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[IpakTuueckas pabora Nel2. [TepeMeHHBII 37€KTPUUECKUNA TOK.
[IpakTuueckas pabora Nel3. ['eomeTpruueckas onTuka.
[Tpaktuyeckas pabora Nel4. BonnoBas ontuka. MHTepdepenys u audpaxuus
CBETa.
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[TpaxTuueckast padora Nel7. OcHOBBI (UM3HKK aTOMHOTO sjipa. DJIeMEeHTapHbIe
YaCTHIIBI.

5 Y4eOHO-MeTon4Yeckoe U HH(OPMAIIMOHHOE 00eCTIeYeHUE TUCITUITITHbI

5.1 | [lepeueHb OCHOBHOW M JONOJHHUTEIBHON JHUTEPATYphbl, HEOOXOIMMOM s
OCBOEHUS AUCLIUITIIUHBI

5.2 | IlepeueHp yueOHO-METOIMYECKOTO OOECHeueHHs] CaMOCTOSATENbHOW pabOThI
00yJaromuxcs Mo JUCUUIUINHE

5.3 | [Tepedens pecypcoB HHPOPMAITMOHHO-TSIIEKOMMYHHKAITHOHHOM ceTn MHTEpHET,
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BBeneunue

[IpakTnueckue 3aHATHS CO3JAIOT ONTHUMAJbBHBIE JUAAKTUYECKHE YCIOBUS  AJIA
JEATEIIBHOCTHOIO OCBOEHUS CTYIEHTaMH COIEP)KAHUS U METOOJIOTHH U3y4aeMOW JUCLUTIIIMHBI
«®Pu3nKa», HUCMHOJIb30BAHUE CIELUUAIBHOIO J1a0OpaTOpHOro OOOpPYIOBAHHUS U TEXHUYECKHX
cpeactB. IlpakTuueckue 3aHATHA 3aHUMAIOT [PEUMYIIECTBEHHOE MECTO IpU H3yYEHUU
oOmienpodeccHOHANBHBIX ¥ MPOMECCHOHANBHBIX  AUCHUIUIMH. llpakTuueckue 3aHATUA
IPOBOJATCS C LIENbIO BEIPAOOTKH MPAKTUYECKMX YMEHUN U IPUOOPETEeHHs] HaBbIKOB B PELICHUU
3ajiay, OTPAOOTKU YIPaXKHEHUH, BHITIOJHEHUH YepTEeXeH, IPOU3BOACTBE PAcYETOB U T.II.

Llenpto MpakTHUUECKUX 3aHATUIN sBigeTcs (OPMHPOBAHHUE NPAKTUYECKUX YMEHUH —
po(eCCHOHANBHBIX  (BBIOJHATE OINpEAEAEHHbIE JIEHCTBUSA, Olepalud, HeoOXOIuMble B
MOCIEAYIOMEM B TPO(DECCHOHATLHON JCATCIBHOCTH) WM YYeOHBIX, HEOOXOJUMBIX B
nocienyomeil ydeOHol JesTeabHOCTH MO 00menpodecCHOHAIBHBIM U MPO(eCCHOHATBHBIM
JUCLUILINHAM.

bubmmorpaduyecknii CIUCOK COAEPKUT CBENEHHS O CHOPAaBOYHOM JUTEparype U

JOITIOJIHUTECIIbHBIX U3aHUAX, H€O6XOIII/IMI)IX JJIsA erIY6J'IeHHOFO N3YUCHUA OTACIBbHBIX BOIIPOCOB.



Llenpto ocBoeHms aucuMIUIMHBL «Du3uka» sBIseTCS (OPMUPOBAHUE Yy CTYACHTOB
KOMIIETEHIIMI MO3BOJSIOMMK BhIPAaOOTAaTh HAaBBIKM (U3NUYECKUX HCCIENOBaHUN B cdepax

1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

aKaJIeMHYECKOM, MPOPECCHOHATHHOU U OOIIEHAYYHOM JIeATeTLHOCTH.
3agaun OCBOEHUS JUCIIUTLINHEL:

— H3Y4YCHHC 3aKOHOB OKPYKAKIICTO0 MHpPAa B KX B3aMOCBA3U;
— OBJaJCHHC (byHI[aMCHTaHBHBIMI/I INpUHIUMIIaMHU U METOJaMH PCIICHUA HAYUYHO-TCXHUYCCKUX

3a/1a4;

— (¢dopMUpOBaHHE HABHIKOB [0 MPUMEHEHUIO MOJOXEHUN (yHIaMEHTATIbHON (QU3UKH K
rPaMOTHOMY HAy4YHOMY aHallu3y CHUTYyallUid,

CTAJIKMBATHCA ITPU CO3AaHUH HOBBIX TGXHOJ’IOI‘I/II;'I;

— OCBOCHHC OCHOBHBIX (1)I/I3I/I‘ICCKI/IX TeOpHﬁ, MO3BOAIOIIUX OIIKCATh SABJICHHA B IIPHUPOIAC, U
npeacioB IMPUMCHUMOCTU I3THUX TeopI/Iﬁ A1 pClICHUA COBPCMCHHLIX H IICPCIICKTUBHBIX

TCXHOJIOTHMYCCKHX 3aJa4.

2. Obopyoosanue u mamepuani

C KOTOPBIMH HHXCHECPY MNPUXOIUTCA

AnmapaTHble CpeCcTBa: MEPEHOCHON HOYTOYK, MPOEKTOP, TOCKa MarHUTHO-MapKepHasl.

VYyebnas ayauTopus AJig IPOBEICHUS YUeOHBIX 3aHITHI, OCHAIIeHa 000pyIOBaHUEM U

TCXHUYCCKUMHU CPEACTBAMU 06y‘IeHI/I$I.

JUis  04HO-3204HOM (OpMBI 00Y4YEHMSI NPEAYCMOTPEHBI CIEAYIOUIME MPaKTHUYECKHE
pabotsl: Ilpaktuyeckas pabora Nel. Ilpakruueckas pa6ora Ne 1. Kunematnka MaTepuaabHON
Toukn — 2 dyaca, lIpaktuueckas pabota Ne2. /luHamuka marepuaibHON TOoukM — 2 dHaca.

[Mpaktudeckas pabora Ne9 3akoHBI MOCTOSHHOTO TOKa. — 2 4aca [Ipaktmueckas pabora NelO

3. Haumenoseanue npakmuueckux paoom

MaruuTtHoe nose Toka — 2 yaca

Ne Temsl
JIUCLIUILIHHBI

HaumeHoBaHMEe TeM JUCIUIUIMHBI, UX KPATKOE
coepKaHue

O0beM
4acoB

N3 anx
MIPAKTUYECKAS
MOATOTOBKA,
JacoB

2 ceMecTp

IIpakTnueckas padora Ne 1. Kunemaruka
MaTepPUAJTbHON TOYKH.

Kunemarnka nocTynaTesbHOTO IBH>KEHUS.
Kunemaruka BpamareabHOTo JBUKEHUS
MaTepUaIbHOU TOUKH. TaHT€eHLIMAIbHOE,
HOPMaJIbHOE U TIOJTHOE YCKOPEHUS

IIpakTnyeckas padora Ne 2. lunamMuka
MaTepUAJIbHON TOYKH.

[Tepseriit 3akon Heiorona. Cuna, macca,
umnyibc. Bropoii 3akon HetoTona. [TpuHumn




HE3aBUCUMOCTHU JIEUCTBUA CHJI. TpeTuil 3aKOH
HreroTona. 3akoH coxpaHeHUs UMITYJIbCa.
3aKOH ABMKEHUS IIEHTPa Macc

IIpakTnyeckas padora Ne3. PaGora n
3Heprusi. MexaHuka TBep/0ro reJia.
PaboTa, MOLITHOCTB, YHEPTUsi: OHATHUS U
B3aUMOCBSI3b. 3aKOH COXPaHEHUsI SHEPIHH.
MoMeHT nHepuuu. 3aKOHbI MEXaHUKU
BpalaTeIbHOI0 ABUKEHHS TBEPIOTO Tea.
Kunernueckas s3Heprust npu BpalaTeIbHOM
JIBY)KEHUM.

IIpakTnueckas padora Ne4d. Mexannueckue
KOJIe0aHHS U BOJIHBI.

KonebatenbHble nporiecchl B MEXaHUKE.
I"apmonnueckue konedanus. CBOOOAHbIE
3aryxarouue Koyuebdanus. BelHyX1eHHbIE
kosiebanus. Pezonanc. BosnHoBbIe npoiieccs B
MEXaHUKE

IIpakTuyeckas padora NeS. OcHOBBI
MOJIEKYJISIPHO-KMHETUYECKOI TeopuH.
OcHOBHbIE OHATHUS U 3aKOHBI MOJIEKYIISIPHO-
KMHEeTH4Yeckoi Teopun. CTaTUCTUYECKUE
pacmpesieNieHus: U CIEACTBHS U3 HHX.
DneMeHTbl GU3NYECKOM KHHETUKU

IIpakTuyeckas padora Ne6. OcHOBBI
TePMOJIMHAMMKH.

BHyTpeHHss sHEPrus UAeaIbHOro rasa.
BryTpeHHss dHEeprus MHOrOaTOMHOTO rasa
Pabora B TepmoimHamuke. PaboTa rasa npu
M30TepMUYECKOM Ipouecce. Hauana
TEPMOJMHAMUKH U CIEACTBHS U3 HUX.

IIpakTnueckas padora Ne7.
JIEKTPOCTATHKA. DJIEKTPUUECKHUE 3apsAabl U
3aKOH COXpaHeHMs 3apsaaa. 3akoH Kynona.
Onexrpudeckoe nose. HanpsykeHHOCTb MmoJis.
Teopema ["aycca st HaNPSYKEHHOCTH
aJIeKTprueckoro nois. PazHocts
IIOTECHIIMAJIOB. CBs3b HAIMps>XKCHHOCTU U
pasHOCTH NMoTeHuanoB. OCHOBHbIE ypaBHEHHUS
OJICKTPOCTATHUKH B BAKYyME

IIpakTnueckas padora Ne§8. [IpoBoagnnku B
3JIEKTPHYECKOM I0JIe. DJIEKTPHYECKOoe 1101
B IMAJICKTPHKAX.

[IpoBOIHHMK BO BHEHIHEM HIIEKTPUYECKOM
noJie. JNeKTpoeMKOCTb. KoHeHcaTopsl.
OHeprus 3apsyKEHHOT0 IPOBOJHUKA. DHEPIUs
9EKTpUYecKoro nois. Ionsgpusanus
JTUAJIEKTPUKOB. JIMDIIEKTPUKY B
JJIEKTPUYECKOM TIOJIE.

Hroro 3a 2 cemecTp:

16

3 cemecTp




IIpakTnyeckas padora Ne9. 3akoHbI
NMOCTOSIHHOTO TOKA.

[ToctosHHBIN A5eKTpUUYecKuid TOK. 3akoH OMa.
[TpaBuna Kupxroda u ux npumeneHue K
pacyery JIeKTpUUYecKux 1emneu. 3akod JHxkoyis
— Jlenma. PaboTa u MOIIHOCTB TOKA.
Krnaccuueckast a1eKTpoHHast TEOpHs
IIPOBOJAMMOCTH METAJIOB

10

IMpakTuyeckas padora Nel(. Ilonsitue o
MarHuTHoM mnoJie. 3axkon buo — CaBapa-
Jlamiaca.

XapakTepUCTUKN MAarHUTHOI'O NOJIsA. 3aKOH
buo — Caapa — Jlaniaca u ero npuMeHeHue K
pacuery MarHuTHoro nossi. Teopema o
UUPKYJISIUU MarHUTHOTO MOJIsl. 3aKOH
Amrniepa. BzaumoaeiicTBue napajiesbHbIX
TOKOB

11

IIpakTnueckas padora Nell.
JIeKTPOMArHUTHOE I0JIe.

3akoH nosiHoro ToKa. Tok cmemenus. Enunas
TEOPUS JIEKTPUUECKUX U MArHUTHBIX SABJICHUM
Makcgemia. Cuctema ypaBHeHHIT MakcBeria.
CkopocTh pacnpocTpaHeHUs
3JIEKTPOMArHUTHOTO TOJIsI PensituBucTCKAast
TPAKTOBKA MAarHUTHBIX SIBJICHUI

12

IIpakTuyeckasi padora Nel2. IlepemeHHbIit
3JIEKTPUYECKHH TOK.

[IepeMeHHBII JIEKTPUYECKUI TOK: OCHOBHBIE
MIOHATHSI U 3aKOHBI. BUXpeBOe aeKTpruyecKoe
noJsie. MOIIHOCTB, BBIJIENsIEMast B LIETIN
IIEPEMEHHOT0 TOKa

13

IIpakTnueckas padora Nel3.
I'eomerpuyeckas onTuka.

®oromerpusi. OCHOBBI T€OMETPUUECKON
OINTHUKH. 3aKOHBI OTPAKEHUS U IPETOMIICHUS
CBETAa. SIBJICHHE ITOJTHOTO BHYTPEHHETO
orpaxeHus. [Ipunnun @epma. JIunssl,
dhopmyna TOHKOM JMH3BL. ONITHUYECKas CHJia
TuH3BL. M300paxeHne NpeiMeTOB ¢ IOMOIIbI0
nuH3. 3epkana. CucrteMa JMH3 KaKk OCHOBA
ONTHYECKUX MPHOOPOB

14

IIpakTuyeckast padora Nel4. BosiHoBast
ontuka. Uurepdepenunsa u nuppaxkuus
cBera.

SIBnenue nHTEp(EPEHITNH CBETOBBIX BOJIH.
Judpakuus cBeToBbIX BOIH. Judpakmmonnas
pererka. Bzaumoencraue
AJIEKTPOMArHUTHBIX BOJIH C BEILIECTBOM.
Hucnepcus csera. Ilornomenue ceera.
Paccesaue ceeta. Dddext Homnepa.
[Tonspusanus ceera




15

IIpakTuyeckas padora NelS. KpanroBasi
NPHUPOAA U3TyYEHHS.

3aKOHBI TETUIOBOTO M3JIy4YeHUS. 3aKOH
Credana-bonbimana. 3akon BuHa.
dororddext. YpaBHeHHE DUHIITEHHA IS
BHemHero gorodddexra. Macca, sHeprus u
uMmItyibC ¢otoHa. JlaBnenue cera. Ddekr
KomrmiTona u ero anemMeHTapHasi npupojia

16

IpakTnyeckas padora Nel6. Moaean aroma
Tomcona u Pesepgpopaa. Teopus atoma
Boaopoaa no bopy.

Monenu aroma Tomcona u Pezepdopaa.
JIuHeyaTslil CIEKTp aToMa BOJAOPOAA.
[Tocrynater bopa. Cnextp aroma Bogopojia o
bopy. KopnyckynsipHO-BOJIHOBOM 1yann3m
CBOWCTB BellecTBa. HeKOTOpbIe CBOKMCTBA BOJH
ne bpoitns. O6mee ypaBuenue lpenunrepa.
DeMeHTHl COBPEMEHHOW (PM3UKHA aTOMOB U
MOJIEKYJI

17

IpakTuyeckas padora Nel7. OcHOBBI
(u3uKkH aTOMHOrO AApa. JJIeMEeHTAPHbIE
YacTHIIbI.

Cocras, 3aps1 aTOMHOIO siipa. MaccoBoe u
3apsiioBoe uncia. Jleext Macchl U SHEprust
cBsA3U Anpa. CMH A1pa U €ro MarHUTHBIN
MOMEHT. S|JIepHBIE CUJIBI, UX CBOMCTBA, MOJEIN
a1pa. 3aKOH paJlMOaKTUBHOTO pacnaja.
OnemenTtapHble yacTtulbl. KocMuueckoe
uznydyenue. Knaccuduxanus sneMmeHTapHbIX
yactull. Ousnyeckas KapTuHa MUpA.

Hroro 3a 3 cemecTp

18

Hrtoro

34




4. Cooeprcanue npakmuueckux paoom

Pa3zgen 1. Mexanuka
IIpakTuyeckoe 3ansaTue 1.
Tema 3anamua. KunemaTuka MaTepuaJbHOM TOUYKH
Llenw 3anamus. I3yunTh 3aKOHOMEPHOCTH JBUKEHHSI MAaTEPUAIbHON TOUKHU.
Teopemuueckaa yacme.
IlocmynamenvHoe 0gudiceHue

Cpennsis (1yTeBast) CKOPOCTb:

AS
<Ux>—A—t’

rae AS—1yTb, IPONHJIEHHbIH TOUKON 3a nHTepBan BpeMeHu At. I[Iyte AS He MoxeT yObIBaTh U
IPUHUMATH OTPUIIATEeIbHBIC 3HAUeHNUs, T.e. AS > 0.

MrHoBeHHast CKOPOCTh (TIPOCKIIMS Ha OCh X ):

Cpennee yckopeHHe:

a,)=—7-"
< X > At
MrHoBeHHOe (JTUHEHHOE) yCKOpeHue (MTPOEKIHs Ha OCh X ):

do, d?*x
a, = =—.
dt  dt?

OCHOBHEBIC YpaBHCHHA KHHCMATHUKK TIOCTYyHATCJIBHOI0 JBHKCHHUA: CKOPOCTH U IIYTh
PaBHOIIEPEMECHHOI'O MOCTYIIATCIIbHOT'O ABUKCHUS:

v=y, +at,

at?

2 2
U —D,
S=vpt+—,5=——2

2

2a

rIe U, —HaydalbHas CKOPOCTh (B MoMeHT BpeMeHH t =0); 1 paBHO3aMENICHHOTO JBIKCHUS

a <0, ms paBaoyckopenroro a > 0).
Ipu IBMKEHNMH TeJa 10 BEPTHKAJIBHOMY HAIPaBICHHIO B TIOJIE CHIIBI TSHKECTH 3eMutd 8 = (.

ﬂeuofceHue Mamepuaﬂbyoﬁ MOYKU nO OKpPYIIHCHOCMU

VYroBast CKOPOCTb:

YrinoBoe yckopeHue:



CBsI3b MEX/y THHEHHBIMU U YTJIOBBIMH BEJTMYHMHAMH TIPU JABHYKCHHH TOYKH 110 OKPYKHOCTH:
2
v=wR, a=¢R, a, =oR,

rac U—MOoAayJib JIMHEMHOMN CKOpPOCTH, at u an — MOAYJIW TAaHI'CHUOUAJIBHOI'O W HOPMAJIbHOTO

YCKOPEHHI; (—MOJYJIb YIJIOBOM CKOPOCTH; & —MOJIYJb YIJIOBOro yckopeHus; R —pammyc
OKPYKHOCTH.

Moynb OJHOTO YCKOPEHUS:

a=.a’+a’.

OcHoBHbBIE ypaBHEHMsSI KMHEMATHKHM BpAIlAaTEIbHOIO ABM)KEHHS: YIVIOBAas CKOPOCTb U YIJIOBOM
IIyTh

w=w0,+ct,

—a)t+gt2 o' —w,
PO T YT,

1151 paBHONEPEMEHHOT0 BPAILIATEIIBHOTO JIBUKEHUS (8 = const), & >0 — yckopeHHOE BpallCHHUE,

£ <0 —3ameIeHHOE BpalllCHHE.

CBs13b 4aCTOTHI BpallleHUs N ¥ YIIIOBOM CKOPOCTH:
w=2m.

CBs13b YIIJIOBOTO TIepeMenieHus 1 gucia 00opotoB N:

@=27N.

IIpumepsl pemienus 3aga4

3agaua 1. CTyneHT npoexai NOJOBHHY ITyTH Ha BEJIOCHUIIENE CO CKOPOCThIO v, = 16 xm/4. [lanee
TIOJIOBMHY OCTABIIETOCS BPEMEHH OH €XaJl CO CKOPOCThIO U, = 12 KM/4, a 3aTeM 10 KOHIA IyTH
IIEJT MEMIKOM CO CKOPOCTBIO L, = 5 KM/4. Onpeienure CpeHIOI CKOPOCTh IBUKEHUS CTyIEHTa

Ha BCEM ITyTH.

Pewenue:



;'sv_l A S1 R S]L
| L %
VI Vg V3
i‘1 {; £
R
R »

JlnmuHa nepBoii 4acTh MyTH S;=V;f; , BTOPOH YacCTH MyTH S2=V2f2, TPETbEU YaCTH, S3=V3l3.

[To ycnoButo, s;=s>+s3, a Bpems t2=t3. CpeaHsisi CKOpOCThb

<U>— Sl+52+83
Cot4t o+t
o+t +t
TaK KaK Si1- IIOJIOBHHA HYTI/I, TO BECh HYTB paBeH 2S1, BpeMH t] :S]/V] , OCTaBIHICCCA BpeMH

t, +t, =, Torga

(0) = X _ 2v,(v, +v,)
i 21)1+1)2-H)3'

3anaua 2. [ocnennue 2 MeTpa myTy BepTUKAIBHO Nagatoiee Teso mpouwio 3a 0,3 ¢. C kakoi
BBICOTHI Maao Teao?

Jano:
h=2m
t2=0,3c
H="7?
Bricory H nagenust tena (6e3 Ha4ambHOW CKOPOCTH) MOYKHO OINPEAETUTH MO (GopMyie
2
H = =— . 3necp t— monuoE Bpems nageHusd. OueBuaHo t =t1+ 1o, re t1— Bpems mpoxoxaeHus

MIEPBOTO y4acTKa; t2 — BpeMs MPOXOKAECHUS NOCIEIHUX 2-X METPOB ITyTH.
3anuiieM ypaBHEHUE JBUKEHUS JIJIs1 ABYX MOCJIEIHUX METPOB IYTH, CUMTAs! IBHXKCHUE
PaBHOYCKOPEHHBIM:

2
h=ut, g—;z,



I7I€ 01— CKOPOCTh, C KOTOPOH TENO «BXOJUT» B ATOT yYACTOK ITYTH.

CrnenoBatenbHO, V=—"=—-—"5, Q)

[1epBbIii yuacTOK IMyTH TEJIO IPOXOAUT 0e3 HaYabHOU CKOPOCTH, T.€. vo = 0, a TaK Kak

v, — 3 h t
g=—"—2, 10 t =—. Vunmesas (1), momyanm  t =—— Z,
gt, 2
Takum 06pa3om, obiee BpeMs nBrkeHus Tena t = ti+ {2 paBHO
h t h t
t=——-2+t,=—+-2 (2)

gt, 2 gt, 2

[Toncrasuss (2) B popmyny anst H, OKOHYATEIBHO, MOIY4YUM

2 2

h t 10 2 0,3
_9 —+2 | =—| ———+—| ~3,33Mm.
2\ gt, 2 2 \10-0,3 2
3agaua 3. Teno OpoIeHo ¢ HAYALHOW CKOPOCTHIO 0o = 20 M/c o yritom o = 30° K TOPU30HTY.
OHpeI[eJII/ITI) MAaKCUMAJIbHYIO BBICOTY IMIOABbEMA, NAJIBHOCTD I10JICTA, d TaK K€ TAHI'CHIUAJIbHOC U
HOPMAJIbHOE YCKOPEHUS, PaIiyC KPHBH3HBI TPACKTOPUU B HAYAIbHBIA MOMEHT BPEMEHH.

Jano:
0=20 mlc

(‘y A
o=30°

R=?

Bocnons3zyemcs npUHIIMIIOM CYNEpIIO3ULIMK ABUKEHUMN: IBUKEHHE TEJa MPEICTABUM KaK J1Ba
HE3aBUCHUMBIX JIBIJKCHUSI BIOJIb Ocei koopauHaT X 1 Y.

s TPECYTrOJIbHUKA CKOpOCTCfI HalJleM HayajdbHbIE CKOpPOCTH
U =0, "COS , U, =0, SN . (1)

Bnonbs ocu X nBUKeHHE paBHOMEPHOE (TIPU OTCYTCTBUU COMPOTHUBIICHUS ABHKEHUIO, IPYTHX
CHJI, IEHCTBYIOIIMX BI0JIb Ocu X , HET). [loaToMy 0x He M3MEHSEeTCs, TO €CTh Ux= Vox.

Bronp ocu Y nBM)KEeHHE — paBHOYCKOPEHHOE 3a cueT cuibl TsaroteHus. [Ipu nmoabeme Ha
BBICOTY N CKOPOCTh 0y M3MEHSETCSI CO BPEMEHEM IO 3aKOHY: Uy = U, — gt. Cuwuras, uto B



MaKCHUMaJIbHOU TOYKE ITogbeMa v, = 0, maiinem BpeMms nojabema ti: Upy = gt1. VYuuteiBas (1),

[OJIy4YUM
U, SINa
tl -0 (2)
g
I/I3 ypaBHeHI/ISI JOBUXXCHUA BAOJIb OCH y Haf/’II[GM BLICOTy Imoabema
2 H 2 A2 2 Atn?
. L. SINa O;SINTa L;SIN"a
h:z)oy-t]—ﬂzuo-sma < _ 9% — = =5Mm.
2 g 29 29

W3 ypaBHEHHUSI paBHOMEPHOT'O ABIXKEHHSI BIIOJIb OCH X, HaiiieM 1albHOCTb MOJIeTa S:
S=u, -t=v,-Ccoscx -t,

rae t- oOmiee BpeMs IBIDKEHUS, U3 COOOPaKECHUI CHMMETPUH, paBHOE YIABOCHHOMY BPEMEHU
noabema, .. t=2 t1. Torma

sing  vsin2a

S=uy,-cosa-2t =2v,c08a -y, =34,6 m.
g g
do
TanrennuanbHOE YCKOPEHHUE, [0 ONPEAETEHUI0, d_ =——, a TaK Kak CKOPOCThb
2 2
D=4U, +U,, u U, =0, , a Uy=UOy—gt, 3HAYUT LU= \/U +( gt)

do d\/u(fx + (on —~ gt)2 _ (on - gt). g

Cnenosarenbo  a_ = E = dt 2
\/(on —gt) +0},

B HavanbHbIil MOMEHT BpeMeHu =0,

g _on'g:UO'Sina'g

\/U +U Uy Uy

=g-sina =5wm/c’.

ITonHoe YCKOPCHUC NBUKCHUS TCJIa, OYCBUIHO, PABHO YCKOPCHUIO CBO6OI(HOFO nmaaeHus g.

Mostomy a=4/a’+a’=g.
Otkyna a, :«/gz —a’ =8,66 m/c’.

2 2

1 1Y)
Io onpenenenuio, &, = E . CrieoBatesipio R =—=46,2 m.
a

n

3anaua 4. J[Be MaTepHaIbHbIC TOUKH JBIKYTCS COITIACHO ypaBHeHmsaM X, = At + Bl'[2 + Cl'[3,

X, = At + Bt + C,t°, rue 41 =4 w/c, By =8 M/c?, C1=—16 M/c3, A2 =2 m/c, B2 = —4 M/c?, C



=1 m/c®. B kKaKoil MOMEHT BpeMeHH t yCKOpeHHe STHX ToueK 6YayT oniHakoBbl? Haiitu
CKopocTd U1 B U 2 TOYEK B 3TOT MOMEHT BPEMEHHU.

Jano:

x = At+Bt* +Ct®

X, = At+Bt* +C,t°

A1=4 m/c.

A>=2 m/c.

Bi1=8 m/c?.

M/c? . a =
C1=-16 m/c®

Co=1 m/c?

Cll = (12

I[J'IH OAHOMECPHOI'O ABHXKCHHUA YCKOPECHUE €CTh BTOPAasa

2 2
IPOU3BO/IHAS OT KOOPAMHATEL, TO €CTh d = d x/ dt
WITH TTepBasi POM3BOJIHAS OT CKOPOCTH TO ecThd = dv/dt .

HOBTOMY Haao, BHA4YaJIC ONIPCACIIUTE CKOPOCTHU TOYCK:

v, :C;—?:(AH Bt*+Ct°) = A + 2Bt +3Ct? 1)
dX2 2 3\ 2
Uz:E:(AzHth +C,t°) =A,+2B,t +3C.t )
Teneps HailAEM YCKOpPEHUS. B=-4
% = (A +2Bt+3Ct2) = 2B, +6Cit ®)
do, 2y
a2=H=(A2+ZBZt+3C2t ) =2B, +6C.t 4

[TpupaBusas (3) u (4), Haiinem t:

t=? U1=? U =7

__B-B _ 8-(4) _j.55,
3(C,-C) 3(1-(-16)) '

Teneps moncraBuM 310 3Hadenue 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.

3anaua 5. MarepuanbHasi TOUKa ABUKETCS HA INIOCKOCTH COTJIACHO YPABHEHMSIM:

T
X = 4cos (E t); X,y — B MeTpax,

/4
y = 3sin (g t); t — B ceKyHax.



Haiitu: 1) ypaBHEHHE TpaeKTOpHH;
2) KOOpIUHATHI TOUYKH;
3) MOJIHYIO CKOPOCTH;
4) MoJIHOE YCKOPEHHUE;
5) TaHTeHIIMATbHOE U HOPMAJIBHOE YCKOPEHHUE;

6) paanyc KpUBU3HBI TPAEKTOPUH B MOMEHTHI BpeMeHu t1=2 C u 12=6 C.

Pewienne:

1. [ng HaxoXAEeHUS YpaBHEHUS TPACKTOPHUH (3aBUCUMOCTH OJJHOM KOOPJUHATHI OT APYTOi)
UCKJIIOYMM U3 YPaBHEHUH NIEPEMEHHYIO BEIUUUHY L

X cos( dd ) LS cos?( d )

— = Dy — = - 2 2

4 6" —|4 6° = X.,¥
< , 42 32

y ..z y ., T

Z =sin( =t 2 =sin?(=t

D10 ypaBHEHHE JUTHIICA ¢ TToJayocsMu a =4 m; b =3 m.

Y
A(2, 2,6) B momenT t1=2¢
x1= 4C0S 7.2 :>X1=4COS£:2M
6 3
X - -
7 > Caein[ 7 e 7
B(-4,0) )1 Ssm( 5 2): Vi 3sin 3 2,6Mm

B Moment tr=6c: X, =4c0s(7)=-4m, y,=3sin(z)=0m.

Takum oOpa3oM, B MOMeHT Bpemenu t1 =0 koopaunatel Touku: A (X,y) = (2, 2, 6);

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

2. JIy1 HaXOXACHHUS MTOJIHOM CKOPOCTHU HAaMIEM 0x U by B MOMEHTSHI t1 = 2¢ 1 t2 = 6¢:



!

. dx V4 dr . (& 2 . (x
=X =—=|4Cc0S— -t | =———SIn| —-t |=—xSIn| —-t
dt 6 6 6 3 6

!

o=y = 3SIH[£ tj :%cos(z-tjzlﬁcosiz-tj
6 6 6 2 6

ox1=—4—7[sin ) —4—7Tsm il =-1,81m/c.
6 6 6 3

1
vylziﬁcos(ﬁo’) =0,785 m/c.

mom1=+/(~1.8)° +(0.785)° =1,98 wc.
AHaJIOrH4HO HAXOIUM, YTO

sz——%Sin(g 6] 0wm/c, vyz:%ﬂcos(ﬂ):—lﬁ?M/c.

Onom.2= 1 57 Mm/c.

3. JIy1st HaX 0K IEHUS TTOJTHOTO YCKOPEHUS (ponn HAUIEM ax Y dy B MOMEHTHI BpeMeHu t1 =2 cu t2 =6
c:

4 Y4 3 . (7
ax =vx = —?72'2 COS(E -tj,ayzoy':—gﬂ'z sin (E tj

ax1 = —EEZCOS Z.2 :—EnZ-cos Z 120,55 m/c?.
9 6 9 3

ay1 = ——7z sin| Z.2 j:——yz sm( j——0,7lM/CZ.
6 3

anom1= AJ@y +ay =0,9m/c?.

axo = _}ﬁz cos(E : 6) - —lnz cos(z)=11 m/c’.
9 6 9

1 :
ayz = —Eﬂ'z Slﬂ(ﬂ') =0wm/c’.

Anomu.2 = 1,1 M/CZ.



2
L

4. Haiinem HOpManbHOE (UEHTPOCTPEMUTENLHOE) YCKOPEHHE: d, = E , TAHT€HLIUAJIbHOE

_do
ycKopeHue d, = ——

dt

Haiinem vnonm.

2 2
UnonH:\luj_'_U; = (gﬂ-SIn(%tj) +(%7[C03(%tj) s

7’ SCos(ﬂ-tjsin(”-tj—1cos(”-tj3in(”-t)
do 9 |6 6 ) 2 \6 6
a = — =
T dt
127 4sin2(”-tj+lc032(7z-tJ
9 6 4 6

a., =022 mc.

CrenoBarebHO d,, = \/afmm — afl = \/0,92 —0,22% =0,87 m/c?.

Tak kak U, ., =1,98 M/c, To pammyc kpuBu3HSBI B TOUKe A paBen
2 2
v, 1,98
= —— = 4,84 m.
a, 0,81
257 cos(z)sinz
AHaIOrM4HO: a.,= =0.

12 -18\/gsin2 (7)+ Lllcos2 (7)

1,572

Crenosarensho d,, = a, =1,Im/c* = R, =2,24M.

Bonpocel u 3a0auu k covecedosanuio:

Mexannueckoe nBrxkeHue. Cucrema oTcyera.

MarepunanbHas Touka. Tpaekropus. Ilepemenienne u myTs.

CKopocTb U yCKOpPEHHE, KaK IPOU3BOIHBIE OT PaUYyC-BEKTOPA 10 BPEMEHHU.
TaHreHnuanbHOE 1 HOPMAIBHOE YCKOPEHUSI.

Kunemarunka BpamareabHOro JBUKEHHUS MaTepUaIbHOM TOUKH.

VYrnoBas CKOPOCTb U YIJI0BOE YCKOPEHHE, KaK MPOU3BOAHbBIE OT yIJia IOBOPOTA IO
BpPEMEHH.

7. CBsi3b MEXAY JIMHEHHBIMH U YTTIOBBIMHU XapaKTEPUCTUKAMU JIBUKECHUS.

ok wnE

3agaum JJIs1 CAaMOCTOATEIHLHOI0 pPeUICHUSA



1. JlBe MaTepuanbHble TOYKH JBUIKYTCS COTIACHO ypaBHeHHSIM X1=Ait+B1t?+Cit3,

X2 = Ast+Bot?+Cot?, rme A1= 4 m/c; B1= 8 m/c?; C1= - 16 m/c®; A2=2 m/c; Bo= -4 m/c’; Co=1
m/c®. HaiiTu MoMeHT BpemeHH t , KOIJja YCKOPEHMS 3TMX TOdeK OyAyT OAMHAKOBbIL Haiitm
CKOPOCTH 01 U U2 TOYEK B 3TOT MOMEHT BPEMEHHU.

2. Touka IBMKETCS IO MPSIMOM COTJIACHO YPaBHEHUIO Xx=At+Bt3, rie A= 6 m/c; B=1/8 m/c®. Haiitu
CPEIHIO0 IMMYTEBYIO CKOPOCTh <0> TOYKHU B MHTEPBAJIC BpeMeHH OT t1=2 C 10 t=6C.

3. JIBiKeHHe TOUKH 110 IPAMOii 331aH0 ypaBHeHHeM X=At+Bt%, rne A=2 m/c; B=

= -0,5M/c?. OnpesenuTh CPEIHION MyTEBYIO CKOPOCTh <> [BHKEHHS TOYKH B HHTEpBANE
Bpemenu ot 11 =0c mo t2=3c.

4. Teno OporieHo ¢ OaTKOHA BEPTUKAIBLHO BBEPX CO CKOPOCThIO 0o =10M/c. BricoTa 6ankoHa Hal
oBEepXHOCTHIO 3eMin h =12m. Hanrcath ypaBHEHHE ABMKEHUS M OMTPEICIIUTH CPEIHIOKO ITYTEBYIO
CKOpPOCTh <0> C MOMEHTa OpOCaHMsI 0 MOMEHTA MaJCHUs Ha 3eMJTIO.

5. C 6ankoHa Opocuiiu MsYMK BEPTUKAIBHO BBEPX C HAYaJIbHOM CKOPOCTHIO v o =5 M/cC. epe3 t =2c¢
MSTYHK yTan Ha 3eMitro. OnpeenuTh BhICOTY OanKkoHa HaJl 3eMJIei M CKOPOCTh MSIUMKAa B MOMEHT
yzapa o 3eMJIIO.

6. TeJ'IO, 6p0H.I€HHO€ BCPTHUKAJIbHO BBCPX, HAXOAHUJIOCh HA O,HHOI>'I 1 TOH K€ BBICOTE

h =8,6m nBa pasa ¢ unTepBaiom At =3c. [IpeHeOperasi COMPOTUBICHUEM BO3/1yXa, BHIYUCIHTH
HA4yaJIbHYI0 CKOPOCTb OPOIIEHHOIO Tela.

7. BepTukanbHO BBEpX € HayalbHOM CKOpPOCThIO v 0=20M/c OporieH kameHb. Yepe3 7=1C mocne
3TOro OpOIlleH BEPTUKAIBHO BBEPX JPYIroil KaMeHb ¢ TaKO# ke CKOpocThio. Ha kakoit BeicoTe h
BCTPETATCA KaMHH?

8. Kamens OporieH BepTHKAIBHO BBEPX C HAYAILHOW CKOPOCThIO 00=20 M/c. Uepe3 kakoe BpeMs
KaMeHb OyJleT HaxoauTbcs Ha BbicoTe h =15M? HaiiTu CKOpOCTh ©»  KaMHS Ha 3TOH BBICOTE.
ConpoTuBIeHHeM Bo3ayXa ipeHebpeun. [Ipunsts g =10 m/c?,

9. Kamenp mamaet ¢ BoicoThl h =1200m. Kakoii myTh S mpoieT kKaMeHb 3a TOCIETHIO CEKYHTY
CBOEro najaeHus?

10. C xako¥ BeICOTBI H ymasno Teno, eciii mocIeTHIA METP CBOETrO IMyTH OHO MPOILIO 3a Bpems t
=0,lc?

11. Teno GporeHO MO HEKOTOPBHIM YIIIOM ¢ K TOPU30HTY. HaiiTh BeMWYMHY ATOTO YIJIa, €CIIH
TOPU30HTANIbHASL JaTBbHOCTh S TOJIETa Tella B YEThIpe pa3a OoJbllleé MaKCUMAallbHON BBICOTHI H
TPACKTOPHH.

12. Cuapsn, BbIIyIIEHHBIN U3 opyaus noJ yriaoM o = 30° K TOpU30HTY, ABAXKAbI ObLIT HA OJTHOU U
Toii e Boicote h: cmycts Bpems t =10 ¢ u t =50 ¢ mocie BeicTpena. OnpeaeauTs HAYAIbHYO
CKOPOCTB 0 0 ¥ BBICOTY h.

13. Tlyns mymeHa ¢ HadampHOW cKopocThio 00=200 m/c mom yriaom « = 60° kK TOpH3OHTY.
OmnpenenuTh MaKCUMAIBbHYIO BbICOTY H mombeMa, JambHOCTB S MojieTa U paanyc R KpuBU3HBI
TPaeKTOPHUH IYJIH B €€ HauBbIcIel Touke. COnpoTUBIIEHHEM BO3AYyXa MpeHeOpeyb.

14. Kamens OpoIlIeH C BBIIIKA B TOPU30HTAITHFHOM HAIPaBJICHUHU ¢ HAYaJIbHOW CKOPOCThIO 0o=30
M/c. OnpenenuTh CKOPOCTh 0, TAHTCHIIMATHFHOE 8; 1 HOPMAIBHOE 8n YCKOPEHHsI B KOHIIE BTOPOU
CEKYHJIbI TIOCJIC Havaya JABYKCHHUS.



15. Teno 6pomeHo o yriom o =30° k ropu3zoHTy. HaiiTu TaHreHIMaIbHOE ar 1 HOPMAJIBbHOE dn
YCKOPEHHS B HAYaJIbHBI MOMEHT JIBH)KEHHSL.

16. [uck pagmycom I = 10 cM, HaXOAMBUIMICSA B COCTOSIHMM TIOKOS, Hayal BpaLIaTbCs C
TIOCTOSIHHBIM YTTIOBBIM ycKopeHueM & = 0,5 paj/c®. HaiiTu TaHreHIIManbHOE r, HOPMAJIBHOE an U
IIOJITHOE & YCKOPEHHUsS TOYEK Ha OKPYKHOCTH JMCKa B KOHILE BTOPOM CEKyHIbl IOCIIE Hadaja
BpalllCHU.

17. Jluck pammycom I =20 cM Bpamaercss coriacHo ypaBHeHnio ¢ = A+Bt+Ct3, rne A= 3 pax;
B = -1 pan/c; C= 0, 1pan/c3. Onpenenuth TaHTCHIMAIBHOE a7, HOPMAJbHOE 8n M IMOJIHOE a
YCKOPEHUsI TOYCK Ha OKPYKHOCTH JTMCKa JiuIsi MOMeHTa Bpemenu t =10 C.

18. MaxoBHK Ha4ajl BpallaThCsi paBHOYCKOPEHHO M 3a MPOMEXKYTOK BpeMeHu At = 10c goctur
yacToThl Bpamenus N = 300 munl. OnpenennTs yrioBoe yCKOpeHHE £ MaxoBHKa M umcio N
000pOTOB, KOTOPOE OH CJIENAJ 32 3TO BPEMSI.

19. BenocumeHoe KoJeco BpamaeTcs ¢ 4acToToi N =5 ¢, Tloj nelicTBHEM CHII TPEHHS OHO
OCTaHOBUWJIOCH Yepe3 UHTepBai BpeMeHu At = 1 MuH. Onpenenurs yriioBoe yCKOPEHUE € U YUCIIO
N 060pOTOB, KOTOPOE CENAET KOJIECO 3a ITO BpeMsl.

20. Koneco aBromaiuHbl Bpaimaercs: paBHoyckopeHHo. CnenaB N = 50 nmoiaHbIXx 060pOTOB, OHO
M3MEHHJIO YaCTOTy BpalieHus oT N1 =4 ¢ 1o N2 =6 ¢1. Onpeenuts yrioBoe ycKopeHue £ Koneca.

IIpakTnyeckoe 3ansaTHe 2.
Tema 3anamua. JlunaMuka MaTepuaJIbHONA TOYKH.
Ilens 3anamusn. VI3yunTh 3aKOHBI TMHAMHUKU MaTEPUAIBHON TOYKH.

T eopemuuecKas uacmo.

Junamuxa nocmynamenvrho2o 08udiceHus
Hmnynbc abCconOTHO TBEPIOTO TeIa Maccoil M, ABMXKYIIETOCS CO CKOPOCThIO U
p=m-o.
Bropoii 3akon qunamuku (HeroToHa):
dp = Fdt,
rae F — pesyasTupyiomas cua, AeiCTBYIONIas Ha MATEPHATbHYIO TOUKY.
Cunel, paccMaTpyBaeMble B MEXAHUKE:

a) cuja ynpyroctu F =—kx;

rae K —xosdduument ynpyroctu (B ciiydae NPyKUHbI — )KECTKOCTh); X —a0COII0THAS
nedopmarnus;

0) cuia TSDKeCTH: F=mg;



B) cUJIa TpEHUS (CKOJIbXKEHU): F=uN,
rae u —xodddumnuent tpenus; N — cruaa HOPMAITBEHOTO JTaBICHUS.

3akou COXpPAaHCHUS UMITYJIbCA: UMITYJIBC 3aMKHyTOﬁ CUCTEMBI OCTACTCA IMTOCTOAHHBIM
n

> p; =const

i-1 .

Jns iByX Te npu aOCOJIIOTHO YIPYTOM yaape:

M0, + M, v, =m,l; +m,0,

rac ljl n 52 - CKOpOCTHU TeJI mepe COYAAapCHUECM, Ul u Uz — CKOpPOCTH TCJI B MOMCHT IIOCJIC
COydapCHu:l.

J71s aGCOMIOTHO HEYNPYToro yaapa ABYX Tell:

mo, +m,0, = (M, +m,)u

IIpumepsl pemienus 3aga4

3agaua 1. Ha rmagkom crose nexut Opycok maccoi 3 kr. K Opycky mpuBsi3aHbI JiBa IIHYpA,
NEPCKUHYTLIC YCPE3 HCIIOJABUIKHBIC 6JIOKI/I, IMPUKPCIUICHHBIC K ITPOTHBOIIOJIOKHBIM KpasiM CTOJIA.
K koHIIaM 1IHYpPOB MOJBEIICHBI THPU MaccamMu Mi = 2 kr U My= 3 kr. Halitu yckopenue a, ¢
KOTOPBIM JABMXKETCA OpYyCOK U CUIy | HATsDKEHUs KaXJOoro U3 HIHypoB. Maccoit O10koB U
TpeHueM npeHeOpeub. [IIHypbl cuuTaTh HEPACTSKUMBIMH.

Jano:

m=3xkr

=
Nl

—
—
m

mi =2 Kr x

M= 3 K.

Ti-7 myg m.g

T2-7?

Pacriumem cuiel, pecTByrone Ha Tena. BeibepeM cucTeMy KOOpAWHAT, KaK yKa3aHO Ha
pHUCYHKE (Ha rpy3 M, JIe)Kaluii Ha cTojie BOOOIIEe-TO IEHCTBYIOT €IE JIB€ CHIIbI: CHJIa TSKECTU

—

Mg wu cuna peaknuu oropsl N . Ho Tak kak TpeHHeM B 3aj1aue mpeHeOperaercst, TO JCUCTBHE

ATUX CHJI U3 PACCMOTPEHHUS Mbl HCKIIIOUAEM).



3anuiem BTopoi 3akoH HbIOTOHA 171 Ka)KA0ro y4acTBYIOIIErO B IBMKEHUH TENa:

a=mg+T,
,a=m,g+T,
a=T,+T,

(TTockosbKy HIHYPBI CUUTAFOTCS HEPACTSKMMBIMH, TO BCE TeJa JBUXKYTCS C OJMHAKOBBIM
YCKOPEHUEM a).

Bribupaem HampaBieHHE YCKOPEHHs, KaK YKa3aHO Ha pUCYHKE (II0 HampaBJICHHUIO YaCOBOM
ctpenku). CrnpoenupyeM CUCTEMY YpaBHEHU Ha BBIOpAHHbBIE OCU KOOPAUHAT:

—fa=mg-T,
m,a=m,g-T, W
ma=T,-T,
W3 Broporo ypaBHeHus (1) BelunTaem rnepBoe:
(m,+m)a=(m,-m)g—(T,-T,)
(m, +m)a=(m,-m,)g—ma
(m,+m, +m)a=(m,—m,)g, rorma
a=—2 g @
m, +m, +m

HOI[CT&BJ'IHGM YHUCJICHHBIC 3HAYCHU A

a= ilO = E =1 25wm/c2
3+2+3 8

T,=mg+ma=m/(g+a)=2(10+1,25)=22,5 H,
T,=m,(g-a)=3(10-1,25)=26,2 H.

3agaua 2. UYepe3 050K, YKpEIJICHHBIM Ha KOHIIE CTOJIA, MEPEKUHYTa HEpAcTSHKUMas HHUTh, K
KOHIIaM KOTOPOH MPHUKPETUIEHBI TPY3bl, OUH U3 KOTOPHIX (71 = 400 T) IBUKETCS 10 MOBEPXHOCTH
cToina, a apyroit (m2 = 600 r) — Baosp BepTHKaiu BHU3. Koaduiment f Tperus rpysa o cToi
paseH 0,1. Cuutast HUTH ¥ 6JIOK HEBECOMBIMH, ONIPEIETUTh: 1) YCKOpEeHUE a, C KOTOPBIM JBHXKYTCS
Ipy3bl; 2) CUITy HaTsDKEHUs 1 HUTH.



Pewenue.

BriOpaB ocu koopauHar (puc), 3ammiieM s KaXIOro rpysa
ypaBHEHUE IBMXEHUS (BTOpOH 3akoH HbI0TOHA) B MPOEKIMSIX HA 3TU
ocH:

mya = myg—T

VYuuTeIBas, 4T0

, [IOJIy4YUM CUCTEMY YPaBHECHMM:

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

OTKYJIa HICKOMOE YCKOpPEHHE:

__(m,— fm)g
m, +m,

CI/IJ'Iy HaTsKCHUA HUTHU Haﬁ,[[eM H3 BTOPOro ypaBHeHI/I}I CUCTCMBI.
T=m,(g-a)

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

3anaua 3. [Ipu nagenuu Temna ¢ 60JIbIION BHICOTHI
€r0 CKOPOCTD Uycr IPU YCTAHOBUBIIEMCS JBUKECHUHN F e 4
nocruraet 80 m/c. Onpenenuts Bpemst T, B TEUCHHE

KOTOPOro, HaUMHasi OT MOMEHTAa Hayana naJieHus, O.L______
CKOPOCTh CTAHOBHUTCS PABHOM Vycr/2. CHity 050, L__ _//?—_
COINPOTHUBIICHUS BO3AyXa IPUHATh ms )
IIPONOPLUUOHAIBHON CKOPOCTH TeJIa. - O

Pemenue.

Ha nanatomee teno 1eHCTBYIOT JBE CUIIBI (pUC.
a): cuJjia TSDKECTH MJ U CUila COTIpOTUBIIEHUS Bo3ayxa Fe.

Cuma COIMPOTUBIJICHHA BO3/1yXa IO YCIOBHUAM 3aJadd MPOMOPHUOHAIBbHA CKOPOCTH TEJIa U
IMPOTHUBOIIOJIOKHA e mo HaITpaBJICHUIO:

F =—ko,
(1)

rie K — k03 GUIMEeHT IponopIIHOHATIBHOCTH, 3aBUCSIIHIA OT pa3MepoB, GOpMBbI TeIa U OT
CBOWCTB OKPYKAIOILEH CPEABL.



Harmmmem YpaBHCHUE NBHKCHHUA TCJIa B COOTBECTCTBHU CO BTOPBIM 3aKOHOM Hrrotona B

—

D . — —
BEKTOpPHOM (hopme: ma =mg + FC. Bamenus F, cormacuo (1), momyqmm:

(2)

CnpoenpyeM Bce BEKTOPHBIE BEJIMYMHBI HA BEPTUKAIBLHO BHU3 HAIIPABIECHHYIO OCh U
HaIUIIEeM ypaBHEHUE (2) 1715 MpOeKIuH:

do
m—=mg —Kko.
dt
[Tocne pa3zneneHnss NEPEMEHHBIX MOJTYYHM
do  dt
mg-ko m

BrmommnMm HWHTCITPUPOBAHUC, YUYHTBIBAA, YTO IIPH M3MCHCHHU BPEMCHHU OT HYJIA 10 T

(puc. 1, 6):

(McKOMOE BpeMs1) CKOPOCTh BO3PACTaET OT HYJS J10 EUyCT

dov z—dt 1 1U T
182 in(mg —ko)p ==
~([ mg — kv ;[m' k|n(mg o) m

U3 IOJIYYCHHOTI'O BBIPAKCHU HaliJIeM HCKOMOE BpEMAI:

m m
r=—1In g

" @)

1
mg — 5 kuyﬂ

Bxogsimuii croma KodQ@UIMEHT MNPONOPHUOHATBHOCTH K ompenenuM U3 CIeIyHoNmx
coobpaxenuil. [Ipu ycraHoBuBIIEMCS ABMXKEHUHU (CKOPOCTh IIOCTOsIHHA) alre0panueckas cymma
IIPOEKLINH HA BEPTUKAJIBHYIO OCh JIEHCTBYIOIIMX HA TEJIO CHJI PaBHA HYIIO, T. €. M(J — kUyCT =0

mg

, OTKyz1a k=—.
1)

yer

[ToacraBuMm HaiiaeHHOE 3HaueHHE K B hopmyny (3):

mo,, m

7=—=In 1?n
UyCT
v




[logcraBuB  uucieHHbIE 3HA4YeHUs, noiyunMm 7 = 5,66 c. IlpoBepka pa3zmepHOCTH
pe3ysbTaTa B JaHHOM ciiy4dae He 00s13aTesIbHa, TaK KaK OHa OYEBHJIHA.

Bonpocwl u 3a0auu k cobecedosanuio:

ITepBbriii 3akoH HproTOHA. IHEpLIMAIbHBIE CUCTEMBI OTCYETA.
BzanmopeiictBue Ten. Cuna, Macca.

Nmritynbe (KOTMYECTBO TBUKCHUSA).

3aKOH COXpaHEHMsI UMITYJIbCA.

Bropoii 3akon HeroTona.

Tpernii 3akoH HproTOHA.

No akowdE

I/I3OJII/IpOBaHHa$I CUCTCMa MAaTCPUAIIbHBIX TCJI.

3agauu aJ1sl CaMOCTOATEILHOTO peUICHUSA

1. CamoneT JeTHT B TOPH3OHTAILHOM HAMpaBjieHHH ¢ yckopeHmeM a = 20 m/c?.  Kaxosa
neperpy3ka maccaxupa camonera? (Ileperpy3koil Ha3biBaeTcs OTHOIIEHHE cuibl F,
JCHCTBYIOIICH HAa maccaxxupa, K cuiie Tsbkectu P).

2. ABTOIMCTEpHA C KEPOCHHOM JIBMKETCs ¢ yckopenumeM a =0,7 m/c?. Tloj Kakum yrioM ¢ K
TUIOCKOCTH TOPU30HTA PACTIONOKEH YPOBEHb KEPOCHHA B IICTEPHE?

3. bak B Tenaepe mapoBo3a umeet qiuHy |=4 M. KakoBa pasHocts A | ypoBHel BO/IbI Y ITEpEIHETO
¥ 33JJHETO KOHIIOB 6aKa MU JABMKEHHUH T10e3/1a ¢ yckopenueM a = 0,5 m/c®?

4. Karep maccoit m=2m Ttporaercsi ¢ MecTa M B TeueHue BpemeHH 7 =10 c pa3BuBaeT mpu
JIBIDKEHUH 110 CIIOKOMHOM BOJIe CKOpPOCTh v = 4 M/c. Onpenenuts cuity Taru F motopa, cunras ee

OCTOSIHHOM. [IpUHSTE CHTy CONMpOTHBICHHSI b JBIKEHHIO MPONOPUMOHAIBHON CKOPOCTH;

k03 durment conporusienus K =100 kr/c.

5. HauanbeHas ckopocTsb vo mmynu paBHa 800 m/c. ITpu aBmxkenun B Bo3nyxe 3a Bpems  t=0,8cC ee
cKopocTh yMeHblmiach 10 v =200. Macca m mynu paBHa 10 r. Cuutas cuily CONpPOTHUBIIEHUS
BO3/IyXa IMPOIMOPIIHOHAIBHON KBaIpaTy CKOPOCTH, OMPEACTUTh KOA()OUIIMEHT CONPOTUBICHHUS K.
JlelicTBUEM CUIIBI TSXKECTH IIPEHEOpeyb.

6. MarepuanpHasi TOuka Maccoi M =2 K ABUKETCA MO JeHCTBHEM HEKOTOPOU CHilbl F corimacHo
YpaBHEHUIO X=A+Bt+Ct>+ Dt3, rne C =1 m/c?, D = - 0,2 m/c®. HaiiTi 3Ha4eHHUs ATOM CHIIBI B
MOMEHTHI BpeMeHH t1=2 C u t; =5 C. B kakoif MOMEHT BpeMeHH CHJIa paBHA HYJIO?

7. HakJtoHHas TUIOCKOCTh, 0Opasyromas yroi o = 25°C mIOCKOCThI0 TOPU30HTa, UMEET JIuHY | =
2 m. Temo, nBurasch paBHOYCKOPEHHO, COCKOJIB3HYJIO C 3TOW IUIOCKOCTH 3a Bpemsi t = 2cC.
Onpenenutb K03PPUITUESHT TPEHUS L Tea O TIIIOCKOCTb.

8. Ha rmagkom cromne nexut Opycok maccoir m = 4 kr. K Opycky mpuBszaHbl J1Ba IIHYpa,
MEPEKUHYThIC Yepe3 HEMOABMKHBIC OJIOKH, MIPUKPETICHHBIE K TPOTUBOMOIOKHBIM KpasM CTOJIa.
K koHIIaM IIHYpOB TOJIBEIIIEHBI THPH, MacChl KOTOPhIX M1=1 kT u My = 2kr. Haiitu yckopenue a,
C KOTOPBIM JBUXKETCS OpYCOK, M CUIy | HATSDKEHHs KaxJ0ro u3 mHypoB. Maccoil OJ0KOB U
TpEHUEM TIPEeHEOPEYb.

9. [1Ba 6pycka MmaccamMu Mi=1 Kr u Mz = 4Kr, COeIWHEHHBIE IIHYPOM, JiexkaT Ha cToje. C Kakum
yCKOpeHueM a OyIyT IBUraThCsl OPYCKH, €CIM K OJHOMY M3 HUX MpuioxkuTh cuiny F = 10 H,
HarpaBJeHHYI0 Topu3oHTanbHO? KakoBa Oymer cwia 7 HaTsOKeHHs ITHYpa, COCIUHSIONIETO



opycku, ecnu cuiny 10 H mpunoxute k mepBomy Opycky? Ko Bropomy Opycky? TpeHuem
npeHeOpeyb.

10. K mpyxuHHBIM BecaM TojBelieH 0yiok. Yepe3 OI0K mepeBelieH mHyp, K KOHIIaM KOTOPOTo
MPUBS3aIN TPy3bl MaccamMu My = 1,5 kr u Mz = 3 kr. KakoBo OyneT moka3aHue BECOB BO BpeMsi
JIBUXKEHMS Tpy30B? Maccoii 6510ka U mHypa npeHeopeys.

IIpakTnyeckoe 3ansTHe 3.

Tema 3anamusa. PaGora m 3Heprus. KuHemMaTHuka W JMHAMHKA BpPallaTeJIbHOIO
JABHKEHHUS.

Ilenv 3amamua. V3yduTb 3aKOHBl COXpaHEHHUs 3Hepruu. KuHematuky M JAUHAMHKY
BpAILaTEIbHOIO ABUKECHHUS.

3uanusa u ymenusn, npuoopemaemvie CHMYOEHMOM 6 pe3yibmame O0CE0CHUS MeMbl,
dopmupyemvie  komnemenyuu. PabGora. Pabora mnepemeHHOW  cuibl.  MOIIHOCTS.
KoHcepBaTuBHble 1 HEKOHCcepBaTUBHbIE cuibl. [loTeHIManbHas sHeprus. CBsa3b MEXIY CUION U
NOTEHLIMAIBHON 3HEpruen. DHeprus ynpyro aedpopMupoBaHHoro tena. Kunernueckas sHeprus u
e€ cBs3b ¢ paboOTOM MpuiIoKEeHHbIX cuil. [lonHas MexaHudecKasl SHEpIrus CUCTEMBbl Tel. 3aKOH
COXpaHEHUsI MexaHU4yecKoil sHepruu. {uccunanus sneprun. Biageer cnocoOHOCTRIO TPUMEHATH
COOTBETCTBYIOLIMH (PU3HKO-MaTeMaTHUECKUH anmapat Mpyu pelieHUuH MpodhecCUOHATBbHBIX 3a/1au.

AKmyaJleOC'mb membl. 3aKOH COXPAaHCHUA OHCPIrMH, a TAKKE 3aKOHbI JWHAMHUKU
BpamaTCJIbHOIO ABUXKCHUSA HIUPOKO IMPUMCEHACTCA IMPU PCHICHUH MHOTMX MHXXCHCPHBIX 3a/1a4.

Teopemuqecmm yacmos.

3akoH COXPAaHCHUS UMITYJIbCA: UMITYJIBC 3aMKHYTOﬁ CHUCTEMBI OCTACTCA IMTOCTOAHHBIM
n
> B; =const.
i=1

Jlnst IByX Ten mpu aOCOMIOTHO YIIPYTOM yape:
m,o, +m,o, =m0, +m,U,,
rae U, U U, - CKOPOCTH Tell mepex coyaapeHueM, U, u U, —CKOPOCTH Tel B MOMEHT IOCIe
COylapeHHUsl.
Jnist abCOMOTHO HEYNPYTOro yaapa ABYX Te:
m,o, +m,0, =(m, +m,)u.
Kunerndeckas sueprust I’ Tena, IBIKYIIETOCS MOCTYIATENILHO:

2
U T:p—

(2m)

mo?
= 2 )

T

[TorenuuanbHas sHeprus 1 :

a) ynpyrozegpopMUpOBaHHON NPY>KUHBIL:



o
2

riae K —KeCcTKOCTh MPYKUHBI; X —abComoTHas aehopMarius;
0) Tena, HaXOSIErOCs B OAHOPOAHOM I10JI€ CHJIBI TSKECTH:
IT =mgh,

rae g — yckopeHue cBOOOHOrO MmajeHust; N—BbIcoTa TeIa Hall YPOBHEM, PHHSATHIM 3a HYJIEBOM

(bopmyma cripaBeuBa mpu yenosun h << R, rae R —paauyc 3emin).

3aKkoH COXpPAaHECHUA MEXaHUYEeCKOM SHEPIrHUU: €CJIIN B CUCTEMEC HeﬁCTBYIOT TOJIBKO KOHCEPBATHBHBLIC
CHJIBI, TO ITIOJIHAsA MEXaHUYCCKasl SHEPIUA CUCTEMBI HC MCHACTCA

E=T+11=const.

3aKoH COXpaHCHHA SHCPIruu Ipu a0COJIFOTHO YIIPYromMm CTOJIKHOBCHUH JABYX TCJI, ABUKYIIIHUXCS B
I‘OpH?;OHTElJIBHOfI IIJIOCKOCTH:

2 2 2 2

2 2 2 2
m,v. m,v m,u m,u
gt SR o Bt SR s 2

3aKOH COXpaHEHUs SHEPrUH IpU aOCOIIOTHO HEYIIPYIOM CTOJKHOBEHUU JIBYX TEJ, JIBUKYLIUXCSI
B FOPU30HTAIILHOMN IUIOCKOCTH:

2 2 2 2

m,o. m,v m.u m,u
SIS L L R o Wi o )
2 2 2 2

rae Q —»Heprus HarpeBaHus TeJd U UX OCTaTOYHOH JieopMalty.
CkopocTH IBYyX Tel Mocie a0CONIOTHO YIPYTroro CTOJIKHOBEHUS:

(ml —m, )Ul +2m,v,
(ml + mz)

u, =

(mz —my )Uz +2m,v,
(m, +m,)

u, =

Pabora, coBepmiaeMass pe3yiabTHPYIOIICH CHIIOH, ONpenensercs Kak Mepa HW3MEHEHUs
KMHETUYECKON IHEPIUU:

A=AT=T,-T,.
ﬂuHamuKa epauiameilbHo2c0 08UIICEHTS

OcHoBHOE YPaBHCHUC JUHAMUKHA BpalIATCIILHOTO ABUKCHUA:

—

M=Jeg,

Trac M —pCSYJ]LTI/IPYIOH_II/Iﬁ BCKTOp MOMCHTOB BHCHIHHUX CHII, Z[CﬁCTBYIOHII/IX Ha TCIIO,
OTHOCHUTCIIbHO OCHU BPAILICHUA, g — BCKTOP YTJIOBOT'O YCKOPCHUS, J —MomeHT HHCPIUH CUCTCMBI
OTHOCHUTCIIBHO OCH.

MoMeHTbI HTHEPLUU HEKOTOPBIX TEJI MacCOil M OTHOCUTEIHHO OCH BpaIlIeHHUs, TPOXOIALIeH uepe3



LEHTp Macc:
a) MaTepHabHOM TOUKU: J=mr?,
r7€ r —pacCcTOSIHUE OT MaTepUATbHOM TOYKHU JI0 OCH;

0) cTepKHA AJIMHON / OTHOCHUTENBHO OCHU NEPIEHIUKYISIPHONU CTEPIKHIO:

J :ing;
12

B) 00pyya WM TOHKOCTEHHOTO LMJIMHJpA paanyca R OTHOCUTENIBHO OCH, COBIAJAIONICH C OChIO
UWIMHIPA:

J =mR?.

I') OZIHOPOIHOTO (CIUIOMIHOTO) AUCKa (IMAMH/PA) paaryca R OTHOCHTENBHO OCH, COBIAIAOMICH
C OCBIO JIUCKa!
1
J=ZmR?;
2

1) MyCTOTEeJIOr0 LUIMHApa paguycamu R, m R, ¢ ocklo BpallleHus, COBINAJAIOLIEH C OChIO
LHWIMHpA:

J :%m(Rf +R?);

€) Iapa ¢ OChI0 BpAIICHHsI, TPOXOISIICH Yepe3 ero HeHTp:

J=ng.
5

TeopeMa ]_HTeﬁHepa: MOMCHT HHCPIUN ‘JO T€JIa OTHOCHUTCIBHO HpOI/I3BOHBHOI71 OCH paBCH CYMMC

MOMCHTA MHCPUIUHA \]C 9TOro T€jia OTHOCHUTCIBbHO napanneanoﬁ ocH, npoxoz[ﬂmeﬁ qepe3 LCHTP

MaccC, 1 IpOU3BCACHHA MAaCChl M Ha KBaapaT paCcCTOAHUA a MCKIAY OTUMHU OCAMU
_ 2
Jo=J,+ma’,

MoMeHT uMIyJIbca MaTepruaIbHOM TOYKA Macco M, UMEIOIIEN CKOPOCTh U M HaXOJSIIYIOCS Ha
PAcCCTOSIHUM I OT OCH BpalICHUS:

L=mor.

MomeHT HMITYJIbCa L TCJIa, Bpalmaromeroca OTHOCHTCIBbHO HEIOJBIKHOM OCH C yFHOBOﬁ
CKOPOCTBIO @ .

L =J)w.

3akoH COXpPAaHCHUSA MOMCEHTA UMITYJIbCA CUCTEM TEJI, BpalllatOIIUXCA BOKPYT HeHO)IBH)KHOﬁ ocu:
n
> J;@; = const .
i1

Kunernyeckas sHeprus Tena, Bpallarouerocss BOKpYr HEMOABHKHOM OCH:



T= , mwm T= .
2 (23)
Kunerndeckasi SHepTUs KaTSIIErocs Telna:
2 2
mo°® Jo
T= +
2 2

IIpumepsl pemenus 3aga4

3anpaua 1. Caapsin maccoit m = Skr o6sanan ckopoctbio 0= 300 M/c B BEpXHEH TOUKE TPACKTOPHH.
B aT0li TOuKe OH pa3zopBaiics Ha JABe YacTH. MeHbIIas 4acTh Maccoi M = 2 KT, MOJIy4nia CKOPOCTb
U1 = 500 M/c u monerena Brmepex mox yriom 60° k ropu3oHty. HaliTu ckopocts U 2 mocie
pa3psiBa BTOpOH, OOJIBIIEH YacTH, U MO/ KAKUM YTJIOM K TOPH3OHTY OHA TOJIeTeNa.

JlaHo:
m = 5kr B BepxHel yacTu TpaeKTOPHUH, CHAPSAL IBUTAIICA TOPU3OHTAIIBHO.
v =300 m/c I'eoMeTpuuecky 3aKOH COXPAHEHUS UMITYJIbCA UMEET BH/T v, =500
M/C — T~
BJ('K[ Tt _
m1=2 xr Y e
P, T
o= 60° < p — >
— @, -
. P
oCcK?2 \\\“‘H\ . 7 .
v~ ? T X
- ?
P=PF, *+ P umm - Mo =mo, + M, . 1)

I/ICHOHBSYSI TEOpPEMY KOCHUHYCOB, HANACM ‘POCKZ‘

(POCK2 )2 =P’ "‘(Pocm)2 —2P - Py 1COS ;. (2)

Tak kak Pocz = (M — M) U 2 oinyuum, 4to

Poe V1500 +10007 — 2-1500-1000 - 05 60°
m—m, (5-2)

— — —

Crpoenupyem Bekropa Py, u Py, Ha Hanpasierne P . TTo teopeme o mpoekuuu cyMMbl

=441wm/c.

2

BCKTOPOB, MOJIYIUM

P=PFockis T Focan » 10 Pocirs = ‘POCK.I‘ COSg,, a

—

P ocos = ‘ |30CK_2‘ -c0s(—¢, ), T.x. yron @, nexur mmxe ocu P,



T

OTKyZa

P—(Pock:) €089 15001000 cos60°
Pl 1322,9

OCK.2

=0,756,

cos(—¢,)=

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

OTy 3a1a4y MOKHO PELIUTh U IPYTHM CIIOCOOOM.

BribepeM ocu KoopaMHAT, KaK Ha pUCYHKE. 3anucaB ypaBHeHUE (1) B IpoeKIUsaX Ha OCHU
KOOPJAWHAT U, YYUThIBasA, 9T0 Ux=U u Uy =0,

[IOJIy4YUM
mo = mv, COS@, + M,L, COS P, , (3
0=mu,sing, —m,v,sing, .

W m,v, COS@, = Mv — MY, COS Y, 4)

m,v, Sin g, =M, sing, .

Bo3Boss B kBajjpaT 00a paBeHCTBA, U CIIOKUB UX, TIOCJIE TPUBUAIBHBIX IPEOOPA30BaHUNA TOJTYUYUM
dopmyiy (2) Ui BEIYMCIEHHUS UIMITYJIbCa M CKOPOCTH BTOPOIO OCKOJIKA. 13 BTOpOro ypaBHEHUs
CUCTEMBI (4) MoTy4yaeM BbIpakeHUE
_ My, sing,

i)

sing, = o
272

13 KOTOPOTO BBIUUCIISIEM YTOMI (.

3agaua 2. Ha npyxune xectkoctsio K = 510% H/M noasemen 610k B Gopme auCKa Maccoit 5 Kr
u paguycoM 0,2 M. Uepes GJI0K MEpEeKUHYT IIHYP, K KOHIIAM KOTOPOTO TMPUBS3aHBI TPY3bI M1 = 2
Kr 1 Mz = 3 xr. Haiitu: 1) yckopeHue rpy30B U yIIIOBOE YCKOpEHHUE OJIOKA; 2) CHITBI HATSHKCHHS
HIHypa; 3) Culy YOPYTOCTH MPYXHUHBI M YAJUHEHHE MPYXKHUHBI; 4) KUHETHYECKYI0 SHEPTHUIO
CUCTEMBI 4epe3 2 ¢; 5) u3MeHeHHe MOTEeHIMAIbHON Heprun OJ0Ka U Tpy30B 3a 2 c; 6) HAUTH
YCKOpEHHUE IIEHTPa Macc Irpy30B.

Hano:

Mo =5 xr VYkaxkeM BCe CHIIBI, IEHCTBYIONIME Ha KaXK10€ TeIO (CM. pucC.).

M1 =2 Kr Harnmmem ypaBHeHue BToporo 3akoHa Her0TOHa B BEKTOpHOU

mz =3 kr dbopMe A KaxkA0ro Tela, Ipu TOM OJIOK COBEpIIIaeT
BpalllaTeJIbHOE

k=5-10°H/m ABMKeHHe. YuTewm, Takke uto | = m0r2 / 2 u




r=02w d=¢& I (mpockanb3bpIBaHUS HET ) U JMHEHHOE

t=2c YCKOpEHHUE KpailHUX To4YeK OJIOKa paBHO

a-? e ? YCKOPEHHUIO TOYCK MIHYpa. 3aMETHM, 4TO
1o TpetbeMy 3aKkoHy Hprotona T1"'=T1u T2'=T>.
[l npoekuuii cun Ha ock X MOJIYYUM

CUCTEMY ypaBHEHUI:

(Fm,g-T,=m,a

T1 —mg=ma

a (1)
r

Tz-r—Tl-r:%morz-

T, +T,+myg—-F =0.

m,g
CKJ'IaI[BIBaH IIEPBLIC TPU YPAaBHCHUS, IMOJTYUUM
)
m,g-mg=a Emo+m2+m1 =
- 10-(3-2
a=-m "M 9= <?L=M:ﬂ m/c” =1,33m/c’.
“my+m, +m 7.5
p=2.L33 g6l

2

r O C

2
13 nepeoro ypasHenust Haiinem: 1, =T, =M, ( g-— a): 26,0 H.

U3 BTOpOro ypaBHeHus Haiizem: 1, = Tl’ =m ( g+ a) =22,7H.
W3 yetBepToro ypaBHeHwus HaliaeM F:
F=T+T,+m,g=987H.

VY uiiHeHue npyKuHbl HalaeM u3 popMyisl 3akoHa ['yka:

F :—kAx:Ax:E: 98’73 =0,0197 m=1,97 cm.
k 510

OTO yIIMHEHWE NPYXKHUHBl TpU JBWKYyHMXcAa Tpy3ax. Eciam 3acromoputh OJIOK,

VX

TO

F= (ml +m, + mo) -9 =100 H , uro BBI3OBET ynMHEHNE IPYXKKUHBI TOYHO 2 cM. C Ha4anoMm



JIBIDKCHUSI TIPY)KWHA cokpatutcs Ha ~ (0,3 mMm. U3 cucremsl ypaBHeHuid (1) MOKHO MOTYydHTH
dopmyiy mist pazHocTd cuibl Hatskerus AF=F; — F:

(m, —m1)2

5m0+m2+m1

AF=

g,

HCII0JIB3YsA KOTOPYIO MOKHO OLICHUTH UBMCHCHUC PACTAXKCHUS IIPYKHUHBI
AX'=AF/K =0,27 mm.

UToObl HAWTH KUHETHYECKYIO DHEPIHIO0 BCEH CHCTEMBI, HAWJIEM KHHETHYECKYIO SHEPTHIO
MOCTYMATEILHOTO JBW)KEHUS TPY30B Kip U KHHETHYECKYIO SHEPTHIO BPANIATEIBHOTO JIBUKCHHUS
onoka Key:

K :(m1+m2)l)2.

P 2
m,)a’® 5.1,33.
Tak kak U =at = KWIKWZ(ml—'_ Z)a 251’33 4=17,7 JOk.
2
2 2.2
K6n=|% Tak kKak @ =0/r, u |=mol’2/2,To K6n=%=9)ﬁ[x<.

Taxum oOpa3om nosiHas kunetuueckas sHeprust K = Krp + Kon = 26,7 JIxk.

3anaua 3. J[Ba CBUHIIOBBIX IIapa MaccaMu 71 = 2 KT U m2 = 3 KT TIOJIBEIICHBI HA HUTSIX JUTHHOU /
=70 cwm. IlepBoHaYaJIBHO MIAPHI COMPUKACAIOTCS MEXK]Ty CO00H, 3aT€M MEHBIITUHN I1ap OTKIOHHIIN
Ha yroin & = 60° u ormyctunu. Caurast yaap IeHTPaJIbHBIM U HEYIIPYTHM, OTIPEIETUTh: 1) BRICOTY
h, Ha KOTOPYIO TOIHUMYTCS IIapbl TOCJe yaapa;, 2) sHepruto AT , HU3pacXOJOBaHHYIO Ha
nedopMaIiio MIapoB MpH yruape.

Pewenue.

VYmap HEynpyruii, mMosToMy MOCJE yaapa Iapbl JBIXKYTCA C OOIIEH CKOPOCTHIO U, KOTOPYIO
HaleM U3 3aKOHA COXPAaHEHUS UMITYIIbCA:

mo, +mu, =(m +m,)o, (1)

re v, ¥ L, — CKOPOCTH IIapoB 10 yaapa. CKOpocTb », Majoro mapa Haijem u3 3aKoHa

COXpPaHCHUA MEXaHNYeCKOU OHECPTrUu:

mlghlz%,

OTKYyaa:

v, =\[2gh =2/2gl(1-cosa) = ZJasin%, )



(yumu, uto h =l(1-cosa)).

W3 Beipaxenuii (1) u (2) npu ycinoBuw, 4to v, = 0, mOxy4nm:

.
mo. 2m1\/asmE

p=—1d NG
m1+m2 m1+m2

W3 3aKkoHa coxpaHEeHUs] MEXaHUYECKO SHEPTUN UMEEM:

2
19
(m1 + mz)? = (m1 +m2)gh,

OTKYyla UCKOMas BbICOTaA:

R a
,  2milsin? =
v 1 2

29 m, +m,

(yama popmyiy (3)).
DHeprus, u3pacxofoBaHHas Ha ehopMaluio apoB MpHU yaape,

mv?

AT =2+ 12,2 (4

WM, TOACTaBUB (2) B (4), HaxX0oaUM:

Boraucnss, momyqaem: 1) A= 5,6 cm; 2) AT =4,12 JIx.

3agaya 4. MOTOUMKIIUCT €JIE€T 10 TOPU30HTAIbHOU fAopore. Kakyro HaMMEHbIIYI0 CKOPOCTb 0 OH
JIOJI’KEH pa3BUTh, YTOOBI, BHIKJIFOUMB MOTOD, ITPOEXaTh [0 TPEKY, UMEIoLIEMY (HopMy «MEpPTBOM
neTinuy paauycoM R = 4 m. TpeHueM u conpoTHBICHHEM BO3/1yXa MpeHeOpeyb.

Jano:
R =4 wm | 3anumieMm ypaBHEHUE ABUKCHUS

MOTOLUKIINCTA B BerHefI TOYKC

v="7 «MepTBOU METIN»:
mg+ N =ma.

Tak Kak Mpu MUHUMAJIBHON CKOPOCTH

N=0, To a = v*/R, 1 cle0BaTENBHO



2
msl — mg’ " Ul :\/giR (1),

rac vi1— CKOpOCTb MOTOIHMKIIA B BerHeﬁ TOYKEC ((MepTBOfI IICTIIN».

ITo 3aKOHY COXPAaHCHUA SHCPIUH, IMOJIHAA SHCPIUA MOTOLIUKIIMCTA HA I‘OpPI?;OHTELHBHOﬁ aopore,

2
mo
paBHasA €ro KMHCTUYCCKOU OHCPIUn , 6yz[eT paBHa IIOJIHOW SHEPIruM B BEPXHCU TOYKE
2
. . . My,
«MEPTBOU IIETINU», TO ECTh CYMMEC NIOTCHIWAJIbHOU SHEPT U mgh U KHHETHYCCKOU . Takum

2

mo moy;
006pazom uMeeM " mgh +

2

Tak xak h =2R , o 1)12 =0® —4gR. TloxcraBusiem nonyueHHoe Bhpaxenue B (1) Haiiaem,

2 2
U3 nocnennero pasencrsa nomyunm U =2gh+0; .

qTo

V> =4gR+gR=5gR, n v=+/50R =0, 141 m/c = 14,1 cm/c.

3agaua S. ['py3 maccoit m = 80 Kr oJHUMAIOT BJI0JIb HAKJIOHHOM IJIOCKOCTH C YCKOpEHHEM a = 1
M/c?. JlnuHa HaKJIOHHON MIockocTu [ = 3M, yron O/ ee HaKJIOHA K TOpU30HTY paBeH 30°, a
ko3 unment tpenus f = 0,15. Onpenenuts: 1) paboty, coBepiIaeMyro MOIBEMHBIM yCTPOIAi-
CTBOM; 2) €ro CpeIHIOI0 MOIIHOCTD; 3) €ro MaKCUMAaJIbHYIO MOIITHOCTh. HauanbHas CKOpocTh Ipy3a
paBHa HYJIO.

Pewenue.
VpaBHEHHE JBUKEHHUS TPy3a B BEKTOPHOH dopme: ma = F + El + Ez + F—M +N.
B npoekuusx va ocu x u y (puc. 16) sto ypapnenue npumer Bug ma=F—-F —-F;, 0=N-F,,
rie F =mgsina, F,=mgcosa, F,=fN=fmgcosa..
ITosToMy
F=m(a+gsina+ fgcosa).

Pabora, coBepiiaemas moJJbeMHBIM YCTPOMCTBOM,

A=Fl=ml(a+gsina+ fgcosa).

Cpeanm MOIIHOCTB, pasBuBacMasd
NOABCEMHBIM YCTpOfICTBOM,

e t =./2l/a — Bpems noxbema rpysa.

CnenoBareabHO, (P)=A %.



MakcumanpHasi MOLIHOCTh, pasBUBacMas IMOABEMHBIM ycrpoiictBom: P =Fou

~ = Fat.

Ioxcrasuss 3HadeHus, nomydaem P =my/2al(a+gsina+ fgcosa).

Boeraucisis, vaxomum: 1) 4 = 1,72 xJIx; 2) (P) =702 Br; 3) P = 1,41 xkBt.

3amaua 6. lllapuk maccoit m =300 r ynapuics o CTEHY U OTCKOUMII OT Hee. OnpeeIuTh UMITYIIbC
Pp1, TIOJYYEHHBI CTEHOW, €ClIM B ATOT MOMEHT Iepel yaapoM IapuK umen ckopoctb 10wm/c,

HarpasjeHHyo o1 yritoM @ = 30°K MOBEPXHOCTH CTEHBL. YIap CYMTATh aOCOJTFOTHO YIIPYTHM.
Pewenue:

ITo YCJIOBUIO 3aJavu yaap a0COIIOTHO ynpymﬁ, CJICA0BAaTCJIbHO, CKOPOCTL IHapHKa II0
3.6COJ'II-OTHOMy 3HAYCHUIO 10 U MOCJIC yaapa OAUHAKOBBI, T.C. U = U, .

[TpuMeHUM 3aKOH COXPaHEHHUS UMITY/IbCA(B MPOSKIIUSIX Ha OCH KOOPIMHAT):
yi p, =0=m(v,, —v,)=m(v,, —v,,) =0

x: Py, =Py =m0y, —(-0,,)) =2my, , 0,

e v, =y, Sina

p, =2mu, sina

Torga

KI''M

P1=2 0,3k 10m/c* sin30° =15T.

3anaua 7. JIBa CBUHIIOBBIX IIapa MacCaMu M1 = 2 KT ¥ m2 = 3 KT MOJABEIICHBI HA HUTAX JJIMHOM [
= 70cmM. [1epBoHauanbHO MIAPHI COMTPUKACAIOTCS MEXKIY COO0OM, 3aT€M MEHBIIHMA 11ap OTKIOHWIIN
Ha yron O = 60° u oronyctwum. Cuutas ymgap
HEHTPAIbHBIM M HEYNPYTUM, ONPEAETUTh BHICOTY /1, Ha
KOTOPYIO IOJAHUMYTCS IIaphl MOCIe yaapa u suepruto AT
M3pacXOJ0BaHHYIO Ha Je(hOpMaIUIO IIIAPOB MPH yiape.

Pewenue.

VYnap Heynpyruif, mo3ToMy IOCNe yAapa IIapbl JBMXKYTCS C OOIIeH CKOpPOCThIO U, KOTOpPYIO
HalIeM U3 3aKOHA COXPAaHEHUS UMITYJIbCA!

mo, +mu, = (M, +m,)v, (D)

1€ U, ¥ L, — CKOPOCTU WApOB a0 yaapa. CKOPOCTh ©; MAJOro Iuapa HaiIeM M3 3aKOHa

COXpPaHCHUA MEXaHUYeCKOU OHCPTHUHU:



2
mgh, =L,

OTKYya:

v, = J2gh, =2,2gl(1-cosar) = 2 /gl sin %, )

(yuamu, uto h =l(1-cosa)).

U3 Beipaxenuii (1) u (2) npu ycnosuu, 4to v, = 0, nomyuum:

. a
o 2m1\/asmE

p=—»=131 = , 3)
m1+m2 m1+m2

N3 3akona COXpPaHCHUA MeXaHHYeCKOM OHCPIur UMCCM:
2

(m + mz)% =(m +m,)gh,

OTKYa UCKOMasd BbICOTA:

(ywmn dopmyiy (3)).
DHeprus, n3pacxo/loBaHHas Ha AepopMaliio MapoB MpH yaape,

2
myu; m+m, ,

AT==2-20 20t @)

WM, TOACTaBUB (2) B (4), HaxXoaUM:

mm, .
AT =2gl —2 sin? &,
m, +m, 2

Berancss, monydaem: 1) 2 =5,6 cm; 2) AT =4,12 JTx.

3agaua 8. [llap maccoit m = 5 xr u paguycoM R = 5 cm Bparmaercst BOKpYr ocu, MpOoXOAsIen

uepes ero HeHTp. YpaBHEHUE BPAIIEHHs 11apa uMeeT Bua @ = A+ Bt* +Ct>, rne 4 = 2 pan, B

=16 paﬂ/cz, C=-2 pa;[/c3. Haiitu 3aKk0H M3MEHEHUs: MOMEHTa CHUJI, ICUCTBYIOIIUX Ha 1Iap U
ONpeAeTUTh MOMEHT cuJ1 M B MOMEHT BpeMeHu t = 2c.

Jano:
m=>5kr Tak kak MOMEHT HWHCPpIUHU 1Iapa HOCTOHHHLIﬁ, OCHOBHOC ypaB- R=
5- 10_2 M HCHUC NUHAMHWKU BpallaTCIIbHOT'O ABUKCHUA UMCCT BU!
2 3
o=A+Bt"+Ct M=I-¢ (1)

A =2 pan rae | — MoMmeHT uHepuuu, € — yriIoBO€ YCKOPEHHUE Tea, B=




16 paz:/c2 M — MOMEHT CHJI, IEUCTBYIOIUX HA HETO. CcC=-2
3 2 2
pan/c”. Jlns mapa MmoMeHT uHepruu | = g mR* . (2)

t=2c¢

MO =2 M(2) =2

ITo OIIPECACIICHUIO YITIOBOC YCKOPCHHE €CTh BTOpAas IMpOU3BOJHAA OT YyIJia IIOBOPOTa
Bpamaromerocda T¢J 1o BpEMEHU

n !

g:(p(t):(A+ Bt2+Ct3) :(28t+3Ct2) =2B +6Ct . 3)

[Moncraenss (2) u (3) B (1) m ucnons3ys uucnennsie 3HaueHust A, B u C Haiinem 3akon
U3MEHEHMsI MOMEHTA CUJI, ICUCTBYIOLIUX Ha 11ap.

M () :%mR2 (2B +6Ct) =(0,16 - 0,06t) Hx.

st momenTa Bpemenn t=2c, M (2) =0,0 4 H-m.

3agaua 9. Jluck paguycom R = 0,5 M u maccoit m = 50 Kr pacKpy4eH /10 4acTOThl BpallleHus
ni =10 ¢! u npenocrasnen camomy cebe. IToa melcTBHEM CHII TPEHHS MAaXOBHK OCTAHOBHIICS
yepe3 60c. HailTu MOMEHT cHil TpeHUSI.

JlaHo: COTIIACHO OCHOBHOMY YPaBHEHHIO JUHAMHIKH BPAIIATEIHHOTO JBIIKEHHS
R=0,5m dLX/dtZMX
1)

m= 50 kr rac dl_x— HN3MCHCHHUC ITPOCKIUN HA OCh X MoMeHTa HUMITYJIbCA NUCKaA,

ni=10c* BpAILIAFOIIEr0CS OTHOCUTEIBHO OCH X, COBIAIAIOIIEN C TEOMETPUUYECKOMN

t=60c ocklo jucka, 3a uatepsan spemenn dt. M — npoexuus na ocs X Mmomenta M = ?

BHEITHUX CHJI (B JAHHOM CJy4ae CUJI TPEHUs), NEHCTBYIOIUX Ha JHCK.

CuunrtaeM, 4TO MOMEHT CHJI TPEHHS CO BpEMEHEM HE M3MEHSETCs, TOTJa ypaBHCHHUE
(1) MoxHO 3anmucaTh B BUJE:

AL, =M At %)
M3MeHeHne poeKIIM MOMEHTa UMITYJIbCa

AL, =1, -Aw, ©)
rae | = MR?%2 MOMEHT uHepIMH AUCKA OTHOCHTENBHO OCH X

N3 (2) u (3), umeem:



M, At =mR?/2-Aw. (4)
V3MeneHue yriosoii ckopoctn A® = @, — @, = 27N, — 27N, =27 (n, —n,).
Toraa u3 (4) nonyuum

_ #ZmR*(n, —n,) |

I\/IX
At

Tak kak At=t,a n, = O (mck ocTaHOBHMICS) TO, OJCTABUB JAHHBIE, OTYYHM, YTO

M= M;=654HMm.

[TpoBepuM pa3MepHOCTH OJYYEHHOTO pe3yJibTaTa:

Kr-Mzc'l_Kr-MZ_Kr-M

2 2
C C C

M=HxM.

3agauya 10. Yenosek maccoit 60 Kr cTOMT B LIEHTpe cKaMbHh JKYKOBCKOTO M BMECTE C HEW
Bpaiaercs no uHepiuu. Yacrora Bpamienus N1= 0,2 1/c. B BRITAHYTBIX B CTOPOHY pyKaX YeJIOBEK
JIEPKUT MO TaHTEJIM Maccor 6 Kr kaxnas. PaccrosHue mexay rantensmu 1,6 M. Onpenenuts:
4acTOTY BpallleHHs] N2 CKaMbH C YEJIIOBEKOM, IOCJE TOr0, KAK OH OIYCTUT PYKH, U PACCTOSTHUE
Mexay rantensaMu craier paBHbiM 0,4 m. [Ipu pacyeTre MOMEHTOB MHEPLIMM YEJIOBEKA MPUHATH
3a HIMHIP paguycoM 10 cM, a ckaMbio cunutath JuckoM paanycom 0,4 M u Maccoit 10 kr. Haiitu
W3MEHEHHUE PHEPTUHU Bpamiaronieincs cucteMsl. TpeHueM npenedpedsb.

Jano:
m1= 60 kr
rn=0,1m
my= 10 kr
r=04wm
ni=0,2 c*

1=0,4 m

lb=1,6 m

YennoBeKk BMECTE CO CKaMbEW COCTABISET 3aMKHYTYIO CUCTEMY, BPaLIAIOLIYIOCS BOKPYT
BEPTUKAIBHON OCH. [[J1s1 TaKOM CUCTEMBI CIPaBEIUB 3aKOH COXPAaHEHHUSI MOMEHTA UMITYJIbCa:

lion= Laan, 1)



I7Ic¢ MOMEHTBI UMITyJIbca lian v l2ap B HaYaIbHBIN U B JIFOOOW IPYroil MOMEHT BPEMEHH.

3nech | — MOMEHT MHEPLIUHU, @ — YIII0Basi CKOPOCTh. |1 COCTOMT M3 MOMEHTOB MHEPIIH CKaAMbU
lex= M2r2%/2, uenoBeka — ls =M1r1%/2 (CKaMbsl ¥ 4EIOBEK CUMTAIOTCS CIUIOIIHBIMY IIHIHHAPAME) U
nByx ranteneit 1:=2ms(l2/2)2.

1 1 1, Y’
TosTomy L= =m,r7 +=mr’+2m,| 2
1 2 2°2 2 171 3 2

YriioBast ckopocTs @) = 27T, . AHANOTUYHO, TS BTOPOTO TOJIOKEHHS raHTeNeil nMeem

1 1 LY
l, = Emzrz2 +§m1rl2 + 2m.3(51j . u @, =27N,

[ToncraBuB 3TH BhIpaXkeHUs B(1) mosrydnm:

1, 1, Y’ 1, 1, 1\
Emzr2 +§mlrl +2m, 5 27, = Em2r2 +Emlr1 +2m, > 27N, .

(;-10-0,16+;-60-0,01+12-O,64)-0,2

n2= =
(;-10-0,16+;-60-0,01+12-0,04j 1,58 c

KnHeTHuecKas SHeprus BpamaioNIerocs Teaa Beraucisercs mo gopmyne W=Ia?/2.

2 2
W, = '12’1 :8’7821’58:6,9I[>K; W, = '22’2 =1’58248’7 = 38,5 JIx;

AW =W, —W, =31,6 .

3amaua 11. OgHOpOIHBIN TOHKHMI cTepkeHb Macco Mp = 0,2 xr u gmuHO# | = 1M Moxer
CBOOOJHO BpAaIAThCsl BOKPYT TOPU3OHTAIBHON ocu Z, npoxoadiieil yepe3 Touky O (cMm puc.) B
TOUKY A Ha CTEepXHE TMOoMajaeT IUTACTWJIMHOBBIM IIapuk, mMaccol My = 10 1, neTsmmit

TOPU30HTAIBHO CO CKOpocThio v = 10 M/c U mpunumaer K crepxHio. ONpeneanuTb YriIoBYIO
CKOPOCTh CTEPKHS (@ B HAYaJIbHBIH MOMEHT BpeMeHH, eciu a=A40=I/3.

JaHo: Q_V, = S—
my1=0,2 kr a
I=1m °H-
m2=10T1=0,01 kr < H |

=10 Mm/c

a =1/3




Cunrast CHCTEMY TeJ M3 IIApUKa M CTEP)KHS 3aMKHYTOW, MPUMEHMM 3aKOH COXPaHEHHsI
MOMeHTa umnyJibca: Lo = L @

B HavanpHBIE MOMEHT yaapa yIrjioBas CKOPOCTh CTEpKHS @o=0, MO3TOMY €ro MOMEHT
umItysbea Loi = 0. ITpu 3TOM JIeTsImuii mapuk momnaaaeT B TOUKY A, CIe0BaTeIbHO OTHOCUTEIHHO
toukn O (ocu BpamieHus) 00JagaeT MOMEHTOM MMIyibca Loo = Mpva, TAe @ — paccTosHuE OT
TOYKH nonaaanus g0 Touku O. Takum obpazom Lo = 0 + mpva.

[Mpununmmii K CTEp)KHIO IMApUK OyJIeM CUYUTaTh MaTepUAIbHOW TOYKOW, BpaIlAOLICHcs C
YTIIOBOH CKOPOCTHIO CTEpXKHS @ M, €r0 MOMEHT MMIyJibca paBeH L2=ma’w. l@ — MoMmeHT
UMITYJIbCA CTEPKHS, I71e | — ero MOMEHT HHepLIUU OTHOCUTEIBHO OCH BpallleHus. Torna MoOMeHTa
MMITyJIbCa CUCTEMBI CTepKeHb—IIapHK OyeT paseH Lo = | + mpa?w. IloacTasnss npuBeieHHbIE
BbIllIe BbIpaxkeHus B (1), momyuum

Mava = lw + Ma® w.
m,va
CrnenoBaresbHO, o= 2—2 . (@)
I +m,a
Urto06s! HaliTH | oTHOCHTENBHO TOUKH (O, BOCHOIb3yeMcs TeopeMoii [lIteitnepa:

| =1, +m,(OC)?,

rae lo=mil1%/12 — MoMeHT uHepIMHU cTepkHS oTHOcuTenbsHO Touku C (LieHTpa Macc). Paccrosnue
OC=1/2 - 1/3=1/6, rorna

2 2 2

me L mi

12 36 9
mul
2V . .
C yderoMm (2) monyduM @ = S 3 = 3sz _ 3-0,01-10 ~ 143 pan
ﬁerzl (m +m,)lI (0,01+0,2)-1 C
9 9

Bonpocul u 3a0auu k cobecedosanuio:

Pa6ora. PaboTta nepeMeHHOI CHIIBL.

MomHOCTb.

KoHcepBaTuBHBIC M HEKOHCEPBATHBHBIC CHITBI. [[0TEeHITMAIbHAS YHEPTHSL.
CBsi3b MEX]ly CHJION U IOTEHIIMAIBHOU SHEPTUEH.

DHeprus ynpyro 1ehOpMHPOBAHHOTO TeJIa.

Kunernueckas sHeprust u e€ cBs3b ¢ padOTON MPUITOKEHHBIX CHIL.
[ToytHast MexaHWYECKast SHEPTHS CHCTEMBI TEJ.

3aK0H COXpaHEHHS] MEXaHUYEeCKON YHEPTHH.

Juccunanus 3HEPTrUm.

0. ITonsiTHe aOCONIOTHO TBEPJIOTO TENA.

11. TToctynaTeapHOE M BpallaTeIbHOE IBMKCHUS TEa.

12. Yucno creneHeit cBOOOBI.

13. llenTp unepuuu (Macc) TBEPAOTO Tea.

RBOoo~Nooa~wONE



14. MomeHnT cuiibl. MOMEHT MHEpLUH.

15. OcHOBHOI 3aKOH TUHAMHMKHU BPAIlaTEIbHOTO ABHKEHUS.

16. MoMeHT uMnysbca. 3aKOH COXPaHEHUSI MOMEHTA UMITYJIbCA.

17. Pabora 1o BpalieHHIO Tea.

18. KuneTtnueckasi SHEpTHsl TeJIa, BPAIIAIOLIET0CsS BOKPYT HEMOABMKHOM OCH.

33)13‘11/1 AJIA CAMOCTOATEJIBHOI'O PCIICHU S

1. Cuapsig maccoir m = 10 kr obmagan ckopocteio v =200 M/c B BepXHel TOUke Tpaekropuu. B
3TOH TOUKE OH pa3opBajicd Ha JBE 4acTU. MeHbllas Maccod M1=3 KI MOJy4yusia CKOpOCTh U1 =
400mM/c B mpexHeM HarpaBieHUU. HaliTu ckopocTh Uz BTOpPO#, OOIBINIEH YacTH TOCIIe pa3phiBa.

2. I'py3uK, mpuBsA3aHHBIN K MIHYPY A1uHON 1=50CM, OIKCHIBAET OKPYKHOCTh B TOPH30HTAILHOM
miockocty. Kakoii yron ¢ o6pasyeT IIHYp ¢ BEPTHKANbIO, €CIIM YacToTa BpameHus N = 1¢™L,

3. I'py3uk, npuBsi3aHHbI K HUTH JUIMHON | = 1 M, OMUCHIBAET OKPYKHOCTh B TOPHU3OHTAIBHOM
wiockoctd. Omnpenenuts nepuox T oOpallieHusi, eciad HUTh OTKJIOHEHA Ha yron ¢ = 60° ot
BEPTUKAJIH.

4. ABTOMOOWJIb MJET MO 3aKPYIVICHUIO IIocce, paauyc R kpuBu3HbI kKoToporo paser 200 m.
KoaddurmenT Tpenus y xosec o mokpeitue goporu pasex 0,1 (rononen). [Ipu kakoit ckopocTa V
aBTOMOOWJISI HAYHETCS €ro 3aHOC?

5. Kakyro HauOoOJbIIyI0 CKOPOCTh Umax MOXKET Pa3BUTh BEJIOCHUIIEIUCT, MPOE3XkKasi 3aKpyriecHUE
paguycoM R=50M, ecnu ko3((PUIHEHT TpEeHUs CKOJNBXKEHUS L MEXAY HIHMHAMH U achaibToM
paBeH 0,3? KakoB yrom ¢ OTKJIOHEHHUS BEJIOCHIIEAa OT BEPTUKAIMU, KOTJA BEJIOCHUIIEIUCT
JIBIDKETCS 10 3aKPYTIICHHUIO?

6. KameHb cKoNb3UT ¢ HauBbICHIeH TOUkU nostycdepsl, paguyca R. Kakoil 1iauHbI Ayry onuiier
KaMEeHb, IIPEXkKE YeM OTOPBETCS OT ee oBepxHocTu? Tpenuem npeHedpeyb.

7. Pakera maccoit m=1m, 3amyIiieHHas ¢ MOBEPXHOCTH 3€MJIM BEPTUKAIBLHO BBEPX, IOJHUMAETCS
¢ yckopenueM a=2¢. CKoOpoCThb v CTPYH ra30B, BRIPHIBAOIINUXCS U3 coruia, paBHa 1200 m/c. Haiitn
pacxoq Qm roproyero.

8. Ilapuk maccoit m = 300 r ynapuics o cTeHy U OTCKOYMJI OoT Hee. OnpeaenauTs UMIYNbC p1,
MOJIyYEHHBIH CTEHOMH, €ClIM B MOCIETHUI MOMEHT Mepes yAapoM IIapuK UMe cKopocThk vo = 10
M/C, HaTIpaBIeHHYFO IO YIiIoM ¢=30" K TIOBEPXHOCTH CTEHBI. Y Iap CYMTATh aGCOTIOTHO YIPYTUM.

