTBCTCTBCHHBIX KOMIIOHCHT €€ UMITYJIbCA. OTH COOTHOIICHUS BBITTIAAAT TaK:

AXAP. = h
AyAPy => " (23)

AzAP. > 1.

BTOpOC COOTHOHICHUC YCTAHABJIMBACT MPCACTT TOUHOCTU U3MCPCHUS SHCPIUHA 34 JaHHBIN
MMPOMCEIKYTOK BPEMCHHU. Ono umeeT BUJ

ANIAE = 7 (24)

rae At — IMTEeNTbHOCTh U3MEPEHMS HEepruy, a AE — ee Heonpe1eIeHHOCTb.

CootHomenus (23) 03HAYaAIOT, YTO €CITH, HATPUMED, MECTOTIOJIOKEHNE YaCTHUIIBI IO KOOp-
JMHATHOW OCH X MU3BECTHO C TOYHOCTHIO AX, TO B TOT K€ MOMEHT BPEMEHHU X KOMIIOHEHTY UM-
MyJIbCa YaCTUIIBI MOKHO U3MEPHUTh TOJBKO C TOUHOCTBIO APx = /i/AX . Cornacho (24) nist usme-
PEHHUs SHEPTUH C TOYHOCTHIO 10 A E Heobxonumo Bpems, He MeHbIee yeM A t = /A E . Otinuune
K oT HyJA MCKITIOYaeT OOpallleHue B HyJIb HEONPEEIEHHOCTE! B UMITYJIbCE M SHEPTUH NIPH 33/]aH-
HbIX A Xu A t. Toabko nepexoa K Kjaccudeckoi gpusmke, mpu KoTopom /i— 0, CHUMaeT orpaHu-
YEeHHsI HA TOYHOCTh H3MEPEHHIA.

CooTHoIIeHUST HEOTPEACICHHOCTEN SIBISIOTCS CIEACTBHEM OOBEKTHBHO CYIIECTBYIOIICH
JIBOMCTBEHHOCTH YaCTHII MUKPOMHUPA — HAIMYUS Y HUX KOPITYCKYJISIPHBIX U BOJTHOBBIX CBOMCTB.
OTH COOTHOLIEHUS CBUAETEIBCTBYIOT 00 0OBEKTUBHO CYIIECTBYIOIINUX OTPAaHUYCHHSIX B BO3MOXK-
HOCTHU ONTUCAHMSI IOBEICHUSI MUKPOOOBEKTOB C TOMOIIBIO, HAIPUMED, KJIACCHUECKUX MOHITUH KO-
OpIMHAT ¥ UMITYJIbCOB. B 4aCTHOCTH, 3TH COOTHOIIEHUS UCKIIOYAIOT JBUKEHUE KBAaHTOBBIX Ya-
CTHII 110 TPAEKTOPUAM, T.K. JIJIsl CYIIECTBOBAHUS TPACKTOPHH TpeOyeTcs, YTOOBI OJTHOBPEMEHHO
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MO’KHO OBLTIO TOYHO 33aThb X U Vx (T.e. Px) . Ho uMeHHO 3TO u 3ampemniaeTcsi COOTHOIIEHUEM
HEOIPEETEHHOCTEM.

IIpumeps! peienus 3aga4

3amaua 1. [Tonyuuts Gopmyny sl paanycoB OpPOWT AJIEKTPOHA B aTOME BOJOPOJIA U BBIYKC-
JIMTB PaJInyC MIepBOM OpOUTHI (TIEPBBIN OOPOBCKHIA paInyC), a TAK)KE CKOPOCTH AJICKTPOHA HA 3TOM
opbure.

Pemenue.
N3 nepBoro nocrynara bopa nmeem
h
mor=n—,
2r

rjie M — macca 3JeKTPOHa, V - €ro CKOpocTh, I' — paauyc opouthl, h— moctsanas [Tnanka.

Jlnis mepBoii opbutel N=1, u mo3TOMy mor= 2— . 1)
T

CI/IJ’Ia KYJOHOBCOTI'O ITPUTKCHUA JICKTPOH-AAPO ABJIACTCA IIGHTpOCTpGMHTCJ'IBHOfI CI/IJ'IOfI,
MIOATOMY M3 BTOPOro 3akoHa HproToOHA nMeeM
2 2 2
1 e mo 2 1l e

— = 30007 m =———
rey 1 r dre, 1

, (2)

I7ie e — 3aps] IEKTPOHa.
Pemas coBmectHo ypaBHenus (1) u (2), Haiinem

gh?  4-314-8,85-10"°-1,05-10°*

= — 5 =5,29-10"m
rme 9,11-107-1,6-10

U3 dpopmynsr (1) momyunm, 9yTo
h 1,05-10°*
L= - 31 T
2zmr 911.107-5,29-10

=2,18-10°m/c

3agaya 2. DIEeKTPOH, HAYaJIbHOM CKOPOCTHIO KOTOPOI'O MOYKHO MPEeHeOpeyb, MPOIIEN YCKOPSIO-

11yto pazHoctb notenuuanos U. Halitu niuny BosHbl ne bpoiins A st nyx cimygaes: 1) U1 =51
B; 2) U2=510 kB.

JlaHo: Pemenne. PaboTta cui 371€KTpUYECKOTO OISl paBHA U3MEHEHUIO KHHETH-
JeCKOM PHEPTUH DIICKTPOHA
Ui=51B p P
A=AK=K>- K1.3necs A = eU, a AK = K2 = K, Tak kak K1= 0,
U2=510x«B
TO ecTh K = eU.
A, A2 -?
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Tenepb HEOOXOUMO OTIPEACIUTE XapaKkTep JBUKCHHUSI SJIEKTPOHA, HEPEIATUBUCTCKUNA WITH PElis-
TUBUCTCKUHN

Eo=moc?=9,1-1031-(3-10%)2 = 8,19-10"** JIx = 0,51 M>B.

B nepsom ciyuae K1 = eUr = 1,6:10%°-51 = 8,16-108 JIxx = 51 »B. Bo BTOpoM ciydae
K>=eU2>=1,6-10'%-5,1-10°=8,16-10**]1x=51-10*3B=0,51M»B.

CrnenoBarenbHO: B epBoM ciiydae Ki « Eo — HEPEIATUBUCTCKOE JIBM)KEHUE DIIEKTPOHA U
€ro JUIMHY BOJIHKI Jie bpoiis A1 HeoOx0IuMo paccUUThIBAThH 10 Gopmyie (3), BO BTOPOM cirydae
K2 = Eo — pensaTUBUCTCKOE IBIKEHUE U A2 pACCUUTHIBAETCS 1O dopmyiie (4).

[IpuruMas Bo BHUMaHue To, uto K1 = 0,51-10% MaB = 10 Eo, a K2 = Eo, paccunTtaeM A1
u /2.

h _ 107 hc

q/2mK \/ 010_4E - J2 E,

10%°6,62-10>* -3-10°
= 2 ” =171-10"a =17 1nra.
/2 -8,19-10"
hc B hc hc

JK,QE, +K,) ~JE,2E,+E,) ~3E,

5 =

. 6,62-107*.3.10°

—12
\/3-8,19-10_14 =1,40-10"" " = 1,40n7..