9. Teno Maccoit M=5 kr 6ponreno nox yriaom a=30" kK TOPU30HTY ¢ HAYaIbHOM CKOPOCTBIO 0o = 20
m/c. TIpeHebperasi COMPOTHBIECHNEM BO3/yXa, HaifTH: 1) ummynsc cunsl F | neiicTeyromeit Ha
TEJO, 32 BpeMs €ro mojiera;, 2) U3MEeHeHHe Ap UMITyIbca Teja 3a BpeMsl MoJieTa.

10. MarepuanpHas TO4ka mMaccod M = 1 Kr, JBHTasCb PaBHOMEPHO, OMHCHIBACT YETBEPThH
OKpYXHOCTH paamyca I' = 1,2 M B TeueHue Bpemenn t = 10 c. Haiitn n3menenne Ap nmmynbca
TOYKHU.

11. VI3 n1ByX COyAapstonMxcst abCOMOTHO YIIPYTUX MIApOB OOJIBIIHIA IIap MOKOUTCs. B pesynbrare
OpsSMOTO yJaapa MEHBIIHN Imap motepstl 3/4 cBoe KUHETHYecKoW sHepruu T1. OmnpenenuTh
otHomexre k=M/m macc 1rapos.



12. lap maccoit m = 1,8 Kr cCTajdKuWBaeTcCs ¢ TMOKOAMEMCcs mapoM Oosbmield Maccel M. B
pe3ynbTaTe IpsIMOTO YIpyroro yaapa map notepsut 36% cBoeil KMHETHUYECKOW SHEpPruu 1.
Onpenenuth Maccy OOJIBIIETO MIapa.

13. Ilap, maccoit m1 = 200 1, ABMXKYIIMKCSA cO CKOpOCThIO v1 = 10 M/c, ynapsieT HermoABUKHBIN
map maccoit my = 200 r. Yaap npsmoii, abcontoTHO ynpyruil. KakoBel OyayT ckopoctu Ui 1 U2
1apoB rnocie yaapa?

14. Monotkom, Macca KoToporo mi = 1 kr, 3a0WBalOT B CTEHY I'BO3Jb Maccod Mz = 75 T.
Onpenenuts KII/] # ynapa MonoTka npu JaHHBIX YCIOBHSIX.

15. boek cBaiiHoro Mosiota Maccoid My = 500 Kr magaet ¢ HEKOTOPOl BHICOTHI HA CBAK0 MAaccoil Mz
= 100 r. Haittu KII[l # ynapa Ooiika, cuuTtas yznap HeynpyruM. M3MeHeHneM noTeHUHaIbHOU
SHEpPIruy CBau MpH yri1yOJeHUHU ee IpeHedpeyb.

16. MonoT Maccoii My = 5 Kr yaapsieT HeOOJIbIION KyCOK jKele3a, JeKalliil Ha HakoBasibHe. Macca
M2 HakoBasibHU paBHa 100 kr. Maccoii kycka jxene3a npeHedpeub. Y nap Heynpyruit. OnpeneianTb
KIII # ynapa MosioTa IpHU JaHHBIX YCIOBHSIX.

17. Monekyna pacnagaercd Ha JaBa aToMa. Macca ogHoro u3 atomMoB B N = 3 pasa Oosblie
npyroro. IlpeneOperasi HayaJbHOM KHHETMUYECKOM SHEpruel M HMIIYJIbCOM MOJIEKYJIBL,
OINpeAEINTh KNHETHUYECKHE d3Hepruu 71 1 72 aTOMOB, €CJIM UX CyMMapHasi KUHETHYECKas SHeprus
T=0,032 u/lx.

18. Konbkobexel, cTos Ha Jbay, OpOCHII BIIepe]l TUPI0 Maccoi M1 = 5 Kr U BCIEACTBUE OTAAYU
HOKaTUJICs Ha3al co CKopocThio v2 = 1 M/c. Macca konpkoOexua m1 = 60 kr. Onpenenuts padboTy
A, COBEpUIEHHYIO KOHBKOOEK1IEM ITPU OpOCaHUU THPH.

19. Snpo atoma pacmajgaercs Ha aBa ocKonka MaccamMu Mi = 1,6:102° xr u mp = 2,4-102 kr.
OnpenenuTh KHHETHYECKYIO SHEPTHIO T2 BTOPOTO OCKOJIKA, €CIH YHeprus 71, TIEPBOrO OCKOJIKA
paBHa 18 H/[x.

20. IIpwu BeIcTpene U3 Opyaus CHapsa Maccoit My = 10 Kr moidy4aeT KHHETUYECKYIO SHEpTuto 71 =
1,8 k. Onpenenuth KMHETUYECKYIO SHEPrui0 7> CTBONA OpyAHs BCIEACTBHE OTAAYH, €CIU
Macca M cTBosia opyaus paBHa 600 kr.

21. Yepe3 HemOABIKHBIA OJOK Maccoil M = (0,2 Kr MepeKHHYT HIHYp, K KOHIIAaM KOTOPOTO
noziBecuiu rpy3bl MmaccamMu M1=0,3 kr u M2=0,5 kr. OnpenenuTs cuibl 71 U T2 HATSHKEHUS LIHYpa
no o0e cTopoHbl OJOKa BO BpeMs IBUKEHHS TPYy30B, €CIM Macca OJI0Ka paBHOMEPHO
pacripeiesieHa 1no ooomy.

22. Yepes Onok, umerommii GopMy aucka, nepekuHyr ImHyp. K KoHIIaM mIHypa HpuBs3aiu
rpy3uku maccoit M= 100 r u mz= 110. C kakuM yckopeHuem a OyIyT ABUTaThCS TPY3UKHU, €CITH
Macca M 6sioka paBHa 400 r? Tpenue npu BpaiieHNH 06JI0Ka HUYTOKHO MaIo.

23. Ban maccoit m =100 kr u pagmycom R = 5 cM Bpamaincs c¢ gactotoit N = 8 ¢l K
[UTMHAPUYECKON TTOBEPXHOCTH Bajla TPIIKAIA TOPMO3HYIO Kononky c¢ cuiod F= 40 H, mox
JeficTBUEM KOTOpoii Bai octaHoBHIICs yepe3 t = 10 €. Onpenenuts K03ppuiineHT TpeHus LL.

24. Ha ropu30HTaJIbHYIO OCh Haca)XKaHbl MAaXOBHK U JIETKUH MIKUB paguycoM R= 5 cMm. Ha mkuB
HaMOTaH IIHYp, K KOTOPOMY NpUBsI3aH Ipy3 Maccoil M = 0,4 kr. Onyckascb paBHOMEPHO, Ipy3
npoiuen myTh S = 1,8 M 3a Bpems t = 3 €. OnpeaenuT MOMEHT HHEpIMHY J MaxoBHKa. Maccy IKuBa
CUUTATh MPEHEOPEIKMUMO MAJIOH.



25. ToHKHIA OJHOPOAHBIN cTepikeHb IIuHO#H | = 50 cM 1 Mmaccoit m = 400 r BpamaeTcs ¢ yriioBbIM
yCKOpeHHeM & = 3 paj/c? OKONO OCH, TPOXOAAIEH MepIeHAUKYISIPHO CTEPKHIO depe3 ero
cepeauny. OnpenenuTh Bpallarouyii MOMEHT M.

26. IIap maccoit m=10 kxr u paguycom R= 20 cM BpammaeTcss BOKpPYT OCH, IPOXOSIICH Yepe3 ero
LEHTpP. Y paBHEHHUE BpallleHUS I1apa UMEET BU/T ¢=A+Bt2+Ct3, rae B=4 pa,I[/CZ; C=-1 paz[/cz. Haittu
3aKOH M3MCHECHHsI MOMEHTA CHJI, ICHCTBYIOMMX Ha map. OnpeaeanTe MOMEHT CHil M1 B MOMEHT
BpeMeHu {1 = 2 C.

27. YenoBek cTouT Ha ckambe JKYKOBCKOTO M JIOBUT PYKOM Msia Maccod M=0,4 Kr, JeTAIUN B
TOPU30HTAILHOM HANpaBIeHUU CO CKOpOCThi0 v =20 M/c. Tpaekropusi Ms4a TPOXOAWT HA
paccrosauu I = 0,8 M OT BEpTUKAJIBLHOM OCH BpalieHusi ckaMbh. C Kako#l yriIoBOM CKOPOCTBIO @
HAayHET Bpamarbci CKaMmbsi JKYKOBCKOIO C 4YEJIOBEKOM, MOWMMABIIMM MY, €CJIM CYMMApPHbIN
MOMEHT MHEpIH J 4eI0BeKa U CKaMbH PaBeH 6 Kr-M>?

IIpakTuyeckoe 3ausTue 4.
Tema 3anamusn. MexanndecKue KoJ1e0aHUS U BOJTHDBI

lleflb 3aHAmMmuUA. I/IBY‘II/ITL OCHOBHBIC 3aKOHOMCPHOCTH KoJieOaTeIbHbIX IpouecccoB B
MCXaHUKCE.

Teopemuqecmm yacmo.

MexaHMYeCKHMH KOJeOAHMSIMU Ha3bIBAIOT JIBWKEHUS TeJl, MOBTOPSAIOLINECS TOYHO (WU
NpUOIU3UTENBHO) Yepe3 OJMHAKOBBIE TPOMEXYTKH BpeMmeHH. [IpumepamMu mIpoOCTBIX
KoJie0aTeNbHBIX CUCTEM MOTYT CIYXHTb I'py3 Ha IPYKUHE UM MaTeMAaTUYECKUN MasiTHUK.

Konebanus mmpoko pacmpocTpaHeHbl B pupoie U TexHuke. KomebaTenpHbie po1iecchl
JIeKaT B OCHOBE TaKUX OTpacieil TEXHUKHU KaK JIEKTPOTEXHUKA, PAIMOTEXHUKA U.T.]).




B 3aBucuMocTH OT XapakTepa BO3ICHCTBHS Ha KOJICOIIOMIYIOCS CHCTEMY, pPa3iHyaioT:
cBOOOMHBIE, (COOCTBEHHBIE) KOJICOaHWS, BBIHYXKICHHBIC KOJICOaHHS, AaBTOKOJEOAHUS H
napaMeTpu4ecKue KojaeOaHusl.

1. CBoGoxasble _ KojeOaHWs, COBEPLIAOTCS TOJ JACHCTBUEM BHYTPEHHHX CHJI
CUCTEMBI, TI0CJI€ TOTO, KaK cHCTeMa Obla BBIBEJECHA M3 COCTOSHUS PABHOBECHSI.
(Konebanwust rpy3a Ha Py KMHE HITH KOJICOAHUST MasTHUKA SIBJISIFOTCS CBOOOIHBIMH
KOJICOaHUSIMU. ).

2. BbIHYXIIEHHBIE - CUCTEMa MOIBEPTaeTCs BO3JICHCTBUIO BHEIIHEH, TIEPUOITUCCKU
M3MEHSIFOIIUNCS CHITBI (KoJieOaHWe MOCTa TIPH MPOXOKICHUH COJJIAT, UIYIIUX B
HOTY).

3. ABTOKONEOaHUS - cHCTEMa caMa YIPAaBISeT BHEITHUM BO3JCHCTBUEM (MasTHHK
YacOoB IMOJIy4aeT TOJTYKH B MOMEHT MIPOXOXKICHHUS €€ Yepe3 CpeHee TOI0KCHHUE).

4. TlapaMerpuueckue KOJeOaHUs - MPOUCXOUT MEPUOINICCKOE H3MEHEHUE KaKOTO-
n100 MmapaMeTpa CHUCTEMBI 32 CYET BHEIIHEro BO3JCHCTBHS (HAIpPUMEP JTHHBI
HUTH MaTeMaTHICCKOTO MASTHUKA).

OcHOBHBIE XapaKTEPUCTUKH FAPMOHUYECKOI0 KOJIeOaHus:

1. X- cMmemeHue- OTKIOHEHHE OT TIOJIOKEHUSI PABHOBECHUS B JIAHHBI MOMEHT BPEMEHU (MOXKET
obITh >0 1 <0)/

2. A- AMIUIMNTyda - MAKCUMAJIbHOC OTKJIOHCHUC OT ITOJIOKCHUA PaBHOBECHA.
3. T- mepuoj - COBEpIICHUS OJJHOTO MTOJIHOTO KOJICOAHMSL.

4. wt- paza konebaHus - XapaKTepU3yeT COCTOSHHE KOJIeOaTeIbHOM CUCTEMBI B JTFOOOM 3a/IaHHBIN
MOMEHT BPEMEHH.

5. V- 4acToTa - YMCJIO KoJieOaHUM B €IMHUILY BPEMEHH.

Ecimn k Hauvany HaOmoneHus (asa uMena HEKOTOpOE HAdalbHOE 3HAYEHHE ¢, TO

YpaBHCHHC 3alTUIICTCA:

X=A- Sm( Py + Wt) - TapMOHUYECKOe Koyie0aHue ¢ HadalbHOM (a3oii.

CKoOpoCTh H YCKOPEHHE TApPMOHHYECKOIr0 KOJ1e0aAHUA

CKOpOCTh - TapMOHUYECKUX KOJIEOaHUM eCTh MepBasi IPOU3BOIHAS CMELIEHUS 110 BPEMEHH.

S
I/ISBGCTHO, 4YTO CKOPOCTh V = E}Iﬂﬂ rapMOHHUYCCKOIro KoJICOaHHU CKOPOCTE OHPCACIIACTCA

dx d(A-sin wt)
CIIeIyIomM obpaszom V = at = —a =A-w-coswt;

‘V =A-w- COSWt‘ -CKOPOCTbh FTAPMOHHUYECKOI0 KOJIeOaHusl.

a:ﬂ _ d(A-w-coswt) =—A-w? -sin wt
dt dt



2 -
a=—A-W’-sin Wt|- yckopeHue npu rapMoHIUECKOM KOJIeGaHNM.

KonebarenpHoe JABHXKXCHHEC BBIITOJIHACTCS 11O I[CﬁCTBHCM CHUJIBI, KOTOpast MOXET OBITE

ompejienieHa o BTopoMy 3akoHy Helotona: F = M- @, no ycxopenue npu rapMonmyeckux
2 -
KoseGanmsx onpeaensercs o popmyte & = —A-W* - SIN Wt | noxcrasum suauenne

2 - .
yCKOpeHHs Bo BTopoii 3akoH Herotona, o F =—M - A-W* -SINn Wt wo A-Sin wt = X,
TO

2 .
F=-m-X-W cuna JeMCTBYIONIAs HAa KOJIEOIOIIEecs TEIO.

Ona ImponopuyoHajibHa CMCIUICHUIO, 3HAK «->» YKA3bIBACT HA, TO YTO CHJIa HAIIpaBJICHA B

2
IPOTHBOIOJIOKHYI CTOPOHY OTHOCHTEILHO CMelIeH . K = m -V

- KBa3WyIpyrasi CUJia, BhI3bIBAIONIAs KOJeOaTeIbHbIE ABHKEHUS.

OJHeprusi rapMOHHYECKOro K0J1e€0aTeJbHOr0 JBHKEHHS

KBasnpryra;[ CcuJia SABJISACTCSA KOHCGpBaTHBHOI;'I nu HOBTOMy II0JIHAsI MCXaHHUYCCKast 3H€pFI/IH
CHCTEMBI OCTaéTcd IOCTOSHHOM. B  mporecce KoimeOaHWM MPOUCXOMNUT IMIPEBPAILECHUE
KI/IHGTH‘IGCKOﬁ DHEPIrur B TIOTCHIIMAJBHYIO W 06DaTHO, HpI/I‘-IéM B MOMCHTHBI HaI/I6OJ'II>HIeFO
OTKJIOHCHHUA OT ITOJIOKCHHA PABHOBCCHUS ITIOJHAS DHEPTHUA COCTOUT TOJBKO M3 HOTGHHH&J’ILHOﬁ
SHEPIUU, KOTOPAs JOCTUTAET CBOETO MaKCUMAJILHOT'O 3HAUECHHSI.

k- A
E=E, . = EC , A- amruturyza

HpI/I MMPOXOKACHUHN CUCTEMBI YEPE3 IMMOJIOKCHUC PABHOBECHUS ITOJIHAA SHEPTHUA COCTOUT TOJIBKO
U3 KHHETHYECKOM OHEPIHUH, KOTOpasd JOCTUTACT CBOCTO MAKCUMYyMa.

2 2 2
_ M- Vi _M-A"-W

E=E =
KuH.max 2 2

IpyKUHHBIH, MaTeMaTHYeCKNH ¥ du3nYecKuid MAITHUKH

Lpyoicunnbiii masamuuk- 3TO TPy3 MacCO M IOJBEHNIEHHBIM HA YNOpYrou INpyXHHE H
COBEpILAIOIINN TAPMOHUYECKUE KOJIeOaHusl.

AN SN NN NN

7.

=]



m

KorneGanus: MasTHHKA COBEPIIAIOTCS 110/ AeiicTBieM yrioBoi cums. F =—K - X, k-
K03((HUIMEHT yIIPYrocTH, a B CIIydae ¢ MPY)KUHOW OH Ha3bIBaeTCs KOI()(OUIIMEHTOM KECTKOCTH.

ypaBHeHI/Ie IBHWXXCHUS MasiITHHUKA 3aIIMChIBACTCA:
m-a=-k-x (3)
yCKOpeHI/Ie- OTO BTOpas IMporu3BOAHAasA CMEIICHHS 110 BpEMCHU
" "
m-x"=-k-x,txk d=X

Pazgenum 06e yactu ypaBHEHUs Ha M, TO MOJTYIUM

k
X"+—x=0
m “)

. k
CpaBHuM Mexy coboif ypaBHenus (2) u (4), oueBuaHo, uto W = —, a W= E, W= ? ;
m

T = _W - TIepro/1 KoJieOaHus, OJICTaBUM B (popMyJTy repuojia KosieObanus 3HaueHue W, yepes K

2 m
I/Im,TOT:_i:,TZZE\/%

T=2rx ? - IepUoJT KOoJIeOaHus MPYKUHHOTO MassTHUKA.

DuzuyecKuil MAAMHUK - TBépI[O@ TeJI0 CIOCOOHOE COBCpUIATDH KoJIeOaHMSI OTHOCHTEIIHLHO OCH, HC
COBITAJAOIIEH C OEHTPOM Macc.




mg

W3 ocHOBHOIO YpaBHCHHUA JTUHAMUKH BpallaTCIIbHOTIO JIBUKCHHU A
J-e=M,rne
M=-m-g-d-sing
Tl MastbIx KoneGauuit MoxHo noyunts J - €—M =0
J-¢"+m-g-d-9p=0 (3)
Paznenum ypaBuenue (3) Ha J
»_Mm-g-d

BBeném o6o3nauenne Wy = —J , TOJTyYUM ypaBHEHHE

" 2 0
@ +W @ =U, xoropoe aHaIOrMYHO MOTYYEHHOMY PaHEE.

T 2w 27
Ilepuox xkoebanuga GU3NUECKOTO MAITHUKA = -
J
J
T=2rx
m-g-d
Mamemamuueckuii__mMaamHuK - MaTepUalbHas TOYKAa TMOABCIICHHAsS Ha HEBECOMOU

HepaCTHH(HMOﬁ HUTH.

Peanbnbrit MasiITHHUK, Y KOTOpPOT'O Macca T¢Jjia BO MHOI'O pa3 0O0JIbIIIE MACCHI HUTH, a Pa3MEPbI
TE€JIa BO MHOI'O pa3 MCHbIIC JJIMHHBI HUTU, MOXHO CUNTAaTb MAaTEMATUYCCKHM.




mg

VunTHIBast, 4T0 MOMEHT cuitbl Tsokectd M = —M - - | -sin @ u moment UHEPIUH TOYKU

2
J =m-1°, u3 munamuueckoro ypaBHeHus BpamareabHoro amkenus monyanm: J - & =M .
2
m-1°-a"+m-g-1-a=0 4)
Pasnenum ypasrenue (4) Ha ml?, momyqum

m-g-l
a"+—gz-a:0
m-|

a”+%-a=0,:> a”"+w,-a=0 Wo =+

HepI/IOI[ KoJIeOaHHUSI MaTeMaTUYECKOro MasTHUKA

T:2—7[=27r !

Wy g

Mag1 MMpUXOAHUM K BBIBOAY, YTO BO BCCX ClIydasaX KoJIeOAHHUSI OIUCHIBAIOTCS OJHUM U TCM

" 2
7K€ YpaBHCHUCM X + W() X = O, COBIIAAAOMIUM C YPABHCHHUEM JIBUKCHHUA TAPMOHUYCCKOT'O
OCHUIIIATOPA.

Boiny:kaeHubie koJedoanns. Pesonanc. ABTOK0J1€0aHNs

BBIHY)K}IeHHBIMI/I KOJICOaHUsAMH Ha3bIBAETCS HE3aTyXaromue KoJIeOaHus CHCTCMBI,
KOTOPBIC BLIZBIBAIOTCSA )IefICTBI/IeM Ha HE€ BHEIIHHUX CUJI, ICPUOJUYCCKN HU3SMCECHAIOMIUXCA C
TCYCHUCM BPpCMCHU.

Cuna, BbI3BIBAIOIIAS ~ BBIHY)KJICHHBbIC  KOJEOaHMs, HA3bIBACTCS  BO3MYIIAIOLIHIA
(BBIHYKJAIOLIHIT) CHUIIOH.

BBIHY)K}IaI-OHIaH CHJIa UBMCHACTCA 110 3aKOHY:

F({t)=F,-cosw-t



FO' aMILIMTyaa BBIHy)KIlaIOH_[eI\/II CUJIBI, W- UKJIINYECKAsd 4yacTOoTa.

[Tox nmeificTBHMEM ATOW CHJIBI B CHCTEME YCTAHABIIMBAIOTCS TAPMOHUYECKUE KOJICOAHUS C
[UAKJIAYECKON YaCTOTOH W.

AX = A-cos(W-t+¢,)

[ne A- aMIInTy1a BBIHYKICHHBIX Kosiebanuii cmerenust. ) - pasHocts a3 Mexay

BBIHYXKIeHHbIMU Koslebanuamu  AX u cunoit F(t).

AMIuIMTYAa BRIHYXICHHBIX KOJEOAHUI 3aBUCUT OT aMIUIMTY/bl BHIHYK/IAIOIICH CHIIBI U
e€ 4YacToThl, 3aBUCUMOCTb aMILUIUTYIbl KOJEOAHUI OT YacTOThl MPUBOJUT K TOMY, UYTO IpHU
HEKOTOPOM 4YacTOTE AaMIUIUTY/a BBIHYKICHHOTO KOJeOaHUsS JOCTUTaeT MaKCHMAaJbHOTO
3HAUYCHHUS. OTO SBIEHUE TMOJYYWJIO HA3BAaHUE pe30HaHcd, a COOTBETCTBYIOIIAs 4YacToTa-
PE30OHANCHOU YACHOMbL.

B # 0,10 A JIOCTUTHET MaKCUMAJILHOTO 3HAYEHHUS P 9acToTe W, # Wy

2
W=W,, =W —28° =W, [1- 2'82
0

W,

SIBneHue BO3pacTaHUS AMILUIUTY/Ibl BBIHY)KJIEHHBIX KOJ€OaHUM NpU NPUOIIMKEHUU
LIUKJIAYECKON YaCTOTHI BBIHYKIAIOMIEH CUIIBI K 3HAUEHUIO Wpes — HA3BIBACTCS PE3OHAHCOM , Wpes —
pEe30HaHCHAs LIMKINYECKasA 4acToTa.

[lpy Hamuuuu TpeHHs pe30HAHCHAs IMKIMYECKas 4acToTa Wpe; HECKOJIBKO
2 2
AW, =+/W; — [ u MeHbIIIEe Wo.

@dopma pe30HAHCHBIX KPUBBIX 3aBUCUT OT 3HaueHus f. Uem OGonpmie f, Tem Oonee

IMOJIOTUMHU CTAHOBATCS KPUBBIC.

HpI/IMepH pE30HaHCa: ABJICHHUC PCE30HAHCA HCIIOJIB3YCTCA B AKYCTUKE - JJISI aHaJln3a
3BYKOB, UX YCUJICHUA U.T.O.

HOI[ I[CI\/JICTBI/IGM NEPUOANYCCKN H3MCHAIOMIUXCA HArpy30K B MallWMHAX M Pa3INYHbIX
COOPYKCHUAX MOI'yT BO3HHMKHYTH ABJICHHA PE30HAHCA, KOTOPBLIC MOIYT OBITH ONACHBI JUIA
9KCILUTyaTalluv MalllhH.

Aemoxkonebanus- KonebaTtenpHas cucTeMa, COBEpIIIAIOIIas He3aTyXarlne Kojaebanus 3a
CYéT HCTOYHMKA OHHEPruM, He O0O0IaJarImero koiledaTeTbHbIMU CBOWCTBAMHU- HAa3bIBACTCS
asmoxoieoamenbHol CUCmemou.

IIpumeps! pelenus 3agay

3agaua 1. MarepuanbHast Touka maccod m = 10 r coBepIlIaeT rapMOHHYECKUE KoieOaHUs C
yactotor V=0,2 I'u. AMmuinTyna koneGanuii 4 paBHa 5 cM. OnpeiennTs: 1) MaKCUMaIbHYIO CHITY,
JIEHCTBYIONIYIO HAa TOUKY; 2) TIOTHYIO YHEPTHIO KOJIECOTIOIEHCS TOUKH.

Pewenue

YpaBHEHHE TapMOHUYECKOTO KOJIeOaHHs



X = Acos(ayt + ).

CKOpOCTb U YCKOPEHHE KOJICONIOLICHCS TOUKH

L= % =—Aa, sin(o,t + p);
dov )
a= Fr —Aw; cos(a,t + ).

CornacHo Bropomy 3akoHy HeloToHa, cuia, AeiicTByOIIast Ha TOUKY,

F =ma =—Aw; cos(a,t + ¢);

F=F_ 1pu COS(COOt + ¢) =41, HO3TOMY HCKOMOE MaKCUMAIIbHOE 3HAYEHHE CUIIBI

F.. =Agim=47%?Am

max
(yunu, uto Wy = 2rv ).

ITonnas OHCPIuAa KOJ'IC6J'IIOH.[CI>1C$I TOYKH

A2 2
E-T —imy -TA%

2 _
max max ’
2 2
IloncTaBuB crofia , , HaleM HCKOMYIO MONHYIO SHEPIHUIO:
E = 27°mv? A%,

Brraucnss, monydaem: 1) Fmax = 0,8 MH; 2) £ = 19,7 mx/Ixk.

3agauya 2. Ousnyeckuil MasATHUK MPEICTaBIsieT CcO0OW TOHKUN OIHOPOMHBIM CTEPIKEHb.
Onpenenuts AJIMHY CTEPKHS, €CIM YacToTa KojeOaHWM MasTHHKA MaKCHMallbHa, KOTJa TOYKa
noziBeca O Haxonutes oT 1eHTpa macc C Ha paccrosiuuu 20,2 cm.

Pewenue

[{uxnmraeckas 9acToTa KojaebaHuil Gu3NIeCcKoro MasTHHKA

LY

O\ (1)

A€ m — Macca MasiTHHKaA, J — MOMEHT ero HUHEPLUU.

CornacHo TCOpEMC ]_HTeﬁHepa, MOMCHT HWHCPHUH CTCPXKHA OTHOCHUTCIBHO TOYKH IIOABECA,
OTCTOSIIEH OT HOEHTpa MaCC Ha PaCCTOAHHHU X,

2

m
J=—1+mx: (2
12 (2)

[Toncrasus (2) B (1), momyuum



Haiinem skcrpemym dynximu (3):

do  6g(1>—12x%)

dt X2 +12x2)%7

OTKyIa
1> -12x* =0,

T. €. HICKOMas JJIMHAa MasATHHKaA

| = 2J§x.

Boraucnss, nonyqaem /=70 cm.

3agaua 3. Touka yyacTBYeT OAHOBPEMEHHO B JIBYX T'APMOHUYECKUX KOJIEOAHUSX, TPOUCXOIAIINX
BO B3aMMHO TIEPIEHIUKYJIAPHBIX HAIPABICHHUSX W ONKCHIBAEMBIX ypaBHeHHsMu X =COS7zt wu

V4
y= COSEt . Onpenenuth ypaBHEHUE TPAEKTOPUU TOUKH.

Pewenue
ITo ycnosuto 3amauu,

X=c0Szt; (1)
T
y=cos=t. (2)
2
Jlnis onpeneneHys ypaBHEHUs TPACKTOPUH TOUKH U3 ypaBHeHUH (1) u (2) uckItounM Bpemsl, Toraa
cos zt = cos? -t —sin? Z t = cos? %t —(1—cos® %t) =2cos’ %t —1=2y* -1,

OTKYyda UCKOMOC YPABHCHUC TPACKTOPUH TOUKHU

MIPEICTABIISIET COOOM mapadoIy.

3anaua 4. JlorapudmMudeckuii JeKpeMeHT 3aTyxaHus Tefa, kojeomomerocs ¢ yactotoi 50 ',
pasen 0,01. Ompenenuth: 1) Bpems, 3a KOTOpOe aMILIUTYAa KojeOaHuil Tena ymMeHbIuTcs B 20
pa3; 2) 4Kcio MOJIHBIX KojeOaHui Tena, 4ToObl MPOU301ILI0 TOJO0OHOE YMEHbIIEHUE aMILTUTY/IBI.

Pewenue

AMITIUTYA 3aTyXaIOMUX KOJIeOaHH



A=Ae", (1)
rae Ao — amrunTyna Kojaebanuii B MOMEHT ¢ = 0; O — ko3¢ (ULIUEHT 3aTyXaHus.

JlorapudmMuyecKuil JeKPEMEHT 3aTyXaHHs ® =0T (T =1/v— ycnoBHbIH Neproj 3aTyXarOMINX

kosnebanwmii). Torna 0=0vu BbIpaxkeHHe (1) MOXHO 3anucarh B BUAE
A= Abe—® vt ’

OTKyaa HCKOMOE BpEMsL

YWCI10 MCKOMBIX TIOJTHBIX KOJIEOaHUN

N =

—| ~

Boruucnss, nomyaaem: 1) £ =6 c; 2) N = 300.

3agaua 5. ['py3 maccoii m = 50 1, moBeIIeHHbIN HAa HUTH JUIHHOM / = 20 cM, coBepIaeT KoiedaHus
B xkujkoctu. Koapduuuent conporusnenus » = 0,02 kr/c. Ha rpy3 nelcTByeT BbIHYXJarolas
cuna F =0,1coswt, H. Onpenenuts: 1) 4acTOTy BBIHYKIarOIIEel CHIIBL, TPU KOTOPOH aMILUIUTYNA

BBIHYK/IEHHBIX KOJIEOaHUN MaKCUMaJIbHA; 2) PE30HAHCHYIO aMILTUTYIY.
Pewenue

OueBUHO, YTO YacTOTa BBIHYXKJIAIOIIEW CHIIBI, TIPU KOTOPOM aMIUTUTYAAa BBIHYXICHHBIX
KoJIeOaHW MaKCUMaJIbHA, SBIISETCS] PE30HAHCHOW YaCTOTOM:

(Dpe3 = \/(0(2) _262 ! (1)
r

e @, — COOCTBEHHas 4acToTa KoleOaHUIl CUCTEMBI; 0= — KO3 GUILIUEHT 3aTyXaHUsl.
0 2m

pr3, HOJIBGIH@HHBIﬁ Ha HUTHU, MOXKHO ITPUHSATH 34 MaTeMaTH4eCKUH MasiTHHUK, TOI'Jla C()O I '

IoscrasuB 3Hauenus @, u O B hopmyny (1), HailleM UCKOMYIO PE3OHAHCHYIO YacTOTY:

[ToacraBuB ¢popmyny (1) B BeIpakeHHE 151 aMIUTUTY/IbI BHIHYKJICHHBIX KOJeOaHUH

0

- m\/(a)j — @ — 452

A




rie Fo — aMIUTMTYyIHOE 3HaYCHUE BRIHYXAAIOICH CHITBI (TIO YCIIOBHIO 3aJ1a4H, Fo=0,1 H),
HalJ1eM UCKOMYIO PE30HAHCHYIO aMILUTUTYLY:

Borumcnsis, momygaem: 1) Opey =7 pan/c; 2) A= 71,4 cm.

Bonpocwt u 3a0auu k cobecedosanuio:
1. TapmoHmMueckue KoneOaHwus.
OCHOBHBIE XapaKTEPHUCTUKH KOJIeOATEIHHOTO ABMKCHUS: aMIUIMTYAa, ¢a3za, 4acTora,
HIEPUO/I.
JlnHamMuKa TapMOHUYECKUX KOJICOAHUH.
[TpyxuHHBIN, MATEMATHYCCKUN U PU3HUECKUIT MassTHUKH. KBa3uynpyrue cuibl.
Kunerndeckasi, MOTCHIMAILHAS U TIOJTHASI SHEPTUS TAPMOHHUYECKOTO KOJICOAHMSI.
["apMOHMYECKHUIT OCIIHILIATOP.

3agaum 1J151 CAMOCTOSITEJILHOTO PeleHus

N

ook w

1. Hanmucars ypaBHEHHE TapMOHHMYECKOTO KOJIEOATEeIbHOTO JBUMKEHUS C aMIUTUTYIOU 4 = 5 cM,
. . V4

ecnm 3a Bpems ¢ = | muH coBepmaercs 150 xonebanuii n HadanpHas (aza KoseOaHUH ¢ = 1
Haueptuts rpaduk 3TOro ABMKEHUS.

2. Hamucarh ypaBHEHHE TApMOHUYECKOTO KOJIE0ATeNFHOTO JABIKEHUS ¢ aMIUTUTYIoH A = 50 MM,

. . T . .

nepuogoMm 1 = 4 ¢ 1 HavasibHOU (azoit ¢ = e Haiitu cmemenne x KoneOmomencss TOYKH OT
noJyioxeHus paBHoBecus npu ¢ =0 u ¢ = 1,5 c. Haueptuts rpaduk 3Toro 1BuxeHus.

3. Uepe3 kakoe BpeMsi OT Hayaia JBUKEHHsI TOYKa, COBEpIIAIOIIas rapMOHUYECKoe KojebaHue,
CMECTHUTCS OT TOJIOKEHHsI paBHOBECHsI Ha MONOBUHY amruiuTynbl? [lepuon konebanuit 7 = 24 c,
HavanbHas gaza ¢ =0.

4. Yepes kakoe BpeMsi OT Hayasa JBMKEHUS TOUKA, COBEpIIAloias KojaebareapHoe TBUKEHUE 110
.

ypaBHEHUIO X =7SIN Et MPOXOAUT MYTh OT IMOJOXKEHUS PABHOBECHS JO MAaKCHUMaJlbHOTO

CcMelIeHusa?

5. HavanbHas ¢aza rapmonudeckoro konebanust ¢ =0. [Ipu cmemeHnn TOYKU OT MOJNOKEHUS
paBHOBecHs X1 = 2,4 CM CKOPOCTb TOUKH v, = 3 cM/C, a IPU CMEIIEHHH X2 = 2,8 CM €€ CKOpOCTh

v, =2 cm/c. Halitn amnumutyny A u nepuon 1" 5Toro KoneOaHus.

. . . (T, T
6. YpaBHeHue KoneOaHUl MaTepHadbHOU TOYKH Maccoil m = 10 r umeeT Bua X =5sin (Et +Zj

cM. Haiitn MakcumanbHyto cuity F_ , Z€HCTBYIOIYIO Ha TOYKY, M IIOJHYI SHEpruio W kose-

OJIFOLIIEIACS TOYKH.



. . (T,
7. YpaBHeHHE KoyeOaHUsI MaTepHabHONW TOYKH Maccoil m = 16 r umeer BUA X = 2SiNn [Zt + Z)

cm. [TocTpouTs rpadmk 3aBUCIMOCTH OT BPEMEHH ¢ (B TIPE/IENIaX OHOTO MEePUoja) KHHETUYCCKON
Wy, noTeHuuaibHON W, 1 oaHoM W sHepruu TOUKHU.

8. IlomHas »HEprus Tena, COBEPIIAOIIETO0 TapMOHHYECKOe KosiebarenpHOe aBrkenue, W =30
MK/DK; MakcuMmasbHas cuia, JecTByromas Ha teno, F_ = 1,5 MH. Hamucare ypaBHeHue

. T
JBUKCHHSI 3TOTO TeJIa, €CJIH Mepro kolebanuii 7= 2 ¢ 1 HavanbHas (aza ¢ = 3

9. K npyxuHe nojaseiieH rpy3 maccoi m = 10 xr. 3Has1, 4TO NMpYy>KUHA MO/ BIUSHUEM CHIIbI F' =
9,8 H pactarusaercs Ha /= 1,5 cm, HaliTu nepuon 7 BepTUKAIBHBIX KojeOaHUl rpys3a.

10. Touka ydyacTByeT B [BYX B3aWMHO IEPICHIUKYISAPHBIX KoneOanusx X=2SINawtm wu
y = 2c0S wt M. HaliTi TpaeKTOpHIO pe3yIbTUPYIOLIETO IBUKEHHSI TOUKH.

Pasnen 2. OcHOBBI MOJIeKYJISIPHO-KMHETHYECKOM TEOPHU H TEPMOJIMHAMHUKA
IIpakTH4eckoe 3aHsATHE S.

Tema 3anamus. OCHOBBI MOJIEKYJISIPHO-KHUHETHYeCKOW Teopuu. CTaTHMcTHYeCcKast
¢usuka

I[env 3anamus. VI3yduTb OCHOBHBIC TOHATHS M 3aKOHBI MOJICKYJSIPHO-KWHETHYECKOU
TEOPHH.

T eopemuuecKas uacmeo.

[IpencraBieHne o TOM, YTO BCE Teja MOCTPOEHBbl W3 MEIbYAWIIMX YacTHUIl — ATOMOB,
BO3HUKJIO €1I€ B APEBHOCTH U ObUIO BBICKAa3aHO rpedyeckuM ¢uiocodom Jlemokpurom (V B. 110 H.
3.). OHaKo, B JaJibHEHIIeM 3TH NpeIcTaBIeHUs ObUIH 3a0bITHI M JIMIIL BO BTOPOH nojoBuHe X VII
B. ObTM pa3paboTaHbl B KauecTBE HAayYyHOW TEOpUH, IMOJIyYUBIIEH Ha3BaHHUE KAACCUYECKOI
MONEKYNAPHO-KUHEMUYECKOU Meopuu.

Ona ocHOBaHa Ha CICAYIONIUX ITOJIOKCHHUAX.

1. Bce BCIICCTBA COCTOAT M3 OUYCHb MAJICHBKUX YaCTHUIL — MOJIEKYIL.

Ka)K,Z[OC BCIIECCTBO COCTOUT M3 OJWHAKOBBIX MOJICKYIL. CKOIIbKO BCIICCTB B IIpUPOJC,
CTOJIBKO 1 BUJIOB MOJICKY!I.

MoaeKYIbl COCTOST U3 €Il 0oJlee MEIKHX HaCTHIl — amomoes.

Yucno aTOMOB paBHO YMCITy XMMHUUYECKHX 3JIEMEHTOB U UX U30TONOB (109 X1M. 351eMEHTOB
u 6onee 1500 n30TOMOB U3BECTHO B HAILIE BPEMS).

MOJ'ICKYJ'IBI — Pa3JIM4YHBbIC KOM6I/IH8.I_II/II/I U3 aTOMOB (MOJ'ICKy.TISIpHO-KI/IHCTI/I‘-ICCKaH TCOpHUA
HC pacCMaTpUBaCT CTPOCHUC aTOMa).

2. Mexnay MoJieKylaMy Tejla OJJHOBPEMEHHO JIEHCTBYIOT CHJIbI B3AUMHOIO NPUTSKEHUS
(cuenyeHus) U CUIbl B3aMMHOTO OTTAJIKMBAHM, MPUYEM CHJIbI OTTAJKHWBAHUS C YBEIUYEHUEM
paccTosiHusl YObIBalOT ObICTpee, YeM CHIIbI cleruieHus. [loaToMy Ha onpeeeHHOM pacCTOSHUU




Ipyr OT Jpyra MOJIEKYJIbl MOTYT HaxOJIUThCS B YyCTOWYMBOM paBHOBecuH. CorjiacHo
COBPEMEHHBIM  HCCIIEJOBAaHUSAM, IIOJOKEHHE YCTOWYMBOIO PABHOBECHUS COOTBETCTBYET
MUHUMYMY UX HOMEHYUATLHOU IHEPIUU.

3. Monekyibl, 00pa3yiOIIUe TEeN0, HAXOMITCA B COCTOSHHUM  HEOPEPBLIBHOTO
OECIIOPAI0YHOTO ABUKEHISL.

CKOpOCTB JABYOKCHHUS MOJICKYJT BO3pacTacT € YBCIWYCHHEM TCEMIICPATYPBI, IMO3TOMY
JABMKCHUEC HA3bIBACTCA nmenjioebim OBUIICEHUCM.

ITo mepe yBenn4eHUs: MHTECHCUBHOCTH TEIUIOBOIO ABUKEHUS, CPEIHEE PACCTOSHUE MEKY
MOJIEKYJIAMH BO3PACTaET, CIECAOBATEIBHO, TEIO IEPEXOAUT U3 TBEPAOIO COCTOSHHUA B XKHUIKOE.
IIpyn nanpHEHIIEM HAarpeBe pacCTOSHUE MEXKIY MOJIEKYJIaMHU YBEIWYMBACTCS HACTOJBKO, YTO
CHJIBI CLICTJICHHSI HCYE3at0T, CJIEA0BATENIbHO, TEJIO IEPEXOAUT B ra3000pa3HOE COCTOSIHUE.

Hoeanvnouii caz. Eco napamempot

Hoeanvrvlm 2a30m Ha3bIBAETCS a3, MEX/y YaCTULAMHU KOTOPOTI'O OTCYTCTBYIOT CHJIbI
B3aMMHOTO NpUTsHKEeHUs. [Ipu coymapeHnsx Mexay co0o0il, YacTUIIBI Ta3a BEAYT ce0st Kak
YIPYTHE HIApUKH KpaliHe MaJIoro pa3Mepa.

CymecTBytoniye B JeHCTBUTEILHOCTH ra3bl IPU HE CIIMILIKOM HU3KHX TeMIepaTypax u
JIOCTaTOYHO MAJIbIX JaBICHUSX HA3bIBAIOTCS Pa3psHKEHHBIMH ra3aMy U IO CBOMM CBOKCTBAM
OJIM3KH K UACATBHOMY Tasy.

KosmyecTBo BemecTBa (4YMcJI0 MoJIeit)

N m

V=——=—

e N — gucio MOIJICKYII, Na — mocTossHHAs ABora):[po, M — Macca BellecTBa, M — MOJIApHAaA
macca.

YpaBuenue Kianeiipona-MeHaeneeBa pV =VvRT,

re p — naBneHue raza, V —ero oobeMm, R — yHuUBepcalbHas Ta3oBas MOCTOSHHAS, T-
TEPMOJMHAMHYECKAsT TEMIIEPATypa.

YpaBHeHHE MOJIEKYJIAPHO-KHHETHYECKOH

TEOPHH ra3oB p= % n <gnocT> = %mno <UKB >2 :

r1e N — KOHLCHTpALUsa MOJ'ICKYJ'I,<<9HOCT> — CpCAHASA KUHCTHYCCKAA SHEPIHUA MOCTYHATCIBbHOI'O

JABMIKCHUSI MOJICKYIIBI, Mo — Macca MOJICKYJIbI <U > — CpCAHAA KBaApaThuiHasd CKOPOCTh.

[
CpenHsisi 3Heprusi MOJICKYJIbI <8> =—KT,

Trac | — 4KCIIO CTEneHElH CBO6OI[BI MOJICKYIJIBI, K — mocTostHHAs bonbpimana.

BHyTpeHHss JHeprusi HAeaJbHOI0 ra3a

U = LVRT.
2



CucreMa u3 N MaTepHaIbHBIX TOYCK, MEXKIY KOTOPBIMHU HET JKECTKUX CBsized, umeer 3N
CcTeneHer CBOOOIbI.

Monekymbl ra3oB, cocrosimue u3 oxHoro aroma (Ar, Xe, He) o6nanaror Tpems cTeneHsIMu
cBOOOABI 1=3; MOJICKYJBI Ta30B, cocrosmme u3 AByx atoMoB (02, H2, N2) o0nagaroT MmATHIO
CTEMEeHsAMHU CBOOOJBI 1=5; MOJIEKYJIbI Ta30B, COCTOsAIME U3 Tpex u Oonee aromoB (CO2, CH4)
00J1aJaf0T MIECTHIO CTETIEHSIMH CBOOOBI 1=0.

CkopocTb MoOJIeKy.I:

cpedusis keadpamuunas (D) =+/3KT /My =/3RT /M;
cpednss apudmemuueckas (v) = BKT /(zm,) =/8RT /(zM).
nauGonee eeposmnas Uy =2KT /M, =~/2RT /M.

CpelHas JHHA CBOGOIHOr0 MPOGEra MOIEKYIbI (2)= (ﬁﬂd Zn)_1 ,

riae d — 3¢ heKTUBHBINA TUAMETP MOJICKYJIbI.

CpenHee 4uCJI0 CTOJTKHOBEHH I MOJICKYJIbI B ¢IMHUILY BPeMEHH <Z> = \/Eﬂ'd 2n(u).

Pacnpenesienue MoJ1eKyJ1 B IOTEHIHAJIBHOM 110J1€ CHJI n=n, exp(—k—j,

rae I/ — noTeHunaabHas SHEPTHUA MOJICKYIIBI.

i)
bapomerpuyeckas ¢popmy.ia P=pPyeXp| — T )
YpaBHenne 1uppy3umn

do
dm =-D——dSdt,

dx

rne D — kospdumment mupdysun, p — mIoTHOCTH, (S — 3JgeMeHTapHas IUIOIIA/IKA,
nepneHaukyspaas ocu OX.

dT

YpaBHeHHE TeIIONPOBOIHOCTH dQ=- aed— dSdt,
X



TAC & — TCIUIONPOBOJAHOCTD.

CuJia BHYTPEHHEro TPeHHst dF = —773—){: ds,
Ko>dduuuent muddysnn D= %(u)(l)
BSi3K0CTh (TMHAMHYECKAS)

1=3p{0)(1)=Dp.

Tenonposomocrs =2, p(v)(A) =7,

rae Cv — yaeabHas U30XO0pHas TCNIIOCMKOCTh.

IIpumepsl pemienus 3agaq

3agauya 1. B Gamrone BmectumocThio V = 6,9 m Haxoautcs a3zor maccod m = 2.3 r. Ilpm
HarpeBaHWM 4YacTh MOJIEKYN JAUCCOLMUPOBANIM Ha arombl. CTeneHb AMcCOLMAK (OTHOLIEHUE
qHciIa MOJIEKYJI, paclaBIIUXCs Ha aTOMBI, K 001IeMy ynuciay Moiiekyl raza) a=0,2. Onpeaenurs:
1) obmee umciao Ni Monekya M KOHIEHTpAUMIO N1 MOJEKYJd a30Ta 10 HarpeBaHus; 2)

KOHICHTpAX N2 MOJICKYI U N3 aTOMOB a30Ta I1OCJIC HarpeBaHUsI.

Jano:
V=6,91=6,9103Mm3 Io ompeieneH o, KOHIIEHTPAIHS YACTHI] Ta3a eCTh
m=23r=2,3-103kr OTHOIIIEHNE YMCJIa Ta3a K 3aHUMAaeMOMY Ta30M 00BbeMY:
N
o= 0,2 n=—
Vv
N1=?n=7?
1. Mucno monexyn N1 raza 1o HarpeBaHUs HaIeM U3 COOTHOIIICHUSI
m
np=? n3=? N, =v-Ny,=—-N,,
M

rae V — konudecTBo BemiecTBa; Na — mocrosiHHas ABoraapo; M — monsipHas Macca ( 'y a3ota
M = 28 103 xr/mons).

HOI[CT&BJ'IHH YU CJICHHBIC 3HAUCHU A, ITOJTYYUM



23107

1= T3 .6,02-10% = 4,94 -10* monexyu, a
1028

23
N, 4,94.10 M-3=7,16.1025i3_

V  6,9-10° M

n

2. KoHieHTpauuu MOJEKYII [TOCJIe HAarpeBaHUs HailIeM U3 COOTHOIICHUS
N

N, _ N,(1-«)

n, =
SR, V

rac N2 — guncio MOJICKYJI, HC pacCllaBOIMXCsS HAa aTOMBI. HOI[CTaBI/IM YHCJIOBBIC 3HAUYCHMUA:

. 23 J—
| _494-10%(1-0,2)

) ———M° =5,73-10"m".
6,9-10

Tak kak kaxaasi MOJICKyJIa TIOCJIe pacia/ia JaeT JIBa aToMa, TO KOHIICHTPAIUs aTOMOB T0CJIe
HarpeBaHus a30Ta OyJeT paBHa

2N, -a
n3:T

2-4,94-10%.0,2

——M" =2,86-10"M".
6,9-10

CnenoBartenbHO, n,

3anaua 2. B 3akpeitom cocyne npu temmneparype 300 K u nasnenun 0,1 Mlla naxogstes 10 r
Bofopofia u 16 r renust. Cuntas ra3sl UAealbHBIMU, OTIPEACTUTh YASIbHBINH 00bEM CMECH.

Pewenue.
CornacHo 3akoHy JlanpToHa, 1aBleHHUE p CMECH Ta30B PAaBHO CyMME MapIuaIbHbIX JaBICHUM:
p=p,+p, (1)
N3 ypaBHenus Knaneiipona — MeHeneeBa umeeM:
bV =WRT y pV =—2RT.
M 1 M 2

Haiing orciona p1 u p2 u noncrasus B (1), momyuum:

pv = T M gy,
Ml M2

VienbHbI 00BEM CMECH:



my | M2y,
_(M1+M2) RT

(my+my)p

Brraucnsis, noaydaeMm = 8,63 M/KT.

3amxaua 3.

OnpeseuTh, BO CKONBKO a3 OTAMYAIOTCA Kod(pdumuentsl auddysun asora (M; = 28-1073
KI/MOJIb) U YIIEKHCIOTO Ta3a (M = 44- 1073 kr/Monp), eciii 06a Ta3a HAXOIATCS IPH OIUHAKOBBIX
TeMIeparype u naBieHuH. JPGEeKTUBHBIC JTHAMETPBI MOJIEKYIT 3TUX Ta30B CYMTATh OJMHAKOBBIMH.

Pewenue.
Koadpumment nuddysun raza:
1
D==(){l), (1)
3
rae (v) = 8RT _ cpenHss apudMeTHYecKas CKOPOCTh ero Moekyrr; (1) = % — cpenHsis
d\Y \/Ed n

JUTMHA CBOOOIHOTO TIpodera Monekyi. [lockonbky p = nKT , u3 ycinoBus 3amauu (71= 1>, p1= p2)

cienyer, 9to n1 = n2. IloncraBus 3Hagenus (v),{l) B bopmymy (1) 1 yauTHIBas yCIOBHE 3a7a4H,
HaieM

1

D, [M,

D, \M

1

Beruuciss, nomydaem El =1,25.
2

Bonpocwl u 3a0auu k covecedosanuio:
. TepmomHaMUYeCKU METOJT MCCIIeIOBaHMs. TeMnepaTypHble Kbl W 1eanbHbIil ras.

—

. 'a30BbIE 3aKOHBI.

. YpaBHEHHE COCTOSIHUS U/I€ANBHOTO rasa.

. OcnoBHoe ypaBHeHue M.K.T.

. 3akoH MakcBesia 0 pacupeeIeHUH MOJIEKYJI HJI€aJIbHOTO T'a3a M0 CKOPOCTSM.
. bapomerpuueckas popmyna. Pactipenenenne bonbimana.

. JnuHa cBoboHOTO Tpodera Monekyit. OnbITel, moaTBepxkaaromme MKT.

. SIBnenus nepeHoca.

O o0 9 O W»n A~ W DN

. BHyTpenuss sHeprusi.



10. 3akoH bosipliMaHa 0 paBHOMEPHOM paclpeAesIEHUN MOJIEKYIL.

3agaum AJ1sl CAMOCTOSITEILHOI0 peleHust

1. CxkonbKO MOJIEKYJI Ta3a COAEPXKHUTCSA B OaIOHE BMECTUMOCTBIO V=3() 1 TIpu Temmeparype
T=300 K v naBnenuu p = 5 Mlla?

2. B cocyne HaxoaMTCs cMech KHCIIopoaa U Bojopoaa. Macca m cmecu paBna 3,6 r. MaccoBast
JI0JIs 1 Kuciopoja coctasisget 0,6. Onpeaenutsb KOJIMYECTBa BEIIECTBA V CMECH, a TAKIKE V1 U V2
KaXKI0r0 ra3a B OTJCIIbHOCTH.

3. B 6amnone BmectuMocThio V = 3 11 HaxoauTCs KUCIOpOa Maccod M = 4 xr. OnpenenuTsb
KOJIMYECTBO BEIIECTBA V ra3a U KOHIICHTPAIMIO N €r0 MOJIEKYII.

4. OmnpenenuTbh KOJMYECTBO BewiecTBa v U uucio N MoiieKkyn rasa, cojepskaulierocsi B kKosude
BMecTUMOCTBIO V=240 cM® pu Temneparype 7=290 K u naBnernn p=50 I1a.

5. OmpenenuTh cpefHee 3HaueHHE < & > MOJHONH KUHETMYECKOW SHEpruM OIHON MOJEKYIbl
CJICAYIOIIMX TA30B: TeJHs, KHUCIOPOa ¥ BOASHOTO mapa npu temneparype 1 = 400 K.

6. Ompenenuts umcio N MONEKYn PTYTH, COAepKalluxcsi B Bo3ayXe obbemom V=1 m° B

MIOMEIICHUH, 3apaKEHHOM PTYTHIO, IpH Temnepatype 1=20°C, ecnu qaBiieHUE P HACHIIIEHHOTO
napa pTyTH npu 3Toil remneparype passo 0,13 ITa.

7. dasnenue p rasa pasno 1 mIla, konnenTparus N ero Monexyn pasaa 10 e, OnpenenuTs:

1) Ttemneparypy T raza; 2) CpegHIOI0 KHMHETHYECKYIO SHEPIruio < &n > MOCTYNATeNbHOTO
JBUKEHUS] MOJIEKYJI rasa.

8. B xon6e BmMectumocThio V=240 cm® Haxomutcs ras mpu Temmepatrype 7=290 K u napnenun
p=50 kIla. OnpenenuTs KOIUYECTBO BELIECTBA V raza M yucio N ero MoieKyi.

9. OnpenenuTb KHHETUYECKYIO SHEPTUI0, IPUXOILYIOCS B CPEJHEM Ha OJIHY CTENEeHb CBOOO/IBI
MOJIEKYJIBI a30Ta, Ipu teMueparype 7=1 kK, a Taxxe CpeHIOI0 KUHETUYECKYIO YHEPTHUIO < &n >
MOCTYNATEJIbHOTO JIBKEHUS, < & > BPALLATEIILHOTO ABM)KEHUS U CPEHEE 3HAUYEHUE MOJIHOU
KMHETUYECKOU SHEPTUH < € > MOJIEKYJIbI.

10. Cmech renus u aproHa Haxomautcs npu Temmeparype 7=1,2 kK. Onpenenuts CpenHIO0
KBaJPAaTUYHYIO CKOPOCTh < Uyp > U CPEIHIOI0 KHHETUYECKYIO SHEPTHIO0 aTOMOB I'eJUsl U aproHa.

11. Cpennsisi ynHa ¢BOOOAHOTO Mpobdera (|) aTrOMOB Teus MPH HOPMATBHBIX YCIOBHUSIX paBHA
180 am. Onpenenuts auddy3uto D remms.

12. Duddysus D kucnopoaa npu Temneparype ¢ = 0 °C pasna 0,19 cm?/c. OnpeaenuTh cpeHIorn
JUTUHY CBOOOIHOTO TIpodera (|) MOJeKys KUCIopoa.

13. Boruncnuth nuddysuto D a3ota: 1) mpu HopManbHbBIX yclaoBUsIX; 2) npu nasienuu p = 100 I1a
u temneparype 7= 300 K.

14. OmnpenenuTh, BO CKOJBKO pa3 oraudaerca aud¢y3us Di razoo0pa3sHOro BOAOpOAa OT
nuddys3un D> ra3000pa3HOTO KUCIOPOa, €CJIM 00a ra3a HaXOIATCS MPU OJIMHAKOBBIX YCIOBHSIX.

15. Onpenenuts 3aBUcUMOCTh Auddy3un D oT Temrneparypsl 7 IpH CIASAYIOMUX Mmporeccax: 1)
1300apHOM; 2) U30XOPHOM.



16. Onpenenuth 3aBUCUMOCTh Auddy3un D OT maBieHHS p TPH CIEIYIONUX Iporeccax: 1)
U30TEPMUYECCKOM; 2) U30XOPHOM.

17. Beruucnuth AAHAMHUYECKYIO BA3ZKOCTh 1| KHCJIOpOAa MPHU HOPMaJIbHBIX YCIIOBUAX.

18. Haiitu cpenHio UMHY CBOOOAHOrO mpodera (|) MOJEKY1 a30Ta HpPU YCIOBHHU, YTO €ro

JMHaMudeckas Ba3kocTb 1 = 17 mxIla-c.

19. HaiiTn TUHaMHUYECKYIO BSI3KOCTb 1| TeIMs IPU HOPMAIbHBIX YCIOBUSX, eciau auddysus D

TIpH Tex e ycaoBusax pasua 1,06-10~% m?/c.

20. OnpenenuTs 3aBUCUMOCTb JUHAMHYECKOW BA3KOCTH 1| OT TemIeparypsl I IpHU CIEYOIIHUX
nporeccax: 1) mzo0apHom; 2) n30XopHOM. M300pa3uTh 3TH 3aBUCUMOCTH Ha TpaduKax.

IIpakTuyeckoe 3ausTue 6.

Tema 3anamusa. OCHOBBI TEPMOAMHAMUKH.
Llens 3anamus. 13yunTh OCHOBHBIE MTOHSITHS U 3aKOHBI TEPMOJUHAMHUKHU.

Teopemultecmm yacmo.

TepMonMHaMuKa B OTJIMYHE OT MOJIEKYJISIPHO-KMHETUYECKOW TEOpPUM HE BHAETCS B
paccMOTpeHHe MMKPOCKOIUYECKOH KapTHHBI SBICHUH (OMEpUpyeT C MakpolapaMeTpamH).
TepMoauHaMuKa paccMaTpUBAET SIBIICHUS, ONUPAsCh HA OCHOBHbBIC 3aKOHBI (Hayasa), KOTOpbIe
ABJISIOTCS 00001IEHNEM OIPOMHOTO KOJIMYECTBA OMBITHBIX JIAHHBIX.

BuyTpeHHss sHEeprus — 3Heprus (GU3NUecKoil CUCTEMBI, 3aBUCSAIIast OT €€ BHYTPEHHEro
COCTOSIHUSI. BHYTpeHHsS 3HEprusi BKIOYAET SHEPrHUI0 XaOTUYECKOro (TEMJIOBOTO) BHKEHUS
BCEX MUKPOYACTHI CUCTEMBI (MOJIEKYJI, aTOMOB, MOHOB U T.JI.) U 9HEPIHIO0 B3aUMOJCHCTBUS 3TUX
yactull. Kunetnueckas sHeprus IBUKEHUS CUCTEMBI KaK LIEJIOr0 U €€ MOTEHIHaIbHas YHEPTHs
BO BHEIIIHMX CUJIOBBIX IIOJISIX BO BHYTPEHHIOK DHEPrUI0 HE BXOAWT. B TepMmoauHamuke u e€
MIPUJIOKEHUSAX MPEICTaBIAET HHTEPEC HE CaMO 3HAYCHUE BHYTPEHHEW DHEPIUHY, a €€ U3MEHEHUE
IIPU U3MEHEHUN COCTOSTHUS CCTeMbl. BHYTpeHHsIs1 SHeprus — QYHKIHS COCTOSIHUS CUCTEMBI.

PaboTa TepMOHHHaMHLIeCKOﬁ CHCTCMBbI HaJa BHCIIHUMH TEJIaMH 3aKJIIH0O4acTCs
HU3MCHCHHUMN COCTOAHHUA OTUX TCI W ONPCACIACTCA KOJIMYECTBOM OHEPIruH, IIEPEaAaBacMo
CHCTEMOM BHEIIHHM TellaM Ipru USMCHCHUU oOBeMma.

B
151

L YPaBHeHI/Ie COCTOsSHHA UCAJIBHOTO Ira3a.

pV ="RT,
U

riae p - naBienue: V — oowvem; T - abconroTHas TeMmiepaTypa; M — Macca; (4 - MOJISIpHAsi Macca,
R = 8,314 JI/(K-Momap) — yHUBEpCcanbHas Ta30Bast MOCTOSHHASL.

e VYpaBHEHHE COCTOSIHUS BaH-EP-BaaTbCOBCKOIO Ta3a (IIsl OAHOTO MOJIA):



(p+\%Xv —b)=RT,

rae V - o0beM, 3aHMMaeMbIii MOJIeM Ta3a mpu JaHHbIX p U7, a u b - nocrosuubie Ban-nep-
Baanbca n1s naHHOTO rasa.

3akon [lanbroHa: OasneHue cmecu  UOeAIbHBLIX 24308 PAGHO  CYMMeE  NAPYUATIbHBIX
Oaenenuti(IapuuaibHOE AaBJICHUE - TO JaBJICHUE, KOTOPOE OKa3bIBal Obl HA CTEHKH COCya
OJIMH T'a3 CMECU B OTCYTCTBHE OCTAJIbHBIX).

3aBUCUMOCTD JaBJICHHUA Ta3a OT BBICOTBI B IIOJIE CHJIBI TAKECTH B H30TCPMHUCCKOM
MIPUOIVKEHUH JaeTcst 0apoMeTprudecKoi hopMyInoii:

D=p e—ygh/RT
0 )

TZie po - AaBieHue Ha Beicote h =0, g=9,8 m/c? - YCKOpEHUe CBOOOIHOTO MaCHHUSI.

HepBoe HavaJl0 TCPMOJMHAMMKU

Q=AU + A,

rae Q - Koar4uecTBo Teruia, cooOIeHHoe cucTeMe; A - paboTta, coBepiraemas cucremoit; AU -
MIpUpaIleHNe BHYTPEHHEH SHEPTUU CUCTEMBI.

Pa60Ta, CoBCpHIacMasd rasom:

A= [ pdv
Vi

TermIoeMKOCTE CHCTEMEL:

c.R

dT

YpaBHenue Maiiepa:

C,-C, =R
rnie Cp, Cv - MOIApHBIC TEIUIOEMKOCTH TP TIOCTOSHHBIX JIaBIICHUU W 00BEeMe
COOTBETCTBEHHO.

MOJ'IHpHBIC TCINIOCEMKOCTHU Ira3a HpI/I TTOCTOSITHHOM OGBCMC M IMOCTOAHHOM OJaBJICHUHN OHpeIICJ'IHIOTCH
COOTHOIIICHUAMMN .
i i+ 2 C. i+2
CV:_R1 Cp:—R’ 7/: p: . ’
2 2 C I

\
rae | - ancio creneHeit CBoOO bl MOJIEKYJTbI ra3a.
BuyTpennsist sHeprus uaeanbHOTo rasa:

m RT pV
H uy-1 r-1

MosnsipHas TEIIOEMKOCTh UI€aIbHOTO Ta3a MPU MOJUTPOINHUYECKOM MPOLIECCe:



(n-D(r -1

e Buyrtpennss sneprus moJist raza Bau - nep - Baanbca:

u-c1-%
V

e K. 1. 1. TeruioBoil MaIlIMHEL:
n=A4/Q1=1-Q2/Qq,
rae Qi - Terwto, momydyaeMoe pabounm TeaoMm; Q2 - oTIaBaeMoe TEIuIo.

e K.m.a. nukia KapHo:

_T1— T2
77 - y
T
rac T]_, T2‘ TeMHepaTprI HarpeBarTeiid U XOJOAWJIbHHUKA.

e Hepasencrso Kiaysuyca:

jégsa

rae 0Q - aeMeHTapHOe TEIUIO, MOTYIEHHOE CUCTEMOM.

° HpI/IpameHHe SHTPOIINU CUCTCMBbI:

AS:§%9

e OCHOBHOE ypaBHEHHE TEPMOJMHAMUKH JIJIs1 OOPATUMBIX MTPOIIECCOB:
TdS =dU + pdV
e  (CB00OIHAsI SHEPIUSL:
F=U-TS, Ar=-AF
o  (CBs3b MEXKIY DHTPOIMHUEH U CTATUCTUYECKUM BecOM (2 (TEpMOJMHAMHYECKOM BEPOSTHOCTHIO):
S=kInQ,

rre K - mocrostnaas bonpMvana.

IIpumeps! pelenus 3agay

33}13'-13 1. OHpe,Z[CJ'II/ITB YACIBHYIO TCHIIOCMKOCTh C y CMCCH a30Ta U BOAOpOJa, €CIIk

KOJIMYCCTBO BCUICCTBA I'a30B B CMECHU OAWUHAKOBLI U pABHBI V.

Pemenue:



y,Z[G.HBHyIO TCIINIOCMKOCTb CMCCHU ITPHU IMTOCTOSIHHOM O6I>CM€ C Vv HaﬁIICM H3 CICAYIOMUX
COOOpaKeHHI:

1) TeroTy, HEOOXOAUMYIO Ul HarpeBaHUs cMecH ra3oB Ha A7 MOKHO

paccuuTaTh 10 QopmyIe:

Q :cv(ml+m2)-AT (1)

2) Ty K€ TEeMJIOTY MOKHO HalTH U IpyTUM CIIOCOOOM:
Q= (cvlm1 +cvzm2)-AT, (2)
rae ¢\, U Cy, — yAe/lbHbIE TCIIIOCMKOCTH OTACIbHBIX Ia30B.
[TpupaBuuBas (1) u (2), nonyunm

Cy (m1 + mz) ‘AT = (cvlml + cvzmz) -AT, ortkyna

_oymtoym,

oy = 3)
m,+m,
I R : y
Tak kak ¢, = ———, TA€ | —4HCIIO CTENEHEH CBOOOABI MOIEKYJIBL.
[TockobKy MOJIEKYITBI a30Ta M BOJOPOJIa — ABYXaTOMHbIE, TO | =15. [TosTomy
5 R
o, =——,
o2 M,
5 R
Cy =——.
2 M,
[ToncraBisist 3TU BelpaxeHus B (3), HOTy4uM
5 m m
R 1 + 2 5 5
C, = 1 2 = 2 = 2 = (4)
v m, +m, m+m,  m+m, m+m,

m
KonuuecTBo BemecTsa V:M’ um=v-M,m,=v-M,.

B pesynbraTe popmyna (4) npumeT BUaA

SRv SR

C, = =
Y oyM v M, M, +M,

HOI[CTaBJ'ISIeM YHCJIOBBIC 3HAYCHHA !



¢, = 5'38’31 1385 AL
28-10° +2-10 kr-K

3agaua 2. OnpenenuTh KOJMYECTBO TEIUIOTHI, MOTJoLaeMoi BoxopoaoM M = 0,2 xr mnpu
HarpeBaHuu ero ot Temmeparypsl t1 = 0°C mo temmepatypbl t2 = 100°C mpu TOCTOSHHOM
naBieHnd. HaliTh Takke n3MEHEeHHEe BHYTPEHHEH SHEPTUHU Ta3a M COBEPIIAEMYIO UM PaboTy.

Jano:
m = 0,2 xr KommdgecTo Termnotel Q, moriomnaeMoe ra3oM npu
t1=0°C; T:=273K n300apHOM HAarpeBaHUHU, ONIpeAensieTcs o hopMmyie
. m
t2=100°C; T.=373 K Q=—-C -AT Q)
M p
Q=? AU=? rae Cp — MOJISIpHAs TETTIOEMKOCTD T'a3a MPpH TOCTOSSHHOM A = ?
JIABJICHUH.
I+2
Taxk kak C, = > -R, 1o (1) mpumer Bua

I+2 m
=—— —R-AT
Q 2 M

[Tockonbky BOIOPOJ — IBYXaTOMHBbIU ra3 (M = 2- 1073 xr/MOMB), M YHCIIO cTeneHei CBOGOIEI
€ro MOJIEKyJ | =5, To

o
5+2 0,2 | voms K
Q= 5 -2.1073-8,31-1OO=291-10 - =JIx =291 k/]x.
MOJIb

I m
Buyrpennss sneprus U = M RT , cnenoBarensno

AU = m RAT , torma
2M

JIx
5 0.2 KriKK
U ) '~ .8,31100=208-10° | —MOIb-R =] | =208 x[x.

107 KT

MOJIb

Paboty pacmupenus raza HailieM U3 BeIpaKeHHUs U1 [IEPBOro Hayasla TePMOAMHAMUKHU:
Q=AU + A, otkyna

A=Q—-AU =231-208 =83 x/]x.



3anaua 3. B nunuHape noa nopiiHeM HaxoIuTes Boaopoa Maccoit m = 0,02 kr npu TemiiepaType
T1=300K. Bogopon Hauan aquabaTHO pacIIUPsTHCS, YBEIIMYUB CBOM 00BEM B 5 pa3, a 3aTeM ObLI
CKaT M30TEpPMHUYECKH, YMEHBIIMB CBOM 00BeM B 5 pa3. Haiftu temnepatypy 72 B KOHIE
annabaTHOTO pacIIUpPeHUs U paboTy A, COBEPIICHHYIO Ta30M.



Jano:

m = 0,02 xr W3 ypaBaenus Ilyaccona s annabaTHOTO IpoIecca UMeeM T1=300K

T v Y™ 1+ 2
2 | L 1) , 20e Y =—— —nokazameno aduabameoi.
[

T Vv,
V=5V, a V1=V3 1o ycnoButo
To=7 A4=? Tak kaKk BOJOPOM ABYXaTOMHBIH ra3, To i =5u y =1,4.

vV r-1 1 1,41
1s (1) TZ:Tl-(\le =300-(gj K =158K.

2

Pa6ota 41 ra3a npu aI[I/Ia6aTHOM pacinpCHUHU OIIPEACIIACTCA 110 Q)OpMYJ'Ie
m i
AIZMCV'(Tl_TZ)’ rac CVIER.

CrnenoBaTeiabHO,

I m
Al :EMR(Tl _TZ)

5 0,02
2 2:10°
Pabota A2 raza npu u30TEPMUYECKOM CKATUH BhIpaxkaeTcs: GopMysIon

A, =—RT, MinY2 __g31.158. 202
MV, 2.10

8,31- (300 —158) Ix =29,5 xJIx.

In5=-21,1x/Ix

3HAK MHHYC O3HA4acT, YTO IPH CKATHUU pa60Ta Tra3a COBCPIICHA BHCIITHUMU CHUJIaMHU.

[Tonnas padota

A=A +A = 88 k/lx.

3anaua 4. B urHape o MopirHeM HaXoauTes Bogopoa maccoit m = 0,02 Kr npu Temneparype
T1 =300 K. Bogopon Hauan pacimpsThes aquadbaTHO, YBEIMYHUB CBOM 00BbeM B 5 pas, a 3aTeM ObLI
CKaT M30TEPMHUUYECKH, YMEHBLIMB CBOW 00ObeM B 5 pa3. Haiitu temmeparypy 7> B KOHILE
a711abaTHOro pacIiupeHus U padoTy 4, COBEpIIEHHYIO Ia3oM.

Pewenue:

CornacHo YpPaBHCHUIO HyaCCOHa JJIs aI[I/Ia6aTHOF0 mnmponecca

T, (V)"
at v

i+2 . .
TJIe Y — MOoKa3areib aquadarel, ¥ = T (7=35, T.X. BOIOPOA IByXaTOMHBIH Ta3), T.€.

_5+2

14.
5

/4



vV r-1 1 1,4-1
N3 (1) T2:Tl-(\71] :300(§j T2=158K.

2

Pabora A1 ra3a npu aguabaTHOM pacHIMPEHUU ONpenesseTcs mo Gopmye
m [
A =MCV ~(T1—T2), rie C, =ER’ TO €CThb

5 0,02
):_._

i m
A=——R(T-T
( ! 2 2107

1= 5 , -8,31-(300-158) JIk = 29,5-10° Ik = 29, 5k ]Ik

Pabora A> raza npu U30TepMHUECKOM CKATUU BbIpaXkaeTcsi PopMynoi

m. V 0,02
=-RT,-—In-2=-831-158- —
% 2 MV 2.10°°

3

In5 = 21132 /foic = —2 L]

3HaK «-» TMOKAa3bIBACT, YTO MPH CXKATHK paboTa rasa COBEpIICHa BHEIIHUMHU cuiamu. [lonHas
pabora

A=A +A, =85

3agaua 5. HneanbHblii ra3 coepiiaer uukia Kapao. Temneparypa 71 HarpeBarens pasHa 470 K,
temneparypa 7> oxyagurens pasHa 280 K. Ilpu m3zorepmuueckoM pacHIMpeHUU a3 COBEPIIAET
pabory 4 = 100 J[>x. OnpenenuTs TEPMUYECKUH K.II.A. 7] IUKIIA, @ TAKKE KOJIMYECTBO TETUIOTHI

Qz, KOTOPOC Ira3 OTAACT OXJIAAUTCIIIO ITPU U30TCPMUUICCKOM CIKATUH.

Pewenue:
Pa ) T, A
v 2

. 3

1 1

1 Q2 1 >
V

o Tl — T2
TepMudeckui K.1.J1. HUKJIA ONPENETIIeTCS BIpAXKEHUEM 1] = T

1

KonudecTBo TeIIOTHI NEPCAAHHOC OXJIAAUTCIIO MPU U30TCPMHUYCCKOM CIKATHU (3—4) paBHO

pa60Te COBCpmeHHOﬁ HaJ ra3oM CTOPOHHHUMHU CUJIaMU

Vi
4y, =-0, =VRI, In\T

2



V
=vRT, In-2%
Q2 2 V

1

YuuteiBas, yTo paboTa raza npu U30TePMUYECKOM paciiupeHuu (1-2)

V.
A=vRTIn-2=vR= A UMeeM:

3apaua 6. VneanpHbiii Ta3, coBepmaromuii nukin Kapao, npoussen padory 4 = 600 JIx.
Temneparypa 71 narpeBarens paBHa 500 K, 7> xomomunbuuka — 300 K. Omnpenenuts: 1)
tepmudeckuid KI1/] nukia; 2) KoJM4ecTBO TEIJIOTHI, OTIAHHOE XOJIOAWIBHUKY 32 OJIUH IIHKII.

Pewenue.

Tepmuueckuit KII/] nukna Kapuo

KomnuectBo TCIJIOTHI, OTAAaHHOC XOJIOAUJIIBbHUKY,
Q2 = Q1 -A (1)
e Ql = A/?] — KOJINYCCTBO TCIIJIIOTHI, HOHY‘ICHHOI\/’I OT HarpeBarey.

[ToncraBuB 370 Beipaxkenue Q1 B (1), Halinem

Q,= A(l—lj.
U

Boruncnsis, monygaem: 1) 7 =0,4; 2) 0> =900 [Ix.

3agaua 7. Haiitm m3menenue AS SHTpoONHMM TpU HarpeBaHuu Bombsl maccod m = 100 r ot
temneparypsl t1 = 0°C go Temneparypsl 12 = 100 °C u nocieyromieM npeBpaiieHud BoAbl B ap
MIpY TOM e TEMIIEpaType.

Pewenue:

OnpenienuM U3MEHEHHE SHTPOIUU AS Kak CyMMY M3MEHEHMsS SHTPOIUU AS, IIPU HarpeBe BOJBI

¥ U3MEHEHHUS DHTPOIMU AS, IIPU €€ NPEBPAILCHUH B I1ap:

AS = AS, +AS,



H3BecTHO, UTO

AS = I d_Q
T
[Tpu HarpeBanun dQ =mc-dT , e ¢ — ynenbHas TeII0eMKOCTh Bojbl, C = 4200 e , TOTIa
Ke-
T
. T
As, =[5 T meiniz =0,1.4200-1n 323 _ 130 2.
T 273 K

T 1

IIpu npeBpaleHny BOABI B I1ap TEMIEPATypa HE U3MEHACTCA, 3HAYUT
1 2
AS,=—[dQ= Q
T T

e Q — KOJIMYCCTBO TCIIJIOTHI, IICPECAAHHOC BOJAC IJIA MPEBPAIICHUA €€ B 11ap,
Q =r-m,

e 7 — yAeJbHas TeIioTa napooopa3oBaHus,

r= 22,5~105ﬂ—9fc,
Ke
5
ASZ = ﬂ = M = 603ﬂ_9fc , Torma
T 373 K

AS =132 27€ | 603 2¢ _ 7354
K K K

3agaua 8. Omnpenenuts U3MEHEHHE SHTPONUU AS TNPH W30TEPMUYECKOM DPACHIMPEHHH a30Ta
Maccoi m = 10 1, ecin gaBiieHue ra3a ymeHbmuniaoch ot p1 = 0,1 MIla go p> = 50 xIla.

Pewenue.

HN3meHeHne OHTPOIINHU, YUUTBIBAA, YTO IIPOLCCC HBOTCPMHQCCKHﬁ,

AS =iqr—Q=T1TdQ=% (1)

CormacHO mnepBOMy Hayaly TEPMOAMHAMMKHM, KOJIMYECTBO TEIUIOTHI, IIOJIYYEHHOE TIa30oM,
Q=A+AU . JIna uzorepmuueckoro mpomnecca AU = 0, mostomy Q = 4. Pabora raza B
U30TE€PMUYECKOM IIpoIiecce

v
A=DRTinz-TMRrrint (g
MoV, M D,

[Toncrasus (2) B (1), HaligeM HCKOMOE U3MEHEHHUE YHTPOITHH:



AS =T RinP
M

P,

Beruncnsist, momygaem AS = 2,06 Ix/K.

Bonpocwt u 3a0auu k covecedosanuro:

OcHOBHBIE 3aKOHBI TEPMOJUHAMUKHU.

[IepBoe Ha4aIO TEPMOIMHAMUKHY.

Pabora, coBepmaemas ra3oMm Ipu U3MEHeHMHM oObema. PaboTa raza mpu pasinuyHbIX
mporeccax.
AnrnabaTHyecKuid mporiecc.

Onrponus. Hepasencrso Knaysuyca.
CratucTu4eckoe UCTOIKOBAHUE SHTPOIUU.
Bropoe Hauano TepMOAMHAMUKH.
TeroBoui nurarens. Teopema KapHo.
XosoauibHas MalllHA.

[uxn Kapno.

wn e

cCo~No G A

1

3agaum AJ1sl CAMOCTOSITEILHOIO pereHust

1. CMmech ra3oB COCTOUT U3 aproHa M a3oTa, B3AThIX IIPU OAMHAKOBBIX YCIOBHUAX U B OANMHAKOBBIX
o0bvemax. OnpenenuTsb Mmokasareib aauadaTel ¥ TaKOW CMecH.

2. Haiitn mokasarens aauabaThl ¥ IJIsi CMECH Ta30B, COJEpKamie reiauii Mmaccod Mi=10 T u
BOJIOPOJ Maccoi My=4r.

3. CMech Ta30B COCTOUT U3 XJIOpa M KPUNTOHA, B3SATHIX MPH OJWHAKOBBIX YCIOBHSX M PaBHBIX
o0bemax. OnpeaenuTh yAeIbHYIO TeIIOEMKOCTh Cp CMECH.

4. OmnpenenuTh YAENbHYIO TEIUIOEMKOCTh ¢y CMECH Ta30B, cojepskaiieit Vi=5 1 Bogopona u V2=3
7 renust. ['a3pl HAXOASTCS MPU OJMHAKOBBIX YCIOBHSX.

5. KakoB®bI yJieNbHbIE TETNIOEMKOCTH Cy U Cp CMECH Ta30B, CoJieprKalieii Kucmopo maccoir mi=10
I ¥ a30T maccoi mx=20r ?

6. OnpenenuTh MOKa3areidh aauadaThl ¥ YaCTHYHO JUCCOIIMHPOBABIIETO ra3000pa3HOro a3oTa,
CTEMEeHb JUCCOLUAIMU 0. KOTOoporo paBHa 0,4.

7. A3ot Maccoit m=5 kr, Harpetsiii Ha AT=150 K, coxpanun HeuzmeHHbIi 00bem V. Haiitu: 1)
KOJIMYECTBO TemioThl Q, cooOmieHHoe Tra3y; 2) usmeHenne AU BHyTpeHHEW sSHepruu; 3)
COBEpILEHHYIO Ta30M paboty A.

8. Bozopox 3auumaet o6beM V1=10 M npu naBnenuu p1=100 xITa. I'a3 Harpenu mpu NoCTOSHHOM
o0beme 1o nasienus p2=100 klla. Onpenenuts: 1) uamenenne AU BHyTpeHHeH sHepruu rasa; 2)
COBEPILEHHYIO Ta30M paboTy A; 3) KOIM4IecTBO TEIUIOTH Q, COOOIIEeHHOE Ta3y.

9. Hammenpmmii o0bem Vi Ta3a, coBepmatomero nukia Kapao, paBen 153 n. Omnpenenuthb
HanOoypmui 00beM V3, ecimi 00beM V2 B KOHIIE M30TEPMHUYECKOTO pacIIupeHus u oobeMm Vi B
KOHIIE U30TEPMUYECKOT0 CKATHUsI COOTBETCTBEHHO paBHbl: 600 1 1 189 1.



10. VneanbHebIi Ta3, coBepriaroniuii iuki KapHo, MoyduB oT HarpeBaTesi KOJIMYECTBO TETIOThI
Q:1=4,2 x]JIx, copepmun padory 4=590 JIx. Haittu tepmuueckuii KIIJ[ 7 storo mukma. Bo
CKOJIbKO pa3 TemnepaTtypa 71 HarpeBaress Oosbliie TemMrepaTypsl 72 oxiaaauTens?

11. UneanpHbiid a3, copepmaer nukia Kapno. Temneparypa 71 HarpeBartess B TPH pa3a BbIIIE
TeMriepaTypbl 72 oxyamutens. HarpeBarenb mepenan ray KoJudecTBO TerioThl Q1=42 x/[x.
Kakyro paboty A coBeprmi raz?

12. UneanbHbli Ta3, coBepuatonmii nukia Kapuo, 2/3 konuyectsa Temnotsl Q1, MOTYYEHHOTO OT
HarpeBartelis, OoTnaeT oxjaauTento. Temmeparypa 72 oxmaaurtens paBHa 280 K. Onpenenutsb
Temreparypy 71 HarpeBatesl.

13. N neanbHbIii MHOTOATOMHBIH ra3 COBEPIIAT IIUKJII, COCTOSIIUN U3 IBYX U30X0P H JBYX H300ap,
nmpuyeM HauOoJbIlIee IaBJICHHE Ta3a B 1Ba pa3a 0oJibllle HAMMEHbILIEro, 8 HanOOJBIINI 00bEM B
yeThIpe pasza Oosbie HauMmenblero. Onpenenuts Tepmudeckuit KIJ 7 nukna.

14. VneanbHblil ABYXaTOMHBIN Ta3, cojep Kalluii KOJIMYECTBO BellecTBAa v=1 MoJib, COBEpLIAECT
IMKJI, COCTOSIIIUNA U3 ABYX U30X0p U ABYX n300ap. Haumenwiuit 00beM Vmin=10 11, HanOobmmii
Vmax=20 11, HauMeHbIIIee TaBlIeHUE Pmin=246 kI 1a, Haubonbmree Pmin=410 xI1a. [Toctpouts rpaduk
nukia. Onpenenuts TeMneparypy 7 rasa Juist XapakTEpHbIX TOUEK [UKIa U ero repmuyeckuii KI1J]

n.

15. Cogepiasi 3aMKHYTBIN MPOLIECC, Ta3 MOJYYUT OT HarpeBaTels KOJIWYEeCTBO TeraoThl Qi1=4
k/[x. Onpenenuts paboTy 4 ra3a npu NpoTeKaHUM MUKIIa, eciu ero Tepmudeckuit KITJ 7 =0,1.

16. Kycok mpma maccoit m=200 r, B3saThIA mpu Temmeparype ti= - 10 °C, Obur Harper 1o
temneparypbl 1,=0°C u pacruiaBnen, mocie 4ero oOpa3zoBaBIIasicsi Boja Oblla Harpera Jo0
temmneparypsl t3=10°C. Onpenenuts u3MeHeHUe AS SHTPONHHU B X0/1€ YKa3aHHBIX IIPOLIECCOB.

17. Haiitn usmenenue AS >HTpONHUH MPH W300apUUIECKOM PACHIMPEHUN a30Ta Maccod M=4 T oT
o0vema V1=5 1 1o oosema V2=9 1.

18. Kucnopo maccoit M=2 Kr yBemu4niI CBOK 00beM B N=5 pa3 oJIMH pa3 U30TEPMHUYECKH, IPYTOi
— anuabatuyecku. HaliT n3MeHeHUs SHTPONUHU B KaKJIOM U3 YKa3aHHBIX MPOIIECCOB.

Pasnen 3. DaekTpuvecTBo

IIpakTHyeckoe 3ansTue 7.

Tema 3anamusa. JNeKTPOCTATHKA
Lens 3anamusn. VI3yauts OCHOBHBIE 3aKOHBI DJIEKTPOCTATHKH.

3uanusa u ymenus, npuobpemaemvie CMYOeHMOM 6 pe3yibmame OCE60CHUA MEMbl,
dopmupyemvie Komnemenyuu. IIEKTPUYECKHE CBOWCTBA Te€lI. 3aKOH  COXPAHEHHS
ANeKTpuUecKkoro 3apsaa. 3akoH Kynona. Dnekrpuueckoe nose. I[IoTok BeKTOpa HaANpsKEHHOCTH.
Teopema Octporpaackoro — l'aycca. Beluncnenue HanpsyK€HHOCTEH MOJied 3apsKEHHBIX Tell
pa3nuuHoil reomerpuu. PabGoTa Cu 3NEKTPUYECKOTO MOl TMPH TMEpPEMEIeHUN 3apsiioB.

[upkynsius BeKTOpa HampsbkeHHOCTH. [loTeHnman mosist To4YedHoro 3apsiga. Pa3HocTh



noTeHuranoB. [IpoBOIHUKY B 3JIEKTPUUYECKOM T0J€. DJIEKTPUUECKOE M0JI€ BHYTPHU 3apsKEHHOTO
IpoBOAHMKA. PacmpezneneHue 3apsoB B IPOBOAHMKAX. OJIEKTPOEMKOCTb IMPOBOJIHUKOB.
Konnencaropel. DHEprus 3JIEKTPOCTATUYECKOTO TMouid. Briageer cmocoOHOCTBIO NPUMEHATH
COOTBETCTBYIOIIUHN (hHU3UKO-MaTeMaTHUECKHI armnapar Mpy perieHny npodecCuoHaIbHBIX 3aay.

Axmyanvrnocmes memoi. OCHOBHBIE 3aKOHBI AIEKTPOCTATUKU IPUMEHSIOTCS IIPU PELIEHUH
MHOI'MX MHKEHEPHBIX 3a]1au.

T eopemuvuecKasn 4acmeo.

3akon Kynona: cuiia B3auMOJIEHCTBUS IBYX HENOJIBUYKHBIX TOUEUHBIX 3aps/I0B B BAKyyMe
IPONOPLMOHATIbHA UX BEJIMYMHAM (1 U (2 U 0OpaTHO MPONOPIUOHAIBHA KBaIpaTy PacCTOSIHUSA 12
MEXy HUMH.

B cxamsiproii ¢popme 3akon Kymnona:

F = 0,-9
Aree,
. - 31ech: & — DJJEKTpUYecKas IOCTOSHHAA, & =
¥ F 8.85-10 12Kn?/H-m? (pa3sMepHOCTh MOXKET OBITH
O 12 12
O npuBeneHa kK Buay D/M); & — IOUIIEKTpUYECKas
+q: *q2 MPOHUIIAEMOCTh Cpe/bl, MOKa3bIBaeT, BO CKOJBKO pa3
a) CHUJIa B3aMMOJICHCTBHS 3apsiIOB B BaKyyMe MPEBBINIACT
- . _ F
F 7 CHJTy B3aUMOJICHCTBHUS UX B cpene, T.e. € = — (Fo —
21 21 F
< O« O cwia Kymona B Bakyyme, F — B cpene);
*+q: *+q2 IUDJICKTpUYecKas TPOHHUIIAEMOCTh Bakyyma & = 1,
6) Bo3nyxa ¢ = 1. 3axkon Kynona, 3amucaHHBIi B
BekTopHoit Qopme (1), (2), ompenmenser cuiy,
- F’, JEHCTBYIOIIYIO Ha 3apsiibl J2 U (1 CO CTOPOHBI (1 U (2
o VIZ 12 COOTBETCTBEHHO.
+q1 -q>2
8)
Puc. 1
Ile =T, 1)
Anee,
0'12
_ 4G,
Fu= 2% r, @

1 3
Ares,r,,



—

Cuna Fy, nefictyer Ha 3apsin (2 co cTOpOHBI (1, IPH 3TOM paauyc-BekTop I, QuKcHpyer
MOJIOKEHHUE 3apsJia (2 OTHOCUTEIPHO Hayala CUCTEMbl KOOPJIUHAT, IOMEIICHHOTO B TOUKY, TJe

HaxXOo/MTCs 3apa (1. Paguyc-sextop [}, Hanpasnen ot g1 k G2 (puc.la). Cuna F,, neiicteyer na

3apsa (1 CO CTOPOHBI (2, paguMyc-BEKTOp [, (Ha4aso KOOPIMHAT IOMEIIAETCS B TOUKY, IJIE

HAXOJUTCS 3apa]l (2) HampasieH oT g2 K (1 (puc.16). Cuna Kynona HampaBiieHa B Ty K€ CTOPOHY
(puc.1a,0), 9To W paamyc-BeKTOp I TIPH OJUHAKOBBIX 3HaKax 3apsnoB ((:142>0), u B cTOpoHY,
IIPOTUBOINOJIOXKHYIO paanyc-BeKTOpy I (pHC.1B) — IpH pas3IMyHBIX 3HaKax 3apaaoB (i1 U (2
(0102<0).

—

Cuinst F, u F,; 1o tpetbemy 3akony HpioTOHA paBHBI 110 BEJMYMHE M IPOTUBOIOIOKHBI

10 HaIPaBJICHUIO:

—

IE12 =—F;.

HanmomHuM, 4TO TOYEUYHBIM 3apsA0M Ha3bIBAa€TCS HARIEKTPU30BAHHOE TEJIO, pa3MeEpbl
KOTOPOTO IPEeHEOPEKUMO MaJTbI TI0 CPAaBHEHHIO C PACCTOSIHHEM JI0 APYTUX TeJ, C KOTOPHIMHA OHO
B3aUMOJICHCTBYET.

Bszaumooeticmeue moueunoeo 3apsoa ¢ pacnpeoenennvim 3apsioom

3apsiz1, cCOOOIIEHHBIN TeTy, MOXKET pacHpeAesAThCS [0 €ro MOBEPXHOCTH (METall) WK 1O
00BpeMy (AUDIEKTPUK).

XapaKkTepuCTUKAaMU PaCIPEIEIeHHOrO 3apsiia ClIyKaT:

1. JluneiiHas mIOTHOCTH 3apsaa (7).
2. TloBepxHOCTHas IUTOTHOCTH 3apsia (o).
3. OOBeMHas IIOTHOCTH 3apsia ().

.M a9 AQ
Al AS AV

3neck AQ — 3apsij, HAXOIAIIUIICS COOTBETCTBEHHO Ha dJIeMeHTe JUTHHBI Al, ToBepXHOCTH
AS, oobema AV 3apsHKEHHOTO Tena.

HanpﬂOfCQHHOCmb noJid mo4e4yHoco 3apﬂ0a

Bekrop HampsKEHHOCTH 3JIEKTPOCTATUYECKOTO IOJS B HEKOTOPOHM TOYKE SBISAETCS
¢bu3nueckoil BeIMYMHOMN, YUCICHHO PaBHOM cuJje, ASHCTBYIOUIEH Ha MOMELICHHBIH B 3Ty TOUKY
€AMHUYHBIN MOJIOKUTETIbHBIN 3apsj (TPOOHBIN).

HanpaBnenue BekTopa HamNpsHyKEHHOCTH B HEKOTOPOM TOYKE TMIOJSI COBIAJAET C
HAIpPaBJIEHUEM CHJIBI, JEHCTBYIOIEH Ha MOMEIIEHHbIN B JaHHYIO TOUKY AJIEKTPOCTATUYECKOTO
HOJISI TTOJIOXKUTENIbHBIN 3aps]

E=—, (3)



Q' - 3apsz, HOMeIEeHHbIH B JAHHYIO TOUKY 10J1s. PasmeprocTs E crenyer u3 Beipaxenns (3):
H
[E]=—".
Kn

HaHpH)KeHHOCTL IoJisA, CO31aBA€MOI'0 TOYCUYHBIM 3apsaa0M q B TOYKC HAa paCCTOAHHUN r or
3apsiia HaxoJsIT, UCIONb3Ys BbipakeHue (3) u 3akoH Kynona:

. 90 _ g

breer’q  Amee,r’®

(4)

UroObI HAWTH HANpPaBIEHUE BEKTOPA HAMPSHKEHHOCTHU B TOUKE A (pHC. 2), CIIeIyeT TOMECTHTh

o o ’ o
B 3Ty TOYKY HpO6HbII/I IMOJIOKUTCIIBHBIN  3apsi q H HAWTH HaIIpaBJICHUC CHJIIbI Ky.]'IOHa,

) o !
neiicTBytomieit Ha (' co CTOpPOHBI 3apsjia, CO3JAIOIIEro nosie. BekTop HampsHKEHHOCTH IO,

CO3/1aBa€MOT0 MOJIOKHUTEIBHBIM 3apsS0M B TOUKe A (pHC. 2a), HampaBieH B CTOPOHY OT 3apsja
(cpaBHuTE C puc. 1), a B cmyyae OTpHUIIATETILHOTO 3aps/ia HalpaBleH B CTOPOHY 3apsa (puc. 20).
Jns HaxXxoKIEHUS HANpsDKEHHOCTH TOJsI, CO3/1aBaéMOro CHCTEMOM
3apsA0B, CIEAYeT BOCIOJB30BAThCA MPUHIUIOM  CYHNEPIO3ULIUN
AIIEKTPUYECKUX TOJIEH: BEKTOP HAMPSIKEHHOCTU IIEKTPUUYECKOTO MO

N >
rir A E;

/

+q +q CHUCTEMBI 3apsAJ0B PAaBEH TI'€OMETPUYECKOM CyMME HANpPsKEHHOCTEH
a) II0JIEH, CO3/1aBaEMBbIX B JAHHOM TOYKE KaXKIbIM 3apsiIoM B OTIEIIBHOCTH.
2> >
E; rnn A
- !
q +q
Paboma cun nona npu nepemewenuu 3apsoa, nomenyuar,
PAa3zHOCMb NOMEHYUAN08, NOMEHYUATbHAS SHEP2USL CUCTIEMbL 3aPs008.
Pabota 1o nepemMerieHuto 3apsjia B roJie.
Puc.? Tlomenyuan

[Tycts mpoOGHBIN 3apsa (' mepemeniaeTcss B MoJjie TOUEYHOTO 3apsiaa ( Ha OECKOHEYHO

masblii otpe3ok dl (puc. 3). DnemeHrtapHash paboTa, coBepiiaeMasi MOJeM IMPH MepeMelIeHHN
3apsza:

dA=Fdlcosa, (5)

I'ne F — cuna, neiictByrornas Ha 3apsa (° Ha otpeske dl, o - yron mexmy F udl (puc. 3).

Ilo 3akony Kynona

F=_—19
4reg,r® (6)



N3 AABC (puc. 13) Haiinem, 4TO mpupallieHue
JUTMHBI PAUYC-BEKTOpa I YMCICHHO PABHO:

dr=dl-cosc. (7
[ToncraBus Boipakenus (6) u (7) B Beipakenue (5),
HOJTyYUM:
dA=—"1dr ®)
? Areggr

Jlnst  HaxoXKJIEHUS  TIOJIHOW  paloTHI,
COBEpIIIaeMOM TOJIEM ITPH IepEeMENIEHUH TPOOHOTO
3apsa q'u3 nojoxxkenus 1 B monoxxenue 2 (puc.13),
cienyet BolpaxkeHue (8) MPOUHTErpUPOBATH MO BCEMY MYTH:

4 , g &dr , 1 1
= dA = R —— ),
As J; a Aree, ; I’ Ares, (rl rz)
TO €CTh
A _ q'q _ q'q )

B 47[6‘6‘0 n 47[6‘80 ) .

Bynem nepememniats npoOHBIN 3apsia ‘U3 TOUKH 1 3a mpeensl 1o, T.€. B 06CKOHEYHOCTb,
I'/1e HallPsDKEHHOCTb AJIeKTprueckoro nois E« pasHa 0. [Ipu aTom B popmyie (9) r2=co, u 11 A1
MOJIy4YUM

_ 979
Aloo 47[86‘0 n . (10)

[Togenus BBIPAXKCHUC (10) Ha q’, MOJIYYUM BCIWYHHY, KOTOPAsA HA3BIBACTCA 3SJICKTPUYUYCCKUM
MOTEHIIMAIOM JTaHHOM TOYKH MOJIS:

A (¢

q  dmesyr

¢ = (11)

To ecTb, NOTEHIIMAT JAHHOW TOUKH MOJISL YUCIEHHO paBeH paboTe, KOTOPYIO COBEPILAT CUIIbI OIS
OpU TMEepeMEIleHUN eIUHUYHOTO IMOJIOKUTENIBHOrO 3apsiia U3 JaHHOM TOYKM B OECKOHEYHO
ynanennyto. IloTeHuuman ompenensercss ¢ TOYHOCThIO 10 mocTtosHHOW C. Jlins GeckoHeuHO
yJlaJIeHHOM TOUKHU MpocTpaHcTBa ynooHo npuHuMats C=0. (B Beipakenu (11) C npunsTa paBHOii
0). Enunaniia usmepeHust moTeHrana MoxXeT ObITh HaiiieHa U3 BBIPaKEeHUS:

(Al Jdwe Ka-B
S

Kak crnenyer u3 BeipaxkeHus (11), moTeHIMaN MoJsi TOYEYHOTO 3apsiia B 3aIaHHOM TOYKE OIS
BBIYHCIIIOT IO popMyIIe:



o133 (12)

o Areegr

3neck ( — 3apsl, KOTOpBIA cO3daeT Imoisie, I - paccTOsSHUE OT 3apsAjia 0 TOYKH, B KOTOPOMH
BBIUMCIISIETCS TOTSHIIHAIT.

Pa3zHocTh moTEeHIIMAIOB

PaznenuB Beipaxkenue (9) Ha (, moxyyum:

A2 _ 9 ¢
q’ Arsggly  Armegghs

=PL—92-

Orcrona:

A =q' (1 —92). (13)

Bennunna (@, —,) Ha3bIBAaCTCs PA3HOCMbIO nomeHyuanos. PasHOCTh NOTEHLUATIOB

ABYX TOUYCK H3MEPIACTCs pa60T0171, COBepmaeMoﬁ ChujIaMH 1I0JIid IIpU HICPEMCIICHUU
MOJIOKHUTCIBHOI0 CAMHUYHOIO 3apsaaa u3 HGpBOfI TOYKH BO BTOPYIO.