/ T
3anaua 3. Bonxosas ¢pynkuus ¥ (X) = T SI n(T X) OmMCHIBaET OCHOBHOE COCTOSIHUE YACTHIIBI
B GECKOHEYHO TIIyOOKOM MPSAMOYTOJILHOM SIIUKE

mpruHOH |. BEIUUCTUTE BEPOSITHOCTh HaXOXKJICHUS YacTuibl B MajoMm uHTepBasie Al = 0,011 B

. [ Al I Al
nByx ciydasx: 1) Bommsu crenku (0 < x < Al); B cpenneit yactu simmka ( —— — < x < E — )
Hano: Pemenne. BeposTHOCTH TOTO, YUTO YacThIla OyJaeT oOHapyKeHa B
uHTEepBaJie dX, COrIacHO COOTHOMICHHIO (5) 3amuuiercs B BUuze: dw
P (x)= \/Iz sin[lZ xj = |¥|? dV. B nepBom cirydyae BEpPOATHOCTh HANIETCS MHTETPUPOBA-
HUEM B TpeJeNax oT
Al =001
w-?

251



0,01/
. o T

0 10 0,01l: @ = — ISIH —Xx |dx-
A [

3HaK MOJyJisl OMyIIeH, T.K. ¥- QyHKIMs, B JaHHOM Cilydae, He

sIBIIsIeTCSl KOMIUTeKcHOU. Tak kak x uaMmensiercsi B unrepsaie (0 Al Al | x
<x<0,01l) u,
CJIC/IOBATEIBHO, m [ | << 1, chopaBemiuBO  NPHOJMKEHHOE  PaBEHCTBO
2
- T
sSin X |= I_ X . C y4eTom 3TOoro uckomasi BEpOsITHOCTh IPUMET BU:
2 0,011
2001 ( 7 272 X° 27°
—6 —6
o =271 Zx|dx= 2l =£2% 10°=66-10"°.

S 1° 3 3

o

Bo BTOpOM ciiyuae MOKHO 000HTUCH 0€3 MHTErPUPOBAHUS, TaK KaK KBaJpaT MOJYJIs BOJI-
HOBOW (yHKIMK BOJIHM3M €€ MakcuMyMa B 3aianHoM MasioM unTepBaiie (Al = 0,011 ) mpaktuuecku
He u3MeHsetcs. FickoMas BepOSTHOCTh BO BTOPOM CIIydae ONpeAessieTCs] BRIpaKeHUEM

2
w, =7 L) ax=2sin?(ZX ) 1= 2.12. 001 = 0,02.
2 2 I 1 2 I

U3 CpaBHCHHA BUJHO, YTO w1 << w2 ", CIEAOBATEIbHO, YaCTULIA C HanOOJIbIICH BCPOATHOCTBIO
HaXoOdUuTCs B cpeaHeﬁ HaCTH sIIHKa.

33}13'—[3 4. Kunerndeckas SHEPIUa K QJICKTPOHA B aTOMC BOAOpPOJa COCTABJIACT BCIUYHUHY I10-
pAAKa 10 »B. I/ICHOJ'IL3y${ COOTHOIICHHUEC HCOHpeHCHCHHOCTCﬁ, OLCHUTH MUHUMAJIBHBIC Pa3MEPhI
aToMa.

HaHno: Pemenune. J{ig penieHus BOCHOIb3yEMCSI COOTHOIIEHUEM HEOIPEIEIEHHO-
K=105B cteit (8) AX-APx > /i . 3 cooTHOIIEHUS HEONpeAEIEHHOCTEN ClIeyeT, YTO
=105
4YeM TOYHEe OIpeaeNsieTcs
I-?

HIOJIO’KEHHE YaCTHUIIBI B IPOCTPAHCTBE, T€M O0Jiee HEONpeIeIeHHBIM CTAHOBUTCS UMITYJIbC, a, CJIe-
A0BATCJIbHO, U SHCPIUs 4aCTULBI. HYCTI) aTOM MMeeT JUHEHHBIC pa3sMEphL I, TOr1a 3JICKTPOH aToOMa
Oy/IeT HaXOJUTHCS T/Ie-TO B MpejesiaXx 00jacTu ¢ HeonpeaeaeHHocThio AX = |/2. CooTHoLIeHUE
HEOINpEIeIEHHOCTEN MOKHO 3alliCcaTh B 3TOM CIIy4yae B BUJE:

-Apx = 7z,

27

L
2
= — .
AP,

OTKyJla I
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duznyeckas pazyMHasi HEONPEIEICHHOCTh UMITyJibca APx , BO BCAKOM cilydae, He JOJDKHA
MPEBBIIATh 3HAUEHUSI caMoro uMmiyibsca Py, To ecTb APx < Px . Imnysbc Px cBS3aH ¢ KUHETHYe-

CKOM dHepruen K COOTHOIIEHUEM P =\2mK.

3amenum APx Ha Px (Takas 3ameHa He yBenuuurt |). [lepexosst oT HepaBeHCTBa K PaBEHCTBY, I0-
Ty4uM

2h 2-1,05-107*

— — =1,24-10""m = 124nm.
V2m K ([2.9,1-107"-1,6-107"

min

3anaua 5. Kakoil KWHETHYECKOW dHEprueil J0mKeH 001a1aTh MPOTOH, YTOOBI JJIMHA BOJIHBI 1€
Bpoiinsa npoTona A5 paBHsIach €r0 KOMITOHOBCKOM JJTMHE BOJTHBI Ac?

HaHno: Pemenue. /[nvuHa BoHBI 1€ bpoiiis 1 KOMIITOHOBCKAs JJIMHA BOJIHBI ONpEie-

A5 = Ac

astroTes o hopmynam: As = h/p, Ac = h/moc.

Hmmynbe ABMXKYIIETOCS IPOTOHA

2 2
v vi 1
1- —, » CIIC/IOBATENBHO — = E . Kunernueckas sueprust nporona K = E — Ko,
C C
m,c’ )
rne E = — - TIOJIHAsl SHEPTHs IPOTOHa, Eo = moC® — ero sHeprus noxos.
\'
1--
C
OxoHu4aTeabHO
1
K=E|——1  _1|-E,(2-1)-

V1-v?/c?

=167-10%-.9-10" -0,41=6,23-10" JTx = 389 M>B.

3apaua 6. CpemHee BpeMsl KU3HH aTOMa B BO30YKJIEHHOM COCTOSIHMM paBHO 12 HC. Beramcnure
MUHUMAJbHYIO HEONPEIeIEHHOCTb JUTMHBI BOJHBI A = 0,12 MKM HU3JIy4eHHUs MpH Mepexoje atoma
B OCHOBHOE COCTOSIHHE.
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Jano: Pemenune. Dueprust usiaydaemoro ¢orona E=hc/A. Tlpomuddepenim-
At = 12 e pyem E 1o A:
dA hc
A=0,12 MkM dE:—hC—Z,I/IJII/I AE =—— A4 .
A yh
AL-7?

N3 coorHomieHuss HeompeaeneHHocTed ['elizeHOepra nains 3HEPrMM U BPEMEHHU

h
AEAt > — Brpasum AE. AE = , 31ech AE 1 At - HeONpeIeNEHHOCTh YHEPTHU M BPE-

2r 27t
MEHH.
[IpupaBHsiem BeipakeHus st AE:
hc h
— A =—,
A 27At
OTKyJa
A 12210

=6,4-10""Mm.

2/ = =
2zcAt  6,28-3-10°-1,2-10°°

3agava 7. DIEKTPOH HAXOJUTCS B OJHOMEPHON MOTCHITMAIBHOU SIME ¢ OECKOHEUHO BBICOKUMU
crenkamu. [llupuna smel | = 1 aM. OnipeaennTe HAMMEHBIIYIO PA3HOCTh SHEPIETHYCCKUX YPOBHEH

QJICKTpOHA.

Hano: Pemenue. DHeprus snekTpoHa En, Haxoas1erocs: B mOTEHIIMAIBLHOMN sSIME LT~
pHHOIA |, Ha N-M 3HEPreTHYECKOM YpOBHE orpeensiercs mo Gopmysie

I=18M

o= L
8ml

E

Pa3znocts AEnn+1 SHEPTHIA SJIEKTPOHA Ha coceHuX N 1 (N+1)-M ypOBHSIX paBHA
2

ml

nn+l

OueBuaHO, yTo AE OyzaeT MUHUMAaNbHa pu N = 1.

2 —68
. 3 6,63 10 :1’8.10—19 H)K :1,13B

min 8 . 9,1 10—31 .10—18

Bonpocwt u 3a0anus.

1.  Mogemu atoma Tomcona u Pesepdopna.
2. JInHenuaTslii CIEKTp aToMa BOJOpOAA.
3. Tocrynatst bopa.
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CrnexTp aroma Bogopoia mo bopy.
['unoresa ne bpoiinsa. KopmyckyisspHO-BOJHOBOM Ayaanu3M.
CooTtHotieHne HeomnpeaeneHnoctei ['eizendepra
VYpasuenue llpenunrepa.
3agauu A1 CaMOCTOSITEIbHOTO PelIeHus!

No ok

1. BeruncnuTh paauychel 2 1 '3 BTOPOH U TpeTbel OpOUT B aTOME BOAOPO/IA.
2. OmpenenuTb CKOPOCTh 0 AJIEKTPOHA HA BTOPOIl opOUTE aToMa BOJIOPOAA.
3. Onpenenuth 9acTOTy OOpaIIeHUs HIEKTPOHA Ha BTOPOI opOuTe aTOMa BOJAOPOA.

4. OnpenenuTsb NOTEHIUANBHYIO [/, KHHETUYECKYIO0 T M MOJHYI0 £ SHEpPruu 3JIEKTPOHA, HaXOs-
HIerocsi Ha epBoi opOUTE aToMa BOJOPO/Ia.

5. OmpenenuTh JUIMHY BOJHBI A, COOTBETCTBYIOILYIO TPEThEH CEKTPaIbHOM JIMHUY B cepun bab-
Mmepa.

6. HaiitTn HanGonbIIyI0 Amax 1 HAUMEHBILYIO Amin JUIMHBI BOJH B N€pBOM MH(paKpacHOU cepuun
criekTpa Bogopoaa (cepuu Ilamena).

7. BEIYHCIUTH OHCPI'ULo & (I)OTOHa, HCITYyCKACMOT'0 IIpU NCPEXOJA€ 3JICKTPOHA B aTOMEC BOAOPOAA C
TPETHEI'0 SHCPIrETUICCKOI'0 YPOBHA HA HepBBIfI.

8. OmpenenuTs HAMMEHBIIYIO Emin M HAUOOJIBIIYIO €max YHEPTUU (POTOHA B YIBTPAPHOIETOBOM
cepuu crekTpa Bojopoa (cepuu Jlaiimana).

9. AToMapHBI BOJOPO/I, BO3OYXICHHBIA CBETOM OINPEICICHHON JJTMHBI BOJHBI, IPH TIEPEXOC B
OCHOBHOE€ COCTOSIHME HCITyCKaeT TOJBKO TPU CHEKTpaibHbIC JHHUH. ONpeAeIuTh JJIUHBI BOJH
ATUX JIMHUHA U yKa3aTh, KAKMM CEPHUSIM OHU TTPUHAIICIKAT.

10. ®otoH ¢ 3Heprueii ¢ = 16,5 3B BBIOWI 27IEKTPOH U3 HEBO30YkKICHHOTO aToMa Bojopoa. Ka-
KYI0 CKOPOCTh U OyJeT UMETh DJIEKTPOH BJIAJIH OT sifjpa atoma?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue oucyuniunvl

5.1 Ilepeuenv ocno6HOll u OONOTHUMEILHOU TUMEPAMYPDL, HEOOXOOUMOUL 011 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuenv ocnosnoil iumepamypul:
1. ®u3uka /U1 By30B: MEXaHUKA U MOJIEKYJIsipHas pU3MKa [ DJIEKTPOHHBIN pecypc]: yueOHUK
/ B.A. Hukepos. - Mocksa: M3narenbcko-Toprosas koprnopanus «Jlamkos u K°», 2017. - 136
c. : TaoJI., rpad., CXEM. - ISBN 978-5-394-00691-3;-URL.:
http://biblioclub.ru/index.php?page=book&id=450772
2. TamueikoBa-bymkesna, .U, ®usuka: B 2 4. / U.W. TamnsikoBa-bymkesuu. — 2-¢ u3.,
ucnp. — Musck : Beimiimas mkona, 2014. — Y. 1. Mexanuka. MonekynspHast Gpu3nka u
TEpMOJIMHAMUKA. DJIEKTPUYECTBO U MarHeTusm. — 304 c. : mi., cxeM. — Pexum goctyna: no
noamucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732
3. TamueikoBa-bymkesuu, .1, ®usuka: B 2 4. / .. TanusikoBa-bymikesud. — 2-e u3.,
ucnp. — Munck: Bemmitmas mkona, 2014. — Y. 2. Ontuka. KBantoBas ¢pusuka. CtpoeHue u
(dbuzuveckre cBoicTBa BemecTBa. — 232 C. : Uil., CXeM., Ta0J. — PexXuM I0CTyIa: 1o MOIIMUCKE.
— URL: http://biblioclub.ru/index.php?page=book&id=460883
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http://biblioclub.ru/index.php?page=book&id=235732
http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 llepeuensv OonoanumenvHoi 1umepamypol:
1. Jlexiuu no yue6HO#M aucuuruinHe «OCHOBBI TEOPETHUYECKONW (PU3MKM». DIEKTpOIUHA-
MUKa. [DNIeKTpoHHbIH pecypc]: yuebnoe nmocodue / E.M. Kyxappb. — DIeKTpoH. TEKCTOBEIE
naHHble. — Bonrorpan: Bonrorpaackuil rocyJapCTBEHHBIM COLMANbHO-TIEAArOTHUECKUI
yamBepcurer, 2017. — 57 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/70731.html
2. Hukepos, B.A. ®usuka: coBpemenHsiii kype / B.A. Hukepos. — 2-e uzn. — Mocksa : Us-
JlaTeNIbCKO-TOoprosas kopnopanus «/lamxos u K°», 2016. — 452 c. : wi. — Pexxum nocryna:
no moanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

5.2 Ilepeuens yueoHo-memoouuecKo2o odecneueHus camocmoamenbHou pabomot 00y-

YAUUXCA RO OUCUUNTIUHE

1. Mertoauyeckue PCKOMEHAAIUU JId IIOATOTOBKHU K ITPAKTUYCCKUM 3aHATUAM 11O JUCTU-

mwuHe «Pusukay.