HOTGHHI/IEUI I1OJIs1 CUCTEMbI TOUCYHBIX 3apA10B

paBeH anredbpanyecKkoi CyMMe MOTEHIINAIOB, CO3/1aBAEMbIX OTACIbHBIMU 3apsiiaMu. To ecTh Jist
MOTEHIIMaNa, TaK K€ KaK M ISl HalNpsyKeHHOCTH TMOJIsA, CIPABEUIMB MPUHIMUIT CYIEPIIO3UIIAN
ANEKTPUYECKUX moJier. [Tpu 3TOM moTeHnran noJisi CHCTEMBI 3aps0B pacCUUTATh BCEr/a Jierye,
4YeM HaNpsHDKEHHOCTD, T.K. TOTEHIIMAN — BETMYMHA CKAJSIpHAs (9HEpPreTUUYecKasi XapaKTepUCTUKa
nosist). [loaToMy B cimyyasix, Korja HaJlo HAWTHU HAPsHKEHHOCTh U MOTEHIIUAN B KAaKON-TTHO0 TOUKe
MoJIs, CIAEAYEeT HAWTH CHavyala MOTEHUHAN, a HANPSHKEHHOCTb MOJII MCKATh, UCIOJb3Yysd CBA3b
MEK1y HallPSUKEHHOCTHIO M TOTEHLIUAJIOM:

E-_22

Ay (14)

HanpspkeHHOCTh 1MOJIsl YMCIICHHO PaBHA M3MEHCHHIO TIOTCHIIMANTAa Ha SIUHUILY JJTHHBI,
OTCYUTAHHOW B HAINPABJICHUH TI0 CWJIOBOW JIMHHWH, W HaIlpaBJICHa B CTOPOHY YyOBIBaHUS
noTeHuana (ITUM 00bsICHSIeTCS 3HaK MUHYC B (14)).

Ecnu mone HEOIHOPOAHO, TO COCTABJIAONIAS BEKTOPA HANPSKEHHOCTH IEKTPUUYECKOTO
MOJIsL B TAHHOW TOYKE IO JTI0OOMY HAIMpaBIIEHUIO PaBHA MPOU3BOJHON OT MOTEHIIMANA 110 STOMY
HAaIpPABJICHUIO B TOM € TOYKE, B3ATOM CO 3HAKOM MHHYC:

do do de
Ecx=— B, =—~;, E,=—F.
*Todxk T dy’ % dz

J171s1 0OTHOPOAHOTIO TOJIS BO BCEX €r0 TOYKAX HANPSKEHHOCTh OJIHA M Ta k€. Eciu ¢ — moreHnman
TOYKH 1, @ ¢ — MOTEHIMAJ TOYKHU 2, pacCTOSTHIE M1y Toukamu d, To:

Ap=pr—q2



U BelpaxkxeHue (14) m1st ofTHOPOIHOTO MOJISI UMEET BU:

E-_P2"%
d

[Torennman mons 3apsbkeHHOW cdepbl (mapa) ONMpeneNseTcss Kak IMOTSHIUAN IOJIs
ToueqHoro 3apsiaa (hopmyna 12). [Ipu 3ToM curTaeTcs, 4TO 3apsiji COCPEIOTOUCH B IIEHTpPE chephl,
T.€. paccrosinue I' (popmyna 12) oTcUuTHIBacTCS OT IEHTPa CEpHI.

Pewenne 3anaun 110 HaXOXKIACHUIO ITOTEHIMANA T10JIs, CO3aBaEMOI'0 CUCTEMON TOYEUHBIX
3aps10B B JAHHOW TOYKE, HE BBI3BIBACT 3aTPYIHEHMI, [I03TOMY IIPUMEPHI PEIICHM 3a1a4 Ha ATy
TEMY 3[1€Chb HE PACCMATPUBAIOTCH.

Bonee cinokHO pelieHHe 3ala4 MO0 HAXOXKICHHIO TIOTEHIMAla B TOYKaX IO
pacrpeiesICHHOTO 3apsiia, Ha 3TOM OCTaHOBHUMCSI ITOIpOOHEeE.

Pacuem pabomet,
COBEpIIIaeMOM T0JIEM MPHU IIEPEMEICHUH 3apsi/ia, U MOTCHIIMAIbHOW SHEPIUH CHCTEMBI 3apsIIOB.

PabGora cuin mosst, coznaBaeMoro 3apsigoM Q, 1o mepeMenieHuro 3apsaa ( u3 Touku 1 B
TOYKY 2 mojicuuThIBaeTcs mo popmye (9), T.e.

g 11
A12 _q47Z'880 (rl I’Z).

W3 storo BBIpAXKXCHUA CJICAYCT, YTO BCIIMYMHA pa6OTBI o MCPpEMCUICHUIO 3apsia B
SJICKTPOCTATHYCCKOM IIOJIC HE 3aBHCHUT OT IYTH IBMXKCHMS 3apsja (, a 3aBUCUT JMIIb OT €ro
HA4YaJbHOI'O U KOHCYHOTO MOJI0KCHHUH.

[Tpu HaxoxxaeHuHn paboThl CUUTAETCS, YTO MEpEeMEeNIaroIHiics 3apsa (0OBIYHO MEHBIINUN
0 BEJIMYMHE, 4eM 3apsia Q, KOTOPHIH CO3/1aeT 1moJie) He U3MEHSET JIEKTPOCTATUICCKOTO OIS, B
KOTOPOM OH JIBUKETCS.

IToTenunanbHas OHEPIusa B3aUMOACHCTBUS JABYX 3apsJ0B ( 1 Q paBHa:

w=-99 .w_
Arsegr

OOBIYHO IS YTIPOIIEHUSI PacueToB OECKOHEYHO YAANEHHYIO TOYKYy (2 = o) MPUHUMAIOT 3a
Havayio otcuera sHeprud, T.e. Wo= 0. Torga:

qQ
W(r)=——.
(") Aregyr (15)
Cpasuute (15) u (12).

N3 (15) cnenyert, 9To MOTEHIIUAT TIOJISI B TJAHHOM TOUYKE YHCIEHHO PaBEH MOTEHIIUATBHOMN
SHEPruM, KOTOPOi 00J1a1aeT eIMHUYHBIN TOJI0KUTENbHBIHN 3aps/, TOMEIIEHHBIH B JAHHYIO TOUKY
nojs. Pabora, kak Mepa u3MEHEeHHs SHEPTUU (B JAHHOM ClIy4ae MOTeHIIUATIbHOM):

A12 :Wl _Wz :

Wrak, paboTta cr1 IoJIst 1o epeMEIISHUTO 3apsia;



1 1
472'6‘6‘0 rl I’2

6) A:J'Fdl, eciu F =const: A=Fl=qEl.

(oHOPOHOE TTOJIE, 3aPsi1 IBHXKETCS 110 CUIIOBOM JIMHUH)

B) Ao = (o1 —92).

r) Ap =W, =W,
I _q
OMmMeHuual nojist mo4euyHozo 3ap}u)a =
Argyer
do
CBH3I) Me)l()ly MOTEHIHUAJIOM U HaleH)KeHHOCTblO El = _W.

Cuaa NPUTHKCHUSA MEKITY ABYMS PA3HOUMEHHO 3apAKCHHBIMHA

2

Fo £,6E*S _q

00KJIaIKaAaMM KOHIeHcaTopa

- 1
2 26,6+S
rae S — IIomaik MIacTHH.
JIeKTPOEMKOCTh:
_ 9.
VeOUHEHHO020 NPOBOOHUKA C=—;
®
£,ES .
NIOCKO20 KOHOEHCamopa C= d
AN
CNIOUCMO20 KOHOEHCAmopa C==1—",
d /¢
wapa C= 4rne,eR,

rae d — paccrostHEe MEXy IJIaCTHHAMH KOHJeHcaTtopa, di — TONIIMHA I-T0 CITOS AMAJIEKTPHKA,
&, — ero IUdJIeKTprYecKas IPOHNIAeMOCTh, R — paguyc mapa.

DJIeKTPOEMKOCTb 0aTaper KOHJAEHCATOPOB, COeIUHEHHBIX:

napaiienbHo C= ZCi ,

noc1e008amenbHo - = —_—.



JHeprus moJis:

C 2 2
3aPANCEHHO20 NPOBOOHUKA W, = = _94 _ q—gp;
2 2C 2
3apSANCEHHO20 KOHOCHCamopa W, =— EOEEZV :

rae V — o0beM KOHJIeHcaTopa.

O0beMHasi IVIOTHOCTH SHEPTHU

_¢¢E?  D* _ED
2 26,6 2

3JIEKTPHYECKOr0 I0JIsI W,

IIpumepsl pemienus 3agaq

3anaua 1. Tonkuii ctepxeHb JUIMHOU 20 cM HECET paBHOMEPHO PacHpeIeICHHBIH 10 JUTMHE 3aps]l
¢ TuHerHOo# oTHOCTRIO T = 2 MKK/M. Ha paccrosauu 30 cM oT crepikHs Haxonutes 3apsag 20
HKUI, paBHOY1a7IeHHBINM OT KOHLIOB CTEPKHs. HaliTh crily B3aMMOIEHCTBHS 3apsiga U CTEPHKHS.

Hano:

I=20cm=0,2 ™

r =2 mxKn/m = 2-10° Ki/m
r=30cm=0,3m

Q=20uKn=2-10"8Kn




Brizenum Ha ctepxkHe 3ieMeHTapHblid yuactok qmmHOW dl. Bapsn ero dQ =zdl moxnO

paccMaTpuBaTh Kak TodeuHblid. Toraa mo 3akony Kysona cuia B3aumozeiictus Mmexay Q1 u dQ
paBHa

dF — 1 .Ql-r-dl,

drg, I

rzie I — pacCTOSIHUE OT BBIJICICHHOTO y4yacTka J1o 3apsiaa Q1 (cM. puc.). U3 pucyHka ciemnyer, 4to

I rda
0o dl=
CoS COSc

r= , TJ1e Fo — paccrosinue oT Q1 10 CTepIKHSL.

[MoacraBuB Beipakenus asst ¢ u dl B popmyy mis cunbt dF momyuaum, dto

1 Q-rrda 1 Q-r-r,-da Qrda
Are r? CA4me.  r’-cosa Arzedr.
0 0 0 0 00
0 .cosa - ==
COS™ COSo

dF =

D10 BeKTOpHAs BennurHa; pa3noxuM OF Ha cocraBisromue:
nepreHauKyIsipHyto crepxaio dF, u mapamtensuyto emy dF,. OueBnaHo,

dF, =dF -cosa, dF,=dF -sina, rorna

ercosada dF, = Qrsina

dF, =
! Are,r, 4re,l,

da

HpOI/IHTerI/IpyeM IMMOJIYYCHHBIC BBIPpAXKCHUSA AJI CUJI B IPCACIaX U3MCHCHUS yIjla & OT — ﬂ

1o f.
F - J- ercosa Qr

Q7
. =—L—.|sina||"}
&\, Are,l, 27zgor

—L—sinpg

F _ﬁerSinada__ Qr
= | 22— da=—""L—
5 Amegl, 4re,l,

Qr

27g,

sing.

B pesyinbrare nonyunm, uto F =F =

Benmnunny sin ﬂ ONIpENeINM U3 PUCYHKA:

\/ \/4r +1?

sin =

" IOACTAaBUM B BBIPAKCHUC IJISA CUJIbI F.




Qr I B 2:10°%.2-10° 0,2

" ey, a1 231488510703 i 2
72'80r0 \/4I‘0 +1 ) | ! \/4(0,3) +(0,2)

=0,76-10"°H

3agauya 2. Toukwii crepskenb aauHON | = 10 cM HeceT paBHOMEPHO pacCIpeAeICHHBIN 3apsj
Q =1 K. Onpenenuts noTeHIMan (P 3JIEKTPHYECKOrO OIS B TOUKE, JIEKAIEH Ha OCH CTEPIKHS

Ha paccrostHud a= 20 cM oT OJrKaiiero ero KoHIa.

Hano: ’ dr LN
7| X VI
= = I
l=10em=0,IM | [ __ —r——f-—— 4
Q= 1uKn=10"°Kn R .o
a=20cM=02 M - !

Q-7?

BoigeniM Ha CTepKHE 3JIEMEHTapHbIN yuacToK [uinHOM dr. 3apsa Ha CTep)KHE pachpeaeieH
PaBHOMEPHO, CJIIOBATENILHO, €T0 IMHEHHAast IUIOTHOCTh T = — M HA y4acTKe JUIHON dr

pasmerieH 3apsin dQ = 7 - dr. Dtot 3apsii MOXHO CYMTATh TOUSYHBIM. TOra MOTEHIHA
SJICKTPHUYCCKOTO ITOJIA OTOI0 3apsaa B TOUKE A PaBCH
dQ rdr Q dr

Ame,r  Ame,r  Ameyl r

rJie I — pacCTOSIHUE OT AJIEMEHTApHOro yyactka dr 10 TOUKH A.

U3 IMpUHIHIIa CYIepro3nuun CICAyET, 4YTO O6H.IPII>1 MOTCHIHUA PAaBE€H CYMMC IMOTCHIIMAJIOB
BCCX JJICMCHTAPHBIX 3apAa0B CTCPIKHA.

[TosTomy uHTerpupyem Bbipaxkenue (1) mus dg B mpenenax usmenenus dr ot a go l+a:

I+a l+a -9
J- Q dr _ Qljg_ Q In|+a_ 10 Ino’1+0’2:36,58.

> Angl v Cdme) Y v 4me) A ©4.314.885.102.0,1 0,2

3anaua 3. Kongencarop emxoctbio Co= 20 Mx® 3apspxatot 10 pazHoctu notenuuano Uo=400B
U TOJKJIIOYAKT K KOHJeHcaTopy eMmkocTbto C = 1 M@, B pe3ynpTaTe 4ero MOCIeIHUN
3apspkaeTcst. OTKIIOYMB ATOT KOHJIEHCATOP, 3apsDKAIOT TAaKUM Ke 00pa3oM BTOPOI KOHAEHCATOp
Toi ke emMkocTH (C = 1Mk®D), 3aTeM TpETHii, YETBEPTHIA | T.JI. 3aT€M KOHJICHCATOPHI COSAUHSIOT



nocienoBarenbHo. Kakyro MakCHMallbHYI0 Pa3HOCTh TOTEHIIMATIOB MOYKHO MOJYYHTh TaKUM
obpazom?

Hano:
Co =20 Mmx®=20-10°d HavaneHsriii 3apsn koraeHcatopa emkoctbio Co Oymer  Uo =400
B paBabIM Qg = Co- U. C = Imx®d

ITocne IMOAKIOYCHHUA K HEMY KOHACHCATOpa €EMKOCTBIO C

sgapsan Qo pacnipenensercs mexay Co u C. Tlocne orcoenune- U = ?
Hus C ot Cp Ha 000X KOHICHCATOpaX OyJIeT OJMHAKOBAs

Pa3HOCTb MOTCHIINAJIOB (T.K. HUX COCIUMHCHUEC OBLIO Imapai-

JIEJIbHBIM).
U = Q _ CY,
1= = .
C,+C C,+C
Cols

Ha xouzencarope Co ocranercs sapsin Q =C,-U, =——=

C,+C

[Ipu 1mociemayromeM MOIKIIOYEHHH BTOporo Konaercaropa C Ha kongencarope Co ocraHercs
3apsan Q2= Co- Uz,

2

GU, — G U
o
C,+C |G, +(C

[puuem U, =

HOBTOprfI 9Ty OIepaluio N pas, MbI 6y,[[eM HUMCTb H3.60p KOHACHCATOPOB, 3aps’KCHHBIX 0
n
CO

nanpsokenuit U, Uy, Us,..., Un(n =1,2,3,...). U,=U, ﬁ
+
0

OO01ee HaNIpsHKEHUE MOCIIE MTOCIIE0BATEIbHOIO COEMHEHNUS BCEX N KOHAEHCATOPOB OyAET paBHO

ClYo [,, G . G G

U=U+U,+U ;+..= st ———
C+Cl G +C (C,+C) (C,+C)

[TpocymmupoBaB NOTy4EeHHYIO OECKOHEUHYIO YOBIBAIOIIYIO0 FEOMETPUUECKYIO ITPOrPECCUI0
HaiileM e€ cyMMy paBHYIO MaKCHMAJIbHOM pa3HOCTH moTeHIuanos U:

_CM, 20-10°-400

U -6
C 10

=38000 B.

3amaua 4. bartapero, coCTOSIIYyI0 M3 JABYX KOHAEHCATOPOB €MKOCTSIMU 4 U 5 MKD Kaxablid,
COCIMHIIIA TIOCIICIOBATEIFHO M BKJIIOUWIM B ceTh ¢ HampsbkeHuem 220 B. Ilorom OGartapero
OTKJIIOYMJIM OT CETH, a KOHJIEHCATOPhl Pa3hbeIMHWIA M COSAVMHWIN MapaieIbHO OOKIIaIKaMH,



UMCIOIIMMHU OJJHOMMEHHBIC 3apsiabl. Kakum Oyner HampspkeHHe Ha 3aKHMax IOJydeHHOH
Oatapeun?

Jano:
Ui1=220B Tak Kak KOHJIEHCATOPbl COEAUHEHBI MOcIe0BaTebHO, TO C1 =4 MKD
=4-10%® 3apsi] KaXKIOT( U3 HUX U 0arapew B 11€JIOM OJIMHAKOBHI:
Co=5Mx®d=5-10D Qi=Q2=...=Q.
EMKOCTh OaTapew Mocjaea0BaTelIbHO COCIMHEHHBIX KOHAeH- Uz = ?

CaToOpoB BBIYHCISIETCS IO (hopMmyIie

1e1
C ‘=FC
CC,
EMKOCTh GaTapeu U3 JByX KOHJeHcaTopos paia C = ——=—
C +C,
CC,
=CU,=——=-U,.
aux sapsag Q | = C.+C,

IIpyu OTKIIIOYEHUH KOHJEHCATOPOB 3apsjl KaXI0ro U3 HUX coxpaHutcs. [Ipu mapamiensHoM HUX
!
coepuHeHnn Oyxer paBeH cymme 3apsuoB konpencaropos Q'=Q, +Q, =2Q, a emkocrs

Garapen Oymer pasna cymme emxocteit C'=C, +C,.

O6mee HAaIIpsPKCHUEC CTAHCT PaBHBIM

_Q_Q+Q,_ 20
* C' C,+C, C+C,

[ToncraBnss B mosydueHHOE BeIpaskeHue GopMyy i Q, moaydum:

2CCU, 2-4-10°.5.10°-220

- ~ =108,6 B
 (C,+C,)? (4-10°+5.10°)

3agauya 5. Kakoe konmdecTBO TeruioThl Q BBIIENUTCS TPU pa3psaKe TUIOCKOTO BO3IYINTHOTO
KOHJIEHCATOPa, €CIIH Pa3HOCTh MMOTEHITHAIOB MEK Ty macTuHamu paBHa 10 kB, paccrosaue d=0,5
MM, a MJIOMAAb S KaX10# muacTuHsl paBaa 100 cm??

Hano:

U=10 kB=10*B CornacHo 3aKOHY COXpaHEHHUs SHEPTUH, KOJIMYECTBO

d=0,5 MM=5-10"m TeTI0ThI Q, BBIZIETUBIIIEECS B KOHACHCATOPE MPU €ro

S=100 cm?=102 m? pasps/Ke, PABHO SHEPTHH 3apSKEHHOTO KOHAEHCAaTopa
CU ?

Q=" Q=

EMKOCTB MmII0CKOTO KOHJIEHCATOpa Ompeensercs mo Gpopmyse



_ 86,5

C ,
d

re &— AUAJIEKTPUYECKasi MPOHUIIAEMOCTh Cpeibl (71 Bo3ayxa &=1). 3Hauut

_5SU? _885-10™.107.10°
2d 2.5.10"

Q =8,85-10° 1=8,85 mJ[x.

Bonpocwut u 3a0auu k cobecedosanuio:
1. DnekTpuyueckuil 3apsij] U €ro CBOMCTBA. 3aKOH COXpaHeHHs 3apsiaa. 3akoH Kymona.

2.  HampskeHHOCTb  3JIEKTpOCTaTUYECKOro  mojs.  JIMHMKM  HampsHKEHHOCTH
3JIEKTPOCTATUYECKOrO 1Mojs. II0TOK BEKTOpa HANPSY)KEHHOCTH.

3. [lpunuun cynepno3unuu. [lone aumors.

4. Teopema ["aycca a1 37€KTPOCTATUUECKOTO TIOJISI B BAKYYME.

5. Ilpumenenue Teopemsl ['aycca k pacyery nojeil B BaKyyme.

6. Lupkynsus BEKTOpa HAMPSHKEHHOCTH 3JIEKTPOCTATUYECKOTO TOJIS.
7. IloTeHunan 3JeKTPOCTATHUECKOTO MOJsl. Pa3HOCTH MOTEHIIMATIOB.

8. CBs13b MCKAY HAIIPAKCHHOCTBIO Y TOTCHIIUAJIOM. Brrunciaenue Pa3HOCTH MOTCHIMAJIIOB
MO0 HAIPAKCHHOCTHU I10JIA.

9. HMuonextpuku. Ilonsipu3oBaHHOCTH AMAJIEKTPUKOB. HampspkeHHOCTh 1OdsS B
TIUDJICKTPUKE.

10. Teopema I'aycca myig monst B AMAPJIEKTPUKE. YCIOBUS Ha TpaHULE pasflena JBYX
JUDJIEKTPUYECKHUX CPEN.

11. TlpoBOomHUKH B DJIEKTPOCTATHYECKOM TONe. OJJeKTpoeMKocTh. CoennHeHue
KOHJIEHCATOPOB B OaTapewu.

12. DHeprus cuCTeMbI 3apsi10B U YEAUHEHHOTO IPOBOIHHMKA. DHEPIUsl KOHAEHCATOpa.
OHeprus MEeKTPOCTaTUUECKOTO MO

3agaum 1Jis1 CAaMOCTOATEILHOI0 pPeUICHUA

1. JIBe OeckoHeuHBIe TapayiebHbIC TUIACTHHBI PAaBHOMEPHO 3apsDKEHBI C TIOBEPXHOCTHOU
nnotHOCTEI0 01 = 10 BK/M? 1 02 = -30 BK/M?. OmnpesienuTh CHITy B3aHMOAEHCTBUS MEKIY
TIACTUHAMM, IPUXOASIIYIOCS Ha TIomans S, paBHyio 1 M2,

2. JIBe npsAMOYTOJIbHbIE OJJMHAKOBBIE MapajulebHbIe TNIACTUHBI, JUIMHBI CTOPOH KOTOpHIX a = 10
cMm u b = 15 cm, pacnionokeHbl Ha ManoM (TI0 CPaBHEHHIO C JIMHEWHBIMH Pa3MepaMH TUTACTHH )
paccTosiHUU IpyT OT Apyra. Ha ogHoil U3 mtactuH paBHOMepHO pacnpenenet 3apsaa Q1 = 50 uKu,
Ha apyroi — 3apsan Q2 = 150 uKn. Onpenenuts HanpsHKEHHOCTH E 3JIEKTPUYECKOTO MO MEXKIY
IJIACTHHAMU.



3. Ha oTpe3ke TOHKOTO MPSIMOTO MPOBOAHKKA JITHHOM | = 10 cM paBHOMEPHO pacrpe/iesieH 3apsi
C JNMHEHHON MIoTHOCThIO 7=3 MKKi/M. Bblunmciauth HampsiKeHHOCTh E, CO3/1aBaeMyl0 STHM
3apsI0M B TOYKE, PACIOJIOKEHHOM Ha OCHM MPOBOJAHMKA M yAAJIEHHOW OT OJIMKAWIIero KOHIA
OTpe3Ka Ha PacCTOSIHUE, PAaBHOE €r0 JJIMHE.

4. B BepmmHax KBajapaTa Haxomarcs omauHakoBble 3apsaabl Q = 0,3uKn kaxaeiid. Kaxoit
OTpUILIATENBbHBIN 3apsa Qi1 HY)XHO IOMECTHUTh B IICHTPE KBajpaTa, 4TOOBI CHCTEMa 3apsJioB
HAaXOJIUJIaCh B MOJIOKEHUU PaBHOBECHS?

5. DIeKTpUYecKoe 1oJie co3/1aHo AByMs TodeuHbiMU 3apsaamu Qi = 40 uKm u Q2 = —10 uKn,
HaxosmmMucs Ha pacctosauu d = 10 M apyr ot apyra. OnpeaeauTb HanpsHXKCHHOCTD E oIS B
TOYKE, YJAJIEHHOW OT NEPBOIo 3apsAjia Ha 1 = 12cM U OT BTOPOro Ha Iz = 6¢Mm.

6. Tpu omuHakoBbIX 3apsga Q=1 HKII kakaplii pacroyioKeHbI TI0 BEPIIMHAM PAaBHOCTOPOHHETO
TpeyroibHuka. Kakoit orpunarensHelii 3apsg Qi Hy)KHO MOMECTUTh B IIEHTPE TPEYroJibHUKA,
YTOOBI CHCTEMa 3aps0B HAaXOJWIACh B IOJIOKEHUU paBHOBecusi? bymeT mnu 3TO paBHOBECHE
YCTOMUYUBBIM?

7. Tonkas HuTh AauHOHN | = 20cM paBHOMEPHO 3apsDKEHa ¢ TUHEHHOM MI0THOCTRIO T = 10 HKI1/M.
Ha paccrostanu @ = 10cM OT HUTH, IPOTUB €€ CEPEMHBI, HaXOAUTCs ToueuHbIi 3apsn Q = 1 K.
Boraucnuts cuny F, 1eficTBYIONIYIO Ha 3TOT 3apsi/i CO CTOPOHBI 3apSKEHHON HUTH.

8. B BepimmHax mMpaBUIBLHOTO MIECTUYTOJILHUKA CO CTOPOHOH a=10 cM pacmosio;KeHbI TOYCUHBIE
sapsnbel Q, 2Q, 3Q, 4Q, 5Q, 6Q (Q=0,1 mxKu). Haittu cuny F, aeficTByroIiyt0 Ha TOYCUHbIH 3apsi/I
Q, JeKaImuUi B TNIOCKOCTH IECTUYTOJIbHUKA, PABHOYIAJICHHBIN OT €ro BEPIIMH U PaBHBIN 3apsiny

Q.

9. ToHkul JUIMHHBIN CTEPKEHb PABHOMEPHO 3apsDKEH C JIMHEHHON TIIOTHOCTBIO T 3apsijia, paBHOM
10 mxKn/m. Ha nponomkennn ocu cTepkHsl Ha paccTosHUM a=20 CM OT €ro KOHIIA HaXOJUTCA
toueunslid 3apsaa Q = 10 uKn. Onpenenuts cumy F B3anMoneicTBHs 3apsyKEHHOTO CTEPXKHS H
TOYEYHOI'0 3apsja.

10. Paccrosinue mexnay nByms TodeuHbiMu 3apsgamu Qi1=1 MxKn m Q2 = - Q1 paBHo 10 cm.
Onpenenuts cuny F, nefictByromryto Ha Toueunslit 3apan Q=0.1 mxKun, ynanensslit Ha 1= 6 cm
OT IIEPBOTO U Ha I'2=8 CM OT BTOPOTO 3apsi/10B.

11. JIse OeckOHEUHBIE MapajiebHbIC TNIOCKOCTH HaxoaaTes Ha paccrosaud d = 0,5 cM apyr ot
npyra. Ha miockocTsix paBHOMEpPHO pacipeiesieHbl 3apsi/ibl C TIOBEPXHOCTHBIMU TUIOTHOCTSIMU 01
= 0,2 MxKn/m? u 0 = 0,3 MxKn/m?. Onpeenuts pasHocTh oTeHuanos U Mex Ty MI0CKOCTAM.

12. OnpenenuTs NOTEHUUAIbHYIO OSHEPrut0 [/ CHCTEMBI YETBIPEX TOYEUYHBIX 3apsJOB,
pacrojIoKEHHBIX B BEPIIMHAX KBaJpara co CTOPOHOU JIMHOM & = 10cM. 3apspl 0OJMHAKOBBI IO
abcomotHoMy 3HaueHntro Q = 10uKn, HO nBa W3 HuUX oTpuuarenbHbl. PaccMoTpeTh 1Ba
BO3MOKHBIX CIIy4asi pacIOJIOKEHUS 3apsA0B.

13. KakoBa noteHIuanbHast 3Heprus /1 cucTeMbl YeThIPEeX OJIMHAKOBBIX TOUEYHBIX 3apsaaoB Q =
101K, pacnonioskeHHBIX B BEpIIMHAX KBajJpaTa co CTOpoHO# a = 10cm?

14. JIa xonaeHcatopa 31eKTpoeMKocTsIMU C1 = 3MKD u C2 = 6MKD coeTMHEHBI MEXIy OO0 1
npucoearHeHbl K O0arapee ¢ DJIC £ = 120B. Onpenenutsd 3apsapl Q1 u Q2 KOHISHCATOPOB U
pasnoctu noreHimanoB Us u Uz Mexay ux oOKIagkaMu, €clu KOHJEHCATOPHI COeNUHEHBI: 1)
napajuiesbHO; 2) MOCIe0BATEIbHO.



15. Konnencarop anexkrpoeMkocThio C1 = 0,2Mk® ObLT 3apsbKEH 10 pa3HOCTH noTeHnuanoB Uy =
320B. [locne TOro Kak €ro COEIMHWIN NapajuieIbHO CO BTOPBIM KOH/IEHCATOPOM, 3apsKEHHBIM
1o pazHoctu noteHmanos Uz = 450B, nanpsikenue U Ha Hem uzmenusiocs 10 400B. Beruncnuthb
emkocTh C2 BTOPOTO KOHZICHCATOPA.

16. Dnextpuyeckoe noisie cosznano 3apspkeHHoi (Q = 0,1 MxKi) cdepoit paquycom R = 10 cwm.
Kakosa sneprust W noisi, 3akiroueHHast B 00beMe, OrpaHUYeHHOM Cepoii U KOHIIEHTPHUYECKOM ¢
Hel chepuyeckoil TOBEPXHOCTHIO, paJnyc KOTOPOI B /1Ba pa3a Ooiiblie paguyca cepsl.

17. lap paguycom R1=8 cm 3apspkeH no noteHmana ¢1=500 B, a map paguycom R=4 cm - 1o
noteHmana =300 B. OnpenenuThs MOTEHUHAT ¢ MIAPOB IOCIE TOTO, KaK WX COCIUHWIIU
METaJUINYECKUM IIPOBOTHUKOM. EMKOCTBIO COCTMHUTEIIBHOTO MMPOBOIHUKA TIPEeHEOPEYb.

18. Illap panuycom R1=6 cm 3apspkeH ao norenuuana ¢1=300 B, a map paguycom R=4 cm — 1o
noteHuuana @=500 B. OmnpenenuTs mOTEHLHAN (@ IIAPOB IMOCIE TOTO, KAK HUX COCIUHHIIN
MCTAJUIMYCCKUM ITPOBOAHUKOM. EMxocTbIO COCIUHHUTCIIBHOI'O IPOBOJHHKA HpeHe6pel{b.

19. Cuna F nputspkeHus MeXIy MIIaCTUHAMU IJIOCKOTO BO3IYIIHOTO KOHeHcaTopa paBHa 50 mH.
[Tnomane S kaxmao# miacTuHb! paBHa 200 cm?. HaiiTvt mioTHOCTD SHEPruu W IoJIsi KOHJEHCATOopa.

20. Kakoe xoim4ecTBO TEIIOTHI Q BBIIEIHUTCS MPHU PA3PSIKE IUIOCKOTO KOHJEHCATOPa, CCIH
pasHocTh noTenuaioB U Mexay mactuHamu paBHa 15 kB, paccrosinue d = 1 MM, TUAIEKTPUK —
CITIOJIA W TUTOIIAAb S KaXKo# tutacTuHbl paBHa 300 cm?

2. Huxepos, B.A. ®usuka: coBpemennsiii kypc / B.A. HukepoB. — 2-e u3n. — Mocksa :
N3narenscko-Toprosas koprnopanus «Jlamkos u K°», 2016. —452 c. : un. — Pexum nocrymna:
no noanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

IIpakTH4eckoe 3ansaTHe 8.

Tema 3anamus. HpOBOIIHI/IKI/I B JJICKTPHYECKOM II0JI€C. 3HeKTpH‘leCKOC mnmoJje B
AUIJTCKTPUKAX

Ilens 3anamua. 13yunTh TPOBOJAHUKH B 3JIEKTPUUECKOM I10JIE.
Teopemuueckaa yacme.

Husnekmpuku. Inexmpuueckoe none 6 oudnekmpukax. Illonspusayus OudIeKmpuKos.
Tonsapusayuonnvie 3apsaovl.

Bektop nonsipuzanuu (MOISIpU30BaHHOCTD) — 3TO JUMOJIbHBIH MOMEHT €IWHHUIBI 00beMa, OH

—

onpeacisieTCd COOTHOUICHUCM P= X€0 E’ rac Y — OUDJICKTPHUYECKasd BOCIPHHUMYHNBOCTG.

Bektop snexTpuueckoil MHIYKIUHU (MM BEKTOpP 3JIEKTPUUYECKOTO CMEIICHUs OMpeesercs

seipakednem D = ggE +P .
Ionsapusyemocmp. JludnekTpuueckas MIPOHULIAEMOCTh 3aBUCUT OT HOISPU3YMOCTH MOJEKYJI

Bemecrea, P = B&oE. Tenzop momsipuszyemoctu. B oOmeM ciydae IUMONBHBIA MOMEHT
MOJIEKYJIbI HE COBNAJaeT [0 HANpPaBJIEHUIO C BHEIIHMM MarHUTHBIM TIOJIEM, IO3TOMY

Pi = fijéoE .



Inockuti xonOeHcamop, 3anOJIHeHHbI O0OHOPOOHLIM OudNeKmpukom. B 3Tol cucreme

—

P

CBSI3aHHBIC 3apsAAbl OyOyT TOJIBKO Ha MOBEPXHOCTH, M CYIIECTBYET CBS3b =0 rme O —

MMOBCPXHOCTHAA IJIOTHOCTH CBA3AHHBIX 3apAI0B.

Teopema I'aycca 0ns Ousiekmpuxos

I[J'ISI AUSJICKTPHUKOB BBITIOJIHAKOTCA CICAYIOIMIUE COOTHOIICHUA:
fPdS = —q', divP=—p",
§DdS =Q, divD=p.

Ilone moueunozo 3apsoa 6 ousekmpuxe

3axoH KyrnoHa a1 66CKOHEYHOTO0 OAHOPOJHOTO JUAJIEKTPUKA UMEET BUJT

E: a:d>

r.
472:980!’3

Yenosus na cparnuye pa3deﬂa deyx duaﬂekmpukog 60 BHEWHEM JIEKMPUHECKOM noJie.
Ha I'paHUIC pasaciia JAUBJICKTPUKOB BBIITOJIHACTCA PaBCHCTBO TaHI'CHIIMAJIbHBIX

COCTaBJIAOIIUX BEKTOpA E: E]_t = E2t U PaBCHCTBO HOPMAJBHBIX COCTABJIAIOIMIUX BCKTOpA

— —

D: Dy =Dan. Vpasuenne ITyaccona s 0HOPOIHBIX HAIEKTPHKOB HMEET BUT

%(gw):_ﬁ.

3Hepr1/1;1 CUCTCMBbI JJICKTPUYCCKUX 3apsaAJ0B B AUBJICKTPUKC. BHCPFI/ISI moJis1 B JUBJICKTPUKAX.
[InoTHOCTH OHEPTUU IBJICKTPUYCCKOTO IIOJI B AUBJICKTPUKAX OHPCACIACTCA BBIPAXKCHUCM

W= 7
Dnekmpuueckuti mox 8 NPOBOOHUKAX
[T10THOCTH TOKA, IJIOTHOCTh TOKA M TOK CBS3aHBI COOTHONICHUEM J. jas =1, YpaBHEeHHE

HEpa3pbIBHOCTH (3aKOH COXPaHEHUs 3apsi/ia)
op ==
P v ]=0
at .

3axon Oma 014 niomnocmu moka. Yoenonas npo8ooumocms, yoeibHoe conpomueieHue



Mex 1y TUIOTHOCTBIO TOKA U HANPSKEHHOCTHIO AJIEKTPUUECKOTO TOJIS CYIIECTBYET JIMHEHHAS

cBasp, ) = ot (3akoH Oma B muddepennmansuoit popme). 3akon Oma ais OJHOPOIHOTO

U
IIPOBOAHHKA 3aIIMCBIBACTCA B BU/IC | = E . 3akoH ,H}KOYJ'IH — Jlenna 3a4a€T KOJIHNYCCTBO TCIlJIA,
KOTOPOC BBIACIACTCA B IIPOBOJHUKE ITPU ITPOTCKAaHWH TOKA B CAMHUIY BPEMCHU
2
dQ U
dt R

HpaBI/IJ'IBHOC OIMMCAHUEC ABHXKCHUS 3apsaa0B B IIPOBOJHUKAX NJACT TOJBKO KBAHTOBAsA TCOPHUA.
HpI/IMI/ITI/IBHaH OJICKTPOHHAs TCOPUA IIPOTCKaHMA TOKA 4EPE3 METAJIJI OCHOBBIBACTCA HA ABUKCHUU
3apA10B KaK KIACCHYCCKUX 4YaCTHUL, Ha KOTOPLIC ﬂeﬁCTByeT Cujla CO CTOPOHBI JICKTPHUICCKOIO
IOJIAA U CUJia TPECHUS CO CTOPOHBI CPCABI.

ITIpumepsl penieHus 3aaa4

3agaua 1. [unons ¢ snektpuyeckuM MoMmeHTOM P=50 nKi-m cB0OOAHO ycTaHaBIUBaeTCs B

OJHOPOJIHOM SJICKTPHUUYCCKOM I10JIC HAITPSKCHHOCTBIO E = 30 — . Haiitu pa60Ty, HCO6XO,I[I/IMYIO
M

JUTSI IOBOPOTA Umofis Ha yroa o=30°.
Hano:
P=50nKn-M=5-10"1Kn'Mm DnemenrapHas paboTa npu MoBOpOTE U0 Ha yron da
kB B
E=30—=3-10"= dA=M -da,
M M

a=30"° rnelM =P-E-SIna - mexanudeckuii MOMEHT cui1, JeHCT-

— —

BYIOIMI Ha JUNONb. o — yroi Mexay Bektopamu E u P. 4 =7
Takum o6pazom dA=P-E-sina-da.

I[Ipu cBO6OHOM MOIOKEHHH JTUIONb B dekTprueckoM nojte & = 0, 3HaunTt nonnas pabora
MOET OBITh paccunTaHa 1o Ghopmyse

A=[P-Esina-da=-PE-cosal;.
0
A=-5-10""-3-10"(cos30" —c0s0" ) = 2-107 Jx=0,2 mx/x.
Bonpocel u 3a0auu k covecedosanuio:

1. IndnexTpuKy B JIEKTPOCTaTUYECKOM IIOJIE.
2. [Monsipuzanus TUAIEKTPUKOB, BEKTOP MOJSPU3ALIIH.



3. CBs3p BEKTOpa MOJSIPU3ANMHA C OOBEMHOW U TMOBEPXHOCTHOW IUIOTHOCTBIO CBSI3aHHBIX
3aps1/10B.

4. Teopema ["aycca Ju1st TUANEKTPUKOB.

5. ITone TouevHoro 3apsaa B AUIIEKTPUKE.

3agaum AJ1sl CAMOCTOSITEILHOI0 peleHust

1. Todeunsli numONb ¢ AMEeKTpuIeckuM MomeHToM P = 100 nmKi'mM cBOOOMHO ycTaHOBWIICS B
OJIHOPOJTHOM 3JISKTPUUYECKOM T10JI€ HaMPsHKEHHOCTRI0 E =9 MB/M. [{umons moBepHYIH Ha MaJIbIid
YroJI ¥ IPeIOCTaBIIIM camoMy cebe. OmpeneuTh 9acToTy vV COOCTBEHHBIX KOJICOAHUH TUTIONS B
ANEKTPUYECKOM IoJie. MOMEHT HEPIHH J TUTIONIS OTHOCUTENIBHO OCH, TPOXOISIIeH Yepe3 HEeHTP

nunons, pased 4-10712 kr-m2,

2. Munoub ¢ snektpudeckum MoMeHToM P = 100 nKim cBoOOAHO yCTaHOBWICS B OAHOPOJTHOM
IEKTPUICCKOM TT0JIe HANPsHKEeHHOCTRI0 £ = 10 kB/M. Onpenenuts n3MEHEHHE MTOTCHIIHATHHON
sHeprun A/l TUmosst pu MOBOPOTE ero Ha yroi « = 60°.

3 Jumone ¢ snektpudyeckuM MomeHToM P = 100 nKim'm cBOOOJHO ycTaHaBiMBaeTCs B
OJTHOPOJTHOM JJIGKTPHUYECKOM I10JIe HampspkeHHOCThio £ = 150 kB/m. Berumciaute pabdoty A,
HEOOXOUMYIO JUIsl TOTO, UTOOBI MOBEPHYTH AUIONb Ha yroi o = 180°.

4.0npenenuTs HANPSXKEHHOCTH E 1 moTeHIman ¢ mossi, CO3JaHHOTO TOYSUHBIM JIUII0JIEM B TOUKAX
A un B. Ero anextpuueckuii MoMeHT P = 1 nKu-M, a paccrosinue
r or touek A u B 1o nenrpa aunoiss paBHOo 10 cwm.(
CM.PHUCYHOK).

5. Paccrosinue | mexxay 3apsmamu Q= £3,2 uKun aunons pasuo 12 cm. Haiitu HanpsbkeHHOCTD E 1
MOTEHLIKAN ¢ T0JIsL, CO3JaHHOIO JIUII0JIEM B TOUKE, yJIaJI€HHON Ha =8 CM KakK OT MepBOTo, TaK U
OT BTOPOTO 3apsija.

6. JIBa TOUEUYHBIX IUIIOJS C dJEKTPpUUECKUMHU MOMeHTaMu p1 = | nKn-mu p2 =4 nKin-M nHaxoasrcs
Ha paccTosiHUU I = 2 cM apyr ot apyra. Haiftu cuiny ux B3auMOAEMCTBUS, €CIM OCH JAUMOJEH
JeXaT Ha OJHOU MPSMOM.

7. JIBa TOYEYHBIX IUION C AJIEKTPUYECKMMH MoMeHTaMH p1 = 20nKm'm m p2 = 50nKinwm
HaxoJATcsl Ha paccTossHUM I = 10 cM Apyr OT apyra Tak, 4TO UX OCH JIEKAT Ha OJTHOM MPSMOM.
Beruncnuth B3auMHYIO NIOTEHIUAIBHYIO SHEPTHIO IUIIOJIEN, COOTBETCTBYIOIIYIO UX YCTOWYUBOMY
PaBHOBECHIO.

8. OmnpenenuTh HAMPSHKEHHOCTh E W TOTEHITMAN (P TIOJIsI, CO3/1aBa€MOT0 TOUYEYHBIM JIUIIOJIEM C
ANeKTpUYeckuM MoMmeHToM p = 4 nKn'm Ha pacctossHuu ' = 10 cM OT LeHTpa aumnoiis, B
HaIlpaBJIEHUH, COCTABJISIONIEM yrosl & = 60°C BEKTOPOM AJIEKTPUIECKOTO MOMEHTA.



IIpakTnyeckoe 3ansitue 9.
Tema 3anamus. 3aKOHBI OCTOSIHHOTO TOKA.
Llenw 3anamus. 13yunTh 3aKOHBI IOCTOSIHHOTO TOKA

3nanusa u ymenusn, npuoopemaemvie CHMYOEHMOM 6 pe3ylbmame O0CE0CHUS MeMbl,
dopmupyemvie komnemenyuu. dnekrpudeckuil Tok. Cuna Toka. [ImoTHOCTs TOKa. 3akoH OMa
Uit ydactka 1enu. ConpoTHUBIEHUE MPOBOJHUKOB. VICTOUHUKH TOKA. DIEKTPOJIBHKYIIAS CUIIA
(BOAC). 3akon Oma mus ywactka menu, coaepxkariero DJIC. 3akon Oma s MOJHOW IIEMu.
PazBerBnennbie nenu. 3akoHsl Kupxroda. Pabora u momHocTs Toka. 3akoH Jxoyns - Jlenma.
TennoBoe JeHCTBHE 3JIEKTPUYECKOTO TOKA U €ro NMPUMEHEHHE B TEXHHKE. DJIEMEHTapHas
KJIACCUYECKAsl TEOPHUS DJICKTPOIPOBOIHOCTH METAJUIOB. ['paHUIIbI TPUMEHUMOCTH KJIACCUYECKON
TEPUU DJIEKTPOINPOBOAHOCTU. KoHTakTHbIe siBIeHUA. Biiameer cnocoOHOCTBIO TMPUMEHSTH
COOTBETCTBYIOIIUHN (hHU3UKO-MaTeMaTHUECKH armnapar Mpy perieHnu mpodecCuoHaIbHBIX 3aay.

Axmyanvrnocms membi. OCHOBHBIE IOHATHS U 3aKOHBI IIOCTOSHHOTO TOKA NPUMEHSETCS
IIPU PEILICHNN MHXEHEPHBIX 3a]1a4.

Teopemuqecmm yacms.
Xapakmepucmuku INEKMPUUECKO20 moKa u yCciloeusn €20 Cyu,eCmeoeanus

B saekTpocTaTtnke HN3YYAJINCh SIBJICHUA, O6yCJIOBJICHHBIe HEIIOJBIDKHBIMU 3apsgaMu. Ecim
[0 KaKoH-1100 IMPUYIKUHC BO3HUKACT YHOPAIOYCHHOC ABUIKCHUC 3apAJIOB U YCPE3 IMMOBCPXHOCTDH
MEPESHOCHUTCS 3apsjl, OTIMYHBIA OT HYJS, TO TOBOPAT, UTO BOSHUKACT DJIEKTPUUECKUN TOK.

KonngecTBeHHOM XapaKTepI/ICTI/IKOI\/JI SJICKTPHUYCCKOT'O TOKA CIIYKUT CUJId TOKA — BCJIMUMHA
3apsaa, IepeHOCMMOro Yepe3 paccMaTpUBAEMVIO TOBEPXHOCTh B €IMHMILY BpeMeHHu. Ecim 3a

BpEMs dt qepe3 NMOBECPXHOCTH IICPECHOCUTCA 3apsa] dq , TO CHJIa TOKA paBHa:

=49
dt

E,I[I/IHI/ILIeﬁ CHJIBI TOKa MBJISACTCA aMIICP (A) 3a HAITPpABJICHUC TOKA IPHUHUMACTCH
HaIllpaBJICHUEC, B KOTOPOM MNEPCMCHIAOTCA IIOJOXUTCIIbHBIC 3apdlbl WA HAIIPaBJIICHHUC,
IMPOTHUBOIIOJIOKHOC HAIMPaBJICHUIO JIBHXKXCHUSA OTPULIATCIBHBIX 3apsa0B. CBO60)IHBI€ 3apsAaabl,
KOTOPBIC MMEPEMEIIAIOTCSA B CPEAEC, HA3ZBIBAOTCA HOCUTCIIAMHU TOKA.

3HeKTquCCKHﬁ TOK MOXET OBITH pacipeacicH HEPABHOMCPHO I10 MOBCPXHOCTHU, YCPE3
KOTOPYKO OH TCUYCT. bomee peransHO TOK MOXKHO OXapaKTCpPU30BaTb C IMOMOMIBIO BEKTOpPaA

IIJIOTHOCTHU TOKa ] . HYCTB 3apAKCHHBIC YaCTUIIBI IBUKYTCA B OIIPCACIICHHOM HAIIPaBJICHHUU CO

CKOPOCTBIO u. BekTopoM IIJIOTHOCTH TOKa J Ha3bIBACTCA BCKTOpP, I10 HAIPABJICHUIO

COBMAJIAOIIUI C HANIPABICHUEM CKOPOCTHU MOJOKHUTENbHBIX 3apsA10B (WK MPOTUB HaMpaBICHUS
CKOPOCTH OTPHIIATENIBbHBIX 3aps/10B), a 10 a0COIIOTHON BEJTMUYMHE PAaBHBIA OTHOIIEHUIO CUJIBI TOKA

dl 9epe3 JJIEMEHTAPHVYIO TNIOMAAKY dSJ_, PACIIOJIOKCHHYIO B JAHHOM TOYKE MPOCTPAHCTBA

NEPIEHANKYISIPHO K HAIPABICHUIO ABMXKCHUS HOCHUTENIEH, K €€ IIOIIAIH.




o
ds,

Yucno HOocuTenel Toka B enuHUIle 0ObeMa N Ha3bIBAETCS INIOTHOCTHIO HOCHUTENEH TOKA.
3apsi OTACTLHOTO HOCUTENS OyIeT 0003HauaThCs €.

Ecmu CBO60,I[HBIMI/I 3apsaaaMu ABJIAKOTCA, HAIPUMEDP, SJICKTPOHBL, a IIOJOXKHUTCIbHBIC 3aps bl
HEITOABHKHBI (BTO HUMCCT MCCTO B MeTaJ'IJ'IaX), TO INIOTHOCTH HOCHUTENCH 6VI[CT coBMaaaTb C
YuCJIOM CBOGOI[HBIX 9JICKTPOHOB B CIMHUIIC 00BeMa.

BeKTop IIJIOTHOCTH TOKa MOKHO BbIPA3HUTb UCPE3 IIJIOTHOCTDb HOCUTEJEH TOKa B CKOPOCTb UX

P npxeHus. KonudyecTBo 3apsijia, IMEPEeHECCHHOTO 33 BpeMs

\ I dt uepes HEKOTOPYIO MOBEPXHOCTD S , TIEPIIEHIUKYIIAPHYIO

! N K BeKTOpy ckopocti (puc. 20.1), paeao dg=n-e-u-dt-S.
e ey 3a Bpemsa Ot mromanky S mepecekyr Bce CBOGOIHBIE
’JLCT;;:; —————— 3apsi/ibl B apaJUIENENMIIEe C OCHOBaHMeM S 1 aymHoiM Udt

C e . Ecnu moazika S ocraTodHo Malna, TO INIOTHOCTh TOKa
-+ > B €€ mpelenax MOXHO CYMTaThb IIOCTOSSHHOM M TOTrJa:

L dq _ n-e-u-dt-S _
S Sdt S -dt

j= n-e-u.

B BekTopHOI hopme:

—

j=n-e-i

Cuna Toka 4epe3 IpoU3BOIbHYIO IIOBEPXHOCTh

| = [jdS
S

9HeKTpI/I‘leCKI/Iﬁ TOK, O6VCJ'IOBJ'ICHHBII71 JABVKCHHUEM CBO60I[HLIX 3apAA0B B IIPOBOJHUKAX
pa3J11/1qH0171 Ipupoabl, HaA3bIBACTCA TOKOM ITPOBOANUMOCTH.

CBO6OI[HI>IC 3apsAAbl B IPOBOAHUKE UCIIBITBIBAIOT CTOJIKHOBCHHA C aTOMaMU ITPOBOJHUKA.
3a BpeMA ((CBO60,I[HOFO np06era» T MEXOYy ABYMsA CTOJIKHOBCHHAMHU 3apsAd B IIPOBOJTHUKE
an06peTaeT HAIMPaBJICHHYIO CKOPOCTb BAOJIb BHCUIHECTO 3JICKTPUICCKOTO ITOJIA:

I =
G=Wr=—71
Mo

rae E HampsyKeHHOCTB AIIEKTPHYECKOTO TOJIS B MPOBOAHUKE. [lociie ouepesHOro CTOIKHOBEHHUS
CKOPOCTb TepsieTcs. 3aTeM, A0 CIEAYIOLIEr0 CTOJIKHOBEHMSI, IIPOMCXOAUT HOBOE HapalMBaHUE
HaITpaBJIEHHON CKOPOCTH.

W3 BBIIIEU3I0KEHHOTO CIIEAYET, UTO YCAOBUAMU CYULECHEO8AHUA MOKA SBIISETCSL:
a) Hanmuuue cBOOOIHBIX 3apsIIOB;

06) Hanuuume »sreKTpUYECKOro MO BHYTPU TPOBOAHMKA, UTOOBI IOAIEPKHUBATH
IepeMEIICHUE 3apsAI0B.



3J1el<mp006u.7fcymaﬂ cujia, HanpAaA)CeHHoCcmosb

Ecnu 6b1 Ha HOCHTEIIb TOKA HeﬁCTBOBaHH TOJIBKO CHUJIBI SJIEKTPOCTATHYECCKOTI'O I10JI, TO IIO
HeﬁCTBHeM OTUX CHJ IIOJIOKHUTCIBHBIC HOCHUTCIIUM IICPEMEIIAINCH Obl M3 MecTa C OOJIBIINM
MOTCHIMAJIOM K MECTY C MCHBbIIIMM INOTCHIHWAJIOM, a OTPULATCIIbHBIC HOCUTCIIU ABUTAIINCH OBl B
O6paTHOM HaITpaBJICHUH. 9T0 OpHUBECIIO OBl K BbIPpAaBHHMBAHUIO MMOTCHIIMAJIOB, U B PC3YJIbTATC TOK
OBl IPpEKPaTUICA. YT00OKI 5TOr0 HE IMPOU301IJI0, JOJKHBI HMETHCA YYAaCTKH Ha KOTOPEIX IIEPEHOC
IMOJIOKHUTEIIBHBIX 3apsa0B IPOUCXOAHUT B CTOPOHY BO3pacTaHud @, T.C. IPOTHUB CHII

AJIEKTpOCTaTHYeCKOro noJisl. [lepeHoc HocuTenel Ha 3TUX y4acTKaX BO3MOKEH JIUIIb C IOMOIIIbIO
CHJI HE 3JIEKTPOCTATHYECKOT0 TPOUCX0XKJICHHUSI, HA3bIBAEMbIX CTOPOHHUMU cuiamu. Ousndeckas
OpUpoJa CTOPOHHUX CHJI MOXET ObITh paznuuyHa. Hampumep, xumuueckas (Kak B
AKKyMYJIATOpPAax), MEXaHUUECKasl, MAarHUTHAs U IpyTHe.

Benwunna, paBHas OTHOIICHUIO Da60TI)I CTOPOHHHMX CHJ IIO IIEPCHCCCHHIO 3apiaja K
BEJIWYMHE 3TOT0 3apsa Ha3hIBACTCS ICKTPOJIBIIKYIIICH CHIION (QI[C)

O/1C uzmepsieTcs B TeX K€ €AMHUIIAX YTO U MOTEHIIMAJ, T.€. B BoJbTax (B).

CTOpOHHIOIO CUITY, ICUCTBYIOIIYIO HA 3apsJl, MOKHO MPEJICTABUTH B BUJIE chop Ecmopq
,rne E - HANpPSKEHHOCTh MOJIsi CTOPOHHUX CWi. PaboTa CTOPOHHMX CHJI HaJl 3apsijioM Ha

cmop

HCKOTOPOM YYacCTKEC 1-2.

mop q_[ Ecmop
1

Pazngenus 00€ YacTH COrjiacHO OIIpCACIICHUIO 3[[(: Ha 3aps, IMOJIyInuM:

1-2 2
emop
€12 = J cmop
1
Jl1st 3aMKHYTOH LeIu:
& ={Epppd

DJ1C, nericTByIONIas B 3aMKHYTOM IIEIIH, MOKET OBITH OIpeAeiieHa KaK [IUPKYIISIIINS BEKTOPa
HaAINPSOKEHHOCTH CTOPOHHUX CHUIL.

Kpome cTOpoHHHX cHJI Ha 3apsi] JEHCTBYIOT CHIIbI deKTpocTaTHuyeckoro nond Fg =QE.

PesynbTupyromas cuia, 1eiCTBYOMas B KaXKI0W TOUKE LENU Ha 3apsi]l, paBHA:

— — —

F = Fe +Fopop = AE+Eopop)



'nc. 20.2

Pabota, coBepmraemast 3Toil cuioi Haj 3apsmoM ( Ha ydacTke 1enu 1-2, ompenensercs

2 2 2 _ .
BBIpaKEHUEM A = qj Edl + QI Ecmopd| . T.x. QI Edl =q(¢1 —97), a
1 1 1

—

2
QJ- Ecmopdl = (€12 , tora pabora pasna Ay = Q((Dl — (02)+ geqo.
1

Pasznenum o6e yactu Ha (] . B 11€BO# YacTu OTHOIIEHKUE 12 5603nauny U 12. Bennuunna

YHUCJIICHHO paBHAasjgd OTHOLICHHIO Da6OTBI N JJICKTPOCTATUYCCKHUX MW CTOPOHHHMX CHJI TIIO
OCPEMCIICHUTIO 3apAaa K BEJIMYHUHE 3TOI'O 3apsaaa Ha3bIBACTCA MaJACHUECM HAIPSXKCHUA HJIK ITPOCTO

HaIpsA>KCHHUEM Ha JdHHOM YYaCTKCE IICIIN U 12-

£
1{;% | I :;:2 Takum o6pazom (puc. 20.2),
Up=01-¢+ép
3amerum, 4o ecnu Ha ywactke orcyrcteyer DJIC, o Uq1p = @) — @, . (Jlns 3amxryTOi
nenu Touku 1 u 2 coBnajaot, @ = @, u, Torma Uy = £15.) Moxno nokasars, uto U1 = IR

, TAC R - nonnoe COIIPOTHUBJICHHUC LCIIN U TOr' Aa

IR=¢; —@y +&1

OTO0 ypaBHEHHUE BhIpaXkaeT 3aK0oH OMa JIIsi HEOJHOPOAHOI'O yIacTKa LIeHn (C QHC)

Knaccuueckan I/IEKMPOHHAA meopus 3ﬂe1<mponp0800umocmu memaiiioe u ee
Heo0oCmamouyHocmo

BHYTpeHHss CTPYKTYypa METAIIOB XapaKTEPU3YETCsl KPUCTAINIMYECKOM pemeTkol. B y3max
KPUCTAJUTMYECKON PEIIETKU HAXOJATCS IMOJOKUTEIbHBIE MOHBI; B MPOCTPAHCTBE MEXAY HUMU
MPaKTUYECKH CBOOOJHO JABUXKYTCS 0000IIeCTBICHHBIE deKkTpoHbl. Hemenkuit ¢pusuk I1. dpyne
MPEONIOKUI, YTO DJIEKTPOHBI BENyT ce0s Kak YacTUIlbl WACANbHOTO Ta3a, W MPEeIOKHI
MCIIOJIL30BATh JJIsl OTMMMCAHUS UX MTOBEACHUS H3BECTHBIC (HOPMYIIBI KHHETHYECKON TE€OpPHUH Ta30B.

Cucrema cBOOOJIHBIX OOOOIIECTBIEHHBIX B KPUCTANIMYECKOW pEIIETKE DJIEKTPOHOB
Ha3bIBAETCs JICKTPOHHBIM ra3oM. B oTiauume oT Mojekys rasa, mpoOer KOTOpBIX ONpeaessuics
COyJIapeHUEM MOJIEKYIT IPYT C APYTOM, MIEKTPOHBI CTAIKMBAIOTCS MTPEUMYIIIECTBEHHO HE MEKITY
cO00H, a C MOHaMU 00pa3yIOIMMH KPUCTALUTHICCKYIO PEIIETKY MeTana. DTHMH CTOJIKHOBEHUSMH
00YCIIOBJICHO B YaCTHOCTH, CONPOTHBIICHHE METAJLIA SJICKTPHIECKOMY TOKY.

XaoTHYeCKOe TEIUIOBOE JIBIXKEHHME DIIEKTPOHOB B METAIAX MOYKHO XapaKTepU30BaTh
. 8kT 3
CpemHell CKOpOCThI0 < U >= |——— (11 KOMHATHBIX TEMIIEPaTyp <U> ~10°m/ ¢). Tpm
-m
e

HAJIMYUM BHEIIHETO TOJS DJIEKTPOHBI O0O0NagaroT eme HEeKOTOPOW CpeiHed CKOpPOCTBIO

HanpasiaeHHoro aBmxkenus U . O6prqHO U ~ 1072 +1073 m/ C, TO ecTh U << <U> .



Bw1600 3axonoe Oma u /Picoyna-Jlenya uz 3neKmpoHHvlIX npeocmasieHuil
3akon Oma.

Cpennuii myTh, MPOXOAUMBIM CBOOOJHO BIDKYIIMMHCS DJECKTPOHAMHU MEXIY JBYMS
[IOCJIC/IOBATEIBHBIMU _CTOJKHOBEHUSIMA C HMOHAMH PEIISTKH HA3bIBACTCS CpPEAHEH JUITMHHOU

cBOOo1HOTO TIpodera A . CpemHee BpeMsi MKy IBYMsI CTOJIKHOBCHHSIMU 7 = — (OIpeaeseTCs
v

—

CKOPOCTBIO XaOTHYECKOI'O I[BI/I}KGHI/ISI). HpI/I Haauuup 1ons E HaIlpaBJICHHasA CKOPOCTH
9JICKTPOHOB HAKAIJIMBACTCA 3a BpEMA CB060,Z[HOI‘O HDO6€I‘a U K MOMCHTY CJICAYIOLICTO
coyaap€Hus 10CTUTracT MaKCHMaJIbHOM BEJTUYHNHEL:

—

i i eE 4
= T=——
max :
m o
Ckopocts U u3MmeHsieTcs 3a Bpems ipobera guneiiHo. [Toatomy ee cpejinee 3a mpober
3HAaUYE€HHUE PABHO MOJIOBUHE MAaKCUMAJIbHOTO 3HAYEHUSI.

I T eE 1
2 ™ 2mo
ImoTHOCTE TOKA:

R . ne?a-

J=n-e<li>——-=~ E
2mo
. n-e?. 1

Koo puIMeHT NponopHuOHATBLHOCTH MeXay | ¥ E obosHaunm O = 2— (o -
mo

MPOBOJIUMOCTE). B pe3ynbrare nmoayuum 3akoH Oma B JoKaibHOU opMme (TTapaMeTpbl OTHOCSATCS
K JTaHHOW TOYKE CEUYEHHUS MPOBOIHHKA).

—
Il
2
m

II1oTHOCTB TOKA B IMPOBOJHUKEC MTPOTIOPIIMOHAJIbHA HAITPAKCHHOCTH 3JICKTPUICCKOTO ITOJIA

E . KosdouimentoM mponopuroHaTIbHOCTH SIBJISETCS MPOBOAMMOCTD. (3ameuanue. CpaBHUM

noTydeHHyio Gopmyny ¢ u3BecTHOU | :E' [IpoBoarMOCTE O 00paTHO MPOIOPLHOHAIEHA
1 . U
YAEIBbHOMY COIIPOTUBIEHUIO p O = — . [NIOTHOCTB TOKa | = g Hanpsokennocts monst E = |_
yo,
I 1U ) U
(I - wnna nposognuka). Torna — = -—— , mm | =——S =— 4ro u TpeGoBanOCH.)
S pl o1 R



3akod JLxoynda — JIeHna.

K konmy cBoOoaHoro mpobera 31€KTpOH MPUOOPETAET JOMOJHUTEIbHYI0 KUHETHUECKYIO
SHEPTul0, CpeHEE 3HAUCHUE KOTOPOU PaBHO:

2 202
M-Upax _ € A
2mo?

< AE, >= E?

eEA
(HamomuUM: Upgy = —).
mo

CTOJNKHYBIIUCH C aTOMOM, 3JEKTPOH, [0 NPEANOJIOKEHUI0, IOJHOCTBIO MepeiaeT
IPUOOPETEHHYIO UM DHEPIUI0 KpUCTaIInYeckor pemerke. CooOIIEeHHas peIeTKE SHEPT U UIET
Ha YBEJIMYEHNE BHYTPEHHEH 3HEPTUU MeTalljia, IPOSIBIISASICh B €M0 HAarPEBAaHUU.

. v .
Kaxxnp1it 27eKTpoH NmpeTepreBaeT 3a CEKYHAY B CpelHEM Z = Z coyaapenuii. O603HaunM

YUCJIO 3JICKTPOHOB IMPOBOAMMOCTHU B CIHWHUILIC o0Bema N, Torma IoJjiHag 3HEPrus, IepeaaHHas

OJICKTPOHAMHU 34 CAMHUIY BpEMCHH B CAMHHUIIC o0beMa 6yIIeT PaBHATBHCA:

e’ 42 E2_ ne’A iEEZ _ ne’A

_ - E?
2mu? 2Zmov v A 2mo

W=n-z<4E >=n-z-

ne?.

3Hasd, 4To O = B pe3yJibTaTe MoyuyuM 3akoH J[oyns — JIeHua B tokansHOU opme:

W =c-E?

TennoBas MOIIHOCTh, BBUICISIONMIASACS B €IMHHIIE o0bema Opru  OpOTCKAHUHU
SJICKTPHUYCCKOI'O TOKA MPOMNMOPIHOHAJIbHA KBaAPAaTy HAIPAKCHHOCTH ITOJIA.

. s\ 2
: 1 1 .
Ilepexonsor cm E x pm j: (o=—, Ezi),nonqusz— el :IO'JZ,I/IJ'II/I
P o p\o
W=p-j?

[Monyunnu apyryio dopmy 3akona Jixoyns — Jlenna. (OObeMHasi MIOTHOCTH TETJIOBOM
MOIIIHOCTH paBHA MPOU3BEACHUIO YAEIbHOTO COMPOTUBRIECHUS Ha KBaApaT INIOTHOCTH TOKA).

3ampyonenun Knaccuueckoil 31eKmMpPOHHOI MeopuU INEKMPORPOEOOHOCHIU MEMAlN08

Kiraccuueckasi Teopusi cMoriia OObSCHUTH MOJTyYE€HHBIE paHee YKCIIEPUMEHTAbHO 3aKOHbI
Oma u JIxoyna — JleHna, HO €CThb M CYHIECTBEHHbIE 3aTpynHEHUs. OCHOBHBIMH SIBIISIOTCA

CJICAYIOIUC:




1. Teopernyeckoe 3HAYCHUE IPOBOAUMOCTH H3MCHSICTCS C TeMIeparypoit O peop ~ T

T

1

, OKCTICPUMCHTAJIbHAA )K€ 3aBUCUMOCTh O = — .

2. Knaccuueckas Teopuss HE B COCTOSHHH OOBSCHUTH TakKoe SBJICHHE Kak
CBEPXIIPOBOINMOCTb.
Nwmerotes u apyrue 3aTpyAHEHHS U B 3TOM HEJOCTaTOYHOCTDh KJIACCHYECKON TEOPHH.

CoBpeMeHHas KBaHTOBAs TECOPHS OJICKTPOIIPOBOAMMOCTU METAJIJIOB IIOKa3bIBA€T, YTO BCEC
TPYAHOCTHU KJIaCCUYeCKOI TEOpHUHU CBA3aHbI C TEM, 4YTO HOPEACTABICHUC 00 OJICKTPOHAX Kak

UJCATLHOM Ta3e sSBISETCS IPyObIM mpubavxeHrneM. Ha camom Jiene 31eKTpOHbI BHYTPY MeTalIa
HE SBJISIFOTCS TAKUMU CBOOOTHBIMH, KaK 3TO CIEAYET U3 KIACCHYECKON TEOPHUH.

B COBpeMeHHOﬁ KBaHTOBOM TCOPHUU ITOKA3BIBACTCA, YTO DJICKTPOHBI BHYTPpHU MCETAJlJId, KaK U
9JICKTPOHLI B aTOME HE MOI'YT UMCTh JIIO6YIO OHCPIHIO, a JIWIIb BIOJHC JUCKPCTHBLIC 3HAYCHUA
OHEPIruM — 5SHEPTHUi 3JICKTPOHOB KBAHTYCTCA.

5. 3akonvt Kupxzogha

1. INepssblii 3akod Kupxroda:

AJIFG6D3,I/I‘~I€CKEUI CyMMa CHJI TOKOB, CXOAAIMMXCA B Y3JIC, paBHA HYJIIO.

Sy =0

[Ipu 5TOM TOKH, UIYLIUE K Y311y, IPUHSITO CUUTATH MOJIOKUTEIbHBIMHU, @ OT
y3J1a — OTPUIATENbHBIMU (MOXKHO U HA00OPOT — 3TO HECYILIIECTBEHHO).

Puc. 20.3

3amMeTuM, 4TO y3eJ] — 3TO TOUKa, TJIe CXOAATCs Tpu u Oosiee Toka. Hampumep, mis puc. 20.3
HepBLIfI 3aKOH 3aIlIUIICTCA TaK:

|1—|2+|3:O.

2. Bropoii 3akod Kupxroda (oH OTHOCHUTCS K JTF000MY BBIJICJIEHHOMY B IIENIM 3aMKHYTOMY
KOHTYpY):

Aurebpanueckas cyMMa IIPOU3BEJIEHNI CHJI TOKOB B OTAEIBLHBIX YUYACTKAX IPOU3BOJBEHOTO
3aMKHYTOTO KOHTYpa Ha WX CONPOTUBJICHUS (CymMMa TaJeHWH HANpsOKCHW) paBHA
anreopandeckoil cymme DJIC, NeHCTBYIOLIMX B 3TOM KOHTYDE.

D IkRj=2 s

IIpumeps! pemieHus 3agau

3agaua 1. Jlansr 12 snementos ¢ IJIC & =1,5 B u BHyTpennuM conpotusienuem r=0,40m. Kax
HY)KHO COCIMHUTH 3TH 3JIEMEHTHI, YTOOBI TIOJIYYHTh OT COOpaHHON M3 HUX OaTapen HauOOJIBIIYIO
CHJIy TOKa BO BHEIIHEW Iienu, uMerIier comporusieHne R=0,3 Owm? Onpenenuthb
MaKCHUMAaJIbHYIO CHUITY TOKA |max.



Jano: i_ F---mm |_E m

N=12 E_ I |_i

g —1,5 B E_ |_ ________ |_i

r=0, 4 Ow | |
R I IO —

R=0, 3 O.

Al R

Imax = ?

[Tpeamnonoxum, 4To COeIMHEHHE COCTOUT U3 M HapajjielIbHO COCTUHEHHBIX BETBEH 1o N
TIOCIIE0BATENBHO COSMHEHHBIX DJIEMEHTOB B Kax10i (cm. puc.). Ouesuaro, N =m-n , Ilpu
nociaenoBarenbHoM — coequHeHud OJIC M BHYTPEHHEro  CONPOTHBIICHHS  JJIEMEHTOB

cknampiBatorest; mostomy DJC kaxnoit BerBu &, =N-&, a BHyTpeHHee CONpOTHBIEHHE

r,=n-r.

1 &1

HpI/I napaujiCJIbHOM COCAUHCHUN g CHUCTCMbI paBHa g OTACJIBHOIO DJIECMCHTA M — — Z_
r 1 I
c

. Cneposarensho, DJIC coenunenns paua DJIC oTaenbHOl BeTBU &, =&, a BHYTpEHHee

r
CONPOTHBJICHHE COCMHeHHA [ = £,
m

nr
Takum 06pa3zoM, s GaTapen dJIeMeHTOB uMeeM &, =N-& ,u I =—.

ITo 3axkony Oma /17151 3aMKHYTOU LIENU TOJTyYUM

& ng nmg& N-&

I = = pr— — 1
t+R MW p nr+mR n.-r+mR @
m
Takkak N =m-n u N :H , TO OKOHYATEJIbHO MOJIyYHM
IZNN'g :NNg'TR )
—Ir+mR r+m
m
Hccnenyem Ha sxcTpemyM dyskumto |(M), mpencraBinennyto popmynoii (2).
() ( NZ.m j N-&-(Nr+m’R)~N-&-m-(2mR)
m)= = 3
Nr+m*R (Nr+m2R)2 ©



Ng(NHmZR)—ZNg-mZR B
(Nr+m2R)2 -

[IpupasuuBas (3) K HyJIO

HalJIeM MakCUMaJIbHOE 3Ha4eHHe M. B pe3ynbprare nosyunm

Nr 12.0,4 N 12
m=,—-= =4 u N=—=—=3.
R 0,3 m 4

Takum o6pazom:

N& 12-1,5

I = = =
™ nr+mR 3-0,4+4-0,3

7,5A.

OTBeT: coeIMHEHNE COCTOUT M3 YEThIPEX BETBEH MO 3 MOCIeA0BaTEIbHO COSTMHEHHBIX
3JIEMEHTOB, MAKCHMAaJIbHBIN TOK 7,5 A.

3agaua 2. IIpu cune Toka 11=3 A Bo BHemHe# Lenu OaTaped aKKyMYJISTOPOB BBLAETSETCS

momHocTh P1=18 BT, npu cune toka l,=1 A — cootercTBenno P>=10 Br. Onpenenuts DIC &
U BHYTPEHHEE CONPOTHUBIICHHUE I' OaTapen.

Jano:
=3 A Tak kak momuocts P = | -U , To manpsenue B nepsom ciaydae
P P
P=18Br J,=-1, asosropom U,=-%.
I, I,
. &
I>=1 A U3 3axona Oma s 3amkHyTOM memu - | = ———
R+r
P>=10 Bt |3 npuBeneHHBIX BHIIIEC PABEHCTB CIEIYET
& =7
A
r=2? & =1Lr+y, & =Lr+=
= L
P,
& =1,r+u, & =1,r+-=
I,
P P, —PI
Lr+-L=1r+-2 2112 _ 20,



W Z-lr+i-12B

3agaua 3. I1o xenre3HOMy POBOAHKKY, quamerpom d = 0,6 MM, TedeT TOK 16 A. OnpenaenuTs

CpPCAHIOIO CKOPOCTh <U> HalIpaBJICHHOT'O ABMXCHUS 3JICKTPOHOB, CYMATAs1, YTO KOHILICHTpAHA N

CBO60,I[HBIX OJICKTPOHOB paBHAa KOHUOCHTPAILUX n’ atoMoB IMPpOBOJIHHKA.

Hano:

d=0, 6 MM=6-10"Mm 2

@—)@—)

=16 A

n=n’ U
@—)

CpenHsist CKOpOCTh YIOPSA0UYEHHOTO JBUKEHUS SJICKTPOHOB

<U> =1 1)

rae t — Bpemsi, B TCUCHHE KOTOPOTO BCE CBOOOIHBIE DIICKTPOHBI, HAXOISAIIHECS MKy CEICHUSIMH
1 u 2, npoiins cedenue 2 (cM. puc.), mepenecyt 3apsin Q =e - N, coznaBas TOK CHIIOH

eN
=35 @

IJIE e — NEMEHTApHbIN 3aps, N — 4mCII0 SIEKTPOHOB MPOBOAHMUKA, | — ero mmuHa.
O4YEeBHIHO YHCIIO DJIEKTPOHOB N=n-V=n-l-S (3)
rae V- 00beM, a S — miomas cedeHust IpoBoaHKKa. [1o ycnosuo, N=n’, cle10BaTeNbHO

n:n’:NA: Na :NA'p, (4)
V. Mlp M

m

KTI"
rae Na— uncio ABoraapo, p — IIOTHOCTb JKeme3a [ p=7,87-10° —sj,
M

3 KT
M — MonsipHas macca xenesa | M =56-107° :
MOJIb

[Moxcrapnsis (4) B (3), a 3ateM B (2), OKOHYATEIHHO MOTYUYUM



IMt
N,pSe’

OTKYyJ1a | =

2
zd
I[ToscTaBUM MonydeHHoe BbIpaxenue B (1), cuuras, uto S = ——,

[Tocne mpeoOpa3zoBaHUs HaiIeM, 4TO

o am 4.16-56-10°
7d’N, - p-e 3,14.(6-104‘)2.6,0~1023-7,87.103.1,6-10*19

(v)

Bonpocel u 3a0auu k codecedosanuro:
1. ITocTOSIHHBIN 2TEKTPUUECKUN TOK U €r0 XapaKTEpUCTUKU. 3akoH OMa JiJIs y4acTKa LEeu.

2. Croponnue cuiibl. Dnekrpoasuxyiias cuna (31C). 3akon OMa asis 3aMKHYTOM LIeTH.
3. PabGota u moiHOCTh TOKA. 3akoH [[xoyns - Jlenna.

4. Knaccuueckas 5SJEKTpOHHas TEOpHUsl AJIEKTPONPOBOJAMMOCTH METAJUIOB M €€
HEJ0OCTATOYHOCTh

5. O0600menHsIi 3akoH OMa. [IpaBuna Kupxroda.
6. DIIEKTPUYECKUH TOK B METaJIaX.

33[{3‘[1/1 AJISA CAMOCTOATECJIBbHOI0 PCIICHU S

1. Tpu 6arapen ¢ DJAC E1= 12 B, Eo= 5 B u E3 = 10 B u oquHaKkOBBIMH BHYTPEHHUMHU
COIIPOTHUBJICHUSIMH I, paBHBIMA | OM, COCTMHEHBI MEXIY COOOW OJHOWMEHHBIMH IMOJIOCAMH.
ConpoTuBIeHHE COCTUHHUTEIBHBIX IMPOBOJOB HUYTOXKHO Majo. OmpenenuTsh CHIBI TOKOB |,
UAYIIUX Yepe3 KXyt 6aTtapero.

2. JIBe Tpymmbl U3 TPEX MOCIEA0BATENbHO COCTUHEHHBIX 3JIEMEHTOB COEJIMHEHBI MapajieibHO.
SJIC E kaxnoro snemenTa paBHa 1,2 B, Buyrpennee conpotusienue I = 0,2 Om. [lonyyennas
OaTapest 3aMKHYyTa Ha BHelIHee conpoTuBienne R = 1,5 Om. Haiitu crty Toka | Bo BHemHeH nenw.

3. BHyTpeHHee conpoTHBIEHHUE I 0aTapen akKyMysaTopoB paBHO 3 OM. CKOJIBKO MPOIIEHTOB OT
ToyHoro 3HaueHus DJIC cocTaBisieT IOrpelHOCTb, €CIIU, U3MEPss Pa3HOCTh NOTEHIMAIOB Ha
3aKUMax Oatapeu BOJIbTMETPOM ¢ conpoTusieHrneM Rg = 200 Om, npuHsaTh ee paBHoi DC?

4. 3amryHTUpOBaHHBIN ammepMeTp umepser Toku cusoi 1o | = 10 A. Kakyro Hanbomburyto cuity
TOKa MOXKET U3MEPUTH STOT aMIiepMeTp Oe3 IIyHTa, eCJIM CONPOTUBIIEHHE Ra ammepmerpa paBHO
0,02 OM u comportunenue Ry MIyHTa paBHO 5 MOm?

5. Cuiia ToKa B IPOBOJAHMKE paBHOMEpHO HapactaeT oT lo = 0 no | =3 A B TeueHue Bpemenu t =
10 c. Onpenenuts 3apsia Q, TPOIMIEAIIHI B TPOBOJHUKE.

=4,2-10"m/c = 4,2 MM



6. lanasl 12 anementoB ¢ D/1C E = 1,5 B u BHyTpennuM conpotusieHuem I = 0,4 Om. Kak Hy>xHO
COCIMHHUTH 3TH AJIEMEHTHI, YTOOBI MOJYYUTh OT COOpaHHOI M3 HUX OaTapen HauOOJBIIYIO CHITY
TOKa BO BHEIIHEH 1enu, umeromieid conporusienre R = 0,3 Om? Onpenenutrb MakCUMaJIbHYIO
criTy TOKa Imax.

7. Ba snmementa (E1=1,2 B, ri=0,1 Om; E>=0,9 B, r,=0,3 OM) coeauHeHbl OJIHOMMEHHBIMU
nosrocamu. CornpoTuBieHre R coemMHUTENBbHBIX TPoBOJOB paBHO 0,2 OM. Onpenenuth CUTy
Toka | B enmu.

8. OHpe,I[eJ'II/ITI) CUJly TOKa KOPOTKOI'o 3aMbIKaHHMA HWCTOYHHMKa TOKa, C€CJIIM IIPHU BHCUIHEM

conportusiiennu R1=50 Om cuna Toka B nienu 11=0,2 A, a mpu R>=110 Om cua Toka B nenu 12=0,1
A.

9. Karymika u aMmepMerp COeIUHEHBI MOCIEA0BATEIHHO U MOIKIIOYEHBI K UCTOUHUKY ToKa. K
3aKMMaM  KaTYIIKM TPUCOEIUWHEH BOJbTMETp compotuBieHneM Rx=1 kOwm. Iloka3anus
amnepmetpa 1=0,5 A, Bonbtmerpa U = 100 B. Onpenenuts conporusienue R katymku. CKOJIBKO
IPOIICHTOB OT TOYHOT'O 3HAYCHHUSI CONPOTHUBIICHHS KATYIIKH COCTABUT MOTPEIIHOCTh, €CIH HE
YUUTBHIBATh CONPOTUBIICHUS BOJIBTMETpA?

10. K ucrounuky Toka ¢ D/IC E =1,5 B npucoenquumim katymky ¢ conporusieHruemM R=0,10m.
AmMriepMeTp mokasan cuiny Toka, paBHyoo 11=0,5 A. Korma x HCTOYHUKY TOKa MPUCOSTUHIIIN
IIOCJIEZI0BATENbHO €I11€ OJIMH UCTOYHUK ToKa ¢ Takol ke D/1C, To cuia Toka | B TOM e KaTylIike
okazanach paBHoi 0,4 A. Onpenenutb BHyTPEHHHE CONPOTUBIIEHUS I1 U 2 IEPBOTO U BTOPOIO
HMCTOYHUKOB TOKA.

11. ITo mpoBoaHuKy compoTuBieHHeM R = 3 OM TedyeT TOK, CHJIa KOTOPOTO BO3pacTaeT.
KonmuecTBo Terotel Q, BeIIENHMBINEECS B TPOBOJHHUKE 3a BpeMs 7 =8 ¢, paBHo 200 Ix.
Onpenenuth KOMUYECTBO DJIEKTPUUECTBA (,IPOTEKIIEe 3a 3TO BpeMs IO MPOBOAHHUKY. B
HAYaJLHBI MOMEHT BPEMEHU CHJIAa TOKA B POBOTHUKE PaBHA HYITIO.

12. Cuiia ToKa B MpOBOTHUKE conpoTuBiieHueM R = 12 OMm paBHOMepHO yObIBaeT oT  lop = SA 10
| =0 B reuenue Bpemenu t = 10 ¢. Kakoe xoimmuecTBoO Ter1oThl Q BEIIEISETCS B 3TOM IMPOBOTHUKE
3a YKa3aHHbIN TPOMEKYTOK BpEMEHU?

13. Cuiia Toka B npoBogHuKe conpoTtusieHreM I = 100 OM paBHOMepHO HapacTtaeT oT lo = 0 10
Imax = 10 A B Teuenne Bpemenu =30 c. OnpenenuTs KOJINIECTBO TEIIIOTH Q, BBIICTHMBIIEECS 3a
3TO BpeMsI B IPOBOTHUKE.

14. TIpu cune Toka l1 = 3 A Bo BHemIHel 1ienu 0aTapen akKyMyJIsiTOPOB BBIJIEISTCS MOIIHOCTH P1
=18 BT, mpu cune Toka I =1 A — coorBercTtBenHo P2 = 10 Bt. Onpenenuts 3/IC E u BHyTpeHHEE
COIIPOTHUBIIEHUE I' GaTapeH.

15. O6GMOTKa SIEKTPUUECKOTO KUTISTIIILHUKA UMEET JIBe CeKIMU. Eciu BKIIFOUeHa TOIBKO MepBast
CEeKIIMs, TO BoAa 3akumnaeT yepe3 t1 = 15 MuH, ecau Tonbko BTopas, To yepes t2 = 30 mun. Yepes
CKOJIbKO MUHYT 3aKHITUT BOJIA, €CITH 00€ CEKIIMH BKIIOUUTH TTocienoBarensHo? [lapannensao?

16. K 3axxumam Garapen akkyMyssITOpoB npucoeanHeH HarpeBatenb. JJIC E Gartapeu pasHa 24
B, BHyTpennee comportuBienue I = 1 Owm. HarpeBatenb, BKIIOYEHHBIH B I€Nb, NOTpPEOIseT
moutHocTh P=80 BT. Boruncnuts cury Toka | B nenu u KI1J] # HarpeBaresns.

17. OJ1C E 6arapeu pasua 20 B. Conporusnenue R BHemHel nienu paBHo 2 Om, cuna Toka | =

4A. Haiitu KIT1J{ Gatapeun. [Ipu kakom 3HaueHnu BHemHero conpotusienus R1 KITJ[ Oyner pasen
99%?



18. K 6arapee akkymynsitopos, J1C E kotopoii paBHa 2 B 1 BHyTpeHHEE COTPOTUBIICHUE I' pABHO
0,5 Om, npucoeauHeH NpoBoAHUK. ONpeaeIUTh: 1) conporuBnenue R npoBogHuKA,
IPH KOTOPOM MOIIHOCTb, BBIICIIsIEMasi B HEM, MaKCUMallbHa; 2) MOIIHOCTh P, KOTOpast MPU 3TOM
BBIJICJISIETCS B IPOBOJIHUKE.

19. 5JIC Gartapeu akkymysstopoB E =12 B, cuna Toka | kopotkoro 3ambikanus paBHa 5 A. Kakyro
HarOOJIBIIYI0 MOIIHOCTh Pmax MOXKHO TIOJYYHTh BO BHEIIHEH IICTH, COCIMHEHHOH C Takou
Oarapeeii?

20. Jlammouka M peocTaT, COCIMHEHHBIC MTOCIIEI0BATEIbLHO, IPUCOCTUHEHBI K HCTOYHUKY TOKa.
Hanpsxenue U Ha 3a:xuMax namnouku pasHo 40 B, conporusnenue R peocrara pasno 10 OM.
Bremnsis nens norpedser momuocts P=120 Br. Haiitu cuimy Toka B ienm.

21. B MesHOM NpOBOJHMKE AIMHOM |=2 M 1 mI0mIab10 S MOMEPEYHOro cedenus, paBHoi 0,4 M2,
uzner Tok. IIpu 3TOM execekyHIHO BbLaensercs konmdecTBO TemnoTel Q=0,35 [Ix. Ckonbko
251eKTpoHOB N IIpoxoauT 3a 1 cekyHay uepes MonepeyHoe CEYeHUE ATOr0 MPOBOAHUKA?

22. TINOTHOCTH TOKA j B MEJHOM MNpOBOAHMKE paBHa 3 A/mm% Haiitu manpsokeHHOCTH E
AIEKTPUYECKOTO MOJIS B IPOBOTHUKE.

23. TINOTHOCTH TOKA | B AIFOMUHHEBOM TIpoBojie paBHa 1 A/Mm2. HaliTi cpeHIO0 cKOpocTh <>
YIOPSAOYSHHOTO ABUKECHHUS SJIEKTPOHOB, MIPEAIoIaras, 4To YUcIo

CBO6OI[HI>IX QJICKTPOHOB, IIpcAariojarasda, 4To 4uciio CBO6OI[HBIX QJICKTPOHOB B 1 CM3 AJIFOMHMHUA
PaBHO YHCJIO aTOMOB.

24. OnpeaenuTtb CPpeaHIO CKOPOCTh < v > YIMOPSAOYEHHOTO JABUKEHHUS 3JIEKTPOHOB B MEIHOM
TpoBoHUKeE TIpH cuie Toka | = 10 A u cevyenun S mpoBojnuKa, paBHOM 1 MM2. [IpHHATH, 9TO
KaX/IbIif aTOM MeJIU PUXOAUTCS J1BA SJIEKTPOHA IPOBOJUMOCTH.

25. Cuna Toka | B MeTamnudyeckoM mpoBoAHuKe paBHa 0,8 A, cedeHMe PoBOAHMKA S= 4 MM2,
[TpuHuMas, 4To B KaXJIOM KyOMYECKOM CaHTHMETpE MeTala COAEPIKUTCS n=22,5-10%
CBOOOIHBIX 3JIEKTPOHOB, OIPEEIIUTH CPETHIOI0 CKOPOCTh <0> UX YIOPSIOYEHHOTO JABH)KEHUS.

26. B MetHOM mpoBoIHHKE 00BeMOM V=6 cM® HpH TIPOXOKICHNH M0 HEMY TIOCTOSHHOTO TOKA 32
Bpems t=1 MUH BBIACTUIOCH KOMU4eCTBO TEIUIOTHI Q=216 . BerauciauTh HampsHkeHHOCTh E
AIIEKTPUYECKOTO I0JIS B TPOBOJHUKE.

27. MeTalnu4ecKuii IPOBOHUK ABHKETCA ¢ yekopernueM a=100 m/c?. Mcronb3ys KIacCHIECKyIo
TEOPUIO NIEKTPONPOBOTHOCTH METAIIIOB, ONPEAEIUTH HAIPSDKEHHOCTD E 3JIEKTPUUYECKOTO MOJIS B
MIPOBO/IHHKE.

28. Mennblit quck pagmycom R=0,5 M paBHOMepHO Bpamaetcs (w=10* pay/c) oTHOCHTETBHO OCH,
MIEPIICHIUKYIIIPHON TIOCKOCTH JMCKA M MPOXOAAIIEH yepe3 ero mneHtp. OnpeneianTh pasHOCTh
noteHnuanoB U Mex 1y EHTPOM JUCKA U €r0 KpalHUMHU TOYKAMH.

29. MeTannnuecKuil CTep>keHb ABHKETCS B/I0JIb CBOEH ocH co ckopocThio =200 M/c. Onpenenutsb
3apsaa Q, KOTOpBIM MpoTeueT uyepe3 rajbBaHOMETp, MOJKIIOYAEMbI K KOHIIAM CTEepXKHSA, MpU
PE3KOM ero TopMokeHHH, eciau JuinHa | crepxkHs paBHa 10 M, a conmporuBieHne R Bcelt 1enun
(BKJTIOUAs 1IETIh TajibBaHoOMeTpa) paBHO 10 MOM.

30. YaenpHas mpoBOIUMOCTE y MeTaiia paBHa 10 MCwm/m. Beraucnuts cpennioro mmay < | >
CBOOOJIHOTO TMpoOera 3JICKTPOHOB B METajUIe, €CIM KOHIICHTpanus N CBOOOIHBIX AJIEKTPOHOB



BH M2, Cpenr KOPOCTH U XaOTHYECKOTO JIBHIKEHHUS DIICKTPOHOB MIPHUHSTEH PABHOM
aBHa 102 M3, CpeHIo CKOPOCTh U Xa0THYECKOTO CHUS DIICKTPOHO aBro# 108
m/c.

Pa3nea 4. MaraeTusm. DJ1eKTPOMATHUTHBIE KOJ1e0AHUS M BOJIHBI

IIpakTnueckoe 3ansaTue 10.
Tema 3anamus. Ilonsitue 0 MarauTHOM noJie. 3axkoH buo — CaBapa — Jlannaca.
I]ens» 3anamusa. VI3y4uTh OCHOBHBIE IIPOSIBICHUS MATHUTHOTO I10JIs1 IOCTOSIHHOTO TOKA.
Teopemuueckas uacme.

MarauTHass HHAVKIMA 1 HANPSIXKEHHOCTh MATHUTHOIO I10JIsl.

—

HoTok BekTOpa MarHuTHOI mHaAyKMu. Teopema [aycca nis BekTopa B

Tepmun maruutHoe nose BBen B 1845 roay anrnuiickuii puzuk M.Dapaneil, CHUTaBIINA,
YTO KaK AJEKTPUYECKOE, TaK U MArHUTHOE B3aUMOJIECHCTBHUS OCYIIECTBISAIOTCA MOCPEICTBOM
€IJMHOT0 MaTePHAIBHOTO MOJIS.

HcToyHukaMy MaKpOCKOIIMYECKOTO MAarHUTHOIO TMOJS SIBJISIOTCS. HaMarHWYEHHBbIE Tela,
IPOBOJHUKM C TOKOM M JBHXKYIIMECS DSJEKTpPUYECKH 3apspkeHHble Tena. Ilpupoma 3Tux
UCTOYHUKOB €JMHA: MarHUTHOE II0Ji€ BO3HUKAeT B pe3yjbTaTe JBUKECHUS 3apsKEHHBIX
MUKPOYACTHII.

MarsuTHoO€ 10JI€ — CUIIOBOE I10JIE, IEUCTBYIOIIECE Ha IBUXKYILIUECS DIIEKTPUYECKUE 3apsi bl
U Ha Tena, o0na/laole MarHUTHBIM MOMEHTOM. MarHuTHOE 10JIe XapaKTepPU3yeTcsi BEKTOPOM

MarHuTHOW MHAYKIMH B . 3HaueHune B onpenenser Cuily, NeHCTBYIONIYIO B JAHHOW TOYKE MOJIS
Ha JIBWKYILUNCS JIEKTPUYECKUI 3apsil U Ha Tejla, UMEIOLIEe MATHUTHBIA MOMEHT.

BeKTOp B MoxHO BBecTH OOHUM H3 TPEX SKBUBAJIICHTHBIX CIIOCOOOB:

a) nucxoasa U3 CHIIOBOIO I[@I\/'ICTBI/U[ MAaroiuMTHOIO IOJIsI Ha JABWKYIIYIOCA B HEM 3aps’KCHHYIO
qacTuny,

0) OCHOBBIBASICh Ha CHUJIOBOM JACMCTBMM MAarHUTHOTO TOJS HAa Majblid dJIEMEHT MPOBOJHUKA C
TOKOM;

B) HUCXOJs U3 CUJIOBOIrO JCMCTBUSA MAarHUTHOTO MOJIS Ha HCGOHBI_HYIO paMKy € TOKOM.

HampumMep, MarHuTHast HHAYKUMSA — BEKTOPHAs BEJIMYMHA, MOAYJIb KOTOPOU
OIIpeJIeNIeTCS] OTHOIICHHEM MaKCUMaIbHOU cuitsl F . , elicTByoIIeit cO CTOPOHBI MarHuT-

HOT'O TT0JIsl Ha Y4aCTOK MPOBOJIHUKA C TOKOM, K cuiie 3Toro Toka | u mmmHe yuactka Al
MPOBOJIHUKA

F
= mx [B] = Tn (1)
|- Al
Jlnst rpaduueckoro M300paKEHUS CTAIIMOHAPHOTO MArHUTHOTO TIOJSI  TIOJB3YIOTCS
METO/IOM JIMHUHM WHAYKIUU. JIMHUSIMHU MarHUTHOW WHAYKIHH (CHJIOBBIMU JIMHUSIMH MarHUTHOTO
MOJIs) HA3BIBAIOTCS JIMHUH, MPOBEJCHHBIE B MarHUTHOM TIOJIe TaK, YTO B Ka)JIOW TOYKE TOJIS



KacaTrcJIbHaia K JUHUHN MaFHHTHOﬁ I/IH,Z[yKI_[I/II/I COBIIAAacT C HaHpaBHCHI/ICM BeKTopa B MaFHHTHOﬁ
UHAYKIIMA B 3TOW TOYKE IMOJIA. JIMHUM MarHMUTHOM WHAYKIMHA HHTAC HE OOPBIBAIOTCS, T. €. HE
HAYMHAIOTCS M HE KOHYarTCcd. OHHM JIMOO 3aMKHYTHI, JIMOO HUAYT W3 OECKOHEYHOCTH Ha
OECKOHEYHOCTD.

MaFHI/ITHOC I10JIC HA3bIBACTC OIIHOpOI[HbIM, C€CJIN BO BCECX €0 TOYKax BeKTOp MaFHHTHOﬁ
UHAYKIHA B MMeeT OJHO U TO )K€ 3HaYeHHE. B IPOTUBHOM CiTydae MarHMTHOE IT0JI€ HAa3bIBACTCS
HEOJTHOPOTHBIM.

I[HSI MAar"HuTHOTIO I10JIsd, KaK U AJIs1 C-)HGKTpI/I‘-ICCKOFO, CHpaBCI[JII/IB HpI/IHI_[I/IH CyHCpHO?,I/ILII/II/II
MarHuTHOE 1ojie B, co37aBaeMoe HeCKOJIbKMMHU UCTOYHUKAMHU, PABHO BEKTOPHOM CyMMe IoJiek

B j » HOPOXKAACMbIX KaXKIbIM HCTOYHHKOM B OTACIIBHOCTH!

- - )
B = iBI
i=1

OTCYTCTBI/IC B MMPpUPOAC MArHUTHBIX 3apsAA0B IIPHUBOAHUT K TOMY, YTO JIMHHUU MarHUTHOM

UHAYKIIMM HE WMCIOT HM Hadvaja, HU KOHIA. [loaToMy mOTOK Bektopa B uepe3 o0yio

3aMKHYTYIO NIOBEPXHOCTh S paBeH Hymo. CienoBarenbHo, Teopema I'aycca aisi Bektopa B
bopmynupyeTcs ciaelyromuM 00pa3oMm:

D, = if BdS = 0. [®s] = B6 C)

Hapsiny ¢ uaayknueit B ucnonb3yeTcs MOHSITHE HAPSHKEHHOCTH MarHuTHOTO mojist H
KaK MepbI BO3JCHCTBUS HA MIPOBOAHUKH C TOKOM U MAarHUTHYIO CTPEJIKY (pa3MepHOCTb e€ - A/m).

Hampspkeanocts H xapaktepusyer MarauTHOE 1MoJjie, CO37aBaeMOE MaKPOCKOITHUECKAMH TOKaMH
U T03TOMY OIpEAENseTCs WX BETUYMHAMHU, KOH(UTypalieil B MpOCTPaHCTBE U HE 3aBUCUT OT

CBOICTB CpCabl. BeKTOp HHIAYKIOUHU MaroHuTHOTO I10JIA B CBsA3aH C HAITPAKCHHOCTBIO MArHuTHOT'O

—

nomst H cootHourenuem
B =pupoH, (4)
-7
e po =47-107" I'n/m — marHuTHAs OCTOSHHAS, | — MATHUTHAS IPOHUIIAEMOCTE CPEJIBI.

3akoH buno — CaBapa - JlanJjaca ajs DJIeMeHTA TOKA.

Pacyer MAarHuTHBIX OJIEH

Ha ocHoBannm aHanm3a ONBITHBIX JaHHBIX TJII MAarHUTHBIX MOJIEHl ITOCTOSIHHBIX TOKOB OBI

ycTaHoBJIeH 3ak0H buo — CaBapa — Jlaniaca Buna:

_ Ul dising (®)
0=

rae ' — paamyc-BeKTOp, NPOBEICHHBIN M3 JJIEMEHTa MPOBOJHHUKA B PACCMATPUBAEMYIO TOUKY

nons; @ — yron Mexy Bekropamu Al u T .



Hanpasnenue Bekropa OB MoxkHO HaiiTh 1o mpaBmiy MakcBeriia (IpaBHiTy GypaBuHKa): eciy
BBUHYMBATH OYpaBYHK C MTPAaBOil pe3b00H 110 HAIIPABICHUIO BEKTOPA IUIOTHOCTH TOKA B DJIIEMEHTE
NPOBOJTHUKA, TO HAIIPABICHHUE JIBWKCHUS PYKOSATKHA OypaBUMKa YKaXXET HalpaBJICHHUE BEKTOpa

dB maruutHOi WHIYKITUH.

|. Macnumnoe none npsmoco moka.

Hainem c¢

nomouiblo 3akoHa buo-Capapa-Jlamiaca MarHuTHoe 1oJie TPSAMOJIMHEHHOTO

npoBoAHMKA ¢ TOKOM | (pucyHok 1). IlycTs Fo — paccTosiHME OT TOUKH, B KOTOPOU OMpeesaeTcs
1oJjie, 10 MPOBOJHKUKA ¢ TOKOM. Toraa paccrostHue I oT ydactka nmpoBoaHuka dl MoXxHO BIpa3UTh

Tak: I =1

/ Sin @, rne ¢ — yron mexay Bexropamu I u T . J{numa dl ceszana ¢ yriom ¢, mox

KOTOPBIM BUJCH 3TOT Y4aCTOK ITPOBOAHHKA U3 paCCManHBaeMOfI TOYKU:

I
4r r}-sin’¢o Ar 1,

rd rd
P2 dl = B ¢ = _0 2¢ . (6)
sing sin®¢
I [ToxcraBuM >TH 3HaUeHus B hopmyny (5)

: .,
deﬂ-l r,-de-sing-sin @ _ My singdo.

e (")

S @ B cooTBeTCTBUU C MPUHIIUTIOM CYNEPIO3UIUH (2) MarHUTHAS

—

MHIYKIHS 171 y9acTka npoBoaHuka B pasHa:

. y7.
B=[dB=[Ho. . _H L _ @
j j47[ : sinpdp pi (cosp, —cosp,), (8)

0

TAC @1 U @2 — YIJIbI MEKAY BCKTOPOM IIJIOTHOCTHU TOKa B INPOBOJAHHUKE U paJuyC-BCKTOPAMHU,
MMPOBCACHHBIMHU B paCCMAaTPpHUBACMYIO TOYKY U3 HavdaJla U KOHIIA Y4aCTKa IIPOBOJHUKA.

Puc.2.

Ecnu npoBoiHUK O€CKOHEYHO JUIMHHBINA, TO ¢1 =0, ¢» = 71 HHAYKUUS MarHUTHOTO TOJIS,
Kak cneactue 3akoHa  buo — CaBapa — Jlamutaca, B 110001 TOUKe IPOCTpaHCTBA

BBIYHCIISIETCSI TI0 IPOCTON (popmyIie BUa:

Mo 21 gy 1 (9)

B="7—= .
dr 1, 27,



_dl _ JIvHMY MarHUTHOW MHIYKLUU MOJIA NPSMOTO TOKA IPEACTABIISAIOT
co0Ol cUCTeMy OXBAaTBIBAIOIIMX MPOBOJ KOHIICHTPHUYECKUX

OKPYKHOCTEH.

2. Maenumnoe none 8 yenmpe Kpy208020 NPOBOOHUKA C MOKOM.

Kak cnenyer u3 pucyHka 2, BCEe 3JE€MEHTBI KPYrOBOTO
IIPOBOJIHUKA C TOKOM CO3JAal0T B €ro LEHTPE MAarHUTHOE I0JIe
OJIMHAKOBOT'O HAalpaBJI€HUS — BJOJb HOpMaIH OT BUTKA. [loaToMy

CJIOKCHHUEC BCKTOPOB dB MO>KHO 3aMCHUTBH CJIOXCHHUCM HX

mozysieit. Tak Kak BCe 3JIEMEHTHI MPOBOJHHUKA MEPICHIUKYIISPHBI paguyc-BekTopy (Sing=1) u
paccTOsIHUA BCEX 3JIEMEHTOB IIPOBOJHMKA J0 LIEHTpa KPyroBOro TOKa OJIMHAKOBBI U paBHBI R ,

TO coriacHo (5)

dg=to. !

47 R®

(10)

—dI

Torna HUHTCI'pal, B3STBIH 110 KOHTYpPY IPpOBOJHUKA,

B {1 g

Y4z R

47sz§OII

Tak kak §d| = 27R. , TO MarouTHass MHAYKIUA B HEHTPC KPYTOBOr'o IIPOBOJHUKA C TOKOM B

BaKyyMe paBHa

B,
=Ho 55 SR

(11)

3. Mazcnummoe none na ocu Kpy20602c0 8UmMKa ¢ noKom.

R

WHpaykuys MarHuTHOTO TOJNs  BIOJIb — OCH,
MPOBEACHHOM Yepe3 UEHTP KPYroBoro TOKa
NEPNEeHIUKYIAPHO €ro  IUIOCKOCTH, OyAer
YMEHBIIATHCSA M0 MEpPEe yIaJeHUs OT KPYroBOTO
toka. Eciii Ha ocu BeIOpaTh Touky M (puc. 3), TO

pesynbTHpyomas uHayKius B onpenensercs
Kak cymMa mnpoekuuii 0By, BBIpaskeHHBIX

bopMyIoii.
IR (12)

dB, =sin fdB=—dB =40 "4,

r

47 13

OTKyna HeCI0XHO MONy4nTh, HHTErpupys (16.12)

X

Arr r®

13
B =+t 'R§d 'u0°¥-27ZR. ()

r
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Hupkyasinus BekTopa B. MarautHoe moJe coJeHOWIa U TOPOU/IA

B nensx ympouieHHss B BBIUMCICHUM MAarHUTHBIX IIOJIEW MCHOJB3YETCS Teopema o
LUPKYJSIIAK  PE3YJIbTHPYIONIET0 Bekropa B, KkoTtopas Qopmynupyercs Ha OCHOBaHUH
OIpEIENEHNUs LIUPKYIISALMN C Y4ETOM UHAYKIMH MAarHUTHBIX TIOJIEH B, , CO31aBa€MbIX KaXIbIM U3

TOKOB 110 (16.9) B coorBeTcTBUU ¢ 3aKk0HOM bno — CaBapa — Jlamiaca, B Buze:
oo m
§Bdl = u, > 1,
k=1

rae uHaekcoMm "K" 0003HAYeHBI JIMIIL TOKH, OXBaThiBaeMble KOHTYpoM. Clie0BaTelbHO,

(14)

TeOpeMa: YUPKYIAUUA 6eKmopa mazhumnou undykuyuu B no npouszeonsnomy samxuymomy
KOHmMYpY pagHa anzedpauyeckoil cymme moKoe, 0XeamuvléaemovixX KOHMYPOM, YMHONCEHHOIL HA

Mo .

XapaKTepHBIM IIpUMEPOM HCIIOJIb30BaHUA TCOPEMBI O

B=0 HUPKYISIUK B (Mau HanpspkEHHOCTH H ; 3aKOHA IMOJTHOTO
0000000000 TOKA) IS TOJYy4YeHHUsS PacUYETHBIX (OPMYI SIBISIOTCS TMOJIE
0ECKOHEYHO JJIMHHOI'O COJIEHOM/IA, a TAKXKE TOPOUA.

By Cr

e e e e [ [ o T | L e e e ] e [ [

ConeHony — CBEPHYTHI B CHHpalb H30JUPOBAHHBIN
IIPOBOJHMUK, 110 KOTOPOMY TE€UET IIEKTPUUYECKUIN TOK.

A o

Puc. 4.

ITosie OeCKOHEYHOrO0 COJICHOMJA AaKCHAJIBHO CHMMETPHUYHO M MOXET HMMETH JIUIIb
KOMIIOHEHTY, NTapaJUIeJIbHYI0 OCU COJICHOMJAA (BUTKM HAaMOTaHbI OYEHb IIJIOTHO, PUC. 4).

Jlns onpenenenus B BHyTpH coneHOMIa NPHUMEHHM 3aKOH IOJHOTO TOKA K KOHTYPY
AB1C1DA, B HéM N BuTKOB. MHTErpan He paBeH HyNO ToJIbKO Ha yyacTke B1C1u mosTomy

— 13
Baicy -I=n-1-1- 11, (13)

U3 (13) BUIHO, YTO MOJIe BHYTPH COJIEHOMIA OJHOPOJIHO U €r0 MHIYKIIUs PaBHa:
Bzﬂonl’rﬂe n:N/I (14)

[IpousBenenue Nl Ha3zpIBAETCS YHCIOM aMIIep-BUTKOB Ha METP.

B MarHuTHYIO MHIYKLIHIO Ha OCH COJEHOMJA CUMMETPUYHO PACIOJIOKEHHbIE BUTKH BHOCST
OJIMHAKOBBIN BKJIaA. [103TOMYy y KOHIIAa TOJIyOECKOHEYHOTO COJICHOW[IAa Ha €r0 OCH MarHUTHas
WHAYKIHS paBHA MOJoBUHE 3HaueHus (16.14)

Lo (15)
- 2 :‘uO )



[IpakTUuecku, eciu IIMHA COJICHOWA 3HAYUTEIHHO OobIe, yeM ero auamerp, dhopmyna (14)
Oyzer crpaBeasuBa AJsl TOYEK B CpEIHEH YacTH coseHona, a opmyna (15) - mi1st Touek Ha ocu
BOJIM3H €r0 KOHIIOB.

Topoua mnpencraBiser co0oil TPOBOJ, HABUTHIM Ha Kapkac,
uMeroIui GopMy paguanbHO U30THYTOrO LWIMHIPA, Y KOTOPOTro
BXOJIHO€ U BBIXOJIHOE CEUEHUsSI COBMAAAIOT (puUC.S).

®dopmyna i onpeeseH!s] MArHUTHON HHAYKIIUY BHYTPH

TOpOUJA TMOJTyYaeTCss Ha OCHOBAaHUM TEOPEMBI O LUPKYISuuu B
AQHAJIOTMYHBIM 00pa3oM, U UMEET BU:

R
B = y,nl ? (16)

Puc.5.

Bne Toponia MarauTHas HHAYKIMS paBHA HYJIIO.

—

C moOMOIIBIO TEOPEMBI O IUPKYIAIMK BEKTOpa B MOXKHO pemmTs u psja Apyrux 3aiad,
HanpuMep, HAaUTH WHAYKIHMIO B KOAKCHAIBHOM Kalese, KOTOPBIA HCIONb3yeTCs IJs Mepenayn
MOCTOSTHHOTO ToKa. KpoMe Toro, 3TOT 3aKOH UCHOIb3YeTCs MPU pacueTe MarHUTHBIX IENei, Tae
BBITIOJHSET PoJib BTOporo npasuia Kupxrodga.

Cuia Amnepa. Cuia Jlopenna

AMl'lep Ha OIIBITC YCTAaHOBHJI, UYTO HA NMPOBOAHUK C TOKOM B
MAarHMTHOM I10J1¢ IleﬁCTByeT CHJIa

F =I[IB], (17)
MOJyJIb KOTOPOH ompeensiercs no popmyse:
F=I1-B-/-sina.

a HalpapjJ€HHE, [0 MpaBUIly IMPABOr0 BUHTA WIM IPABUILY
«J1eBOM pykm» (puc. 6).

Puc.6.

Bo3HHKHOBEHUE HTOM CHJIBI CBSI3aHO C TEM, YTO MAarHUTHOE TIOJIE JEHCTBYET Ha
3apsyKEHHBbIE YACTHUIBI, ABHMXKYIIMECS B IIPOBOAHHMKE C HEKOTOpOoil ckopocThio V. Cuna,
JICHCTBYIOIIAsl Ha 3apsAJ B ATOM cilydae, HasblBaeTcs cuJjoi Jlopenma, m onpenensercs mo

dbopmyre:
F =q[oB], (18)

a ee MOJyJIb



F=q-v-B-sina,
rae Ol — yroj MeXAy HallpaBJICHUSMH CKOPOCTH YAaCTHLIBI MU BEKTOPAa MarHUTHOW MHIYKLIUH.

MarauTtHoe 1oJie HE AEHCTBYET Ha IOKOSIIMICA 3apsi U B 3TOM COCTOHUT CYIIECTBEHHOE
OTJIMYME MArHUTHOTO TOJIA OT dJekTpudeckoro. Cuna JlopeHna Bcerna MepreHIUKYISIpHA
CKOpPOCTH YaCTHIIBI (€€ MepPEeMEIIEHUI0) 1 TIOATOMY PabOThI HE COBEPILAET, a, CIIEAOBATENILHO, HE
U3MEHSET KHHETHYECKYIO PHEPrUI0 yacTullbl. Bblpakenue nns cuisl Jlopenua (18) no3sossier
ONPENENNTh XapaKTep JBHKEHUs 3apsHKEHHOHW 4YacTHIBl B MarHuTHoM mone. Ilpu o =90°

mv
YacTHIA JIBUKETCS 110 OKPYXKHOCTH paquyca R = B Eciu yron O yIOBJIETBOPAET yCIOBHIO
0<a<90°, To yacTuna aBMxkercs mo cnupanu ¢ paamycoM R u marom h. Eciom ckopocTs

HaCTHUIIbI V COCTaBISIET yroa OL C BEKTOPOM MarHUTHOM UHAYKIUA BHCOIIHOpOI[HOFO
MAaroiuMTHOIO I1oJid, MHAYKIOHA KOTOPOro BO3pAaCTACT B HAIPABJICHUHW ABUXKXCHHUA YaCTUIBI, TO
R I/Ih YMCHBIIAIOTCA. Ha »ToM ocHOBaHO sBJICHHUE Q)OKYCHPOBKI/I 3apPsSKCHHBIX YaCTHUI] B

MAar"HuTHOM IIOJIC.

KoHTYp ¢ TOKOM B MATHUTHOM 110J1e. PadoTa no nepeMenieHNI0 NPOBOJIHIKA H KOHTYpPA ¢
TOKOM B MArHUTHOM I10J1€

Paccmompum xommyp ¢ moxom, naxoosawuiici 6 O0OHOPOOHOM MASHUMHOM HOJe.

Boizenuwm snement koutypa 0/ . Ha Hero B MarauTHOM mole GyIeT JeHCTBOBAT CHIIA, COTTIACHO
(17), paBHas dF = ||:d€ . B:|. PesyneTupyromas cuia, 1eiicTByIoIas Ha KOHTYp, OyeT paBHa

FeOMCTqueCKOﬁ CyMMCE CHII, HeﬁCTBYIOHlHX Ha OTACJIBHBIC DJIEMCHTBI KOHTYpA, T.C.

F I F=fildr-8]=1-8fdr =0

B |/ "~/ wm

lji /I CnenoBarenbHO, B OJHOPOJHOM MarHUTHOM
F 1oJie pe3yJabTUpPYIOLIas Cuia, NeHCTBYIoIas Ha
KOHTYp C TOKOM, OyJeT paBHA HYIIO, U KOHTYp

nepeMeniaTbest He OyJeT.

Puc.7.

JInst IPOCTOTHI pacCyXIeHHI BO3bMEM MPSIMOYTOJIbHBIN KOHTYP CO CTOPOHAMH «@» U «b»

—

(puc. 7). B MarHuTHOM M0JIe Ha HETO OyJeT AeHCTBOBATh BPAIIAONINA MOMEHT Taphl cui F u
TMOdTOMY, KOHTYp OyjeT BpamaThcs. Bpamarommii moment mapsl cun M=F-b-sina, no
F=1-B-a,u cnenosarensno, M=a-b-1-B-sina. Tak kak a-b =S — miomaznp xonrypa,
o M=1-B-S-sina.. Beenem Bektop P=1-S HassBacMblii BekTOpOM MArHMTHOTO
MOMEHTA KOHTYpa. Ero HampaBlieHHE COBIAJaeT ¢ HAIpPaBJIEHUEM IOJIOKHUTEILHON HOPMAIH K

KOHTYpPY, KOTOpasd onpcaACIa€TCda C IOMOLIBIO ITpaBujia IIPaBOro BUHTA. Torma JJIg Bpallaroiero
MOMCHTA, HCﬁCTBYIOmeFO Ha KOHTYpP € TOKOM B MAarnHuTHOM I10JIC, ITIOJIYUUM BBIPAKCHUC!

M :pBSinoc=[r)|§] (20)



Ouesuano, uto M =0 npu SiNa=0, T.e. KOHTYp ¢ TOKOM B MarHHTHOM IOJe
OpMEHTHpPYETCs Tak, 4TOObl €ro BEKTOP MArHUTHOIO MOMEHTAa ObLI HapajlleeH BEKTOpY
MarHUTHOM MHIYKIUH.

Paccmompum KOHmMyp, Haxo0auuiicst 6 HeoOHopoOoHom note. Pabota, coBepuiaeMas mpu
noBopote KoHTypa Ha yron 0o, ompenenserca no dopmyne dA=M-da . C yuerom (20)
TIOJTYYHM:

dA=p-B-sina-da.
[Tomnas MmexaHuyeckas padbora

A=J'dA=fp.B-sinoc-doc:—chosoc, 21)

MexaHnuueckas NoTCHIUAaJIbHAasl SHEPIrust KOHTypa ¢ TOKOM B MArHUTHOM I10JIC 6y,Z[CT
OMpCACIIATHCA 3TUM KC BBIPAKCHUCM.

dw

Panee mnbl IMOKa3aJii, 4YTO CBA3b MCKIAY CHIJION U 3Hepl"I/IeI71 FX = —— H, CJICJOBAaTCIbHO, HA
X

KOHTyp C TOKOM B HGO,Z[HOpOI[HOM MAaromuTHOM II0JIC 6yz(eT ,HeﬁCTBOBaTL culia
dB
F,=p-—-cosa. (22)
dx

Opu a<90°, F, >0 xomtyp Brarmeaerca B mome, mpu o >90° K, <0 xouryp
BBITAIKUBAETCS M3 MO,
B pesyibTaTe nepeMelleHds MPOBOJHHMKA C TOKOM HJIM KOHTYpa IIPOM3BONLHON (hOPMBI B

MarHMTHOM I10JI€ coBeplIaeTcs paboTa Mo MPeoJ0JIEHUI0
CUJl  TIOJS. He cnoxno mnomyuuts Qopmyny,

|
B Ompeaensroiyo 9Ty paboTy.
® | ® ® ]
-1 I _. Paccmorpum mnpoomuuk mmHOM ¢, ¢ TokoM |,
I CIIOCOOHBI CBOOOTHO NMEepEeMENIaThCs B MATHUTHOM T10JI€
@ @ I @ ¢ umugyknueir B, HanpasnenHol nepneHaMKyISpHO
MIPOBOJIHUKY (pHC. §).
dx |
Puc.8.

B sToM ciydae Ha npoBOXHMK Oyner aelicTBoBath cuina Awmmepa F=B-|-¢ u npu
TIlepeMeIeHNH MPOBOTHIKA Ha paccTosane AX , 6yner coBepmrena pabora dA =1-B-/-dX, no
| -dx =dS , a onemenTapnsiit MarauTHbIH oTok B-dS = d® u torna snemenrapuas pabora
dA=1-d®. Uurerpupys mauHOE BHIpaKeHHE, TONYYHM, 4TO paboTa IO MepeMEIIEHHIO
IMPOBOAHMKA C TOKOM B MarHUTHOM II0JIC 6y}1€T OMpeaACIATHCA BBIPAXKCHUEM

A=I1-AD, (23)

riae AD— MarHUTHBIH TOTOK, TEPECCUEHHBIN TPOBOJHHKOM.



IIpumeps! pelneHus 3agay

3agaua 1. [1o ToHKOMY ITPOBOTY, H30THYTOMY B BUJIE PABHOCTOPOHHETO TPEYTOJIbHUKA, TEUET TOK

cuioit | =40A. Jlnuna cTopoHsl TpeyroabHuka a =30 cM. Onpenenuts uHayKiuMoo B B Touke
MEPECEUCHHS BBICOT TPEYTOJIbHHKA.

Jano: MaruutHy0 UHIYKIHIO B Touke O HailaeMm,

(YICTIONB3Yysl IPUHIMII cyniepno3uunu 1 1=40 A
MarHUTHBIX MOJICH: a=30 cm=0,3m ciy4ae

BECb KOHTYP MOXK

OJIMHQKOBBIX YaCTU, MHAYKIUS KaXKION U3 B="?

kotopeix B, B Touke O nmeer

Puc. 1. OJIMHAKOBBIEC BEJIMYMHY U HAIIPABJICHUE -

BEPTUKAJIBHO BHU3 (OIpeesieMoe o MpaBuily IpaBoro BuHTa). [loatomy muaykuus B Touke O
Oynetr paBHOU B=3B1 1 HanpaBlIeHHOW BHU3 MEPIEHAUKYISIPHO puc 1.
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Puc. 2

MarauTHyI0 HHIYKIIMIO CTOPOHBI TPEYrOJbHUKA B1 HailieM UCIob3ys popMyTy ISl MHAYKIIUHU,
OTpPE3Ka MPOBOAHUKA IMPU CUMMETPHUYIHOM PACIIOIOKCHUNU €0 KOHIIOB OTHOCHUTCIBHO TOYKH 0
(puc.2). TpeyronbHUK TOKOB PAaBHOCTOPOHHUI U €r0 BBICOTHI SIBISIFOTCS TaK)Ke M MEIMaHAMU U
ouccexktpucamu. Takum oO6pazom,. nMeeM

pl a a a 1
B=—2-cospu @o=—=30",r,=—-tgp=—-——.
o 0 P75 =27
CrnenmoBarenansHO,
| 3 3 9u |
B, = Ay -\/_= at nu B=3B = at = 240 mkTo.
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3amaya 2. DJIEKTPOH JBMKETCS B OJHOPOJHOM MarHUTHOM MoJjie ¢ uaaykuuen B = 0,03 T mo
OKpY>KHOCTH paauycom =10 cm. OnpeneauTs CKOPOCTh JEKTPOHA.

Jano:

B=0,03 Tn B MarHuTHOM noJie Ha IBUXKYIIMICS JEKTPOH JECUCTBYIOT CHIIA

r=10 cm =0,1m Jlopenua. BenuunHa 3TOM CUiIbl paBHA

e=1,6- 10° Kn F=e-v-B-sina .

m=09,1.10%kr |Tak kak TpaeKTOPUS FNEKTPOHA — OKPYKHOCTb, TO cuna Jlopenna v=?

SIBJICTCS ICHTPOCTPEMHUTEIbHOM CHIION, U yron «a = 7t/2.

CrenoBartenabHO,

OTtkyna uMeem L=—". Q

HOIICTaBI/IB YHUCJICHHBIC 3HAUYCHU A, ITOJTYYUM

eBr 16-10"-3.10°-10° 16
m 9-10°%

L= -10°m/c = 0,533-10°m/c |

To ecTh ckopocTh U cpaBHHUMA CO CKOPOCTBIO cBeTa ¢ =3-108 mM/c. DTo o3Hauaer, uTo npu
pacyeTax HeoO0XOAMMO HUCIOJIb30BATh AIIEMEHTHI CHIEIMAIbHON TEOPUU OTHOCUTEIBHOCTH
(CTO).

®opmyibl Kilaccuuecko MexaHuku npumeHuMsl B CTO, eciau cuntaTh, 4TO Macca Tefa
My

3aBHUCHUT OT €ro CKOPOCTH 110 3aKOHY, m= ﬁ

[ToncraBum >1t1 BoIpaxkeHus B (1). [locie HecnoxHBIX TpeoOpa3oBaHUM MOTyUYUM

19
peJ’I}ITI/IBI/ICTCKOC BBIpa)KeHI/Ie JJIA CKOpOCTI/I BHeKTpOHa l)p = —2
“ /l + [

, TJIe Mo - Macca MoKos Tena u [S=v/C.

Takum 06pa3oM, pPelSTHBUCTCKOE 3HaYeHHe CKOPOCTH paBo v p= 0, 525 -10% m/c.

3anaua 3. B marautHOM noste ¢ uaaykuueit 0,1 Ti Bpamaercsa pamka, coaepsxamast 1000 BUTkoB
mnomanpio 150 cm?  kakmeii. Makcumansaoe DJIC, mHAynHpyeMoe B paMke paBHO 94 B.
OnpenenuTs YaCTOTY BpAIICHUs paMKH.

Hano:

B=0,1Tn I1g 3akony @apanes Ui 3JIIEKTPOMAarHUTHON MHAYKIUU UMEEM




Ay

N=1000=10° =40 (1)
S=150cm?=1,5-10%m>  rze Y — NOTOKOCLEIICHHE. %TM "=94B
v=N-@,

rne @ = BS COS — MarHUTHBIH MOTOK.
n=">? B ycioBusix ganHou 3agaun & = 27 -n-t, rmen-gacrora

BpareHus: pamku. Takum oOpa3om, 3akon Dapazes (1), mocie
nporenyps! AuddepeHunpoBaHusl UMEeT BUA

& =NBS 27zn-sin(2zn-t).
%] MMOJIYYCHHOI'O BBIPAKCHUA CJIICAYCT, UTO MAKCUMAJIbHOC 3HAUCHUC 9HC

& = NBS - 277N, Bo3nukaer koraa yron o = /2. OTcioa uMeeM

gerax 94

n=—\ = - =10c™.
NBS-27z 10°-0,1-15-102-2-3,14

Bonpocel u 3a0auu k codecedosanuro:
1. MarHuTHOE MOJI€ ¥ €r0 OCHOBHBIE XapAKTEPUCTUKHU.

. 3axoH buo - CaBapa - Jlanaca u ero npuMeHeHue.
. 3akoH Amriepa.- B3anmoselicTBre mapauiebHbIX TOKOB.

. MaraurtHoe nonie ABWIKYIICTOCH 3apdaaa. Cuna HopeHua.

| - S B \S ]

. I[BI/DKGHI/IG 3apsAKCHHBIX YaCTUI] B MAIrHUTHOM I10JIC.

. Teopema o nupKyJsauy BekTopa B . MarHuTHBIE MOJISI COJICHOUIA U TOPOUA.
. IloTok BekTOpa MarHuTHOM MHAYKIMU. Teopema ['aycca ajist MarHUTHOrO MOJIS.

. PaGora no NEpEeMCIICHUIO ITPOBOJHUKA B MAaIrHUTHOM ITOJIC.

O o0 3 O

. DNeKTpoMarHuTHasi MHAyKIus. 3akoH Dapajes.

10. IIpaBuno Jlenua. BpameHnne paMki B MAarHUTHOM ToJie. Buxpesble TOKH.
11. UapgykTHBHOCTE KOHTYpa. CaMOMHIYKIIMS.

12. Toxu ipu pa3MbIKaHUH U 3aMBbIKAHUU LIETH.

13. B3auMHast UHIyKIHS.

14. TpancpopmaTopsl. JHEPrys MarHUTHOTO TMOJISI.

15. MarnuTHble cBOlcTBa BenlecTBa. /lua- 1 mapaMarHeTHKH.

16. MarguTHoOE I0JIE€ B BEIICCTBE.



17. 3aK0H ITOJIHOTO TOKA.

18. ®eppomMarHeTUKy U UX CBOMCTBA.

3agaum AJ1sl CAMOCTOSITEILHOIO pereHust

1. Paccrosuue d Mexmy AByMs UIMHHBIMH IapajulelbHBIMH MPOBOAaMH paBHO 5 cm. Ilo
MIPOBOJIaM B OJHOM HAIlPaBJICHUU TEKYT OJMHAKOBBbIC TOKHM cuiioil | = 30 A xaxnawni. Haiitu
HaIpPsKEHHOCTh H MarHWTHOTO TOJIsI B TOUKE, HAXOIAIIEHCS Ha pacCTOSTHUU 1 = 4CM OT OJTHOTO
U I'2 =3 CM OT apyroro mpoBoja.

2. I1o ToHKOMY TIPOBOJIAIIIEMY KOJIBIY paanycoM R = 15 cm teuer Tok cwiioit | = 60 A. Haiitu
MarHUTHYIO MHAYKIMIO B B Touke, paBHOYyIaeHHON OT [IeHTpa KoJblia Ha I = 20 cm.

3. ITo nByM OeCKOHEYHO ATUHHBIM MPSIMBIM MapaUIeTbHBIM IIPOBOJAM TEKYT TOKH cuiioit 11 = 20
A u l2 =30 A B IpOoTHBOMOJIOXKHBIX HampaBicHUsAX. Paccrosuue d Mexay mpoBogaMu paBHo 20
CM. BBIUMCINTh MATHUTHYIO MHIIYKIIUIO B B TOUKe, YJAICHHOHN Ha 1 = 25 ¢cM OT IepBOro U Ha I
= 40 cM OT BTOPOT0 MPOBOJIA.

4. Tlo nByM OECKOHEUHO JJMHHBIM MapaJljIesIbHbIM POBOJIaM TeKYT TOKU cuioi 11 =20 Au l2 =
30 A B omHoM HampaBieHuu. PaccrosHue d mexmy mnpoBoaamu paBHo 10 cm. Bwramciuthb
MarHUTHYIO MHAYKLHIO B B TOUKE, yAaJeHHOW OT 000MX MPOBOJIOB Ha OJJMHAKOBOE PACCTOSIHUE I
= 10cMm.

5. Ilo KOHTYpYy B BHJE PaBHOCTOPOHHErO TpeyrojbHHKa UAeT ToK cuiod | = 40 A. lnuna a
CTOpPOHBI TpeyroidbHHka paBHa 30 cMm. OmpenenuTs MarHuTHYHO HMHIYKIMIO B B TOuKe
NepPECEYECHUS BBICOT.

6. Ilo xoHTYpY B BHIE KBaapaTa uaet Tok cuioi | =50 A. JlnnHa a cropoHb! kBajgpara paBHa 20
cM. OnpeenuTh MArHUTHYIO HHAYKIUIO B B TOUKE MepeceyeHns AuaroHanei.

7. ITo ToHKOMY IPOBOJTY, U30THYTOMY B BHJI€ TPSIMOYTOJIbHHKA, TeYeT TOK critoi | = 60 A. JlmuHbI
CTOPOH TIPAMOYTroJbHUKA paBHbl a=30 cM u b=40 cm. OnpeneanTh MArHUTHYIO HHAYKIHIO B B
TOYKE [IEPECEUEHUS ANAroHaen.

8. Ilo 1ByM 0/1MHAKOBBIM KBaJpaTHBIM KOHTYpaM co cTopoHoi a=20 cM TekyT Toku cuioit | = 10
A B xaxaoM. Onpenenuth cuily F B3auMOAEHCTBUS KOHTYpPOB, €ClHM paccrosHue 0 MexIy
COOTBETCTBEHHBIMU CTOPOHAMU KOHTYPOB PAaBHO 2 MM.

9. [lo ABYM TOHKMM TpPOBOJAaM, HM30THYTHIM B BHJE Kojibla paamycom R = 10cm, TekyT
onuHakoBbie TokU cuiort | = 10 A B kaxaom. Haittu cuny F B3ammoelicTBHS STUX KOJIEII, €ClIn
IUTOCKOCTH, B KOTOPBIX JIEXKAT KOJIbI[A, MAPAUICNIbHBI, a paccTosHUEe 0 MEXIy IEHTpaMH KOJIel|
paBHO 1 MM.

10. [To Tpem mpsMBIM MapaiedbHbIM TPOBOAAM, HAXOSIIUMCS HA OJJUHAKOBOM PACCTOSIHUU d =
10cMm apyr oT Apyra, TeKyT oguHakoBbie TokU cuior | = 100 A. B aByx mpoBoaax HampaBlIeHUS
TOKOB COBIaJat0T. Beruncnute cuny F, neiictByromnyro Ha oTpe3ok umHOM | = 1 M kaxmoro
poOBOJA.



11. TTo aByM mapasuiebHBIM MPOBOAaM JUIHHOM | = 1 M KaKIblii TEKYT TOKH OJUHAKOBOMN CHIIBL.
Paccrosaue d mexxay poBogamu paBHo 1 cm. Toku B3aumoeictByroT ¢ cuiioi F =1 mH. Haiitu
cuiy Toka | B mpoBoax.

12. ITo nByM mapasieNbHBIM MPSIMBIM MPOBOAAM JIUHON 1 = 2,5 M KaXIblil, HAXOSAIUMCS Ha
paccrosauu d =20 ¢M apyr OT Apyra, TEKYT OAMHAKOBbIE TOKU CHiioi | = 1 KA. BeIYucauTh criry
B3aWMO/ICHCTBUS TOKOB.

13. Ipsmoit poBoa mmmHHOM | = 10 cM, Mo koTopoMy TeueT Tok cuitoit | = 20A, HaxoauTCs B
OJIHOPOJTHOM MarHuTHOM noJie ¢ uuaykuuein B = 0,01Tn. Haittu yron a Mexay HanpaBieHUIMHA
BEeKTOpa B W TOKa, eclii Ha IpoBoJI AcicTByeT cria F = 10 mH.

14. B onnoponHoM MarHuTHOM mojie ¢ unaykuueir B = 0,01 Tn naxomurtcs mpsMod mpoOBOJT
JuiiHOM | = 8 cM, pacnooKeHHbIH MEPIICHANKYIIIPHO JTUHUSIM UHAYKIHH. [10 MpoBOy TEUeT TOK
cuioit | =2 A. Ilox neiicTBEEM CHUI ITOJIS POBOJI IIEPEMECTUIICS HA paccTosiHUE S = 5 cM. Haiitn
paboty A cui nois.

15. Conenoupn unnyktuBHOCThIO L =4 MI'H comepxkut N = 600 BuTKOB. OnipeieiuTh MarHUTHBII
noTok @, ecnu cuja Toka |, mporekaromero mo oOMoTke, paBHa 12 A.

16. C momomipio peocraTta paBHOMEPHO YBEIMYMBAIOT CHITy TOKa B KaTymike Ha AlI=0,1 A B 1 c.
NunyktuBHocts L karymku paBua 0,01 ['n. Haiitu cpennee 3nauenue 3J1C camounaykiuu <E
i

IpaxkTnyeckoe 3ansarue 11.
Tema 3anamua. JleiicTBMe MATHUTHOIO MOJISI HA ABUKYLUMICH 3apsij
Ilens 3anamusa. VI3ydnTh N€ACTBHE MATHUTHOTI'O ITOJISI HA IBVKYILMICS 3apsill.

3uanua u ymeHusn, npuodpemaemvie CHMYOEHMOM 6 pe3ylbmame O0CEOCHUS MeMbl,
dopmupyemovie romnemenyuu. Cuna Jlopenna. Monayne cunel Jlopenma. JIBukeHue
3apsHKEHHBIX YacTUI] B MArHUTHOM 1oJie. BiasneeTr cnocoOHOCTRIO MPUMEHSATh COOTBETCTBYIOIINN
¢u3nKo-MaTeMaTUYECKUI anmnapaT Ipy pelieHuH NPoPecCUOHANbHbBIX 3a/1a4.

Axmyanvrhocmes mempl. J|elicTBUEe MarHUTHOTO TOJIS Ha IBWXKYLIUICS 3apsi IPUMEHSETCS
IPY PELICHUU UHXEHEPHBIX 3a/1au.

Teopemuuecxaﬂ yacmo.

Cuaa Jlopenua

Ha npoBoiHMK ¢ TOKOM B MAarHUTHOM MOJIE IEUCTBYET cUila AMIiepa:
dF =idl xB. 1)
Cuna Amnepa 00ycioBiI€eHa CyMMapHbBIM JIEHCTBUEM MarHUTHOT'O TIOJISl Ha BCE

JBIKYIIMECS B IPOBOJHUKE 3apsiabl. Onpeaennm Cuily, J1eHCTBYIOIYIO Ha €JUHUYHBIN
JBIKYIIHICS B MATHUTHOM I10JI€ 3apsi.



Bo3bMeM sieMeHT JJIMHBI TPOBOTHUKA dl . 0603Hauum N - gucio 3apsSOKCHHBIX YaCTHII,

—

JBIDKYIIMXCS B DJIEMEHTE dl , - 3apsa KaxIod 4YacTulbl, U - CPEIHIOI CKOPOCTh HX
HaIpaBJECHHOTO JABMXeHUs. Toraa

idl =Ngo. 2)
[ToxcraBuMm BeipaxkeHue (4.46) B hopmyiy aist cutbl Ammepa (4.45), moryqaum:

dF = Nqo x B. 3)

3necn dF - CyMMapHas CWJa, JCUCTBYIOIIAs CO CTOPOHBI MAarHUTHOro mojis Ha N
HocuTelen 3apsana. Ha oiMHOYHBINA 3JIEKTPUYECKUI 3apsii B MArHUTHOM TI0JI€ JICMCTBYET CHIIA,
paBHas

. F
F="" 4
a N ()

[ToncraBuM B 3TO BeIpaxenue popmymy (4.47), momydum:
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Orta cuiia Ha3bIBaeTcs cunou Jlopenya.

CBoiicTBa CHJIBI HopeHua OIPCACIIAOTCA CBOMCTBaMH BCKTOPHOTO IIPOU3BEACHN,

—

MMO3TOMY OHA NCPICHAUKYJIIPHA IIJIOCKOCTH, B KOTOpOI>'I JICKAT BCKTOPLI U u B .

Jns monoxutenbHBIX 3apsanoB (Q>0) nHampaBineHue cuibl JlopeHIla coBmagaer ¢

—

HATpaBJIeHHEM BEKTOpHOTO pomsseaenns U X B . Eciu sapsix wactiusr orpunarenen (q<0), To

—

HaIlpaBJICHHUA BEKTOPOB l:7 nu LUX B MIPOTHUBOIIOJIOKHBI.

Monyne cunbl JlopeHiia paBeH:

F, =quBsina, (6)

—

rae & - yrojl MCXJIy BEKTOpaMu UubB.

N3 dpopmyisl (6) cieayer, 4TO MarHUTHOE T10JI€ HE JEWCTBYET Ha 3apsHKEHHYIO YacTHIY B
JBYX CIIydasx:

»  korja yactuna noxkoutes (U =0);

*  KOIJIa YaCTHIIA JBMKETCA BJOJb JIMHMIA MarauTHOro nous (O || B).



Taxk xak cuna JlopeHiia Bcerjia HarmpaBieHa MEePIeHAUKYISIPHO BEKTOPY

F

K

Ci

c

—

Puc.1. BsaumHasa opueHmayusa 6eKmopos v , B u .

CKOpPOCTH, TO OHa HE COBCPLIACT pa6OTBI Hajg ‘laCTHHeﬁ. CJ'IeI[OBaTeJIBHO, IIOCTOAHHOC
MAarauMTHOC MOJIC HC U3MCHACT KUHCTUYCCKYIO DHCPIrui0 4aCTUIbI.

I[BI/DKQHI/IC 3apPAKCHHBIX YaCTUIl B MAIHUTHOM I10J1€

—

HYCTB 3apsKCHHadg 4aCTHLa BJICTACT B OJHOPOAHOC ITOJIC C HHZIyKIlPICfI B .

PaccmoTtpum Hanbosee mpocToil citydai, KOrjla CKOpOCTb YacTHUIlbl HEpPIEHAUKYIISIpPHA
BEKTOpY MarHuTHoM wuHAykuuu. Ha wactumy Oyner paeiictBoBaTh cuia JlopeHua,

—

TepIICHIMKYISIPHAs K HanpasieHnio ee apmkenns. Tak kak U L B (a=r/2), To Momyns crsr
Jlopenua paseH: Fﬂ =( vB. B pe3yJIbTaTe TPACKTOPUEH 3apSKEHHOU
YacTHUIlbl OyIeT OKpYXHOCTh (puc.4.14).

Cuna HopeHua coo6maeT JaCTHULIC HOPMAJIBHOC YCKOPCHUC U UTPACT

pOJIb LIEHTPOCTPEMUTENBHOM CUIIbl. HOpManbHOE YCKOpEHHME OIpenessaeTcs
Puc. 2.

BBIpaKECHUEM:
2
v
a.n — (7)
R
rae R - paanyc okpy>KHOCTH.
3anuiieM BTOpoi 3akoH Hpl0TOHA 1J14 3TOTO Cityyasi:
ma, =F,, (8)
150305
2
mo
—=quB. 9)
R

s paguyca OKpYKHOCTH IOJIly4UM BBIpaXKCHUE:!



R

R=——-. (10)
qB
®Dopmymny (10) Takke MOKHO 3amucaTh B BUJIE:
R = v . (11)
Ry:
m
3aech — - YACNbHBIN 3apsi/i YACTHUIIBI.
[lepron oOpamieHns: YacTHIIBI 0 OKPYKHOCTH PaBEH:
27R
T=—-. (12)
v
[Toncrasiss B (12) BeipaxkeHue Uil paauyca TPaeKTOPUU U IPOU3BOS COKpAILEHNUS,
MOJTYYUM:
T= (13)

W3 Beipaxkenutit (11) u (13) cnenyer:

"  pamnyC OKpPY>XHOCTHU TEM MCHBIIEC, YEM 0oJIbIIIE MAaTHUTHAS WHAYKIHUA;
" oepuon 06pameH1/151 YAaCTHUIILI B MATHUTHOM ITIOJIE HE 3aBHCHUT OT €€ CKOpPOCTH, a 3aBUCUT OT
BCJIMYHMHBI YACJIBHOIO 3apsiaa U OT MarHUTHOM WHAYKIUU ITOJIA.

H3meHseTCs MUIB HaIlpaBJICHUEC CKOPOCTH, a OTO O3HAYACT, YTO 3aps’KCHHAA YaCTULld B
OOIHOPOAHOM MArHUTHOM IIOJIC JOJDKHA JBUIATbCA TOYHO IIO0 OKPYXKHOCTHU, €CJIIM HCT
COCTaBJISIONICH CKOpPOCTHU BAOJIb MAIrHUTHOTO ITOJIA.

PaccmoTtpum cirydaii, Korjja CKOPOCTh YaCTUIIBI COCTABIISIET C MATHUTHBIM TIOJIEM YTOJI ¢,
OTJIMYHBINA OT 7/2.

Paznoxum BCKTOpP CKOPOCTHU Ha JABC COCTABJIAIOMINEC: MCPICHAUKYISAPHYIO MAarHUTHOMY

oo U ¥ NapajuIeNbHyIO OO o (puc.3). Moaynu 3TUX COCTaBISIONINX PABHBI:

v, N v, =v-SIiNa,
P v, =L-COSC.
g B Cuna Jlopenna oOycnoBieHa TOJBKO
} —

- cocTapysromel U 1 paBHa (10 MOIYIIO):

Puc. 3. F,=quBsina. (14)

3apspKeHHas YacTuila OyIeT y9acTBOBATh B JIBYX JIBHIKCHHUSIX



" B pPaBHOMEPHOM JBMXCHHH B HaIlPaBJICHUU BEKTOPA B co CKOPOCTBIO Uy ;

—

* B JIBIOKCHHH 110 OKPY)KHOCTH B IULIOCKOCTH, IIEPIICHINKYIISIPHOI HAIPaBICHUIO BekTopa B , co

CKOpOCThIO U .
B pesynbraTe HaNOXKEHUS ITUX
R JBYX JBWXEHUH TPACKTOPUEH 4YacCTHIbI
Oyzer BUHTOBAs TUHUS (puc.4.).

\i Z h Si ; U U U U g OHpe,Z[CJ'II/IM mapaMETphuI

TPAaCKTOPUM 4YacTULlbl. Paguyc BUHTOBOM

Puc. 4. Buhmoeas nuHusa JAUHUM OyJeT paBeH:
g (28
m m

I_Har BHHTOBOﬁ JIMHUUN
27
h=uT =vcosa -~ (16)

LA
m

PaccMmoTrpum ciydai, Korja 3apsbK€HHas 4acTHIA BJIETACT B HEOAHOPOAHOE MArHUTHOE
nosie. [lycTh MarHuTHas MHIYKIUS BO3pacTaeT B HampaBieHuu X (puc.3). Torma 3apspkeHHas
yacTuia OyJeT ABUraThCsl 10 BUHTOBOM JIMHUM, PAANYC U IIar KOTOPOH YMEHBIAIOTCS.

Takum 06pa30M, 3APAIICERHbLE Yacmuybl, eiremarnue 6 NOCMOSAHHOE MACHUNIHOE no.Jie,

UBMEHSIIOM HANpaeienue ceoe2o 08udcenust u "Hasusaromcs” na aunuu eéexkmopa B. Dtum
CBOWCTBOM IOJIb3YIOTCS] B HEKOTOPBIX PUOOPAX, YTOOB! yA€pKaTh MyYKHU 3apsHKEHHBIX YaCTHI] OT
pacIIbIBaHusI.

CymHocTh MeTo/1a MarHuTHOM
(hokycupoBKkH (B KPaTKOM BapHUaHTE) COCTOUT B
cienyromeM. Ecim yactuna JIBHUXKETCS TOYHO

BJIOJIb JIMHUH BEKTOPA é , TO MarHUTHOE TI0JIC HE

I3 OKa3bIBAeT Ha Hee HUKAKOTOo BO3aeHcTBHA. Ecin

/ yacTulla MO KaKUM-TO TPUYMHAM TOJIYYUT

COCTaBJIAIOLIYI0 CKOPOCTH, MEPHNEHIUKYISIPHYIO

K JMHUSM TOJIs, TO OHa BCE PAaBHO HE yHAET

JIaJIEKO B CTOPOHY OT OCHOBHOM TPACKTOPHHU W
OyZeT IBUTAThCS 110 BUHTOBOM JIMHUU.

el |

. IIpumepnl pemieHust 3aaa4
Puc.5. [leuxceHue 3apAaxceHHoU p pelp a

Yyacmuybl 6 HeOOHOPOOHOM MA2HUMHOM fnose



3amaya 1. o-yactuIla, YCKOpEeHHas pa3HOCThIO moTeHuuanoB 250 B, BieraeT B 0gHOpPOAHOE
MarHuTHOEe noje uHAyKuued 25 MTn, nepneHAMKYyIsSpHO JMHMSIM MarHUTHOM WMHIYKIUU U
JIBYDKETCS 110 OKpYKHOCTH. HaiiiuTe panuyc oKpyKHOCTH U IIEpUoJ OOpaIleHus 0.-4aCTUIBL.

3anumem KpaTKO€ yCJIOBHE 3aJa4u.

Jano: cnu

Pemenue:
e=1,610"%Kn
PaGora  amexTpuyeckoro
1oJig  3aTpayuBaeTcs Ha
U=250B YBEJINYECHUE KUHETUYECKON

OHEPIUur 4aCTHUIIbI:

my=1,67-10%"k1

B=25MTn =25-10°Tn
a=90°,
R, T-?
2
mv 2qU
2 m

B maramutHOM 1I0OJIE€ Ha ABMIKYIIYIOCA 3apAKCHHYIO YaCTUIY HeﬁCTByeT CHJIa HopeHua:

F; =gBvsin o, yrox 0=90° u SiN o = 1. Cornacro Bropomy 3axony Hetorona Fj;; =Ma,

mv 2

e &n = R - UCHTPOCTPEMHTENLHOE YCKOPEHHE HaCTHLbI, JBHKYILEUCS 10 OKPYKHOCTH

2

pamuyca R. [Tonyuaem qBv = OKoHUaTeIBbHO  paanyc OKPY>KHOCTH:

 [290
v "Wom 1 [omy
B qB BY q

Hepﬂoz[ 06paH_[eHI/ISI YaCTHUIIbI HaﬁI{eM, pa3aciiiB AJINHY OKPYKHOCTHU Ha CKOPOCTb YaCTHUIIbI:

nmv
2n——
T 2R~ gB _ 2mm
% v gB -

3apsig o-vactums:  =2e=2-1,6 10°Kn=3,2 -10719KJ1, ee Macca
m=4m,=4.1,67-10 *'xr = 6,68-10 2" kr

IIpoBenem npoBepKy pa3MEpHOCTH:

[R]=1\/ﬁ IyA )\/ ﬂ%n AHM\/T?K

A-m K - JIK = A-m kr-H-Mm =l\/H2-c2 =M

H-Kn H-A-c H-c




[c]— KT KT _Kr-M_H-c_
CKn-Tn A.c.H " ¢:H H
A-c (A-m)

=0,13m

1 2.6,68-10727.250
HpOI/ISBeI[eM BBIYUCJIICHUA . R = 3 19
25.10 32-10

=27
T _2:314-668-10

_ =5,2-10"%¢
32-10%°.25.1078

Ortser: 0,13 m; 5,2:10%c.

Bonpocwl u 3a0auu k cobecedosanuio:
1. Cuna Jlopenia.

2. Mopnynsb cunsl Jlopenua

3. I[BI/I)KGHI/IG 3apPsPKCHHBIX YaCTHUI B MArHUTHOM I10JIC.

3agaum AJ1sl CAMOCTOSITEILHOIO pereHust

1. DnexTpoH, yCKOPEHHBIH pa3HOCThIO MOTEHIMANOB 3 B, 1BHXeTcs napaiieabHo JUINHHOMY
poBOIY Ha paccTosHUU 4 MM oT Hero. Kakas cuiia OyneT Ha Hero 1eiCTBOBATh, €CIIU 10
MPOBOAHMKY MIPOMYCTUTH TOK CHIION SA?

2.DJIeKTPOH, YCKOPSHHBIN Pa3HOCTHIO TOTEHITUATIOB 5B, MBIKETCS apauieTbHO JITHHHOMY
MIPOBOAY Ha paccTossHUM 4 MM oT Hero. Kakoe yckopeHune npuoOpeTeT 3JIeKTPOH, €CiIu
I10 MMPOBOJHUKY NPOITYCTUTH TOK cuiion 10A?

3. IIpOTOH M 3NEKTPOH, JBUTasCh C OAMHAKOBOW CKOPOCTBIO, MOMNAJAIOT B OJHOPOJHOE
MarHuTHoe mojie. Bo ckoibko pa3 paaumyc KpUBU3HBI TPAaeKTOPUM MPOTOHA OOJIbIIE
paanyca KpUBU3HBI TPAEKTOPUU JIEKTPOHA?

4. IIpOoTOH M 3JEKTPOH, YCKOPEHHBIE OJMHAKOBOM Pa3HOCTHIO IMOTEHIMAJIOB, BIIAJAIOT B
OJIHOPO/IHOE MarHuTHoe rnose. Bo ckonbko pa3 paanyc KpUBU3HBI TPAEKTOPUU TPOTOHA
OoubliIe paguyca KpUBU3HBI TPACKTOPUHU SIIEKTPOHA?

5. DIIeKTpOH, YCKOPEHHBIM pPa3HOCThIO NoTeHuuasoB 10B, BieraeTr B OZHOPOIHOE
MarHuTHOE 10JI€ MEePHEHAUKYISIPHO CUIIOBBIM JIMHUAM. MHayknus none pasHa 0,01 To.
Onpenennth paguyc KpUBU3HBI TPACKTOPUH 3JIEKTPOHA.

6. DJIEKTPOH BJIETAET B OJTHOPOAHOE MarHUTHOE I10JIE IEPIIEHAUKYIISIPHO CUIIOBBIM JIMHUSM.
Wupyxus nons pagHa 0,001 Ti. Onpeaenuts nepros U 4acTOTy 0OpaleHust HJIeKTpoHa
10 OKPYKHOCTH.

7. IIpoToH n anbda-yacTua, IBUrasch ¢ OANHAKOBON CKOPOCTHIO, TOMAJAI0T B OJTHOPOIHOE
MarHuTHoe mnose. Bo CKoibKO pa3 paanyc KpUBHU3HBI TPAEKTOPUHU alib(a-yacTHUIIbI
0o0JIbIIe painyca KPUBU3HBI TPAEKTOPUH ITPOroHa’?



8. [IpoToH u anb(ha-yacTuia, IBUTAsCh C OIMHAKOBOM CKOPOCTHIO, MOMAIAI0T B OAHOPOJTHOE

10.

11.

12.

13.

14.

15.

16.

17.

18.

MarHuTHoeE mose. Bo cKonbko pa3 mepuoj odpamieHus anb(a- gacTUIbl OOJIbIIIe
nepuoja oopanieHus nporoHa?

ONEeKTPOH, YCKOPEHHBIH pa3HOCTbIO NoTeHuuanoB 10B, Bieraer B OAHOpPOJIHOE
MarHUTHOE II0JIE TaK, YTO HaIpaBJICHHE €ro CKOpOoCTH cocTamisier yron 30° c
HanpaBjeHUEeM CUJIOBbIX JIMHUN. Muaykuus noasa paBHa 0,01 Ta. Onpenenuts paanyc
KPUBU3HBI TPACKTOPUHU IJIEKTPOHA.

DJIEKTPOH, YCKOPEHHBIM pa3HOCThIO MoTeHnuanoB 10B, BietaeT B 0OQHOPOIHOE
MarHUTHOE MOJIe NEPIEeHIUKYISAPHO CUIIOBBIM JInHUAM. MHaykuus nosis pasraa 0,01 To.
UeMy paBHBI TAHTEHIIMAIIBHOE U HOPMAJILHOE YCKOPEHUS JIEKTPOHA?

[Iporon, yckopeHHbIli pa3zHOCTbIO noTeHuuanoB 1000B, Bieraer B 0JHOpOAHOE
MarHUTHOE TI0JIE IEPIICHINKYIISIPHO CHIIOBBIM JTHHUAM. MHaykus noss pasaa 0,01 T
OmnpenenuTh TaHTeHIMAIBHOE U HOPMAIILHOE YCKOPEHHUE MPOTOHA.

DNEeKTPOH, YCKOPEHHBIN pa3HOCThIO MoTeHnuanoB 10B, Bietaer B ogHOpOAHOE
MarHUTHOE TI0JI€ TaK, YTO YroJl MEX1y HallpaBJICHHUEM CKOPOCTH M CUJIOBBIMH JIMHUSMU
cocrapisier 30°. Uunykuus nons paBua 0,01 Tn. Onpenenuts TaHTeHUHUATBHOE U
HOpPMAaJIbHOE YCKOPEHUE AJICKTPOHA.

[Iporon, yckopeHHblli pa3HOCTbIO nHoTeHuuanoB 5000B, Bieraer B 0JHOpOAHOE
MarHMTHOE MOJI€ TaK, YTO yYroJl MEX/1y HallpaBJIeHHUEM CKOPOCTH M CHJIOBBIMH JTUHUSIMU
cocraBisier 45°. Uunykuus nonst pasHa 0,005 Txn. OmnpeaenuTs TaHreHIUAIbHOE U
HOPMAaJIbHOE YCKOPEHHE MPOTOHA.

DJEeKTPOH, YCKOPEHHBIH pa3HOCThIO MoTeHIuanoB 60 B, Brmeraer B omHOpoIHOE
MarHUTHOE TI0JIE€ TaK, YTO YToJ MEX1y HallpaBICHHEM CKOPOCTH M CHUIIOBBIMH JIMHUSMHU
cocraBisier 30°. Uuayknus nons paBHa 0,01 Tn. Onpenenuts paguyc KpUBH3HBI
TPAEKTOPUU JIEKTPOHA U IIar BUHTOBOM JIMHUH, 110 KOTOPOU ABMIKETCS AJIEKTPOH.

ONEKTPOH, YCKOPEHHBIM Pa3HOCTHIO NMoTeHuHanos 30B, BieTaeT B MarHuTHOE IOJIE
coneHonga nox yriaom 30° k ero ocu. Yucno amnep-BuTkoB cojeHonga pasHo 5000.
JUmHa coneHonpa 25 cM. OmnpenenuTs mar BUHTOBOW TPAaeKTOPHM JJIEKTpPOHA B
MarHUTHOM I10JI€ COJICHOMA.

IIpoToH BieTaeT B OQHOPOJIHOE MAarHUTHOE MOJIE TaK, YTO YIOJI MEXK]y HApaBJICHUEM
CKOPOCTH MU CWIOBBIMU JUHUSMU cocTaBisieT 30°. Munykiusa mons pasHa 0,1 T
Onpenenutb KHHETUYECKYIO SHEPTHUIO MTPOTOHA, €CITN PaInyC KPUBHU3HBI €70 TPAEKTOPUH
1,5 cMm.

B onHopoanoe marauTHOE none ¢ uHayknue B =10 mTn nepnenankynsipHO JIMHUAM
MHIYKIIMH BJIETAET MEKTPOH ¢ kuHeTnyeckou s3Hepruen K =30 »B. Onpenenuts paguyc
KpPUBU3HBI TPAEKTOPUHU JIEKTPOHA.

DJIEKTPOH, YCKOPEHHBIM Pa3HOCTBhIO MOTEHIMaioB 71 B, Bietaer B OJHOPOIHOE
MarHMTHOE MOJI€ TaK, YTO yroJl MeX/1y HallpaBJIeHHUEM CKOPOCTH M CHJIOBBIMH JTUHUSIMU
coctaBisieT 37°, U ONUCHIBAET cnupainb paguycoMm 54 MM. OmnpenennTs WHIYKIUIO
MarHMTHOI'O TOJIS ¥ IIar BUHTOBOM JIMHUM, 110 KOTOPOM ABMXKETCS JIEKTPOH.

19.O1eKxTpoH, yCcKOpeHHBIH pa3HOCThIO moTeHnuanoB 10 B, Bieraer B 0gHOpOIHOE

MAaramMTHOC MOJIC TaK, YTO YT'OJI MCKAY HAIIPAaBJICHUCM CKOPOCTHU U CUJIOBBIMHU JIMHUSAMU



coctaBiger 53°. Uunykmus nons paBHa 0,1 Tn. Onpenenuth paanyc KpPUBH3HBI
TPACKTOPHUU U LIAT BUHTOBOM JIMHUH, 110 KOTOPOH JABHKETCS JIEKTPOH.

20.0npenenuTh KMHETUYECKYIO 3HEPIUI0 MPOTOHA, JBUXKYILIErOCs IO JAYre OKpPYKHOCTU
paaurycoM 60 cM B MAarHUTHOM T0JI€, MHAYKIUSI KOTOPOTO 2-10° T

21. 3apskeHHasi YaCTULIA IBUKETCS B MArHUTHOM I10JI€ IO OKPY>KHOCTH CO CKOPOCThIO 106
M/c. Uaaykius marautHoro nosst 0,3 Ti. Paguyc okpykHocT 4 cM. OnipeaeuTh 3apsi
YaCTHIIbI, €CJIM U3BECTHO, YTO €€ IHeprus paBHa 12 k3B.

22. B opHopogHoe MarHuTHoe nojie ¢ uHaykuuen 0,01 Tn neprneHIuKyaspHO JTUHUSAM
WHJIYKIIMU BJIETAET 3JIEKTPOH C KuHeThueckou sHepruen 30 k3B. Onpenenuts paauyc
KPUBU3HBI TPACKTOPHH JBHXKEHUS YACTULIBI.

23. HpOTOH u anbcba-qaCTHua nmommagaroT B OAHOPOJHOC MArHUTHOC II0JIC, IBUIAACH
NEPpUNCHAUKYIISIPHO JIMHUAM WHAYKIIUH. CpaBHI/ITB paanyCbl KPpUBU3HBI UX TpaeKTOpHﬁ,
€CJIM OHU UMCIOT OJTMHAKOBYIO SHCPIUIO.

24.OneKTpoH, BJETEBLIIMH B OAHOPOAHOE MarHuTtHoe mnoje c wuHaykuumed 0,02 T
MEPIEHIUKYJIIPHO HAIPABJIEHUIO MarHUTHOTO IOJISA, JIBUYKETCS B HEM 10 OKPY>KHOCTHU
panuycom 2 cMm. OmnpenenuTs pa3sHOCTh MOTEHLMATIOB, KOTOPYIO MPOLIEN 3JIEKTPOH
nepes] TeM, Kak BJIeTesl B MArHUTHOE T10JIE.

25. DneKTpoH, MPOIIEAIINNA HEKOTOPYIO PAa3HOCTh MOTEHIIUAJIOB, BIETAET B OJTHOPOJHOE
MarHuTHoe noie ¢ uHaykmnueu 1,5-10-2 Tn nepneHIuKynsipHO MarHUTHBIM CHIJIOBBIM
JUHUSAM. B MarHuTHOM MOJIe AJEKTPOH OIHUCHIBAET OKPYXKHOCTh pamuycoM 114 mm.
Onpenenuts pa3HOCTh MOTEHLMAIOB, KOTOPYIO IPOLIEN 3JIEKTPOH MEpea TeM, Kak
BJIETEJI B MArHUTHOE ITOJIE.

IIpakTuyeckoe 3ansaTue 12.
Tema 3anamus. JNeKTPOMArHUTHBIE KOJ1e0aHUs B KoJIe0aTeIbHOM KOHTYpe.
Ilen» 3anamusa. VI3y4nTh 31€KTPOMArHUTHBIE KOJIEOAHUS B KOJIEOATEIIbHOM KOHTYDE.

3nanua u ymenusa, npuobpemaemvie CHyOeHMOM 6 pe3yibmame OCE60CHUA HIeMbl,
dopmupyemvie Komnemenyuu. DIEKTPUUECKUE KOJIEOaHUS B KoJIeOATEIbHOM KOHTYpE,
muddepeHIMaTbHOE ypaBHEHHE COOCTBEHHBIX JJIEKTPUYECKUX KoJeOaHui. 3aTyxarolue
kosnebanus. Jlo6poTHOCTh KOHTYpa. BeiHy)1eHHbIe Kosiebanus. Pezonanc. [lepemenHslii Tok, ero
IPOMBINIIEHHOE TMosiyueHue. IlepeMeHHBI TOK B IleMM C MHAYKTUBHOCTBIO, €MKOCTBIO U
AKTHBHBIM CONPOTUBJICHHEM, BEKTOpHAs JAUarpaMma HampspDKeHUH UM TOKOB. DJIEKTpOMarHuTHas
UHAYKIMs. BuxpeBoe snextpuueckoe mnose. IlepBoe ypaBHeHne Makcemna. Tok cMmeleHus.
Bropoe ypaBHeHne Makcpemna. Cucrema ypaBHeHMM MakcBemia. DJI€KTpPOMarHUTHBIE BOJIHBI.
OcHOBHBIE CBOMCTBA 3JEKTPOMarHUTHBIX BOJIH. [llkama synekTpomarHuTHBIX BOJNH. Brnaneer
CHOCOOHOCTBIO MPUMEHSATh COOTBETCTBYIOMINHN (PU3UKO-MaTeMaTHUECKUI anmapar Mpy pereHnH
npodeccHoHaIbHBIX 3aj1ay.

AKmya.rtbuocmb memeol. QHGKTpOMaFHI/ITHHC KoJieOaHHMsI B KoJie0aTeIbHOM KOHTYPC
MMPUMCHACTCA IMPU PCHICHUN WHXXCHCPHBIX 3a1a4.

Teopemuqecmm yacmos.



DJIeKTPOMATrHUTHbIE KOJIe0aHUS B K0J1e0aTeJIbHOM KOHTYpe

YpaBHeHHe CBOOOIHBIX HE3ATYXAKIIMX TAPMOHNUYECKUX KOJIeOaHU

KonedaTeqbHbIii KOHTYPp — O3TO DJIEKTpUYECKas Ielb, COCTOSIIIAs W3 BKJIIOYEHHBIX
MOCIIe0BAaTENbHO KATYIIKH WHIYKTHUBHOCTHIO L, KoHaeHcartopa emkocTbio C U pe3ucropa
conpotusiieHueM R. B uaeanbHoM KoJiedaTeIbHOM KOHTYPe CUUTAETCS, YTO conpoTuBiieHue R
npeHedpexxkumo mano (R20), 4To mo3BoJIAT B HAEeaIbLHOM KOHTYPpe (puc. 18), cocTosiem ToIbKO
U3 KaTyIIKU UHAYKTUBHOCTH U KOHJIEHCATOpA, MOJIYUYUTh He3aTyXaloliue 3JeKTPOMATHUTHbIE
KOJIeOAHMS.

T -
o $ap . te k7 tegT ) t=dr
+4 1T _i ] i
11 - —
-4

Puc. 18

Jist BO30y»/1eHUs B KOHTYpE KOJIeOaHU MPEIBAPUTEIBHO 3apsKAal0T KOHJICHCATOP, COO0IIast ero
oOkJagkaM 3apsan +0. Torna B HauaabHbIM MOMEHT BpeMmeHu t=0 (puc. 18, @) Mmexny oOki1agKaMu
KOHJIEHCATOpa BO3HHUKHET 3JIEKTpuyeckoe moje. Ecium 3aMKHYTh KOHAEHCATOp Ha KaTYyLIKY
MHAYKTUBHOCTH, KOHJEHCATOp HAYHET pa3psKaTbCsl, U B KOHTYpE MOTEYET BO3PACTAIOIUN CO
BpemeHeM Tok |. Korja kKoHaeHcaTop MOJHOCTBIO PAa3psIUTCS, SHEPTHUS ANEKTPUUYECKOTo MOJIs
KOHJICHCATOpa TIOJIHOCThIO TEPEUZIeT B DHEPTUI0 MAarHUTHOTO MOy Katyiiku (puc. 18, 6).
Haunnast ¢ 3Toro MoMeHTa TOK B KOHTYpe OyJeT yObIBaTh, U, CJIE0BATEIbHO, HAUHET OcIadeBaTh
MarHMTHOE MOoJjie KaTyIIKU, TOr/1a B Hel corniacHo 3akony dapanes HHAYLIUPYETCs TOK, KOTOPbII
TE€4eT B COOTBETCTBUM C IpaBwiIoM JleHIa B TOM jK€ HAaNpaBICHMM, YTO M TOK pa3psAaKu
KoHZeHcaTtopa. KoHIeHcaTop HayHET mepe3apsKaTrbCs, BO3HHMKHET DJJIEKTPUYECKOE IIOJIE,
cTpemsiieecst 0cIabuTh TOK, KOTOPBIH, B KOHIIE KOHIIOB, 0OpaTUTCS B HYJb, a 3aps]] Ha OOKJIaIKax
KOHJIeHCcaTopa JOCTUTHeT MakcumyMa (puc. 18, ). lanee Te ke nmpoleccsl HaUHYT NPOTEKaTh B
oOpaTHOM HampaBineHun (puc. 18, 2), m cucrema x mMomeHty Bpemenu t=7 (T — mepuon
KoneOaHui) TpuaeT B MepBOHaudanbHOe coctosiHue (puc. 18, a). Ilocme sToro HauHercs
MOBTOPEHHE PACCMOTPEHHOI'O LIMKJIA Pa3psiIKU M 3apsIKM KOHJEHcCATopa, TO €CThb HAauyHYyTCS
NepuoIMUecKre He3aTyXarolme KouebaHus BEeIUYMHbl 3apsaa ( Ha oOKJaJKax KOHJIEHCATopa,
HanpsbkeHuss Uc Ha KOHJeHcaTope M cuibl TOKa |, Tekylero uepes KaTyIIKy MHAYKTHBHOCTH.
Cornacno 3akony Papanes HampspkeHune Uc Ha KOHJEHCAaTOpe OIPENeNsieTcsl CKOPOCThIO
M3MEHEHHUs CWJIBI TOKA B KaTYIIKE MHIYKTUBHOCTH UEAIBHOTO KOHTYPA, TO €CTh!

dl
UC 283 Z—La.

Ucxons u3 Ttoro, uto Uc=0/C, a I|=dg/dt, monywsaem nuddepenunanbnoe ypaBHeHHE
CBOOOTHBIX HE3aTYXAIIIUX FAPMOHMYECKHX KOJIe0aHMIl BEITMYUHBI 3apsjia ( Ha OOKJIaaKax
KOHJIEHCATOpa!



d’g 1 q d’q
dt>* LC dt?
Pemennem storo nuddepeHnnansHoro ypapuenus sipisiercst Gpynkuus ((t), To ectb ypaBHeHUe

CB060)1H]>IX HE3aTyXalnmuX rapMmOHUYCCKHUX KO0JIe0aHUH BCIUYMHBI 3apsaa ( Ha 06Kna;u<ax
KOHACHCaTOopa:

+a)0q 0.

q(t) = g, cos(apt + @) |

rae (t) — BenuumHA 3apsijia Ha OOKJIaJAKax KOHJAEHCATOPa B MOMEHT BPEMEHH {;

Qo — aMIUIUTYyJa KojeOaHuil 3apsiaa Ha 0OKIaKax KOHJIEHCATOPa;

(g — xpyrosas (WM HUKIMYECKas) YaCTOTa Konebanuii (W) = 1/+/LC );
Wy =27 IT (T — nepuox KonedaHui, T=27n/LC - ¢opmysa Tomcona);

(a)ot + (00) — (ha3a KonebGaHUI B MOMEHT BpEMEHU t;

(o — nauanpuas dasa konebanuii, To ecth (asza konedbanuii B MoMeHT BpeMenu t=0.

YpaBHeHue cBOOOJAHBIX 32TYXAKOIMIMX FTAPMOHMYECKUX KOJIeOaHM M.

B peanbHOM Koje0aTeTbHOM KOHTYpPE YUHUTBIBAETCS, YTO, KPOME KAaTYIIKW MHIYKTHUBHOCTHIO L,
KOHJIeHcaTopa eMKOCThI0 C, B IIETIH TaK)Ke€ UMEETCS] Pe3UCTOP COMPOTUBIICHUEM R, OTIMYHBIM OT
HYJIsI, YTO SIBJISIETCS NMPUYMHON 3aTyxaHMs KojeOaHWH B pealbHOM Koje0aTeIbHOM KOHTYpE.
CBo0osiHbIE 3aTyXal0IKe KoJ1e0aHusi — KoyleOaH!s, aMIIUTY1a KOTOPBIX M3-3a IOTEPh SHEPTUH
peabHOM K0J1e0aTeNbHOM CHCTEMOMN ¢ TEUEHHEM BPEMEHU YMEHbILIAETCSl.

st nenu peanbHOTO KOJIe0aTeTbHOTO KOHTYpa HAIIPSKEHUSI Ha TIOCTIEA0BATEIbHO BKITIOUEHHBIX
KOHJeHcaTope eMKocThio C M pe3uctope conpoTuBieHneM R cknaneiBatorcs. Toraa ¢ yuerom
3axona Papajes A [enH pealbHOro Koie0aTeIbHOTO KOHTYpa MOKHO 3aIUCaTh:

dl
Uc.+IR=¢, =-L—
c s qt

Trac 88 — DJICKTpOABMIKYIIAasA CUJIa CAMOMHAYKIIUN B KATYIIKC,

Uc — nanpspxenne Ha konjgencarope (Uc =g/C);
IR — HanpspKeHMs HaA pe3uCTope.

Ucxons w3 Toro, uro |=dg/dt, momydaem auddepeHunanbHoe ypaBHeHHE CBOOOXHBIX
3aTyXallUX FApMOHHYECKUX KOJe0aHMI BETUUMHEI 3apsiia ( Ha oOKJIaJKaxX KOHJeH caTopa:

dg qu =0 WIN dg+2§dq+w§q=0,
dt Ldt LC dt dt



, 1
rie O — kod(durmeHT 3aryxanus Konedanuii ( 0o=— ), Wy =—=

2L LC

Pemennem mosydenHoro aud¢epeHnuaibHoro ypaBHeHus sipusiercss Gynkims ((t), To ecth
yYPaBHeHHe CBOOOJHBIX 3aTyXalOIIMX FApMOHHYECKHX KoJIe0aHMil BEIMUYMHBI 3apsiaa ( Ha
oOKJIa/Ikax KOHJIeHcaTopa:

q(t) = q,e~*" cos(at + @),
rae ((t) — BenuumHa 3apsijia Ha OOKJIAJAKaxX KOHAEHCATOPa B MOMEHT BPEMEHH {;

5t .
(o€ = — amnnutyza 3aryxaromux KonedaHuii 3apsajga Ha 0OK/IaaKax KOHJEHCATOPa B MOMEHT

BpeMeHu t;

(Jo — Ha4YaJIbHasA aMILIMTYJA 3aTyXaromuXx KoJe0aHni 3aps/aa Ha 06Knazu<ax KOHJACHCATOPA,

(U — xkpyroBasi (MM UMKJINYECKas) yacToTa Konebanu ( @ =

(Cf)t + (0) — ¢aza 3aryxaromux kojaebaHuii B MOMEHT BpeMeHH 1

(D — Ha4daJlbHasa (1)838 3aTyXaromux KOJIEOAHHH.

JIEKTPOMArHUTHBIC BOTHBI. BekTop YmoBa-IlolinTHHIa

CornacHo Teopun MakcBemia 3J€KTPOMarHUTHBIE IIOJII MOTYT CYIIECTBOBAaTh B BHJE

SJICKTPOMArouTHBIX BOJIH, (I)aBOBaSI CKOpPOCTb v pacipoCTpaHCHUSA KOTOPBIX OIPEACIIACTCA
BBIPAKCHUCM:

b 1 1 _ ¢
oo Jen Jeu

e 80 n /«lo — COOTBETCTBCHHO J3JICKTPHUYCCKAA U MarHuTHasA IMOCTOSIHHBIC,

& U U — COOTBETCTBCHHO JJICKTPHUYECCKad U MarHuTHas IMPOHUIACMOCTH CPEABI,

¢ — CKOpOCTh cBeTa B Bakyyme ( C = —).
\ €o ko

B Bakyyme (¢ = 1, i = ) ckopocTh pacmpocTpaHeHHs 3JIEKTPOMArHUTHBIX BOJH COBMAIAET CO
CKOPOCTBIO cBeTa ( ¢ ), 94TO corylacyercs ¢ Teopreld MakcBemia o ToM,

YTO CBCT NPCACTABJIACT coboit OJICKTPOMArHUTHBIC BOJIHBI.

ITo TCOpHUU Makcaeiia JICKTPOMATrHUTHBIC BOJHBI SABJIAIOTCA NONMEPEYHBIMU, TO €CTh BEKTOPBI

EuH HaIIPSHKEHHOCTEH 2JIEKTPUYECKOT0 M MATHUTHOTO T10JIEH B3aMMHO NEPIEHAUKYIISIPHBL U

JeKaT B TUIOCKOCTH, IEPIICHANKYIIAPHON BEKTOpY U



CKOPOCTH PacIpoCTpaHeH s BonHsl, npruem sekropst £, H u O o6pasyror npasosunToByio
cucremy (puc. 19).

—

N3 teopun MakcBemia cienyer TakKe, 4YTO B DJIEKTPOMAarHUTHOW BOJIHE BEKTOPBI EuH
KOJIEOTIOTCS B OAMHAKOBBIX (asax (puc. 19), To ecTh 3HAYeHUs HampsDKeHHOcTer E u H
AJIEKTPUYECKOTO0 U MAarHUTHOTI'O MOJIEW OJJHOBPEMEHHO JOCTUTal0T MAaKCUMyMa U OJTHOBPEMEHHO
oOpainaroTcs B HyJb, IPUYEM MTHOBEHHbIE 3HaUeHUsI £ 1 H CBS3aHbI COOTHOIIEHUEM:

& €E = ouH .

YpaBHeHue NJIOCKOIi MOHOXPOMATHYECKOH 3JIeKTPOMATHUTHOM BOJIHBI (MHJEKCHI y U Z IPU

E w H momdepkuBaroT ymmb To, uro Bekropst E u H  wanpanensr Brons Bsamvuo
NEePIEeHIUKYISIPHBIX OCEl B COOTBETCTBUU C pHC. 19):

E, = E, cos(wt —kx+¢),

H, = H, cos(awt —kx+ @),

rae Eo u Ho — COOTBETCTBEHHO aMIUIUTYIbI HANPSDKEHHOCTEH INIEKTPUYECKOTO0 M MarHUTHOTO
TIOJICH,

@ — Kpyrosas 4acToTa BOJIHbI, (D = 27l T (T — mepuox xonebaunwmii),

k — BosTHOBOE UHCIIO, k=2xlA ( A- JUTMHA BOJTHBI),

@ — HavanpHas ¢a3a xosiebaHuil (HayanpHas a3a KojiebaHU ¢ UMEeT OJMHAKOBOE 3HAUEHUE
KaK JJIs1 KoJIeOaHUs AIEKTPHUECKOT0, TAK U MArHUTHOTO BEKTOPOB, TaK KaK B 3JIEKTPOMArHUTHOM
BOJIHE 3TH KOJIeOaHUs TPOUCXOIAT B OJIMHAKOBBIX (ha3zax).



JHeprusi 3JeKTPOMATHUTHBIX BOJIH. OJEKTPOMAarHUTHBIE BOJIHBI  MEPEHOCAT SHEPTHIO.
OObeMHas TUIOTHOCTH W JHEPrUM SJICKTPOMATHUTHOW BOJHBI CKJIAJBIBACTCS W3 OOBEMHBIX
IUIOTHOCTEH W, BJIEKTPUYECKOTrO U W,, MarHUTHOTO ITOJICH:

g,6 E? N LotH?
2 2

VYuuteiBas BBIPAXKCHUC CBA3KU MCXKY BCIMYMHAMHU Eun H , MOXHO ITIOJIY4UTb, YTO CyMMapHasd
IJIOTHOCTB SHEPIr'UU JICKTPUUCCKOTO U MArHUTHOI'O MOJICH:

W= /ety EH .

YMHOXUB IUIOTHOCTh YHEPTrUU W Ha CKOPOCTh U pacIpOCTPAHEHUS BOJHBI B CPEle, MOTYy4YUM
MOZYJb IUIOTHOCTH IIOTOKA DHEPIUHU:

S=wou=EH.

Tax kak BCKTOPbI E n H B3aMMHO TCPHCHAUKYIISIPHBI, TO IIPOU3BCACHUC EH COBIIaAacT C

MOJIyJIeM BEKTOpa [E H] ([E H | — Bexroproe npoussencuue BekTOpOB EuH ). Kpome

TOro, HaIpaBJICHUC BCKTOpPaA [E H COoBIIAAACT C HAIIPAaBJICHHUCM PACIIPOCTPAHCHHA BOJIHBI, TO

€CTh C HaIllpaBJICHUEM IICPEHOCA DOHCPIrUH, UYTO II03BOJMUIIO BBECTU BEKTOP S, paBHHﬁ

BCKTOPHOMY MNPOU3BCACHUIO [E H , KaK BEKTOpP IIIOTHOCTH IIOTOKa 3J'leKTpOMal"Hl/ITHO]71

JHEePruM, Ha3bIBacMblii BeKTOpoM YMmoBa—IloiiHTHHra:
Monayns BeKTOpa S paBEH PHEPIruu, MEPEHOCHUMOUN AJIEKTPOMAarHUTHOW BOJIHOW 3a €IMHUILY

BPEMCHH 4YC€pPEC3 CAWMHUYHYIO IUIOMIAAKY, NEPHCHAUKYIIIPHYIO HAIIPABJICHUIO PACIPOCTPAHCHUA
BOJIHBI.

IIpumeps! pelenus 3agay

3anauya 1. KosnebarenbHbIil KOHTYp, COCTOSIIMN M3 BO3AYIIHOTO KOHJIEHCATOpa C IUIACTUHAMHU
nnomaznbio S=100 cM? ¥ KaTyIIKH ¢ HHAYKTHBHOCTHI0 L=1 MKI'H, pe30HUpyeT Ha BOIHY [JIHHOI
A=10 M. OmpenienuTh pacCTOSTHUE MEXTy TUIACTUHAMU KOHJIEHCATOpa.

Jano:

S=100 cm?=102% m? EMKOCTh MIIOCKOTO KOHJIEHCATOpa Oompeensercs mo Gpopmyre
EyES

L=1mMx['E=10°Tx cC=-22

d




_ £ES

=10 m CremoBaresbHO, d C 1)
d=? JlmHA BOJIHBI CBSI3aHA C TIEPUOJIOM KojieOaHuil T M CKOPOCTHIO
€ DJIEKTPOMAarHUTHBIX BOJH COOTHOILICHUEM
A=c-T. (2)

ITo ¢popmyne Tomcona T=27zvJLC.

Bripazus C u3 ¢hopmynsl TomcoHa, ¢ yuerom (2) u (1), monyuum

drepc’SL 4-3147-8,85.1072.(3.10°) 107 10°°
BV 102

d =314-10° =314 MM

3agauya 2. Pe3oHaHc B Kose0aTeIbHOM KOHTYpPE, COJEpKaIleM KOHAEHCATOp eMKOCThio C1 =
1 Mx®, nacrymaer mpu yactore vi = 400 ['m. Korma xe mapamiensHo konaencaropy Ci
MOAKIIOYWIH €Ille OJUH eMKOCThio Cp, pe3oHaHCHAas 4acToTa CTaHOBUTCS paBHOM vz = 100 I

Haiitu emkocth koHAeHcaTtopa Co.
Hano: C1=1Mx® = 10° ®; vi =400 I'; v2= 100 I
Hatimu: Co.

Pewenue

Pe3onanc B konebaTeIbHOM KOHTYPE HACTYMAET, KOT/1a COOCTBEHHAs 4acTOTa KoJebaHui
CTAHOBHUTCS paBHOI>'I qacToTe BBIHYKACHHBIX KOH€6aHHﬁ, B036Y)KI[36MI)IX BHCIIITHUM
NepeCAATUNKOM. HpI/I OTOM aMIIIUTyJda SJICKTPOMArHUTHBIX KoJIeOaHuil B KOHTYPC CTAaHOBHTCA
MakcUMaibHOW. YacToTa BBIHYKICHHBIX KONIEOaHW, paBHas COOCTBEHHOW YacToTe
K0JIe0aTeIbHOTO KOHTYpAa, HA3bIBACTCS PE30HAHCHOM YacToToil. Pe3oHaHcHas dactoTa vi B

K0JIe0aTeNbHOM KOHTYpE, COJepKaIleM TOJIbKO OAuH KoHaeHcatop Ci, onpenensercs GopMyon

1
Tomcona: V] = m (1),

rac L - HHAYKTHBHOCTL KaTyIIKU K0J1e0aTeIbHOTO KOHTYpa. Korz(a K KOHACHCATOpPY C1

MOAKJIFOYNIIN MapaJlJICJIbBHO KOHACHCATOP CZ, C€MKOCTb 6aTapeI/1 KOHACHCATOPOB cTajia paBHaA



1
C1+Cz.  Pesonanchasg wyacrtora V2 TIIpM 3TOM  DaBHa: Vo = :
2n,/L(C1 +C»)

@)

O6e 4vacToThl V1 M V2, a Takke eMkocTh Cz m3BecTHBl. HemsBecTHa MHIYKTUBHOCTh
katymku L u uckomas eMkocts Co. CnegoBarenbHO, HEOOXOJUMO UCKITIOUUTH U3 ypaBHeHu# (1)
u (2) uHIYKTUBHOCTH L, Hampumep, MOJENUB JIEBble W MpaBble YacTU JTUX YpaBHEHUH

COOTBCTCTBCHHO [JOpyr' Ha JApyra. ITocae ACJICHHA, COKpAlICHUA W YIPOIICHHA IIOJIYydaCM:

vi 2mnJL(C1+C2) wv1 [L(C1+Cp) [C1+Co

vo  2mfLC; ' v2 LCy C1
2 2 2
Otcrona Y1 =1+ Cz; C1 —| M1 -1; Cr=Cq S -1
V2 Ci Co2 (v2 V2

3amaua B 001meM, Bujie penieHa. [IpoBeneM BEIYMCIICHHS:

2
Cp =108 [0V _1]- 5100
100

Omesem: C2=1,5:10° .

Bonpocul u 3a0auu k cobecedosanuto:

1. Dnexrpuyeckue KojaebaHus B KoiedaTeIbHOM KOHTYpe, AuddepeHnnansHoe
ypaBHEHHE COOCTBEHHBIX JIEKTPHUUECKUX KOJICOAHUH.

2. 3aryxatomiue konebanus. J[oOpoTHOCTs KOHTYpa. BeIHY)AeHHBIE KOJIeOaHMsl.
Pe3onanc.

3. TlepeMeHHBII TOK, €TO MPOMBIILIEHHOE TOTyUYEHHE.

4. TlepeMeHHBI TOK B IIETH C UHAYKTUBHOCTHIO, EMKOCTBIO  aKTHUBHBIM
COTIPOTHBIICHUEM, BEKTOpHAs TUarpaMMa HaMpsHKEHUH U TOKOB.
DJIeKTpOMarHuTHasl MHAYKIUsA. BUXpeBoe 3iieKTpuueckoe moe.

ITepBoe ypaBHeHne Makcpemia. Tok cmenieHus.

Cucrema ypaBHeHMi1 MakcBena.

OneKTpOMarHuTHbIE BOJHBL. OCHOBHBIE CBOWCTBA JIEKTPOMArHUTHBIX BOJIH.
10. BonnoBoe ypaBHeHue. [11ockast anekTpoMarHuTHasi BOJIHA.
11. DHeprust U UMITYJIbC JIEKTPOMArHUTHOTO nouist. Bektop YMmoBa - [loitHTHHTa.

5
6
7. Btopoe ypaBHeHue Makcseia.
8
9

12. DxcnepuMeHTaIbHOE HCCIIE0BAHUE FIIEKTPOMArHUTHBIX BOJIH.
13. IlIkana 3;1eKTpPOMarHUTHBIX BOJIH.



3azlatm AJIAA CAMOCTOATECJIBbHOI0 PCIICHUSA

1. ITo obmoTke coneHonaa MHAYKTUBHOCTBIO L=0,2 I'n TeueT Tok I1=10 A. Onpenenuts SHEPTHIO
W MarHuMTHOTO 110JI COJICHOMA.

2. ManyktuBHOCTh L katymiku (0e3 cepaeunnka) pasna 0,1 mI'H. [1pu kakoii cune Toka | sHeprus
W marautHoTro moss pasaa 100 mxJHx?

3. Conenoun congepxkut N=1000 ButkoB. Cwita Toka | B ero oOMoTke paBHa 1 A, MarHUTHBIN TOTOK
@ yepe3 nornepeyHoe ceueHue conenonna pased 0,1 MBO. Beruucnuts 3Hepruto W MarHuTHOTO
OJISL.

4. Ha >xene3noe konpio HamotaHo B oauH ciodl N=200 ButkoB. Omnpenenuth 3Hepruro W
MarHUTHOI'O MOJIs, €Cl NpH Toke 1=2,5 A marHuTHbIN oTok @ B xene3e paseH 0,5 MBO.

5. Ilpu HekoTopo# cuie Toka | TUIOTHOCTH SHEPruuM W MAarHUTHOTO MOJiA cosieHouaa (0e3
cepneunnka) pasra 0,2 Jlx/m>. Bo CKOIBKO pa3 yBEITHYHTCS MIIOTHOCTD SHEPTHH OIS MPU TOH
K€ CHUJIE TOKA, €CJIU COJIEHOU T OYJeT NMETh JKeJIe3HbIN CepAeUHUK?

6. ObmoTKa TOporaa ¢ HCMAarHuTHbIM CCPACYHUKOM HUMCCT Nn=10 BUTKOB Ha KaXKJIbIM CAHTHUMCETD
JJINHBI. OHpeI[CJ'II/ITB INIOTHOCTH 3HEPIruM W IOJIA, €CJIIH 110 00OMOTKE TeueT TOK =16 A.

7. OOMoTKa Topouaa colepkuUT N=10 BUTKOB HAa KaX/blil caHTUMETp JUIMHBI. CepJeuHUuK He

MarHuTHbI. [Ipu kakoii cuie Toka | B 0OMOTKE MIIOTHOCTh SHEPTUU W MarHUTHOTO 110JIsI paBHa 1
3

Jx/m*?

8. Karymka maayktuBHOCThIO L=1 MI'H M BO3AyIIHBIII KOHAEHCATOp, COCTOSIIUNA W3 JBYX
KPYTJIbIX TIAaCTUH AuameTpoM D=20 cMm kaxias, coenHeHbI MapauieiabHo. PaccTosHue d Mexy
rmacTuHaMu paBHO 1 cM. Onpenenutsb nepuoa 7 dIeKTPUYECKUX KoJeOaHuil B TaKOM KOHTYpE.

9. Konnencarop snekrpoemkocteto C=500 nd coeawHeH NapauieNlbHO ¢ KAaTYIIKOH JJITHHON
|=40cm 1 momansio S cevenus, paBHoii 5 cm?. Karymika cogepsxut N=1000 ButkoB. Cepaeunuk
HemarHuTHbIA. Haiitu nepuon T anekTpuueckux koyiebaHuil B 3TOM KOHTYpeE.

10. KonebarenbHbli KOHTYp COCTOUT U3 KaTyIIKA UHIYKTUBHOCTBIO L=20 MKI'H 1 KOHZIeHCaTopa
anekTpoeMKOcThI0 C = 80 H®. BenmnunHa eMKOCTH MOXKET OTKJIOHATHCSA OT YKa3aHHOI'O 3HAUYEHUs
Ha 2%. BpluMcIuTh, B KakuX Mpefenax MOKeT HM3MEHSTbCS JUIMHA BOJHBI, Ha KOTOPYIO
PE30HUPYET KOHTYD.

IIpakTnyeckoe 3ansaTue 13.
Tema 3anamusa. IlepeMeHHBbIH 3J1eKTPUYECKUH TOK.
Lenv 3anamusa. V13yduTh 3aKOHBI IEPEMEHHOTO 3JIEKTPUUYECKOTO TOJISL.

3HaHuA U yMeHua, npuodpemaemvie CMYOEeHMOM 6 pe3yibmame O0CE60€HUA MeMbl,
dopmupyemvie komnemenyuu. llepeMeHHBIN 3JIEKTpUYECKUN TOK. JleHcTByroee 3HAYEHUE
MEPEMEHHOTO TOKA. DJIEKTPUYECKAas LIEMb C PE3UCTOPOM. DIEKTPUUYECKAs LIEeMb C KaTYIIKON
MHAYKTUBHOCTH. DJEKTpPHUUECKas LIENb C KOHAEHCATOpoM. 3akoH Oma i LIenu NEPEMEHHOTO
TOKa. MrHOBEHHass MOLIHOCTb. P€30HaHC B AJIEKTPUYECKHX LEIsIX. Pe30HaHC HanpsHKEeHH.



Brnaneer criocoOHOCTHIO TPUMEHATH COOTBETCTBYIOMIUN (PU3UKO-MaTeMaTHUYECKU anmnapar npu
pelieHnn npodhecCuOHaIbHBIX 3aay.

AKmyaJlbnocmb memeol. 9HeKTp0MaFHI/ITHBIe KoJIeOaHHsI B KOJI€0ATeIbHOM KOHTYpEC
MMPUMCHACTCA IMPU PCIICHUN WHXXCHCPHBIX 3a1a4.

Teopemuuecxaﬂ yacms.

IlepeMeHHBIN YJIEeKTPHYEeCKHI TOK

YcTaHOBUBIIKMECS BBIHYXKICHHBIE 3JIEKTPOMArHUTHbIE KojeOaHUs B LIETIH C PE3UCTOPOM,
KAaTyIIKOW WHIYKTUBHOCTH W KOHJEHCATOPOM MOKHO paccMaTpuBaThb KaK nepeMeHHbll
anekmpudeckui mox. Ecium mnoaBoaumbele K KOHTYpY BHemHsa O/C wim HanpsbKeHue
NEePUOIUYECKH H3MEHSIIOTCS 0 TapMOHUYECKOMY 3aKOHY, TO IEPEMEHHBIH TOK Ha3bIBAIOT
cunycouoanrvnvim (puc. 1):

i=1_sin(at+¢),
1501051

I=1_cos(wt+¢,),
rac | — MrHOBEHHOE 3HAYE€HUE CHIIBI TOKa, TO €CTb 3HAYCHHC TOKa I KaXA0I'0O MOMCHTA
BpPCMCHU; I m — aMIUIMTYIHOC 3HAYCHUE CUJIbI TOKA.

[lpu wyacrore v =507y (upomblnuUieHHas YacTOTa) MEPHOJ BICKTPOMATHUTHBIX

xonebanuii cocrasister 7 =002 ¢.

| |
I \ I \ v["M’ >

Puc.1.

BBugy Toro, 4to B Te4eHHUE NEpUOA CUJIA IIEPEMEHHOIO TOKAa U3MEHSETCS, O BEJIMYMHE
TaKOro TOKa CYJAT HE [0 MIHOBEHHBIM 3HAUEHUSIM, a 1O JeicTByromemMy win 3¢p(GeKTHBHOMY

3Hauenuro | opp - 11IpM OTOM JICHCTBHE NMEPEMEHHOTO TOKA OLEHUBAIOT 110 TEMIOBOMY dQheKTy,

KOTOpBIﬁ CpaBHHUBAKOT C TCIJIOBBIM B(I)(I)CKTOM IIOCTOAHHOI'O TOKA.

JlelicTBYIOIIIEE 3HAYEHHE IEPEMEHHOI0 TOKA




Hevicmeyrowum  (3pghekmusnvim) 3HAUEHUEM NEPeMeHH020 MOKA Ha3bIBAIOT TaKylo
BEJIMYMHY, KOTOpasi paBHA CHJIE MOCTOSHHOTO TOKA, BBIICISIFOIIETO B MPOBOJHUKE TaKOE KeE
KOJIMYECTBO TEIUIOTHI, YTO U JAHHBIM IEPEMEHHBIN TOK 3a OJIHO U TO K€ Bpems. JlelcTByroniee
3HaUEHUE TEPEMEHHOT0 CHHYCOMJAIBHOTO TOKAa CBSI3aHO C €r0 aMIUIUTYIHBIM 3HAYCHHUEM
COOTHOILIEHUEM

Im
3{{ __l

JIs1si MTHOBEHHBIX 3HAYE€HHH CHHYCOMAAIBHBIX TOKOB BBINOJHSIOTCS 3aKkoH OMa M mpaBuiia
Kupxrodga.

PaccmotpuM nenu, coaepikaime pe3ucTop, KaTylKy MHIYKTUBHOCTH, KOHAEHCATOp U BCE
TPH JIEMEHTA, COEJMHEHHBbIE [TOCIIE0BATEIbHO, HAa 3aKMMAaX KOTOPBIX MPUIOKEHO IEPEMEHHOE
HalpsHKeHue

u=U__ cosat,

Irac U m — aMIUITUTYJHOC 3HAYCHUC HAIIPAKCHUSL.

DJieKTpUYecKasi llenb ¢ Pe3UCTOPOM

Cwuta Toka, poTeKarolero yepes3 pesuctop (puc.2), onpeaensercs 3akonom Oma

. u U
I=—=—coswt =1_cosat,
R R )

U

e | = ?m — aMIUIUTY/Aa CUJIbl TOKA. OYeBUAHO, UTO MIPU YMCTO akTUBHOM (R) xapakrepe nenu

caBUT (a3 kojeOaHUI ToKa U HaNpsHKEHUs paBeH HyIo (puc. 3).

u, A

u=f(t)

Puc. 2 o t I=1(t)

Puc. 3



DJekTpHYecKas Ielb ¢ KATYIIKOI MHIVKTHBHOCTH

B karymxe 6e3 noreps ( R =~ 0 ) 6yzner nporekats Tok, eciii HanpshkeHHE Ha €€ BBIBOJAX
xomneHcupyet 9J1C camonnaykuuu (puc. 4), To ecTh

) dt (3)

OTKYyZIa TOK

.1 u, . /4
i=[-U,_ cosatdt=—T-sinat+A=1_cos(ot—-").
L wl 2 (4)

ITocrosinHas unTerpupoBanus A =0, Tak Kak TOK U3MEHAETCS 110 FTApMOHUYECKOMY 3aKOHY, TO
€CTbh HE UMEET MOCTOSHHOM cocTaBisomeld. OueBUIHO, YTO aMILIUTY/1a TOKA B LIENH C KaTYILIKON

U

m
I, = :

" oL (5)

rne X, =oL — undyxmusnoe conpomusnenue, 3zapucsimee ot uactotsl. Ilpu v =0 (mpu

IPOTEKAHUU IIOCTOSTHHOI'O TOKa) X, = 0.

Taxum 00pa3om, B LIEMH € KaTYIIKOW MHIYKTUBHOCTH KOJIEOAHUSI CUJIbI TOKA OTCTAIOT IO (ha3e

T
Ha — OT KoJieOaHUM HarnpshkeHus (puc.S).

Ju=1(1)
/ i=f(1)

Puc. 4 o) > ¢

Puc.5

DJeKTpuYecKas 1enb ¢ KOHJIEHCATOPOM




_Ecnu npenebpeub akTUBHBIM COMPOTHUBIIEHUEM COETUHUTENIbHBIX TPOBOIOB U OOKJIAI0K

KOHZIeHcaTopa (puc.6), To HaNpsKEHNUE Ha KoHaeHcarope U, = E OyZeT paBHO HAIPSKEHUIO

Ha 3wKuMax uenu, To ectb U COS ot = % .
OTKy/1a 3aps/l KOHIeHCcaTopa
q=U,Ccos at.

Cuna Toka B IICIH KOHACHCATOopa

. d . T T
I :—qz—a)UmC sinot=U_aC =cos(at +=—=)=1_cos(at+—),
dt 2 2 (6)
U, 1
rre |, =U_aC = , Xo = —= - emKocmHoe conpomuénenue ueny. YeM MEHbLIE 4acToTa
X

C

Vv, Tem Gonbie X, . [Tosromy B enu nocrosiuroro toka (V = 0) X, —> 00 u koHmeHcarop He

IIPOBOJIUAT JJIEKTPUYECKUI TOK.

T

Taxum 00pa3om, B IIeTH ¢ KOHIEHCATOPOM KOJICOaHHUsI CHITBI TOKA ONIEPEXaloT 1Mo (asze Ha —

KoJieOaHus HanpsoKeHus (puc.7).

C

U=

Puc.6 o)

Puc.7

v

i=f(t)

JaxkoH OMa aJis Henyv nepeMeHHoro ToKa

PaCCMOTpI/IM TEIEPD DJICKTPHUICCKYIO LCIb U3 ITOCIEA0OBATCIIBHO COCAMHCHHBIX PE3UCTOPA,

KaTyUIKH MHIYKTUBHOCTU M KOHAEHcaTopa (puc.).



Puc.8

ITo BTOpomy mpaBmity Kupxroda ans MrHOBEHHBIX 3HAUCHUH HANPSIKEHUE HA 3QKUMaXx LIeTH
PaBHO CyMME HaIpsKEHUN HA OTJEIbHBIX 3JIEMEHTaxX

U=u, +U, +U..

[ToctporM BEKTOpPHYIO JuarpamMmy IIeMHd C YYE€TOM IIOJIYYCHHBIX paHee (Ha30BbIX
COOTHOIIICHUI1: a) HANIPSDKEHHUE Ha PE3UCTOPE COBMAIACT 110 (ha3e C TOKOM; 0) HanpsKEHUE

T
Ha KaTylIKe WHAYKTUBHOCTH ONEpekaeT mo ¢a3e TOK HA — B) HaNpsDKEHHE Ha

T
KOHJIEHCATOpe OTCTAET Mo ¢a3e oT Toka Ha — (puc. 9).

) BeKTOpHOﬁ AuarpaMMbl HailiieM MOIYJb HeﬁCTBYIOHleFO 3HAYCHUA HAIIPAKCHUA

U=JUZ+U2=JU2+(U_ -U_.),

(20.9)
rae U | — peakTuBHas cocTapisionas HanpsukeHHUs.
Vupureas, uto U, = IR, U =Ix_, U, = IX,, nonyuum:
2 1 2
U=I1,/R*+(ob——) =1Z,
@C
7€ Z — noanoe conpomuenenue Uenu. BoipaxkeHne
U U
l=—= (10)

1
R? +(awl ——-)°
( a)C)

Ha3bIBaeTcs sakonom Oma 05 yenu nepemeHHo2co nmoka.



1

Pasnocts X =wlL — —— HaswBaOT peaxmuenvim conpomuenenuem. W3 BeKTOpHOM

JarpaMMBbl CIIEAYET, YTO yrojl cABUra (a3 Mex 1y TOKOM M HaNpsHDKEHUEM ISl pacCMaTpUBaeMOn
CXEMBI

U U - wC
=arctg—>- =arctg ———° =arctg ——“~. 20.11
Q@ g U g U g R ( )

R R

Ecim X, > X, , uens umeer unayktusHbii xapakrep, @ >0; ecnin X, < X, uens nmeer
emMkocTHBIH xapaktep, @ <0; ecmm X = X¢, TO peakTUBHOE CONPOTHBICHUE LemH X, = 0,

@ =0 u nens nMeeT aKTUBHEIH XapakTep Jae Ipu HaMuuuu B Heii L u C.