2. Meroauyeckue PCKOMEHAAINU JJIA IOATOTOBKHU K J'Ia60paTOpHLIM 3aHATUAM 110 JUCIIH-

mwuHe «Pu3ukayy.

3. Mertoauyeckue PEKOMCHAAUU 110 OpraHu3anuu CaMOCTOSATEIbHOM pa60TBI CTYACHTOB

0o qucuumiinae «Pusukay.

5.3 Ilepeuens pecypcoeé ungopmayuonno-menexommynukayuonnoi cemu Humepnem,

Heo0X00UMBIX 011 0C6OCHUSL OUCUUNTIUHDL

1. http://lwww.biblioclub.ru -OBC "YHuBepcuterckas OubiaroTeka oHnai"
2. http://www.iprbookshop.ru/ - DnekrponHo- 6ubauoreunas cucrema IPRbooks
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MMHUCTEPCTBO HAVKM U BBICIIIET'O OEPA30BAHMSI POCCUICKOM ®EEPA-
115041
denepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPESKICHUE
BBICIIIEr0 00pa30BaHUs
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»
[Tsaturopckuit uuncturyt ($punuan) CKOY

MerToaunyeckue ykazaHus

M0 OpraHU3alliu U MPOBEJACHUIO CAMOCTOSATEIHHON pabOThI
o gucturummae «OU3NUKA»
JUTSI CTYJIEHTOB HaIpaBJiI€HUs! OATOTOBKU
13.03.02 DnexTpodHEpreTuKa v JIEKTPOTEXHUKA
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Conepxanue

Bsenenue

OO1m1ast XapaKTepHCTUKA CaMOCTOSITEIbHON pabOThl 00yYaroLIerocs npu u3yye-
Hun gucruiuingbel «OU3UKA»

ITnan-rpaduk BBHIIOIHEHUS CAMOCTOSTENILHON pabOThI

KoHTposbHBIE TOUKH U BUIbI OTYETHOCTH [0 HUM

MeTtoanyeckre peKOMEHIAUH 110 U3YYECHUIO TEOPETUIECKOTO

MaTepuaa

Crucok peKOMeHIyeMOH JINTepaTyphl.
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BBenenune

CamocrosTenbHas paboTa — IIaHupyemas yueOHas, yueOHO-UCCIIeJ0BaTeNIbCKasl, HAyYHO-
UCCIeIoBaTeNbCKas padoTa CTYACHTOB, BHIIOIHIEMasi BO BHEAYJUTOPHOE (ay TUTOPHOE) BpEMsI IO
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJICTBE TPETOAaBaTeNsi, HO 0e3 ero HermoCpeICTBEHHOTO
ydacTus (IIpY YaCTUYHOM HENOCPEICTBEHHOM yYacTHH IPenojaBaTeisl, OCTaBIISIFOIIEM BETYLIYIO
pOJIb 32 pabOTOM CTYJICHTOB).

CamocrosTenbHas padora cTyieHToB B BY3e sBnsieTcst BaXXHBIM BUIOM Y4eOHOH U Hayd-
HOM JEATEJIbHOCTH CTYICHTA.

Benymas uens opranuzanuu u ocymectsiaenus CPC nomkHa coBnaiaTh ¢ LEibio 00yde-
HUS CTYJICHTa — [TOATOTOBKOM Oakasnaspa ¢ BeICIINM oOpa3zoBanueM. [Ipu opranuzamnuu CPC Bax-
HBIM U HEOOXOJMMBIM YCIIOBHEM CTAHOBATCS ((OPMUPOBAHHE YMEHHUSI CAMOCTOSITEIBHON pabOTHI
JUTS IPUOOPETeHNS 3HAHNH, HABBIKOB M BO3MOKHOCTH OpPTaHU3aINH YUeOHOW 1 HAy9IHOU JIesTeIhb-
HOCTH.

Lenbto caMOCTOATENBHOM PabOThI CTYJICHTOB SIBJIICTCS OBJIaJieHUEe (yHIaMEHTAIbHBIMU
3HAHUSMH, TPOPECCUOHATBHBIMI YMEHUSMH U HAaBBIKAMH JCATEIBHOCTHU IO MPO(QHUITIO, ONBITOM
TBOPYECKOM, MCCIIEIOBATEILCKON NeaTeabHOCTH. CaMocTosTeNbHas paboTa CTYyIEHTOB CIIOCO0-
CTBYET Pa3BUTHIO CaMOCTOSTEIbHOCTH, OTBETCTBEHHOCTH M OPraHU30BAHHOCTH, TBOPYECKOIO

MOJIX0/Ia K PEeLICHUI0 MpobiieM Yy4eOHOTo U MPOoQPeCcCHOHATBHOTO YPOBHS.
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O0mas XapaKTepuCcTHKA CAaMOCTOATEJIbHOM Pa0oThl 00y4aomerocsi Npu U3y4eHuH

AUCHHUILINHBI «PU3HKa»

CamocrosTenbHas padoTa - IaHupyemas yueOHast, yueOHO-HuCClIeJ0BaTeNbCKasi, HayYHO-
HCCIIeIOBaTENbCKast padoTa CTyIEHTOB, BBIIOJIHIEMAsl BO BHEAY IUTOPHOE (2yAUTOPHOE) BPEMS T10
3aJJaHUI0 M TIIPU METOJMUYECKOM PYKOBOJCTBE IpENojaBatelis, HO 0e3 ero HenocpeACTBEHHOIO
ydacTus (IpU YaCTUYHOM HEMOCPEICTBEHHOM YYaCTHH IPenojaBaTeisi, OCTAaBIISIIOIIEM BEIYLYIO
POJIb 32 pabOTOM CTYICHTOB).

CamocrosrenbHas paborta cTy1eHTOB B BY3e siBnsieTcst BaXKHBIM BUJIOM y4eOHOM U Hayd-
HOM J1esATeNIbHOCTH cTyJeHTa. CaMocTosTeNbHas paboTa CTyIEHTOB UI'PAeT 3HAUUTEIbHYIO POJIb B
peUTHHTOBON TexHosIoruu oOyueHus. B cBs3u ¢ 3tum, oOyuenue B BY3e BkirouaeT B cebs aBe,
NPaKTUYECKH OJMHAKOBBIE IO 00BEMY M B3aMMOBIHSIHHMIO YacCTH — Tpolecca 00ydeHus: U Ipo-
necca camoo0yuenus. [loaromy CPC nomxkHa ctath 3 QexkTUBHOMN U LIeIeHaIpaBiIeHHON paboToi
CTyJICHTA.