MrHoBeHHASI MOIIIHOCTh

Menosennas MOouHoCmy, pa3BuBacMasd B ICHIH NICPEMECHHOI'O TOKA, paBHA IIPOU3BCACHUIO
MT'HOBEHHBIX 3HAUCHUHN CHUJIBI TOKA U HaIPsAXKCHUA:

p(t)=i(t)u(t)=1_cos(awt —p)J, , cosat. (12)

Cpennee 3a nepuoj 3HAUYEHHE MTHOBEHHOM
D, i, u MOIIHOCTH  Ha3bIBAIOT  AKMUBHOU  MOUHOCHILIO
A

1 T
P =—j p(t)dt.
T (13)

W3-3a Hannuusd casura a3 @ 3HaKW y TOKa U

HaIIps>KCHUA B )IaHHBIfI MOMCHT BPEMCHH MOT'YT OBITh
Ppa3HBbIC. HOBTOMy MI'HOBCHHAas MOIIHOCTb MOXKET OBITh
OTpHL[&TCJ'ILHOﬁ B HCKOTOPLIC O0JIU IIEprUoaa
NEPpEMECHHOTO TOKA, YTO O3HAYACT BO3BPAILICHHUC
OHCPIUH U3 LU UCTOYHUKY TOKaA.

Ha puc.20.10 npuBenensl rpapukd H3MEHEHUS
MIHOBEHHON MOIIHOCTH HpPH PA3JIMYHBIX yriax CJIBUTa
(a3 Mexay KoeOaHUsIMU HAMIPSDKEHHSI U TOKA.

IIpu @ =0 B mM000I MOMEHT BpEeMEHHU MOIIHOCTh

MIOJIOKUTEIIbHA, OHA PACXOJIyeTCs B LIENN Ha COBEPIICHHE
pa3nmuuHbix BHAOB pabotel. Ilpy O<e<7z/2 B

OTACJIBHBIE  TPOMEXYTKH  BPEMEHH  MOIIHOCTH
oTpHUIaTeNbHA. JTO OOBACHSAETCS TEM, YTO MPH HATTUIHH
B LENU KAaTyIIKM WHIYKTUBHOCTH BO3pPAaCTaHUE TOKA
MPUBOJIMT K CO3JAaHUIO B HE MAarHUTHOTO I0JIs, KOTOPOE
obOnamaer 3amacoM OJHeprud. [IpM yMEHBIIEHWH CHJIBI TOKAa MAarHUTHOE II0JIe HCYe3aeT U
3amaceHHasl B HeM YHEPTHUs BO3BpAIIAeTCs K MCTOYHHUKY TOKa (T€HEPATopYy).

p=rl2



AHaJIOTHYHBIN TIPOIIECC MPOUCXOAUT MPU HATMYUHU B IETH KOHIEHCATOpa: B TCYCHHUE TOU
YETBEPTH MEepUOja, KOTJa MPOUCXOAMUT 3apsiika KOHJEHCATOpa, PHEPrus B HEM 3amacaercs, a
KOT/Ia KOHJICHCATOP pa3psKaeTcs, OH OTJAST B IETb 3alIaCEHHYIO YHEPTHUIO.

[Ipu ¢ = 7/ 2 nonoxuTeabHas MOIIHOCTh paBHA OTPUIATEIBHOI MOITHOCTH, paboTa TOKa 3a

Nepuoj, paBHa HYJIO, CIEAOBAaTENIbHO, CPEAHSSI MOIIHOCTh Takke paBHa Hyimo. llpu sTom
NEPUOANYECKH SHEPTUsl 3alacaeTcsi B MArHUTHOM U JJIGKTPUYECKOM IIOJIAX, a 3aTeM CHOBa
nepenaercs reaeparopy. [locnenuuii ciydait Bo3moskeH iuib mpu R=0.

[Moncrasus (12) B (13) 1 BEINOIHKUB ITpeoOpa3oBaHusi, HAWIEM CpeHEe 3HAUeHUE MOIIIHOCTH
HEPEMEHHOT0 TOKa!

P:%ImUmCOS¢=U|COS(p, (14)

rae COS @ — kocuHyc yria ciaBura (a3, KOTOPBIF Ha3bIBACTCS KOIDDuUYUeHmom MOWHOCMU.

CDOpMy'J'Ia (14) IIOKa3bIBACT, YTO pa3BUBACMasd B LICIIN IICPCMCHHOI'O TOKA MOIITHOCTL 3aBUCHT
HC TOJIBKO OT CHUJIbI TOKA W HAIIPSIPKCHUSA, HO KU OT CABUI'a (1)213 MCKAY HAIIPAKCHUEM U TOKOM.

Kosgppuyuenm mowmnocmu COSQ  xapaxmepuzyem nomepu sHepeuu 6 yenu H,

CJIEIOBATEIIbHO, SBISECTCA BAXKHEHIIEW TEXHUKO-DKOHOMMYECKOM XapaKTEpUCTUKOW IpHU
IPOEKTHUPOBAHUHU 3JIEKTPOOOOPYIOBAHUS NEPEMEHHOr0 ToKa. Eciu Harpy3ku B LIENIM HMEKOT
00JIbIIINE EMKOCTHBIC M WHIYKTUBHbIE conpoTuBieHus, T0 @ #0 u COS @ moxer GbITH MHOTO

MCHBIIIC CANHUIIBI.

B ostux cnywasx ans nepepauum TpeOyemol akTUBHOM MoiHocTH P (Mpu 3aJaHHOM
HANpPsDKEHUH) HEOOXOIMMO YBEIUYUBATh CHJY TOKA, YTO MPUBOIUT K BBIICICHHIO B IEMH
OOJIBIIIOTO KOJIMYECTBA TEIUIOTH. [103TOMY MPUXOAMTCS JTUOO YBEIHMYUBATH CCUCHHE TPOBOJIOB
(R~1/S), 1160 pacmpenensaTh peakTUBHBIC HAarpy3ku Tak, 4ro0sl COS ¢ GbUT IO BO3MOKHOCTH

OJINKE K €IUHULIE.

Pe30oHaHC B 3JeKTpHUYECKHX 1ensaX. Pe3oHaHC HANpsKeHUH

Pesonancom B DNEKTPUYECKOM LENMU HA3bIBACTCA PEKHUM  y4acTKa, COIEPIKAIIEro
UHIYKTUBHBII U €MKOCTHBII JJIEMEHTBI, IpU KOTOPOM Yyroi ¢ casura (a3 konebaHui

HaNpsDKEHUs. U TOKa paBeH HyJro. Pe3oHaHC XxapakTepusyercs psiioM 0COOEHHOCTEH, KOTopble
00yCJIOBWIM €ro IIMPOKOE NMPUMEHEHHE B PAJAUOTEXHHKE, IIEKTPOTEXHUKE, M3MEPUTEIHHOMN
TEXHHUKE U IPYrux o0JacTsXx.

PaznnuaroT HECKOIBKO BUJIOB PE30HAHCA: PE30HAHC HANPSKEHUH (TIPH MOCIIEA0BATEIbHOM
COEIVHEHUHU DJIEMEHTOB), PE30HAHC TOKOB (TpU MapajuIeIbHOM COEIUHEHHH DIIEMEHTOB),
PE30HAHC B MArHUTHO-CBSI3aHHBIX LENAX U AP.

Pesonanc nanpsowcenuti. I3 Boipakenust (1) ciemyer, 4To mpu TMOCIEAOBATEIHBHOM

coequaennu R,L,C Ttok B memu nmpuoOpeTaeT MaKCUMaJIbHOE 3HAUYCHUE TIPU oL ———=0 , TO

ectb pu WL = ——. DTOMY yCIOBHIO YIOBIETBOPSET YaCTOTA



o, =0, =—F——. (15)

> :
o7 B osrom cimywae @ =0, Z=R-—>min, nanenns
g HampsDKeHUST Ha KATyIIKe WHIYKTHBHOCTH M KOHACHCATOpE
_ OJIMHAKOBHI 10 BEJIMYMHE W TIPOTHUBOIMOJIOXKHBI IO (a3e
1 (puc.11). Takum 006pa3om, MpU Pe30HAHCE HAIPSIKECHUN
U, =U.,
U(_F. "
1 L U |L
U =w, Ll=—=—=Ll=|"1==_|==UQ,
vLC C RVC
(16)
rae Q — ToOpPOTHOCTH KOHTYpA.
Ly
llf liz I;m_ _________ !
R.’ R2 :
|
|
L C |
| ‘ @ R .
—_ /. U
Puc.12 Puc.13

Tax kak 10OpOTHOCTH KOJIEOATENbHBIX KOHTYPOB OO0JIbIIE €AUHHULIBI, TO HANPSKEHHUE, KaK Ha
KaTyIlIKe UHAYKTUBHOCTH, TaK U Ha KOHJAEHCATOpe MpeBBIIIAeT HanpsbkeHue U, mpuiiokeHHoe K
nenu. U3 Beipaxkenus (16) ciemyet, 9To JOOPOTHOCTH KOHTYpa MOKA3bIBAET, BO CKOJIBLKO pa3 Mpu
pe30HaHCe HaIPsKEHHE Ha PEaKTUBHBIX AJIEMEHTax OOJIbIIIe 10 BETMYMHE BXOIHOTO HAIIPSKEHHSL.

SIBneHME pe30HAHCAa HANPSIKEHUN MCIONb3YETCS B PAJUOTEXHUKE U DJIEKTPOHUKE JUIA
yCUJIeHHS KOJIeOaHUH HanpsHKeHHUs Kakoi-TuOo omnpesiesieHHOM 4acToThl. B anekTposnepreTuke
SBJICHME pE30HaHCa HaNpsHKeHUH HEeoOXOIUMO  YYUTBIBaTh MpPHU  BBIOOpPE  M3OJSIHUU
BBICOKOBOJIbTHOT'O 000OpY/I0BaHUS, TaK KaK HHAYe MOKET IIPOU30UTH €€ MPOOOii.

Bonpocel u 3a0auu k covecedosanuio:
IlepeMeHHBIN JIEKTPUYECKHUI TOK.

JeicTByrolee 3Ha4€HHUE IEPEMEHHOI0 TOKA.
OneKkTpuyecKkas enb ¢ Pe3UCTOPOM.
OnexTpuueckas Lelb ¢ KaTyIIKOW HHIyKTUBHOCTH.

NS



DJeKTpuyecKas 1ernb ¢ KOHAECHCATOPOM.

3akon Oma 1S 1IeNy MEPEMEHHOT0 TOKa.

MrHoBeHHAasT MOIITHOCTb.

Pe3oHaHC B 25IeKTpUUYECKUX HEenax. Pe3oHanc HanpsHKeHUM.

NGO

3agaum AJ1sl CAMOCTOSITEILHOI0 peleHust

1. B ceTh mepemMeHHOTO TOKa C ACHCTBYOIIUM HampspkeHneM 220 B BKIIIOUEHO aKTHBHOE
conpotusiieHue 55 Om. OnpenenuTs JeHCTBYIONIEE U aMIUTUTYAHOE 3HAUEHUE CUJIbI TOKA.

2. HeoHoBas jlamna BKJIIOYEHA B CE€Th NEPEMEHHOI0 TOKa C 3(PPEKTUBHBIM HAINPSHKEHUEM
V»=71 B u nepuonom T=(1/50)c. HaliTu mpoMeKyToK BpeMEHH, B TEUECHHE KOTOPOTO
JUIMTCS BCIIBIILIKA JIAMIIbI, ¥ YaCTOTY BCIBILIEK JIaMIIbl N. HanpskeHue 3a)KuraHus JTaMIibl
V3=86,7B cunTaTh paBHbIM HANPSKEHUIO TallIeHUs! VT.

3. B memnp mocneaoBaTenbHO BKJIIOUEHBI PE3UCTOP C CONPOTHBIEHHEM R, KOHaeHcaTop c
eMkocThlo C M Karylika ¢ MHAYKTUBHOCTBHIO L. [lo menu mporekaeT nepeMeHHbIN TOK.
Onpenenure aMIUIMTYAbl HAPSDKEHUS HA KaKJOM U3 DJIEMEHTOB LI U BO BCEH LIENU.
[To xakoMy 3aKOHY U3MEHSETCS MPUIOKEHHOE K eI HanpsKeHue?

Pa3nen 5. Ontuka. KBanToBasi npupoaa u3ay4eHust

IpakTuyeckoe 3ansaTue 14.
Tema 3anamusa. I'eomerpuyeckasi ontuka. JIMH3bI

lle.flb 3anamus. I/I3y‘{I/ITB OCHOBHBIC 3aKOHBI FCOMCTpI/I‘ICCKOﬁ OIITUKH.

3nanus u ymenus, npuoopemaemole CHyOeHmMOM 6 pe3yibmame 0C60CHUS MeMbl,
dopmupyemoie kKomnemenyuu. 3aKOH NPSIMOJIMHENHOIO PAaCIIPOCTPAHEHMSI CBETA B
oZlHOpoaHOM cpezie. OcHOBHBIE 3aKOHBI ONTUKHU. [TonHOe Tpaxkenue. JIunzbl. @opMyiia JIUH3BL.
Brnaneet cnocoOHOCTBIO IPUMEHSTH COOTBETCTBYIOIIMHI (PU3MKO-MaTeMaTHUECKUH anmapar npu
perieHny npodeccuoHaIbHBIX 3aay.

AKmyaJleocmb memol. OCHOBHBIC 3aKOHBI FCOMCTpH‘IeCKOﬁ OIITUKKU MNPHUMCHACTCA IpPHU
PCHICHNN MHIKCHCPHLBIX 3a1a4.

Teopemuueckas uacme.
3aKOH NPSIMOJINHEITHOT0 PACTIPOCTPAHEHHSI CBeTAa B O/THOPOJAHOM cpene

[IpssMOTMHENHOCTh CBETOBBIX JIy4ei O3Ha4yaeT, 4To (opMa TEHH TpeaMeTa MpPU €ro
OCBEILIEHUN TOUYEYHBIM HMCTOYHHUKOM COOTBETCTBYET I'€OMETPHUECKON YEeHMpaibHoU npoexyuu
KOHTypa mpeaMeTa (C IEeHTpoM B ucTouHUKe). [IpenctaBieHrne o MPSIMOIHMHEHHBIX CBETOBBIX
Jly4ax UCIIOJIb3yETCS B UHCTPYMEHTAJIBHOW ONTUKE JIJI KOHCTPYMPOBAHMS U pacyeTa ONTHYECKUX
npubopoB. B onTHueckn HEOAHOPOIHBIX Cpelax TeoMEeTpUuYecKas OINTHKA JJOMyCKaeT |
HEIPSAMOJIMHENHOE paCIIPOCTPAHEHHE CBETA.

3aKOH He3aBHCHMOCTH CBETOBBIX JIy4ei



OnbIT NOKa3bIBAET, YTO CBETOBBIE MIYUKH MPHU MIEPECCUEHUH, KAK IIPABUIIO, HE BO3MYILAIOT
Ipyr apyra. [Ipou3BoguMoe OHUM ITYyYKOM JEWCTBUE HE 3aBUCUT OT HAJIMYUS JPYTHX ITYYKOB.
MaremaTtruecku 3TO O3HA4YaeT, YTO IIPU HAJOKEHUU HECKOJIBKUX CBETOBBIX ITYYKOB
pe3yJbTUPYIOIIAsi UHTEHCUBHOCTD IIYYKOB PaBHA CyMME€ MHTEHCHBHOCTEH, KaXJOr0 U3 IYYKOB

n
I =>1 i , TO €CTh 3J/IeCh MBI IIpeHEOperaeM BOJIHOBBIMU CBOMcTBaMHU cBeTa (MHTep(hepeHnreil u
i=1

mudpakuueii). Kpome Toro, 3ToT 3aK0H CTPOTO CHpaBeAIUB s BakKyyMa. [l CBETOBBIX JTyyeid B
BELIECTBE 3aKOH HE3aBMCHUMOCTH CBETOBBIX JIy4€W CIPABEUIUB ISl JIUHEUHbIX CPEJl, ONTHUECKUE
CBOICTBa KOTOpBIX HE 3aBUCAT OT HMHTEHCHBHOCTH CBETa. JTO BBINOJHIETCS TOYHO IpHU
HEOOJIBIION U MPUOIMKEHHO MPU YMEPEHHON HMHTEHCUBHOCTH cBeTa. llpu pacmpocTtpaneHuun
CBETa BBICOKOIl MHTEHCHBHOCTH B BEILIECTBE 3TOT 3aKOH HapyILLAeTCsl.

3akoH OoTpakeHHUsl CBeTa

[Ipy mamenum nyda cBeTa Ha TpaHULy pas3jena ABYX Cpel, B TOYKE MaJACHUA
BOCCTAHABJIMBAIOT HOPMAJIb K TpaHUIE pa3Jeia MW OTCUUTHIBAKOT YIOJ
NajgeHuss (&, KaKk yroja MexJy NaJarolldM JIYdOM M HOPMAJIbIO, a YroJl

a a

oTpaxkeHHs (' - KaK yroll MeXJy OTpakeHHBIM TydoM U HopMmanbio. Toraa v
3aKOH Ompasxycenus ceema TIACUT: Y4 NAOArOWUl, 1YY OMPANCEeHHbIU U
HOPMAb K OMpasjicaroujeti NO8epXHOCHU J1eHcam 8 0OHOU NIOCKOCMU, RpUYeM Y20 NA0eHUsl pAGeH
Veny ompasicenus o. = a.'.

3akon NMpEJIOMJICHUSA CBE€TA

bonee croxHBIA 3aKOH UMEET MECTO IPU NIEPEXOAE CBETA U3
OAHOM cpenbl B npyryro. [Ipu mageHun cBeTa Ha TpaHUIly pas3jena

NPO3PAYHEIX Cpell C AOCONIOTHBIMH TIOKA3aTeNsMM TIpeTOMIeHHS  °
C C n

N, =— u N, =— 4acTk CBETa OTPAXKAETCS, a YaCTh NPOXOJUT BO 2
vV \Y

1
BTOPYIO  Cpely, M3MEHssS  HAMpaBICHHE  PaCIpOCTPaHCHUS
(mpenmomuisieTcst). 371eCh ¢ — CKOPOCTh CBETa B BaKyyMe, V — CKOPOCTh
CBETa B COOTBETCTBYIOIICH cpezie. YToll K HOPMAaJH, TIOJl KOTOPBIM CBET PACIpPOCTPAHSETCS BO
BTOpPOIl cpele, Ha3bIBAIOT yIioM mperomieHus f. Torma 3axkon npenomnenus TIACUT: Jay4
naoarowull, 1yy NPelOMIEHHbIU U HOPMAlb K Nperomisiowell N08epXHOCmU 1excam 6 O0OHOU
sina

naockocmu. Yeon nadenus u Y20]1 nPENOMIIEHUA CBA3AHbL COOMHOWEHUEM. —ﬂ = n21,
SIn

- OTHOCHUTEIIbHBIN KOB(I)(I)I/ILII/ICHT IMPCIOMJICHUA BTOpOf/'I CpCabl OTHOCHUTCIIBHO nepBoﬁ.

2

rae N,

31ech pa3InyaroT ABa Caydasi:

1. Korma cBer mepexoAauT W3 ONTHYECKH MEHEE IIJIOTHOW CpPelbl B ONTHYECKH Ooiiee
wiotHyto cpexay (N, > N,), yron npenomnenust Menbine yriua naaenus ( J < ). B atom ciydae

JIOJIsl OTPaKEHHOW SHEPTUU CBETOBOTO JIyda OT MPAHHUILIBI pa3zienia ABYX Cpell CUILHO BO3pacTaeT
0 Mepe yBelnuueHus yria najaenus. OaHako Aake Npy oYeHb OOJIbIINX yTIilax MaJeHus, OJU3KUX



K 90°, korja CBETOBOM JIyd MOYTH CKOJIB3UT BJI0JIb IIOBEPXHOCTH pa3jiesia IByX Cpell, BCE )K€ YacTh
CBETOBOH PHEPTUU MEPEXOUT BO BTOPYIO CPEIy.

2. HoBoe mHTepecHOE SIBIEHUE BO3SHHMKAET TOT/A, KOTJAa CBET MEPEXOJUT U3 ONTHYECKU
OoJiee TUIOTHOM Cpellbl B ONTUYECKH MEHee IUIOTHYIO cpeny (
N, <N,). Torna yron npenomicHus Oonblie yrna mafaeHus (

[ > ). 3nech Takke OIS OTPaKCHHON SHEPTHH BO3PACTALT C

Y

YBEJIIMYEHUEM yIja MaJcHUs, OJHAKO BO3pACTaHUE HIET IO
WHOMY 3aKOHY: HAYUHASL C HEKOMOpo2o Yela NadeHus, 6cs
C8emosas 3Hepausi ompasdcaemcs om 2epaHuyvl pazoeid. ITO
SIBJICHUE HOCUT HA3BAHUE NOJHO20 GHYMPEHHEe2O0 OMPAaANCEHUS.
VYron nageHus oy, HAYMHas ¢ KOTOPOT'O BCSI CBETOBAs YHEPTUs OTPAKAETCS OT TPAHULIBI PA3eIa,
HA3BIBACTCS NPEOeNibHbIM Y2lOM NOJIHO20 GHYMPEHHe20 OmpadiceHus. 3HAYeHHWe 3TOro yria

OIIPEAEIIIETCS BEIPAKECHUEM: sin a,, =N,. IIpu nageHnu jiyda ¢ yrjaom najgesus & > o, , BCA

np
CBCTOBAA SHCPIUs OTPAKACTCA B IICPBYIO CPEAY U HC IPOXOAUT BO BTOPYIO, IIPCIIOMIICHHOI'O JIyda
BO BTOpOH cpejie HeT.

CiencrBus U3 3aKOHOB reOMeTPHYeCKON ONTHKH
dokycHoe paccTosiHHE CHEPUIECKOro 3epKaja
F=R/2,
rae R — paguyc KpuBHU3HBI 3epKaia.
OnTuueckast cuina chepudeckoro 3epkaia
D=1/F.

dopmyna chepruyeckoro 3epkaa

L1110
Fd

Q=

rae d u f — paccTosHUS OT HOMIOCA 3epKaia COOTBETCTBEHHO JI0 IIpeIMeTa U H300pakeHHs. 3HaK
IUTIOC COOTBETCTBYET JACHCTBUTEILHBIM BETMYHHA, & 3HAK MUHYC — MHHUMBIM.

OnTuueckas cuiia TOHKOM JTMH3BI

D=

1_ -1 =—+—
F \n R, R,

rae F — goxycHoe paccTrosiHue JTUH3BL, N; — a0COMIOTHBIN MOKa3aTelh MPEIOMIICHUS BEIIECTBA
JIUH3BI; Nep — A0OCOMIOTHBIN MTOKA3aTeNb MPEIOMIICHUS OKPYKAIOIIEH CPEIbI.

Pagunycsl Beimykibix nmoBepxHocTer (R1 u R2) Oepyres co 3HAKOM ILTIOC, BOTHYTBIX — CO
3HaKOM MUHYC.

OHTI/ILICCKaﬂ CHJ1a r[[BYX TOHKHX JIMH3, CIIOXKCHHBIX BHHOTHyI‘O
D =D; + Da.

dopmyiia TOHKON JIMH3BI



t+

-+

.1
d™f’

1
F
rac duf- pacCTosaHuA OT OITHUYCCKOIO HEHTpa JIMH3bI COOTBETCTBCHHO OO0 HpCAMETa U

I/1306pa}K€HI/I$I. 3HaK IJII0C COOTBETCTBYET ,HCfICTBHTGJ'IBHBIM BCJIMYMHA, @ 3HAK MUHYC — MHUMBbIM.

VYri10BO€ N300payKEHUE JIYTIbI

r=%
F’

rie do — paccrosiHue Hamyudiiero 3penus (do = 25 cm).
VriioBoe yBeJIMYEHHE TEJIEeCKONa B Ciydae, KOrja B TEJIECKON HaOJIOMA0T yaaJeHHBIE
Fl
IpEIMETHL ['=—,

2

rac FiumFy— q)OKYCHBIe pacCToAHusA COOTBETCTBCHHO 00BEKTHBA U OKYJIApa.

ITIpumepsl penieHus 3aaa4

3agauya 1. CseroBoii nyd magaer moj yriaom o = 60 ° nHa \a<
IUTOCKOIapaUIEIbHYIO CTEKIISTHHYIO TUTAaCTHHKY TouiHo# d = 10 oK :fh' CM.
Onpenenure cMmelieHue S Jyda TUTACTUHKOM, €CM TIaCTUHKA i
norpyxesa B Boay. IlokazaTenu mpenomiieHHs] CTeKia W BOJbI d B B\
COOTBETCTBEHHO paBHEI N2 = 1,5, n1 = 1,33. s T~
A C\
Hano: Pemienue. /3 mnpsMOYroiapHBIX TPEYrOJbHUKOB
AOB n BOC cnenyer:
a=60°
d=10cm
nig = 1,33 d =— S = CO
cosS SIN( o —
=15 B (a-p)
S-? OTcrofa cMeIeHue JyJa TUIACTHHKON
dsin(a — i cososin
S:M:d S|na_—'8 1)
cosp cosp
ITo 3akoHy mpenomiieHus
sinad n : n, sinx
=2 sinf=—"——. (2)
sing n n,

CrnenoBaTeiabHO,



- 1 -
cos 8 =+/1—sin’? :n—\/nj—nl2 sin o . 3)
2

[Toacrarisis Beipakenus (2) u (3) B popmyiy (1), morydaum

: in : n, sin 2
S=d|sina - nanCOSO{S! 2 |=d|sina- 1 5 O_l =
n,/nZ —n?sin’a 2,/nz —n’sin’ &
~10 sin6o" — 125120 ~ 267 om.

2,/15° —133° sin” 60°

3agaua 2. BHyTpeHHSS NMOBEPXHOCTh KOHYCa IOKPBITa OTPAKAIOIIUM CIIOEM, O0pa3yIOIIUM
KOHMYECKOE 3epKaio. Bi1onb ocu KOHyca BHYTpH HETO HaTsHyTa cBeTAlasics HUTh. Onpenenure
MHUHHMMAJIbHBII YroJl pacTBOpa KOHYCa Olmin, IPU KOTOPOM Jy4H, UAYIIME OT HUTH, OyqyT
OTpakaThbCs OT IOBEPXHOCTU KOHYCa He 00JIee OHOT0 pasa.

Al

Pemenne. Paccmorpum xox naywa (1), ucmymenHoro toukoil A4, nexamied Ha HuTH. [locne

MEPBOro OTPAKEHUSI OT KOHMUYECKOI MOBEPXHOCTH B Touke B syd 1 moiiner Tak, kak eciu Obl OH

BBILIEI U3 TOUKH A" — MHUMOTO U300pakeHust Touku 4. Eciiu yrosn pactBopa KoHyca Mall, TO TOYKa

A" — n3o0paxkenne Touku 4 Oyzaer nexars Bbimie npsamoit OC (puc. a). Torma myd 1 moxer
.

OTpasuTbcs B TOUKe /{' BTOpOW pa3 OT HMKHEM moBepXHOCTH KoHyca. [Ipu Oonbuiom yrie
pacTBopa KoHyca Touka A’ nexxut Hmwke npsimoir OC (puc. 6).

Torna HU OAMH JTy4, BBIIIEALINI U3 TOUKH A BTOPO pa3 He MOMaAeT Ha 3epKajio. DTo Oyaer
UMETh MECTO, ECITU

ZA'O + LAOT + ZAOC > 180 °. 1)

Ho ZAOC = ZAOH = £LA'OJ] = o/ 2. IloncTaBuM BeIpakeHue A1 yriioB B (1): 3(a
/2)>180 °.

Otcrona nony4um
Omin = o > (2 / 3)- 180°.

Olmin = 120°.



3anaua 3. Ha ontuueckoi ckaMbe yCTaHOBJIEHA JIaMITOvKa J/ (€€ MOYKHO T
CUMTATh TOYEUHBIM HCTOYHUKOM cBeTa). OT JIaMIIOYKH OTOJBUTAIOT C A
MOCTOSIHHOM CKOPOCTBIO Vo COOMPAIONIYIO JIMH3Y, (POKYCHOE PacCTOSTHHE * o
KoTopoil paBHO F. B Kkakyro CTOpOHy, M C Kakoil CKOpPOCTBIO Oyjaer

JIBUTATbCS M300paxkeHue JI' JTaMMOYkKH B TOT MOMEHT, KOTJa JMH3a OKaXKeTCs OT Hee Ha
pacctostHuu 1,5F? Jlammouka Bce BpeMsi OCTaeTCs Ha TIIaBHOM ONTHYECKOW OCH JIMH3BI.

‘ZI!

ﬂiiT S I

Jlano: Pemienue. B cucreme oTrcuera, CBI3aHHOM ¢ TWH30M, J’ 2, X
d=15F CKOPOCTb JIAMITOYKH -
Vo "= V.
Vi —? [Mpomuddepenuupyem hopmyiry JTHH3BI

1 1 1

—= ®

F d f

rae d — paccTosiHUE OT MpeaMera JIo JUH3bI; T — paccTosHuUsS OT M300paXKeHus 10 JIMH3BL, F —
(boKycHOe paccTosiHUE.

d’dt  f2dL

dd
3I[CCI> 7 =V, — IIOJIO)KUTECJIbHAA BEJIMYMHA, TaK KaK PAaCCTOSHHUEC N0 NMpEeAMETa YBCIMYHUBACTCA.
t

Ckopoctb nu3menenwus f o6o3naunm U:

2
U :ﬂ:_f_vo_
dt d?

U3 Beipaxkenwus (1) Haxomuwm f:

Fd _ F-15F .

f= - -
d-F 15F -F

Torna
9F%v,
0, =4V,
(15F)

3Hak «MHUHYC» TOBOpPUT O TOM, 4YTO f YMCHBIIACTCA 11O BCJIWMYHHE, T.C. H306pa)KCHI/IC JaMIIOYKHU
JABYIKCTCS 110 HAITPABJICHUIO K JIMH3C.

CKOpOCTB I/I306pa)KCHI/IH B HCHOZ[BI/I)KHOI‘;I CUCTCMC OTCUCTA
Vx = Ux + Vox = —4vg + Vo = —3Vvo.

TakuM o00pa3oM, H300paKEHHE JIAMIIOYKU JBUKETCS IO HAMpaBICHUIO K JIMH3E CO
CKOpOCThIO 3Vo.



3anaua 4. Jlyd cBera majaeT moj yrjioM O Ha TOBEPXHOCTb CPEIIbI C
rokazaresieM MPeIOMIICHH S, U3MEHSIOMIEMYCSI 10 3aKOHY N = Ng + Ky, r1e

No n K — I0JIOXKHUTENBHBIE IIOCTOSIHHBIC, Y — KOOpJAHHATA. Onpez[eJmTe
TPACKTOPHUIO JIyda CBCTa B CPCJIcC.

Pemenue. [yt mo60i TOUKU A, Jexalied Ha TPAaeKTOPHH Jiyda (CM.
PHC.) MOKHO 3aIHCaTh:

dy
=ctg S, 1)
dx
re 3 — yroma npejaoMIICHHs JIy4a.
W3 3akoHa IIpCIIOMJICHHUA CBCTA cnenyeT

sinB/sinp =n.

Otcrona

2 A 2
. _ . Jn? —sin’ a
sinp=sina/n, cosB=,1-sin*pB = :
n

[ToacraBum Beipaskenus (2) B (1):
dy +n®-sina
dx sing
Orcrona
sina

AN =sina

WHuTerpupys 3T0 ypaBHEHUE, HAllIEM TPAEKTOPUIO JTyda

dx=dy

X:Jy. SIna d :Jy. SiInNa dy=

y
0/n? —sina 0. J(n, +ky)? —sina

. y
_sina (n0_+ kijr /n0_+ ky B
k Sina Sina .

[Tocne HeCOKHBIX TPEOOPa30BaAHUN TTOTYUHM:

SII’]OC

SN 1k, +ky)+(n, +ky)* —sin” a |+ C,

()



sina .
rie C = —Tln( +4/n: —sin’ a).

3agauya 5. J[Be TJIOCKOBBINYKIIbIE JTMH3BI, CI0KEHHBIE IIJIOCKUMH CTOPOHAMH, 00pa3yIoT JTUH3Y C
dokycHbIM paccTosinueM Fi. Haiitu ¢okycHoe paccTosinue F2 mTuH3BI, KOTOpask MOTYYUTCS, €CITU
CJIOKUTH 3T JIMH3BI BBITYKIBIMA CTOPOHAMH, & TIPOCTPAHCTBO MEXy HUMH 3aIlOJHUTH BOJIOM.
[Tokazarens npenomieHus crekia N1=1,66, Boasl N2=1,33.

JlaHo:
B niepBoM ciiyuae Mbl IMeeM BOSIKOBBIMYKITYIO JIMH3Y, onTudeckas F1=10cm

CHUJIa KOTOQOM ompenensiercs mo Gpopmyse n1=1,66

1 1 1
@ ==(m-1)-| =+=—|, €
- R R
1 1 2

n2=1,33 rae R1 u Rz — paanycel KpUBU3HBI BBIMYKJIBIX TOBEPXHOCTEH JIMH3.

Bo BTOpOM citydae k ABYyM IJIOCKOBBITYKIIBIM JIWH3aM jAo0aBisiercs  Fo =?

TPEThs JIMH3a (BOI[SIH&SI) C BOTHYTBIMH ITOBEPXHOCTAMU, C OTPULATECIIb-

HBIMM pajinycamMu KpuBH3HBI R1u R2 1 onTuueckoit cuioit

1 1
— 1) = _ .
(”21 ) R R, 2

o=
F

3,[[30]5 N21= n2/ N1— OTHOCHUTEIIBHBIM IT0Ka3aTeIb MMPCIOMJIICHUA.

OnTrueckas cuiaa CIIOKSHHBIX BIITIOTHYIO JIMH3

D, =D, +D wm iZi—l—l (3)
FF E F
[ToncraBum B (3) Beipakenue (2)
1m0 ____-.l_n_g.i+i-:
F, 1 F, F, R R, @)
:__(nz _1)' o
Fl n - 1 R1 Rz

[ToacraBum B (4) neByto yactsb (1):



i:i_nz—_l.i:i, 1_n2_1 :i.n1_n2
F, F n-1F K n -1 F nl—]_’
OTKyza F, = n -1 F = 1,66-1 10:0’66-10:200M.

“n-n, 166-133 0,33

Bonpocwel u 3a0auu k covecedosanuiro:
1. 3aKOH PAMOJIMHENHOIO pacpoCTpaHEHUsI CBETA B OJHOPOJHOMN Cpelie.

2. OCHOBHBIE 3aKOHBI ONITHUKH.
3. [lonHoe TpaxeHue.
4. JIun3zpl. @opMyia JIMH3BL.

3agaum 11l CAaMOCTOSITEILHOTO PeleHus

1. TInockoBbINyKIIas IMH3a ¢ (POKYCHBIM paccTostHueM f = 1 M JIKHUT BBIIYKJIOH CTOPOHOH Ha
CTEKJISTHHOW macTUHKe. Paguyc nsaroro reMHoro konbiia HeloToHa B oTpaxeHHoM cBere I5=1,1
MM. OnpenenuTs JUIMHY CBETOBOM BOJHEI A.

2. Ontuueckas cuna @ obbekTuBa Teneckona paBHa 0,5 antp. Okynsp AEHCTBYeT Kak Jyma,
natomas yenuuenue /1 = 10. Kakoe yBenuuenue /2 gaet teneckon?

3. Jlyna naer yBenuuenue / =2. BIioTHyI0 K He¥l IPUIIOKUIN COOUPAIOIIYIO JIMH3Y C ONITUYECKOM
cuioit @1=20 nntp. Kakoe yBennuenue /2 Oyzaer naBaTh cocTaBHas Jiyna?

4. Ilpenensl akkOMOIallMKU ra3a OJIM30PYKOTo YeloBeka 0e3 OYKOB JIekaT Mexay a1 = 16 cm u az
=80 cM. B oukax oH XOpoI10 BUANT yAalleHHbIe TpeaMeThl. Ha kakoM MUHUMaIbHOM PacCTOSHUU
d oH MOXeT JepkaTh KHUTY TPH Y4TEHUU B oukax? CUHMTaTh PaCCTOSHUE HAWITYUIIETO 3PEHHS
D=25 cm.

5. YenoBek 6e3 OYKOB UMTAET KHUTY, pacrojaras ee nepea coooi Ha paccrosHuu a = 12,5 cm.
Kakoli ontrueckoil cuiibl @ OYKH CIENYET EMY HOCUTB?

6. 'maBHOe dokycHoe paccTosuue f coduparoreii uH3BI B Bo3ayxe paBHO 10 cm. Onpenenuts,
YyeMy OHO paBHO: 1) B Bojie; 2) B KOPUUHOM Maciie.

7. KakoBO BO3MOXHOE HaMMEHbIIIEEe paccTossHUE | MEXIy MPeaIMeToM U ero JCHCTBUTEIbHBIM
U300paKeHHEM, CO3aBaeMbIM COOMPAIOIIEH JTMH30M ¢ IJIaBHBIM (OKYCHBIM paccrostHueM f =12
cMm?

8. Jlyd cBera mepexoIuT U3 Cpellbl C MOKa3aTeleM IMpeJoMIIEHHs N1 B Cpely € MOoKazareieMm
npenomsieHuss Np. [lokazath, 4TO e€cinM Yroia MeXIy OTPaKEHHBIM M TPEJIOMJICHHBIM U

n
TPEeIOMICHHBIM JIy4aMH paBeH 7/2, TO BbIIONHseTCs ycaosue (g, = -2 (&, -yron manenns).
1

9. Ilyuok mapajienbHbIX Jydeill MIMPUHOM a MafaeT Ha TOJICTYK CTEKIISIHHYIO IUIACTHUHY I10A
yriaoM ¢ = 60° u, npenomsisch, nepexoauT B crekio. [lluprna a mydka B Bo3nyxe paBHa 10 cM.
OmnpenenuTh MIUPUHY b IydKa B CTEKIIE.



10. JIyu magaer o yriaoMm ¢ = 60°Ha CTEKJISHHYIO IUTACTHHKY TomuHoi d =30 MM. OnpenennuTh
O0okoBoe cMeleHue AX Jiyda mociie BbIX0/1a U3 MIIaCTUHKH.

IIpakTnyeckoe 3ansaTue 15.

Tema 3anamua. Bonnosas ontuka. Uarepdepenuns u nuppaxuus csera. Jlucnepcus
U NOJIsIpU3anus CBeTa.

Ilens 3anamus. VI3yunTh OCHOBBI BOJHOBOW onTUKHU. MHTepdepeHuno u audpakiuio
cBeta. /lucnepcuio U MoJisIpu3aLuIo CBETA.

3uanusa u ymeHusa, npuodpemaemvie CHMYOCHMOM 6 pe3)lbmame O0C60CHUA MeMbl,
dopmupyemovie Komnemenyuu.  DIEKTpOMAarHuTHas mnpupoja csera. KorepeHTHocTh u
MOHOXPOMAaTHYHOCTh CBETOBBIX BOJH. OnTHYecKas JJIMHA IYTH U ONTHUYECKas pa3HOCTb XOJa
nydeii. Pacuer wHTep(hEpPCHIMOHHOW KApTUHBI OT JABYX KOTEPCHTHBIX HCTOYHHUKOB.
WuTepdepenius B TOHKUX MIeHKaX. MHTepdepennns MHOTHX BOJH. JudpakunonHas pemeTka.
Hudpakmus ceetoBbIx BoJH. [Ipuniun [roiirenca — ®@penens. Merton 300 @Openens. dudpakuus
Openens u nudpakuusa Opaynrodepa. dudpakius ot menu. Judpakuns peHTTeHOBCKUX Ty4eit
Ha Kpuctajuiax. EcrecTBeHHBIM M MOJSPU30BaHHbIN cBeT. 3akoH Maimtoca. [lonsipuzauus csera
IIpU OTPaXEHUM U IpesnomMieHuu. JlBoitHoe mydenpenomieHne. HopmanbHas M aHoOMasbHas
JUCTIepCuu. DIIEKTPOHHAs TEOpHs Iuctiepcuu ceeta. Paccesnue ceeta. [lormomnienue ceera. CBs3b
qucnepcun ¢ noryomieHueM. CrekTphl MOIVIOIIEHUS M IBeTa Tell. Briageer cnocoOHOCTHIO
MPUMEHSATh  COOTBETCTBYIOIIMK  (DU3MKO-MAaTEMAaTUYECKHI  ammapaT Mpd  PEIICHUU
npodecCHOHANBHBIX 3a]1au.

AKmytlﬂbHO(!mb membl. DJIEMEHTHl BOJIHOBOM OINTHKH MNPUMCHACTCA IIPpU PCIICHHUU
HWHXCHCPHBIX 3a/1a4.

Teopemuqecmm yacmos.

HNurepdepennus cBera

B BOJIIHOBOW ONTHKE PaccMaTpPUBAKOTCS ONTHYECKHUE SIBJICHMSI, B KOTOPBIX MPOSBISETCS
BOJIHOBasl NpUpoJia CBeTa (Hampumep, sBJIeHUS HHTepdepeHlInd, Audpakunu, MoIspru3alud u
nucnepcuu cseta). CBeT nMpecTaBiiseT cOO0HM 3J1eKTPOMarHUTHBIE BOJIHBI, B KOTOPBIX COBEPILAIOT
Kosie0aHusl BEKTOPBI AJIEKTpUYeckol HampsbkeHHOCTH E u MarHutHoil HanpsbkeHHoctu H. Kaxk
MOKAa3bIBAET OTBIT, (PU3HUOIOTHIECKOE, POTOXUMUUYECKOE, (HOTOITEKTPUUECKOE U IPyTHE CBOMCTBA
CBETa BBI3BIBAIOTCS KOJICOAHUSMH JIEKTPHUECKOTO BEKTOPA.

B coorBercTBUM ¢ 3TMM, B JalbHEWIEM, TOBOPS O CBETOBOM BEKTOpe, Oyaem
MoJipa3ymMeBaTh I0J] HUM BEKTOpP HANPSOHKCHHOCTH JJeKkTpudeckoro mnois E. flenenue
unmepgepenyuu ceéema cocmoum 8 YCUIeHuU Ui 0CiabieHuu Koiebanuil, Komopoe npoucxooum
8 pesyibmame CHONCEHUs: O08YX UIU HECKOIbKUX BOIH C OOUHAKOBLIMU NEPUOOAMU,
PACRPOCMPAHAIOWUXCSL 8 NPOCMPAHCMEe, U 3A68UCUM OM  COOMHOUIeHUs. MexcOy azamu
CKILAObIBAIOWUXCS KOLeOAHUIL.



Heo6xonumeIM ycinoBueM HMHTEPGEPEHIMH BOJIH SIBISETCS UX KOI€PEHTHOCTh, TO €CTh
PAaseHcmeo ux uacmom U NOCMOAHHAA 60 6peMeHU pasHOCmb ¢ha3. ITOMY YCIOBUIO
YIOBJIETBOPSIOT TOJBKO MOHOXPOMAaTUYECKUE CBETOBBIEC BOJIHBI, TO €CTh BOJIHBI OJHOI'O LIBETA.
J171s1 cBETOBBIX BOJIH, TakK JK€ KaK U JJIs JIFOObIX IPYTHX, CIPAaBEUINB IPUHIUI CYIEPIIO3ULIUU, TO
€CTb PE3YJBTUPYIOLIUNA CBETOBOM BEKTOP ABYX BOJIH, IPOXOIAIIMX 4Y€pe3 OAHY TOUKY, PaBEH
BEKTOPHOM CyMM€ CBETOBBIX BEKTOPOB KaKJI0M U3 BOJIH B OTJIEIbHOCTH.

AMIUIUTY]a  pe3yJNbTHPYIOIIETO KOJeOaHUs HAaXOIUTCA IyTeM TI'€OMETPHUYECKOTO
CIIOKEHUS aMIUTUTYJ HMCXOIHBIX KojieOaHuil. YcloBUsS yCHJICHHMS WM  OcCialJeHus
pe3yIbTHPYIONIETO KoJIeOaHUss OOBIMHO (POPMYIUPYIOTCS HE 4epe3 pa3HoCcTh a3 A, a depes
pasHOCTh X012 BOJH O. MI3BeCcTHO, uTO (haze ¢ = 7, COOTBETCTBYET MPOMACHHBINA BOJIHOBOM MYTh,
paBHBIN TOJNIOBHHE JIMHBI BONHBI A/2 (Puc.l). Torma ycioBue MakcMMyMOB HHTep(epeHInH
MOYKHO C(OPMYJIMPOBATH CIEAYIOIIUM 00pa3oM: MaKCHUMAJIbHOE YCHJICHHE PE3YJIbTUPYIOIIETO
KOJICOAHUsI HACTYIIACT, €CJIM PA3HOCTh X0JIa CBETOBBIX BOJIH PABHA YUETHOMY YHUCITY ITOJTYBOJIH, HITH
IEJIOMY YHUCITY JUTMH BOJH, TO €CTh

o =2k i =kA.
2
1)
AHaJOTHYHO

bopmynupyeTcst ycioBue
MHUHHMYMOB: ocia0jeHue

PE3yJIBTHPYIOLIETO

KosebaHus Oyner, eciu

PasHOCTH Xo/a S A 3 A 5 A 1 =0
cllaracMbIX BOJIH pPaBHA o E ! E ! E Y=h=V=
HEYETHOMY qUCITY

IMMOJIYBOJIH, TO €CTb

5=(2k +1)% )

rae k = 0,1,2...
Ha3bIBACTCSI  TOPSJIKOM
UHTEP(PEPEHIINOHHOTO yi y)
MaKkCHMyMa WITH 0=0; 2—; 4—.. Y=ty
MUHUMYMa. 2 2
Pemenue 3aga4d Ha Puc. 1.

UHTEepEpEeHIMI0O  CBeTa
Ha/0 00s3aTeNbHO COMPOBOXKIATh PUCYHKOM, yKa3aTb B HEM, KaKHE JIydd HHTep(HEepUpyIOT.
Crnenyer pa3nuyarh IyTh T€OMETPUYECKUI M MyTh onTuyeckuid. Eciu cBeT mpoxoaur B cpene,



HOKa3aTesb MPEJOMIIEHUSI KOTOPOH OTHOCUTENIBHO BaKyyMa paBeH N, TO ONTHYECKas JUIMHA €ro
IyTH S CBA3aHa C FeOMETPHIECKON { CIEMYIOMIUM COOTHOLICHUEM

S=n/ (3)

[Ipu oTpaskeHuu sryya oT cpe/ipl OoJiee MI0THOM, 4YeM Ta cpesia, B KOTOPOM HIeT MaJaroHii
ny4, ¢aza KoJieOaHu U3MEHSIETCSl Ha 77 pajiiaH, TO €CTh B IAHHOW TOYKE, TOBOPST, IPOUCXOIUT
«TOTEps» MOJIOBUHBI JJIUHBI BOJHBL. HanOonee TUNUYHBIM UM PacHpOCTPAHEHHBIM MPUMEPOM
uHTEp(EepeHIINN CBETa B MPUPOAC SIBISCTCS WHTEpP(EpEeHIUs B TOHKUX IIJICHKAX: MBUIbHBIE
My3BIPH, paay’KHas MJICHKA He()TH HA BOJIE, OKCHUJIBI TUICHKU HA MeTayUiaxX | T.1. JlomycTum, 4To
TOHKYIO TUICHKY TONIMHOM 0 OKpykaeT Bo3ayx (prc.2). Ha Hee mox yriioMm ¢ K HOpMaJii majaaet
napajuieIbHbIN My40K Jydel, U3 KOTOPOTO MOXKHO BBIJICIHUTH JIBa Jy4ya 1 u 2 (paccmaTpuBaeTcs
uHTep(EepeHIUS B OTPAXKCHHOM M TIPOXOAIIeM CBeTe). [ pa3HOCTH XO/a ATHX JIydeld UMEIOT
MECTO CJIEYIOIINE BhIPAKEHUS:

a) B OTPaXEHHOM CBeTe: 2-0M Jyd, oTpaxkasick B Touke C OT cpeabl Oojiee TUIOTHOW IMIIEHKU
«repsieT» A/2, MO3TOMY Pa3HOCTh X0/

o =2dncosd +%=2d\/n2—sin2a+%; 4

0) B IPOXOJIAIIEM K€ CBETE HU 1-bIii, HU 2-0H JIyud HE UMEIOT «I0Tepu» A/2 1 MOAITOMY

S =2dncos y =2d+/n* —sin’« . (5)

PaccmaTpuBasi nHTEppEpeHIINIO CBETa B TOHKUX IJIEHKAX, Pa3jIMYyaroT IMOJIOCHl paBHOU
TomuuHel. IlepBele HaOMOAAIOTCA B TEX CilydasX, KOTJa Ha IUIOCKONAPaUIENbHYI0, TOHKYIO
IUICHKY MaJaeT IOJA pPa3HbIMU YIJIAMU @ PACXOMAIIMMICS (WM CXOASIIUICS) Iy4OK CBETa.
HNuTepdepeHIMOHHYI0 KapTUHY MOXXHO BHJAETHh Ha SKpaHe O, YCTAaHOBJIEHHOM B (hoKaabHOU
IUIOCKOCTH cOOMparoIeil JTNH3BI.

12 H
F\ﬁ/

0

NAaCTUHKa

Puc. 2. Puc. 3.



Pesynbrarel nHTEpdEpeHINHN OTPA)KEHHOTO CBETAa B PA3IMYHBIX TOYKAX SKpaHa 3aBUCAT
TOJILKO OT YIJIOB ( MaJieHUusl Ha IUICHKY. VHTeppepeHIMOHHBIE MOJOCH B JTOM Cllydae
HA3bIBAIOTCS T[IOJIOCAMH DPaBHOTO HAaKJIOHA, TaK Kak OHHU I[IOJIy4alTcs B pe3yibTaTe
uHTep(EepeHINH JTydel, MaJaloiX Ha MIEHKY 0l OAHUM M TeM ke YriioM. J{Jis pa3HbIX 1M0JI0C
YIJIbI IQJICHUST PA3JIUYHBIL.

[Tosiocsl paBHOM TONIIMHBI HAOIIOJAIOTCS MPU OTPAKEHUU MAPAJUIENbHOIO My4Ka JIydel
ceta (d = const) OoT TOHKO¥ MPO3pavYHON TICHKH, TONIMHA d KOTOPOW HE OJIMHAKOBA B Pa3HBIX
MecTtax. OnTrdeckas pa3HOCTh XO0Ja WHTEPPEPHUPYIOMIUX BOJIH H3MEHSETCS MPU TEPeXoje OT
OJTHMX TOYEK Ha MOBEPXHOCTH IJICHKHU K JIPYTUM, B COOTBETCTBHHU C M3MEHEHHUEM TOJIIIMHBI 0, TaK
YTO YCIIOBUSI UHTEPGEPEHIINN OJJMHAKOBBI B TOUKAX, COOTBETCTBYIOIIMX OJMHAKOBBIM 3HAUCHUSIM
d. ITpu npoeKTHPOBAHUH IJICHKH Ha 3KPaH MOCPEICTBOM JIMH3BI TAKMM 00pa30M, YTOOBI Ha IKPaHEe
MONyYUJIOCh  M300paKEHUE IUICHKH, TMOCJIEOHSs OKa3blBaeTCs MOKPBITOM  MOJocaMu,
POXOJSIIIUMHU 10 TOYKAaM, COOTBETCTBYIONIMM paBHOU TosmmHe d rmieHKH (puc.2). DTH MOIOCHI
HAa3bIBAIOTCS M10JIOCAMU PABHOM TOJILIMHBI.

YacTHpIM ciydyaeM IOJIOC PABHOW TONIIMHBI SBJsIOTCS Koyiblla Hprorona (puc.3).
[TnockoBbITyKIast TMH3a ¢ OONBIIMM paguycoM R KpUBU3HBI BBITYKIIONW MOBEPXHOCTH OOpalieHa
3TOHM MOBEPXHOCTHIO K IUIOCKOM TUIACTHHKE W compukacaercs ¢ Heil B Touke 0. [lapasmienbHbrii
IIy4OK CBETa NAJacT HOPMAJIBHO HA INIOCKYIO ITOBEPXHOCTH JIMH3BI U YACTHYHO OTPAKAETCSA OT
BEPXHEN Y HUKHEW ITOBEPXHOCTEN BO3IYIIHOIO IIPOMEKYTKA MEKY JIMH30M U IUIacTUHKOM. [Ipn
HAJIO)KEHUHM OTPAKEHHBIX BOJH BO3HUKAIOT MHTEP(EPEHIMOHHBIE KOJbI[A PABHOM TOJILIUHBI.
Pamuyc K-Toro cBetiioro xojblia B OTpaKEHHOM CBeTe (HJIM TEMHOTO B MIPOXOISIIIEM) paBeH

r =./(2k +1)% R. (6)

Pazu/lyc k-TOFO TEMHOI'0O KOJIbIIa B OTPA’KEHHOM CBCTC (I/IJ'II/I CBCTJIOI'O B HpOXOI[SIIJ_leM) paBCH
r =vkiR, (7

rae R — panuyc KpUBU3HBI JIMH3BI.

Ju¢ppakuus csera. Judpakuus @Ppaynrodepa. Indpaxuuonnas pemerka. Judppakuus
PEHTIeHOBCKHX JIy4ei

Hugppaxyueri nazvieaemcs omrionenue ceema om NPAMOIUHEUHO20 PACHPOCMPAHEHUs 8
00HOPOOHOUL cpede, Ko20a ceem, 02ubas Npensmcmesus, 3axo0um 6 oO1acmb 2eoMempuiecKol
menu. Jludpakuus cBeTa Bcerga CONpoBOXKIaeTCs MHTephepeHred JupparupoBaHHBIX JIydel.
Judpaknus BO3HMKAaeT B TOM ciiyyae, Koraa (pOHT BOJIHBI HE sBIseTCS Oe3rpaHUYHBIM, a
YacTUYHO SKpaHupoBaH. (Hampumep, BOMM3M TpaHMIl HEMPO3PAYHBIX WM MPO3PAYHBIX Tel,
CKBO3b Majible OTBepcTHsi). [[pOHUKHOBEHHE CBETOBBIX BOJH B 00JacTh r€OMETPUYECKON TEHH
MOYET OBbITh OOBSICHEHO C MOMOIIBIO MpUHIMIA [ToiireHca, cormacHO KOTOPOMY KaXkJiasi TOUKa,
710 KOTOPOM I0XOIUT BOJIHOBOE JBMIKEHHUE, CITYKHUT IIEHTPOM BTOPUYHBIX BOJIH. Orudaroras 3Tux
BOJIH JIa€T MOJIOKEHHE (POHTA BOJHBI B cienyromuil MomeHT (puc.l). Ilycts Ha miockyro
Iperpaay ¢ OTBEPCTHUEM MaJlaeT MapajlieNIbHbINA eif pOHT BOIHBI (pHC.2).



dpoHT BOITHE
E MOMEHT
EpeMeHH tH At

DpOoHT BOIHEL
B MOMEHT
EpeMEHH T

Puc. 1. Puc. 2.

[To T'tolirency kakgas TOYKa BBIACISIEMOTO OTBEPCTHEM Y4YacTKa OTKPBHITOro ¢poHTa
BOJIHBI CITYKHUT IIEHTPOM BTOPUYHBIX BOJIH, KOTOPBIE B OJHOPOIHON M U30TPOIHOMN cpene OyayT
chepuueckumu. [TocTpouB orudarIIyr0 BTOPHUHBIX BOJIH AB, MOXKHO yOeIUThCA B TOM, YTO 3a
OTBEPCTUEM BOJIHA IPOHUKAET B 00JIACTh T€OMETPUYECKON TEHU, Orudas Kpasi perpajsl.

[Ipunmun I'rolireHca HE JaeT HUKAKHX CBeJICHWI 00 WHTCHCUBHOCTH BOJIH,
PacIpOCTPaHSIOINXCS B pa3JINYHBIX HAIIPABJIEHUAX. DTOT HEAOCTATOK ObLT ycTpaHeH DpeHenem.
ITocnenHuii BrepBble MPEIIIONIOKUI, YTO BCE BTOPUYHBIE BOJIHBI SIBISIOTCS KOT€PEHTHBIMU U
M03TOMY MOTYT UHTEp(EeprupoBaTh B 000N Touke npocTpancTBa. [Ipunnun [tolireHca-dpenens
MO3BOJIIET PAcCCMOTPETh MHOTME ciay4au Judpakuud CcBeTa U JaeT  pe3ysbTaThl,
YJIOBJIETBOPUTEIBHO COTJIACYIOIIMECS C ONBITOM. UTOOBI MOHATH CYyTh METO/a, pa3paboTaHHOIO
@peHenem, oOnpeAearM aMIUIUTYAy CBETOBOro KojeOaHHs, BO30yXJaemMoro B Touke P
ceprueckoit BOJHOM OT HcToUHUKA S (puc.3).

Pazo0beM M300pakeHHYI0O Ha PUCYHKE BOJHOBYIO MOBEPXHOCTb Ha KOJBIIEBBIE 30HBI,
MOCTPOCHHBIE TAK, YTO PACCTOSHUS OT KPAaeB KaXKA0H 30HBI 10 TOUKH P oTnuyarorcs Ha A/2. OT1o
30HbI @penens. Konebanus, mpuxoasiye B TOUKY P OT aHaJIOTUYHBIX TOUEK JBYX COCEAHHX 30H,
HaXOJATCs B MPOTUBO(dA3E, MO3TOMY U PE3YyIbTHUPYIOIIME KoJeOaHus, CO3/1aBaeMble KaXJ0i U3
30H B 1I€JI0OM, OYAYT JUISI COCEHUX 30H OTIIMYaThcs 1Mo ¢ase Ha 7. [Ipu Hebosbiom yucie K 30H
DdpeHens MWIOMIAAM UX TIPUMEPHO OJTMHAKOBBI, @ BbICOTa cerMeHTa k<< a, [103TOMy MOKHO JIeTKO
BBIBECTHU paanyc K-toii 30Hb1 Openens;

(8)

6+302

g+ A PaccrosiHue 6k OT 30HBI JO TOYKH P MEIJIEHHO
0 P pacteT ¢ pocToM HoMepa 30HBI K,
hk 3HAUUT amIumTyga Ak KoJjeOaHwus,
. B030yk1aemMoro K-toit 30HOM B TOUKe P
{ . 8 MOHOTOHHO  yObIBaeT. Bcnencreue
- 3TOr0 MOXKHO TPHOJIMKEHHO CUYHMTATH,

Puc.3 4To

e

T
W



A :% u A:%.

To ectb amIuMTy/a B TOUKe P paBHA MOJOBHHE aMIUIMTYAbI LIEHTPAIbHOM 30HBL. Ecnu Ha myTn
BOJIHBI MOCTaBUTh HEMPO3PAYHOM SKpaH C OTBEPCTHUEM, OTKPBIBAIOIIMM TOJIBKO LEHTPAIBHYIO
30HY, TO aMIUIUTyJa B Touke P OyneT paBHa A, a UHTEHCUBHOCTb CBeTa Oy/leT B YeThIpe pasza
0oJbIIe, YeM MIPHU OTCYTCTBUU MpPErpaj MeKIy Toukamu S u P.

Ecnu e oTBepcTHE TaKOBO, YTO OTKPHIBAET JIBE 30HBI DpEeHENsi, TO aMIUIUTY/IbI OT 3THX
30H (MMPUMEPHO OJMHAKOBBIC) MPUAYT B TOUKy P B mpoTuBo(dase, U B Hell OyneT HabioaaTbCs
MHHAMYM HMHTEHCHBHOCTH CBeTa. MOXKHO 3aKJIIOYHTh, YTO, €CAU 8 OMKPbIMbIll (POHM B0.IHYL
exo0um uemmnoe 4ucio 30n Openes, mo HAOIIOOAEMC s MUHUMYM UHMEHCUGHOCmU céema, eciu K
— HeuemHoe, mo 6 mouke P nabniooaemcsa Makcumym uHmMeHCcUHOCMuU c8ema.

Paznuuaror aBa ciyuas audpaxiuu cBera: Audpaknuio OpeHens, wid AUPPaKIUIO B
CXOAIMXCs Jiydax, u audpakmuio Opaynrodepa, wiu nudpakiuio B mapauielbHbIX JIydax. B
MIEPBOM CITydae Ha MPEMATCTBUE MajacT cepuyecKas WU IJIOCKas BOJHA, a JMudpakiroHHas
KapTHHA HAOJI0/1aeTCs HAa DKpaHe, HaXOAIIEMCS 3a IPEMSTCTBUEM Ha KOHEYHOM PACCTOSTHUU OT
Hero. Bo BTopom ciydae Ha mpemsTCTBHE MAJaeT ITUIOCKAs BOJHA, a AM(PPAKIMOHHAS KapTHHA
HaOJIIOZaeTCsl Ha dKpaHe, KOTOPhIH HAXOAUTCS B (POKATBHOM IMJIOCKOCTH COOMPAIOIICH JIMH3BI,
YCTaHOBJICHHOW Ha IMMYTH MPOIIE/IIETo Yepe3 MPEnsITCTBUE CBETA.

Paccmorpum mudpakumio @Dpaynrodepa Ha 1menu. I[lycTs mnapamienbHbId MTy4OK
MOHOXPOMaTHYECKOr0 CBETA MMAJacT HOPMaJIbHO Ha HENPO3PAYHbIN SKpaH, B KOTOPOM IIPOpe3aHa
y3Kas IIeNb MUpuHon a (puc. 4). B cootBeTcTBuM ¢ npuHiunom [ roiirena-dOpenens Bce TOYKU
IIEJIN SBJISIIOTCS KOTEPEHTHBIMH HCTOYHUKAMH CBETA, KOJICOTIOMMMUCS B OJTHOM (asze.

OnTHueckast pa3HOCTh XoAa Mexay kpaiiHumu jgydamu MC u ND, naymumu ot menu B
IIPOM3BOJIBLHOM HAaIPABIEHUU (@

s=asing. 9) Vomd ¢I\Ii ¢

Pazo6rem mens MN Ha 30HBI @Dpenens, A
UMEIOLINEe BHJ IOJIOC, MapajUleNbHbIX pedpy M
menu. Bce 30HBI B 3aJaHHOM HaNpaBJiIeHUU
M3JIy4alOT CBET COBEPIIEHHO OJMHAKOBO. IIpu
UHTEp(EpPEHIINHN CBETa OT KaKJOW Mapbl COCEAHUX <€
30H aMIUIMTyJa pe3yJbTUPYIOIIUX KojeOaHui
paBHa HYJIO, TaKk KaK OTH 30HBl BBI3BIBAIOT
KoJIeOaHHs C OJMHAKOBBIMU aMIUIMTYJIaMH, HO ' 3
[IPOTUBOIIOI0KHBIMU ¢bazamu. Pesynbrar R Puc.4
UHTEephEpEeHIIMM B TOUKEe B ompezensercs TeM, CKOJIbKO 30H DpeHens yKJIaAbIBaeTCs B ILEINH.
Ecnu gncio 30H 4eTHOE, TO €CTh

asingp:J_er% (k=132...), (10)

TO HabMoMaeTcst MUPPaKITMOHHBI MUHUMYM.

Ecan unciao 30H HEUETHOE, TO €CTh



asin ¢ = +(2k +1)% , (11)

TO HalJIronaercs I paKITMOHHBIN

MaKCUMYM. l l

Benmuuna K  mHaseIBaercs IMOpsAAKOM - —/- -—— —/-Cb _____
|

Iu(paKIMOHHOTO  MakcuMyma  (Win 1
MHUHHMYMA). qu
MN=a
NC=8
. n
\/ Puc. 5.
3

[Iupokoe pacmpoCTpaHeHHE B HayKe
U TEXHHKE TOJYYMIH TU(PPAKIUOHHBIE PELIETKH, KOTOPhIE MPEICTABIAIOT COO0M MHOKECTBO
miesiel  OJJMHAKOBOW — MIMPHHBI, PAa3[eJICHHBIX OJMHAKOBOW IIMPUHBI  HEMPO3PauyHBIMU
npoMexxyTkaMu. O01ast MUPHHA IPOMEKYTKA U IIETH Ha3bIBACTCSI MOCTOSHHOMN (A TIEPHOIOM
petieTku), To ectb d =a + 6.

JlnpakiuoHHas KapTHHA OT PEIIETKU CIIOXKHEE, YeM OT OJHOMW IIENH, IIOTOMY, YTO CBET
OT pa3HbIX Ieliei Takke naTepdepupyer. Eciu Ha perreTky HOpMaIbHO K €€ TIOBEPXHOCTH ITaaeT
CBET C JUTMHON BOJHBI A, TO (pUC.5) Jydd, WAyIIHE TOA YIJIOM (@ K MEPBOHAYAILHOMY
HAIIPABJICHUIO OT COOTBETCTBYIOLIMX TOUEK KAXKIOU LM, 00IaIal0T Pa3HOCTHIO X0/1a

o=dsin g¢.

e~

Ecnu sma pasmocmv xo0a pasna yenomy uucny OIUH 607H, MO HAOIO0AEMCS MAKCUMYM
unmepgepenyuu. Ycnosus enagHvix MAKCUMYMO8 0/ peuemKu 3anucbl8aromcs 8 guoe

dsin o= +kA(k=0,1,2...). (12)

Kak cnenyer u3 opmybl, €ciii Ha peleTKy rnajaet Oenblil cBeT, To A 0ojee KOPOTKUX BOJIH
YCJI0BUC MaKCUMyMa BBIMMOJIHACTCA IMPHU MCHBIIUX YIJIax.
Paspematomas crnocobHocts R nugpakiMoOHHON pemeTku, TO ecTh CIIOCOOHOCTh €€
NPEJCTaBUTh Pa3/eNIbHO JABE CIEKTPaIbHbIC JTMHHUH, ONIPEIeIsieTcs Mo Gpopmyre
R = kN, (13)

rae N — oOmiee 4ncino mMTPUXOB AUDPAKIIMOHHON peIIeTKH, K - MOpsSIoK TudpaKkinOHHOTO
MaKCHUMyMa.



Puc.6.

Jnst HaOmoneHust AU paKMOHHON KapTUHBI HE0OXOIMMO, YTOOBI IOCTOSIHHASI PEIIETKU
ObLIa TOTO )K€ MOPSIKA, YTO U JJIMHA BOJHBI MMAAIOMIET0 cBeTa. [103TOMY JUIsi pEeHTT€HOBCKOTO
U3JIYYCHHUS B KAUECTBE MU(PPAKIMOHHBIX PEHIETOK MOYKHO HCIOJIb30BaTh KPUCTAIIBI, TOCKOIBKY
PACCTOSIHUE MEK/y AaTOMaMHU B KPHCTAIIIAX OHOTO TOPSAKA € Aperm, use. (= 1072 — 108wm).

Jughpakyuio penmeeno8cKk020 UBYUEHUS MOICHO PACCMAMPUBAMb KAK Pe3YIbmam e20
ompadjceHuss Om Cucmemvl NAPALIENAbHBIX CEeMmYamvlX MNIAOCKOCMeU KPUCMAild, mo echb
NJIOCKOCMeEl, 8 KOMOPbIX Jledcam Y3/ibl KPUCMALIUYeCKOU peuemKy. ITO OTPaKEHHE, B OTIIMYNE
OT OOBIYHOTO, OCYIIIECTBIISCTCS JIUIIB MPU TAKUX YCIOBUAX MMAJICHUS JIy4eil Ha KPUCTAILI, KOTOPbhIE
COOTBETCTBYIOT HHTEPPEPECHIMOHHBIM MaKCUMyMaM JUIsl JIyded, OTPaKEHHBIX OT Pa3HBIX
IJIIOCKOCTEH.

AOCONIOTHBIM TMOKa3aTelb MPETOMIICHHUS BCEX Cpel Uil PEHTIC€HOBCKOTO H3IY4YECHHUS
OJIM30K K €AMHHIIE, MOATOMY ONTHYECKas pPAa3HOCTh XOAa MeEXay AByMms aydamu 1' u 2,
oTpakarIIUMUcA  OT miockocteid A4 u BB paBHa (puc.6)

2dsin 6, (14)

rae 0 — MEXIUIOCKOCTHOE PACCTOsIHUE, € - Yroy CKONbXeHUs. JJuppakiMOHHbIE MaKCUMYMbI
HaOJII01at0TCS B T€X HANPaBJIEHUX, B KOTOPBIX BCE OTPAYKEHHBIE aTOMHBIMU INIOCKOCTSIMU BOJTHBI
OyAyT HaxoOUTbCA B OJMHAKOBOHU (haze. DTH HaNpaBICHUS YIOBJIETBOPSIOT ycioBUiO Bynbda-
bparros

o=2dsin 9=mA, (m=1,2,3...). (15)
Moasipu3anus ceera. /[BoiiHOe JiydenpeioMiIeHue.
BpameHnune ni0CcKoCTH MoJsipU3aluu

OObIuHBIE UCTOYHHUKHM CBETA HCIYCKAIOT €CTECTBEHHBIN CBET, TO €CTh CBET, B KOTOPOM
UMEIOTCS KOJIeOaHUs CBETOBOTO BEKTOPA, COBEPILIAIOLINECS B CAMbIX Pa3IMYHbIX HAIIPABJICHUSX,
NEPNEHIUKYISAPHBIX K J1ydy (puc.7).
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yy

Puc. 7.

W3nydyeHne CBETSIErocs Tela CiaraeTcsi U3 BOJH, HCITyCKaeMbIX ero aromamu. llpomecc
M3ITydeHHUs OT/IENBHOTO aToMa npojoikaercs okono 108 ¢. 3a 3o Bpems ycneBaeT o6pa3oBarhes
MOCJICIOBATEIBHOCTh TOPOOB M BHAJWH (MM, KaK TOBOPAT, IYT BOJIH), MPOTSHKEHHOCTHIO
npumepHo 3 M. «[loracHyBy, aToM yepe3 HEKOTOPOE BPEMsI «BCIIBIXUBAET» BHOBb. OJTHOBPEMEHHO
BCIIBIXMBACT MHOXKECTBO aTOMOB. B030yxJgaemble UMM I[yTH BOJIH, Halaraschb JAPYr Ha Jpyra,
00pa3yIoT MCITyCKaeMyI0 TEIIOM CBETOBYIO BOJIHY. [IMOCKOCTh KoJieOaHMU Jisi Ka)XJIOro Iyra
OpUCHTHpOBaHa cCiy4aiiHo. [loaTOMy B pe3yiabTHPYIOLICH BOJIHE KOJeOaHHsI Pa3IMYHBIX
HalpaBJICHUN pPaBHOBEPOSATHBHI. B ecTecTBEeHHOM cBeTe KOJECOAaHUs pa3IMYHBbIX HAIpPaBICHUN
OBICTPO M OECTIOPSIOYHO CMEHSIOT JPYT ApYTa.

Csem, 6 komopom HanpasneHus Koarebanuil ceemosozo eekmopa E ynopsoouenvr kakum-
aubo obpazom, Hazvieaemcs noaapuzosannvim. Eciy koneOaHusi CBETOBOI'O BEKTOPA MPOUCXOIAT
TOJIBKO B OJTHOM TJIOCKOCTH, MPOXOAIIEH Yepe3 JIyd, CBET Ha3bIBAETCS MJIOCKO - (WM JIMHEWHO)
NOJIIPU30BAaHHBIM. YTOPSAJOYEHHOCTh MOXET 3aKJo4aThCsl €lle U B TOM, 4YTO BekTop E
MOBOPAYMBAETCS BOKPYT Jiyya, OJHOBPEMEHHO IyJbCHUPYS MO BeIuW4uHe. B pe3ynbraTe, KOHeN
BeKkTopa E onuchiBaeT WM 3JUIMIC (3JUIMITUYECKH TOJISPU30BAHHBIN CBET) WM OKPYKHOCTb
(MONSIPU30BAHHBIN 1O KPYTY CBET). I[lnockocmy, 6 komopou konebremcs ceemosou eekmop E,
Ha3vleaemcs. NJIOCKOCHbI0 KOAeOAHUll, a NepneHOUKyIsApHas el NI0CKOCMb HA3bl8Aemcs
NIIOCKOCMbIO NONAPUAYUL.

[limockonoIApU30BaHHBI CBET MOXKHO IOJYYHUTh C IOMOIIBK PAa3JIMYHBIX YCTPOMCTB,
Ha3bIBAEMbIX MoNIIpU3aToOpaMu. ITH NPUOOPBHl  MPOIMYCKAIOT CBOOOAHO  KosieOaHws,
NapaJuleIbHbIE IIJIOCKOCTH, KOTOpas Ha3bIBAETCS IUIOCKOCTBIO MOJSPU3ATOPA, M TMOJIHOCTHIO
3aJIePKUBAIOT KOJIECOaHMs, IEPIEHIUKYISIPHBIE 3TON TIOCKOCTH. [1onspr30BaHHbIN CBET MOYKHO
MOJYyYNUTh TAKXKE MPH OTPAKECHUH OT AMAIEKTpUKa. Kak IMOKa3bIBAET OMbBIT, OTPAXKEHHBIA U
MPEJTOMIJIEHHBIN JIyYW BCEr/Ja YaCTUYHO MOJspr30BaHbl. CTENEHb NOJISIPU3ALUH 3aBUCUT OT yIJia
MaJICHUS U ITOKa3aTelis MPEIOMIICHHUS.

N3yvass 310 siBneHue, bprocrep ycTaHOBWII, YTO IpPH OINPEAEICHHOM 3HAYEHUM YIUa
NaJCHNS OTPAKEHHBIH JIyd IIOJHOCTHIO JMHEIHO MOJSPU30BaH B IJIOCKOCTH, IEPIEHUKYIISIPHOM
IUIOCKOCTH mazneHus. IIpu 3Tom oTpakaeTcs TOJBKO Ta KOMIOHEHTa BEKTOpa HAINPSKEHHOCTH
AIIEKTPUYECKOTO TMOJsI, KOTOpas MapajjlelibHa IOBEPXHOCTU JUAJIEKTPUKA (YCIOBHO 3Ty
KOMIIOHEHTY 0003HauaeM TOYKaMH, TO €cTh KojebaHusi E TpoHCXOIAT MNeprneHIUKYISIpHO
IUIOCKOCTH 4epTerka). IIpenomineHHblii yd MoJIIpU30BaH JHIIb YAaCTUYHO. YTOJ MajgeHUs, Ipu
KOTOPOM OTPa)KEHHBII JIy4 IOJHOCTHIO IOJIIPU30BaH, Ha3bIBaeTcsl yrioM bprocrepa (puc.8) u
OIpEeNIENAETCs] COOTHOLIEHUEM



Tae N1 u N — a0COJIFOTHBIE IOKA3aTeNn IIPECIOMIICHUA

cpen. Ilpu 3TOM yrom Mexay OTpPak€HHBIM M IMPETOMIIEHHBIM
Jydamu paBeH 90°.

JleficTBHs pa3IMYHOIO THUIIA ITOJISIPU3ATOPOB OCHOBAHBI
Ha 3akoHe bprocrepa, 1mmbOO0 Ha  s6IeHUU  O0BOUHO20
JIyYenpenomierus, Komopoe cocmoum &

mom, 4mo 6 Onmu4ecKu aHu3omponHsblx Kpucmailax

7)

Ay ceemada, nadaiou;uﬁ HA NnO6EPXHOCMb Kpucmaiiida, pasdeaueaemc,q 6 HeM Ha 08a npPEeIOMNIEHHBIX

ayya

(puc. 9). OnuH U3 HUX JEKUT B INIOCKOCTH MaJICHUS, TOJUMHIETCS
3aKOHAM TIPEJIOMJICHHUSI CBETa M HAa3bIBACTCSI OOBIKHOBEHHBIM
aydqom (0). Btopoil He yIOBIETBOpPSIET STUM YCIOBUAM U
Ha3bIBaeTCs HEOOBIKHOBEHHBIM (€). [IBOifHOE ydenpenomiieHue
CBHJICTEIBCTBYET O TOM, 4YTO TMaJjaromas Ha ONTHYECKH
AQHU30TPOIHBIN KPUCTAIUT CBETOBAS BOJTHA BO30YXK/IaeT

Z )

Puc. 9.

o

JABC BOJIHBI, PACIIPOCTPAHAOIIHUECCA B KPHUCTAJJIC 110 pA3JIMYHBIM HAIIPABJICHUAM. OOBIKHOBEHHAS
1 HCOOBIKHOBEHHAs BOJIHBI JUHEHHO MMOJIAPU30BAHLL. HaHpaBJICHI/ISI BCKTOPOB E B »Tnx BOIHAX
YCJIOBHO MMOKAa3bIBAIOT TOUKAMU Ha OOBLIKHOBEHHOM JIy4€ 1 4YCPTOYKaMH Ha HEOOBIKHOBEHHOM. B

OIHOOCHOM KpHUCTAJUIC CKOPOCTH OOBIKHOBEHHOT'O Jy4da UO YUCJICHHO OAMHAKOBa II0 BCCM

nanpasnennsm: Vg = C [ Ny, re No — mokasatens npenoMieH s KpUCTATA 15T 0GBIKHOBEHHOTO

myga. COOTBETCTBEHHO, JUTs HeoObIKHOBeHHOTO nyda: U, = C /N, 3nauenus ne u Uy 3aBucAT

OT HaITpaBJICHUA HEOOBIKHOBECHHOT'O JIy4a I1o
OTHOIIICHUIO K OINTHYECKOM OCH Kpucrajjia 0

(3TO HampaBlIe€HHME B KPHUCTAIUIE, BIONb  ocr. \\ffg
KOTOpOro He HaOmojaercss  ABOHHOE
JTy4erpenoMIIeHHE). Hns ay4a,
pacpoCTPaHSAIOUIETOCS BJOJIb ONTHYECKON

76,4

ocH, Ne =No, U, = Uy. Al

[IpumepoMm  TONSpHU3AIUU  MOXKET
cayxuth mnpusma Hwukons (puc.10). Ona

Pwuc. 10.

68°"

BbIpE3aeTCs U3 KpUCTaJljla UCIIaHJCKOr0 MINaTa, U B MOMEPEYHOM CeUYeHUU nuMeeT hopmy pomoa.
[To mnockoctu CB kpucTami pa3pe3ad U CKIesH KaHAJACKUM 0aab3aMoM.

OOBbIKHOBEHHBIN Jyd 0 MOJHOCTHIO OTpa)kaeTCs OT HEro M IOTJIONIAeTCsl 3aYepHEHHOM
noBepxHocThi0 AB. M3 nmpu3mbl HUKOIST BBIXOAUT TOJIBKO HEOOBIKHOBEHHBIN Jy4d e, KOTOPBIN

MMoJIsIpU30BaH B IIJIOCKOCTH, HapaJ'IJIeJ'ILHLIﬁ IJaBHOM IIIOCKOCTH IMPU3MBI.
cuyarcawue 07151 QHAAU3A CMeneHu nojipuzayuu ceenia, Ha3obleAomcs AHaiu3amopamul.

Yempoticmeaa,



Nmu Moryt ciyxuth Te ke npusmbl Hukoss. Beskuid aHanu3atop MOXHO YCJIOBHO
M300pa3uTh B BUJIE PEUIETKU, PYThsi KOTOPOU MapasiesibHbl HAMPABICHUIO KOJICOaHUI CBETOBOTO
BekTopa E, B mpoxosiieM CKBO3b Hee cBeTe (puc.11). Ecnu Ha Takyro peleTky-aHaau3aTop
magacTt €CTECTBECHHBIN JIy4, TO HHTCHCHBHOCTH Ia NpoxXoadumero CBE€Ta HE U3MCHUTCA IIPpU
[IOBOpPOTE aHaJIM3aTropa. ITO
MIPOUCXOIUT BCIEACTBHE

Ea

E 4

TOTO, 4TO B A
€CTECTBEHHOM CBETE HU OJHO /
U3 HampaBJIeHUH IIOCKOCTU /
KoneOaHuil  He  sBJsIeTCA

npeobnagaromuM. Ecnu  Ha
aHAJIM3aTOp MaJaeT JIMHEHHO
MOJIIPU30BaHHBIN CBET,
MOJyYEHHBII C  MOMOIIBIO
MoJIIpU3aTopa U HUMEIOIIHA /
MHTEHCUBHOCTh I, TO V
WHTCHCUBHOCTh CBeTa, ~
MPOILEAIIETO yepes H,
aHam3aTop Oy/IeT 3aBUCETh OT
yria o MeXIy TJaBHBIMH
IUTIOCKOCTSIMH  TIOJISIPU3ALIUU
aHaimuzaropa (@ — a) u 7 NS
nossipuzatopa (P-P) (puc. 12). E, - ammuuryna -~ E ~._ . BeKTOpa
KoJieOaHMii cBeTa, - <

< \
\
<

Pnc.11

npoueaiero yepes noispusarop. Ha Bxoze B
aHaM3aToOp JIyd pa3JIOKUTCS Ha JBa Jyud, gt
NOJSIPU30BAaHHBIE B IJIABHOM  IJIOCKOCTH .’ i
aHaiu3aropa (a — a) ¥ NeprneHJuKyIIpHON K Hel e !
IJIOCKOCTH L !
1
E1=Epsine; E2=EpC0S o P

IlepBbIil J1yd MOITIOTHTCS B aHAJIU3aTOpE, BTOPOU
IPOIIET uepe3 Hero Puc. 12.

E, = EpCos .

Takum o6pa30M, HHTCHCUBHOCTL CBCTA, NPOMICAIICTO HYCPC3 aHaJIMU3aTOp U MOJIApU3aTop,
MCHSICTCA B 3aBUCUMOCTHU OT YIJIa O 110 3aKOHY Mamroca

lo = |p C032 94 (18)
ECHI/I I eem " HNHTCHCHUBHOCTH CCTCCTBCHHOI' O CB€Ta, TO n3 HOHﬂpI/I3aT0pa BBIXOOJUT
HHOCKOHOHﬂpHSOBaHHBIﬁ CBC€T, HHTCHCUBHOCTb KOTOpOFO
I P — E I ecm

CrnenoBarenbHO, MHTEHCUBHOCTh CBETA, IPOLIEIETO YEPE3 /IBA MTOJIIpU3ATOpa



la = = loem COS%ar.

Orkyza |y = E | .., (MOIsIPU3aTOPBI ApAILIENBHB) U Imin= 0 (IOJISPH3ATOPBI CKPELLCHBI).

@opmyibl TpUBENEHBl 0€3 ydyeTa IOTEph HHTEHCUBHOCTH. HekoTopele pacTBOpBI
(Hampumep, pacTBOp caxapa) U TBEP/bIC BEIIECTBA (B YaCTHOCTU KBapll) 00J1a/1al0T CBOHCTBOM
BpalllaTh IJIOCKOCTh MOJIAPU3ALMU MOJIAPU30BAHHOTO Jiyda. YTOJd ¢ MOBOPOTa IUIOCKOCTU
OJISIPU3ALMY 3aBUCUT OT ITyTH JIyda B 9TUX BemiectBax f W KoHueHrtpaiuu pacteopa C.

JIns TBEpIbIX BEILIECTB

o=[all . (19)
Jng pactBopoB

p=[alC (20)

rae [a] — ynenbHBIN yro BpamieHus (IIOCTOSIHHAS BPAIICHUS ), TOKa3bIBAIOIINM, Ha KAKOH yroJ
nosepHeTcs miuockocTh nosspusamuy, ecan £ =1 u C =1(ana pacrteopos). Pazmeprocts [a]
3aBUCHUT OT TOro, B Kakux eaunuuax 3atel £ u C B CU. [a] — pan/m (a1 TBEpabIX BELIECTB) IS
pactBOpoB [a] = par/m- (kr/Md).

IIpumeps! pelnenus 3agay

3agaval. Haiitu pauMHY BOJHBI A MOHOXPOMaTHYECKOI'O 4\_9 ¥
u3nyyeHus, eciau B omnbiTe HOHra paccrosHue TEpBOro " | %
MHTEP(PEPEHIIMOHHOTO MAKCUMYyMa OT LIEHTPAJIbHOM MOJIOCHL X = N |
0,05 cm. Tanubie yctaHoBKA a =5 M, d = 0,5 cm. L
I< n
JMano: Pemenne. PazHoCTh X012 Tydeil, mpomieux B TOUKY HaOJIt0/1eHUs paBHA
x=0,05cm d=r2—1r1; 1)
a=5M d 2
rP=a’+| Xx+—|; )
d=0,5cm 2 27
A =7?
2
2 d 2
=\ xXx——| +a". 3)
2

Jlerko BUIACTH, YTO



r—r=—=mA. (4)
2 1 a
ITo ycnoButo 3agaun m = 1, mostromy
xd
A =—=500nm.
a
l
o
S 42
Q
h
B —
3epkano

3agaua 2. B Touky A 3KpaHa OT UCTOUYHUKA S1 MOHOXPOMAaTUYECKOI'O CBETa JAJUHON BOJIHBI A =
0,5 MKM MIpUXOIUT JBa JIy4ya: HEMOCPEACTBEHHO OT UCTOYHHKA MEPIEHINKYISPHBIA dKpaHy J1y4d
S1A u ayu S1BA, oTpakeHHBIN B TOYKEe B OT 3epKaja, napamieabHoro jydy SiA. Paccrosaue |1
paBHO 1 M, paccrosiHue h paBHo 2 mm. OmpezenuTte, 4To OyneT HaOMOAAThCS B TOUKE 4 dKpaHa —
YCUJIEHHE WU OCJIa0JIeHUE OCBEIIEHHOCTH.

I[aHOZ Pemeﬂne: I/ICTO‘IHI/IK Sl n MHI/IMLII‘/'I Sz SIBIIAKOTCA KOFGpGHTHBIMI/I, HOBTOMy
=05 Ha DJKpaHe BO3HHMKAeT WHTEp(EepeHIMOHHas KapTHHA. MakcumyM WiIu
= MKM o o

’ MI/IHI/IMyM BO3HUKACT B TOHU HUIIM HNHOHU TOYKE 3KpaHa 3aBUCUT OT
li=1m ONTUYECKOH pa3HOCTH XoJa 0 HHTep(EPUPYIOIINX JTyyel
h =2Mm
min, max - ?

=7 @

Eciu m — nenoe 4eTHoe 4uCJI0, TO MMEEM MAaKCHUMYM, €CIM M — HEJI0€ HEUYETHOE, TO
MHWHHUMYM.

Onrrueckast pa3HOCTh X0J1a 01 OyJAET CKIAAbIBAThCS M3 reoMeTprueckoi pasHoctu I — Iy
(06a Tyda MAYT B BO3AyXe) U JIOMOIHUTENbHON pasHoctn A/ 2, 06ycnoBieHHON H3MeHEHHeM
¢da3pl KoJIebaHU HA T IPHU OTPAKEHHUH OT CPEJIbI, ONITUYECKH OoJee mIoTHOM. Takum oOpazom

51:I2—I1+%. 2

: 2hy
ITo teopeme IMudaropa |2 =17 + (Zh) (L =1) 2%, TaK Kak

1
131 =, - 1), +1), tne o+ l1 = 2l;, 2h < I



[Moncrasus 310 BeIpakenue |2 — I1 B popmymy (2), Haitnem:

2h) 2
0, = u +—. (3)
20, 2
3Has 61, MOKHO 110 opmyste (1) HaiiTh My:
(2n)y 2
2, "2 (on)
m, =— = +1.
Al2 1A
Torna OKOHYATEILHO MOTYYHM
2
m =4—+1.
1A

1

Beipazum h, I1 1 A B MUKpOMETpax U BBIYHUCIINM:

3\2
m, :4m+)+1=32+1:33.
1-10°-05

Tak kak Ha Pa3HOCTHU XO4Aa YKJIAAbIBACTCA HCUCTHOC YHCJIO JJIMH ITOJTYBOJIH, TO B TOYKC A
Ha6J'IIO,I[a€TC$[ MaKCUMaJIbHOE OCJIa0IeHHE OCBCIICHHOCTH.

3anaua 3. Ha mytu ogHoro nyda B uHTepdepeHIInoHHO0M ycTaHoBKe FOHTa cTouT TpyOKa JUITMHON
| = 2 cM ¢ mIockomapaieabHBIMUA CTEKJISHHBIMH OCHOBAaHHMSMH M HAONIOAeTCs
uHTepdEepeHIIMOHHAsT KapTHUHA, KOTJa 3Ta TpyOKa HAmoJHEHa BO3IyXOM. 3areM TpyOka
HAITOJHACTCS XJIOPOM H TIPH 3TOM HAOIII0JIaeTCsl CMeTeHHe NHTep(EepEHIIMOHHOW KapTHHBI Ha M
= 20 mnomoc. Bcs ycraHoBKa moMelleHa B TEPMOCTAT, MOAEPKUBAIOMIMN TMOCTOSIHHYIO
Temnepatypy. Habmonenus npousoastcs co ceetom nuaun D Hatpus (4= 5890 A). [Ipunumas
noKasarenb pesomiieHus Bo3ayxa N = 1,000276, BeruncnuTe nokasaTelb IpeaoMIIeHHs xopa. B
KaKyI0 CTOPOHY CMEIIAI0TCSI IOJIOCHl MHTEPPEPEHIIUH NTPU HAIOJIHEHUH COCyAa XJI0poM?

JMano: Pemenue. JIerko noragarses, YTO pa3HOCTh X0 JIYY€H IIPU YCUIICHUHU
=2 em CBETa MO OMNpEACTICHUI0 paBHA MA. B manHOM citydae omnrTuueckas
paBHOCTB Xoaga paBHa (nC| — n)I I/I3 HOHy‘{eHHOFO paBCHCTBa HaxoaIum

m=20

(ncr—n)l =mA 1)
A=75890 A
ni1 =1,000276
Nci - ?

mA
nCI = n + T . (2)

Brraucnsas, noxysaem ncr = 1,000865.



3agaua 4. Ha TONCTYIO CTEKJISIHHYIO IUIACTUHKY,
MOKPBHITYI0 OYEHb TOHKOM IUICHKOW, KOA(PQPHUIMEHT
IPEJOMJICHUSI BEIlleCTBA KOTOpoil paBeH 1,4, magaer

HOpPMaJIbHO napasuiesIbHbINA Ty4YOK nyden

MoHOXpoMaTHuyeckoro cBeta (4 = 0,6 Mkm). OTpakeHHBIN

CBET MaKCUMAaJIbHO ocnalieH BCJIEJICTBHE s . WC Mnenka
27 1

unTepdepenyn. OnpeaenuTe TONUHY TIICHKH. p— B
My .
CTeKJ’lS{H}’{aS{ rmacml-n{a\

Hano: Pemenne. B Toukax 4 u B nagaroumii xyd SA oTpakaeTrcs U YaCTHYHO
npenomisiercs. Orpakennsie myuan AS: u BCS; manatot Ha coOuparonyro

A=10,6 MKM

nuH3y L, mepecekarorcs B ee
n=1,4
d-?

doxkyce F u unTephepupyroT Mexay coOOi.

[Tokazatens mpenomiienuss Bozayxa (N1 = 1,0029) menbine mokazarens MPETOMIICHHS
BeulecTBa IeHkH (N2 = 1,4), KOTOPBIN B CBOIO OYEpEIb MEHBIIIE ITOKa3aTelsl IPEIOMIICHHUS CTEKIIa
(N3 =1,5). B 0oboux ciy4asx OTpaKeHUE MPOUCXOAUT OT CPE/Ibl ONTHYECKU OOJIee IIOTHOM.

CrnenoBarenbHO, HUKaKOr0 U3MEHEHUs (a3bl KojJeOaHU HU Y TOrO, HU y IPYTrOro Jy4a He
IIPOMCXOIUT.

5:(2k+1)%.

Kak BuiHO U3 prucyHKa, ONTHYECKasi pa3HOCTh X0/1a

3= (4B + BC) n, — ADn;.

CrnenoBaTeiabHO,
(4B + BC) na— ADny = (2k + 1)%.
Ecnu yron nagenus i1 6yJaeT YMEHbIIATCS, TO B mpezese npu i1 = 0 OyaeM UMeTh
A
5=2dn, =(2k+1)7,

OTKYZa UCKOMas TOJIIIWHA IJICHKU

[Monmaras k=0, 1, 2, 3, ..., MOJy4UM BO3MOKHBIEC 3HAUCHHUS TOJIIHUHBI IJICHKH:
A 06
o = —— =—"—=0,11 mxm;
4n,  4.14
31
d, =—=3d, =0,33 mxm.

4n

2



3apaua 5. [louemy menTtp konen HeloToHa, HaOMIOJAEMBIX B OTPAKEHHOM CBETE, OOBIYHO
TEMHBIH, a B TPOXOJIAIIEM CBETIbII?

Pemienne. B mpoxoxasiieM cBeTe Ha TpaHMIE CTEKIO-BO3AYX BEKTOpP HANPSIKECHHOCTU
AIIEKTPUUYECKOTO MOJIst £ He NCTIBITHIBAET M3MEHEHHS (ha3bl, a IPHU OTPAKECHUH Ha TPAaHUIIE BO3IYX
— crekio MeHseT (asy Ha 180 °, yTO COOTBETCTBYET NMPUOOPETEHUIO Pa3HOCTH XOJa, PABHOM
IIOJIOBHHC AJIMHBI BOJIHBI.

3agaya 6. Ha nudpakumoHHYIO pemeTKy OT pa3psagHod TPYOKH, HAIOJHEHHOH TIelheM,
HOpPMaJIbHO MajJiaeT Mydok cBeTa. Ha kakyro imHuio A1 (B HaHOMETpax) B CIIEKTPE TPETHErO
HOpsi/IKa HAKJIAbIBACTCA KPACHas JIMHUSA Telus JUIMHOM BOJHBI A2 = 706 HM B CIIEKTpEe BTOPOIrO
nopsiaka?

I[ano: Pemienue: YcloBUS TJIaBHBIX MAaKCUMYMOB OCBCHICHHOCTH JIA
k=3 TUQGPAKITMOHHON PEIICTKH BBITIIIIUT CISAYIONTIM 00pa3oM:

ko= 2 dsing, =k 4,; dsing, =k,4,

A2 =706 um

=7

CHCKTpaHBHHe JIMHUU HAKJIAaAbIBAKOTCA OAHA HA APYTYIO, IO3TOMY YI'JIbL ,I[I/I(bpaKHI/II/I 6y,HYT
PaBHBIMH, TO €CTh Q1 = (2. Paznenus IEpBOC YpaBHCHHUEC HA BTOPOC:

1 — klﬂ'l
k22'2 1
OTKyJa A= KAy
K,
[ToCTABUM YHCIIEHHBIE 3HAUCHUSL:
9
2T

!

f fuem

<
3anaua7. Ha mens (puc.) mmpunoit a = 0,1 MM HOpMaJIbHO
najaeT napauie’dbHbId MyYOK CBETa OT MOHOXPOMATHYECKOTO L
ucrounnka  (4=0,6mMxm).  Onpemenuts  mmpuHy |
LHEHTPaJbHOTO MaKCMMyMa B JU(PPaKIMOHHOW KapTHHE,
IpOeHupyeMOil €  TOMOIIbIO  JIMH3bI,  HaXoAsIencs

HEINOCPEICTBEHHO 3a IIEeNbI0, HA DKPaH, OTCTOSIIIUIN OT JIMH3bI
Ha pacctossHum L =1 M.

IKpaH

-

Hano: Pemienue: lleHTpanbHBII MakCUMyM MHTEHCUBHOCTH CBETa 3aHMMAcT
o0acTe MEXIy ONMKAWIIMMM OT HEro clipaBa M cjeBa MAaKCUMyMaMHu
UHTEHCUBHOCTH. [lodTOMy  MIMpHHY  LEHTPaJIbHOIO  MaKCHUMyMa
A =0,6MKM WHTEHCUBHOCTHU IIPUMEM PABHOM

a=0,1 mm




L=1wm pPacCTOSHUIO MEXy IByMsI MUHUMYMaMH HHTEHCUBHOCTH (pHUC.).

| =?

MuHMMYMBI HHTEHCUBHOCTHU CBETa MPU TU(PPAKIUU OT OJHOM HIETH HAOII0MAI0TCS MOJ yIriIaMu
¢, OIIPEACIIIEMBIMH YCIIOBUEM

asin $=+k4, (1)
riae K — mopsimok Munumyma. B Harrem cirydae K = 1.

PaccTosHEe MexXy AByMs MHHHMYMaMH Ha 3KpaHe OIpenelnM 1o pucyHky: | = 2L tg ¢.
IIpu manbix yrnax tge ~ sin @, Toraa

| =2L sin ¢. (2)
Beipazum Sin ¢ u3 ypaBuenus (1) u moacTaBum B paBeHCTBO (2):

_2LkA 2-1-1-06-10°°
a 10°*

I m=12-10" =12 om.

3agaua 8. ludpakumonnas pemerka coaepxut N =200 mrpuxos Ha 1 Mmm. Ha pemetky nanaer
HOpMaJIbHO MOHOXpoMaTuueckuit cBeT (A = 0,6 MkM). MakcuMyM Kakoro HauOOJIbIIEro NopsIKa
JIaeT 3Ta perieTka’?

Hano: Pemenne: [lepuon qudpakiimoHHON pelIeTKH HailneM u3 GopMyIibl
4=0,6-10°m n=1/d.

n =200 mm*

Kimax —? Orciona d =1/n=1/2-10°=05-10"w.

Jlnis onpeseneHus yucia MakKCUMYMOB, JaBaeMbIX TU(GPAKIMOHHON pelIeTKoi, BBIYUCINM
CHayajJa MaKCHMAaJIbHOE 3HAYCHUE Kmax, HCXOAS M3 TOTO, YTO MaKCHMAJbHBIH yroj OTKJIOHEHHS
Jaydeit pemietkoit He MoxeT mpeBbimath 90 °. ITocTosHHas pemerku d, JTHHA BOJHBI A U Yo

OTKJIOHCHHUSI (@, COOTBETCTBYIOIIMH K-My au(PaKIMOHHOMY MaKCHUMyMY,  CBSI3aHBI
COOTHOILIEHUEM:

dsin ¢ =ka,
rae ¢ = 90 ° — MmakCcUMaJIbHBIN YTOJI OTKJIOHEHUS Jy4yel pemeTkoi. OTcrona

k_=dsing/A=05-10°/06-10° =83.

Yucmo K 00s3aTeIbHO TOHKHO OBITH HENbIM. B TO e BpeMs OHO HE MOXET MpPUHSTH
3HaYeHHe, paBHOE 9, Tak KakK MpPU ITOM 3HAYEHUH SIN ¢ AOJKEH OBITH OOJBIIEC €IMHUIIBI, YTO
HEeBO3MOXHO. Clie10BaTeNbHO, Kmax = 8.



3apaua 9. Ha gudpakumonnyio pemerky, cogepxkamryio N = 100 mTpuxoB Ha 1 MM, mamaer
HOpPMaJIbHO MOHOXPOMAaTHYECKUH CBET. 3puTelibHasi TpyOa CIEeKTPOMETpa HaBeeHa Ha MAaKCUMYM
TpeTbero nopsiaka. YroOsl HaBecTH TpyOy Ha IPYroil MakCMMyM TOTO e TOpSJIKa, €€ HYXKHO
noBepHYTh Ha yroi A@ = 20 °. Onpexaenure ATUHY BOJIHBI CBeTa A.

Hano: Pemenue: [lepron nudpakunoHHON pemeTky HailneM u3 GpopmyIbl
n =100 mm™ n=1/d.

Ap=20° Otcronga

k=3

A=7 d=1/n=1/10°=10"m.

MaKCI/IMy'MBI HHTCHCHBHOCTHU CBC€TAa OAHOI'O IMOpPAIAKaA IIPpU HHq)paKHHH Ha ﬂH(i)paKHHOHHOﬁ
pelmICTKEC HaxXOoAATCd Ha OAWHAKOBOM PACCTOSAHUM OT LCHTPAJIBHOIO MAKCHUMyMa H,
CJICOOBATCIIbHO, Ha6J'IIO)IaIOTC$I noa OAUHAKOBBIMU YyIJIaMU ,Z[H(i)paKI_II/II/I .

d =sin p=ku. (1)

I[To ycnoBuro 3amaun, 4TOObI HaBeCTH TPYOy Ha JIPYroid MakCHMyM TOTO K€ MOpSIKa, ee
HYKHO NIOBepHYTh Ha yroi A@ = 20 °. CnenoBarenbHo, yrou qudpaxiuu ¢ = Agp/2 =10 °. Torga
u3 ypaBHeHus (1) nnuHa BOJIHBI CBETa paBHA

_dsing 107 -sin10
==

A =0,0578-10"° ~580 um.

3amaua 10. Cser ¢ A =589 um namaeT HOpMaIbHO Ha AU(PPAKIIUOHHYIO PEIIETKY ¢ TepruooM d =
2,5 mxM, copepxamryto N = 10000 mrpuxoB. Haiigute yrioByro MHpHHY AU(PPAKIIMOHHOTO
MaKCHMyMa BTOPOTO MOPsJIKA.

Hano: Pemenne: Yrioas nucnepcust AUQPPaKIMOHHOW PpEIIETKH,
COCTOSALLEN U3 OJHOU LIETIH:
A =589 um . ! .
d=2,5 _%0__K
- M 54 dcosd
N = 10000
k=2
AG-7? Torna yrnoBas mupuHa IUGPaKIMOHHOTO

MaKCHUMyMa, CO3/1aBaeMOTO0 PEIIeTKOM, coaepxkarieit N mTpuxoB:

kA

0=—"_=|sin?0+cos’ 0 =1]=
Nd cos &

kA
Ndv1—sin26

Caer nmagaet Ha AUPPAKIMOHHYIO PEIIETKY HOPMAIbHO. Y CIIOBUE IIIaBHBIX MAKCUMYMOB:



dsind=kA.

Orcrona Sind ZF. Torga yrnoBas mupuHa IU(GPAKIUOHHOIO MAaKCHMyma BTOPOIO
nopsiaka OyAeT paBHa:

kA kA

0 = = .
Nd cos @ 2
a1

HOI[CTaBI/IM YHUCJICHHBIC 3HAYCHU A

-9
0 2.589-10 iy
-9
10°.25.10° 1| 2289107
25-10°

3amaua 11. C nomomipio audpakiuoHHol pemietku ¢ nepuogom d = 20 MKM TpeOyercs
pazpeumnts nyoner Hatpus (A1 = 589 um u A2 = 589,6 HM) B criekTpe BToporo nopsiaka. [Ipu kakoit
HAaWMEHBIIIECH JJIMHE PEUIETKH 3TO BO3MOKHO?

dano: Pemenne: Paspemaromas cnocoOHOCTh TUMPAKIMOHHON PELIETKU:
d =20 Mrm R= A =KkN , rze N — 4mcio mrpuxos penrerku.

A1 =589 um

A2 =589,6 am

k=2

-2 Yucno mTpUXOB PEIIETKH MOYKHO HAaWTH, 3HAs JIMHY

pemerku | u nepuon pemerkn d: N = —.

A I
Torma R=—=k—.
oA d
OTcroa HauMEeHbIIAs JUIMHA PEMIETKH, IIPH KOTOPOI BO3MOKHO Pa3pEIIUTh Ay0eT HATPUSL:
|— dA
koA
A+ A
re 5&222—2120,6°1079M,31: 1 2 =5893-10"° m.

Torna

_di 20-10°-5893-10°
koA 2.06-10°

I m=982-10"° m ~10mm.




3agaua 12. [TokazaTenu npenomMiIeHns KpUCTAJUIMYECKOT0 KBapLa /Ui CBETA C AJIMHON BoJHBI 600
HM paBHbl No = 1,544 u ne = 1,553 and OOBIKHOBEHHOTO M HEOOBIKHOBEHHOIO JIydei
COOTBETCTBEHHO. B Kpucramie KBapia, BBIPE3aHHOM MapauIeIbHO ONTUYECKOH OCH, MOXHO
HOJYYUTh MAaKCUMAJIbHYIO Pa3HOCTb CKOPOCTEH OOBIKHOBEHHOI'O M HEOOBIKHOBEHHOI'O Jy4ei,
€ClIM OHM HOPMaJbHO MAaJal0T HAa MOBEPXHOCTh Kpucraimia. KakoBa 1oikHA OBITH TOJIIMHA
KpHCTalia, 4ToObI TPOU301LIeI CABUT (ha3 3Tux Jryueit Ha 90 °, eciu UCIoIb3yeTcs CBET yKa3aHHOM
JUTUHBI BOJTHBI?

HaHno: Pemenue. Capur ¢a3z Beraucisercs no popmyie

ne = 1,553 rue d — paccrosinue, npoiineHnoe ceeroM. [Tomaras Ag = 1t/ 2 u npousBens
Ap = 90° BBIYUCIICHUS, HAXOAUM:

q-0 d=16,7 MMm.

Bonpocwt u 3a0auu k covecedosanuro:

1.  DnexTpomarHuTHas NpUpPO/a CBETA.

2.  KorepeHTHOCTh U MOHOXPOMATHYHOCTH CBETOBBIX BOJH.

3. Onruyeckas AJMHA IYTH U ONTHYECKAs Pa3HOCTb X0/a JIy4eH.

4. Pacuer wuHTep(dEpPEHIIMOHHON KApTUHBI OT JBYX KOTE€PEHTHBIX HCTOYHHUKOB.
WuTepdepeHIys B TOHKUX IJICHKaX.

5.  Hutepdepennus mHorux BosH. JudpakunonHas pemerka.

6. udpakuus ceroBsix BojiH. [Ipunmun Ioiirenca — dpenens.

7.  Meron 30 Openens.

8.  Hudpakuus Openens u qudpakuus OpayHrodepa.

9.  JIudpakuus ot IenH.

10.  JIudpakuus peHTT€HOBCKUX JIydeil Ha KpUcTaiax.
11.  EcTrecTBEHHBIH U MOISIPU3OBAHHBIN CBET.
12. 3akon Mamoca.
13.  Tlonspu3zanus cBera Npu OTPAXKEHUHU U MIPETOMIICHUH.
14.  JIBoifHOE JTyuenperoMieHue.
15. HopwmanbHas u aHOMaJIbHas JTUCTIEPCHH.
16.  DmekTpoHHas TeOpHs ITUCIIEPCHH CBeTa. PaccesHue cBera.
17.  IlornouieHue cBera.
3agauu AJ151 CAaMOCTOSITEILHOIO pelIeHus!

1. Ha MpuibHyt0 mieHky (N=1,3), Haxopasmytocss B BO3yXe, MaJacT HOPMaJbHO IIy4OK Jy4yei
6enoro cBera. [Ipu kakoit HanmeHblIel TonmMHe d MJICHKH OTPayKSHHBIN CBET C JUTMHOM BOJHEI

/1 :0,55 MKM OKaXE€TCA MaKCUMAJIbHO YCHUJICHHBIM B PC3YJIbTATC I/IHTCp(I)CpCHI_II/II/I.

2. Ilyuox moHoxpomatuyeckux (A=0,6 MKM) CBETOBBIX BOJH Majaer moja yriom &=30° Ha
HaAXOJIAIIYIOCS B BO3IyXE MBLIbHYIO IIeHKY (N=1,3). IIpu kaKkoii HauMeHbIIeH ToHHEe d MICHKH
OTPpa)XEHHBIE CBETOBBIC BOJIHBI OyAyT MaKCHMalbHO ociabiieHbl uHTepdepeHnen?
MakcuManbHO yCUIIEHBI?



3. Ha rtonkwuii crexnsunupii kimH (N =1,55) magaeTr HOpMaaIbHO MOHOXPOMATHYECKHUN CBET.
JIByrpaHHbBI YroJ o MEXAy MOBEPXHOCTSIMHU KJIMHA paBeH 2'. OnpenenuTb MJIMHY CBETOBOU
BOJIHBI A, €ClIM pacCTosiHhe D Mexay cocemHUMH HHTePPEPEHIMOHHBIMA MAaKCHMyMaMH B
OTpak€eHHOM cBeTe paBHO 0,3 MMm.

4. JIByrpaHHbBI yToJ CTEKJISHHOTO KinHa paBeH 0,2'. Ha kKIMH HOpMalIbHO K €ro MOBEPXHOCTH
najaeT MydoK Jy4ell MOHOXPOMATHUYECKOTO CBETa C JIUHOW BOIHBI A=0,55 mxm. Onpenenutsb
mpuHy b “HTEpPEPEHIIMOHHOM MOJIOCHI.

5. Ha TOHKMH CTEKJSIHHBIA KJIWMH B HAaIPAaBICHUHM HOPMAIM K €r0 IMOBEPXHOCTH IaJaeT
MoHOXpomaTuieckuii cBeT (A=600 uM). OnpeneauTs yroj € MeX1y MOBEPXHOCTIMU KIMHA, €CIIN
paccrosiHue b MexIay CMEXHBIMH UHTEP()EPEHIIMOHHBIMA MUHHMYMaMH B OTPa)KEHHOM CBETE
paBHO 4 MM.

6. B onbiTe FOnra paccrosinue d mexxay mensmu pasuo 0,8 mm. Ha kakom paccrosituu | ot mmerneit
CIIE/TyeT PacloiOkKKUTh IKPaH, YTOObI MMprHa b nHTEp(EepEeHIIMOHHOM MOJIOCHI OKa3aaach paBHOM
2 Mmm? (A=640 uMm).

7. Paccrosiaue d Mexay aByms miensimu B onbite KOHra paBHo 1 mm, paccrosiHue | ot meneit 1o
9KpaHa paBHO 3 M. ONpenenuTh JUIMHY BOJHBI A, HCITyCKAaeMOW UCTOYHUKOM

MOHOXPOMATHYECKOTO CBETA, i mupuHa b mosoc uatepdepeHnny Ha sKpane paBHa 1,5 M.

8. Paccrosiiue d Mexay OByMsS KOrepeHTHbIMU McTOoYHHKamu cBeta (A=500 uwm) paBuo 0,1 MMm.
Paccrosaue b wMexay uHTEpPEPCHIIMOHHBIMEA [OJIOCAMH Ha OJKpaHe B CpeIHEH YacTu
uHTEp()EPEHIIMOHHOM KapTUHBI paBHO 1 cM. OnpeneuTh paccToSHUE | OT HICTOYHUKOB /10 KpaHa.

9 .Haiftu Bce muHbBl BOJH BHaumoro cBera (ot 0,76 mo 0,38 Mkwm), koTopble Oyayt: 1)
MaKCHMaJbHO YCHJIEHBI, 2) MaKCHUMaJbHO OCJIa0JIEHbl NpPU ONTUYECKOM pa3HOCTH Xoaa A
UHTEp(EepUpPYOUINX BOJIH, paBHOH 1,8 MKM.

10. Ha ToHKMH CTEKISHHBIA KJIMH B HANpaBICHUM HOPMaId K €ro MOBEPXHOCTH MAagaeT
MoHoXpoMaTHueckuii cBeT (A=380 um). Onpenenuts yroa € Mexay MOBEpXHOCTSIMHU KIMHA, €CIU
pacctosiHre b Mexay CMeXHBIMU WHTEP(PEPCHIIMOHHBIMA MUHHUMYMaMH B OTPa)KEHHOM CBETE
paBHO 6 MM.

11. Kakoe nammensiee 9ucio Nmin IITPUXOB JOMKHA COAEpKaTh MUGPAKIIMOHHAS PEIleTKa,
4TOOBI B CIIEKTPE 2-TO MOPSAJKA MOXKHO OBLJIO BHIETh Pa3AeNbHO JIBE XKENIThIE TMHUU HATPHUS C
JuiHaMHu BOJH A1=589 uM u 1,=589,6? KakoBa jnHa | Takoi pemreTkd, €CIu MOCTOSHHAS
peuietku d=5 Mxkm?

12. IndpakyoHHas penieTka OcBelleHa HOPMaJIbHO MaJatollMM MOHOXPOMAaTUYECKUM CBETOM.
B nudpaximonHoit kapTHHE MAKCUMYM BTOPOTO TIOPsI/IKa OTKJIOHEH Ha yroil ¢ 1 =14°. Ha xakoii
YTOJ ¢ 2 OTKJIOHEH MAKCUMYM TPEThETO nopsaka?

13. JludppakunonHas pemerka cojaepxur Nn=200 mrpuxoB Ha 1 mMm. Ha pemerky mnamaer
HOpMaJIbHO MOHOXpoMaTHueckuii cBeT (A =0,6 MxM). MakcuMyM Kakoro HanOOJIBIIETO MTOPSIKa
JIaeT 3Ta penierka?

14. Ha nudpakunonnyto pemerky, conepxauryo N=400 mtpuxoB Ha 1 MM, nagaeT HOPMAJIbHO
MoHoxpoMmaTnueckuii cetr (A =0,6 mxm). Haiiti obmiee uucno nuppakirOHHBIX MaKCUMYMOB,
KOTOpO€ JlaeT 3Ta pemerka. OnpeaenuTs yroia ¢ AU(pakul, COOTBETCTBYIONIUI MOCIEIHEMY
MaKCUMYyMy.



15. IIpu ocBemieHnn AUPPAKITUOHHON PEIICTKH OEIBIM CBETOM CIIEKTPHI BTOPOTO M TPETHETO
MOPSITKOB OTYACTH TEPEKPBIBAIOT APYr Apyra. Ha kakyro IJIMHY BOJHBI B CIIEKTPE BTOPOTO
MOpsIIKa HAKJIaAbIBaeTcs puoneToBas rpanuna (A = 0,4 MKM) CIIEKTpa TPEThEro MOPsIIKa.

16. Ha mudpakumoHHyr0 pemierky, coiepxamryto N=600 mTpUXOB Ha MHJUIAMETP, HaaaeT
HOpMaJTbHO Oeblii cBeT. CIIEKTp MPOCIUPYeTCsl MOMEIICHHON BOJIM3U PEIIETKH JIMH30H Ha SKpaH.
OmnpenenuTh MHUPUHY D criekTpa mepBoro mopsjaka Ha SKpaHe, €CIM PacCTOSHHE OT JIMH3bBI JI0
skpana L=1,2 m. ['panunel BugumMoro crnexrpa A = 780uM, Ag= 400 HM.

17. CkonbKO IITPUXOB HA KKABIH MUILTUMETP COACPKUT NTUPPAKIMOHHAS PEIIETKA, €CIU MPH
HaOJII0IEHUU B MOHOXpOMaTH4ecKoM cBeTe(A=0,6MKM), MaKCUMYM ISITOTO NMOPsAIKa OTKJIIOHEH Ha
yros ¢p=18°7?

18. Ha menp mmpunoit 8=0,1 MM magaeT HOPMaTbHO MOHOXPOMATHYECKHH CBET (=05
MKM). 3a IIeJIbI0 TIOMEIIeHa coOuparomas JuH3a, B (POKAIBHOM TUIOCKOCTH KOTOPOH HaXOIHUTCS
skpaH. Uto Oyzaer Habmo1aThCs HA 9KpaHe, ecliu yroi ¢ nudpakiuuu pased: 1) 177;2) 437,

19. Ha y3kyto mienpb majiaeT HopMaJibHO MOHOXPOMATHYECKHM CBET. YTOJI ¢ OTKIIOHEHUS ITy4KOB
CBETa, COOTBETCTBYIOIINX BTOPOM CBETIION MU paKkIIMOHHOH rosioce, paBeH 1°. CKOJBKUM JJTHHAM
BOJIH Ma/IAI0IET0 CBETa PaBHA IIMPUHA LIETU?

20. Ha mens mmpunHoi 0,05 MM mamaeT HOpMaIbHO MOHOXpOoMaTHdeckuii cBeT  (A=0,6 MKM).
Ornpenenutb yroa ¢ Mexay NepBOHAYAIbLHBIM HAMPABICHUEM ITyYKa CBETa M HAMPaBICHUEM Ha
YEeTBEPTYIO TEMHYIO AU(PPAKIIHOHHYIO MOJOCY.

21. Ilmockast cBeToBasi BOJHA TaJacT HOPMAJIBHO HAa Iuadparmy C KpyribsIM oTBepcTHeM. B
pe3ynbraTte TUPPaKIiKi B HEKOTOPBIX TOYKAX OCH OTBEPCTHUS, HAXOJSIIMXCS Ha PACCTOSHUSX Dj OT
€ro eHTpPa, HAOIOIAI0TCS MAKCUMYMbI HHTeHCHBHOCTH. 1) [Tonyunts Bun dyukmu b=f (r, 2, n),
r7ie M-pagnyc OTBepCTHs, A - JJIMHA BOJHBL, N-4rciI0 30H DpeHens, OTKPhIBAEMBIX [UIS JAaHHOM
TOYKH ocu oTBepcTHs. 2) CaenaTtb TO k€ caMoe A TOYEK OCH OTBEPCTUS, B KOTOPBIX
HaOJIF01al0TCSt MUHUMYMBI HHTEHCUBHOCTH.

22. TlocpenuHe MeXITy TOYEYHBIM HCTOYHHKOM MOHOXPOMATHYECKOTO CBETa A=550 HM n
HKPAHOM HAXOJUTCA Tuadparma ¢ KpyriibIM oTBepcTreM. JndpakiunonHas KapTHHA Ha0II0JaeTCst
Ha 9KpaHe, paclo0KEHHOM Ha PacCTOSHUM 5 M OT ucTo4HMKa. Onpenenure paaunyc OTBepCTus,
IpU KOTOPOM LIEHTp IU(GPaKIUOHHBIX KoOJjell, HaOJIroJaeMblX Ha 3KpaHe, Oyaer Haubosee
TEMHBIM.

23. IlyJok cBeTa, HIyNIUH B BO3JyXe, MaJIaeT HA MMOBEPXHOCTD YKUJIKOCTH IO YIIIOM &1 =54°,
OrnpenenuTts yroja npeaoMICHHS & Iy4Ka, €CJIM OTPaKeHHBINA My4OK IMOJTHOCTHIO MOJISIPU30BaH.

24. Ha kaxkod yrJIOBOW BBICOTE ¢ HaJ TOPHU30HTOM JOJDKHO HaxoauTbcs CoHIE, YTOOBI
COJIHEYHBIH CBET, OTPAXXEHHBIM OT MOBEPXHOCTHU BOJIbI, OBLIT MOJTHOCTHIO MOJSPU30BAH?

25. Yron bprocrepa & pu NMajeHAH CBETA U3 BO3AyXa Ha KPUCTAII KAMEHHOH coJii paBeH 57°.
OnpenenuTb CKOPOCTh CBETAa B 3TOM KpHCTaJLIE.

IpakTnyeckoe 3ansitue 16.

Tema 3anamus. KBanToBasi NpUpoaa U31y4eHHUs!



Ilens 3anamusn. V13y4uTs BOIPOCHI KBAHTOBOW TEOPUU U3IIyUEHUS.

3nanua u ymenus, npuoobpemaemvie CMyOeHmMOM 6 pe3yibmame O0C60EHUA MeMbl,
dopmupyemole Komnemenyuu. 3aKoHbl TeTIOBOro m3nydeHus. 3akoH Credana-bonbimana.
dotorpdexr. YpapHeHue DiHIITEHHA A1 BHEMTHETo porodddexra. [laBnenue ceera. dddekt
Komnrona. Brageer cnocoOHOCTBIO MPUMEHSTh COOTBETCTBYIOIIUHN (DU3UKO-MAaTEMaTHYCCKHMA
anmapar IpH peleHud IpoPEeCCHOHATBHBIX 3a/1a4.

Axmyanvnocmy mempl. DIEMEHTbl KBAaHTOBOW TEOPUM IPUMEHSETCA IPU PELIEHUU
HAaY4YHBIX 3371a4.

T eopemuvuecKas 4acmeo.

3aKkoHBbI TENJIOBOI0 H3JTYYCHUSA

Tennoevim U3jlyyeHuem Hasvlearoni 31eKnMpoMacHUNHOe U3ly4erue, 603HUKaowee 3a cuem
eﬂympeHHeﬁ IHepcUuUu usrydaroweco meia u sasuciauiee mojlbKo om memnepamypsl U Onmui4ecKux
ceoticme smozo mena. TennoBoe HU3JIy4YCHUC — CIUHCTBCHHOC U3JTYUCHUC, crmocobOHoe HaxoAUuTbCA
B TCPMOJUHAMHUYCCKOM PAaBHOBECHUH C BCHICCTBOM (paBHOBeCHOG).

KosmuecTBEHHOM XapaKTEPUCTUKOW TEIVIOBOTO W3JIYYEHHUS] CIIYKUT SHEPreTHYecKas
CBETUMOCTb (M3JIy4aTeIbHOCTh) RT— MOIIHOCTD U3Ty4YeHust a0COIIOTHO YEPHOTO TeJla C €IMHUIIBI
TUIONIA/IM TIOBEPXHOCTH TeJla BO BCEM MHTEpBaJie 4acToT (IMH BOJIH) OT 0 10 0. CrieKTpaibHOU
XapaKkTepUCTUKOM  TEIJIOBOTO  M3JIYYEHHMsS Tela  SBISETCA  CIEKTpalbHas  IJIOTHOCTh
OSHEPTreTUYECKOW CBETUMOCTH (CIEKTpalibHAasl TJIOTHOCTh HM3Iy4aTEIbHOCTH) [IvT — DHEPTUs
ANIEKTPOMArHUTHOIO H3JIy4YEHHs, UCIYCKAEMOIO 3a €AMHHUI]Y BPEMEHHM C €IMHMIIbI IJIOIIAIn
MOBEPXHOCTH Tejla B MHTEPBAJIC YacTOT OT V 10 Vv + dv.

Pacnipenenenune JSHEPIruu
U3Iy4eHUsl a0COIIOTHO YEPHOT'O TEJla B
3aBUCHUMOCTH oT YaCTOTHI n
TEMIIEPATYPHI IPUBEIEHO Ha pHUC. 1.

Mv,T

Bemnunna HU3JIy4aTeIbHOCTH
MOKET OBITh pacCUMTaHa IO 3aKOHY
CTe(baHa-BonLuMaHa Puc. 1.

Ry = oT*, (1)

rae o- nocrosinHas Credana-boibimana, 7 — abconmoTHas Temrneparypa. Ecinu B34Th Ha Tpaduke
€IMHUYHBIM HHTEpBaJ 4YacTOThl AV, TO IUIOMIAJb 3AIUTPUXOBAHHOIO Y4YacTKa ONPEAEIUT
BEJIMYHMHY CIIEKTPAJIbHON INIOTHOCTU U3J1y4aTeIbHOCTH.



MakcumanbHOE€ 3HAUYEHHUE CIEKTPATbHOW IUIOTHOCTH H3JIYYaTeIbHOCTH OIPEACISIeTCs
3aKkoHOM BuHa

(rv,7)max = CTB, )
TAC ¢ — BTOpas MOCTOAHHAsA Bumna.

[Ipn yBenuueHuu TeMmmeparypbl aOCOIIOTHO YEpHOrO Tella YacToTa, Ha KOTOPYIO
MPUXOJUTCS MAKCUMyM CIIEKTPAIbHON IUIOTHOCTH H3Iy4aTelbHOCTH, CMEIAETCs B CTOPOHY
Oosee BBICOKMX 4YacTOT. JIIMHA BOJHBI Amax, COOTBETCTBYIOIIAS MaKCHMAaTbHOMY 3HAYCHHIO
U3JTy4aTeIbHOCTH, OOpAaTHO MPOMOPLMOHAIBHA €r0 TeMIIepaType (3aKoH cMeneHns Buna)

6
ﬂ'max —?’

r€ 6 — IepBas MocTosiHHas Buna.

KBanToBas runore3a u ¢gopmyia Ilinanka. @oToHbI

Jate Teopernyeckoe OOOCHOBaHME CIEKTPAJIbHBIM 3aKOHOMEPHOCTSAM TEIJIOBOIO
U3JIy4eHus aOCOIIOTHO YyepHoro Tena yaainocs M. Ilnanky. st 3Toro eMy npuuuioch oTka3arbes
OT YCTAHOBMBIIETOCS IOJIOKEHHS KJIAaCCUUECKOW (DU3MKH, COINIaCHO KOTOPOMY SHEprus Jro0oi
CHCTEMBI MOXET M3MEHSTHCS HENPEPHIBHO, TO €CTh, MOKET NMPHHUMATH JIFOOBIE CKOJIb YTOJHBIE
Onuskue 3HaueHus. M.IInanx 6b106UHYI KEAHMOGYIO 2UNOMESY, 3AKMOUAIOWYIOCS 8 MOM, YO
OHepaUus  amoMOB-OCYUNLIAMOPOE — MOJCem UBMEHAMbCS  OUCKPEMmHO, nopyusmMu,
NPONOPYUOHATLHLIMU HEKOMOPOU 2JIeMEHMAPHOU NOPYUU — KEAHMY IHepUU

C
e=hv=h—, 3
) 3)

rae h — mocrostaaas Ilnanka.

Hcnonb3ys craTUCTHUECKME METOABl U TPEACTaBICHUS O KBAHTOBOM XapaKTepe
TerioBoro u3nydenus, M.I1nank BeiBen popmymny

2 2
ro = v _hw (@)

KOTOpasi COTJIacyeTCsl ¢ SKCIIEPUMEHTAIbHBIMU JAaHHBIMU 110 PACHPEEIICHUIO SHEPTUHU B CIIEKTPax
U3Iy4eHus: a0COJIOTHO YEPHOIo Teja BO BCEM MHTepBaie 4acToT oT 0 10 o0 U MpH pa3auyHbIX
temneparypax. Kpome Ttoro, ¢opmyna M.Ilnanka comepx uT B ceOe 3aKOHBI TEMJIOBOIO
U3JTy4EHUS, a TAKXKE TIO3BOJISET BBIYMCINUTD IOCTOSTHHBIE B ATHX 3aKOHAX.

DUWHIITENH, CO371aBasi KBAHTOBYIO TEOPHUIO CBETA, TPEAIOIOKUI, YTO HE TOJBKO U3JIyYEHUE
CBETa, HO W €ro pachpoCTpaHEHHE MPOUCXOAUT B BHJE MOTOKA CBETOBBIX KBAaHTOB-(OTOHOB.
Maccy oToHa MOKHO HAWTH U3 COOTHOIIICHUS mc2 =hvy

m=—=—, 5)



a UMITynsCc GpoToHa

h
c=—. (6)

h
c-A

Buemnuii porodrdpdexr

Aenenue Gvipbi6aHUs INEKMPOHOS C NOBEPXHOCMU MEMANL08 CE8EeMOBbiM HOMOKOM
Hazvieaemcs HewHuUM omosppexmom. Ilpu B3auMOIEHCTBUU KBAaHTOB cBeTa ((POTOHOB) ¢
MeETaJIJIaMH BBITIOJIHSETCS COOTHOIIIEHUE, KOTOPOE HAa3bIBACTCS ypaBHEHHUEM DHHINTEHHA

2
mo
_ max
hv=A,, + 5 (7)
2
mo
rac Agblx — pa60Ta BbIXOJlda JJICKTPOHOB M3 MCTAaJlJIda, ——_— - MaKCHUMaJIbHAasd KHHCTHUUYCCKaA

OHCPIruAa (bOTOBJ'IeKTpOHOB, BBUICTAOIUX U3 MCTalJla.

Ecnu sHeprust naparoniero ¢oToHa MHOTO MEHBIIIE SHEPTHH NOKos 3ekTpona Eo = 0,51
M5B, To KHHETHUYECKYIO SHEPIHIO MOKHO PacCYMTaTh 110 KJIacCHUecKoi hopmyie, TO ecTbh

2
mo
K= —2 . (8)
Ecnun xe sHeprus KBaHTa CBeTa, MAJaloOLIEro Ha METalll CpaBHUMa Wiau Oonblie Eo, TO Ui
BBIUMCICHHUS] KUHETHYeCKOM dHepruh FEwm (OTOANEKTPOHOB CleIyeT BOCHOJIb30BaThCS
PENATUBUCTCKOM popmyItoit

9)

e mOC2 — OHCPI'UA MOKOA 3JICKTPOHA.

C
Eciu ckopocTh BHIPBAHHBIX U3 MeTaia snektponos U = 0, To sneprus porona £ =hv, =h—

K
, @ Vx WIH Ax COOTBETCTBYET KpacHOH rpanuiie ¢porodddexra a1 JaHHOTO METalIa, TO €CTh Ay —
ma MakcumanibHas ONUHA BOJHbI (POMOHA, NPU KOMOPOU HAYUHaAemcs Oiisl OAHHO20 Memaild

Gdomosgppexm.

JdaBienue ceera

CoBpeMEHHBIE KBAHTOBBIE NPEACTABIEHUS O CBOMCTBAX CBETA CYIECTBEHHO OTIIMYAIOTCS
OT HBIOTOHOBCKOM KOpPIYCKYJISIpHON Teopuu cBera. C KBAaHTOBOM TOUKU 3pEHHUS aBJICHUE CBETA
Ha TIOBEPXHOCTh KaKOT0-TH00 Tena 00yCIOBICHO TEM, YTO IIPU COYAAPEHUH C TON OBEPXHOCTHIO
Kbl ()OTOH TIepeaacT e CBOM UMITYJIhC.



OTtpaxkeHue cBeTa OT MOBEPXHOCTHU Tella CIeAyeT pacCMaTpUBaTh KakK CIOXKHBIM mpoiiecc
«repensnydeHus» (HOTOHOB — MAAAIOUINA (OTOH IMOTJIOMIAETCS TTOBEPXHOCTHIO, a 3aTeM BHOBb
U3JTy4aeTcsl €10 ¢ MPOTUBOIIOJIOKHBIM HallpaBI€HUEM UMITYJIbCcOB. [Ipu 3TOM NaBieHue cBeTa Ha
OTPaKAIONIYIO MMOBEPXHOCTh JOJDKHO OBITH TAKHM K€, KAKUM OHO OBIJIO B TOM Clly4yae, eciii Obl
(OTOHBI «3EPKATBHO OTPAKAIKUCHY OT MOBEPXHOCTHU MO0OHO aOCOIIOTHO YIPYTHM IIapUKaM.

Benuunna cBeTOBOTO MaBieHUS onpeaensercs GopMynoi
P =w(1+p), (10)

rae o = E,/c —o0beMHast INIOTHOCTh SHEPTuu u3nyueHus (£, —3Heprust Bcex (OTOHOB, MMaJa0IINX
Ha eMHUILY TOBEPXHOCTHU B eIMHUILY BpeMeHH, C — CKOPOCTh CBETA B BaKyyMe); 0 - KO3 PHUIHeHT
OTPa)KEHHUS CBETA OT MOBEPXHOCTH TeJa.

¢ dext Komnrona

KBaHTOBBIE CBOMCTBA CBETa MPOSIBIISIOTCS B 3P dexte KoMIToHa, KOTOPHI 3aKtouaencs
8 YNPY20M PACCessHUU KOPOMKOBOIHOBO20 dNIEKMPOMASHUMHO20 U3YYeHUs (DeHM2eHOB8CKO20 U )~
u3ywenus) Ha C80OOOHBIX UNU CLADOCBAZAHHBIX INEKMPOHAX BeUecmsd, CONPOBONCOAIOUeMCS
yeenuuenuem Onunsl 60116l AAl. Bennuuna AA onpenensiercsa gpopmynoit Komntona

., 0
A=A —-A=24 sin* =, (11)
2
r7e A - JIMHa BOJHBI MTaJAI0LIET0 U3TyYeHus], A - IMHA BOJHBI PACCESHHOTO U3ITyYeHUs, - yroiu
2h
paccesiHus PEHTTEHOBCKOTO KBaHTa, A — KOMITOHOBCKasl [IMHA BOMHEL, A = ——, A. = 2,426
m,C
0

M (Mo — Macca MOKOS IEKTPOHA).

OObscHEHUE B(I)CI)CKTS. KomnTona wmoxkeT OBITh JaHO Ha OCHOBC KBAHTOBBIX
HpeI[CTaBJIeHI/Iﬁ 0 HOpUpOAC CBETA, KaK pPE3YyJbTAaT YHPYIroro CTOJKHOBCHHA PCEHTICHOBCKHX
q)OTOHOB (¢10) CBO60)IHBIMI/I QJICKTPOHAMH BCIICCTBA. B Imponecce CTOJIKHOBCHUA (I)OTOH nepeaacr
SJICKTPOHY YaCTh CBOUX DHCPIUH U UMITYJIbCAa B COOTBETCTBUHU C 3aKOHAMU UX COXPAHCHUS.

IIpumeps! pelenus 3agay

3agaya 1. JlnuHa BOJHBI, HA KOTOPYIO MPUXOAUTCS MAaKCUMyM CIEKTPAJIbHOW IIOTHOCTH
DHEPTEeTUYECKON CBETUMOCTH aOCONOTHO dYepHOro Tena Amax = 0,6 Mmxm. Ompenenure: 1)
PHEPreTUYECKyl0 CBETUMOCTb 3TOro Tena Rr; 2) cHeKkTpaiabHYIO IUIOTHOCTh HEPreTHUYECKOM
CBETHMOCTH I'vT WU 4T, PAaCCUMTAHHYIO Ha 1 HM BOIM3H Amax B CIIEKTPE U3ITy4YeHUS aOCOIOTHO
YEepHOTro Teja.

JlaHo: Pemenune. CornacHo 3akoHy cMmellleHus BuHa, JyiHa BOJHBI, Ha
KOTOPYIO IPUXOAUTCS MAKCUMYM JHEPreTUYECKON CBETUMOCTH,

Amax = 0,6 MKM
00paTHO TPONOPITHOHATIFHA TEMITEPaType

6=2910°Kwm



Bm 8
c=12310% ——— Avex ==
w3 K5 T
Bm OTCrO1a
c=5,67-10% 3 3
. 8
m” K T— |
AA=1uMm=10"Mm ﬂvmax
Ri=?r,r="?

a JHepreTudeckas CBETUMOCTb Rt ompenensercs 3akoHoM Credana-bosibimana, To ecTb,
IIPONOPLMOHANIbHA YETBEPTON CTENEHH a0COIOTHON TEMIIEPATYPHI

4

R =0T'=0] —

-3
< 2909 ) sarsprs

R, =5,67-10 7
MakcuMyM CHEKTpaIbHOU INIOTHOCTH SHEPTETUYECKONW CBETUMOCTH, COTJIACHO 3aKOHY BuHa,
IIPONIOPLMOHAJIEH IISITOM CTENIEHH TEMIIEPATYPBI

5

6
r,=cT’=¢ —|,

max

Ho mbI monyunnu 11 B uHTEpBaie IuH BoiH AA’= 1 m (emunuunbiii uaTepBan B CH). Tak kak
1 1M B 10° pa3 MeHbITe, TO U (I'4T)max, TPHXO/IAIIASCS HA AA =1 1M BOIU3U A max, BO CTOJIBKO
ke pa3 Oynet menbie. Takum 00pa3oM, HMCKOMOE 3HAYEHHE OMPEEIUTCS BEIPAKCHUEM:

5

6
cl ——

//i’rmx
(r/l,T )rrax = T10°

29-10°

-7

(r,) =123.10"

-9 4 2 2

. 107 =38-10°Bm/ m” - um =38xBm /[ m* - um
Wtak, crniekTpajibHas IUIOTHOCTh 3HEPreTHUYECKOW CBETUMOCTH, TMPUXOASIIASICS Ha HHTEPBAJ
JUTMH BOTH AA = | HM BOIH3H Amax paBHA 38 KBT/M%-HM.

3aaaua 2. PackanenHas MeTajIuueckas MoBepXHocTh S = 10 cm? u3nmyuaer B 1 MuH sHepruio E =
4-10* JIx. Temmepatypa moBepxsoctn T = 2500 K. Haiiaute OTHOIIEHHE >HEpreTHUECKUX
CBETHMOCTEH 3TOM MOBEPXHOCTH U a0COIIOTHO YEPHOTO TeJIa IPU JaHHOU TeMIepaType.



Jano: R

Pemenne. ckomas Beanunna N = 2 ,tmeRom R ym —
S=10cm? = 10-10* m? wm.
t=1 vuH =60 ¢ JHEPreTHYecKass CBETHMOCTh METaJNIMYCCKOM TMOBEPXHOCTH H

YepHOTO TeJla, COOTBETCTBeHHO, 10 3akoHy CredaHna-
E=4.10" Ix BosbiMana
I'=2500 K Rur. = oT* = 5,67-108.2500*=2,21-10° Br/m?.

g Bm DHeprusi, u3nydyaeMasi paCKaJIeHHOM METaJITMYEeCKOM
o=5,67-10° 5 2
m° - K MOBEPXHOCTHIO0, paBHa £ = R, 1-S. Otcrona
n="?
E
R, =—
t-S
4.10* Bm
L =——_=0,67-10° =
60-10 M
) R, 0,67 -10°
Haiinem oTHOmEHHE =N, N= P 0,3.
Rom. 2,21-10

3apauya 3. Bo cKoJIbKO pa3 yBENIMUYUTCS MOIIHOCTh U3ITYYEHHUS YEPHOTO TeNa, €CIM MAaKCUMYM
SHEPTUM HM3TYyYEHUS CMECTHTCS OT KPAaCHOW T'paHMIIBI BHUIMMOTO CIEKTpa K €ro (puoJIeTOBOMH
rpanuiie?

JlaHo: Pemenne. CornacHo 3akoHy CMelleHMss BuHA, JIMHA BONHBI, Ha
4 =076 KOTOPYIO IIPUXOAUTCS MAKCHMMyM  DHEPreTHYECKOM CBETUMOCTH,
= MKM
o 00paTHO MPOIOPLUOHAIEHA TEMIIEPATYPE
Ap = 0,38 MKkM
NK/Ng - ?
6 6 6
o =—,orcioma I’ =—, Td, =—
T ’ A ”

MomraocTh n3nmydenus paBaa N = RS.

B cootserctun ¢ 3akonoM Ctedana — Bomsimana R = oT*, ana temmeparyp Ti u Ty

MMEEM: N =oT'Su N, =0T (; S. Torna uX OTHOIIEHHE paBHO
Ny (L) (& (076 e
N (T, Ay 0,38

3agaua 4. Ha nnaTHHOBYIO IIIACTHHKY MAaeT yIbTpaduoIeTOBOE H3llyueHue. s npexpaiieHus
dororddexra HyKHO MPUITOKUTH 3a1ep:kuBatoniee Hanpspkenue Ui = 3,7 B. Ecnn mmatuHOBYO



IUTACTUHKY 3aMEHUTH IIACTUHKOM U3 JPYroro MeTajuia, TO 3aJepKUBAIOIIee HAMIPSHKEHNE HY>KHO
yBenmuuuTh 10 Uz = 6 B. Onpenenute paboTy BbIxoja (B 3JEKTPOHBOIBTAX ) U3 BTOPOI'O METaslIa.

Hano:
U;=3,7B
U,=6B
A1=6,3 3B

h =6,62-10°34Ix-c

Pemenne. CoriacHo ypaBHeHUIO DHIITEWHA 151 poTrodddexra,
uMeeM

mof

hV:A1+

Uro0bl  3azepkaTh  BBUIETAIOIIME  3JEKTPOHBL, HEOOXOAUMO

Ar =?

IIPHUIIOXKUTDH 3aJCPKUBAIOIICC HAITPAKCHUC Us.

2
mo

r7ae e 1 M — 3apsia (o0 MOAYIIIO) U Macca 3JIeKTPOHa.

Takum oOpazom,

hv = A + eUs. (1)

AmnajorudHoe BBIPAXKCHHUC 3AIMMIICM IJI IIJTACTUHKH U3 BTOPOI0 MCTAJlJIa

hv = A + eUa. )

[Mpupasusiem (1) u (2)

A1 +eUr=Ax+eU;
Ay =A1+eU;—eUz=41—-¢e(Uz-Uy)
A, =10,1-10"° - 1,6 -10%(6-3,7)= 6,42.10"%° I

6421077

= 1,6-10_19 =458

4,

3anaua 5. OGnyueHue TUTHEBOTO (POTOKATO/1A MPOU3BOIUTCS (PHUOJIETOBBIMU JTydyaMH, JJTUHA
BOJIHBI KOTOPBIX paBHa 0,4 MkM. Omipenienure CKOpoCTh (POTOINEKTPOHOB, €CIU JITTMHA BOJTHBI
KpacHoU rpanuisl Gotodddexra mist muts paBHa 0,52 MKM.

Hano:
A=0,4 MKM
Ax= 0,52 Mkm

v-?

Pemenue. CornacHo ypaBHeHU0 DiHIITeHHA 11 PoTodddexra
sHeprus ¢potoHa Ey=hc/A pacxonyetcst Ha paboTy BbIXOZa PIEKTPOHA
A=hc/ Ak 1 cooOIIIeHHE SICKTPOHY KHHETUYECKOH dHepruu K.

hc hc mv> hc hc
+K. =



hc hc)?2 2hc( 2, -4

Torna V= || ——— |—=

A A )m m\ A4

-34 8 _ . -7
sz%qumﬁzymESWWa
91.10*.52-4-10

3agauya 6. Omnpenenure MakCHUMalbHYIO CKOPOCTb AJIEKTPOHA, BBIPBAHHOIO C ITOBEPXHOCTHU
MeTaJljia y-KBaHTOM c 3Heprueit 1,53 M»aB.

Hano: Pemenne. [1o popmyne DitHiureitna ans porosddexra
E,=1,53 M»B E,=—A+K. PaboTa BbIX0oa 37IEKTPOHA M3 METaJllIa COCTABIISIECT BEIUUYUHY
5 nopsiika  €QWHUIl  DJIEKTPOHBOJBT,  YTO  MHOTO  MEHbIIE
V - o
max MEras>JaeKTPOHBOJIBT, CIEI0BATENILHO MEHbILEH

BEIMYMHON MOxHO npeHeOpeub. Torga E, = K. Tak kak 3Heprus ramma-KBaHTa MPEBbIIIAET
2
SHEPTrHI0 MOKosi onekTpona E,=m,C =0511 M>3B, T0 kuHeTnueckas dHeprus

q)OTOSHeKTpOHa AOJIKHA paCCUYUTBIBATHCA I PCISITUBUCTCKOTO CilIydast.

2
K:&_moc2 ZL_EO'
LV oV

2

v=cC.|1- i =3-10° 1—(
K+E

0511

2
—== | =28-10°w.
153+0,511

0

3agaya 7. Onpenenure Cuily CBETOBOTO JABJICHHUS COJIHEYHBIX JIy4eW MEPIEHIUKYISIPHBIX
TOBEPXHOCTH Ha Tiomazs 100 M2, ecriu ko3 PUIIHEHT OTpaskeHus Tydeii paBen 0,2 U CoNTHEUHAs
nocrosaHas  1,4-10° Br/M?. (ConHeuHOM MOCTOSHHOH HAa3hIBAaeTCAd BENWYMHA, paBHAs
MOBEPXHOCTHOW IUIOTHOCTH IMOTOKA 3HEpruu u3nydeHus CojHIa BHE 3eMHON aTMocdepsl Ha
cpenHeM pacctossHuu oT 3emiu 10 CoiHIa).

JaHo: Pemenne. Cuiia cBETOBOTO JaBieHWUs F Ha TOBEPXHOCTh paBHA
S = 100 a2 MIPOU3BEICHNIO CBETOBOTO JIaBJICHUs P Ha TuIomaap S moBepxHoctH F =
= M
P-S.
p=0,2
3 E(1+p)
Bm CBeTOBOE JaBIEHHE MOKET OBITH HaliieHo 1o Gopmyne P = ———=
E =1,4'103—2 C
M E-S(1+p)
. Torna uckomas cuna F = —————
Y C
c=3108—
C

F=?




1,4-10%-100-1,2

S 10¢ ~56-10H .

F

3agaua 8. Ha 3adepHEHHYI0 MOBEPXHOCTh HOPMAIbHO MagaeT MOHOXPOMAaTHYECKHH CBET C
nmuHoi BomHbl 0,65 MkM, npoussoss Aasnenue 5-10° [Ta. Onpenenurte koHIEHTpaIMIo GOTOHOB
BOJIM3H OBEPXHOCTH U YHCIO (POTOHOB, MAfAOIIMX Ha miomans 1 M2 B 1 c.

HaHo: Pemenue: JaBienue cBeTa npu HOPMaJIbLHOM aJICHUH HA MOBEPXHOCTD
¢ K03 (HUIMEHTOM OTpaXeHUs p BerYHCIsAETCS 110 popmyine P=w(1+p),
rae @ — oO0beMHas IUIOTHOCTh SHEPTHH, KOTOpas CBsA3aHa C MOJHOM
P=510%11a |>Heprueil (ocBelmleHHOCTbIO) Ep majzaromux (OTOHOB Ha EIUHUILY
TUTOIIAIM TOBEPXHOCTH B €IMHUILY BpPEMEHH COOTHOIIEHUEM w=Eo/c.

A=10,65 MKkM

S=1m?
t=1c
No, N-7

C yueroMm TOro, 4TO JUIs 3a4€PHEHHON MOBEPXHOCTH KOI(PPHUIMEHT OTPaKEHUS p PaBEH
HYJIO TOIMyunM (QopMYJTy JUIsi JaBienns ceeta B une P =@ = E /C. O6pemnas miotHocTs

SHEPTUH paBHA MPOU3BEACHUIO KOHIIEHTPALUK (OTOHOB Ng HA YHEPTHIO OAHOTO GoToHa E1, w=
noE1= nohc/A, otkyna

_wA_PA_5.10°.65-10"
"“hc hc 663-10%-3.10°

=16-10"w3.

Yucno $HoToHOB, MaAAOUIMX HA €AMHUILY IUIOIIAIN MOBEPXHOCTH B €AMHUILY BPEMEHH,
PaBHO OTHOLLIEHUIO IHEPreTUYECKOM OCBEIIEHHOCTH Eo K SHEpruu oJHoro (potoHa E1:

E,_PA_

E

n,c=16-10"-3-10° =48-10% w2,

1

3agaua 9. B asnenun Kommnrona sHeprust magaromero ¢goroHa £ pacnpenensiercs MOPOBHY
MEXy PaCCEsTHHBIM ()OTOHOM U DIICKTPOHOM OTAa4u. YToI paccesiaus 6 = m/2. HaliauTe sHEpruto
U UMITYJIbC pacCcessHHOTO (OTOHA.

JlaHo: Pemenue. Dueprus manatomero Gorona ompeaensercs Gopmymnon
. C
me = 9,1-10%! kr E= hz, rae A - IJMHA BOJHBI Majaromiero (oToHa. DHEPrus
0=nl2 c
E/E/=2 paccestHHOTO poToHA E "=h ;, rjie A’- JJIMHA BOJIHBI PACCESTHHOTO
h = 6,62-10"% JIx-c Ha s5ekTpoHe (oToHa. Ilo ycnosuto 3agaun E = E' = 2, Torna
¢ =310 m/c
E’,P'=?
AIA=2, A= A12. (1)

[To ¢opmyne KomnroHa u3MeHEHHE IJIMHBI BOJHBI ()OTOHA TNPU PACCESIHUM BBIPAXKACTCS
dbopmyoit



2 —a=""(1-cos),

m.c
yuutbiBas (1), umeem
P L(1—cos¢9),
2 mgc

501050

ﬂ‘l

—=—-(1-cosé),

2 mec( )
OTKYyJa

A :Z—h(l—cose).

m,C

)

[ToncraBnsst BeipakeHue (3) B GopMyiny sl SHEPrUM paccesHHOro (OTOHA, MOTydaeM

OKOHYAaTCJIBbHO

,hc  hem,c m,c’

A’ 2h(l-cos@) 2(1-cos@)

- 91.10*.9.10"

2-(1—003”)
2

Jns  ompeneneHWsT UMITYJIbCa  PACCESIHHOIO  (POTOHA  BOCIOJB3YeMCSI
COOOpaKECHUSIMHU.

E!

=41-10™ /I =0,26 MB.

Dueprust Gpotona E'= My ¢, a uMiyibe GOTOHA p’= My -¢, TOTAA
P 7z Y. p @

, £’
p'=—.
C
Ummysse paccessHHOro (OTOHA paBeH
41.10°
=107 148102 o,

3-10°

CIEAYIOIUMHA

3aagaua 10. ®otoH ¢ ummyabcom 5,44-1022 kr-m/c 6B paccesH Ha CBOGOTHOM IEKTPOHE HA YToJl
30° B pe3ynbTate 3¢ dexra Komnrona. Onpenenute UMIyabC paccesHHOTO (OTOHA.

Hano: Pemenne. HWmnynsc ¢ortoHoB pi1=h/l1; p2=h/l2,
A1=h/p1, A2=h/p>. N3menenune nnunbl BoaHbl A4 ipu 3ddekre

_ 22
p1= 54410 krw/c KoMnToHa paBHO

0=30°

p2-7?

OTKYy/1a



h h h h
Ad=2,— A =—(1-c0s0), mm — — —=—(1-cosh).
mc p, P, mMC
Orcrona
pyMC 544.1072% .91.107°1 .3.108 92
p2 = = 57 31 5= 43-10 KT - M/C.
py(1-cos@)+ myC 544-10 °°-0134+91-10 °~-3-10

3agaua 11. @oron ¢ sHeprueii 0,51 Ma3B B pe3ynbraTe KOMOTOHOBCKOTO PacCEsTHUS OTKJIOHUIICS
Ha yrou 180°. OnpenenuTe A0II0 SHEPTUH B MPOIEHTAX, OCTABIIYIOCS Y PaCCETHHOTO ()OTOHA.

[aHo: Pemenmne. Ilo 3akoHy coxpanenusi suepruu E1 = E>+E,, rne E1 —
sHeprus Hanetaromero Gporona, £z — sHeprus paccessuHoro portona, £,
— DHEpPrusi AJEKTpoHA. DHEPrusi HaJeTAoIIero 3JIeKTpoHa paBHa F1
0=180° =hc/l1, orcroma A1 = hc/Ei, rme A1 — JuIMHA BOJHBI HAJIETAIOLLETO
¢dboToHa. AHAIOTUYHO

E1=0,51 M»B

Ey/ Ev-?

A2=hc/E>. I3mMeHeHue JIMHBI BOJHBI IPU KOMIITOHOBCKOM PAaCcCEsTHHUH PaBHO
AL =22 — 21 = Ac(1- cosh),
rae Ac = h/moc =2,43-1012m — kOMIITOHOBCKAS JTMHA BOJIHBI AJICKTPOHA.

Torma AL = Ac-2, otcroma A2 = A1 + AA = A1 + 2Ac 1, clieqoBaTenbHO, JHEPTHUS PACCESTHHOTO
¢doroHa paBHa

£ - hc hc
2 - - .
A +2A, hclE, +2A,
A ee nons
E hc 6,63-10*-3-10°
— = = 34 8 13 2 033=33%
E, hc+E 24, 663-10%.3.10° +051.10%-2.243-10
Bonpocwt u 3a0auu k covecedosanuro:
1.  KsanroBas npupoja u3ydeHus. 3aKOHbI TEIJIOBOTO M3JIy4EHHUS.
2.  KsanroBas runoresa u popmyna [Inanka. @OTOHEI.
3. @orodddexr.
4.  Macca, sHeprusi 1 UMIyJbe (poTOHA.
5. [aBnenue cBera. Ddpdexr Komnrona.

Sanatm AJIAA CAMOCTOATECJIBbHOI0 PCIICHUS

1. Kpacnas rpanuna ¢otospdexra nns munka Ag=310 HM. Onpenenutb MakCUMaJIbHYIO
KHHETHUYECKYIO SJHEPTUIO Tyax (POTORIIEKTPOHOB B AIEKTPOH—BOJIBTAX, €CIU HA LIMHK Ia/IaeT CBET C

mtnHON BOJIHEL A =200 HM.



2. BeaencTBue n3MeHEHUs TeMIEpaTypbl aOCOTIOTHO YEPHOTO Tella MAKCHUMYM CIIEKTPaTbHON
wi0THOCTH (R T)max cMecTmiics ¢ A1 =2,4 MkM Ha A= 0,8 MxM. Kak ¥ BO CKOJIBKO pa3 U3MEHUIIACH
SHEPreTUYecKasi CBeTUMOCTh R, Tesla 1 MakcuMasbHas CEKTpaibHas INIOTHOCTh SHEPTeTUUECKON
CBETUMOCTHU?

3. ITpu yBenu4eHNU TEPMOAMHAMUYECKON TeMIEpaTypbl 7 UepHOTo TeJla B JIBa pa3a JJIMHA BOJIHBI
Am, Ha KOTOPYIO MPUXOJUTCSI MAKCHMYM CIICKTPATBbHOU IMJIOTHOCTH YHEPTETHIECKON CBETUMOCTH

(Rx,T)max, ymenbmiaack Ha A1=400 M. OnpeienuTh Ha4aIbHYIO U KOHEYHYIO TeMIeparypsl 11 1
T>.

4. DTajoH eMHUILIBI CUJIBI CBETA — KaH IeJ1a — IPEACTABIAET COOO0M MOIHBIN (M3J1y4atoluii BOJHBI
BCEX JJIMH) U3JIy4aTellb, IOBEPXHOCTh KOTOPOTO IUIOIAb

S = 0,5305 Mm? uMeeT Temmepatypy t 3aTBepaeBaHMs MIATHHBI, paBHY0 1063 °C. Onpenenuts
MOUIHOCTb P HU3iydaress.

5. MakcumalbHas ClIeKTpalibHas ITIOTHOCTh Y9HEPreTHIecKoi cBeTUMOCTH (R, T) ., IE€PHOTO Tena

pasHa 4,16-10'! Br/m?. Ha xakyio JIMHY BOIHBI Am OHA MPOXOAUTCSA?

6. Temneparypa uepHoro Tena paBHa 2 kK. Omnpenenuts: 1) CrnekTpajibHYH MJIOTHOCTb
OHEPreTHUECKON cBeTuMocTH (I,1) I JUIMHBI BOJMHBI A =600 HM; 2) DHEPreTHYECKYIO
cBeTUMOCTh Ry B mHTEepBane aiuuH BoiH oT A1 =590 HM 10 A2 = 610 M. [IpuHsTH, YTO CpenHss
CHEKTpalibHas TNIOTHOCTh SHEPTeTUYECKON CBETUMOCTH TeJia B ’TOM UHTEpBaje paBHa 3HAUCHUIO,
HaliieHHOMY U1 BOJTHBI A= 600 HM.

7. OnpenenuTh MAaKCUMAIbHYIO CKOPOCTh Vmax (POTORJIEKTPOHOB, BBIIETAIONINX W3 METaslia Mpu
o0mydeHuu ero y - poToHamu ¢ sHeprueit £=1,82 MaB.

8. MakcuManbHasi CKOPOCTb Vmax (POTORIEKTPOHOB, BBUIETAIONIUX U3 MeTalla MPU 00JIyYEeHUH €ro
¥ -poTonamu, paBHa 291 Mwm /C. Onipenienuth 3HEPruto € GOTOHOB.

9. OnpenenuTs MAaKCUMAIBHYIO CKOPOCTh Vmax (POTORJIEKTPOHOB, BHIIETAIONINX U3 METaslia MpU
o0mydeHun ero y - potoHamu ¢ sHeprueit £=1,53 M»aB.

10. OnpenienuTe MaKCUMAIBHYIO CKOPOCTh Vmax (POTOZIEKTPOHOB, BBIJIETAIOLINX U3 METalIa MOJ
JIeMCTBUEM J - U3ITYUYEHUs C JUIMHOW BOJHBI A=0,3HM.

11. OnpenenuTs JUIMHY BOJHBI A yABTPaQHOIETOBOTO U3IYYEHHUS, MMAJAIONIET0 Ha TIOBEPXHOCTh
HEKOTOPOTO METANNa, IPH MAKCHMAIBHON CKOPOCTH (hOTOINEKTPOHOB, paBHO# 107 M/c. PaGoToit
BBIXO/Ia DJIEKTPOHOB U3 METallla IpeHeOpeyb.

12. Ha nMHKOBYIO TUTACTHHY IMaJaeT MOHOXPOMATHYECKHIA CBET C JIMHON BOJHBI A = 220 HM.
OnpenenuTs MaKCUMAIBHYIO CKOPOCTb Vmax (POTORIIEKTPOHOB.

13. Jlns mpexpamenust porodddexra, BHI3BAHHOTO OOIyYeHUEM YIbTPadHOIETOBHIM CBETOM
TUTATHHOBOW TUTACTUHKH, HY)KHO MPUJIOKHUTH 33IePKUBAIOIIYI0 Pa3HOCTh noTeHmaioB U = 3,7
B. Ecin nnaTHHOBYIO MJIACTUHKY 3aMEHUTH JIPYTOW MIIACTUHKOM, TO 3aJIEPKUBAIOIIYIO0 Pa3HOCTh
MOTEHITMAIIOB TPHUJETCS YBeMW4YuTh 10 6 B. Ompenenuts paboTy 4 BBIXOAA JJIEKTPOHOB C
MMOBEPXHOCTH 3TOM IJIACTUHKH.

14. Ha noBepXHOCTh JUTHUS MagaeT MoHOXpoMaTtuueckuii cBeT (A =310 uM). UToOBI IpeKpaTUTh
OMUCCHIO JIEKTPOHOB, HY>KHO MPUIIOKUTH 3aICPKUBAIOIIYIO pa3HOCTh oTeHInanoB U He MeHee
1,7 B. Onpenenuth paboTy BbIxoa A.



15. Kakas mons 3Hepruu (hoToHA M3pacxoi0BaHa Ha pabOTy BBIPHIBAHUS (DOTODIICKTPOHA, ECIIH
KkpacHas rpanuna Gotodpdexra Ao =307 HM M MakcuUMalbHas KUHETUYECKas SHEPrus 7max
doTo3nekTpoHa paBHa 1 »B?

16. Bbymer mm wnHaOmomatbes (GoTodddekT, ecnum Ha IMOBEPXHOCTh cepedpa HampaBUTh
yibTpaduoseToBoe u3aydeHue ¢ JNIMHON BoHBI A =300 HM.

17. Onpenenuts 3Hepruro £, Mmaccy M U UMITyasC P GOTOHA, KOTOPOMY COOTBETCTBYET JUTMHA
BOJIHBI A = 380 HM ((uoneroBas rpaHUIIa BUAUMOTO CIIEKTPA).

18. OnpenenuTs JJIMHY BOJHBI A, Maccy M U UMITyJbC P GpoToHa ¢ sueprueit £ =1 MaB. CpaBHHUTD
Maccy 3Toro ()oTOHa ¢ MacCO MOKOSIIETOCs IEKTPOHA.

19. Onpenenuth IUHY BOJHBI A ()OTOHA, MMITYJbC KOTOPOT'O pPaBEH HMMIYJIbCY 3JIEKTPOHA,
00J1a1ar01ero cKopocTpio V =107 m/c.

20. Onpenenuts JJIMHY BOJIHBL A OTOHA, Macca KOTOPOTO paBHa Macce MOKos: 1) anekTpoHa; 2)
IIPOTOHA.

21. [aBnenme p MoHOXpomatuueckoro ceera (A =600 HM) Ha 4YepHYI MOBEPXHOCTb
PACIIOJIOKEHHYIO MEePICHAUKYIISIPHO NagaromuM Jiydam, paBuo 0,1 mklla. Onpenenuts uncio N
(oToHOB, masaromMXx 3a BpeMs t=1 ¢ Ha MOBEPXHOCTH MIOMAABI0 S=1 cM?

22. CnoytHUK B ¢GopMe Iapa JBUKETCS BOKPYr 3€MJIM Ha TaKOW BBICOTE, YTO IOIJIOLIEHUEM
COJIHEYHOr0 cBeTa B arMocdepe MoxHO mpeHeOpeub. Juamerp cmytHuka d = 40 m. 3Has
conHeunyio nocrosuuyio C=1,4 xJ[/M%c 1 NPUHAMAs, YTO MOBEPXHOCTh CITyTHHKA TOTHOCTHIO
OTpa’KaeT CBET, ONPEAEIUTh CHITy JaBlieHHs F coHeYHOro cBeTa Ha CIyTHUK.

23. OmpenenuTh MOBEPXHOCTHYIO IUIOTHOCTh | MOTOKA SHEPruu H3JIy4eHHUs, MaJaoUIero Ha
3epKaJIbHYI0 TIOBEPXHOCTh, €CJIM CBETOBOE JIaBJICHUE P MpU MEPIEeHIUKYISPHOM MaJeHUU JTyden
paBHO 10 mkI]Ia.

24. ®oron ¢ sneprueit ¢ =0,4 MsB paccesuics oa yriom € = 90° Ha cBOOOTHOM 3JIEKTPOHE.
OnpeaenuTs SHEPTHIO & PACCETHHOTO (POTOHA M KWHETHUYECKYIO SHEPTHIO 1 AJIEKTPOHA OTAa4H.

25. OnpeaenuTs UMITYIIBC p 3IEKTpoHa oTauu npu 3¢ dexre KomnTona, ecnu GoTOH ¢ sHEpruei,
PaBHOI dHEpruu MOKOs AIEKTPOHA, ObLI paccessH Ha yroia 6 = 180°.

26. Kaxkas nons snepruu ¢potoHa rpu 3¢ ¢pexkre Komnrona npuxoauTcs Ha 3JIEKTPOH OTJAUU, €CITU
dboToH nperepnen paccessuue Ha yroa € =180°? Dueprus ¢ (orona mo paccesHust pasHa 0,255
M>bB.

27. ®oton c¢ sueprueir ¢ = 0,25 M»dB paccesics Ha CBOOOJHOM 3JIEKTpOHE. DHEprus &

paccestHHoro ¢otoHa pasHa 0,2 MaB. Onpenenuts yroia paccestHus 6.

28. Yron paccesaus 6 ¢orona paseH 90°. Yron ornauu ¢ snekTpoHa paseH 30°. Onpenenutsb
SHEPTHUIO & MaJaromiero GoToHa.

29. ®otoH (A =1 M) paccesics Ha cBOOOTHOM 3MeKTpoHe oA yriioMm & = 90°. Kakyro momnto cBoeit
sHepruu (POTOH Tmepena MIEKTPOHY?

30. JlnuHa BonHBI A poTOHA paBHA KOMOTOHOBCKOM JJIMHE BOJIHBI Ax 3JeKTpoHa. OnpenenuTsb
SHEPTUI0 & M UMIYIEC p POTOHA.



Pa3nes 6. JiieMeHTHI KBAHTOBOW MEXaHUKH U siiepHO U3k
IIpakTnyeckoe 3ansitue 17.
Tema 3anamus. Teopusi aToma Bogopoaa 1o bopy. J1eMeHTbl KBAHTOBOI MEeXaHUKH.
Ilens 3anamus. I3y4nTs BONPOCH! KBAHTOBOM TEOPUH U3ITyUECHUS.

3nanua u ymenusa, npuobpemaemvie CmMYOeHmMOM 6 pe3ylbmame O0C6OCHUS MeMbl,
dopmupyemvie komnemenyuu. Monenu atoma Tomcona u Pesepdopna. Jluneituareiii criekTp
aroma Bogopoaa. Iloctynarel bopa. Cnextp atoma Bomoponaa no bopy. ['mnoreza ne bpoits.
KoprnyckynisipHO-BOJIHOBOM  TyaIu3M. CooTHomienne HeompeneneHHocte [ 'eitzendepra.
VYpasuenue Ulpenunrepa. BiameeT mocoOHOCTBIO MPUMEHSTh COOTBETCTBYIOIIMN (U3HUKO-
MaTeMAaTHYECKUN anmapar IpH PeleHrud IpodeCCHOHATBHBIX 3a/1a4.

AKmyaJleOCIHb membl. DJIEMEHTbl KBAaHTOBOMEXaHHYECKOM TCOPHUU TMPUMCHACTCA IPU
pPCHICHUH HAYYHBIX 3a1a4.

Teopemultecmm yacmo.

Ha ocHOBaHUU OMBITOB MO PaCcCESHUIO 0—4aCTULl TOHKMMU METaJUIMYeCKUMHU (onbramu 2.
Pesepdoprom Ob1a mpeiokeHa siiepHas MoJienb atroMa. CoryiacHO 3TOM MOJENH, B Ape aToMa
COCpE0TOUEH BECH ITOJIOKUTEIbHBIN 3apsi/l U IPAKTUUYECKHU BCsA Macca aroma. JInHeliHbie pa3Mepbl
aapa pasusl 107°-10" M, Bokpyr smpa B 06mactu ¢ nuueitnsiMu pasmepamu 1070 M gBmKyTCs
JIEKTPOHBI, Macca KOTOPBIX COCTABIIAET JMIIL BECbMa Myl JIOJI0 Maccel sapa. SnepHas
Mozenb atoma Peszepdopsa BHEIIHE OYeHb HAIOMHHAET COJTHEYHYIO CHCTEMY: B LIEHTPE CHCTEMBI
HaxoauTcst «CoJHIEe» — sIIPO, U BOKPYT HETO 10 OpOUTaM ABUKYTCS «IUIAHETBI» — 3JIEKTPOHBI.
IToaToMy naHHYIO MOZEIB YaCTO HAa3bIBAIOT IIJIAHETAPHOM.

OnbpITHI OKA3bIBAIOT, YTO ATOMY CBOMCTBEHHA MCKIIIOUUTENbHASI YCTOMYMBOCTD, OJITHAKO
YCTOMYMBOCTh aTOMa HE MOXKET OBITh COTJacoBaHa C KJIACCHYECKUM MCTOJIKOBAaHHMEM SJIEpPHOU
MoJeNu. DIEKTPOH, ABMKYLIUICS YCKOPEHHO IO OpOHMTE BOKPYT s1pa, JOJDKEH H3JIy4aTh
AJIEKTPOMArHUTHBIE BOJHBI. JTO M3JIyueHHe (M CBA3aHHAs C HUM MOTEpsl DJIEKTPOHOM €ro
DHEPruM) JAOJDKHO IPOUCXOIUTh HENpepbiBHO. [lo3TOMy, Ha OCHOBaHMM KJIACCHYECKHX
OpPEJCTAaBICHNUN, 3JIEKTPOH HE MOXKET ylep)KaTbCsl Ha opoOuTe, a JODKEH [0 CIHpallu
npubsmxarecs K sapy. OTcroga cieayer, 4To aToM 3a OYeHb KOPOTKOE BpeMs MPEKpaTUT CBOE
CYILIECTBOBaHHUE, KPOME TOTO, U3Iy4EHHE aTOMa JOJDKHO UMETh HENpPEpBIBHBIN criekTp. OmHaKko
OOLIMPHBIN 3KCIEPUMEHTAIbHBIN MaTepualn yKa3blBaeT Ha CTaOWJIBHOCTh U Ha JUCKPETHBIN
(JluHENYaThIil) CHEKTp aTOMOB, YTO HAXOJIUTCS B MPSIMOM MNPOTHBOPEYUH C KIACCHUYECKUM
UCTOJIKOBaHUEM Mojienu atoma Pesepdopaa.

IlepBasd mombITKa MOCTPOEHUs HEKIIACCHUYECKOM TEOPUU aTOMa, KOTOpas B HACTOSALIEE
BpeMs IPEeCTaBIseT TOJIbKO UCTOPHUECKUI nHTepec, Obuta npeanpunsta H. bopom. B ocHoBe
JTOU TEOPHH JIEKAJIA IS CBA3aTh B €IMHOE LIEJI0€ DMIIMPUYECKUE 3aKOHOMEPHOCTH JIMHENYaTBIX
CIEKTPOB, SAECPHYI0 Mojenb aroma Pesepdopaa M KBaHTOBBIM XapakTep IMOIVIOMICHUS U
u3JIlydeHus cBeta. B Teopun bopa coxpaHsioch onvcaHue IOBEIECHUs YIEKTPOHOB B aTOME IIPU
MIOMOIIIM 33aKOHOB KJacCMuecKo Qu3uku. OJHAKO KIACCHUYECKHE 3aKOHBl €My MpPHIIIOCh
JIOTIOJTHUTh HEKOTOPBIMU OIpPaHUMYEHHUSIMU, KOTOPBIE ObLIIH C(hOPMYIHUPOBAHBI B BUE TIOCTYIIATOB,
(bu3nyecKuit CMBICT KOTOPBIX HE MOT ObITh OOBSICHEH B paMKaxX MPUMEHSIEMON TEOPUH.

Teopuss  bopa  mnpumeHuma K aToMmy BOJIOpPOJa M  TaK  Ha3bIBa€MbIM
BOJIOPOJIOTIOAOOHBIM aTOMaM, COCTOSIIIMX W3 siipa C 3apsiioM Z€ U OJHOTO JJIEKTPOHAa,
BPAINAIOIIETOCs BOKPYT si/ipa Ha BHEITHEH opOuTe.



[TepBrrit moctynat bopa (mocTynar cTaliMOHApHBIX COCTOSHUN (OpOWT)) 3aKIHOYAETCS B
CIICAYIOLIEM: CYUecmayom HeKOmopvle COCIMOAHUSL JJIeKMPOHA 8 amome, Hax005Ch 8 KOMOpblX
OH He u3yuaem 3Hepeull.

Bropoii moctynat bopa (1mpaBusio KBaHTOBaHHUS OPOUT) YTBEPIKIAET, YTO 8 CIMAYUOHAPHOM
COCMOSIHUU amoma 21eKmMpoH, 08U2ASCL NO KPY208oU opbume, 001HCeH UMemb KaAHMOBAHHbIE
3HAYEHUs MOMEHMA UMNYTIbCA, YO0BIEMEopAIouUe YClo8uio

Ln = mVara = nh , (1)

rjae N — psa HaTypalbHbIX yucen (N =1, 2, 3, ...), M — Macca 3JeKTpoHa, V — €ro CKOpOCTh, I' —
paanyc ero OpouTHI.

Tperuit nocrynar bopa (IpaBuiio 4acToT) yCTaHABIMBAET, UTO NpU nepexooe 31eKmpoHa
U3 00HO20 CMAYUOHAPHO20 COCMOAHUSL 8 OpY20e UCHYCKAeMC s UIU NO2NIoujaemcs OOUH K8aHm
9Hepauu 6 suoe homona

E,—E,=hv )

rie Eni v Enp — 9HEPruM 3JEKTPOHA B IBYX CTAllMOHAPHBIX COCTOSHUSAX, V — yacToTta GoTtoHa. [Ipu
Enz < Ent mpoucxonut uznydenne Gporona, npu En, > Eni — ero mormomenue.

bopoeckaa moodenvy amoma 600opooa
YtoObI MOTyYUTh COTIIACHE C pe3yNIbTaTaMu HabIroaeHui, bop mpeanonoxum, 94To 3JIeKTpoH
B aTOME BO/I0PO/1a IBMXKETCS TOJIBKO 110 TEM KPYTOBBIM OpOUTAM, JIsl KOTOPBIX €r0 MOMEHT UMITYJIbCa

M=mur=nia, n=123,..., (3)

rre N — KBAaHTOBBIE YHUCIA, M — Macca 3JEKTPOHA, LV - €ro CKOpoCThb, I - paguyc OpOUTHI.
(Paccyxnenus, kotopsle npuBenu bopa Kk 3TOMy NPEANOI0KEHUIO Mbl OITYCTUM. )

C TOMOIIIBIO 3TOTO NPAGUIA KEAHMOBAHYS MOYXKHO HAWTH PaJNyChl KPYTOBBIX CTAI[MOHAPHBIX
OpOHT BOJOPO/A U BOJOPOIONOMOOHBIX CHCTEM: HOHOB aTOMOB C OJHUM OCTaBIIMMCS DJIEKTPOHOM
(H,He", Li ™", ...) u cooTBeTcTBYIOIIME MM DHEPIHU. [1yCcTh 3aps Aapa BOLOPOIONOA00HON CHCTEMBI
paBeH €. Macca sjipa 3HAYUTENBHO OOJIbIIE MACChl 3JIEKTPOHA, MOITOMY SAPO TPH JIBHXKEHHH
3JEKTPOHA MOXKHO CUMTaTh HemoaBkHbIM. Cremys Bopy, GymeMm mpeanonararb, 4To 3J€KTPOH
JIBHYKETCS BOKPYT siJ[pa [0 OKPYKHOCTH paauyca I,

CornacHo 2-my 3akoHy HploToHa
m-—== )

Pemmas coBmectHO (3) 1 (4), MOXKHO HATH painyChl AJIEKTPOHHBIX OPOUT U UX CKOPOCTU Ha ITUX
opburax:

r = U n*;v _zel (5)
" mze? " Ak on’
Taxkum oOpa3oM, paauyc nepBoit (Onmxaiiiei K saApy) OpOUTHI SJIEKTPOHA B aTOMe BOJOpoAa (ero

0003Ha4aoT 00br4HO Iy M HA3BIBAIOT nepsvim boposckum paduycom)



hZ
me?

r, = =5,29 am (6)

0
BHyTpeHHSIsI SHEprus aToMa CKJIQJbIBACTCS W3 KUHETUYECKOW HHEPrHH JJICKTPOHA (SIpO
MOJIAaraf0T HEMOJBIKHBIM) U TOTEHIIMAIBHON SHEPTUU B3aMMOJCHCTBHUS d3JeKTpoHa ¢ sapoMm. C
yaeToM (5) mosydum:

2 2 2~4

mov + Ze mZe” 1 )
n . | T ap2 a2
2 r 2h° n

n

IIpu nepexone aroma Bogopona (Z =1) u3 cocrosiHusL #, B COCTOsHUE N, u3IydaeTcs (GOTOH

4
ho=E, —E, ="~ iz—iz | ®)
2h°\ n; n

Torpa yactora HUCIIYIICHHOI'O CBCTA paBHA

CO_me4 1 1 ©
2n*\n2 n’ )

UYro cootBercTBYyeT 00001IeHHON (hopmyne banbmepa, ecnu noctosiHHas Punbepra omnpenensiercs
4
me
Ry

Pacuer no aToit popmysie XOpolo coracyercs ¢ SKCIEPpUMEHTAIbHO ONPEEIIEHHBIM 3HAUCHUEM.

(10)

Cxema ’HepreTHYeCKUX YpPOBHEH (pa3pellleHHbIX 3HAUCHU YHEPTUH ) aTOMa BOJI0pOia TPUBEIEHA
Ha puc.l. Tam ke moka3zaHbl BO3MOXHBIE MEPEXO0JIbI, COMPOBOXKIAIOIIMNECS H3TydyeHneM (POTOHOB
ONPEAECIEHHON YaCTOTHI.

//

E

///////////

CBOOOAHBIN 2JIEKTPOH

T n— o

Es=-0853B(n=4)
Es=-155B(n=23)
Y o =
< —E>=-3,43B (n=2)
cepusi
Banemepa
1 2
— E\=-13.63B(n=1)
cepus
Jlafimana
Puc.1.

Cnekmpaﬂbybze 3AKOHOMEpPpHOCmU

W3ydyeHne CHeKTpOB HU3IY4YEHHs ChIrpajio OOJIBLIYIO POJb B MO3HAHUU CTPOEHHS aTOMOB. B
MEPBYIO OYEpEe/lb 3TO KAacaeTcsi CIEKTPOB, OOYCIIOBICHHBIX H3IyYE€HHEM HEB3aHMMOJCHCTBYIOLINX



JIpyT C JPYrOM aTOMOB. DTH CIEKTPhI COCTOST M3 OTICNIbHBIX Y3KUX CHEKTPaJbHBIX JUHUN, U UX
HA3bIBAIOT JIMHEHYATHIMHU.

Hannare MHOTHX CTIEKTPaTbHBIX JTMHUN YKAa3bIBACT HA CII0KHOCTh BHYTPEHHETO CTPOCHHSI aTOMA.
W3ydeHrne aTOMHBIX CHEKTPOB MOCTYXHJIO KIFOUOM K IMO3HAHWIO BHYTPEHHEH CTPYKTYPHI aTOMOB.
[Ipexne Bcero, OBLIO 3aMEUEHO, YTO CIEKTPAJIbHBIC JHMHUW PACIIOIOKEHBI HE OECHOpsAI0YHO, a
00pa3yroT cepuu JWHHUKA. M3ydass JTUHEHUATHIN CIEKTp amomapuozo 600opooa, bambmep (1885)
YCTaHOBHJI HEKOTOPYIO 3aKOHOMEPHOCTb. J{JIsl 4acTH TMHUN COOTBETCTBYIOIIME KM YaCTOTHI MOXKHO B
COBPEMEHHBIX 0003HAYCHUSX TIPEICTABUTH TaK:

w=RlL_-L1) nz3as5,. (11)

22 n?

rJie @ — MUKIAYECKas 4aCTOTa, COOTBETCTBYIOIASA KaXKI0# ClICKTpaibHOM TuHUH (@ = 27C/1), R —
MIOCTOSIHHAS, Ha3bIBaeMast nocmosiHuou Puobepea.

R=2,07-10% ¢, (12)

®opmyny (11) HaseBaroT Gopmynoit barvmepa, a COOTBETCTBYIONIYIO 656 486 434 \.EM
CEepHI0 CHEKTpaIbHBIX JMHUA — cepuei bambmepa (puc.2). OcHOBHBIC
JIUHUW 3TOW CEpUU HAXOJATCS B BUAMMOM YaCTH CIEKTPA.

H, H, H,
JanpHeimme uccaeoBaHus CIIEKTpa aTOMapHOTO BOJIOPOIA Puc.2.
MOKa3aJIi, YTO UMEETCS €111€ HECKOJBKO CEpHUil.
B ynbrpaduoneToBoit yactu cnektpa — cepus Jlatimana:
1 1
o=R o o] n:2,3,4,..., (13)
1° n
a B MH(paKpacHON YacTH crekTpa — cepus Ilawena:
1 1
o=R T o) n:4,5,6,..., (14)
3 n

" Tak gajce.

Bce 3Tu cepunt MOXKHO MPEICTaBUTh B BUJIE 0000weHHol popmynvl banvmepa:

1 1
o=R —-—| 15
2 n? (15)

rae M, - MOCTOSHHOE IS KOKIOW cepuu 4mcio: No = 1 mia cepum Jlatimana, No = 2 11 cepun

Baﬂb/wepa nT. O HpI/I 3aIJaHHOM No YKHCJI0 N MPUHUMACT BCE IEITOYMCIICHHBIC 3HAUYCHUS, HAYWHAas C No
+1.

MakcuMaabHO! JuThHE BOJIHBI cepuu Jlatimana (13) otBeyaer N = 2, 310 Aniae = 27| O
=87 ¢/3R = 121,6 aM. COOTBETCTBYIOIIYIO CHEKTPAIBHYIO JINHHIO HA3bIBAIOT PE30HAHCHOW JTMHUEH
BOJIOPO/IA.



o o 2
C POCTOM N YaCTOTa JIMHMIA B KAXKIOH CEPUM CTPEMHTCS K TpedeibHOMY 3HaueHmio R/ Ny,

KOTOpO€ Ha3bIBAIOT TpaHuleil cepuu (puc.2). 3a rpaHulled cepud CHEKTp He oOpbIBaeTcs, a
CTAaHOBUTCS CIUIOIIHBIM. DTO MPUCYIIE HE TOJIbKO BCEM CEPHUSIM BOAOPOJA, HO U aTOMaM JIPyTuX
AJIEMEHTOB.

Takum 00pa3om, HHTEpecyIoIIas Hac cepusi baabMepa 3aKitoYeHa B CIIEKTPAIbHOM UHTEPBAJIC OT

365 HM 10 656 HM, T. €. IEHCTBUTEIHHO, BCE OCHOBHBIC JINHUU €€ PACTIOJIOKEHBI B BUTUMOM 00J1aCTH
CIICKTpA.

I'mnoresa ne bpoiiiasa. Kopnycky/asipHo-BOJITHOBOH AyaJIn3m
MaTepuu

Cy1iecTBOBaHUE BOJHOBBIX U KOPIIYCKYJISIPHBIX CBOMCTB y (hU3MUECKUX OOBEKTOB OBLIO
cHavyasia 0OHapy>KEHO B CBETOBBIX ABNEHHIX. ONTHYECKUE SBICHUS (HarpuMep, nHTephepeHus
U JTUQPPaKIKs), KOTOpbIE OOBSICHSUINCH HA OCHOBE BOJIHOBOH (3JIEKTPOMAarHUTHOMN) TEOPUH, ObLIU
B OCHOBHOM SBJIEHMSI pAcCHpOCTPAHEHUS CBETa M B3aUMOJEUCTBUS CBETOBOW BOJIHBI C
MaKpOCKOIIUYECKUMHU TENaMM: JIMH3aMH, NpU3MaMi, JU(QPAKIUMOHHBIMH pELIETKaMU U T. I.
OpHako B HEKOTOPHIX sBIeHHWsX (Hampumep, KommroH-3ddext u ¢dorodddekr), TeueHue
KOTOPBIX ONpeAesieTcs B3aUMOACHCTBUEM CBETa C MHUKPOCKOMMYECKUMH OOBEKTaMH —
OTJENBHBIMU  3apsDKEHHBIMH  YacTHIIAMH, aTOMaMHM WM MOJIEKyJaMH, OOHapyKUBaeTCs
pPacXoXJAE€HUE MEXIy MpEeACKAa3aHUSIMU BOJHOBOW TEOpUH U pe3yiabTaTaMu HaOMIOACHUN U
U3MEPECHUM.

B 1924 r., JIyn ne bpoiine BbicKa3aj THIIOTE3Y, YTO KOPIYCKYJISIPHO-BOJTHOBOM JTyallu3M
(IBOMCTBEHHOCTh, T.€. OJIHOBPEMEHHOE HAJMYUE KOPIYCKYJSIPHBIX W BOJHOBBIX CBOMCTB),
JIOJDKEH OBITh PaclpOCTPAHEH HE TOJIBKO Ha CBETOBBIC YACTHUIIBI — (DOTOHBI, HO M HA YACTHUIIbI
BEILIECTBA: 3JIEKTPOHBI, IPOTOHBI, ATOMBI U T.I.

CoOTHOIIICHNE UTUHBI BOJIHBI (JOTOHA A C €0 UMITYIbCOM Py
A=

n
- Pd) (16)

ne bpoiine 006001mui, OpeanosaokuB, YTO OHO MMEET YHUBEPCAJIbHBIM XapakTep AJs JIIOOBIX
BOJIHOBBIX IIPOIIECCOB, CBA3AHHBIX C YACTUIIAMHU, 00JIaa0IUMH UMITYIbCOM P:

A=, 17
B 1
r7e A — JyIMHa BOJIHBI A¢ bpoiins mist yactuiibl, h — mocrosinnas [lnanka.

NMmynbsc 9acTUIbI MOKHO OIIPEJENNTh, €CIIM M3BECTHA €€ KUHEeTHdecKas sHeprus K.
CBs13p UMIyJIbCa C KUHETUYECKOM dHepruel pasinyHa JUIs HEpeIsITUBUCTCKOIO ciydast (Koraa
KMHETUYeCKasi SHEPTUsl YaCTHUIIbl MHOTO MEHBIIIE €€ SHEPTuu MoKos E£o) U s peITUBUCTCKOTO
ciyuas (korma K > Eo).

B HepenstuBucTckoMm cityyae P = 2m0K , TOrIa



1=_"1
L2mK (18)

TAe Mo — Macca NOKOs YaCTHULIBI.

B penstuBucTckoM ciayuae P = — K (ZEO +K ) , TOT1a
C

1 - hc
JKQE, +K)

(19)

rac Eo=mo C2 - OQHCPT'HUA IMOKOA YaCTHULBI, ¢ — CKOPOCTH CBCTA.

OnpIThl NOKa3a1M, YTO ABOWCTBEHHOCTh MPUCYIA HE TOJIKO MOJEBONW (popme marepuu
(HampuMep, AJIEKTPOMArHUTHAs BOJIHA — (DOTOH), HO M BEUIECTBEHHOU (hopMme, T.€. BOIHOBBIMHU
(Hapsily ¢ KOPITYCKYJISIPHBIMH) CBOMCTBaMHU 00JIa/Ial0T TAK)KE YACTHUIIBI BEIIECTBA — AJIEKTPOHBI,
IIPOTOHBI, HEUTPOHBI, aTOMBbI, MOJIEKYJbl U T.X. IloaTOMYy B Hacrosiiee Bpems TOBOPAT O
KOPIyCKYJIIPHO-BOJIHOBOM JyaJIi3Me MaTEPHH.

Ypasuenue lpeaunrepa

IIpu onucanuu sBIEHUMN, B KOTOPBIX Y4aCTBYIOT MUKPOCKOIIMYECKUE YAaCTHIIbI BEIIECTBA
— 3JIEKTPOHBI, IPOTOHBI, HEUTPOHBI U JIp., HA OCHOBE MPEJCTABICHUN U 3aKOHOB KJIAaCCHUYECKOM
¢bu3uku (MEXaHUKH, IEKTPOAMHAMUKHU, BOJIHOBOM ONTHUKHM M T.JA.) BCTPETHWINCH 3aTpYyAHEHUS,
OKa3aBIIMECS HEMPeoJOTMMBIMH. [t 00bscHeHHsT HOBBIX siBIeHHUU ((oTtodddexr, mudpakums
3JIEKTPOHOB M JIPYTUX YACTHUILl U T.A.) MOTPeOOBAINCH HOBBIE NPEACTaBICHUS, KOTOPHIE HE
YKJIaIbIBAIUCh B paMKHU KJIaCCUYECKOW (U3MKH, SBHO TPOTUBOPEUMIM €€ OCHOBHBIM
MIOJIO’KEHUSM.

Co BpemeHEM OT[eNbHbIE Pa3pO3HEHHbIE MPEAINOJIOKEHNUS W TUIOTE3bl, BOSHUKIINE B
pasNMYHbIX 00JacTAX aTOMHOM (U3MKHM, OBUIM CBA3aHBI MEXAYy COOOM U TpHUBEIU K
(bopMHUPOBaHUIO €IUHON (PHU3MUECKON TEOPHH, OTYyYUBIICH Ha3BaHNE KBAHTOBOW (DU3HKH.

BaxuelmmMuy cBolicTBaMH KBAaHTOBBIX OOBEKTOB SIBIISIOTCS CIIEIYIOLIHE:

1) cyuiecTBOBaHME Y YACTHI[ KOPIYCKYJISPHBIX M BOJHOBBIX CBOICTB, HEOTACIUMBIX IPYT OT
Jpyra 1 HECBOJUMBIX APYT K APYTY;

2) cyuecTBoBaHHE Y (PU3MUYECKUX CHCTEM AMCKPETHOTO CIEKTPa YCTONYMBBIX COCTOSIHUM, YTO

CIIelyeT, HallpUMEp, U3 TUCKPETHOTO CIIEKTPa U3JIy4YEHUsI aTOMOB.

KopnyckynspHbele CBOMCTBa 3aK/IIOYalOTCS B TOM, 4YTO KaKJas 4YacTHIla HMEET
HEKOTOPYIO COCPEJOTOYCHHYIO B MajloM O0OBbEMe SHEPrui0 M MMITYJbC, MPHU B3aUMOJACHCTBHU
YaCTHUI] MEXIY COO0M COOJIFOTAOTCS 3aKOHBI COXPAHEHUS K UMITYJIhCa.

BonHOBBIE CBOMCTBa 3aKIIOYAIOTCSI B TOM, YTO TPAaeKTOPHsI YaCTHULbI OMNPEIEINeTCs
HEKOTOPOW CBSI3aHHOM C HEW BOJHOW, pPacnpoCTpaHEHUE KOTOPOM HOJYMHEHO IPUHLHUITY
[roiirerca M JUIsi KOTOPOM COOIOaeTCss MPUHIMIT Cyneprno3uimu. OIHAKO 3TO yTBEpXKAECHUE
TpeOyeT pacunppoBKH, KaKOBa MPUPOa ITUX BOJIH, Kakas pu3nyecKasi BeIMYMHA XapaKTepU3yeT
3TH BOJIHBI ¥ U3MEHSETCSA B COOTBETCTBUU C BOJHOBBIM ypaBHEHHEM, KaKUM 00pa3oM MOBEACHUE
YaCTULIBI CBSI3aHO CO 3HAYEHMSIMHM STOW BEIMYMHBI B PA3IUYHBIX TOYKAX MPOCTPAHCTBA, T.€. KaK
B3aUMOJICHCTBYIOT MEXJly COOOW «BOJIHA» U «4acTHUIla». 3aMETUM, 4TO Ul OJHOW M3 YaCTHUI[ —
¢dboToHa — yacTOTa KOJIEOaHMI CBsA3aHa C SHEPTHUEH, a IJTMHA BOJHBI — C UMITYJIbCOM YaCTHIIBI.

OpHako AJi 37IEKTPOHOB, IPOTOHOB, HEUTPOHOB U IPYTMX YaCTHUI] BOJIHBI, KOTOPbIE OBLITN
OBl OTBETCTBEHHBI 32 TUGPAKIUIO U B TOKE BPEMS TOCTYITHBI HEOCPEICTBEHHOMY H3yU€HUIO MPU
MTOMOIIIA COOTBETCTBYIOMIEH (DU3MYECKOl ammapaTyphl, He oOHapy)eHbl. OTCIofa CIenyeT, 9To
BOJIHBI Jie bpoiiis (BOIHBI 4acTHI) UMEIOT CHENU(DUUECKYIO KBAHTOBYIO IPUPOY, HE HMEIOILYIO
aHAJIOTUH B KJIACCUYECKON (pU3UKE.



Jlis omucaHusi BOJIHOBBIX CBOWCTB KBAHTOBBIX YAcCTHIl BBEAEM HEKOTOPYIO (DYHKIUIO
¥(x,,z,t), Ha3bIBaEMYI0 BOJTHOBOH (hyHKIMEH (mu ricu-pynkuueit). Boxns ne bpoitns nomyuniu
CBOEOOpa3HOEe CTaTUCTHYECKOE (BEPOATHOCTHOE) MCTOJIKOBaHHE. DU3NUECKHN CMBICT UMEET He

2
cama pynkums ¥, a kBagpaT ee Moy, Bennunna ‘T‘ HMMEET CMBICJI INIOTHOCTHA BEPOSATHOCTH

d 2
-ﬁ#ﬂ. (20)

W3 (20) crnemyer: BEpOSTHOCTh dw TOTO, YTO YacTUIlA HAXOMUTCS B dyieMeHTe oObema dV

2
MPOMOPLUOHATIbHA ‘Yj‘ U 271eMeHTy oobema dV.

W3 BBIIIECKAa3aHHOTO CIIEAYET, YTO B KBAHTOBOH (PM3MKE BOZHUKAET BaXKHEHIIas mpodiieMa
— OTBICKaHHE TaKOTO YPaBHEHHS IBHKCHUS KBAHTOBBIX YaCTHII, KOTOPOE SIBUJIOCH ObI TEM K€, YeEM
SBIISICTCS ypaBHEHHE JABIDKeHHs HproToHa i Kiaccmdeckoil mexanuwkd. Ilpu 3TomM mckomoe
ypaBHEHHUE JTOJKHO OBITh YpaBHEHHEM OTHOcUTENbHO pyHKuuu ¥(X,),z,1). DTO ypaBHEHUE OBLIO
HaieHo B 1926 r. O. lllpenuHrepoM U UMEET CIENYIOUNA BUI:

78 ., O
——AY¥Y +U(X,y,z,t ¥ =1h—.
om. (X,y ) ot (21)

3neck i = h/2r — nocrosuuas Jupaka, U(X,y,z,t) — noTeHIMaIbHAs SHEPIHs YACTUIBI B CUIIOBOM

o0 o 0 .
noJie, rJe YacTHIla JBUKeTCs, A = Pyl + 57 + P onepatop Jlarmnaca, | — MHUMasi eAMHHUIIA.
X y 4

W3-3a mpucyrcTBus B ypaBHeHMHM (21) MHHUMOW eqMHHMIBI BOJHOBBIE (yHKIMU Y,
YIIOBJIETBOPSIOLINE STOMY YPaBHEHMIO, BCerja KOMIUIEKCHbI. [loatomy camu 3TH QyHKIUU HE
HaOroaemMbl. MI3MepuMBbl TOJIBKO KBaHTOBOMEXaHMUYECKHE BEPOSTHOCTH, BCErJa CoJeprKalue
¢yHk1M ¥ B MPOU3BEAECHUAX COBMECTHO ¢ KOMIUIEKCHO COTIPSKEHHBIMU UM BEJIMYMHAMH.

VYpaBuenue (21) cipaBeyIMBO JUIs TF000H YacTUIIBI, JBMKYILEICS cO CKOpocThio V<<C. B
pensITUBUCTCKOW oOjacTh ABMXKEHHUS Hpu v~C ypaBHeHue lllpenunrepa 3amensiercs Oosee
CJIOHBIM ypaBHeHHEM Jlupaka.

VYpaBHenue (21) Ha3bIBalOT HECTALMOHAPHBIM (BpeMeHHBbIM) ypaBHeHueM lllpeaunrepa,
u00 OHO COJEPXKUT MPOU3BOAHYIO OT QpyHKUMU ¥ 1o BpemMeHU. OAHAKO Ui OOJBIIOrO YMCIiIa
bu3nYeCKuX SIBICHUMN, MPOUCXOAAIIUX B MUKPOMHpE, HalpuMep, IJis OMHCAHUS IOBEACHUS
AJIEKTPOHOB B aTOME, B PsAJE CIydaeB Ba)KHO HAXOJUTh CTALIMOHAPHBIE PELICHMsI YpaBHEHUS
[penunrepa, He cojaepxkalue BpeMEHH. B 3TOM ypaBHEHHMH JOJKHA OBITh HMCKIIOYEHA
3aBUCUMOCTD ¥ OT BpEMEHH.

CranuonapHoe ypaBHenue [llpennnrepa oObIYHO 3aIUCHIBAIOT B (hopme

2m
Ay += (E-Uy =0 22)
3neck E — nosHas sHeprus yactuisl, ¥ = ¥(x,,z).

VYpaBuenue (22) sBISETCS BaXXHEHIITUM COOTHOIIIEHUEM HEPEJSITUBUCTCKOW KBAHTOBOM
(U3HKY, UTPAIOIIUM OCHOBHYIO POJIb B aTOMHOM (PU3HKE.

CooTHomenue HeonpeaejaeHHocTel I'eiisendepra



du3nyuecKre BETMYMHBI HUKOTAAa HE MOTYT ObITh H3MEpEHbl a0COMIOTHO TO4YHO. Beerna
€CTh HEKoTOpas ommuOka wusMepeHuil. OmuOKa HA3bIBACTCA TaKXKE HETOYHOCTHIO WIH
HCOMPCACIICHHOCTBIO, IPUYCM HOCJIC[[HI/If/'I TCPMHH HCIIOJIB3YCTCA MPCHUMYIICCTBCHHO TOJIBKO B
KBaHTOBOU (pU3UKe.

B knaccuyeckoit ¢usuke HE OBUIO NPUHIMIMAIBHBIX OIPpaHUYEHHH HA TOYHOCTB
u3Mepenuii. CuMTanoch, YTO MPH JOCTATOYHO COBEPIICHHON amnmaparype BCE BEIUYHHBI,
XapakTepu3yroInue GU3MIECKyt0 CUCTEMY, MOTYT OBITh H3MEPEHBI CO CKOJIb YTOJTHOW TOYHOCTBIO.
DTOT B3TJIsi/ MMOATBEPIKIAJICS BCEMHU OIBITHBIMU (paKkTaMu Makpockomnmueckoi ¢usuku. Ho, kak
BBISICHWIIOCH, IS MHKPOCKOIMYECKHX CHCTEM HEOTPAaHMYEHHOE TIOBBIIICHHE TOYHOCTHU
U3MEpPEHUIl HMMeeT MECTO He Bcerja. B psme ciiydaeB CyIIECTBYIOT NPHHIUIMUATHHBIC
OTPaHWYCHUS] HAa TOYHOCTh H3MEPEHUs (PU3NICCKUX BEIMYMH. OTH OrPaHUYCHHS HE
OTIPE/ICIISIOTCS  COBEPIICHCTBOM H3MEPUTENBHONH TeXHUKH. Kaxaoe U3 HUX  SBISCTCS
(dyHIaMEHTAILHBIM CBOMCTBOM MaTepun. Ho TIpOsBICHHE TUX CBOWCTB CYIIECTBEHHBI TOJIBKO B
MUKPOCKOIIMYECKUX CUCTeMaxX. [IpUHIMIUANBHBIE OTPAaHUYCHUS HAa TOYHOCTh H3MEpPEHUS
(U3HYECKUX BEIIMYMH HA3BIBAIOTCS COOTHONICHUSMH HEONPEISIICHHOCTEeH. BriepBbie oHU ObLIH
chopmynupoBanbl B 1927 1. B. I'eiizen0eprom.

Hanbosnee BayKHBIMU SIBIISIIOTCS IBa COOTHOIIICHUS HEOTIPEIEIIEHHOCTEH.

HepBoe OrpaHu4uMBacT TOYHOCTb OJHOBPCMCHHOI'O HU3MCPCHHA KOOPAWHAT YaCTHUIbI U
COOTBCTCTBCHHBIX KOMIIOHCHT €€ UMITYJIbCA. OTH COOTHOIICHHUS BBITJIAOAT TAK:

AXAP. = h

AVAP, = h (23)

AzAP. > h.

Btopoe cooTHoIIeHNE yCcTaHABIMBAET MIPEAeSl TOUHOCTH U3MEPEHHS SHEPTHH 32 JaHHBIN
MPOMEXKYTOK BpeMeHU. OHO UMeeT BUJ

ANIAE = 7, (24)

rae At — quTenbHOCTh U3MEpPEHUs 3Hepruu, a AE — ee HeonpeeeHHOCTb.

CootHomienus (23) 03HA4alOT, YTO €CIIM, HApPUMEp, MECTOIOJIO)KEHHE YacTHIIbl I10
KOOPJMHATHOM OCH X U3BECTHO C TOYHOCTBHIO AX, TO B TOT K€ MOMEHT BPEMEHU X KOMIIOHEHTY
UMITYJIbCa YaCTUIIBI MOKHO U3MEPHUTh TOJBKO ¢ TouHOCTBhIO APx = /i/AX . Cornacno (24) ans
W3MEPEHHS SHEPTHH ¢ TOYHOCThIO 10 A E HeoOxoammo Bpems, He MeHbiee ueM A t = A/A E .
Otnuuue 7 OT Hyssl HCKIIIO4aeT oOpallleHre B HyJIb HEONPEEIIEHHOCTEH B UMITYJIbCE U SHEPTUHU
npu 3a1aHHBIX A X 11 A t. TonbKo mepexo/1 K KilacCuueckon Gu3uKe, mpu KOTopoM /72— 0, CHUMaeT
OTrpaHUYEHUS HAa TOYHOCTh U3MEPEHUN.