K coBpemMeHHOMY crienuanucTy o0IIeCTBO MPEIbIBISIET JOCTATOUHO IIUPOKUI IepeueHb
TpeOOBaHuUil, Cpear KOTOPbIX HEMAJIOBA)KHOE 3HAUEHHE UMEET HAIIMUUE Y BBIITYCKHUKOB OIpEe-
JICHHBIX CIOCOOHOCTEN U YMEHHUSI CAMOCTOSITENILHO JOOBIBATh 3HAHUS U3 PA3JIMUHbIX UICTOYHHUKOB,
CHCTEMaTH3HPOBATh MOIYYEHHYI0 HHPOPMALINIO, 1aBaTh OLIEHKY KOHKPETHOW (PMHAHCOBOM CUTY-
aruyu. PopMHUPOBaHUE TAKOI'O YMEHHs NMPOUCXOAUT B TEUEHHE BCEro mepuojia oOydyeHus depes
y4acTue CTYJIEHTOB B IIPAKTUYECKHUX 3aHATHSX, BBIIIOJHEHHE KOHTPOJIBHBIX 3a/JlaHUi U TECTOB,
HalMCaHUe KypCOBBIX M BBITYCKHBIX KBATH(UKAIMOHHBIX paboT. [Ipu 3TOM camocTosTeNbHAs pa-
00Ta CTYJIEHTOB UI'PAET PELIAOLIYIO POJIb B XOZ€ BCEro y4eOHOro mporecca.

Benymas uens opranuzanuu u ocymectsieHus CPC nomkHa coBnaiath ¢ 1eablo o0yye-
HUS CTYJICHTa — MOATOTOBKOM crienuanucTa u 6akajgaBpa ¢ BelcHMM oOpa3oBanueM. [lpu opranu-
3aiuu CPC Ba)kKHBIM ¥ HEOOXOJMMBIM YCIIOBUEM CTaHOBSTCS (POPMUPOBAHUE YMEHMS CAMOCTOSI-
TeIbHON paboThI Ui MPUOOPETEHNS 3HAHU, HABBIKOB M BO3MOKHOCTH OpraHu3alluy y4eOHOU U
HAy4YHOW JEATEIBHOCTH.

@DopMbI caMOCTOSTENbHOM paboThI CTYICHTOB pa3Ho00pa3Hbl. B cooTBeTcTBHM € paboueit
IPOrpaMMOM AMCUMILIMHBI NPEAYCMOTPEHBI CIEAYIONINE BUIbI CAMOCTOSITEILHOM paboThI CTY-
JIeHTa:

- CaMOCTOSITENIBHOE U3yUEHUE JINTEPATYPHI;

- CAaMOCTOATCIIbHOC PCUICHUC 3aaa4.

He./lb CamocmosamesibHO20 u3yuenus jiumepamypsl — CAMOCTOATCIIBHOC OBJIAACHNEC 3HA-

HUSMHU, OIIBITOM HCCIIEIOBATENLCKOM NeITeILHOCTH.
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3aoauamu caMOCTOSTELHOTO U3yUSHHSI JTUTEPATYPHI SBIISIOTCS:

o yIayOJieHHE U paclIupeHNe TEOPETHUECKUX 3HAHU,

° (dopMHupOBaHHE YMEHHUI HCIIONB30BaTh HOPMATHBHYIO, PABOBYIO, CIPAaBOYHYIO
JOKYMEHTALMIO U CIIENUAIbHYIO JIUTEPATYPY;

L4 Pa3BUTHC MMO3HABATCIIbHBIX CIIOCOOHOCTEN M aKTUBHOCTH CTYACHTOB.

Ilenv camocmoamenvnozo pewienus 3aday - opiageHue NMpodecCHOHATBHBIMUA YMEHU-
SIMU 1 HABBIKAMH JIESTEIBHOCTH 110 IPOQUITIO OYayIIei JesiTebHOCTH.

3adauamu caMOCTOSITEILHOTO PEIICHUS 3a/1a4 SIBJISIOTCS:

J cUCTeMaTH3alls U 3aKPEIUIEHUE MOJyUYeHHBIX TEOPETUYECKUX 3HAHUN U MpPaKTU-
YEeCKUX YMEHMH CTYJCHTOB;

J (bopMHpOBaHUE CAMOCTOSTEILHOCTH MBILIUIEHUS, CIOCOOHOCTEH K CaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpEaIN3aliH;

J pa3BUTHE UCCIIEI0BATEIBCKUX YMEHUII.

Ienvro camocmoamenbHo2o 6bINOIHEHUSA KOHMPOIbHOU PAdONbl IO TUCUUTUINHE SBIIS-
€TCsI OBJIAACHUC q)YH}IaMCHTaJ'IBHLIMI/I 3HAaHUAMU, HpO(l)GCCI/IOHaHLHBIMI/I YMCHUSAMU U HaABBIKAMU
JeATEIFHOCTH IO TPO(UITIO, OIIBITOM TBOPYECKOH, HCCIIEI0BATEIILCKON IS TETHHOCTH.

3adauamu 1aHHOTO BUJA CAMOCTOATEIBHOM pabOThI CTYICHTA SBISIFOTCA:

J cUCTeMaTH3alMs U 3aKPEIUIeHUE MOJyUYeHHBIX TEOPETUYECKUX 3HAHUN U MpPaKTHU-
YEeCKUX YMEHMI CTYJCHTOB;

J yIiayOJieHHe U paclIipeHne TEOPEeTHUECKUX 3HaHU;

o dopMupoBaHHE YMEHHI HCHOJIB30BaTh HOPMATHBHYIO, NPABOBYIO, CIIPABOYHYIO
JOKYMEHTALUIO U CIIEIHATIBHYIO JIUTEPATYPY;

J pa3BUTHE MO3HABATEIBHBIX CIOCOOHOCTEH M aKTUBHOCTHU CTYJIEHTOB: TBOPYECKON
UHHUIIMATHBBI, CAMOCTOSITEILHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

J (dopMHpOBaHHE CAMOCTOSTETLHOCTH MBIIIUIEHHUS, CIIOCOOHOCTEN K CAaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO M CaMOpeaTH3aliH;

J pa3BUTHE UCCIIEI0BATEIbCKIX YMEHUI;

o UCTIOJIb30BAHUE MaTepHaja, COOPAaHHOTO U TIOJyYEHHOTO B XO/€ CaMOCTOSTEIb-
HBIX 3aHATUN HAa CEMHHApax, Ha MPAaKTUYECKUX U Ja00paTOPHBIX 3aHATHIX, IPH HAITUCAHUU KOH-

TPOJIBHON PaOOTHI.
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B pesynbrare OCBOCHHS IUCIUTUTHHBI (POPMUPYIOTCS CICAYIONINI TIepeUYCHb IUIaHUpYe-

MBIX PE3yJbTaTOB OOYyUYEHUS MO IUCHUIUIMHE, COOTHECEHHBIX C IJIAHUPYEMBIMU pe3yibTaTaMu

OCBOCHMS 00pa30BaTEIIbLHON MPOTPaMMBbI:

Kox, popmynupoBka komre-
TEHIUU

Kon, popmynupoBka nnauka-
TOpa

[Inanupyemsle pe3yabTaThl

00y4eHuUs MO TUCIUILINHE
(MOZyJII0), XapaKTepU3yIo-
1ue sTansl GOpPMUPOBAHUS
KOMIETEHIINI, UHIUKATOPOB