CooOTHOIIIEHUST HEOTIPEICTICHHOCTEH SBIIAIOTCS CIEICTBUEM OOBEKTHBHO CYIIECTBYIOIIEH
JBOMCTBEHHOCTH YaCTHUII MUKPOMHUpPA — HAJTHYUS Y HUX KOPIYCKYJSPHBIX U BOJTHOBBIX CBOMCTB.
OTH COOTHOIIEHUS CBHUAETEIHCTBYIOT 00 OOBEKTHBHO CYIIECTBYIOIIUX OTPAHUYCHHIX B
BO3MOXXHOCTH ONHCAHUS TOBEIECHUS MHKPOOOBEKTOB C TOMOIIBIO, HAIIPUMEp, KIACCHUECKHUX
MOHATUA KOOPAMHAT M MMIYJIbCOB. B 4acTHOCTH, 3T COOTHOILEHUS HMCKIIIOYAIOT JIBH)KEHUE
KBAHTOBBIX YaCTHUI[ 10 TPACKTOPHUSM, T.K. Ui CYIIECTBOBAHUS TPAEKTOPUU TpeOyeTcs, YTOObI



OJTHOBPEMEHHO MO>XHO OBLTIO TOYHO 3a7aTh X M Vx (T.e. Px) . Ho uMeHHO 3TO W 3ampemaercs
COOTHOIIIEHUEM HEOIIPEICIICHHOCTEH.

IIpumepsl pemienus 3agaq

3agaua 1. [lomyuuts dopMyny Juis paguycoB OpOUT DJIEKTPOHA B aTOME BOJOpOJA U
BBIYUCIIUTH PAJANYC NIEPBOM OpOUTHI (TIEPBBIA OOPOBCKHUIT paJinyC), a TAKKE CKOPOCTH JIEKTPOHA
Ha ATOM opoure.

Pemenue.
N3 nepBoro nocrynara bopa nmeem
h
mor=n—,
2r

rae M —macca 3JICKTpOHa, V - €ro CKOpoCTh, I —pagnyc 0p6I/ITI>I, h — nocrsaunas ITnanxka.

Jlnst mepBoit opouThl N=1, © MO3TOMY mor = 2— . (@)
T

Cuna KyJIOHOBCOTO MPUTSKEHUS SJIEKTPOH-IIPO SABJISIETCS LIEHTPOCTPEMUTEIHHON CUIIOH,
[I03TOMY U3 BTOPOTro 3akoHa HproToHa nMeem

1 e mo? 1 e?
— = WA mo® = ———, 2
Arg, r r Are, ¥

re e — 3apsj SJIEKTPOHa.
Pemmast coBmectHO ypaBHenus (1) u (2), Hailnem

gh?> 4.314.8,85-107"°-1,05-10*

= - S -520.10m
zme 9,11-10.1,6-10

N3 dpopmyisl (1) momyyum, 4to
h 1,05-107*
D= =
2zmr 9,11.10°.5,29.10

=2,18-10°m/c

3agaya 2. DJNEKTpOH, HAYATBHOM CKOPOCTBIO KOTOPOTO MOXHO TpeHeOpedb, MpoIIeln

YCKOPSIIOIIYIO pa3HOCTh moTeHnuanos U. Haiitu anuny BonHb! ne bpoitns A 11s 1Byx ciydaes: 1)
U1 =51B;2)U,=510kB.

JaHo: Pemenue. PaGoTra cui 2JEKTPUYECKOTO IO paBHA HU3MEHEHHIO
KMHETUYECKON PHEPTUU AIIEKTPOHA
Ui=51B
A=AK=K>- Ki.3necs A = eU, a AK = K2 = K, Tak xak K1=0,
U>=510B

1O ecTh K = eU.

A, A2 -7




Tenepp HEOOXOOUMO ONPEAETUTH XapakTep ABMXKEHUS JIJIEKTPOHA, HEPEISITUBUCTCKUN WU
PEISATUBUCTCKUI

Eo=moc?=9,1-10°1-(3-10%)2=8,19-101* Txx = 0,51 M>3B.

B nepBom ciyuae K1 = eUr = 1,6:10%°-51 = 8,16:108 Jx = 51 »B. Bo BTOopoM ciyuae
K>=eU>=1,6-10"-5,1-10°=8,16- 10" [x=51-10*B=0,51M>B.

CrnenoBatenbHO: B 1epBoM citydae Ki « Ep — HEpEISITHBICTCKOE JIBIDKEHUE DJICKTPOHA U
€ro JUIMHY BOJIHEI Jie bpoiis A1 Heob6xonuMo paccuuThBaTh 10 Gopmyre (3), BO BTOPOM ciiydae
K> = Eo — pensaTUBUCTCKOE JIBI)KCHHE B A2 pacCUUThIBaeTCs 1Mo hopmyie (4).

[Ipunumas Bo BHMMaHue 1o, uto K1 = 0,51 10* MaB = 10 Eo, a K2 = Fo, paccuuTaem A1
U A2.

h h 10% hc
2’1 prm— prm— prm— prm—
J2m K, \/2 E V2 E,

S 107E,

10°6,62-107°*-3-10°%
_ 1076,6 0 314 0 =1,71-10""°2m = 17 152m.
A/2-8,19-10"

B hc B hc _ hc
JK,QE,+K,) E,QE,+E, A3E,

2

_6,62-107%*.3.10°
J3-8,19-107'

=1,40-10""'? a = 1,4074.

2 . 7
3anaua 3. BomHoBas hyHKIus F(x)= ‘/ T S'n(T X) OMHCHIBAET OCHOBHOE COCTOSIHHE YaCTHULIBI
B OECKOHEYHO TITYOOKOM IPSMOYTOJIEHOM SIIITUKE

mpuHON |. BEIYUCTUTE BEPOSITHOCTh HaXOXKICHUS YacThilsl B MasioM uHTepBane Al = 0,011 B

. [ Al [ Al
nByx ciydasx: 1) Bonmusu crenku (0 < x < Al); B cpeaneit yactu smka ( 575 <x< 5 + > -)
JaHo: Pemenne. BeposTHOCTH TOro, 4To yacTHia OyaeT oOHapykeHa B
uHTepBase X, coriaacHo cooTHOIIEHHO (5) 3amumieTcs B Buae: dw
P (x)= \/Iz sin[lﬁ xj = |¥? dV. B mepBom criydae BEPOATHOCTh  Haiaercs

MHTETPUPOBAHUEM B MpeJeniax OT

Al =001

w-"?




20,011 T
010001 @ == [sin?| —x |dx-
74 !

3HaK MOJyYJs OMYIIEH, T.K. Y- QyHKIUS, B JaHHOM Cily4ae, He
ABJISIETCS] KOMIUIEKCHOM. Tak kak x u3mensiercst B unrepnaie (0 Al A |
<x<0,01l) u,

CJIe10BaTeJIbHO, << 1, cnopaBeyIMBO  NPUOJIMKEHHOE  PABEHCTBO
in?| = x | =
S y ~| —X . C yueToMm 3TOro uckomasi BEpOATHOCTb IIPUMET BU/I;

2 310,01l

0,01l 2
a):Ej 7 x dx=27Z ol

27° _ 27"
. Il o Ul 1*° 3

10°=6,6-10"°.
3

[¢]

Bo BTOpOM citydae MOXHO OOOWTHCH 0€3 MHTETPHUPOBAHHUsS, TaK KaK KBaJIpaT MOJYJIS
BOJHOBOW (DYHKIMH BOJH3M €€ MakCHMyma B 3ajaHHOM MmajoMm wuHTepBaie (Al = 0,01l )
NPaKTUYECKH He u3MeHsercs. lckomas BEpOSTHOCTH BO BTOPOM Cliydae OIPEIENIIeTCs
BBIPAKCHHECM

2

wzﬁPL AX:g'zﬂl 2
2 2 [

sin?| &= — (Al = =.1%2.0,011 = 0,02.
| 2 |

W3 cpaBHEHMS BUAHO, 4TO w1 << @2 W, CIIEIOBATEIbHO, YAaCTHUIA C HAUOOJIbIIIEH BEPOSITHOCTHIO
HaxOJIUTCS B CPEHEN YacTH SIIIIMKA.

3anaua 4. Kunerndeckass sHeprusi K 3JIEKTpoHa B aTOME BOJOPOJA COCTABISACT BEIMYUHY
nopsiika 10 5B. Ucrionb3yst cooTHOIIIEHHE HEOTIPEACIICHHOCTE!, OIIEHUTh MUHUMATBHBIE pa3MepPhI
aToma.

Jlano: Pemenne. s peleHus BOCHIOJIb3YEMCS COOTHOIIIEHUEM
K=105B HeomnpeaeneHHoctel (8) AX-APx > /i . I3 cooTHOIIEHUS HeonpeaeneHHOCTeH
=105
CJIETyeT, 9TO YeM TOUHEE OMPEIeIsICTCS
1-?

MMOJIOKCHUEC YaCTHULIbI B MPOCTPAHCTBE, TCM Ooiee HCOMPCACIICHHBIM CTAaHOBUTCA HMITYJILC, a,
CJICOOBATCIILHO, U DHCPIUA YaCTULIBI. HYCTB aToM HMeEeT JIMHEIHbIE pa3Mephbl |, TOrJa 3JICKTPOH
aToMa GYILCT HaxXOJgUTBCA TrAC-TO B IMpcAciax o0iactu ¢ HECOMPECACIICHHOCTBIO Ax = /2.
CooTHomICHNE HeOHpeHeHeHHOCTCﬁ MOKHO 3allicaThb B 9TOM CJIy4dac B BUAC:

- AP, = 72,

27

LN
2
= — .
AP,

OTKYy/1a I



dusnueckas pasyMHasi HEONpeeNeHHOCTh UMITyibca APy , BO BCSKOM cilydae, He JOJDKHA
IpeBbIIIaTh 3HauY€HUs camoro ummyibca Pr , To ectb APx < Px . Umnynec P cBsizaH ¢

KMHETHYECKOU dHeprueil K COOTHOLIEHHEM P =\2m\K.

3amenum APy Ha Py (Takas 3ameHa He yBenuuut l). Ilepexonas oT HepaBEeHCTBAa K PaBEHCTBY,
HOJIYYUM

2h 2-1,05-107*

= = =1,24-10""m = 124nm.
J2mK  \J2.91-107"-1,6-107"

min

3agauya 5. Kakoil KHHETHUECKOH dHEpPrHel JOHKEH 00J1aaTh MPOTOH, YTOOBI JJIMHA BOJIHEI 1€
Bpoiins npoToHa A5 paBHSIIACH €0 KOMITOHOBCKOM JJTHHE BOJHBI Ac?

I[aHOZ Pemenue. [[J'II/IHa BOJIHBI 1€ BpOﬁJ’IH K KOMIITOHOBCKAas JJIHMHaA BOJIHBI

A5 = Ac

ornpenensores no popmynam: As = h/p, Ac = himgc.

NMnynsc aBrKyIerocs npoToHa

OKOHYATEILHO

K=g| —X  1|=E,(2-1)=

V1=V /c?

=167-10%-.9-10"-0,41=6,23-10" JIx = 389 M>aB.

3agaua 6. CpeqHee BpeMs KU3HH aTOMa B BO30YXKJICHHOM COCTOSHUM paBHO 12 HC. Brruucnure
MUHUMAJIBHYIO HEOTPEAeIeHHOCTb JUTHHBI BOJIHBI A = (0,12 MKM H3JIy4eHHUs MMPHU Tepexojie aToMa
B OCHOBHO€E COCTOSIHHE.



Hano: Pemenue. DHeprus W3JIy9aeMOro ¢dboToHa E=hc/1.
[Tpomuddepenupyem E 1o A:

At=12 Hc

4 =0,12 Mkm dEZ—th—/},I/IHI/I AEZ—EAE.
A A

AL-7

N3 coorHomeHuss HeompeneneHHocTe [elizeHOepra s SHEPrHM W BPEMEHH

AEAt > — Boipasum AE. AE =—— | 3nech AE u At - HeolpeeNeHHOCTh SHEPTHU U
2r 27t

BPEMEHU.

[IpupaBHsieMm BelpakeHus st AE:

he -
y5 2t
OTKy/1a
i 12%.10™

=6,4-10"m.

ﬂ/ = =
2mcAt  6,28-3-10°-12-10°

3agauya 7. DneKTpOH HaXOAUTCS B OAHOMEPHON MOTEHLIMATBHOM sIMe C OECKOHEYHO BBHICOKHMU
creakamu. [llupuna simet | = 1 am. OnpesiennTe HAMMEHBIIYIO Pa3HOCTh YHEPTEeTUYECKUX YPOBHEH
JJIEKTPOHA.

Hano: Pemenne. DHeprus anekrpoHa En, Haxopsiierocs B MOTEHLIMAIbHOW sMe
=1 IIUPUHOM |, Ha N-M DHEPreTHYECKOM YPOBHE ONpeAeseTcs mo hopMysie
=1uMm
AEmin = 7
h2
2
E = ~n°.
8ml

Paznocth AEnn+1 9HEpruii 2eKTpoHa Ha coceqHux N u (N+1)-M ypoBHSIX paBHA

2

h
AEn,n+1 = W( 2n + 1) .

OueBuaHoO, yTo AE Oyzner MUHMMaibHa pu N = 1.

3.6637-10°
L= ~18-10" Jx =115B.
™ 8.91.10%.10®

Bonpocwt u 3a0auu k covecedosanuro:
Mopenu aroma Tomcona u Pesepdopra.
JInHenyaTelil CIIEKTP aToMa BOAOPOA.
3. Tlocrynats bopa.

N



Crnextp aToma Boopoza 1o bopy.
I'mnotesa ne bpoitnsa. KopnyckyasipHO-BOJIHOBOM JTyau3M.
CootHomienue HeonpeaeneHHocTel [elizendepra
Vpasuenue llpenunrepa.
3agauu 119 CaMOCTOSITEIBHOTO PeLeHU s

No ok

1. BeruncauTs paguycel 2 U '3 BTOpOH U TpeTbel OpOUT B aTOME BOAOPOIA.
2. OmpenenuTb CKOPOCTh 0 AJIEKTPOHA Ha BTOPOI OpOUTE aToMa BOJIOPO/aA.
3. OnpenenuTh 4acTOTy 0OpaIIeHUs AIEKTPOHA Ha BTOPOI opOuTe aToMa BOJOPOA.

4. Onpenenuth MNOTCHIMAIbHYIO [/, KMHETHYECKYl0 1 M TONHYK E SHEpPruud 3JIEKTPOHA,
HaXOJAIIErocs Ha IepBOi opOUTE aToMa BOAOPOJA.

5. OnpenenuTh JUIMHY BOJIHBI A, COOTBETCTBYIOIIYIO TPEThEH CIIEKTPAIbHOW JIMHUU B CEPUU
bansmepa.

6. Haiitn HanGoIbIIyI0 Amax © HAUMEHBIIYIO Amin JUIMHBI BOJH B NEPBOM MH(pPaKpacHOH cepuu
criekTpa Bojopojaa (cepuu Ilamena).

7. BbrancauTh sHepruto ¢ (HoToHa, UCIYCKaeMOTI'0 IIPU MEPEXO0/IE AIEKTPOHA B aTOME BOJOPO/A C
TPETHETO SHEPreTUUECKOTO YPOBHS Ha MEPBBIiA.

8. OnpenenuTs HAUMEHBIIYIO €min U HAUOOJBIIYIO Emax dHEPruu (HOTOHA B yIbTpaduOIETOBOM
cepuu criekTpa Bojaoposa (cepun Jlaiimana).

9. ATomapHBIif BOJOPOI, BO30YKACHHBIN CBETOM ONPEEICHHOMN JJIMHBI BOJIHBI, IIPU MIEPEXO/IE B
OCHOBHOE COCTOSTHUE MCIYCKAaeT TOJbKO TPHU CHEKTpajbHble JTUHUU. ONpenenuTh AJIUHBI BOJIH
JTUX JIMHUU U yKa3aThb, KAKUM CEpUSM OHU ITPUHAJIEKAT.

10. ®oton ¢ sHeprueit ¢ = 16,5 3B BBIOWI AJIEKTPOH U3 HEBO30YKICHHOTO aToMa BOJOPOJIA.
Kakyto ckopocTs U OyAeT UMeTh AJIEKTPOH BAAJH OT siipa atoma?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue Oucyuniunvl

5.1 Ilepeuenv ocHo8HOU U OONOJIHUMENbHOU JUMEPAMYPl, HEOOXO0OUMOU 0
0CBOCHUA OUCUUNTUHDL

5.1.2 Ilepeuensv ocnosnoii numepamypol:
1. ®u3uka /Uid By30B: MEXaHUKA U MOJIEKYJIsIpHas pu3nKa [ DIeKTpoHHBIN pecypc]: ydeOHUK
/ B.A. Hukepos. - Mocksa: M3narenbcko-Toprosas kopnopanus «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. TammsikoBa-bymkesny, .M. ®usnka: B 2 u. / U.W. TanueikoBa-bymkesud. — 2-¢ u3.,
ucnp. — Munck : Beinmiimas mxona, 2014. — Y. 1. Mexanuka. MonekynspHas Gpusnka u
TepMOJAMHAMUKA. DJIEKTPUIECTBO U MarHeTu3M. — 304 c. : wi., cxeMm. — Pexxnm nocryna: o
noxamucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732
3. TamuteikoBa-bymkesuy, .M. ®usuka: B 2 4. / .. TanueikoBa-bymkesud. — 2-¢ u3.,
ucnp. — Munck: Beimiimas mkona, 2014. — Y. 2. Ontuka. KBantoBas ¢usuka. CtpoeHue u
(dbu3mveckre cBoicTBa BemecTBa. — 232 C. : UJl., CXeM., TabJ1. — PexuM 1ocTyma: o moAIucKe.
— URL: http://biblioclub.ru/index.php?page=book&id=460883



http://biblioclub.ru/index.php?page=book&id=450772
http://biblioclub.ru/index.php?page=book&id=235732
http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuensv oonoanumenvnoii 1umepamypol:

1. Jlekumu 1o yweOHOW  gucuuiuinHe «OCHOBBI  TEOPETUYECKOH  (DUBHUKM».
OnekTpoauHaMuKa. [DnekTpoHHBIH pecypc]: ydebnoe mocoome / E.M. Kyxapp. —
ONEeKTpPOH. TEKCTOBble JAaHHble. — Boarorpaa: Bosrorpaackuili rocynapcTBEHHBIN
colpanpHO-TIeIarornyeckuii  yauepcurer, 2017. — 57 ¢. — 2227-8397. — Pexum
nocrymna: http://www.iprbookshop.ru/70731.html
2. Hukepos, B.A. ®usuka: copemennsiii kypc / B.A. Hukepo. — 2-¢ uzn. — Mocksa :
N3 natenbcko-Toprosas kopnopauus «/amkos u K°», 2016. —452 c. : un. — Pexxum nocryna:
no nmoamucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.
5.2 Ilepeuenv yuedHO-MemoOOuUUECKO20 0OecneueHus CcamocmoAmenbHou padomol
00yuarwuxca no OUCUUnIUHe
1. Meronuueckue peKOMEHIAIMU [Jis MOJTOTOBKM K MPAKTUYECKUM 3aHSATHSM II0
muctuminae «duznkay.
2. Meroanyeckre PEKOMEHAAUWU s TOATOTOBKM K JIA0OPATOPHBIM 3aHATHUSM TI0
muctuminae «duznkay.
3. Meroanueckie peKOMEHIANHY 10 OPTaHU3aIUK CaMOCTOSATEIBHON pabOThI CTYICHTOB
1o aucruiuiae «duznkay.

5.3 Iepeuens pecypcos unpopmayuonno-meneKommyHukauuonnoi cemu Humepnem,
Heo0X00uMbIX 0J151 0C60EHUSL OUCHUNIUHBL

1. http://www.biblioclub.ru -OBC "Yuusepcurerckas 0ubarnoTeka oHman"

2. http://www.iprbookshop.ru/ - Dnexkrponno- 6ubnuoreunas cucrema [IPRbooks
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BBICIIIEr0 00pa30BaHUs
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»
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MeToanyeckue yKkazaHus
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4.3.

4.4
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4.6

4.7
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4.9

4.10
411

4.12

4.13

4.14
4.15
4.16
4.17

5.1

5.2

Conepxanue

BBenenue

Llenp 1 3a1a4K U3yYEHUSI TUCITUILTHHEI
OOGopynoBaHue U MaTepUalbl
HaumenoBanue nabopatopHbIX padoT
Coneprkanue 1a00paTOpHBIX paboT

Jlaboparopuass pabora Ne 1. OOpaboTka pe3ynbTaToB (U3HUYECKOTO
IKCriepuMeHTa. M3ydeHue IBIKEHHs TeJia OPOLICHHOTO MOJT YIJIOM K TOPU30HTY
Jlaboparopuas padora Ne 2. M3ydeHne 3aKOHOB TUHAMHUKH ITOCTYIATEIHHOTO U
BpaIIATeIbHOTO IBWKCHHUN C IIOMOIIIBIO MaIlIMHbI ATBY/1a

Jlaboparopuas paborta Ne3. OnpenerieHne CKOPOCTH TOJIETa MY C MIOMOIIBIO
(U3NIECKOTO MasTHUKA

JlaboparopHuas s pabota Ned4. Onpeznenenue nepruoaa Kojaedanuii (HU3HIECKOTO
MasiITHUKA

JlaGoparopHnast pabota Ne5. Onpenenenne KodpPUIMEHTa BHYTPEHHETO TPEHUS
YKHUJIKOCTH METOJIOM Tajarolero mapuka (meron CTokca).

JlaGopatopnass  pabora  Ne6.  OmpeneneHue  OTHOUICHUS  YACIBHBIX
TEIIOEMKOCTEH BO3/yXa METOIOM aiabaTHUECKOTO PACIIHPEHHSI
JlaGopaTtopHnast pabota Ne7. M3yueHue 3aeKTpOCTaTHIECKOTO OIS .

JlaboparopHas paborta Ne§. M3MepeHHe COMPOTHUBICHHUS C MOMOIIBI0 MOCTa
Yurcrona

JlaboparopHas pabota Ne9. HccnenoBanue »eKTpUYECKON IETH MOCTOSHHOTO
TOKa

JlaboparopHuas padota Nel0. M3yueHue siBIeHUS SIEKTPOMArHUTHOW HUHIYKIIMH.

JlaboparopHuas pabota Nel 1. Onpenenenue ropu30HTATBHON COCTABISIONICH
MHAYKIIMA MarHUTHOTO MO 3eMIIH

JlaGopatopHass pabota Nel2. HccnenoBaHue KkojeOaHMM B MpPOCTOM
K0J1e0aTeIbHOM KOHTYpE

JlaGopatopHas pabora Nel3. M3mepeHue IIMHBI CBETOBON BOJIHBI C TIOMOIIBIO
TUGPaKIMOHHON PEeHIETKH.

JlaGopatopHas pabota Nel4. N3zyuenue BHemHero ¢porodddexra.

JlaGopaTtopHnast pabota Nel5. 3yueHnue sHEPTeTUUECKOTO CIIEKTPa JIEKTPOHOB.
JlabopaTtopHnast pabota Nel6. M3yueHne KOCMUUECKOTO U3TyISHUSI.
JlaGopatopHas pabota Nel7. IIpoBepka 3akoHa Masoca.
YuebHOo-MeToANnYeCKOe 1 HHPOPMAIIMOHHOE 00€CTIeueHNEe TUCITUTIITUHBI
[lepeuyeHb OCHOBHON U JOMOJHUTENBHON JHUTEPATyphl, HEOOXOIUMOW IS
OCBOEHHUS AUCIUIUIMHBI

[Tepeduerr y4eOHO-METOAMYECKOTO OOECIICUCHHsI CaMOCTOSITEIIBHOW pPaOOTHI

00ydJaronuxcs Mo TUCIUTIIINHE

Crp.



5.3 Ilepedensp pecypcoB HHPOPMAIIMOHHO-TEICKOMMYHUKAIIMOHHOM ceT IHTEepHeT,

H€O6XOI[I/IMBIX JJI1 OCBOCHUA JUCHUITIINHBI



BBeneunue

JIaGopaTtopHble 3aHATHA CO3JAIOT ONTUMAJbHbIE TUAAKTUYECKHE YCIOBHS IS
JIeATEIbHOCTHOTO OCBOEHUS CTYJEHTAMHU COJIEpKaHUS U METOAOJOTUH U3y4aeMOU JUCIUILINHBI
«®Du3nKa», HCHOJIB30BAHHUE CHEIUAIBHOTO JIa0OpAaTOPHOTO OOOPYIOBAHHUS M TEXHHUYECKHX
cpeactB. JlaGopaTtopHble 3aHATHS 3aHMMAIOT MPEUMYIIECTBEHHOE MECTO IPH H3YYCHUH
oOmenpodecCHoHaNbHBIX ¥ NPO(ECCHOHANBHBIX  TUCHUIUIMH. JlabGopaTopHble 3aHATHS
MPOBOJASATCS C LIENBI0 BEIPAOOTKH MPAKTHUECKUX YMEHUN U MPUOOPETEHHUS] HaBBIKOB B PEIICHUU
SKCIIEPUMEHTHBIX 3a/lady, OTPaOOTKH YIPaKHEHUI, BBIMOJHEHUH YEpTEkKel, MPOU3BOJACTBE
pacu€ToB U T.I.

Lenpto 1abopaTOpHBIX 3aHATHHA SBIsETCS (OPMHPOBAHWE TPAKTHUECKUX YMEHUH —
npoeCCUOHATBHBIX  (BBITIOJHATD OIpPEACIEHHBIE JEHCTBHSA, ONEpalii, HEOOXOIUMBIE B
MOCNEAYIOMEM B Npo(ecCHOHANBHON JEesATeNbHOCTH) WM Y4eOHBIX, HEOOXOJHUMBIX B
MoCNeAyIomEel yueOHOU NeATeNbHOCTH MO Oo0menpodecCHOHANbHBIM U MPOPECCHOHATHHBIM
JUCLUATIIIMHAM.

bubmmorpaduyecknii CIUCOK COAEPKUT CBEIEHHS O CHOPaBOYHOW JHTEparype u

JOITOJIHUTCIIbHBIX U3AaHUAX, H606XO,I[I/IMBIX JJIA er'Iy6J'IeHH01"0 N3YUCHUA OTHCJIbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Llenbro ocBoeHMs AUCHMIUTAHBI «DH3nKay» ABIgETCS (OPMUPOBAHHE y CTYACHTOB
KOMITETEHIIMIA TO3BOJISIOMNI BBIpa0OTaTh HABBIKK (PH3MUECKUX MCCIIEAOBaHMI B chepax
aKaJleMH4YeCcKoil, mpodecCHOHaTbHON U 00IIeHayIHON AESTeTbHOCTH.

3amaun OCBOCHUS AUCHUTITUHBL:

— H3y4YCHHE 3aKOHOB OKPYXKAIOILIETO MUPA B X B3aMMOCBSI3H;

— oBjajeHHe (QyHIAMEHTAIbHBIMUA MPUHIMIIAMH U METOJIAMH PELICHHUS HAyYHO-TEXHUYECKUX
3ajau;

— ¢dopmupoBaHHE HABHIKOB I10 NPUMEHEHHIO TIOJIOKCHUH (yHIaMEHTAIbHOW (QHU3MKH K
IrPaMOTHOMY Hay4yHOMY aHalM3y CHTYaldi, C KOTOPBIMH HHXXCHEPY IPHXOIUTCS
CTaJIKUBATHCS TP CO3AAHUU HOBBIX TEXHOJIOTUH;

— OCBOCHHE OCHOBHBIX (PM3MYECKUX TEOPHM, MO3BOJSIOMIMX OMHCATh SIBICHUS B MPUPOJE, U
Ipe/eoB NMPUMEHUMOCTH 3THX TEOPHH JJsl PEUICHUS COBPEMEHHBIX M IMEPCHEKTHBHBIX
TEXHOJOTUYECKUX 3a/1a4.

2. Obopyooeanue u mamepuani

JlaGoparopubiii crenn «Cxamps JKykoBckoro». JlaGopaTopHblii creHn «MainHa
AtBynma». JlabGoparopHuslii creHn «MastHuKk MakcBemiay. HabGop jeMOHCTpalMOHHBIN
«Mexanunueckue siineHus». Habop naboparopHbiit «MexaHuKay (pacIupEeHHBIH).

Becbl TexHuMueckue HACTOJbHBIE C pa3HOBECAMM JIEMOHCTpauuoHHBIA. Habop
JIEMOHCTpallMOHHbIN «/luHamMMKa BpamareabHoro JBHXkeHus». TpyOka Hprotona. HabGop
JNIEMOHCTPAIIMOHHBIA ~ «['a30Bble 3aKOHBI W CBOWMCTBA HACHIIIEHHBIX TMapoBy». Habop
JeMOHCTpallMOHHBI  «MonekynsipHas  gu3uMka W TemloBele  sBieHus».  Habop
JIEMOHCTPAIIMOHHBIN «3BYKOBBIE KOJIeOaHus U BOJIHB». Habop gemoHCcTpanoHHbIi «/{nHamuka
BpalaTeIbHOro JBIKeHUs». Habop neMoHcTpanmoHHBIM «['a30Bble 3aKOHBI U CBOMCTBa
HachILIEHHBIX mapoBy». Habop nemonctpanumonsbii «MomnekynspHas (u3MKa U TEMJIOBbIE
SABIICHUS.

KomriekT yueOHoit mebenu.

3. Haumenoeanue nabopamopuuix padom

Jnis ouHO-3204HON (OpMBI OOY4YEHHS MPETYyCMOTPEHBI CIEeAyIoIue J1abopaTopHble PabOTHI:
nabopatopHast padota Nel. Kunemarnka marepuaiabHON TOUKU. — 2 4aca, JabopaTopHas paboTa
Ne2. Jlunamuka MatepuanbHOM Touku — 2 4aca, 1JaboparopHast padota Ne9.3akOHBI TOCTOSIHHOTO
TOKa. — 2 4aca, jaboparopHas padora Nel(. MarauTHoe 1oJie Toka— 2 4aca.

N3 Hux
Ne Tembr HanmMeHoBaHMe TeM TUCHMILIAHBI, UX KPATKOE O6beMm IpaKTUyecKas
JUCLUTIIIUHBI coJiepKaHue 4acoB IIOATOTOBKA,
4acoB

3 ceMecTp

JlabGopaTopHas padora Ne 1. 3akonbl
NMOCTOSIHHOTO TOKA CTATHCTHYECKOM
nposepku runore3 lccienosanue
AJIEKTPUYECKOM 1IENU NOCTOSIHHOTO TOKA.




N3yuenne 3aBUCUMOCTH CHJIBI TOKa,
HaNpsHKEHUS, TOJTHOM MOJIE3HONW MOIIHOCTH U
K.I1.JI. UICTOYHHKA OT CONPOTUBIICHUS HATPY3KHU.

10

JlabopaTopnasi pa6oTa Ne 2. MarHuTHOe
noJjie Toka V3yuenue siBieHus
3JIEKTPOMArHUTHON MHIYKIUU.

N3ydeHue aneKTpudecKkux TOKOB
BO3HUKAIOIIMX MIPH SIBJICHUU
AJIEKTPOMArHUTHOM MHIYKITHH.

11

JladopaTopuasi padora Ne 3. IlepemeHHBII
JIEKTPUYECKUH TOK. DJIIEKTPOMATHUTHOE
noJjie OnpeneneHyue ropu30HTaIbHON
COCTaBJISIONICH MHTYKIIUU MAarHUTHOTO TOJIS
3emiu.

Onpenenenre TOPU30HTAIBLHON COCTABISIONIEH
WHIYKIIAA MarHUTHOTO TIOJIsT 3eMJTH.

12

JlaGopaTopHas padora Ne 4,
DJIeKTPOMATHUTHbIE KOJIe0aHUS B
KoJ1e0aTeIbHOM KOHTYpe VccnenoBanue
Koje0aHuil B K0se0aTeIbHOM KOHTYDE.
W3yueHne 3aTyxaronmx JIeKTPUICCKUX
KoJiebaHu# Ko1e0aTeTbHOM KOHTYpE.

13

JlabopaTopHas padora Ne 5. MarHuTHoe
noJie Toka OnpeneneHue yIeabpHOro 3apsa
3JIEKTPOHA METOJOM MarHeTpoHa.

N3ydenue nBukeHUM 3apsiioB B
AIEKTPUUYECKUX U MArHUTHBIX MOJISX,
W3MEpPEHHE YIEIbHOr0 3aps/ia dJIEKTPOHA.

14

JlaGopatopHasi padora Ne 6 BosiHoBasi
ontuka. Uarepdepenuns u nuppaxkuus
cBera V3mepeHue IIIMHbI CBETOBOW BOJIHBI C
MTOMOUIBIO JUPPAKIIMOHHON PEIIETKH.
ITo3HakoMuUTCs ¢ SiBJI€HUEM TUPPAKIINU CBETa
B MapaJUIENbHBIX JIy4ax AUPPaKIIMOHHON
PELIETKU.

15

JlaGopaTopHas padora Ne 7. lucnepcusi u
noJsipu3anus ceera [IpoBepka 3akoHa
Mauroca.

ITpoBepuTh BBINIONIHEHNE 3aKOHA Maitoca.

16

JladopaTopnasi padota Ne 8. KBanToBasi
npupoaa uziaydenusi MzydueHue BHEITHETO
dhoTtorddekra.

17

JlabopaTopnasi pa6ora Ne 9.
KBanToBomexannyeckas Teopus V3ydenue
IHEPreTUIECKOTO CIIEKTPa JIEKTPOHOB.
Omnpenenenue JUTMHBI IpoOera AIeMEHTapHBIX
YacTHUIl B BO3IyXe Mpu aTMochepHOM
JaBJICHUU U ONpe/ielieHue MaKCUMaITbHON
SHepruu 0eTa-4acTHI] PU MOMOIIIH METO/Ia
IIOTJIOHICHUA.

Hroro 3a 3 cemecTp

18

Hroro

18




4. Cooeprcanue nadopamopHnulx padoom

JlabopaTopnasi paGora Ne 1

Tema padbomei. UcciienoBanue 3J1eKTPUYECKON HeNU MOCTOSIHHOTO TOKA.

Ileny pabomer. V3yyeHue 3aBUCHUMOCTH CHJIBI TOKA, HANPsDKEHHS, MOJIHOW MOJE3HOU
MOIIIHOCTH Y K.II.J. MCTOYHUKA OT COMPOTHUBIICHUSI HATPY3KHU.

Teopemuuecxaﬂ yacms.

JIro6ast sneKkTpuuecKas Ienb COCTOMT M3 MCTOYHUKA M MOTPEOHUTENs] SHEPTHH, a TaKxkKe
Pa3IMYHBIX PETYIUPOBOYHBIX YCTPOMCTB U M3MEPUTENIBHBIX TPHUOOPOB.

\4
>

m
-

Puc.1.

Ik3

v

Pwnc.2.

Ha puc. 1 npencrasnena npocreiinias ienb, COCTOSAMIAsA U3 HCTOYHUKA ITOCTOSSHHOTO TOKA C
OJIC E v BHyTpEHHHUM COIIPOTHUBIIEHUEM I UM Harpy304Horo peocrtata R . J[is n3mepeHus cuisl
TOKa ¥ HANPsDKEHUS Ha Harpy3Ke B IIETb BKIIIOYEHBI amriepMerp A u BonmbTMeTp V . B Takoii nenn
CuJia TOKa, HaIIpsDKEHUE Ha HArpy3Ke, MTOJIHAS U IT0JIE3HAast MOLTHOCTH OKA3bIBAIOTCS 3aBUCUMBIMU
OT BelNMUMHbI Harpy3ku. Cusa Toka, HalpuMep, YObIBaeT C POCTOM CONPOTHUBIICHUS Harpys3Kku B
COOTBETCTBUH C U3BECTHBIM 3aKOHOM OMa.

I= E
R+r

(1)



OueBuaHO, HAMOOBIINI TOK OyAeT B ciaydae KOPOTKOro 3ambikaHus, T.e. npu R=0. Ero
E
BennuuHa |l = — (puc. 2).
r

U3 (1) nerko nosydaem

E=IR+Ir=U,;+U,, (2)

e Ui = IR uU, = Ir - najnenus nanpsxenus (1n IpocTo HANIPSHKEHNs) HA BHEITHEM
Y BHYTPEHHHMM y4yacTKax L€ COOTBETCTBEHHO.

[Tpunumas Bo BHUMaHue 3akoH Oma (1), mosydaeM u3 (2) 3aBucumocTs HanpsikeHus Ur oT
COIIPOTHUBJIEHUS Harpy3ku R:

E R E

U, = =
R R+t +r' (3)

OTCIO[[a BUJHO, UYTO C pOCTOM COINPOTHUBJICHUA HAIPY3KHU HAIIPAKCHHUC HA HEeH BO3pacTacrt,

ACUMITTOTUYECKHU MpuoImKasich k Benununae IJC npu R—>w (puc. 2).
[Ipy TPOXOXKACHUM DIEKTPUYECKOrO0 TOKA B IIEMH IMPOUCXOIUT BbBIACICHUE IOJHON
MOITHOCTH
P=IE, 4)
IIPY ATOM MOIIHOCTH, BBIIETIsieMast Ha Harpy3Ke
Pr = 1Ug, ()

SBIISETCS TIOJIE3HOM MOIIHOCTBIO.

N3 (4) BuaHO, YTO TOJHAS MOULIHOCTh, pa3BUBacMas HCTOYHUKOM, 3aBUCUT OT
COTNPOTHBIICHUST Harpy3ku R Tak e kak u cuiaa toka | =1(R). OHa mMakcumanbHasl mpu
KOpoTKoM 3ambikanuu (R=0)

E2
PK.3 = IK'.3. E = T 1 (6)
HO B 9TOM CJIy4yae BBIAEISAETCS B CAMOM HMCTOYHHKE M OKa3bIBaeTCsl OECIIONIE3HOM, a 3a4acTyro
BPEIHOM, BBI3bIBASI BBIXOJI HICTOYHUKA U3 CTPOSI. C poctoM R mosHast MOIIHOCTb YOBIBAET,
CTpEeMsICh K HYJIIO IPU R — o0 (puc. 3).

3aBUCHUMOCTh TOJIE3HOW MOIIHOCTH, BBIAENSEMONM Ha Harpyske, or R ompexpensercs

BBIpa)KEHHEM

P.=IU, =1’R=—""—R 7)

Ananus Bblpaxkenus (7) mokasbiBaeT, uto 3aBucumocts Pn, = P, (R) nomxna umers
MaKCUMyM, Tak kak P; =0 B mpemenpHBIX cilydasx: Ipu KOPOTKoM 3ambikaHuu (R=0) u npu
R — 0.

Haiinem 3nauenue R,, mpu KOTOpoM moje3Has MOIIHOCTb, OTOMpaeMas OT MCTOYHHKA,

Oyzner Hanbonbmas. s atoro nponuddepenpyeM Gopmyiny (7) 1 npupaBHIEM POU3BOIHYIO
HYITIO

dP; _ 2 (R+DIR+N-2R]
drR (R+r)*

Ortcroza HaxouM, 4to PR —MakcumaneHa ipu R, = ', T.€. KOria COnpoTUBIIEHNUE HATPY3KH

(8)

paBHO BHYTPEHHEMY COIPOTUBIEHUIO UcTOYHMKA (puc.3). Ilpu sTOM HampspkeHHe Ha Harpyske



E
pasro nonosuxe J/IC, r.e. U, = > a CWJIAa TOKA — [TOJIOBUHE CUJIBI TOKA KOPOTKOI'O 3aMbIKAHUS

v

Ro=r

Puc.3.

[Tone3nass MOIIHOCTb, B A3TOM CiIy4ae, COCTaBIsSie€T YETBEPTh MOIIHOCTH KOPOTKOTO
3aMBIKAHHS.

OTHolIeHUE TTOJIE3HON MOIIHOCTH KO BCEH MOIIHOCTH, Pa3BUBAEMOM MCTOYHUKOM B LIEH,
onpezaenseT KodPPUIUESHT MOJIe3HOT0 AeHcTBUS (K.II.A.) 77 HICTOYHHKA.

P 1Uqg _U_R_ R
E R+r

9)

P IE
U3 stoit Gopmynsl cienyer, yto 1 OyneT TeM Oosblie, YeM OOJbIIE€ CONPOTHUBIICHUE
Harpy3ku R .IIpu R=0 7 =0 uacumnroTryecku crpemurcsik 7 =1 npu R —>oo. [Ipu R=r
, T.€. TP MaKCUMAaJIbHOM TTOJIE3HOM MOITHOCTH K.I1.JI. UICTOYHHKA 7] = — , T.€. cocTaBisieT 50%.

VIMeHHO WccieoBaHne ITHX 3aKOHOMEPHOCTEH SIBIISIETCS 1ebio paboTel. HeobOxommmo
HOJTYYUTh DKCIEPUMEHTAIbHBIE 3aBHCUMOCTH chibl Toka |, Hampsbkenus U, momHod P u
MOJIe3HOM PR, a TaK ke K.II.JI. 77 OT BEIMYMHBI COMPOTUBIICHUS HATPY3KHU.

Oobopyoosanue u mamepuaol.

HcTouHUK TOCTOSHHOIO TOKa, pe€ocTar ajid UCKYCCTBCHHOI'O YBCIHMYCHHA BHYTPCHHCTO

CONIPOTUBJICHUA HCTOYHHUKA, HAT' py30‘-IHBII‘/’I peocTaT MUJJIMAaMIICPMETP, BOJIBTMCETP.

Ykazanusa no mexnuke 6e3onacnocmu.
1. K BblmosHeHUI0 J1a00paTOpPHBIX pPabOT IOMYCKAIOTCS CTYIEHThI, U3YYMBILIWE IpaBuia
TEXHHUKHU 0€301aCHOCTH.
2. JlaGopatopHbie pabOTHI MOTYT MPOBOJAUTHCS TOJBKO MO/ PYKOBOJACTBOM M HAOIOJCHUEM
npenoaaBaTeiis.
3. Ilpwu BeIMOMHEHNH TAOOPATOPHBIX PA0OT CTYACHTAM 3aIpEIIacTCs:



- BKJIFOYATh CXEMBI TI0]] HAMpsDKEHUEM 0e3 MMPOBEPKH MPEToaaBaTels;

- TpUKacaTtbCid K HE3aMMIIEHHBIM M30JSIUEH YacTsAIM CXeMbl, HaXOISIIUXCS 0N
HaIpsKEHUEM;

- OTPEENATh HAIMYUE HAMIPSDKEHUS Ha 3JIEMEHTAaXx LIeTH Py MOMOIIY NaNblIEeB; TPOBEpPKa
HaJUYMs HANPSOKEHUS TPOU3BOAMUTCS TOJIBKO C MOMOIIBIO BOJIBTMETpPA U B MPUCYTCTBUU
MpernoaBaTes;

- BKJIIOYATh pYOWIIBHUKH, HAXKUMATh KHOIKH, MPHKACATHCS K DIIEKTPUICCKOMY
o0opy/sOBaHUIO, HE OTHOCAIIEMYCs K JaHHON sabopaTopHoil pabore 06e3 Begoma
MIpeno/iaBaTelis;

- IPOU3BOJIUTH IO XO/Ty BBITIOJHEHUS paOOThI IEPEKIIOYEHUS B CXEMe, HEe 00ECTOUMB €&,

- OpocaTh COeAMHUTENBHBIC TPOBOA HA TIOJI M HA UCCIIEyEMYIO YCTaHOBKY;

- KJIaCTh Ha pabo4Mil CTOJ MOCTOPOHHUE TIPEIMETHI;

- BXOJIUTH B J1a00paTOPHUIO B BEPXHEH OJICKIIC;,

4. Ilepen BKIIIOUEHUEM CXEMbI 00S3aTENIbHO MPEAYNPEAUTh YIEeHOB Opuraasl: «OCTOPOKHO!
Bxrouaro!».

5. Ilpn Hamuyuu B cXeMe KOHAECHCATOPHBIX OaTapeil, HEOOXOAMMO MOCIE OTKIIIOUEHUS
MATAHUS UX Pa3pSAUTH MO HAOIIOJHEUEM TTPETIO1aBaTEIIs.

6. [Ipu oOHapyxeHHU KaKuX — 100 HEeHCIPaBHOCTEN, NCUE3HOBEHHUS HAIIPSKEHHUS B CETH, a
TaK)Ke MPHU HECYACTHOM CJIydae, HEMEJICHHO MPEKPATUTh paboTy, OTKIIOYUTh YCTAHOBKY OT
AIEKTPONUTAHUS U COOOIIUTH PETOAABATEIIO.

7. I[IOMHUTD, YTO MPU OTKIFOUECHUHU LIETIEH MOCTOSHHOTO TOKA C MHAYKTUBHOCTHIO BO3MOKHO
KpPaTKOBPEMEHHOE Pe3K0e MOBBIIICHUE HAMIPSIKEHUS.

8. CryneHTbl, HapylIMBIIME TIpaBUiIa TEXHUKU OE30MACHOCTH, HE JOMYyCKAalTCAd K
JanbHelei pabore B J1abopaTOPUU U MPUBJIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

PabGouas cxema m3zoOpakena Ha puc. 4. B xauecTBe MCTOYHMKA MOTYT MCIOJIB30BATHCS
AKKyMYJIATOPBl WM BBIIPSIMHUTENb, NAIONIME HAMNpsHKEHUE BETUYMHON HECKOIBbKO BOJIBT.
BHYTpeHHee COIIPOTUBJICHHUEC TAKMX UCTOYHHUKOB, KaK IMPaBUJI0, MAJIO - MOPAAKA JCCATBIX I[OJ'ICI71
Owma. IlosTomy, Kak cieayeT U3 BBIIICH3IOKEHHOIO, UIsi TOCTPOCHUS TPaPUKOB HCKOMBIX
3aBUCHUMOCTEN Harpy30‘~IHI)II>'I peocTtar R Toxe JOJDKCH UMETh CONPOTUBJICHUC MOPAAKA ACCATBIX
noneit Owma. IlogoOHbBIE peocTaThl SBIAIOTCS  YHUKANbHBIMH. [lo3TOMy BHYTpeHHee
CONMpOTHUBIIEHWE MCTOYHHMKA B JAaHHOM paboTe MCKYCCTBEHHO YBEJIMYUBAETCS IYTEM
MI0CJIEIOBATEIBHOTO BKJIFOUEHHUS JOMOJHUTEIBHOTO peocTtaTta ', HMEIOIIEr0 BEJIHYUHY

HECKOJIbKUX JecaTkoB OMoB. [Ipu 3ToM CcOOCTBEHHBIM BHYTPEHHUM CONpPOTUBJICHHEM I
UCTOYHUKA MOYXHO MpeHeOpeyb.

W3 cxembl (puc.4) cienyer, 4To BHYTPEHHEE COIPOTUBIEHHE MUJUIMAMIIEPMETpa HU
BOJITMETPA COCTABIISIIOT C CONPOTUBIEHUEM HArpy304HOIO peocrara eAuHoe Ienoe. Takum
00pa3om, JIEBYIO YaCTh CXEMBI CIIeIyeT paccCMaTpuBaTh KaK HCTOYHUK, a PaBYIO KaK Harpys3Ky.



NCTQUHUK mA

\ 4

r:

Puc. 4.

1. Cobpath pabouyto cxemy (puc.4). BoisicHUTh mapameTpbl npudbOPOB. J[BHKKH PEOCTaTOB
YCTaHOBUTH B TIOJIO’KEHUE HAMOOIIBIIETO 3HAYCHHS COTIPOTHBIICHUS.

2. [locne mpoBepkH CXeMbI MpenojaBaTeNieM WM J1a00paHTOM BKIIOYUTh HCTOYHUK
nutanusg. OTCUnTaTh MMOKa3aHUsl TPUOOPOB M 3aHECTH B TAOJIHILY.

3. Harnee, ymeHsbIasi CONpoTUBICHUE HArpy3Kku R, cHATh 8-10 3HaueHuii Toka B uenu [ u
Hanpspkenus URr. [Tocnenusis Touka J0KHA COOTBETCTBOBATh KOPOTKOMY 3aMbIKaHuto. [1pu aToM
TOK JOJKEH PaBHATHCS |, @ HAMPsHKEHUE TOMKHO OOPaTUTHCS B HYIIb. BBIKIIOUHTE CXEMY.

4. OmpenenuB IEHBI JCJICHUI HA WCIOJI30BAHHBIX MpejeiiaX M3MEpPEHUi amrepMerpa U
BOJIbTMETpPA BBIYUCIUTD U 3aHECTH B TAONUIy 3HAUCHHUS TOKA B aMIiepax 1 HapsHKEHUs B BOJIbTaX.

5. PaznmenvB monydeHHBIC 3HAYCHUS HANPSOKEHUS HAa COOTBETCTBYIOIIUE 3HAYCHHS TOKA
paccuuTaTh U 3aHECTU B TAOIMUIy COMPOTHUBIICHNE HATPY3KHU R

Tabnuna 1.

N I Ur U P=IE Pr=IUr P

~ R —__R
| T=p

6. Benmmuuny DJIC E cnenyer cuutarh M3BECTHOH, MO0 M3MepuTh 3HaueHue E mpu
OTKJIFOYEHHOHN Harpyske.

7. Ilo dpopmynam (4,5,9) paccuntarh 3HaUeHUs MoJIe3HON PR, monmHO# P MomiHOCTH U K.IL.1.
77, COOTBETCTBYIOLIME HAlIEHHBIM BeInurHam R.

8. Ilo momyueHHbIM 3Ha4deHHAM mHocTpouth kpusble | =1(R), U, =U,(R) Ha ogHOM
rpaduke u P=P(R), Pr=Pr(R) u 7 =7 (R) Ha apyrom.

9. OT™MeTUTH Ha MEPBOM TpaduKe CONpOTUBIECHHE Ro=Tr , IpH KOTOPOM TOK U HaNpsKEHUE
COCTaBJISIFOT, COOTBETCTBEHHO, MOJOBUHY TOKa KOPOTKOro 3ambikanus |, u monoBuny E. Ha

K3
BTOpPOM Tpaduke Haiith R, =TI 1o makcumymy 3aBucumoctu P, = P, (R). CpaBHUTH MexIy
coboii aTn 3HaueHns R, . [IpuMepHOE paBeHCTBO MEX Ty STUMH ABYMsSI 3HAUeHHSIMU R, sBisiercs

KpUTEpUEM MPAaBUIBHOCTU BBIMOJIHEHHBIX W3MepeHuil. Ecinu Takoro paBeHCTBa HET, U3MEPEHUS
cienyeT npojenarb BHOBb.



Cooeporcanue omuema.

Otuer 1o 1a00paTOPHBIM paboTaM JOJKHBI COACPKATh:

- TUTYJIbHBIN JIUCT;

- 11eJTb PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICIICHIM, TOHITHIA, (POPMYIT;
- OCHOBHOE 000pyI0BaHHE, CXEMa YCTaHOBKH;

- ONMCAHME IO TYHKTaM BBIIOJTHEHHON pa0oThI,

- pe3yabTaThl W3MEPEHHH M pacyeToB (TaOIHUIIbI, TPAPUKH);

- OLIEHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBO/IBI 110 PE3YJIbTaTaM BBIMOJHEHHON pabOThI, 1aTa, MOIHUCH.

Konmponwvnsie éonpochwi.

Urto Takoe D/1C?

3anumure 3akoH OMa B 000011eHHOH (popMe U [T 3aMKHYTO# LIeTH.
IIpoBenute MaTemaTudeckoe uccienosanue pynkuuit U, (R) u I(R).
Jlaiite onpeneneHrne MOIHOCTH 3JIEKTPUYECKOrO TOKA.

[Tposenure uccnenoBanue 3aBucuMocTu P, = P, (R) .

ok wdE

Yro Takoe K.I1.J. ICTOYHUKA?

JlabopaTopuasi padora Ne 2
Tema pabomor. U3yuenne siBJIeHHS YJI€KTPOMATHUTHON MHIYKIHH.

Lleny pabdomepr. VI3ydyeHue SIIEKTPUYECKMX TOKOB BO3HUKAIOIIMX MPU  SIBJICHUU
AIEKTPOMATHUTHON UHIYKIIHH.

T eopemuuecKas uacmeo.

MarHuTHblii MOTOK dYepe3 IUIOCKYI0 IMOBEPXHOCTh — 3TO CKalsgpHas (uzndeckas
BEJIMYMHA, YHCJIEHHO paBHas IPOU3BEICHUI0 MOAYJS MAarHUTHOM HWHAYKIMH Ha IJIOLIAAb
MIOBEPXHOCTH, OTPAaHUYEHHON KOHTYPOM, U Ha KOCHUHYC YIJIa MEXJly HOPMAJIBIO K IOBEPXHOCTU U
MarHuTHON mHAykuuen 17 oktsaOps 1831 roma anrmumiickuil yuenslit Maiikn ®apazneit oTKpbLI
SBJICHUE JIEKTPOMATHUTHON HHIYKIHH.

SIBIeHHeM JIEKTPOMArHUTHON MHAYKUMHU HA3bIBACTCs SBJIIEHUE BO3HUKHOBEHUS TOKA B
3aMKHYTOM KOHTYyp€ NP MU3MEHEHMH MAarHUTHOIO IOTOKA, NPOHMU3BIBAIOIIETO 3TOT KOHTYp. A
MOJIyYE€HHBIH TaAKUM CIIOCOOOM TOK, Ha3bIBAETCS MHAYKIIMOHHBIM.

3aKOH JJIEKTPOMATHMTHOH HMHAYKIMHM: CpPEIHEE 3HAUCHHUE JIIEKTPOABIIKYIIEH CHIIBI
MHAYKIIUU B IPOBOJISAIIEM KOHTYPE MPONOPLHOHAIBHO CKOPOCTH U3MEHEHHUSI MAarHUTHOT'O TIOTOKA
4yepe3 MOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM.

Bennuuna u nanpasnenue DJ1C nHayKIINNA

PaccmoTpuM Tenepb, KakoBbl OyqyT BEIMYMHA M HAalpaBlIeHHE WHAYKTUPOBAHHOW B
nposojHuke JJIC.

Bennunna O/IC nHAYKIMK 3aBUCUT OT KOJIMYECTBA CHUIJIOBBIX JIMHUH NOJIS, IEPECEKAIOIINX
MIPOBOJHMK B €IMHUILY BpEMEHH, T. €. OT CKOPOCTHU JABHKEHUSI IPOBOJHHKA B MOJIE.

Bennunna wmnaykrtupoBanHoir JJIC HaxomuTcs B MPSAMOW 3aBHCHMOCTH OT CKOPOCTH
JBUKEHUS IPOBOJIHUKA B MAarHUTHOM TIOJI€.

Bennunna unnyktupoBanHoil O/IC 3aBUCUT Takke M OT JJIMHBI TOM 4acTH NPOBOJHUKA,
KOTOpasi TNepeceKkaercs CUJIOBBIMH JHMHUAMU 1ong. Yem Oosbplias 4YacTh MPOBOAHHMKA
nepeceKkaeTcs CUIOBBIMU JMHUAMM 1oJIsL, TeM Oonbmas I/1C unaykTupyercs B IpoBogHuKe. M,
HAaKOHELl, YeM CUJIbHEE MarHUTHOE IOJIe, T. €. 4eM OoJiblie ero MHAyKIus, TeM Oombias D/C
BO3HUKAET B IPOBOJAHMKE, [IEPECEKAIOIIIEM ITO IOJIE.



Wrak, Benmuunna DJIC MHAYKIMHM, BO3HUKAIONIEH B MPOBOJHUKE MPU €ro JIBUKEHUU B
MarHuTHOM II0JI€, MPSMO MPONOPUMOHATIbHA UHAYKIIUM MarHUTHOTO IOJISL, IJTMHE ITPOBOJIHUKA U
CKOpPOCTH €ro NePEMEILCHHUS.

3aBHUCHMOCTH 3Ta BeIpaxkaercs popmyinoit E = Blv,

rae E — DJIC unnykuun; B — MarnutHas unaykuus; [ — ajiMHa npoBOJHMKA; V —
CKOPOCTb JIBU>KEHHS IPOBOJHUKA.

Crnenyet TBepAO MOMHHUTB, YTO B TPOBOJIHUKE, IEPEMEILIAIOIIEMCS B MAarHUTHOM 1oJe, D/1C
WHIYKIUY BO3HHUKAET TOJBKO B TOM CJIy4ae, €CJIM 3TOT MPOBOJAHUK MEPECEKAETCS MATHUTHBIMU
CUJIOBBIMH JIMHUSIMU T0JIA. ECIM %€ NpOBOJHUK NEPEMEIIAETCS BAOJIb CUJIOBBIX JIMHUM TOJIS, T.
€. He IepecekaeT, a Kak Obl CKOJNB3UT MO HUM, TO HuKakoi DJIC B HeM He MHAYKTUPYETCS.
[ToaTomy mpuBeeHHAs BbIe (popMysa cripaBeUIMBa TOJBKO B TOM ClIy4ae, KOTJia IPOBOJIHHUK
NepeMeIaeTCs NEPIEeHIUKYIIPHO MATHUTHBIM CUJIOBBIM JIMHUSAM I1OJIS.

Hanpasnenue unnykrupoBannoi 9J1C (a Takxke U TOKa B MPOBOAHUKE) 3aBUCUT OT TOTO, B
KAaKyl0 CTOPOHY JIBMXKETCSI IPOBOJHUK. /{7151 onpenenenus HanpaBieHus: MHAyKTupoBanHou D/1C
CYyILIECTBYET IIPaBUJIO NIPABOM PYKH.

Ecnu nepxath nagoHb NpaBoil pyKH Tak, YTOOBI B HEE€ BXOMIIM MATHUTHBIEC CUJIOBBIC TUHUN
MoJisl, @ OTOTHYTHIA OOJBIION MaJiell yKa3biBajd Obl HANpaBJICHUE IBUKEHUS MPOBOIHUKA, TO
BBITSHYTBIE YEThIpE Majiblla YKAXyT HalpaBieHue JAeucTBus HUHAYKTUpoBaHHOW JJIC u
HaIpaBJICHUE TOKA B TPOBOJIHUKE.

[Ipu nBUKEHNU BHYTPU KaTYyIIKH OCTOSSHHOI'O MarHuTa B Hel uuaykrupyercs 9/1C 3a cuer
TOr0, YTO MAarHUTHBIA OTOK MAarHWTa MEpPEeCceKaeT BUTKU KaTYIIKH, T. €. TOYHO TaK K€, KaK 3TO
OBLJIO TIPH JBMKEHUH MPSMOIUHEHHOTO MPOBOJHHUKA B TIOJIE MAarHUTA.

Ecin MarHuT omyckaTh B KaTyLIKy MeEUIEHHO, TO Bo3HMKarouias B Hel OJ[C Oyner
HACTOJIBKO Maja, YTO CTpeika Mpubopa MOXKET Aake He OTKIOHMThcA. Ecnm ke, HaoOopoT,
MarHuT OBICTPO BBECTH B KATYIIIKY, TO OTKJIOHEHUE CTPEJIKU OyAeT OOMbIIiM. 3HAYUT, BEIMYUHA
unayktupyemoit J/1C, a cnegoBaTenbHO, M CHJIa TOKA B KATYLIKE 3aBUCAT OT CKOPOCTHU JABUKEHUS
MarHuTa, T. €. OT TOTO, HACKOJIbKO OBICTPO CHJIOBBIC JIMHUH TOJISI IEPECEKAIOT BUTKU KATYIIIKH.
Ecnu tenepp moouyepenHo BBOAUTH B KaTYyIIKYy C OJMHAKOBOW CKOPOCTBIO CHayajla CUJIbHBIN
MarHurT, a 3aTeM cJ1a0bIi, TO MOYKHO 3aMETUTh, YTO TP CHIILHOM MarHuTe CTpeJika mpubdopa oyaer
OTKJIOHATHCS Ha OONbIINI yroi. 3HauuT, BenuuuHa uHAykTupyemoit DJIC, a cienoBarensHo, U
CHJIa TOKA B KATYIIKE 3aBUCAT OT BEJIMYMHBI MArHUTHOT'O MOTOKA MAarHuTa.

W, HakoHel, eciiu BBOJUTH C OJIMHAKOBOM CKOPOCTBIO OJIMH M TOT K€ MAarHUT CHaudaja B
KaTYIIKy C OOJIBIIIMM YHCJIOM BUTKOB, a 3aT€M CO 3HAYUTEJIHHO MEHBIINM, TO B IIEPBOM CIIydae
CTpenKa Mpudopa OTKIOHUTCS Ha OONBIIMK yroil, 4eM BO BTOPOM. 3HAYUT, BEIMYMHA
unayktupyemont J/1C, a crnenoBaTeIbHO, U CHJIA TOKA B KaTYIIIKE 3aBUCST OT YKCIIA €€ BUTKOB. Te
)K€ pe3ylbTaTbl MOXHO TIOJYYWUTb, €CIM BMECTO IIOCTOSSHHOTO MAarHuTa MpPUMEHSTh
AIEKTPOMArHHUT.

Hanpasnenue 3/1C MHAYKIINY B KaTYyILIKE 3aBUCUT OT HANPABJICHUS IEPEMEILICHHS] MarHUTA.
O TtoMm, Kak onpenenats HanpasiieHHe DJIC MHAYKIMH, TOBOPUT 3aKOH, YCTAaHOBJIEHHBIN J. X.
JleHuem.

3akoH JleHna mist 3€KTPOMAarHUTHON MHAYKIUMU: BCsikoe M3MEeHeHrne MarHUTHOTO TTOTOKa
BHYTPHU KaTYyIIKH COIMPOBOXKIAETCS BO3HMKHOBeHHWEeM B Hed JJC MHOyKUMH, TPUYEM YEM
ObICTpee U3MEHSETCS] MarHUTHBIN MOTOK, TPOHU3BIBAIOUINK KaTyliKy, TeM Oombinas 3/1C B Helt
UHIYKTUPYETCH.

Ecnu xarymka, B kotopoi coznana 3/]C MHAyKIIMK, 3aMKHYTa Ha BHEIIHIOKO II€Mb, TO IO
BUTKaM €€ MJIeT MHAYKIIMOHHBINA TOK, CO3/IAI0IINI BOKPYT MPOBOAHMUKA MAarHUTHOE TOJIE, B CUIY
Yero KaTyIllka TpeBpaimaercs B cojieHoui. [lomydaercss TakuMm o0pa3oMm, YTO HU3MEHSIONIEECS
BHEIIIHEE MarHUTHOE MOJIE BBI3BIBAET B KATYIIKE MHAYKIIMOHHBIN TOK, KOTOPO, B CBOIO OY€pE/Ib,
CO3/1a€T BOKPYT KaTYIIKH CBOE€ MarHUTHOE MOJIe — MO0JIE TOKa.

N3yuas sro sBnenuwe, D. X. JIeHII yCTaHOBWJ 3aKOH, OIPEAEISAIOLIMI HalpaBiIcHHE
MHIYKIIMOHHOTO TOKa B KaTylIKe, a cienoBaTeiabHO, W HamnpasieHue DJAC unaykumu. IJ1C
WHIYKIWW, BO3HHUKAIONIAA B KaTyIIKE MPU U3MEHEHUM B HEW MAarHUTHOTO MOTOKA, CO3JaeT B
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KaTyIlIKe TOK TaKOI'0 HaIlpaBJIEHUs, IPY KOTOPOM MarHUTHBIN MOTOK KAaTYIIKH, CO3JaHHBIA 3TUM
TOKOM, IIPEMATCTBYET U3MEHEHHUIO IIOCTOPOHHETO MarHUTHOTO MTOTOKA.

3akoH JleHna copaBeIMB JJI1 BCEX CIIy4aeB MHAYKTUPOBAHMS TOKA B IPOBOJHHUKAX,
HE3aBUCUMO OT (POPMBI IPOBOJHUKOB M OT TOr0, KaKMM CIIOCOOOM JOCTUIaeTCsl U3MEHEHUe
BHEIIIHEIO MATHUTHOI'O IOJIS.

Bemmuuna 9.4.C. HHAYKIIUH & OIIPECACIIICTCA 3aKOHOM SHGKTpOMaFHHTHOﬁ HHAYKIOUH

UHO

@dapazes: 3.4.C. DIEKTPOMArHUTHOM MHIYKLIUU & B 3aMKHYTOM IIPOBOJSLIEM KOHTYpE

uHo
YUCJICHHO paBHA W IMPOTHBOIIOJIOXHA IO 3HAKY CKOPOCTU U3MCHCHHA MArHHUTHOI'O ITOTOKa D
CKBO3b IMTOBEPXHOCTH, OTPAaHUYCHHYIO 3THUM KOHTYPOM

do

Funo = gt )

3nak MuHYC B (OpPMyJe COOTBETCTBYET npasuny Jlewya: NP BCAKOM H3MEHEHUH

MAarauTHOI'O IMOTOKa CKBO3b INIOBEPXHOCTH, OTPAHWUYCHHYIO 3aMKHYTBIM KOHTYPOM, B IIOCIICAHEM

BO3HUKACT WHAYKIIMOHHBIA TOK TaKOTO HAIMPABJICHHS, YTO €ro COOCTBEHHOEC MAarHUTHOE IIOJIe
HpOTHBOﬂeﬁCTByeT HU3MCHCHHNIO MarHUTHOI'O IIOTOKA, BBI3BABIICIO I/IH,ZLYKI_II/IOHHblﬁ TOK.

Puc. 1.

[IpyunHa BO3HMKHOBEHHs HMHAYKIIMOHHOIO TOKa B HEMOJBHKHOM KOHTYPE COIJIACHO
TEOPUH DJIEKTpOMarHeTusma Makcseiia COCTOUT B TOM, YTO IIPU U3MEHEHUU MArHUTHOIO IOJIS
BO3HMKAET BUXPEBOE JJIEKTPUUYECKOE TOJIE, T.€. NIEKTPUYECKOE I0JI€ C 3aMKHYTBIMU CHJIOBBIMU
muHusaMu. [lox pelcTBHEM 3TOro moiisi CBOOOJHBIE 3apsiabl KOHTYpa NEpeMellaloTcs, T.e, B
KOHTYpPE€ BO3HUKAET IEKTPUUECKUNA TOK, Ha3bIBAEMBIN NHIYKIIHOHHBIM TOKOM.

ITycTh mutockuii 3aMKHYTHINH TPOBOAAIINHI KOHTYp L HaXoaUTCs B OTHOPOITHOM MarHUTHOM
nose ¢ uaayknueit B (puc. 1). Torna MarHuTHBIN TOTOK @ (TIOTOK BEKTOPAa MATHUTHOM MHTYKIIHH )
yepe3 MOBEPXHOCTh, OTPAHUYEHHYIO KOHTYpOM L, onpezensiercs: BeIpakeHUEM

@ =BS cosc, (2)
rae S — Iomaah MOBEPXHOCTH, OTPaHUYEHHONW KOHTYpOM L, & — yrom Mexay HampaBlieHHEM
CUIIOBBIX JIMHHI (HANpaBlIeHHEM BEKTOpa M HOPMalbio N K MOBEPXHOCTH, OrpaHMYEHHOM
KOHTYpPOM).

Ilycth MarHuTHOE MoOJi€ CO3JAeTcsd UMIMHIPUYECKOM KaTyHIIKOW (COJIEHOMAOM), IO
KOTOPOM ITPOTEKAET NEPEMEHHBIN dJIEKTPUUECKUNA TOK

| =1,cosmt 3)

Trac I o — aMIIJIMTYAHOC 3HAYCHHUC TOKa, (U — IUKJINYECCKast YyaCcToTa TOKa (V) = 27Z'V , V —dacroTra

TOKa.
Torna MarHuTHas MHIYKIMS B MO BHYTPH KaTYIIKK U BOJIM3H €€ TOPLIOB paBHA
B = pynl
uiu ¢ ydetom (3)
B = uu,nl, cos wt 4)

Trac /Ll — MarHvuTHas NpOHULIACMOCTb CCPACUYHUKA KATYIIKH; ,Llo — MAar"HuTHasg NOCTOSAHHAas; N —

YHCJI0 BUTKOB KaTYIIKK Ha eAMHUIE JiiuHbL [loncTaBuB Beipaxxkenue (4) B popmyiy (2), Haxoaum
MarHUTHBIN TOTOK Yepe3 KOHTYP, PACIIONOKEHHBIN BOIM3H TOpIa KaTyIIKH

@ = ppynl S cos o cos wt
OTCIOI[a CKOPOCTH USMECHCHHUA MAarHUTHOI'O IIOTOKAa paBHa,



do

s — Nl Sewcosasin wt

Takum 006pa3zoM, CKOPOCTb U3MEHEHUS] MarHUTHOI'O MOTOKA MPOINOPIHOHAIBHA aMILTUTYAHOMY
3HA4YCHHIO TOKa B Katymike |, u xocunycy yrma « . IlogcraBus Beipaxerue (5) B popmyiy (1),

[0JIy4aeM

& =CI,COSx

rne C =—uu,nSwsin at .

()

(6)
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Puc.2.

3aBUCHUMOCTb 3.]1.C. 2JIEKTPOMarHMTHOM MHAYKIUH &, OT | u COSx (npumepHnsIii Bz

n300paxxeH Ha puc.2.

Qobopyoosanue u mamepuaol.

. Mumuamnepmerp.

. Maruwur.

. Karymka-moTok.

. UcTouHMK TOKa.

. Peocrar.

Kitrou.

. Karymka ot anektpoMarsura.
. CoeMHUTENBHBIE TTPOBO/IA.

I B N N N

Ykazanua no mexnuxe 6ezonacnocmu.
1. K BbImonmHeHUIO J1a0OpaTOpPHBIX pabOT MOMYCKAIOTCS CTYIEHTHI, U3YUMBIIUE MpaBUia

TEXHUKH 0€30MaCHOCTH.

2. JlaboparopHble pabOTHI MOTYT MPOBOJUTHCS TOIBKO MOJI PYKOBOJACTBOM U HaOJIOICHUEM

MIPETo/1aBaTelIs.

3. Ilpu BeImoaHEHNH Ta00PATOPHBIX PabOT CTyIEHTaM 3alpeniaeTcs:

- BKJIFOYATh CXEMBbI T10]] HanpshKeHHUEeM 0e3 MPOBEPKHU MpernoaBaTes;

- TpHUKacaTbCs K HE3AUMIIEHHBIM M30JISIUEH 4YacTsIM CXEMbl, HaXOJSALIUXCS MO
HaHpﬂ)KeHI/IeM;

- OIpEACNIATh HAIMYME HAMIPSKEHUS Ha AJIEMEHTaX LIeTH MPUITOMOIIH MMaJIbLIEB; IPOBEPKa
HaJIn4uAa Haprl)KeHI/Ifl HpOI/ISBO,)II/ITCH TOJBKO C IIOMOIIBIO BOJ'II)TMeTpa U B HpI/ICYTCTBI/II/I
MpEeno/iaBaTels;

- TIpu paboTe Ha JabOpaTOPHOHN YCTAaHOBKE MTPUKACATHCS OJHOBPEMEHHO CTEH, PAJIMATOPOB
CHUCTEMBI OTOIUIEHUS U APYTUX METAUIMUECKUX MPEAMETOB;

- BKJIKOYaAThb py6I/IJ'II)HI/IKI/I, HaXuUMaThb KHOIIKH, HpI/IKacaTBCSI K BJ'ICKTpI/ILIeCKOMy
0o00py/lOBaHWIO, HE OTHOCAIIEMYCS K JaHHOM sabopaTopHoii pabote 0e3 BegoMma
MIPETNo/1aBaTels;

- IPOU3BOUTH 10 X0y BBITMIOJIHEHUS pabOTHI IEPEKIIIOYCHHS B CXEME, HEe 00eCTOUUB e€;

- OpocaTh COeIMHUTEIBHBIC MPOBOA HA MTOJ M HA UCCIIEAYEMYIO0 YCTaHOBKY;



- 3aMEHSTh CrOPEBINHME MPEAOXPAHUTENM Ha pPadOYuX M[IUTaX WPHU BKIIOUEHHBIX
pyOUIIbHUKAX;

- KJIACTh Ha pa0O4Mil CTOJI MOCTOPOHHUE TIPEIMETHL;

- BXOJIUTH B JJaOOPATOPHIO B BEPXHEH OJEKIC;,

- KypEeHUE U 3aKUTAaHUE OTHSL.

4. [lepen BKIIFOYEHHEM CXEMBI 00s3aTEIBHO MPEIYNPEIUTh YWieHOB Opuraabl: «OcTopokHO!
Bxurogaro!».

5. Ilpu Hamuuuu B cXeMe KOHJICHCATOPHBIX OaTapeil, HEOOXOIMMO ITOCIIC OTKIIFOUCHHS
MUTAHWS UX PA3PSIUTh O] HAOTIOJHEHEM MTPETIOgaBaTels.

6. [Ipu oOHapyXKeHUN KaKuX — JIMOO HEUCIIPABHOCTEH, NICUE3HOBEHHUS HANPSDHKEHUS B CETH, a
Tak)Ke MPU HECUACTHOM cllydae, HEMEIJICHHO MPEKPATUTh padoTy, OTKIIOYUTh YCTAHOBKY OT
AJICKTPOTIUTAHUS U COOOIIUTH MPEIOaBaTENIO.

7. IToMHUTB, 4TO MPU OTKJIFOYEHUH LIENIEN IOCTOSHHOTO TOKA C UHAYKTUBHOCTHIO BO3MOXKHO
KPaTKOBPEMEHHOE PE3KOE MOBBIIICHUE HAMPSIHKEHUS.

8. CryneHTbl, HapyIIMBIIME TpaBUiIa TEXHUKU OE30MACHOCTH, HE JOMYyCKAalTCAd K
JanpHEnIel padboTe B J1aOOPaTOPUHU U IPUBJICKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

OkcnepuMeHT 1

Haunem naGoparophyto padoTy co coopa ycTaHOBKU. UTOOBI cOOpaTh cXeMy, KOTOPYIO MBI
OyaeM uCHojb30BaTh B JlabOpaTOpHOW  paboTe, MPUCOEIUHUM  MOTOK-KaTyLIIKy K
MUJUTHAMIIEPMETPY M HCIIOJIb3yeM MarHuT, KOTOPBIM OyaeM NpuoOnuxkarh WIH YIAISITh OT
KaTymku. OHOBPEMEHHO C 3TUM MBI JOJDKHBI BCTIOMHHTD, YTO OyI€T IPOUCXOIUTH, KOTaa OyieT
MOSIBJISITHCSI UHTYKIIHOHHBIH TOK.

Puc. 1. Okcniepumenr 1

[Togymaiite Haj TeM, Kak OOBSICHUTH HaOII01aeMoe Hamu siBjieHue. Kakum oOpa3om Biuser
MarHuTHBIM MOTOK Ha TO, YTO Mbl BUJIUM, B YACTHOCTU MPOUCXOXKIACHHUE JIEKTPUUYECKOTO TOKA.
J71s1 5TOTO MOCMOTPHUTE HA BCIIOMOTATEJIbHBIA PUCYHOK.

OOpaTtuTe BHUMaHWE, YTO JUHUM MAarHUTHOW MHAYKIIMU BBIXOJST U3 CEBEPHOIO MOJIIOCA,
BXOJISIT B FOKHBIN MOJIOC. [Ipr 3TOM KOTMYECTBO ATUX JUHUHM, UX T'YCTOTa Pa3IMYHA HA Pa3HBIX
yuyacTkax marauta. OOpaTuTe BHHMaHUE, YTO HAIPABIICHUE WHIYKIIMH MArHUTHOTO ITOJS TOXE
M3MEHSETCS OT TOYKU K TOuke. [I0ATOMy MOXKHO CKa3aTh, 4TO U3MEHEHHEe MATHUTHOI0 MOTOKA
NPUBOAUT K TOMY, YTO B 3aMKHYTOM IIPOBOJHHKE BO3HHKAET JJIEKTPUYECKHH TOK, HO
TOJIbKO TNPH JABHKEHHUH MATHUTA, CJIe0BATeJIbHO, H3MEHSeTCsl MATHHTHBI TOTOK,
NMPOHU3bIBAIIINH MJIOMAb, OTPAHHUYCHHYI0O BAUTKAMM 3TOH KATYILIKH.

DKCIIEpUMEHT 2

Crnenyromuil 3Tan HAIIETO HUCCIAEAOBAHMUS HJIEKTPOMArHUTHOM WHIYKIUM CBSA3aH C
OmpeJieJICHUEM HANPaBJIeHUs] HHAYKIMOHHOT0 TOKa. O HanpaBlieHUH UHAYKIIMOHHOTO TOKA Mbl
MOXEM CYIUTh TI0 TOMY, B KaKyl0 CTOPOHY OTKJIOHSETCS CTpejKa MHUJUIMaMIIEpMETpa.



Bocnonb3yemcst 1yrooOpa3sHbsIM MarHuTOM U YBUAMM, YTO MPH MPUOIMKEHUN MarHuTa CTpenka
OTKJIOHUTCSI B OJHY CTOpOHY. Eciam Temnepp MarHUT JBUTaTh B JPYI'YK0 CTOPOHY, CTpeEiKa
OTKJIOHUTCS B IPYTYIO CTOPOHY. B pe3ynbpTaTe MpoBeIeHHOr0 SKCIIEPUMEHTA Mbl MOKEM CKa3aTh,
YTO OT HANPABIICHUS JABW)KEHUS MAarHuWTa 3aBUCUT U HAINPABICHHWE HMHIYKIIMOHHOIO TOKA.
OTMeTHM U TO, YTO OT I0JIF0CA MAarHUTA TOKE 3aBUCUT HAIIPABJIEHUE UHYKLIMOHHOI'O TOKA.

OOpatuTe BHHMaHHE, YTO BEIMYMHA HWHAYKIMOHHOTO TOKa 3aBUCHUT OT CKOPOCTH
IIEPEMELIEHNS] MAarHUTA, @ BMECTE C TEM U OT CKOPOCTH U3MEHEHHSI MArHUTHOI'O IIOTOKA.

Bropas yacTth Hameit mabopaTopHoii paboThl cBsA3aHa OyJET C APYTUM SKCIEPUMEHTOM.
[TocMOTpHM Ha CXEMY 3TOT0 SKCIIEPUMEHTa U 00CYIUM, UYTO MbI OyIeM TeTeph J1eNIaTh.

K Knioy
~

R
mA %g

=i}

Peocrar

* MCTOYHUK TOKa

Puc. 2. Dxcniepument 2

Bo BTOpO#l cxeme B INpUHLMIIE HUYErO0 HE HM3MEHWIOCh OTHOCHTEIBHO HW3MEPEHHUS
WHIYKIUOHHOTO TOKa. TOT e camMblii MILIMaMIIEpMETP, MPUCOCIUHEHHBIM K MOTKY KaTyILKH.
Ocraercs Bce, Kak ObUIO B epBoM citydae. Ho Tenepb n3MeHeHre MarHUTHOTO IOTOKa MbI Oy1eM
IIOJIy4aTh HE 3a CYET ABUKCHUSA IIOCTOSTHHOIO MAarHuTa, a 3a C4eT U3MEHEHM CUJIbI TOKA BO BTOPOU
KaTylIKe.

B nepBoit yactu OyneMm uccienoBaTh HaJMUME MHIYKIIMOHHOTO TOKA MIPU 3aMbIKaHUM U
pa3MbikaHuu nenu. HWrtak, mepBas 4acThb SKCIIEPUMEHTa: Mbl 3amblkaeM Kiarod. OOpatute
BHUMaHMeE, TOK HapacTaeT B IIeNH, CTPeJIKa OTKIOHMIIACh B OJTHY CTOPOHY, HO 0OpaTUTEe BHUMaHUE,
cefyac KJIHY 3aMKHYT, a 3JIEKTPUYECKOr0 TOKa MUJUIMAMIIEPMETP HE MOKa3bIBaeT. J[eno B ToM,
YTO HET M3MEHEHUS MarHUTHOTO MOTOKAa, MBI yXe 00 3ToM rosopuiu. Ecnu temepp Kirou
pa3MBbIKaTh, TO MAJUIMAMIIEPMETP MOKAKET, YTO HAIIPABIECHUE TOKA U3MEHHWIIOCH.

Bo BTOpOM JKCnEpUMEHTE MBI NPOCIEINUM, KaK BO3HUKAET MHIAYKLMOHHBIM TOK, KOIJa
MEHSETCSl 2JIEKTPUYECKUNM TOK BO BTOPOM LIETIH.

Crenyromasi 4acTh OIbITa OyAET 3aKI0YaThCs B TOM, 4TOOBI MPOCIEIUTh, Kak OyaeT
WU3MEHAThCA MHIYKIMOHHBIM TOK, €CIM MEHATHh BEJIIMYMHY TOKa B LN 3a CUET peocrara. Bel
3HAETE, YTO €CIU Mbl U3MEHSEM AIEKTPUUYECKOE CONPOTUBIIEHNE B LIEMH, TO, CIe1ys 3aKoHy OMa,
y Hac OyneT MEHSTbCS U IJIeKTpuuecKuid Tok. Pa3 u3meHsieTcss anexkTpuueckuid Tok, Oyner
U3MEHATbCA MarHUTHOE II0J€. B MOMEHT mepeMEIleHHs CKOIB3SIIEer0o KOHTaKTa peocrara
M3MEHSETCS MarHUTHOE T10JI€, YTO MPHUBOJINT K MOSBICHUIO UHAYKIIMOHHOTO TOKA.

Ne Cnocod I B Bm ADm
ONbITA | MOJYYECHHS
HHAYKIHOHHOI'O
TOKA

1 Buecenue B — — +
KATYHIKY
CeBEPHOTO




moJjrca
MarHuTa

2 Ynanenue u3 — — -
KATYIIKH
CeBEPHOro
moJIca
MArHHTA

3 BHecenue B — — +
KATYLIKY
FO’KHOI'0 I0JII0CA
MATHHUTA

4 Yaaiaenue 3 — — -
KATYIIKH
FO’KHOI'0 I0JII0CA
MATHHUTA

Cooepircanue omuema.

Otuer 1o 1a0opaTOpPHBIM paboTaM J0JIKHBI COAEPIKATH!

- TUTYJIbHBIN JIUCT;

- 11eJ1b PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIpENIeIeHUH, MOHATHH, (hopmy;
- OCHOBHOE 000pYZOBaHHUE, CXeMa YCTaHOBKH;

- OTIMCaHME IO IMMyHKTaM BBIITOJIHEHHOH paboTHI;

- pe3y/bTaThl MU3MEpEeHH U pacueToB (TaOauLIbl, rpaduKn);

- OLICHKA MOTPEIIHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BONIPOCHI;

- BBIBOJIBI TI0 PE3yJIbTaTaM BBIIOJIHEHHON pabOTHI, 1aTa, TIO/IHCh.

Konmponwsnsie éonpocut.

B 4em 3aknrogaercs sBIE€HUE 3JEKTPOMAarHUTHON MHIYKIUU?

Kaxoi#l TOk Ha3bIBatOT MHIYKIIHOHHBIM?

Cdopmynupyiite 3aK0H 31eKTpoMarHuTHO! MHAYKIMK. Kakoii (hopmyroit oH onuceiBaeTcs?
Kax dhopmynupyercs npasmiio Jlenmna?

KakoBa cBs3b npaBuia JIeHa ¢ 3akOHOM COXpaHEHUs SHEPTUU?

agbhwbnE

JlaGopaTopnasi padora Ne 3
Tema pabome.. OnpeneieHne TOPU3OHTAJIBHOW  COCTABJASIIONIEd MHAYKUHH
MATrHUTHOIO MOJIA 3eMJIH.
Lleny pabomwi. OrnipenerieHHe TOPU3OHTAIBHON COCTABISIONIEN WHIYKIUU MarHUTHOTO
oJist 3eMJIu.

T eopemuuecKas uacmo.

3emuts B I1EJIOM TIPEJICTaBIISIET COO0M OrpOMHBIN IapoBOi MarHut. [loaToMy B J1F0001 TOUKE
MPOCTPAHCTBA, OKPYKAIOIIETO 3€MJII0, U Ha €€ MOBEPXHOCTH CYIIECTBYET MAarHUTHOE IOJe,
CHJIOBBIC JIMTHUHM KOTOPOTO M300pakeHbl Ha pucyHKe 1. [Ipu 3TOM ceBepHBIN MarHUTHBIN MOTIOC



N HaxomuTcst BOJMM3M IOKHOro reorpaduueckoro KO u nHaobGopor. Ha skBarope MarHuTHBIC
CHJIOBBIC JINHUH HAITPaBJIEHBI TOPU30OHTAIILHO, a Ha TTOJIFOCAX - BEPTUKAIBHO.

B ocranbHbIX TOUKax 36MHOM IMOBEPXHOCTH MHIYKLUS MarHUTHOIO IOJIS HAIIPABJIEHA O]
HEKOTOPBIM YIJIOM K IIJIOCKOCTH 3€MJIH, T.€. UMEET U TOpU30HTaIbHYIO B; 1 BepTHKanbHyio Bs
COCTAaBJISIOLIHE.

Puc.1.

Hanpasnenne ropu3oHTanbHON COCTaBISIONIEH TPUHUMAETCS 3a HAIIPaBICHUE MarHUTHOTO
MepuaMaHa, T.K. B 3TOM HalpaBICHUU YCTAHABJIMBAETCS CTpeNIKa KOMIlaca, Bpallarouiascs B
TOPU30HTAIBHOM IIocKOCTH. Llenbto HacTosimel paboThl SBISETCS WU3MEPEHUE BEIUYMHBI
TOPU30HTAJIBHOM COCTABJIAIOIIEH MHAYKLIUM MAarHUTHOIO IOJIA 3€MJIM C IIOMOIIBIO TaHIE€HC-
rajgbBaHoOMeTpa. TaHTeHC-TaIbBAHOMETP MPEACTABISIET COOOM BEPTHKAIBHO PACIOJIOKEHHBIE N
KPYrOBBIX BUTKOB paauyca R, mo KoTopbIM mporyckaeTcsi MOCTOSHHbIN ToK cuitoi |. B nentpe
ATON COBOKYITHOCTH BUTKOB (KOPOTKOM KaTylIKK) nomMemaercst komnac. [Ipu oTcyTcTBUM TOKa B
BUTKAX MarHUTHAas CTPEJIKa KOMIIaca yCTAaHOBUTCS T10

/N
e € 90

Puc. 2.

MarHuTHOMY Mepuauany. [Ipu mpormyckaHuM TOKa MO BHTKaM CTpelKa MOBEPHETCS Ha
HEKOTOPBIA Yrojl o, T.K. TENEpb HA HEE MOMHUMO TOPU30HTAIBHOM COCTABIISIONIEH MAarHUTHOTO
noJist 3emiti OyzIeT JeHCTBOBATh €Ile MarHUTHOE TI0Jie, co3/1aBaeMoe TokoM | B N BuTkax. Ecin
BUTKH COPHUEHTUPOBATH TaK YTOOBI WX IUIOCKOCTH COBMAJalH C IJIOCKOCTBIO MAarHUTHOTO
MepHuaraHa, TO Ha CTpeNKy OyAyT JEMCTBOBAThH JIBa B3aWMHO IEPIECHIUKYISPHBIX TOJIS: T0JIe
3emun B3 1 nmone Toka B, (puc.2).

Crpenka KoMIaca YCTAHOBHUTCS B HAIlPaBJICHUHM PaBHOJECHCTBYIOIIEH ATHUX IMOJEH, BAOJb

—

B =B, +B;, 1.e. mo nuaromanm nmapamnenorpamma, cropoamu Kotoporo 6yayt B, u Bz, Cwm.

pHc.2, Ha KOTOpOM 1/1306pa>KeH0 CCUCHUC BUTKOB C TOKOM, OPUCHTUPOBAHHBIX BJ0OJb MarHUTHOI'O

. 0
MepHIraHa, TOPU30HTAIBHON IIOCKOCTRI0. U3 puc. 2 cnenyer, uro Qo = B OTKyJa
3



B,

B, = — 1
* = lga (1)
1
Tax KaK HUHAYKIMS MarHUTHOTO 110JIs B LIGHTPE KPYroBOro Toka B = %’ TO B LIEHTpE N
I
BUTKOB OYEBHTHO B, = Fo 2
2R
HoIN
[MoacraBus (2) B (1) monxyunm B, =—"— (3)
2R -tgo

Ora ¢dopMyna UCHONB3yeTCsl B HACTOANICH padOTe Il ONBITHOTO ONpEACIICHHS
TOPU3OHTAIILHOM COCTaBJIstOIIEe MarHUTHOTO 1oJ1st 3emui. @opmyna (3) 3anucana B cucreme CHU,
nosToMy B3 mosiydurcs B Tecnax.

DneKTpudeckasi CXeMa yCTaHOBKH JIJIsl U3MEpeHUsi B3 COCTOUT M3 TaHTEHC-TallbBaHOMETPA
G, ucrounuka Toka & ,peocrara R u ammepmerpa A s peryIrMpoBKH U U3MEPEHUs TOKa (puc.3).

B cxeme wucnonedyercs mnepexirodatesib [l Juisi M3MEHEHHs] HANpaBICHUS TOKa,
MIPOXOIAIIECTO Yepe3 TAHTCHC-TAIbBAHOMETD.

Puc. 3
Oobopyoosanue u mamepuaol.
TaHreHc-TaaIbBaHOMETP, aMIIEPMETP, PEOCTAT, UCTOYHHK TOKA.
Ykazanus no mexnuke oezonacnocmu.
1. K BeImomHEHHIO 1a00paTOpHBIX pabOT JOMYCKAKOTCS CTYIEHTHI, W3YYMBIINE TpaBUIIa

TEXHUKU 0€30MaCHOCTH.

2. JlaGoparopHbie pabOTHI MOTYT MPOBOAMUTHCS TOJIBKO MO PYKOBOJCTBOM U HAOIIOIEHUEM
npernojiaBarers.
3. Tlpu BeIMOTHEHMH JTa0OPATOPHBIX PAabOT CTYIEHTaM 3aIperiaeTcs:

- BKJIOYATh CXEMBI I10]1 HaNpsDKEHUEM 0e3 MPOBEpKHU MpenojaBaress;

- TpUKacaTthCs K HE3AMMUIICHHBIM H30JSAIMEH YacTsIM CXEMbl, HaXOMISIIUXCS O
HaIpsKEHUEM;

- OTIpE/ICIISITh HAIMYKE HANPSHKCHUS Ha AJIEMEHTAX IIeTH TPUTIOMOIIH TTaJIbIIeB; TPOBEPKa
HAJIMYMS HAMPSDKEHUS] TPOU3BOIUTCSA TOJIBKO C MOMOINBIO BOJBTMETPA U B HPUCYTCTBHH
TIperoIaBaTeds;

- ipu paboTe Ha 1abOpaTOPHOH yCTaHOBKE MPUKACATHCS OJHOBPEMEHHO CTEH, PaaTOPOB
CUCTEMBI OTOIUICHHUS U APYTUX METANINYECKUX MTPEIMETOB;



- BKJIIOYATh pPYOWJIBHHKH, HA)XMMaTh KHOIIKM, TIPUKAcaTbCs K DIIEKTPUUECKOMY
000pyI0OBaHHIO, HE OTHOCSIIEMYCS K JIaHHOW JlabopaTopHOW pabore ©Oe€3 Bemoma
IpenojaBaTes;

- IPOU3BOJIUTH IO XO/Ty BBITIOJTHEHUS paOOThI IEPEKIIOYEHUS B CXeMe, He 00eCTOUMB €&,

- OpocaTth COeIMHUTENbHBIC TIPOBOJIA HA TIOJI U HA UCCIIEAYEMYIO YCTaHOBKY;

- 3aMEHSTh CrOpeBIIME MPEAOXPAaHUTENM Ha padOyuX MIUTaxX HpPU BKIIOUYEHHBIX
pPYOMIIbHUKAX;

- KJIaCTh Ha pabo4Mil CTOJ MOCTOPOHHUE IPEIMETHI;

- BXOJIUTH B J1a0OPaTOPHUIO B BEPXHEH OJIEKIE;

- KypeHHe U 3aKUTaHHE OTHS.

4. Tlepen BKIIIOUEHUEM CXEMBI 00S3aTEIILHO PEIYNIPEAUTD YICHOB Opuraasl: «OCTOPOKHO!
Bxniroyato!».

5. Ilpu Hamuymu B cXeMe KOHJICHCATOPHBIX OaTapeid, HEOOXOAMMO IMOCIE OTKIIFOUCHUS
MUTaHUS UX PA3pAIUTh MO HAOIIOHEHEM MIPEenogaBaTes.

6. Ilpu oOHapy>KeHNH KaKMX — JINOO HEUCIPABHOCTEH, MCYE3HOBEHUS HAIIPSKEHUS B CETH, a
TaK)Ke MPU HECUACTHOM cllyyae, HEMEIJICHHO MPEKPaTUTh paboTy, OTKIIOYUTh YCTAHOBKY OT
AJIEKTPONUTAHUS U COOOLIUTH MPEINO01aBaATENIO.

7. [IoMHHUTD, YTO TIPHU OTKIIOYCHHUH LIeTIeH TOCTOSSHHOTO TOKA ¢ MHAYKTUBHOCTHIO BO3MOKHO
KpPaTKOBPEMEHHOE PE3KO€ MOBBIIIEHUE HAIIPSHKEHNUS.

8. CryaeHTbl, HapyIIMBIIME IMpaBWa TEXHUKHM O€30IMacCHOCTH, HE JOIMYCKAIOTCS K
JanpHenei pabore B 1a0OpaTOPUU U NMIPUBJIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

1. CobuparoT 3J1IeKTPUUECKYIO LIENb 110 CXEME puc.3

2. [loBopaunBasi TaHT€HC- TaJbBAaHOMETpP, YCTAHABIMBAIOT €ro IUIOCKOCTh B IUIOCKOCTH
MarHUTHOTO MEpPHUIMaHa, TaK YTOOBI MarHUTHAS CTPEJIKa yCcTaHOBHIIAch B HampasieHuu 0°-180°.

3. YcraHaBnuMBas ~ JBIJKKOM  peocTaTa  3aJaHHYI0  BEIMYMHY TOKa  (3aaaeTcs
IpenoaaBaTesieM) U3MEPUTh yYroJl OTKIIOHEHHS] MATHUTHON CTPEJIKH 0.1.

4. He u3MeHsAs BeIMUYMHY TOKa IMOMEHATh NepekirodartesneM Il HampaBieHHe Toka Ha
IPOTUBONOJOXKHOE. OTcuuTaTh HOBBIM yrojl OTKJIOHEHHUS CTPEIKHM 0O2. BpUuCIUTH

(o +ay)
cp 2 '

5. I1oBTOpPUTH U3MEPEHUS 01 U 02 IPU HECKOJBKUX JIPYTHX 33aJJaHHBIX 3HAUEHUAX TOKA.

6. IlogcraBisist mocieaoBaTeNIbHO HW3MEPEHHBIE COOTBETCTBYIOIIME 3HaueHUs Toka li u
yCpEIHEHHBIE 3HaueHUs yriia «; B (hopMmyny (3) HailTu 3HadueHus Bs. ( Benmnuunsl N u R yka3assl
Ha TAHT€HC-TAJIbBAHOMETPE).

7. Bce pe3yabTaThl U3BMEPEHUI M BRIYMCIICHUH 3aHEeCTH B Ta0II. 1
Tabm.1

1(A) a, a, | «a tga Bs AB 0B

cp p

(cp)

8. O1eHuTh MOTPEIHOCTh MPOBEACHHOTO U3MEpEeHUs B3 1 pe3ynbpTaTsl 3aHecTH B Ta0I. 1
9. 3anucarb pe3ynbTaT B BUJIE
Bs = Bscp i ABsw

Cooeporcanue omuema.



Otuet o 1abopaTOpHBIM paboTaM JOJKHBI COAEPIKATH!
- TUTYJIbHBIN JIUCT;
- 1IeJTbh paboTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIIPEIeIICHUI, TOHATHH, (OpMYIT;
- OCHOBHOE 000pYJ0BaHUE, CXEMa YCTAaHOBKH;
- ONMCAHUE 10 MyHKTaM BBITIOJIHEHHON PaOOTHI;
- pe3y/bTaThl U3MEpPEHHH U pacueToB (Ta0auibl, rpaduKn);
- OIIEHKA MOTPEIIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIE BOIPOCHI;
- BBIBO/IBI 110 PE3YJIbTaTaM BBIMIOJHEHHON paOOThI, AaTa, MOITHUCH.
Konumponwsnsie éonpocoi.
1. Kakoii Bug nMeeT MarHuTHOE 11oJjie 3emin?
2. B gewm 3akmrogaercs ujes H3MEPEHHS TOPU3OHTAILHON COCTABIISIFOIICH UHIYKIIMH
MardHUTHOTO MO 3eMIIn?
3. Kak ycTtpoeH TaHTreHC-TanbBaHOMETP?
4. BoeiBenute Qpopmyiny uHAYKIHU Bo, B IEHTpe KPyroBOro BUTKA C TOKOM.

5. IlouemMy MI0CKOCTh TaHT€HC-TAJIbBAHOMETPA CJIEAYET OPUECHTUPOBATh B HAIPABICHUU
MarHMTHOTO MepuauaHa’?

JlaGopaTopHas padora Ne 4
Tema pabomuer. UccnenoBanme koJjiedaHuii B KoJjie0aTeJJbHOM KOHTYpe

Llenv padomor. V3ydcHHe 3aTyXalIIUX 3JEKTPUYCCKUX KOJIeOaHWH KoJeOaTeaTbHOM
KOHTYpE.

Teopemuqecmm yacmo.

[IpocToii koedaTeapHbIN KOHTYP COCTOUT U3 MOCIEI0BATEIFHO CO-€MHEHHBIX JIEMEHTOB:

emkoctd C, MUHIYKTUBHOCTH L M akTUBHOTO conpoTuBieHus R

Cpenu pa3muyHBIX DJEKTPUUYECKHX SIBJICHUN OOJIBIION MHTEpeC MPEeCTaBISIOT
AIIEKTPUYECKHE KOJIeOaHUs, NMPH KOTOPHIX HEKOTOpbIE 3JEKTPUUECKHE BEIUYMHBI, TaKHE Kak
MMOTCHIMAJ CUJia TOKA, UJIU 3apA]] USMCHAIOTCS BO BPEMCHHU. OI[HI/IM u3 HpOCTeI\/'IHH/IX HUCTOYHHUKOB
MOJIY4YEHHUs SIIEKTPUUYECKUX KOJIeOaHU SABIAETCS MIEKTPUUECKUI KoeOaTeIbHbINH KOHTYP.

PaccmoTpuMm mpocToil  KoseGaTeNbHbI KOHTYpP, COCTOSILIMNA M3 MOCIEA0BaTEIbHO
COEMHEHHBIX KoHJeHcaTtopa C, uHAyKkTuBHOCTH L, pesucropa R u xmoua K (puc.l, a). Ecau
KOHJEHCATOp 3apsiuTh, a 3aTeM 3aMKHYTh K04 (puc.l,0), TO KOHIAEHcaTop HauyWHaeT
paspspkathCs. B Lenu MOsBISeTCS BO3PACTAIOIIMM TOK |, B KAaTyIIKe HHAYKTUBHOCTH —
COOTBETCTBYIOILIEE MAarHUTHOE IOJIE.

C C

+ + ) —
——— C —— 1 ——
— - +




Puc.1.

Tox paspsima KoHaeHcaTopa I, MpoTeKas dYepe3 Karymiky, mnopoxaaer B Hed DJIC
camouHaykiuu. Boznukaromas 3/1C caMOMHAYKIIUK 3aMeJIsieT pa3psii KOHIeHcaTopa, a 1mocie
TOTO, KaK KOHJEHCATOp MONHOCThIO pazpsautcs DJC caMOMHAYKIMK, HA00OPOT, HAYMHAET
MOJJIEP>KUBATh TOK B IMPEKHEM HAIIPABJICHUU.