OIIK-3 CnocobeH TpUMEHSTH
COOTBETCTBYIOIUI  (PU3UKO-
MaTeMaTUYECKUW anmnapar, Me-
TOJbl aHAJIW3a U MOJAEIUPOBa-
HUS, TEOPETUUECKOIO U IKCIIe-
PUMEHTAIBHOTO HCCIIEI0BaHUS
IIpH pelIeHny npodheccuoHab-
HBIX 3aJa4

NA-5 OIIK-3 JlemoHcTpH-
pyeT noHUuMaHue (hU3NIECKUX
SBJICHUN U yMEET NPUMEHSTh
¢u3uueckue 3aKOHBl Mexa-
HUKH, MOJIEKYJsSpHOH  (u-
3UKH, TEPMOJUHAMUKH, DJIEK-
TpUYECTBAa U MarHeTusma Jyis
pEILIEHNUs TUIIOBBIX 3a/1ay;

3HaeT OCHOBHBIE (pu3MUEcKHe
SIBJICHUS U 3aKOHbI MEXAHUKH,
JNEKTPOTEXHUKH, TEIIOTEX-
HUKH, ONITHUKHU U 7epHON (u-
3UKM U HX MaTeMaTU4ecKoe
ONMCAaHUE; METOJbl aHAJIN3a
busznyecKkux SBICHUM B TeX-
HUYECKUX YCTPOMCTBAX U CHU-
ctemax; MeTonbl perieHus
IPAKTUYECKUX 3aJad Hccle-
JOBaHUSI U MOJICIHPOBAHUS
GU3NUECKUX U XMMHUYECKHX
SBJICHUI U IPOLIECCOB B CBOEH
peIMETHOM 00IacTH.

YMmeeT mnpuMeHsTh (¢uznye-
CKHE€ 3aKOHBI MEXAaHUKH, MO-
JeKyNApHOW (PU3UKHU, TEPMO-
JUHAMHKH, 3JEKTPUYECTBA U
Mar"eTusma Jyisi petieHus Tu-
MOBBIX 33Ja4.

NJa-6 OIIK-3 JlemoHCcTpH-
pyeT 3HaHHE DJEMEHTapPHBIX
OCHOB ONTHKH, KBaHTOBOM
MEXaHUKH W aTOMHOH ¢u-
3UKH.

Brnaneer 3nanmsMu ¢Quznye-
CKUX SIBJICHHI, DJIEMEHTap-
HBIX OCHOB OIITHKH, KBAaHTO-
BOW MEXaHHMKH U aTOMHOU (pu-
3WKH.
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IInan-rpaguk BHIIOJHEHHS CAMOCTOSATEJIbHON PadoThI

Konpl peanuzye-

OO0BbeM 4acoB, B TOM YHUCJIC

CpenactBa u KonTaktHas
MBIX KOMIIETEH- Bun nesrenpHOCTH
. TEXHOJIOTHH pabora ¢
WM, HHAWKA- CTYZCHTOB CPC Bcero
OIIEHKH nperoana-
Topa(oB)
TeleM
2 ceMecTp
CaMoCTOSTENBLHOE
nu3ydyeHue gurepatypsl | KoHcmekT 17,685 1,965 19,65
OIIK-3 1o Temam Nel-8
WJ1-50r1k-3 ITonroroBka k Jiek- KOHCIEKT 1,08 0,12 1,2
NJI-60nk-3 UM
[ToaroroBka K mpak- Pemennas 216 0,24 2.4
THYECKUM 3aHATHIM 3amada
HTtoro 3a 2 cemecTp: 21,285 2,325 23,25
3 cemecTp
CaMOCTOSITENIbHOE
n3ydenue nureparypsl | KoHcmekr 4,86 0,54 54
o Temam Ne9-17
OIK-3 | oarotoska kek- | poycneer | 1,215 0,135 1,35
N -50mk-3 UM
NI-60rik-3 [TogroroBka k mpax- Pemennas 2.43 0,27 27
THYECKUM 3aHATHIM 3amada
HonroTosxa  n1abo- oT4eT 3,24 0,405 4,05
pPATOPHBIM 3aHATUSIM
HTtoro 3a 3 cemecTp: 12,15 1,35 13,5
Hroro: 33,435 3,675 36,75
3aounas popma 2 cemecTp
CamocTosiTenbHOE U3Y-
OINK-3 YEHHE JTUTEPATYPHI 110 Koncnekr 54 6 60
VL5 Temam Nel-8
V- 622;2 ITonroroBka k jekuusiM | KoHcnekT 0,405 0,045 0,45
[ToaroTtoBka Kk npakTu- | PemienHas 0,81 0,09 0.9
YECKHUM 3aHATHAM 3azada
[Toarororka k y1abopa- oTHeT 0,81 0,09 0.9
TOPHBIM 3aHSITHSIM
HTtoro 3a 2 cemecTp: 56,025 6,225 62,25
3 cemecTp
CaMocTosTenpHOe U3y-
YEeHHUE JINTePaTyPhI 110 Koncmekr 52,38 5,82 58,2
TeMmaM Ne9-17
OIK-3 | Ionroroska K ex- Komcriexr | 0,405 0,045 0,45
N -50mk-3 UM
NJ1-60r1k-3 [ToaroroBka k mpakTu- | Permennas 1,08 0,12 1,2
YECKHUM 3aHATHAM 3azada
[ToaroroBka k mabopa- oTHeT 0,81 0,09 0.9
TOPHBIM 3aHSITHSIM
HTtoro 3a 3 cemecTp: 54,675 6,075 60,75
Hroro: 123
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KOHTpOJ’ILHLIe TOYKH U BUJABI OTYETHOCTH 110 HUM

Ne Bun nesarenbHOCTH CTYIEHTOB Cpoxu KonnuecTtso
n/m BBIIIOJTHEHHU S 0aJioB
2 cemecTp
1. [IpakTuueckoe 3ansarue Ne 2 6 Hepnens 25
2. [IpakTuueckoe 3ansitue Ne 5 10 Henens 15
3. [IpakTrueckoe 3austue Ne 7 16 Henens 15
HTroro 3a 2 cemecTp 55
HToro 55
3 cemecTp
4, [IpakTrueckoe 3anstue Ne 11 6 Henmens 25
5. [TpakTuueckoe 3ansatue Ne 13 10 Henens 15
6. [TpakTuueckoe 3anarue Ne 17 16 Henens 15
HTroro 3a 3 cemecTp 55
Hroro 55

MakcuManbHO BO3MOXHBIN Oal 3a BeCh TEKYIIUN KOHTPOJIb MaKCHMalbHO BO3MOKHBIM

0aJi1 3a BeCh TEKYLIMI KOHTPOJIb yCTaHABIMBAETCS paBHBIM 55. Tekylliee KOHTPOJIbHOE MEPOIIPU-

ATAC CHUTACTCA CAAHHBIM, €CJIM CTYACHT IOJTYYHUJI 3a HETO HC MCHEC 60% ot YCTAaHOBJICHHOI'O IJId

3TOr0 KOHTPOJII MaKCUMalIbHOTrO Oajuia. PeMTUHrOBBIN Oai, BHICTaBISIEMbIH CTYACHTY 3a TEKY-

IeC KOHTPOJIbHOC MEPOIIPUATHUEC, CAAHHOC CTYACHTOM B YCTAHOBJICHHBIC T’ pa(pI/IKOM KOHTPOJIbHBIX

MEPONPUATHI CPOKH, ONPEAEIAECTCA CIECAYIOMMM 00pa3oM:

YPOBeHL BBITTOJTHCHHA KOHTPOJBHOT'O

PeliTunroBeiii 6am (B % OT MakCUMaIbHOTO

3aJaHus Oayia 3a KOHTPOJIBHOE 33/1aHUE)
OTangHBIN 100
Xopomui 80
Y 10BJIETBOPUTEIIBHBII 60
HeynoBnerBopuTenbHbIi 0
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MeToanyeckne peKOMeHIAINHU M0 U3YYEHHIO TEOPEeTHYECKOr0 MaTepuaJia

CamocrosTenbHas padoTa CTy/€HTa HAUMHACTCS ¢ BHUMATEIBHOTO O3HAKOMJICHUS C CO-
JepKaHueM y4eOHOro Kypca.

N3yuenne kaxmoi TeMbl ciaeayeT HAUMHATh C BHUMATEIbHOTO O3HAKOMJIEHUS! ¢ HaOOpOM
BONPOCOB. OHU OPUEHTHUPYIOT CTYACHTA, IOKA3bIBAKOT, YTO OH JIOJDKEH 3HATh 110 JAHHOH TEME.
Bonpocs! Tembl kak Obl HAKJIAJBIBAIOTCS] HA COOTBETCTBYIOIIYIO IT1aBY U30paHHOTO y4eOHUKA UITH
y4ebHoro nocobus. B urore 10MKHO OBITH SICHBIM, KaKME€ BOIPOCHI TEMbI Y4eOHOTO Kypca H ¢
KaKoM ri1yOMHOM pacKpbIThl B KOHKPETHOM YUeOHOM MaTepHalle, a Kakue BOOoOIIIe OnyIieHbl. Tpe-
OyeTcst TBOPUYECKOE OTHOIIEHUE U K CAMOMY COJIEPKaHUIO JUCLIUILIMHBL.

Bomnpocsl, coctaBinstomnye ee cojepxkanue, 001aJat0T pa3Hoil cTeneHbio BaXHOCTU. EcTh
BOIIPOCHI, BHITOJIHAIONINE (PYHKITUIO JIOTHYECKOH CBSI3KU COJCPKAHUS TEMBI M BCETO Kypca, HMe-
IOTCS BOIIPOCHI OIMCATEIIBHOTO MM Pa3bsICHUTEIBHOIO XapaKTepa, a TaKXkKe HCTOPHUUECKOro IKC-
Kypca B 00J1aCTh U3y4aeMOH JUCLUILUIMHBL. Bee 3T BOpockl He COCTaBIISIIOT CyTH HOHA-TUHHOTO,
KOHIIECTITYaJIbHOTO CO/IEP>KaHUs TEMBI, HO HEOOXOIUMBI JJIS LIEIOCTHOT'O BOCIIPUATHUS U3y4aeMbIX
npobiem.

N3yuaemast 7MCHMIUIMHA UMEET CBOM KaTErOpUalbHO-IIOHATUHHBIN arnrapaTt. Hay4nsle mo-
HATHS. — 3TO Ta 0a3a, Ha KOTOPOW CTPOUTCS Kaxaas Hayka. [IoHATHUS — y3/I0BBIE, ONOpPHBIE
IMYHKTbI KaK HayYyHOI'O, TaK U y4eOHOI0 MO3HAHUs, JOIMYECKHE CTYNEHH JBMKEHUS B yuede oT
IPOCTOTO K CJIOKHOMY, OT SIBJICHUS K CYIIHOCTH. be3 sICHOro moHMMaHus MOHATHH yueba KpaiiHe
3aTpyIHSAETCS, a COAepKAHUE TPUOOPETEHHBIX 3HAHUN CTAHOBUTCS TYCKJIBIM, PaCIJIbIBUAThIM.

CTyAeHT JOHKEeH MOHUMAaTh, YTO CAMOCTOSITENIbHOE OBJIAJICHUE 3HAHUSIMHU SIBJISIETCS TJIaB-
HBIM, ONpeAeNAoINM. Beiciias mkosa co3gaer uist 3TOro HeoOXOAUMBIE YCIOBHUS, TOMOraeT 0y-
JyLIeMY BBICOKOKBaTH(PHUIIMPOBAHHOMY CHELIMATHUCTY OBJIA/IETh TEXHOJIOTUEH CAaMOCTOATEIBHOTO
IIPOU3BOJCTBA 3HAHUM.

B camocrosTenbHOlN paboTe cTyieHTaM MPUXOIUTCS UCIIOJIb30BATh JINTEPATYPy pa3ind-
HBIX BU/IOB: IE€PBOMCTOYHUKH, MOHOTpa(uH, HayuyHble COOPHUKH, XPECTOMATHH, YUeOHUKH, yueo-
HbIE T0COOUS, KypHaJIbI 1 J1p. M3yueHue Kypca npearnonaraet 3HakOMCTBO CTY/IE€HTOB C OOJIBIITNM
00BEeMOM Hay4dHOW M y4eOHOHM JIUTEepaTyphl, YTO, B CBOIO OYEpellb, MOPOXKIAET HEOOXOIUMOCTh
BBIPA0OTKH Y HUX PAllMOHAIBHO-KPUTUYECKOTO MOJX0Aa K U3y4YaeMbIM HCTOYHUKAM.

YToOBl HE KYTOHYTH» B OIPOMHOM 00bEME PEKOMEH/IOBaHHBIX €My Ul U3Y4YEHUS UCTOY-
HUKOB, CTYJIEHT, IPEXKE BCETO, JOHKEH HAYUUThCS IPAaBUIBHO UX 4nTaTh. [IpaBuinpHOE yTeHue
PEKOMEHI0BaHHBIX UICTOYHHUKOB IIPEAINOIIATAET CIEI0BAaHNUE HECKOJIBKUM HECIIOKHBIM, HO BECbMa

IMOJIC3HBIM IIpaBUJIaM.
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[IpenBapuTeNbHBIA TPOCMOTP KHHUTH BKJIIOYACT O3HAKOMIIGHHE C THTYJBHBIM JIMCTOM
KHUTH, aHHOTALlMeH, IpeIuciIoOBUEM, oriaBieHrueM. [Ipu 03HaKkOMIIEHNH € OIJIaBJIEHHEM HEOOXO0-
JMMO BBLAETUTD Pa3Jielibl, TIaBbl, naparpadsl, IpeAcTaBISIONIUE U BaC HHTEpeC, OErIo ux npo-
CMOTpPETh, HAWTH MeCTa, OTHOCAILIMecS K Teme (ab3aibl, CTpaHUIbl, maparpadbl), ¥ MO3HAKO-
MUTBCS C HUIMHU B OOIIUX YepTax.

HayuHble u31aHus CONPOBOXKIAIOTCS Pa3IMYHBIMU BCIIOMOTraTeIbHBIMU MaTepHUaiaMu —
HaYYHBIM amapaToM, I03TOMY BaXKHO 3HaTh, U3 KAKMX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBBI
ero pyHKIuH.

3HaKOMCTBO C KHHT'OH JIydIlle BCEr0 HAYMHATh C M3YUYCHUSI aHHOTAIIMHA — KPATKOH Xapak-
TEPUCTHKU KHWMIH, PACKPBIBAIOLICH ee coiepikaHue, HUICHHYI0, TEMAaTHYECKyl0 U >KaHPOBYIO
HaINpaBJIEHHOCTh, CBEJICHUsI 00 aBTOpe, Ha3HAUYEHUE U JIpyrHe 0COOEHHOCTH. AHHOTALUs TTOMO-
raeT COCTaBUTh NMPEBAPUTEIILHOE MHEHHE O KHUTE.

I'myGske OHATH CoepKaHNE KHUTH MTO3BOJISTIOT BCTYNIUTEIIbHAS CTAThs, B KOTOPOH JaeTcs
OLIEHKAa COZEp)KaHUsl KHUTH, 3aTparuBacMoil B Hel mpoOIeMaTuku, ConepKUTCs HHPOopMaLus o
KU3HEHHOM U TBOpUecKoi Ouorpauu aBTopa, BEICKa3bIBAIOTCS MTOJIEMUUECKUE 3aMEYaHUs, pa3b-
SICHSIIOTCS OTAEITbHBIC TIOJO0KEHUSI KHUTH, JAIOTCS KOMMEHTApHH U T.1. BOT moueMy 3HaKOMCTBO
C BCTYNHUTEIFHOW CTAaTheH MPEACTABISIETCS OYCHb BaKHBIM: OHO ITIOMOTAET CTYIEHTY COPUEHTH-
pOBaThCs B TEKCTE pabOThI, 00paTUTh BHUMAHUE HA €€ HauboJiee [IEHHbIE U BayKHBIE Pa3JIelbl.

Toit ke nenu coaeicTByeT 3HaKOMCTBO C OIJIaBIEHUEM, PEIUCIOBUEM, MTOCIECIOBHEM.
BecbMa mose3HbIMH 3J€MEHTaMHM HAy4YHOTO ammapara SBISIOTCS CHOCKHM, KOMMEHTapuu, Taod-
JMLBI, TpaduKy, CIIUCKU JUTepaTypbl. OHU HE TOJBKO MIUTIOCTPUPYIOT OTIENbHBIE TOJIOXKECHHUS
KHUTH WK CTAaThH, HO M CaMH IO ce0e SBISIFOTCS JOTIOTHUTEIBHBIM UCTOYHUKOM WH(pOpMAIHN
JUIS YUTaTeNs.

Ecnu unraTens 3amHTEepecoBaia Kakas-TO BBICKA3aHHAsi aBTOPOM MBbICIIb, HE HaIIe/Ias
NOPOOHOTO OCBEIICHHS B TAHHOM HCTOYHHUKE, OH MOXKET OOPaTUTHCS K TEKCTY UCTOUYHHUKA, YIIO-
MHHAEMOTO B CHOCKE, JIHOO K UCTOYHUKY, KOTOPHI OH MOXKET HAWTH B CITUCKE JIUTEPATYPHI, Pe-
KOMEHIOBAHHOM aBTOPOM JIJIsl CAMOCTOSITEIIbHOTO U3YUYEHHUS.

Cy1iecTByeT HeCKOJIBKO ()OpPM BEJICHUS 3aITUCEH:

— 1u1aH (IIPOCTOM M pa3BEpHYTHIN) — Haubosee kpaTkas (popMa 3alIUCH IPOYUTAHHOTO,
IpeJcTaBiIstonIas coooi nepedeHb BOIPOCOB, paCCMaTPUBAEMbIX B KHUTE WJTU cTaThe. PazBepHy-
TBHIH IUIaH MpeAcTaBisieT co0oi Gosee MOAPOOHYIO 3alKUCh MPOYUTAHHOTO, C AeTaln3alueil oT-
JIeNTbHBIX TTOJIOKEHUH M BBIBOJIOB, C BBINUCKOM IUTAT, CTATUCTUYECKUX JAHHBIX U T.J. Pa3zBepHy-
TBIW TJIaH — HEOICHUMBIH TIOMOITHHUK NPY BBICTYIUICHUH C JOKJIAIOM Ha KOHKPETHYIO TeMY Ha

ceMUHape, KoH(DEPEHITNH;
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— TE3UCHI — KPATKO c(hOopMyTUpOBAHHBIC ITOJIOKCHHSI, OCHOBHBIE MTOJIOKCHUS KHUTH, CTa-
ThU. Kak mpaBHiI0, TE3UCHI COCTABIISAIOTCS MOCIE MPEIBAPUTEIIEHOTO 3HAKOMCTBA ¢ TEKCTOM HC-
TOYHHUKA, TIPHU €r0 MOBTOPHOM MpoyYTeHHH. OHU MOMOTAIOT 3alIOMHUTH U CUCTEMATH3UPOBAThH UH-
dbopmaruio.

CocraBjicHHE KOHCIIEKTOB

Bosbinyio posib B yCBOCHHH M TTOBTOPCHHM IMPOHICHHOIO MaTepHalia MrpacT XOPOIIHMA
KOHCIIEKT, COJIEPKaliil OCHOBHBIC HJIeU MPOYUTAHHOTO B yUCOHUKE U YCIBIIIAHHOTO B JICKIIUU.
Koncnekt — 3710, 1Mo cymiecTBy, HaOpOCOK, Pa3BEPHYTHIN IJIAH CBSI3HOTO PACCKa3a M0 OCHOBHBIM
BOIIPOCaM TEMBEI.

B kakoli-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT MHJIWBHIYaJIbHBIX 0COOCHHO-
CTeHl CTyJleHTa) HE TOJBKO Ha MHTEJUICKTYaJIbHYIO U SMOIMOHANBHYIO, HO U Ha 3pUTEIbHYIO Ia-
MSITh, IPHYEM TEKCT KOHCIIEKTa HEPEJIKO aCCOIMUPYETCSI IIIe U C TEKCTOM yUeOHUKA WITH 3aITUCHI0
nekiuu. [loaToMy Jierde 3armoMUHACTCS COJEp)KaHUE KOHCIICKTOB, HAIMMCAHHBIX pa300OpYHBO, C
MO TYCPKUBAHUEM HMJIU BBIJICIICHHEM Pa3psIKON KIFOYCBBIX CIIOB U (Ppa3.

CaMoCTOATEIHbHO H3yUYEHHBIC TEMbl MPEAOCTABISIOTCS MpEnojaBaTeio B GopMe KOH-
CIIEKTa, TI0 KOTOPOMY MIPOUCXOAUT cobecenoBanue. TeopeTnieckre TeMbl Kypca (OTACIbHBIE BO-

HpOCLI), BBIHOCUMBIC Ha CAMOCTOATCIIBHOC U3YUYCHUE, ITPCACTABICHBI HUXKC.
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