B pe3ynbraTe 3TOr0 KOHAEHCATOp MEPEe3apsSAUTCs, IOCIE YEro MpoLecc MOBTOPUTCS, HO
JBUKEHHE 3apA10B OyeT IPOUCXOIUTh B IPOTUBOIIOJIOKHOM HampaBieHUH (pHC.2,B).

IlepBoHayasibHasA SHEPTUS AIEKTPUUYECKOTO TOJISI 3aPSKEHHOrO KOHJIEHCATOpa BO BpeMs
€ro paspsija nepexoAuT B IHEPIHI0 MAarHUTHOTO NoJis KaTyiku. [Ipu nepesapsiae koHaeHcatopa
IPOUCXOIUT OOPATHBIHN Mepex0 1 SHEPIUH MArHUTHOTO MOJISl KATYIIKU B SHEPTHIO JIEKTPHUYECKOTO
noJisi KoHJeHcaropa. B uyueanbHOM KojeOaTelbHOM KOHTYpE CONpOTHUBIEHHE R paBHO HYyNIO U
BO3ZHHKIITUE JIEKTPUUECKHUE KOJICOAHUS OYIYT He3amyxarouumu (puc. 2,a).

B peanpHOM KONEOaTensHOM KOHTYPE R OTIHUYHO OT HYIIsI, TOSTOMY IPH MPOTEKAHUU TOKA
yepe3 Hero MpOMCXOAMT BbIJENIeHNE Teluia. BeneacTsue 3Toro o01uii 3amnac SHEpruu B KOHType
YMEHbILIAETCS, U KOJICOAHUS 3amyxarom (puc.2,0).

C yBenmueHHeM COMPOTHBIIEHUS R cKOpOoCTh 3aTyxaHus kojeOaHuil yBennanBaeTcs (puc.
2,B), a IpU IOCTATOYHO OOJIBIIOM 3HaUeHUHU R KonebaHus BooOIIe HE BOSHUKAIOT - Ha0II01aeTCs
anepuoouyeckuil pa3psj KoHjaeHcaropa (puc. 2,r).

ConpoTHBI€HHE KOHTYpa, MPU KOTOPOM KoOjeOaTeNbHBIH MpOLEecC MEepPexXoAuT B
arepHoINIeCKuil, Ha3bIBaeTCsl KpUTUICCKUM (Riyp).

PAARA . Toaa
WAL

Puc. 2.

Haiinem ypaBHeHHe, ONMChIBaOIEe 3aTyXalolIue JIeKTpUIecKre KonebaHus B KOHTYpe.
B cooTBeTCTBUY C 3aKOHOM COXpaHEHHS SHEPTHH YOBUITh SHEPTHUH KOHICHCATOPA IIPH €T0 paspsie
—dWc pacxomyercs Ha yBeJIMYEHHE SHEPTUU MarHUTHOTO NOJIst KaTymky d W 1 BBII€ICHUE TeIuia
dQ B conpoTtusienuu R:

—dwc =dW. +dQ, (1)

rae Wce — sHeprust KOHIeHcaTopa, We= q 2 /2C,



W\ — 3Heprusi MarHMTHOTO Honst Katymku, \\/, = LI 2 /2.

3nmech ( — 3apsa KOHACHCATOpPA B TaHHBI MOMEHT BPEMEHH, 1 — CHJIa TOKa B KOHTYPE B
ATOT K€ MOMEHT.
KomnmaecTBo Teria, BEICISIONIEECS B MPOBOIHUKE 32 Bpems dt:

dQ = i2 Rdt.

Hcnons3ys 3TH cooTHOIIECHHUS, TpeodpasyeM ypaBHeHue (1):

q? i2
—d| —|=d|L<|+1**R-dt=0"
2C 2

21(:2q ~dq+§-2i-di+i2R -dt=0

gdq+L-i-di+i2R-dt:O- @
Tak KaxK j =dqg/dt nudq=idt,

TO BbIpa)keHUeE (2) MOXKHO IpeoOpa3oBaTh K BUAY

Y4g+L%94i+iR-dg=0-
C dt
CoxkparuB Ha dq ¥ UCIIOJIB3YsT COOTHOIICHUE
di d?q
dt dt?
nosrydaem cienytoiiee audpepeHnnanbHoe ypaBHEHHE:
d’d , R dq, ¢ ©)
=l —eA+ 7 =0"
dt?> L dt LC
B 3TOM ypaBHEHUH clieNlaeM CIIETYIOIINE 3aMEHBI:
R
2 _92p, (4)
[ =28
1 2, ®)
Lc—
rae B — KodppUIMeHT 3aTyxaHus, o — COOCTBEHHAs YacTOTa KOHTYypa.
Torna
d’qg_ ,,d9_
—+2—+w,q=0 6
HuddepennnansHoe ypaBHeHue (6) umeet (ipu B < o o) cIeayroliee perieHme:
q = qo.e_ﬂt- Cos(wt+a) - ()
e
1 R?> (8)
w = ) 2 _ ﬂ 2 = | _



Jo ¥ 0L — HEKOTOPBIE TOCTOSTHHBIE, COOTBETCTBYIOIINE HAYaTbHOM aMILTUTY/ € U HAYaIbHON
¢aze xoyeOaHus.

Breipaxxenue (11.7) ecTh ypaBHEHHME 3aTyXaloIUX OJJICKTPUUECKUX KOJeOaHUH,
[UKIINYECKasi 9acTOTa KOTOPHIX PaBHA (M, a aMIUTUTY/a SKCIIOHCHIIMAILHO YOBIBAET ¢ TCUCHUEM
BpeMeHu (puc. 3).

[Tepuon 3TuX KOICOAHMIA:

(9)
T .27 _
w
q
"
- T
Thl AW
T~ q(t+T)
e G
%
-~ T
-~
-~
-
Puc. 3.
Jlnst manbix 3HayeHud R momyyum
Tozzlzzﬂ 'LC- (10)
a)O

B cootBercTBUU ¢ ypaBHeHHEM (9) IIpH yBEIMUEHUU COMTPOTUBICHUS KOHTYypa R, mepuon
KoJieOaHuit OyAeT, CTpEMACHh K OECKOHEUHOCTH TP

B = wo. (11)

DT0 03HaYaeT, 4TO KojebaTeabHBINA MpOoIlecC MEPEXOUT B anepruoaudeckuii. Mcrnomp3ys
ypaBHeHus (4) u (5) w3 Beipaxkenus (11) MOXHO TONYYUTH 3HAYCHHUE KPUTHUECKOTO
CONPOTHUBIICHUS:

L. (12)



Jlns XapakTepUCTHKU 3aTyxXaHHs KOJIGOAHHWH YacToO MOJNb3YIOTCS Jo2apughmuieckum
0eKpemenmom 3amyxanus O u 0oopomuocmoio Q.

Jlorapudmuueckuil TeKpeMEeHT 3aTyXaHHUsl paBeH HaTypallbHOMY JIorapu(My OTHOIICHUS
aMIUTATY]T KOJIeOaHMIA, COOTBETCTBYIOIIHX IBYM MOMEHTAM BPEMEHH, OTITUYAIOIINMCS Ha TIEPHO/T;

s=In_ AWM . (13)

A(t+T)

3nech A — amMIUTUTY/a KoJieOaHWI BEIMUYMHBI 3apsjia, TOKa WM HanpsbkeHus (puc. 3).
Hcnonb3ys ypaBHenue (7), Moaydum

_ qoe_ﬂt _
o=In qoe—ﬁ(tﬂ)_ﬁT

s nebGonpmmx 3HaueHUd R, ¢ yderom ypaBuenwmii (4) u (10), morapudmuueckuii
JIEKPEMCHT 3aTyXaHUS MOKHO OIPEICTUTh Yepe3 mapaMeTphl KOHTYpa:

5:ﬂRE - (14)

HyCTB T — BpEMs pCllakCallur, B TCUCHHUEC KOTOPOI'0 aMIIIMTyda KoJe0auuit YMCHBIIACTCA
B € = 2.7 pa3, Ne — uncio KojieOaHHi COBEPIIEHHBIX 3a BpeMsl peiakcau. Torjna MoKHO JIETKO
JI0Ka3aTh, 4TO

1 (15)
o= —
Ne

Jlo6potHOCTh Q mpencraBisier co0oi yMHOKeHHOE Ha 27 oTHomeHue sHepruu W(t) B
JTaHHBIA MOMEHT BpeMeHH 1, K aHepruu, TepsieMoii 3a nepuoj Kouedanus T:

W(1) : (16)

Q=27 Wi+ T)

Ecnn B HavanbHBIM MOMEHT BpeMeHHU (t = () 3Heprus KOHTypa COCTOMT U3 HEPIUU
3apsDKEHHOT0 KOHJIEHCATOopa, TO

W(t) =% . (17)

3Hepr1/15{ KOHTYypa 4YCpe3 BpPEM:, pPaBHOC NCpUOAY, YMCHBIIUTCA B COOTBCTCTBUHU C
YMCHBIINBIIHUMCA 3apAa0M:

(qoez_cm)z _ (18)

[ToncraBus Boipaxkenus (17) u (18) B ypaBHenue (16), momyunm

W(t+T) =

o= 27 _ 27w . (19)
1-e2AT 1-e 2

M3BecTHO COOTHOIIIEHHUE € * ~ 1+X , BBIMOIHSIOMIEECS AT MaJIbIX 3HAUCHH X: (X << ).

C yuerom sToro BeipakeHue (19) ynpocrurces:



7. (20)
Q 0

JIoOpOTHOCTH MOYKHO BBIPa3HUTh M Y€PEe3 apaMeTphbl KOHTYpa, TpuMeHuB Gopmyiy (14):

1 [L. 1)
=%c

N3 ypaBrenwuit (20) u (15) cneayer Takxke, 9YTO TOOPOTHOCTH MPOMOPIIMOHAIIBHA YUCITY
KoJie0aHUi B KOHTYpE, COBEPIIUBIINXCS 3a BPEMS pellaKcallii, B TEUEHUE KOTOPOTO aMILTUTY/1a
YMEHBIIIAETCS B € Pa3:

Q =1 Ne.

B psge cioydaeB  koseOaTENbHBIM  IIPOIECC  MOXKHO — HCCIENOBATh,  HM3ydas
B3aMMO3aBHCUMOCTb MEK/Y HANIPSDKEHUEM U U TOKOM 1 B KOHTYpE.

I'paduk, n300pakaronyii ATy 3aBUCUMOCTb, Ha3bIBaeTcs (ha3oBoil kpuBou. CocTosHue
KoJ1e0aTeNbHOM CUCTEMBI AJIs JII0OOr0 MOMEHTA BPEMEHHM M300pa3uTCs TOUKOW Ha 3TOI KpuBOU

(puc. 4).

VYpaBHenne (a3oBoli KPUBOH MOXKHO IIOJYYHTh, HWCIOJB3YS 3aBHCHUMOCTH TOKa U
HaIpsKEHUs OT BPEMEHHU.

W3 Beipaxenus (7) u cootHomienus U=q/C cremyer, 4To
u= %0 e Alcos(at + a)-

Cnenaem 3aMeHy U,=q, / C , ¥ IOJIy9HM 3aBUCHMOCTh HAaNPSKEHUS HAa KOHJIEHCATOPE

OT BPEMCHHU:

u=U -e #*cos(wt +a) (22)

rae Uo — HaganbHas Pa3HOCTL IMOTCHIIUAJIOB.

N3 ypaBHeHus (7) MOXKXHO ONPEJEIUTH U 3aBUCUMOCTh TOKa B KOHTYPE OT BpEMEHHU
j—da_d

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

[qoe_ﬂtcos(a)t + a)} =

Jlnst ManbIX 3aTyxaHuil § << o, Toraa
. Bt .
i=—q, @-e " -sin(ot+a)

O6o03uaunM Ip= o e®, Torma | = — |0(:f:3t sin (a)t + 06), TO €CTh
i=le"cos(owt+a+%): (23)

CpaBHuB BelpakeHus (22) u (23), MOKHO YBUAETb, UTO KOJIEOAHUS CHIIbI TOKA OIIEPEkKAIOT
no (aze Ha 7% KoJIeOaHHUs HAINIPsDKEHUS Ha KOHJIEHCAaTOope.

[Ipeobpazyem Beipakenus (22) u (23) cnenyromum o0pa3om:



—e Pleos(wt +a)’

GI=

=— e_ﬁtsin(a)t +a)-

0

Ecnu Bo3BecTH 3TH ypaBHEHHS B KBAJpaT M CIOXKHUTh, TO TOJTYyYUM ypaBHEHHE (pa3oBoi
KpHUBOM:

. \2 2
P v —g2st (24)
o Uo
B cayuae nesaryxaromux xonebanuit ( R = 0, B = 0) da3oBas kpuBas umeer Gopmy
smarica (puc. 4,a). ns peansaoro kortypa (R # 0, R < Ryp) pazoBas kpuBast mpencrasiser cooon
CKPYYMBAIOLIYIOCS CIHpallb, TPUYEM OOJIbIIEMY CONPOTUBICHUIO KOHTYpa COOTBETCTBYET
Oonbiiee 3atyxanue (puc. 4,06 u puc.4,B).
[Tpu aneproanvdeckoM KosiebaHuH, KOTJa CONPOTHBIICHHE KOHTYpa O0JIbIIIe KPUTHIECKOTO
(R > Ryp), ba3oBas kpuBast BRIPOXKIACTCS B JTMHHUIO, H300paKEHHYIO Ha puC. 4,T.

L8y

Tit+T7)

)
TT+T)

/"_‘
N

B r

Puc.4.

Oobopyooeanue u mamepuansl.
JlaboparopHasi ycTaHOBKAa COCTOMT W3 ocuwuiorpada U CTEHIa, COJEpPIXKAIIETO IBE
KaTYIIKW WHAYKTHBHOCTH, JIBa KOHACHCATOPA, Mara3uH COMPOTUBIICHUI U TeHEPATOP UMITYJIECOB.
I'enepaTop BbIpaOaThIBa€T KOPOTKHUE TMOJOKHUTEIbHBIE UMITYIILCHI, B PE3yabTaTe 3TOTO
KOHJICHCATOpP KOJIOATeILHOTO KOHTYpa TNEPHOAMYSCKH TOTydaeT HEKOTOPBIH JJICKTPHUYSCKUIN
3apsn. B mpomexxyTkax BpeMEHH MEXAY HMITYJIbcaMd B KOHType OyayT COBEpIIaThCS
3aryxaronue Kojebanus. ['paduku 3Tux KoneOaHW MOXKHO OyJaeT HaOmojaTh Ha dKpaHe
ocumutorpada u, ajnee, o HUM OMPEeNATh EPUO]], TorapuPMUUECKHU JEKPEMEHT 3aTyXaHusl,
JTOOPOTHOCTH, KPUTHIECKOE COMTPOTUBIICHHE.
HeoOxonuMeie u1st pacueToB mapaMeTphl 3JIEMEHTOB KOHTYpa yKa3aHbl HA CTEH/IE.
Ykazanua no mexnuke 6ezonacnocmu.



1. K BbImomHEHHIO 1a0OpaTOpHBIX pabOT AOMYCKAIOTCS CTYIEHTHI, M3YYMBIIME IpPaBUIIa

TEXHHUKHU 0€3011aCHOCTH.

2. JlaGopatopHble pabOThI MOTYT IPOBOAUTHCS TOJIBKO MO PYKOBOJCTBOM U HAOIIOIEHUEM

IpernoaaBaress.

3. Ilpwu BeImonHEHUH Ta00PATOPHBIX PAOOT CTYAEHTAM 3aIlpEIaeTCs:

- BKJIFOYATh CXEMBbI T10]] HampshDKEHHUEM 0e3 MPOBEPKHU MpernogaBaTels;

- TpHUKacaTtbCsi K HE3AMMUIEHHBIM H30JIALMEH YacTAM CXEMbl, HaXOAAIIUXCS O[T
HaNPSDKEHUEM;

- OTIpeNIeNATh HAJTMYME HAPSDHKSHHS Ha SJIEMEHTAaX ey MPU IOMOIIH MaJIbLEB; POBEPKa
HAJIMYUSl HAMpPSHKEHUS MPOM3BOAUTCS TOJBKO C IOMOIIBI0O BOJBTMETPAa M B MPUCYTCTBUU
IpernoIaBaTe’s;

- Ipu paboTe Ha JIaboPaTOPHOI YCTAaHOBKE MPUKACATHCS OJHOBPEMEHHO CTEH, PaJIUaTOPOB
CHCTEMBI OTOIUICHHSI U APYTHX METAUTUYECKUX MTPEIMETOB;

-BKJIIOYAaTh PYOWJIBHMKHM, HaXXHUMaThb KHOIKH, TIPUKACATbCd K DJIEKTPUYECKOMY
0o00py/IoBaHWIO, HE OTHOCANIEMYCS K JIaHHOW JiabopaTopHOoii pabote 0e3 BemoMma
MpernoaBaTens;

- IPOU3BOIUTH T10 X0y BBITIOJIHEHUS paOOTHI IEPEKIIIOYCHHS B CXEME, HE 00eCTOUUB e€;

- OpocaTh COeAMHHUTENbHBIC TPOBOA HA MO ¥ HAa UCCIIETYEMYIO YCTaHOBKY;

- 3aMEHATHh CrOpEBIIME MPEJOXPAaHUTETH Ha pabounx MOIMTAaX MpPH BKIFOYEHHBIX
pyOMIIbHHKAX;

- KJIaCTh Ha paboyYnii CTOJI TOCTOPOHHUE MIPEIMETHI;

- BXO/IUTh B J1a00OpaTOPHIO B BEPXHEH O/ICKIC;

- KYpUTh I 32)KUTaTh OTOHb.

4. Ilepen BKIIIOUEHUEM CXEMbI 00S13aTENILHO MPEAYNPEAUTh YIEeHOB Opuraasl: «OCTOPOKHO!
Bxurouaro!».

5. Ilpu pabGore Ha YCTaHOBKax, B KOTOPBIX MOKET HaOJIIOAATHCS PE30HAHC, COOII0AaTh
0COOYIO0 OCTOPOKHOCT.

6. Ilpu Hamuuuu B cXeMe KOHACHCATOPHBIX Oarapel, HEOOXOIUMO MOCiIe OTKIIIOYEHMS
MUTAHUS UX Pa3ps/IATH 110/ HAOIOACHNUEM TPETIOIaBaTEs.

7. Ilpu oOHapy>KeHUH KaKUX — JIMOO HEUCIPABHOCTEH, MCUE3HOBEHUS HANIPSKEHUS B CETH, a
TaKXe MPU HECYACTHOM cIIydae, HEeMEUICHHO MPEKPAaTUTh PadoTy, OTKIIIOYUTH YCTAHOBKY OT
AIIEKTPOIUTAHUS U COOOLIUTH MPEMNOIaBaTelIIo.

8. [IToMHHTB, 4TO MPH OTKIIOUYEHHUH LIETIeH MOCTOSIHHOTO TOKA C HHIYKTUBHOCTHIO BO3MOYKHO
KPaTKOBPEMEHHOE PE3KOe MOBBIILICHUE HANPSKEHUS.

9. CryneHTpl, HapyIIMBIIME TpaBUiia TEXHUKH OE30MACHOCTH, HE JIOMYCKaIOTCI K
nanpHeimeil padote B 1a00paToOpuu U MPUBIEKAIOTCS K OTBETCTBEHHOCTH.

3adanus.
1. CoGpatsb cxemMy cornacHo puc. 5. ConpoTuiieHne MarazuHa Ry ciaenars paBHBIM HYITIO.
NHAYKTUBHOCTH M €MKOCTh KOHTYpa BHIOpATh IPOMU3BOIBHO, BHECTH MX MapaMeTpsl B Ta0m. 11.1.

C

FTrEHEPATOP

r ]
Ry Bx. Y

Puc. 5.



2. Bxumounts ocumiiorpad), mporpers ero B TedeHue 1-2 muHyT. Pyukon “@oxyc”
X0po1Io choKyCHpOBaTh JIy4, YTOOBI YMEHBIIUThH OLIHOKY U3MEPEHHIA.

3. Bximounts rereparop. C MOMOIIBIO pydyeK YIpaBleHHs] pa3BepTKoON ocuuiiorpaga
JMOOUTHCS HEMOJBIKHOM KapTUHBI KoJeOaHUMl Tak, 4TOOBbl 0OECNeYuTh AOCTATOYHO TOYHOE
U3MEPEeHUE BPEMEHHBIX HHTEPBAJIOB U aMILTUTY/I KOJICOaHUH.

4. C noMollbl0 MOJYYEHHON OCHWIUIONPaMMBbl, aHAJIOTUYHON pHUC. 3, UBMEPUTH MEPHO]
Kosiebanuii To mpu MUHMMAaIbHOM CONPOTHBICHHH KOHTYPA, T.€. ipu Ry = 0, pe3yibrar BHECTH
B Tabi. 1 B MUILITUCEKYH 1aX.

JU1 IOBBIIIEHUS] TOYHOCTH MOKHO U3MEPUTh IPOMEKYTOK BPEMEHH, COOTBETCTBYIOLUI
HECKOJIbKUM TepHojiaM KoJieOaHWii, pa3leiuTh €ro Ha YHCIIO MEePHOJ0B U, TaAKUM 00pazom,
ONPEAEIUTD JJIUTEIBHOCTh OAHOI0 IEPUOAA.

5. YBenuuuBasi CONpoTHUBIIEHHWE MarazuHa Rm, mpocieauTs 3a Bo3pacTaHUEM CKOPOCTH
3aTyXaHus KoJieOaHUH U ONpPeNeIUTh KPUTHUECKOE CONPOTUBIIEHNE KOHTYpa, COOTBETCTBYIOIIEE
Nepexo/1y OT MEPUOINYECKUX KOJIeOaHU! K anepuoAUYECKUM (T.€. IEPEeX0ly OCHHIIIIOTPAMMBI OT
puc. 2,B K puc. 2,r):

R = RL+ R,

rzne RL — co6cTBeHHOE CONPOTUBIIEHUE KAaTyILIKU HHAYKTUBHOCTHU. [loyyeHHOe 3HaueHue
R« BHecTH B Tab. 1.

6. YMeHbLIUTH conpoTusieHue Ry, Harpumep, BABoe 0T Ryp. B KOHTYype BHOBb BOSHUKHYT
3aTyxaollue nepuogudeckue konedanus. Onpenenauts nepuos 3Tux konedanuih T u BMecTe ¢
MOJyYeHHBIM 3HaYeHHEM conpoTuBieHus KoHTypa (R = RL + Rym) 3anectn B Tabin. 1. Yoenutocs
B paziuuuu nepuojoB Kkosebanuit To um T, COOTBETCTBYIOUIMX pa3iMYHbIM 3HAYCHUIM
COINPOTHUBIICHUS KOHTYpA.

Tabnuua 1.

Ne (C,mMx® |L,mIH RL, Om To, MC Rip,OM  |Rm, OM R, Om T, Mc

w N

7. IloBTOPUTH N3MEPEHHUs IO TyHKTaM 4 — 6 TpH pasa Juid pa3indyHbix komOuHanuit L u C

8. Jlns BbIOpaHHBIX 3HaueHUU emkocTH C, uHIyKTHBHOCTU L, comportuBienus RL u
MIOJTHOTO CONPOTHBIIEHUS KOHTYypa R, BHECEHHBIX B Tabi. 1, BBIYMCIUTH U 3aHECTH B TaOsI. 2
TEOPETHYECKUE 3HAYECHUS:

To — mo dpopmyne (10); T — mo dhopmyne (.9);
Rip — o popmyne (12); & — no popmyne (14),
Q — mo dpopmyite (20).
Tabnuna 2.

Ne To, Mc T, mc Rip, OM S Q




9. Jlnst mpou3BosibHBIX 3HayeHuid L u C uccnenoBaTh 3aBUCUMOCTH JIOTapu(MUIECKOTO
JNEKPEMEHTa 3aTyXaHUs OT CONPOTHUBIEHUS KOHTYypa. YBEIHYMBAas CONPOTUBIICHHE KOHTypa C
MIOMOIIIBIO Mara3uHa CONMPOTHBICHUH R, H3MepUTh aMIUIUTYAbI A1 M A2, KOTOPbIE COOTBETCTBYIOT
MOMEHTaM BPEMEHH, OTJIMYAOIIUMCs Ha iepuo (puc. 3).

Pesynbpratel u3mepenuiit Buectu B Tabm. 3. IlogcunTars SKCIEepUMEHTAIbHBIC 3HAYCHUS
Jorapu(MHUECKOro JACKpEeMEHTa 3aTyxaHus O, mo dopmyne (13), mo dopmyne (14) — ero
TEOPETUYECKHE 3HAUCHUS Or.

Tabmuua 3

Ne R, Om A1, MM A2, MM 5, Or

1
2
3
4
5

10. s HaOmroneHus pa30BbIX KPUBBIX COOpATh cXeMy MO puc. 6.

= Bxog Y
C L
<
FTrEHEPATOP —
= Bxopg X
<
Rm
-1 Kopnyc
Puc. 6.

[Ipu 3ToM Ha BXoa X MojaeTcsi CUTHAJI ¢ CONPOTUBIEHUS Ry, KOTOpbIil HaxoauTcs B (ase
c ToOKoM B KOoHType. Ha Bxox Y monaercs curhai, HaxoIsfImMics B (asze ¢ HaNpsHDKEHUEM.
Habmionas Qa3oBble KpuBbIE ISl Pa3IMYHBIX CONPOTHBIECHHH KOHTYpa, MOYKHO HMCCIIEIOBATH
BIUSHUE 3aTyXaHusd Ha (opmy @a30Boil KpPUBOM M YTOYHUTH 3HAUEHUE KPUTUYECKOTO
COINPOTHUBIIEHUS AJIs1 JAHHBIX 3HAUYEHUI €MKOCTU ¥ MHIYKTUBHOCTHU (puc.4,r).

C nmoMomipio (ha30BBIX KPUBBIX MOKHO ITPOBECTH TaKKe M3MepeHus mo 1.9 (puc. 4,0).

11. Jns onHOBpEMEHHOTO HAOIIOCHUS OCIIHIUIOTpaMM KoJjieOaHUil TOKa M HaNpsHKEHUS
U OTIpe/ieNICHHs clIBUTa (a3 MEXy HUMU coOpaTh CXeMy B COOTBETCTBHUH C pHC. 7.
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Puc. 7.

Ha Bxomel Y mepBoro u BTOPOro KaHAJOB ocIuiorpada IMOAAIOTCS CUTHAIBI,
MPOMOPIMOHANILHBIC HANPSHKCHUIO M TOKY B KOHTYpe. YOSAUThCsl B HAIMYUK caBHra (a3 3TUX
Kosie0aHul, OLIEHUTh BEIMYMHY 3TOTO C/IBHTA.

Cooeporcanue omuema.

OtTyeT no J'Ia6ODaTO|3HbIM Da6OTaM OO NXHDB COA

epXarThb:

- TUTYJIbHBIN JIUCT;

- 11eJ1b PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPE/IEICHUH, MOHATUH, (hopmy;
- OCHOBHOE 000py/I0BaHHE, CXEMa YCTAaHOBKH;

- OTIMCAHME IO MyHKTaM BBIITOJIHEHHOH paboThI;

- pe3ynbTaThl U3MEPEHHI U pacueToB (TabIuIlbl, rpaduKy);

- OLIEHKa MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHL;

- BBIBOJIBI TI0 PE3YJIbTaTaM BBIMIOJIHEHHOW Pa0OTHI, 1aTa, TOIIHCE.

Konmponwsnsie 6onpocut.
. Paccka3zaTb 00 ayiekTpuyeckux KojebaHusX B KOHTYypE.
. laTp onpeneneHue aMIuIMTY/Ibl, YaCTOTHI, (ha3bl, IEPHO/Ia KOJeOaHH.
. Kakolt nmpouecc HaspiBaeTcs amepuonndeckuMm? UTo Takoe KPUTHYECKOE CONPOTHUBIIEHUE?
BriBecTu ypaBuenue (12).
Kakue mnpeBpallleHuss SHEPruM UMEKT MECTO IPH IEPUOAUYECKOM M alepUOIUYECKOM
nporeccax?
. Kakue ¢opmysbl ONMUCHIBAIOT 3HEPTUIO HJIEKTPUYECKOTO TOJs KOHAEHCATOpa U HHEPIHUIo
MarHUTHOT'O TOJIS KaTyUIKH.
. BbIBecTn ypaBHEHHE 3aTyXaIOLIMX 3JEKTPUYECKUX KOJIEOaHHH.
. Uto Takoe norapupmuyeckuii nekpemMeHT 3atyxaHusi? OOBSCHUTH €ro (pU3NYECKUil CMBICI,
BbIBeCTH ypaBHEHHUe (15).
8. [TosicHuTh (pU3UYIECKU CMBICIT TOOPOTHOCTH KOHTYpa. BeiBecTn ypasuenue (20).
9. Uto HasbiBaeTcs (hazoBoii KpuBoi? I1omydnTh ypaBHEHUE STONW KPUBOH.
10. BriBectu ypaBHenue (7), npumMeHHUB 3akoH OMa J1si HEOAHOPOJHON 3aMKHYTOW LIEIH.
11. KakoBa BennuuHa capura (a3 Mexay KojeOaHUsIMH TOKAa M HaNpsDKEHUS B HACATbHOM
KosiebaTesibHOM KOHTYpe? Kak MOYKHO U3MEpUTh €€ B pealIbHbIX YCIOBUSIX?
12. PacckazaTh O IpakTU4YE€CKOM IPUMEHEHHH K0J1e0aTeIbHOro KOHTYpa B TEXHUKE.

T N O

N

Jladoparopnasi padora Ne 5
Tema padbomur. OnipeesieHue yaeJbHOT0 3apsiia 3JIeKTPOHA MEeTOI0OM MAarHeTPOHA

Heﬂb paﬂombl. HN3YUCHUC I[BI/I}KCHI/Iﬁ 3apsA0B B JJICKTPUYCCKHUX W MArHUTHBIX IIOJIAX,
HU3MCPCHUC YACIBHOIO 3apsAaaa 3JICKTpOHA.



T eopemuuecKasn 4acmo.

Y IenbHBIM 3apsIOM YacTHIIBl HA3bIBAIOT OTHOIICHHE ee 3apsina Q k macce m. MiMeHHO
YACIBHBIM 3apsI0M Q/m ommuceIBaETCS IIIaBHBIM 00pa3oM MOBEICHUE YaCTHUIIBI B DJICKTPHUCCKUX
Y MarHUTHBIX MOJISX.

B Hacrosmeit pabote onpenensercss yaeabHbIi 3aps] HauboJjee 4acTo BCTPEYAroIeiics B
MPAKTUKE YaCTHUIBI-3JICKTPOHA METOJOM MarHeTpoHa. MarHeTpoH- 3JCKTPOHHBIA MPHOOp, B
KOTOPOM TIOTOK 3JEKTPOHOB OJHOBPEMEHHO YMPABISETCS B3aUMHO - MNEPHEHIUKYJISIPHBIMU
ANEKTPUUYECKUM M MarHUTHBIM MOJISIMU. B COBpeMeHHOM TeXHUKE MarHeTpOH UCIOIb3YeTCs s
TEHEPUPOBAHUST CBEPXKOPOTKUX SJECKTPOMArHUTHBIX BOJH Hampumep B paauoiokanuu, CBY-
TEXHUKE.

B nabGoparopHoii paboTe B Ka4eCTBE MarHeTpOHA UCIIOIB3YETCsS ABYXAJICKTPOIHAS JIaMIIa C
UWIMHAPUYECKUM aHOAOM A W NPSIMOJMHEHWHBIM KaToaoM K, pacnosio)KeHHBIM HAa OCH aHOJA,
MOMEIICHHAs B aKCHaJbHOE (HAIPaBJICHHOE BAOJb OCH aHOJA) MAarHUTHOE T0JIe ¢ MHIYKIMeH B,

CO3JaHHOE  JIOCTATOYHO [UIMHHBIM cojeHougoM C puc.l DieKTpoHbI
A @  UCIIYyCKAaeMbl€ pacKaJeHHbIM KaTOAOM MO ACHCTBUEM 3JIEKTPUUECKOTO MOJIS
> Pa3HOCTHIO TMOTEHLMAJIOB MEXKJIY KaTOAOM W aHOAOM IIPpU OTCYTCTBUH
- MarHUTHOTO TIOJISI IBHKYTCS IO paIualbHBIM TpAeKTOpHUsAM (puc.2a).

N
puc . |
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A
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%

B> Bkp

n

2

Puc.2

Kak M3BECTHO Pa3HOCTh NMOTEHIMAIOB YUCIEHHO PaBHA paboTe MO MEPeHOCy eIMHUYHOTO
3apsA7a W3 ONHOM TOYKH TONS B JAPYTYI0. B JIAHHOM cllydae pa3HOCTH NOTEHIHANIOB, paBHAs
aHOAHOMY HampskeHHmio Ua, cCOBepIIaeT MepeHoc OT KaTofa K aHOAy dJIeKTPOHA 3apsaioM
Q=e=1,610"° Kin. 1 BeImonHsAeMas dMeKTpHIecKuM moneM padota A=eUa mzeT Ha cooOIeHne
JIEKTPOHY KMHETHUECKOH SHEPTHHU, paBHOM MVZ/5.

mvV 2
2

CrnenoBarenbHO eUa=

Otcrona ckopocTh V 3JIEKTPOHA JOCTUTTIIEr0 aHOoa OyIeT paBHOU

V=[2-U, (1)

e
m



Crnenyer 3amMeTuTh, YTO OHIEKTPUYECKOE TIOJE€ MEXIYy aHOJOM M KaToJOM pe3KO
HEeoHOPOAHO. ['ycTOoTa CHIOBBIX JIMHUI, a CIEIOBATENFHO, U HANPSDKEHHOCTH mouisl E, BOmM3u
KaTroJa MHOro Oojplle dYeM B cCpeaHed u mnpuaHomHou obmactu (puc.2a). Ilockonbky
HAINpPsDKEHHOCTh €CTh TPaUeHT MOTEHIINAA, TO €CTh PaBHA H3MEHEHUIO ITOTEHIINANA HA CIMHULIE
paccTOsHUS BJIOJIb CUJIOBOM JIMHUM, aHOAHOE HampsbkeHne Ua pacrpenesieHo B MPOCTPAaHCTBE
MEK/1y aHO/IOM M KaToJI0OM HepaBHOMEpHO. OCHOBHAS YacTh €ro MaaeT Ha IPUKATOIHOM Y4acTKe
CHUJIOBBIX JIMHUM. HZ[G&JII/ISI/IPYSI, MOKHO CHUTATh, YTO BCC aHOAHOC HAIIPAKCHHUEC MaJaCT HA OYCHb
MaJIOM y4acTKe BOJM3H KaTo/a, Ha KOTOPOM M HPOUCXOIUT Pa3rOH IEKTPOHOB, a Aajblle, T.C.
MMPAKTUYCCKU Ha BCEM CBOCM IIYTH OT aHOAA K KAaTOHYy, DJICKTPOHBI ABUIKYTCA C IMPAKTUYCCKU
HOCTOSTHHOM MO BEJTMYMHE CKOPOCTBI0. DTa CKOPOCTH U onpenensercs o Gopmyne (1).

Ecin no QMHHOMY COJIEHOMAY MNpPOIYCTUTh TOK CWIOM lc, TO BHYTpU €ro cosnactcs
OJJHOPOJIHOE MAarHUTHOE IOJI€ C MHAYKIHEH

N
B::u:uoTlc )

I7Ie |\ -MarHuTHasi TPOHUIIAEMOCTh Cpebl (B JaHHOM ciaydae | =1); p 0=4xn 10-7 I'n/m —
marHuTHas nocrostuHast; N- uncio ButkoB conenonaa (N=2000); | - nnuna conenounma.
Kak u3BecTHO, Ha 3JEKTPOH, IBIKYIIUICS B MAarHUTHOM T0JI€ JeiicTByeT cuia JlopeHia

F=el.B| @3)

Tax KaK B CHITy KOHCTPYKIIUM MarHeTpoHa BEKTOPELY 1B opTOroHaibHEIE, TO BETHYHHA

cwibl JlopeHnia Oyaer paBHa
F =eVB, 4)

a ee HampaBlieHue F onpenensercs u3 BEKTOPHOTO Ipou3BeieHus (3) Ui 1o mpaBuily JIEBOU
PYKH C YYETOM OTPHUIATEeNIbLHOTO 3HaKa 3apsna snekTpona (puc.26). U3 dopmynsr Jlopenua (3)
CJIETyeT, YTO MATHUTHOE TT0JIC B OTJIMYHE OT JIEKTPUICCKOTO ICHCTBYET TOJIBKO Ha JIBHKYIIYFOCS
gactuny: npu V=0, F=0. Kpome Toro sT0 aAeilicTBue HE MPUBOAUT K U3MEHEHHUIO BEITUYHHBI
CKOPOCTH YacTHIIbI. JIeficTBUTENBHO diIeMeHTapHast paborta cuiisl Jlopeniia dAA pasua dAA=Fdr
COSaL , TJIE O- YTOJl MeXIy nepemMenienueM yactuiibl dr u cuiibl F. 3 BeKTOpHOTO TTpon3BeIeHUs

(3) cnenyer, uto F1V, cnenoBarensro FLdr (T.x. V = % ) u coso=0. 3HauuT, paboTa CHIIbI

mV 2

Jlopennia dAA paBHa HyJIIO, T.e. B MAarHUTHOM I10JIE¢ KHHETHYECKAs SHEPTHS YaCTHIIBI

OCTaeTCsl HEM3MEHHOW M €€ CKOpPOCTh MO BenuuyuHe mnoctosiHHoM (V=const) Takum obOpazom
MarHUTHOE TOJ€ HE YCKOpSeT YacTHUIlbl (He M3MEHSeT BEIWYMHBI MX CKOPOCTH), @ TOJBKO
UCKpUBIsieT ux Tpaekrtoputo. Cuna JlopeHua sBisiercs CUIONW LEHTPOCTPEMUTENBHOM, U IO
BTOpOMY 3akoHY HbroTOHa nmeem

F=eVB=mV /r (5)
rJie I- panyc KPUBU3HBI TPAEKTOPUH YACTHIIBI (DJIEKTPOHA).
\Y
U3 (5) ans r noxyanm r= . (6)
~.B
m

Kak BumHO n3 ¢opmyisl (6) B OHOPOIHOM OPTOrOHAJHLHOM MarHUTHOM moje (B=const)
TPAeKTOPHUS YaCTULBI- OKPYXKHOCTh (r=const). IIpu 3ToM yuteHo, uro V=CONSt, T.K. MarHUTHOE
[I0JIE JJIEKTPOHBI HE YCKOPSIET, a T€OMETpPUsSl IJIEKTPUUECKOTO IOJI1 B JAaHHOM MAarHeTpoHe
MO3BOJISIET CYUTATh UX CKOPOCTH NMPAKTUYECKH HEM3MEHHBIMU Ha OOJIbIIEH YacTH IyTH OT aHOJIa
K KaToAy, O 4YeM IHCAIO0Ch BBIILIE.



C pocroM HMHAYKIMM MarHUTHOTO 1Mojsi B  paauycbl TpaeKTOpUU DIEKTPOHOB
YMEHbBIIAIOTCA W TpPU HEKOTOpoM 3HaueHuu B=Bxp (kpuTuyeckoe) OHMU CTaHYT pPaBHBIMU
MOJIOBUHHBIMU PACCTOSIHUSL MEXAY aHOJOM U KaToJoM (puc. 2 B)

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

B 3TOM ciy4ae aneKTpOHBI TEpecTaHyT JOCTHraTh aHoJa W OyAyT MO OKPYKHOCTH
BO3Bpaliarbcs K katoay. [lpu 3ToM aHOMHBINA TOK |A mamMIbl, MPOMOPIHMOHATBHBIA KOTUYECTBY
DJIEKTPOHOB, IOCTHTAIOIIMX aHOJA B EIMHUILy BPEMEHHU, PE3KO
In 4 YMEHBIIAETCSl TEOPETUUECKH 110 HyJs (KpuBas (a) Ha puc.3). [lpu
JAbHEHIIEM yBETMYEHUH MHIYKIIMM MarHuTHOro moys (B>Bkp)
ANIEKTPOHBI OYAYT Kpyde 3aBOPAYMBATH K KATOMy, a AaHOAHBIA TOK
OCTaHETCs paBHBIM HYJIO (puc.2). Habmoaerne ckaukooOpa3Horo
YMCHBIIICHUS aHOJHOTO TOKAa MAarHeTpOHa B 3aBUCHMOCTH OT
BCJIMYMHBI MArHUTHOTO TOJS JIGKUT B OCHOBE HCIIOJIb3YEMOTO
» METoJa OINpEeNeNeHUs YAETbHOIO 3apsana dJeKTpoHa. PacuerHas
bopmyna s €/M JIeTKo MOJIydaeTcsl U3 BBIPAXKEHUS ISl paguyca
Puc. 3 KpUBH3HBI (6), €Clli y4ecThb €ro Kputuueckoe 3HaucHue (7) u
BBIPA3UTh CKOPOCTH AJIEKTPOHOB U3 (hopmysl (1)

€
R,—R, V ZHU A e 8u,
= = Otkyna momyunm: — =— >
2 eg ey m B, (Ry~Ry)
m m
Bripaxas By u3 popmyssl (2) oOkOHYATENbHO HAWIEM, YTO
2
U
E:K—ZA, rie K=2 2 (8)
m IKp IU/’ION(RA_RK)

Uepes lxp 0003HaUeHO 3HaUeHUE TOKa cojieHoua IC cooTBeTcTBYOIIEe MHAYKIMU B=Bxp.
Koadduuuent K 3aBUCUT TOJIIBKO OT KOHCTPYKIIMOHHBIX JJAHHBIX MarHeTPOHa.

TakuMm o0pazoM, /Ui onpeAeseHus yAEIbHOro 3apsijaa 3JeKTPOHAa METOJAOM MarHeTpoHa,
JIOCTAaTOYHO CHSTh 3aBHUCHUMOCTb aHOJHOro Toka Jjammnbl |A oT Toka B conenoune IC, Tak
Ha3bIBaeMyI0 COpOCOBYIO Xapaktepuctuky. OdeBuaHo, popma rpaduka 3TOi 3aBUCHMOCTH
nokHa ObiTh aHamormuHou kpuBodl |A= f(B), mpexacraBnennoit Ha puc.3. Hcnonssys
MOJIyYEHHYIO KPUBYIO, Ha HEl MOYKHO HallTH 3HaueHue lkp, a 3areM mo ¢popmyiie (8) BHIYUCIUTH
e/m.

Ha pwuc.3 mpexacraBneHa wupeanu3upoBaHHas (a) W mpakTudeckas(0) cOpocoBbie
xapaktepucTuku. Ha mocnennel, cnajatomuii yaactok 6osee pa3MbIThId. ITO 00BICHACTCS KakK
Pa3IMYHOTO POJia HECOBEPIICHCTBAMH KOHCTPYKIIMH MarHeTpoHa. CiloJja OTHOCATCSI HE TOYHAS
KOaKCHaJIbHOCTh aHOJla M KaToja, He CTporas OAHOPOJAHOCTh MAarHUTHOTO IIOJIsi BHYTPHU
coneHousia v Ap. Ocobo HY>KHO OTMETUTD TEIJIOBOM Pa3dpOC HayalIbHBIX CKOPOCTEH AJIEKTPOHOB,
BBUICTAIONINX C MOBEPXHOCTU KaTOZa, MPUBOJAIIMNA K pPa3MBITUIO KpUBOH. B cBs3M ¢ 3TuUM
3aTPYIHSAETCS OTCUET COPOCOBOTO, T.€. KPUTHUYECKOTO 3HAYCHUS] HAMarHMYMBAIOIIEro Toka Ikp.
[To-BuanMomy, Hanbosee yIOBIETBOPSIONIEMY TEOPUH, CIEAYEeT CUMTATh TO 3HaUYeHUe Ic, mpu
KOTOPOM HaOJr0JaeTCsl HanOoJbiee n3MeHeHue |A.

Cxema 3KCIIepMMEHTAIbHON YCTAHOBKHU

Pabouass cxema moka3zaHa Ha puc.4. OCHOBY ee COCTaBJISe€T JJICKTpOHHas namma JI,
nomeniensas B cojenonn C.



puc.4

[TocTosiHHOE aHOHOE HanpspkeHue UA CHUMaeTcs ¢ yHUBEPCAIbHOIO MCTOUYHUKA ITUTAHUS
(YUII-2), perynupyercs MOTEHIMOMETPOM R, pyKosiTka KOTOPOro pacroJiaraercs Ha IaHEeIu
YUII-2 u uzmepsercs BOIbTMETpoM V. AHOJHBIN TOK U3MepsieTcs Muuramnepmerpom MA. Ha
naHesin YUII wuMmerorcs Takke KIEMMbI, C KOTOPbIX CHHMMaeTcs HampspbkeHue 2 B,
IIpeHa3HaYeHHasl U1 MUTaHUs HaKajga HUTU KaToa.

Hamarnnuusarommiicst conenoun C nuraerca ot Beimpsamutens B b5-7. Tok conenonna
peryaupyercsi pyukaMu Ha IaHeIu BBIIPSAMUTENS U OoJiee IIaBHO peocTaToM R.

Uzmepsercs |C amnepmerpom A.

Oobopyoosanue u mamepuaol.

Maruetpon - snekrpuueckas jamma 21[2C (auon), pacronoxeHHass BHYTPH COJICHOWIA.
VYHuBepcanbHbplii  uctoyHuk nutaHus (YUII-2), Bempsmutens b5-7 ¢ perymupyembim
HaNpsDKEHUEM, BOJIBTMETP, aMIIEPMETP, MIJITTHAMIIEPMETP, PEOCTAT.

Ykazanus no mexnuke 6ezonacnocmu.

1. K BblmosHeHHUI0 J1a00OpaTOpPHBIX pabOT OMYCKAIOTCS CTYIEHTHI, U3YyYMBILIWE IpaBuia
TEXHUKU 0€30IaCHOCTH.
2. JlabGopatopHbie pabOTHI MOTYT IIPOBOAMUTHCS TOJBKO MO PYKOBOJCTBOM U HAOIIOIEHUEM
IpenoaaBaress.
3. Pacnonaraiite mpuOopbl, MaTepuaibl, 000pyAOBaHHE Ha pabodyeM MecTe B TOPSIKE,
YKa3aHHOM IIPENO01aBaTeIIeM.
He nepxwute Ha paboueM cTOJI€e MPEAMETHI, HE TPeOYIOIIMECs JI BHIIOJHEHUS 3aaHUs.
5. Tlepen TeM, Kak MPUCTYNHUTh K paboTe THIATEIBHO U3y4UTE €€ ONMHMCAaHUEe, YSICHUTE XOA
BBITIOJTHEHUS PaOOTHI.

3aoanus.

1.Cobpats cxemy (puc.4). [Ipu 3TOM peryasaTopsl BEIXOAHOTO aHOAHOTO HanpsukeHus Y UI1-
2 u Bempssmutens b5-7 ycraHoBUTH Ha HyneBoe 3HaueHHe. CxeMy He BKIIFOYATh JI0 IPOBEPKU €€
npernojiaBaTeaeM Wil Ja00paHTOM.

2. Ilocne BKIHOYEHUS CXEMBI IOJI0KAATh 2-3 MUHYTBI, TOKA IIPOrPEETCs KaTOJl MarHeTpOHa.

3. Ilo 3ajmanuio mpenojaBaTeist YCTAaHOBUTH BEIMYMHY aHOAHOro HampspkeHuss UA u
3amucaTh €€ B OTYET 0 padorTe.

4. Ilognepxkusas Bce Bpemss UA cTporo noctossHHbIM (0COOEHHO B KPUTUYECKUN MOMEHT)
MOCIEZI0BATENbHO YBEIUYMBAasT HAaMarHWYMBAIOUIMI TOK cosieHouaa lc CHSTh cOpPOCOBYIO
xapakrepuctuky |IA=IA(lc). Pe3yapraTsl m3MepeHus 3anucarh B TaOJIHILY.

B

l.(A)




Ia(MA)

WuTepBanbl m3MeHeHUs lc ¥ 4MciI0 M3MEpEeHHH MOA00paTh CaMOCTOATENbHO, Ooiee
THIATENEHO U3MEPssd KPUTUUECKHUI Y4acTOK.
5.IToctputh Tpaduk cOPOCOBOI XapaKTEPUCTUKH MarHETPOHA.
6.0mpenenauTs o HeMy KpUTHUecKoe 3HaueHue |y, U 3amucarh ero B OTUET.
7.3ammcarh B OTYET KOHCTPYKTUBHBIC JJAHHBIC MarHETPOHA!
yuciao BUTKOB cosieHouza N=2000, pagumyc katoma Rk = 0,Icm m anoma Ra=0,95cm.
W3mepuTh ¥ 3anucath JUIMHY cojieHouaa |.
8.Pacuurath mo gopmyite (8) Benmuunny kodddunuenra K u onpeaenurs 3HaueHue */m 1is
AIIEKTPOHA.
9.CpaBHUTD MOIY4CHHOE 3HAUCHHE */m C TAOJIMYHBIM U BBIPA3UTh PA3HUILY B IIPOIICHTAX.
Cooeprcanue omuema.
Ot4er 1o 1a6OPaTOPHBIM pabOTaM JIOJKHBI COACPKATh:
- TUTYJBHBIN JUCT;
- 1IeJTb paboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEIEICHHM, MOHITHIA, (HOPMYIL;
- OCHOBHOE 000pYZOBaHUE, CXeMa YCTAHOBKH;
- OMHMCAHME IO MMYHKTaM BBINIOJIHEHHOMN paboThI;
- pe3yJIbTaThl U3MEPEHUM U pacueToB (TabauLbl, IpadUKh);
- OIICHKA MOTPEIIHOCTEH;
- OTBETHI HAa KOHTPOJILHBIC BOIIPOCHI;
- BBIBOJIBI 110 Pe3yJIbTaTaM BBIIOJHEHHOW paboThl, 1aTa, MOAMHCH.

Konmponvnwsie 6onpochi.
1.Yro Ha3pIBaeTCA yIEAbHBIM 3apsAI0M YacTuLl?
2.Kak nelicTByeT 2JEKTPUUYECKOE 110JI€ Ha 3apsHKEHHYIO 4acTULly?
3.Kak nelicTByeT MarHUTHOE MOJI€ Ha HaXOSIIYIOCS B HEM YacTHILy?
4.KakoBo yCTpOHCTBO UCIIOIB3YEMOr0 B paboTe MarHeTpoHa?
5.Kak n1BuxyTCSl 371€KTPOHBI B MarHeTpoHe?
6.Pacckaxxute 0 KpUTHYECKOM pekuMe paboThl MarHeTpoHa?
7.Kaxue naeanuszanuy BBOASTCS IIPU PACCMOTPEHUH JABHKEHUS 3JIEKTPOHOB B MarHETpOHe?
8.BriBecTH pabouyro Gpopmyiy (8).

JladopaTopnasi padota Ne 6

Tema padompr. U3mepeHne NJIUHBI CBETOBOH BOJIHBI ¢ NMOMOWILIO AU(PAKIMOHHOI
pelméTku

Ilenv padomui. 1.Ilo3HaKOMHUTCS C SIBIEHHUEM TU(PPAKLIMU CBETA B MapaUIeIbHBIX Jydax
TUGPaKIIMOHHON PELIeTKH.

2.0npenenuTs AIMHY CBETOBOW BOJIHBI C TOMOIIBIO TUGPAKIIMOHHOMN PEIIeTKH.

[TpuGopbl U  OPUHAUVIEKHOCTHU:  yCTAaHOBKA C  HCTOYHHKOM  CBeTa, LIENbIO U
TU(PPaKIUOHHON PELIeTKOH.

Teopemuuecxaﬂ yacmo.

1. Audpakuus ceera.

Judpaxkuueil cBeTa Ha3bIBaeTCsl OrMOaHNE CBETOBHIMH BOJIHAMHU BCTPEUHBIX MPETSITCTBUIA.

B Oonee mumpokom cmpicie Audpakiuel CBeTa Ha3bIBACTCS COBOKYIHOCTH SIBJICHHM,
00yCJIOBJICHHBIX BOJHOBBIMH CBOMCTBaMHU CBETa M HAOJIOJAEMBIX NPH €r0 PacIpOCTPAHEHUU B



CpeJie C PE3KO BBIPAKEHHBIMHU HEOJHOPOIHOCTAMH (OTBEPCTHUS B HEMPO3PAUHbIX dKpaHaX, TPAHUIIbI
HENpO3pauHbIX TeJl M T.A.). SBieHue AuQpakiuy yKa3bIBaeT Ha HapylleHHe 3aKOHOB

TEOMETPHUYECKON onTuKU. SIBneHue nudpakiuu HaOII0AaeTCsS HA PACCTOSTHUH Cor MPETISITCTBUS

(~D*/42 ,rae D - nuHeltHbie pa3Mepsl IPENSTCTBUS, A - JJIMHA BOJIHBI (YCIIOBHUE HAOIIOACHUS
TUDPAKIUN).

s pemeHuss audpakIMOHHBIX 3aJad - OTBICKAHHWE pACMpeIeIeHUsT Ha SKpaHe
WHTCHCUBHOCTH CBETOBOM BOJHBI, PACHpPOCTPAHSIONMICHCS B Cpele C MPEensTCTBHUIMH,
MIPUMEHSIOTCSI TPUOJMKEHHBIE METO/IbI, OCHOBaHHBIC Ha NpUHIMMNAX [roiirenca u [roiirenca -
Openes.

[Tpunnun [roiirenca’, kaxmas Touka S1,S2,...,Sn pponTa BoaHbl AB siBIIsieTCS HICTOYHUKOM

HOBBIX, BTOpHYHBIX BOJIH. HoBOE monoxkenue ¢pponta Bonasl Al B1 uepes Bpemst At IIPEACTABIIIET
co0o0# OrudaronIyIo MOBEPXHOCTh BTOPUYHBIX BOJIH (pHC. 1).

SI

A Puc.1

[Ipunnun Trolirenca sBisercs uyucTo reomerpudyeckuM. OH IO3BOJISIET, HaIpHUMED,
OOBSICHUTh PABEHCTBO YIJIOB MHajgeHusi | U ortpaxkenus I' Ha moBepxHoctd MN cpembl mpu
oTpaxkeHnH cBera (puc.2). Paznocts xona CB nyueit AA2 u BB2 co3gaer Takoii ¢ppont DB
OTpPaKEHHOM BOJIHBI, YTO M3 MPSAMOYroibHBIX TpeyronbHnkoB ADB u ACB (AD=CB) crenyer
paBeHcTBO: i=i' (puc.2). Takke MOKHO OOBSICHUTD 3aKOH MPEIIOMIICHHSI.

[punnun INoiirenca-dpenens: Bce BropuuHble HcTOUHUKHU S1, S2 ...Sn, pacnoioxeHHble Ha
MOBEPXHOCTU (PPOHTA BOJIH, KOTEPEHTHBI MEX /1y CO00. AMIUIUTY/AA U (pa3a BOIHBI B THOOOH TOUKE
M npocTpaHCTBa - 3TO pe3yabTaT HHTepPEPEHIINH BOITH, U31y4aeMbIX BTOPUYHBIMH UCTOUHUKAMHU

(puc. 3).

[Ipsimonunelinoe pacnpocTpaHeHue Jy4a SM, HCIYILIEHHOT O
HCTOYHUKOM S B OJTHOPOTHOM cpene, 00BICHIETCSA npuHiunoM  [roifrenca-
®penens. Bece BTopuuHbie MTOJIHBI, H3J1y4yaeMble BTOPUYHBIMHU HCTOYHHUKAMHU,

HaXOJAIIMMHUCA Ha TOBEpXHOCTH (poHTa BOJHBI AB, racarcs B pesynpTaTe MHTEpdEpeHINH,
KPOME BOJIH OT MCTOYHHMKOB, PACIOJIOKEHHBIX HAa MaJoM ydacTke cepuueckoro cermenra ab,



neprneHaukyspHoro k SM (puc.3). Cet pacrpocTpaHseTcs BIOJIb Y3KOT0 KOHYCa C OY€Hb MAJIBIM
OCHOBAaHHEM, T.€. IPAKTUYECKH MPAMOIUHEHHO.

B psje audpakiroHHbIX 33124, 00JIaJaroINX 0CEBOM CUMMETPHEH, pacyeT HHTEpPEepeHITUU
BTOPUYHBIX BOJH MOXET OBITh CHJIBHO YIPOLIEH C MOMOUIbIO HATJSAHOIO T'€OMETPUYECKOTO
MeToia pa3dueHuss (ppoHTa BOJHBI Ha KOJBLEBBIE YYacCTKH, Ha3blBaeMble 30HamMu @Dpenens.
Pa3Ouenue Ha 30HBI MPOU3BOJUTCS TaK, YTOOBI ONTHYECKass Pa3HOCTh XOJa OT CXOJCTBEHHBIX
IpaHull (BHYTPEHHUX WUJIM BHEIIHUX) K101 Iapbl COCEAHMUX 30H J0 paccMaTpuBaeMoi Touku M

A
PpaBHAIACH 5 . BTOpI/I‘lHBIe BOJIHBI OT CXOJACTBCHHBIX TOYCK ABYX COCCAHUX 30H IIPUXOIAT B TOUKY

M B IpOTUBOMOJIOKHBIX (a3zax v B3aUMHO OCIAOIISIOT JPYT APyTa MPH HATIOKEHUH.

S 174
L a H \ Vs *—!
‘. /-7 sora 2
~2-7 30HZ
\' T-m JoHa
/~2-57 oM
Puc. 4

Ha puc. 4 nokaszano noctpoenue 30H @peHerns B cirydae cepruuecKoil BOJHBI BO30YKIaeMOH
UCTOYHUKOM S.

Tak xak a u b » A, To npu He cnuikom OosbiioM K miomniaau nepeeix K 300 @penens
OJIMHAKOBBI:

_ m-abA

§i =8, =8, ="

B cJIydyac IINIOCKOI'O BOJIHOBOTO (prHTa
S, =8,=..8, =x-bA

Paznuuator nBa cnydas audpakiuu. Ecim MCTOUHMK cBeTa W Todka HaOmoaeHus P
PAacCIIOJIOKEHBI OT MPEMATCTBUSA HACTOJIBKO JAIEKO, YTO JIy4H, IAIAF0IIKE HA IPENSATCTBHE, U JIY4H,
uaymue B TOuKy P 00pa3yloT NpakTHuYecKd MapajiesbHble MYy4YKH, TOBOPAT O JIUGPAKLUU
@®paynrodpepa uad o JUPPAKIUK B MapayieNbHbIX JydaX. B NpOTHBHOM ciiydyae TOBOpST O
mudpakuuu Openens, T.e. auppaxueidr Openenst Ha3pIBalOT Takue NTUGPAKIMOHHbBIE 3a7a4yH, B
KOTOpPBIX HENb3sl MpeHeOperaTh KPHUBU3HOM BOJIHOBBIX TIOBEPXHOCTEM majaromed U
JTuQparupoBaBIIei BOJH.

2. Mudpaxmus cBera Ha menn. JudpakuonHas pemerka.

Ilycte Ha Hempo3pauHblil 3kpaH E, B koTopoM mpopesana y3kas mens BC, ummeromas
nocrosiHHy0 mmpuHy b=BC u mnuHy L»b, magaer nepneHAMKYISIpHO K DKpaHy ITY4OK
napauieIbHbIX JTydell MOHOXPOMATHIECKOTO CBeTa (puc 5).



Ha skpane D, ymaJeHHOM OT IIedd Ha paccTosHuu |, OymeT HaOIOmaThCs SIBICHUE
mudpakiuu. Ecu Obl 3TOro sIBJICHHUS HE OBUIO, TO Ha SKpaHe D, YCTAHOBJICHHOM B (POKAIBHOUN
IIOCKOCTH cobuparomeil muu3el MJI, B Touke FO rmaBHOro Qokyca JHMH3BI MOTYYUIOCH ObI
M300paXeHNEe WCTOYHHKA CBeTa. [Ipyu mudpakinuu Ha y3KOW INEIM Ha JKpaHe HAOIromaeTcs
uHTep(epeHIIMOHHAs KapTHHA: TOCIEeI0BATEIbHOCTh Pa3MBITHIX M300paKEHUH UCTOUYHUKA CBETA,
pa3JeIeHHBIX TEMHBIMHU MMPOMEKyTKamu. B Touke Fo Ha skpaHe coOuparoTcs Bce mapaiebHbIe
Jy4d, Majaroulie Ha JUH3Y noi yrioMm ¢ (yron audpaknuu) Kk ontudeckod ocu OF0 nuH3bL,
MIEPIICHIUKYIIIPHOU K (PPOHTY BOJIHBI.

Tak kak BropuyHble (PUKTUBHBIE UCTOUYHUKU (PpoHTa BOoJIH BC TOYeuHbIe, TO (POHTHI BOJH,
U3ITy4aeMbIX WMH c(epudeckue, a cCieqoBaTelbHO, MU(parupoBaHHBIE Jydd HIYT BO BCEX
HampaBleHusX. BeibepeM Te, KOTOpbIe UAYT MOJ YIJIOM (@ K HAMpaBlICHHUIO MaJaloluX JTydei.
[Tagast HaA JOUH3Y 3TH Jy4yu coOuparorcs B OJHOM Touke F¢ (okaabHON MIOCKOCTH.

MpicneHHO pa3o0beM Ieidb Ha Y4YacTKH, KpaHHWE TOUKH KOTOPBIX MOCHUIAIOT JIy4d C

A
Pa3HOCTBIO X0J1a 5 B sTOoM cnywae Bce syuM, mocIaHHbIE TIEPBBIM YYacTKOM OYIyT MOTaIIEHbI
JTy4aMU BTOPOT'O y4acTKa, JIy4d TPEThEro - JlydaMH 4eTBepToro u T.4. Clie0BaTeNIbHO, €CIH YUCIIO
A
Yy4acTKOB pa30HMeHUs] YeTHOE, T.. €ClIH O ZZmE, To B Touke F@ Oyner TeMHO (MUHUMYM

OCBEIICHHOCTH). Eciu ke 4ucio y4acTKOB pa30MeHusi HeYeTHOe, TO Touka F¢ Oyaer ocemieHa
(MakCUMyM OCBEILIEHHOCTH).

Takum oOpa3om, ycuneHue cpera (AudpakiiMOHHbIE MAKCUMYMBI) PU AUQPPAKIINK HA Y3KOI
IeTH HAOI0aeTCs IO YIIIaMHU @, YAOBJIETBOPSIOIIUMHE YCIOBHIO

: A
bsin ¢ =(2m + 1)5,(m =0,1,2,3....).
VYcnosue ocnabnenus ceeta (quppakMOHHbBIE MUHUMYMBI).
bsin ¢ = 2m§,(m =0,2,....) .

Yucao M Ha3bIBaeTCs TOpAAKOM I[I/I(bpaKI_[I/IOHHOFO MakKCUMyMa UJIM MUHUMYMaA. Bennunna

0=CD=Db sing npexacraBnsier co00l ONTUYECKYIO Pa3HOCTh X0Aa MEXIy KpaiiHumu mydamu CN
u BM, unymumu ot menu nox yriaoMm ¢ (puc.S). B nanpasnenun ¢=0 HaOmromaercs camblil
MHTEHCUBHBIN IIEHTpaJbHBIH MAaKCUMyM HyJeBOro mopsaka. B touke FO Bcerma nabmomaercs
YCUJIEHHE CBETa, HE3aBUCHMO OT 3HAYCHHUS JUTHHBI BOJHEI A.

[Ipn HaOII0ACHUN T pakiuu Ha ienu B 6enom CBETE
uHTepdepeHIIMOHHAsT KapTUHA Ha 9KpaHe OKa3bIBACTCS OKpAaIIeHHOM. B



TU(PPaKIITOHHOM MaKCHMyMe Ka’KI0ro HopsiAKa (m=const) Ommke K
LEHTPAJIbHOMY,  HEOKpAaIIEHHOMY  MAaKCHMyMY  OKa3bIBaKOTCS TU(PPaKLUOHHBIE
MaKCHMYMBbI C MEHBIIMMU JJINHAMU BOJIH.

JuppakmOHHOW pelIeTKO B ONTHKE HA3bIBAETCS COBOKYHNHOCTb OOJBIIOTO YHCIA
HPEMSITCTBUA M OTBEPCTHM, COCPEJOTOUYEHHBIX B OTPAaHMUEHHOM IPOCTPAHCTBE, Ha KOTOPBIX
IPOMCXOIUT JU(PPAKLUs CBETA.

[Tpocreiimeld MUGPAKIIMOHHON pEHIETKOW sIBIsSeTCs cucTeMa U3 N OJMHAKOBBIX
napaieNIbHBIX LIeJIed B INIOCKOM HEIPO3pauyHOM SKpaHe IUPUMBI b Kakaasi, pacloIOKEHHbBIX Ha
paBHBIX HEMPO3PAUHBIX IPOMEXKYTKAX a APYT OT Apyra (puc. 6).

Benmunna d=b+a Ha3pIBaeTCs MOCTOSHHOM AU(PPAKIINOHHON PEILICTKH.

LA
—
g
Puc.6

[To mpunnumny ['toiirenca-Openens Kaxkaas Uielb SBISETCS HCTOYHUKOM KOT€PEHTHBIX BOJIH,
cnocoOHBIX mHTepdepupoBats Apyr ¢ apyroM. Ecim Ha audpaknuoHHYIO —pEIIeTKY
NEPIEeHIUKYISAPHO K HEeM MaaeT My4yoK MapasielbHbIX JIydel CBeTa, TO MO YIIIOM AU(pPaKIuH @
Ha PKpaHe D, pacnoyioKeHHOM B (OKaJbHOM TUIOCKOCTH JIMH3BI, OyAeT HaOJI0JaThCsl CUCTEMaA
TU(GPaKIIMOHHBIX MAKCHUMYMOB MUHUMYMOB, TIONTy4eHHAas B pe3ylbTaTe HHTep(EPEHIINH CBETa OT
Pa3IMYHBIX LIETEH.

[TycTh mpu majgeHuu MIOCKOM MOHOXPOMATUYECKO BOJIHBI Ha AU(PPAKIIMOHHYIO PEHIETKY
JTy4d, TU(parupoBaHHBIC HA OJHOM IIEIH AT B TOUYKEe F( MakCHMyM OCBEUIEHHOCTH. JTO elle
HE 3HAYUT, 4TO B TOUKe F@ OyaeT MakCuMyM OCBEIIEHHOCTH, TaK KaK JTY4YH MOCTaHHBIE dTOU HIENbIO
MOTYT OBITh TIOTAIIEHBI JIy9OM OT COCEIHEW, i Ha000pOoT ycuiieHbl. EClTi yCHIIeHBI, TO B TOYKE
Fo 6yzner 6osbI1ast OCBELIEHHOCTD, Y€M OT OJHOM I1eiH. Tor/aa, yuuThIBas ycjaoBHUE YCUIIEHHS BOJIH
npu UHTEp(EpEHIINH, TIaBHbIE MAaKCHMYMBbl NMpH AU(paKuy Ha perieTke HaOIIOTAI0TCS O
yIJIaMU @ yJIOBIETBOPSIIOIIUMH YCIOBHIO

dsin ¢ = kA,
riae k= 0,1,2,3 Ha3pIBaeTCs MOPSAKOM TJIaBHOTO MakcumyMa. Bennunna 6 = DK = dsing siBnsietrcs
ONITUYECKOH pa3HOCTHIO X0a MEXY CXOACTBEHHBIMH JTydamu BM u DN, unynmwivMu oT coceTHIx
mienei (puc.6).

['maBHBIE MHHHUMYMBI Ha JU(PAKIIMOHHON pelIeTKe HAONIOMAIOTCS MO TAKUMHU YIIIaMU @
T paKIuy, 1715 KOTOPBIX CBET OT Pa3HbIX YacTel KaKIOW IIENH MOJTHOCTHIO TACUTCS B HA OJTHOMN
nienu

bsine=mA, (m=0,1,23,..).

Tak kak eciM HM OJHA W3 IIEJIEH HE IIOCBUIAET Jy4dyed B 3TOM HAIlpaBIE€HUH TO B
COOTBETCTBYIOIIEH TOUKE Ha SKpaHe OyeT TEMHOTA.

[Tpu HabOmroneHnN MUpakIud B HEMOHOXPOMATHYECKOM CBETE BCE TJIABHBIE MaKCHMYMBI,
KpOME IIEHTPAILHOTO HYJIEBOTO MaKCUMyMa, okpaiieHbl. C yBelTUYeHHEM JIJTMHBI BOJHBI TJIaBHBIE
MaKCHUMYMBI BHYTPH JAHHOTO TTOPSIKA PACTIOIATAIOTCS MO OOJBIITUMHE YTIIaMHU OT IIEHTPAIBHOTO.
PanyxHas monocka, cojepikaiiasi ceMb I[BETOB OT (DHOJIETOBOTO J0 KPAaCHOTO (CUMTAeTCs OT
LEHTPaJIbHOTO MaKCHMyMa), Ha3bIBaeTCs NU(PpaKIMOHHBIM CIEKTpoM. JludpakiroHHas penieTka
SBIISICTCS OJTHUM U3 MPOCTEHUIINX JTOCTaTOYHO TOYHBIX YCTPOMCTB JJIsi U3MEPEHUS JITMH BOJIH.



Teopusi MeTo1a 11 ONIHCAHHE YCTAHOBKH.

PaccMOTpUM OIMH W3 METOJOB OIPENECICHUS JJIMHBI CBETJIOW BOJHBI IPU IMOMOIIU
TuGpakMoHHON pemeTkd. Ha omrtmueckoil ckamMbe (WM CIIENHUAIBHOW peiKke) YKperuiseTcs
mupakuoHHas penieTka P u neprnenukyaspHO OCH MOJABUKHAsI MUJUTUMETPOBast TuHeiika AB ¢
miensto 1. Jlenenus mMHENKH, enb U ITPUXU PEIIETKU PACIIOIAraoT apajljIebHO APYT Apyra.
[enp ocBemaeTcss MICTOYHUKOM S U pacCMaTpUBAETCs Yepes3 peuleTky ria3zom (puc. 7). Ha nuneiike
NPOCHUPYIOTCS M300paKeHHs TJIaBHBIX MaKCUMyMOB W u3Mepsiercsi paccrosiaue |K mexnmy
MaKCHUMyMOM 1-To mopsijika ¥ MaKCUMyMOM HYJIEBOT'O NOpsKa (T.€. OT IIEIH)

AL B W

il
B W

Puc. 7

Xon nydelt mocie JUQPPAKIUOHHOW PElIeTKH COOTBETCTBYET X0y Jyded Ha puc. 6. Ot
HCTOYHMKA CBETa S yepe3 IHUPOKYI IIenb B JMHEHKe AB mpoxoaut mydok Oenoro cBera U
HoMaaeT CHavyajla Ha JU(PPaKLMOHHYIO peIleTKy, a 3aTeM B Iia3 HaOmoxarens. Jlydu, unyime
[apajuleJIbHO TJIaBHOW ONTHYECKOM OCH XpyCTajliKa JaloT B (POKYCe LEHTPAJIbHBIA (HYJIEBOIN)
MakcUMyM FO ocBerieHHOCTH OeNbIM CBETOM.

Jlyuu, co3naromue B HEKOTOPOM TOUKe ceT4aTKu F@ MaKCUMyM OCBEIIEHHOCTH KaKMM-TIH00
1BETOM (Hampumep, (UOJIETOBBIM) MaJal0T Ha XPYyCTAIMK moja yrioM ¢. CremoBaTeinbHO, OHU
BUJIHBI KaK Obl BEIXOAAUIMMHU U3 TOUKH D, 1M0JI0’KEHHE KOTOPOM OnpeenseTcs Mo HKaie JHHEHKN
AB.

Takum o6pazom ponb JuH3bI JI (cM. puc. 6) BBINOJIHSET XPYCTAJIMK IJ1a3a, KOTOPBIN
doxycupyeT napanienbHble JTy4H, OJIyYeHHbIE B pe3ynbTare qudpakuuu (Hanpumep, 1ydu M u
N) Ha ceTyaToil 060104Ke IJ1a3a (Urparoliei poib IKpaHa).

VYcnoBue MakcuMyMa OCBELIEHHOCTH UMEET BH/I.

dsing = kA @
W3 pucyHka BUJIHO, 4TO
. 14
sin @ = ——— (2)
VH? +1°
CrnenoBaTenbHO
drl
A= 3
kNH? + 02
Tax, xak H » |, To
dl
A=— 4
I (4)

Oobopyoosanue u mamepuaol.
VYcTaHOBKa € HMCTOYHHMKOM CBETA, MIETBIO U AUPPAKIIMOHHON PEIIETKOM.

Ykazanua no mexnuxe 6ezonacnocmu.
1. K BeimosHeHHIO 71a00paTOpHBIX paboT JAOMYCKAIOTCS CTYIEHTHI, W3YYMBIIME MpaBUIIa
TEXHUKHA 0€30IIaCHOCTH.



2. JlaGopatopHble pabOThI MOT'YT IPOBOAMTHCS TOJBKO MO/ PYKOBOJCTBOM U HaOIIOIEHUEM
IpenoaBaTers.
3. Pacnonaraiite npubopsl, MaTepuaibl, 000OpyJZOBaHHE Ha pabodyeM MecTe B IOPSIKE,
yKa3aHHOM IIpero/aBaTeseM.
He nepxxute Ha paboueM cTose IpeaMEThl, He TPEOYIOIUecs Jisl BBIMTOIHEHUS 3a/1aHHs.
Ilepen TeM, Kak NPUCTYNUTh K paboTe THIATENbHO U3y4UTE €€ ONUCAHHE, YSICHUTE XOJ
BBITIOJTHEHUS pa0OTHI.
3adanus.
OnpenenuTs MaKCUMaJIbHBIE TIOPSIIOK CIIEKTpa HAbII0AaeMoro B JaHHOW padoTe, yUuThIBas
gro d=0.01 mm.
1. YcranoButs nuHeiiky AB Ha 3aganHoM pacctosinud H ot nudpaxuonnoit pemerku (H >
300 MMm). BrimrouuTh MCTOYHHUK CBeTa S M, M depe3 AU(PAKIUOHHYIO PELIeTKy He LIeb,
poBecTH HabI0AeHE TUDPAKITUOHHOTO CIICKTPA.
2. Ompenenenue nonoxenue |K s cuHeil, 3eeHOM U KPaCHOI JIMHUU CIIeBa U CIIpaBa JUis
1-ro 1 2-r0 NOPSIAKOB CIIEKTPOB.
Pe3ynbTathl 3aHeCTH B TaOIUILY.
3.ITo dhopmyne (4) BEIYUCIUTD JIMHBI BOJIH YKa3aHHBIX JIMHUM.
4. Vka3zaTh U OLEHUTb OCHOBHBIC IMOTPELIHOCTH JAHHOTO METOJa M3MEPEHUs, a TaKkxKe
MOTPELIHOCTH, JOIYCKACMYIO IIPH UCIIONB30BaHUH (GopmyIsl (4), a He (3)

o &

PE3VJIbTATBI USMEPEHUMN.
d=0,01 Mmm H= (MMm)
[Mopsimox Ik(vm)
cnekTpa K — = >
DuroneToBbIN 3eseHbli Kpacusbiit
JIEBBIN IIpaBbIi JIEBBIN IIpaBbIil JIEBBII IIpaBbIi

Cooeprcanue omuema.

Otuet 1o 1abopaTOpPHBIM paboTaM JO0JKHBI COAEPHKATH!

- TUTYJbHBIN JIUCT;

- 11 paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpe/IeJIeHHUM, MOHITHHA, (OPMYIT;
- OCHOBHOE 000py/TIOBaHHUE, CXEMa YCTAaHOBKH;

- OMHMCaHME IO MYHKTaM BBIITOJHEHHOM paboThI;

- pe3ynbTaThl U3MEPEHHI U pacueToB (TabIuUIIbl, TpaduKm);

- OLICHKA MOTPENTHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBIIIOJHEHHOW paboThl, 1aTa, MOIMKCH.

Konmponsnwie eonpocot.
1. Yo HazbiBaeTcs qudpakinoHHOTO cBeTa? KakoBbl yca0BUs HAOIIOACHHS 3TOTO SIBJICHHUS.
2. CdhopmynupoBaTh npuHIMN [ 0MreHca.



3. Cdopmynuposats npuHuun I toiirenca-dpenens.

4. OOBSICHUTH C UCIIOJIB30BaHUEM NMpUHIHMNA [ toiirenca- dpenens 3aKk0H TPSIMOJIMHEHHOTO
pacpocTpaHEHHUs CBETa.

5. Uro Takoe «30HbI ®penens». Kak onpeaensroTcs miomaan NepBbix K 30H7

6. Uro Takoe mudpakiuonHas pemetka? OnpenenuTs ycaoBus 1udpakiuy Ha pEIIeTKe.

7. BeiBectu dhopmyny (4).

JlaGopaTopHasi padora Ne 7
Tema padoomui. IIpoBepka 3axkona MaJiroca
Leny pabomut. 1IpoBepuTh BHINIOJIHEHUE 3aKOHA Maitioca.
Teopemuueckas uacme.

Kak wu3BecTHO, Mmiockas 3JeKTPOMAarHWTHAs CBETOBAas BOJIHA SIBISIETCA IOMEPEYHON U
IpPEJCTaBISIET  PAacHpOCTPAaHEHUWE  B3aMMHO  IEPHEHJIUKYISAPHBIX  KojeOaHui:  BEKTOpa
HANPSDKEHHOCTH dJIeKTpuueckoro nois E u BekTopa HanpsbkeHHOCTH MarHUTHOTO HOtst H (puc. 1a).
Kak mokaspiBaeT OmbIT, (U3UOJIOTHUYECKOE, (OTOXUMHUYECKOE, (DOTOAIEKTPHUECKOEe U Jpyrue
JEHCTBUS CBETa BBI3BIBAIOTCS B OCHOBHOM KOJEOaHUSMHU SJIEKTpUUYECKOro BekTopa. Bektop E
HA3bIBACTCSI CBETOBBIM BEKTOPOM, M BCE PACCYKIACHMSI Mbl OFPAaHUYUM PACCMOTPEHUEM 3TOTO
BekTopa. Hanmnuue Bexkropa H moapasymeBaercs.

pucl.

CBeToBOIl NIy4oK, B KOTOPOM pa3jInyHbIE HampaBlieHUus BekTopa E B monepeyHol K
HAIPABJICHUIO PACIIPOCTPAHEHUSI BOJIHBI INIOCKOCTH PABHOBEPOSATHBI, HA3bIBAETCSI €CTECTBEHHBIM
(puc. 1 6)

Cgert, B KOTOPOM HampaBJeHUs KOJeOaHUI BEKTOpa YHOPsI0UYeHbl KaKUM-TH00 00pa3oM u
MOJUYUHSIOTCS HEKOTOPOM 3aKOHOMEpPHOCTH, Ha3bIBa€TCs NOJsApU30BaHHBIM. Ecnm konebGaHus
BEKTOPAa MOT'YT COBEpLIATHCS JIMIIb B OJTHOM OIIPEJEIICHHOM HalpaBJI€HUH, TO CBET HA3bIBACTCS
JUHEWHO WJIH TTOCKOTOJIIPU30BaHHBIM (pHC. 2a).

Ecnu ke konebanus BexkTopa E coBeplaroTcs Tak, 4TO €ro KOHEI| OMMCHIBAET KPYT HIIU
JJUTMIIC, TO CBET HAa3bIBA€TCS COOTBETCTBEHHO IMOJISIPU3OBAHHBIM MO Kpyry (puc. 20) wumu
AIUTMIITUYECKHU MOJIIPU30BaHHBIM (puc.2B). [Ipu muHEHHOM| NoIspU3aiy INIOCKOCTh, COAepKaIas
ayd W BekTop E, Ha3bIBaeTcs IJIOCKOCTBIO  KOjeOaHUM, WU
.\f‘ HHOCKOCTL? NOJIIPU3ALIUHU BOJIHBI.

\
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Puc 2.

I[JISI IMOJIYYCHUA JIMHEMHO MOJIIPU30BAHHOI'O CBETA MPUMCHAIOTCA CIICHHUAJIBHBIC OIITUYICCKHUEC
HpUCIIOCOOIeHUA- TosApu3aTopsl. [1MockocTh Koje0aHni 3IEKTPUYecKoro 'BEKTOpa B BOJIHE,
npoueaeil uepe3 MOISIPU3ATOpP, HA3BIBAETCS IUIOCKOCTBIO Hossgpu3aropa. s MoydeHus
IUTOCKOTIOJISIPU30BAaHHOTO CBETA MCIOJIB3YIOT HECKOIBKO CIIOCOOOB.

a) OTpakeHHe CBeTa OT OBEPXHOCTHU JAUIJIEKTPUKOB.

OTpaskeHHBI OT IUAJIEKTPHKA CBET BCET/la YacTUYHO Moisipu3oBaH. Ha pucyHke depHbIe
TOYKH COOTBCTCTBYIOT KOJIEOAHMSIM BCKTOpa E NEPNCHAUKYIIAPHBIM IUIOCKOCTU IMAACHUA, a
CTpeNnoYKH - KojebaHusaM B miockoctd nanenus (Puc.3). Cremens moisipusanuy OTPaKEHHOTO
Jdy4a 3aBHCUT OT OTHOCHUTEJBHOTO IOKa3aTens mpeiomseHus N12 u ot yrna magenus o. [lpu
najnenuu yyda E na minockocte MN mox yriiom bprocrepa ab oTpakeHHBIH yd E | TIOJHOCTBIO

nonsapuszoBad. [Ipenomnenusiii ayy El nongpuzoBan uyactuudo. CoorHouLIeHUE SO =N
b 21

Ha3bIBaeTCs 3aKOHOM bproctepa. [110ckocTh KonebaHmii 3IEKTPUIECKOTO BEKTOPA B OTPAKEHHOM
CBETE NEePIEHAUKYIJIPHA IIIOCKOCTU Ta/IeHHS.

E £

Ey

Puc.3

0) IIpenomiieHne cBeTa B CTOIE CTEKJITHHBIX TUTacTUH (cTtomna CTosieToBa).

[TockonbKy OTpaXEHHBIH OT JAWAJIEKTPUUYECKOW IUIACTUHKUM CBET YaCTHYHO (MM Jake
MIOJTHOCTBIO) TOJIIPU30BaH, MPOXOJSAIINN CBET TAK)KE YACTUYHO TIOJSAPH3YETCSI W CTAHOBUTCS
CMeIIaHHbIM cBeToM. [IpenMyiiecTBeHHbIE KOJIeOaHUS AIEKTPUUECKOT0 BEKTOPA B MPOILIEAIIEM
cBeTe OYAYT COBEpIIATHCS B IUIOCKOCTH TMaAeHWs. MakcumaibHas, HO HE TIOJHAas CTENeHb
HOJISIPU3aLMU TPOXOJIAIIEr0 CBeTa JIOCTUTAaeTcs NpU MajeHuu moj yriaoM bprocrtepa. [lns
YBEJIMYEHUSI CTENEHU MOJAPU3ALUN MPOXOAALIET0 CBETAa HCHOJIB3YIOT CTOMY CTEKJISHHBIX
miacTuHOK (cronmy CToJEeTOBa), pacHoIoKEHHBIX MMoj yriaoM bprocrepa k magatomemy csety. B
ATOM CJIy4ae MOKHO MOJIYYUTh MPAKTUYECKH MOTHOCTHIO MOISIPU30BaHHbIN MPOXOIAIININ CBET, TaK
KaK KaXJ10€ OTpaKCHUE OCIIA0JISeT MPOIMYyIICHHbIE KOJeOaHus, TEePIeHIUKYIIPHBIC TUIOCKOCTH
najieHus B ONPEACTICHHOM OTHOIICHUH.

B) [IpenomieHne cBeTa B ABOSKONPETOMIISIONINX KPHCTaIIaXx.

Hekotopble kpucTamisl (MCIAHACKUNA IIIAT, KBapl, CIIOJA U 1p.), a TaKKe HEKOTOpble
M30TPOITHBIC BeliecTBa (MO JEHCTBHEM MEXaHHWYECKUX HArpy30K HIIM DJCKTPUYECKHUX TIOJeH)
001aJat0T CBOMCTBOM JABOWHOTO JydernpenomieHus. [IperoMisisick B TaKOM KpHcCTalljie, CBETOBOM
Jyd pa3lensercss Ha JBa JIMHEWHO MOJIIPH30BaHHBIX JIyda CO B3aMMHO IEPICHANKYISIPHBIMU
HarpaBJIeHUsAMH KosnebaHuid. OJMH U3 Tydel Ha3bIBaeTCsl OOBIKHOBEHHBIM U 0003HavYaeTcsi OyKBOM
0. a BTOpPOH -HEOOBIKHOBEHHBINH U 0003HauaeTcsi OykBoi €. OOBIKHOBEHHBIH JIyd yIOBJIETBOPSIET
O0OBIYHOMY 3aKOHY MPETOMIICHUS U JIEKUT B OHOM MIOCKOCTH € MaJAIOUIUM JY4OM U HOPMAJbIO.
J111s1 HeOOBIKHOBEHHOTO JTy4a OTHOIICHHE CHHYCOB YTJIa aJICHUS U yTJIa MPEIOMIICHHSI HE OCTAeTCs
MOCTOSIHHBIM TP U3MEHEHUU YTiia MajIeHuUs.

KpoMe Toro, HEOOBIKHOBEHHBIH JIyd, KaK IpPaBUJIO, HE JIEKUT B IUIOCKOCTH MNaJEHUS U
OTKJIOHAETCS OT Jy4ya O jgaxe Nmpu HOPMaJIbHOM MaJeHHH cBeTa. OTKIOHSS OAWH M3 JIyded B
CTOPOHY, MOXHO IOJY4YHMTh IUIOCKONOJIAPU30BaHHBIA Jyd. Tak ycTpoeHa, Hampumep NpHu3Ma



Hukons (puc.4). [IBe ecTecTBeHHBIE IPaHH KPUCTAJIa HCIAHACKOTO IITIaTa CPEe3aroTCs TaK, 4YTOObI
YMEHBIIUTH YTOJl MEK1y TOBEPXHOCTAMU 10 68°.

3aTeM KpHUCTaJLI paclUIMBaETCS Ha ABE YacTu 1o miockoctd BD nmox yriiom 90° k HOBbIM
rpansaM. Ilocne mMOAMPOBKM MOBEPXHOCTH pacHuiia CKIEUBAIOTCA KaHAJCKUM Oalb3aMoM,
MMEIOIIUM TOKa3aTeslb MPeJIOMJICHUST N, YAOBJIETBOPSIOMIMMN YCIOBUIO Ne<N<Ng, IJic No U N¢ -
MOKAa3aTeNH MPEJIOMIICHHUS UCIIaH/ICKOTO IIITaTa /il OOBIKHOBEHHOT'O M HEOOBIKHOBEHHOTO JIy4a.

[Tagast mon yrioMm, OOMNbIIE MPEACTBLHOTO, HAa TUIOCKOCTh BD, OOBIKHOBEHHBIH Tyd
IpeTepreBaeT MOoJHOe BHYTPEHHEE OTpaKeHHE Ha rpaHulle mmar - 0anp3aM. HeoObIKHOBEHHBIH
Jy4, U1 KOTOPOTO, BBIXOJUT U3 PU3MBbI ;IHHCﬁHO MOJISIPU30BaHHBIM.

Puc.4

r) [Torsnomenue cBeta B JUXPOUYECKUX MJIACTUHKAX.

Y HEKOTOPBIX JBOSKOMPEIOMIISIONINX KPUCTAIIIOB (HAIIpUMEp. TypMainHa) KO3 OUITHSHTHI
IIOTJIOILCHMS CBETA JUIS JIBYX B3aMMHO IEPICHAMKYIISAPHBIX MOJAPU30BAHHBIX JTy4YeH OTIIMYAIOTCS
HACTOJbKO CHJIBHO, YTO YK€ IpH HEOOJBUIONW TOJIIMHE KpUCTAJIa OJUH M3 JIy4eld racurcs
IIPAKTUYECKU ITOJTHOCTBIO U U3 KPUCTAJLIA BBIXOAUT JIMHEHHO MOJIPU3UPOBAHHBIN IIYYOK CBETA.
OTOo sBJEHME Ha3bIBae€TCsA OUXPOM3MOM. B Hacrosmiee BpeMs IUXPOMYECKHE IJIACTHHKU
U3TOTOBJISIIOT B BUJE TOHKHUX IIJICHOK - IOJSAPOUIOB, MMEIOIIUX MIUPOKOE NpUMEHeHue. B
OOJBIIMHCTBE CIIy4aeB OHU COCTOSIT M3 MHOXKECTBAa MalleHbKuX (TommuHoi a0 0,3 Mwm)
NapajuleJIbHO OPUEHTHUPOBAHHBIX KPUCTAJIJIOB CEPHOKHUCIOrO MOIMCTOrO XWHUHA-Tepararura,
HaxXOJAIINXCS BHYTPH CBA3YIOLIEH CPeNbl - MPO3PaYyHON ILUICHKH.

s uccnenoBaHus XapakTepa UM CTENEHU MOJSAPU3ALMKM CBETa NPUMEHSIOT YCTPOMCTBA,
Ha3bIBAEMBIC aHAIU3AaTOpaMu. B KauecTBe aHaIM3aToOpOB UCIOJIB3YIOT TOKE YCTPOMCTBA, KOTOPHIE
CILy>Kat JUIsl TOJIy4E€HHs TMHENHO-TIOJIAPU3UPOBAHHOTO CBETa (TIOJISAPU3ATOPHI).

ITycte Ha mnossspu3aTop MaJaeT IUIOCKONOJISAPU30BAHHBIA CBET aMIUIMTYAbl Ao M
uHTeHcuBHOCTHIO lo (Puc. 5). CkBO3b monsipuzaTtop HpoMIeT cocTaBisrolias KojeOaHus c
aMIuIUTy1ol A =AoC0Sa , A€ o - yroj MeXAy IUIOCKOCThIO KojeOaHUi Majaroliero cBera u
IUIOCKOCTBIO MOJISIpU3aTopa. A Tak KaKk MHTEHCHBHOCTBH CBETA MPONOPLMOHAIBHA KBAJIpaTy €ro
aMILIUTY]Ibl, TO MHTEHCUBHOCTD IIPOIIEIIEr0 CBETA onpenesnsercsa BeipaxenueM [=Iocos a.

OTO COOTHOIIEHHE HOCUT Ha3BaHME 3aK0oHa Maioca.

IAGCHOCTh NORAPHIATOR:

A, cos a

Puc. 5

ITocraBUM Ha IyTH E€CTECTBEHHOIO Jyda mnosspuzarop P u anamuzatop A (puc.6). U3
HOJISIpU3aTOpa BBIMJET IUIOCKOIOJISIPU30BAHHBI CBET, HHTEHCHUBHOCTb KOTOPOIO COCTaBUT
NIOJIOBUHY MHTEHCHBHOCTH €CTECTBEHHOTro cBera, T.e. l1= lo /2. CornmacHo 3akony Mamoca u3



aHaJM3aTopa BBIHAET CBET MHTEHCHBHOCTBHIO: [2=11C0S200 (Tme a yroia Mexay IUIOCKOCTSIMU
noJsipu3aTopa M aHaiau3aropa). TakuMm 00pa30M, WHTEHCHBHOCTh CBETA, IMPOIICIIIETO Yepe3

1
TOJISIPU3aTOP M aHANM3aTop paBHa 12=—17, cos’ a .

Puc.6 A

Onucanue yCTAaHOBKH.

B nHacrosamen paboTe 11l MOTY4EHUS U UCCIIEA0BAaHMS JIMHEHHOTO MOJISPU30BAHHOIO CBETA
IPUMEHSIOT NOJsApouabl. OHM M3rOTaBIMBAIOTCSA U3 OYEHb MEJIKUX KPHUCTAUIOB TypMaJIMHA WU
repanaTiuTa, HAHECEHHbBIX Ha LEUTYJIONIHYIO IIEHKY. ONTHYECKUE OCH KPUCTAJIJIOB CHIELUAIbHBIM
00pa3oM OPUEHTUPYIOT B OAHOM HallpaBieHUH. KpHucTanisl TypMaalHa IPOMYCKAIOT CBET TOJIBKO
C ONpEAEICHHON OpUEHTAlUMEl CBETOBONO BEKTOpAa M IOYTU IIOJHOCTBIO IIOIVIOLIAKOT BCE
NEPIEHIUKYJIIPHBIE COCTABIAIOLIME CBETOBOIO BEKTOPA K HAIIPaBJIICHUIO OCH KpucTauia. Cxema
YCTaHOBKH IpuBeneHa Ha Puc 7.
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Puc. 7

CBeT 0T UCTOYHMKA CBETA S MPOXOAUT Yepe3 HEMOABWKHBIN nossipusaTop P. Ananuzarop
A 3aKperuieH BO BpalllalolleMcsl IHUCKe. YTOJI MOBOpPOTa aHaiM3aTopa M3Mepsercs MO LIKaje
JMcKa, pasznencHHoM Ha 360 nenenuit. Ilpoiinsg mosisspu3aTop M aHaIM3aTop, CBET MaJaeT Ha
BEHTWIbHBIN (oTodsieMeHT BD (comHeunslii anemenT). [Ipu He oueHb GOIBIINX OCBEIIEHHOCTSIX
cuia (oToTOKa NPONMOPLMOHATIbHA CBETOBOMY MOTOKY. Benmmunmna ¢oToTOKa H3MepseTcs
MUKpOAMIIEpMETPOM. Mexay MOJIIpU3aTOPOM M aHAIU3aTOPOM HMEETCS KaMmepa, B KOTOPYIO
MOKHO TIOMelaTh O00pa3ibl Uil HAOMIOAEHUS SBJIEHUS (DOTOYHNPYrocTd M HHTEp(epeHIun
MOJIIPU30BaHHBIX JTy4eil.
Oobopyooeanue u mamepuansl.
1. YcranoBka 1 mpoBepkH 3akoHa Mantoca. 2. Mlcrounuk cera. 3. Mukpoammnepmerp.
Ykazanusn no mexnuxe 6ezonacnocmu.
1. K BeImosHeHHIO 71a00paTOpHBIX paboT JOMYCKAIOTCS CTYIEHTHI, W3YYMBIIME MpaBUIIa
TE€XHUKU 0€30I1aCHOCTH.
2. JlaGopatopHble pabOThI MOT'YT IPOBOAUTHCS TOJIBKO MO PYKOBOJCTBOM U HAOIIOIEHUEM
IpenojaBaTers.



3. Pacnonaraiite mpubopbl, MaTepuaibl, 000pYyJZOBaHHE Ha pabodyeM MecTe B IOPSIKE,
YKa3aHHOM IMperno/iaBaTeseM.
4. He nepxxute Ha paboveM CTOJIEC IPEIMETHI, He TPEOYIOIIUECS I BBITIOJIHEHUS 3a1aHUS.
5. Ilepen Tem, kak MPUCTYNHUTH K paboTe THIATENBLHO M3Yy4UTE €€ ONMUCaHUE, YSICHUTE XOJl
BBITIOJTHEHUS pa0OTHI.
3aoanus.
1.BxJ1t04nTh UCTOYHUK CBETA.
2.Bparas ananuzaTop, JOOUTHCS MAaKCUMAaJIbHOTO 0TOpOCa CTPENIKK MUKpoaMIiepmerpa (A
MOKET OBITH cienyeT qoouBarbes MUHUMabHOTO? [louemy? Uemy paBeH yroii B 3ToM ciiydae?).
3.3anuchIBAIOT OKa3aHUsI MUKpOAaMIIEpMETpa U B JaJIbHEHIIEM, TIOBOpaYMBasi aHalInU3aTop,
yepe3 10 rpamycoB 3amMChIBaIOT COOTBETCTBYIOIIME 3HAUCHHE TOKA.
4.Kakum 00pa3oM 1o NoJy4YeHHBIM JaHHBIM MOKHO YOIUThCS B IPABHIIBHOCTH 3aKOHA
Maimtoca? Kakue rpaduku U3 HIDKE IEPEUUCIICHHBIX CIIEyeT MOCTPOUTH sl TPOBEPKH 3aKOHA?
(BBIOOp apryMEHTHPOBATH)
L f(p) L f (cos @) L f (cos?® ¢)
1=f(9),12=(g), '0 o Mo
5. ITocTpouth rpaduk 3aBUCHUMOCTH.
6. Cnenatp BBIBOJI.
Pe3yabTaThl H3MepeHUI.

o | cosa coSs2a.

Cooeporcanue omuema.

Otuet 1o 1a0bopaTOPHBIM paboTaM J0JKHBI COAEPHKATH!

- TUTYJIbHBIN JIUCT;

- 11eJ1b PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPEIEICHUM, MOHITUH, (HOPMYIT;
- OCHOBHOE 000pYZ0BaHHUE, CXEMa YCTaHOBKU;

- OIMCaHME IO MYHKTaM BBINOJIHEHHON paboThI;

- pe3y/bTaThl MU3MEpPEeHH U pacueToB (TalOauLbl, TpapuKn);

- OLICHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBIIIOJHEHHOW paboThl, 1aTa, MOIMHCH.

Konmponwvnsie gonpochwi.

Uro npencrasiser u3 cedst cBeToBasi BOJIHA?

Kakue neiictBus okaspiBaet cBet? biiarogaps yeMy 3T0 BO3MOXKHO?

Urto Ttakoe nonsipuzanusa? Kakoit cBeT Ha3bIBalOT ecTrecTBEHHBIM? [lonsspuzoBanHbIM?
Onumure BUJBI IIOJIApU3ALIUHA.

[Tepeuncnure criocoObl MOMyYEHUS TOJISIPU30BAHHOTO CBETA.

Cdopmymupyiite 3akon Maitoca.

7. Kaxkue nannblie B paboTe MO3BOJSIOT YOAUTCS B CIIPaBEAIMBOCTH 3aKOH Mastoca ?

(oTBET chopMynUpYHTE).

ook owdE

JlaGopaTopnasi pa6ora Ne 8
Tema padomer. U3yuenne BHemHero ¢poroddppexra

Llenwv pabomsr. OnipenienieHe CKOPOCTU TOJIETA MU C MOMOIIBI0 (PU3HUECKOTO MAITHUKA.



T eopemuuecKasn 4acmo.

Pazmuuarot Tpu Buga gorosrddexra:

e Buewnum Gomosrghghekmom Ha3bIBAECTCS BBIPbIBAHUE D3JEKTPOHOB U3 BELIECTBA O]
JNeUCTBUEM  3JIEKTPOMArHUTHOrO M3ilydeHus. Buemnuit ¢orosddexkr Habmogaercs
MPEUMYIIECTBEHHO B IPOBOTHUKAX.

o [lpu énympennem pomosghgpexme 31EKTPOHBI O] AEHCTBUEM CBETA TEPSIOT CBSI3b CO CBOUMU
aToOMaMM U MOJIEKYJIaMH, HO OCTalOTCsl BHYTpH BeulecTBa. Takoi Buj poroddhdexra Bo3MOKEH
TOJILKO B MOJYITPOBOIHUKAX.

e BeumunvHvlii homosghexm 3aKiar04aeTCsl B BOSHUKHOBEHMM (DOTO-3.1.C. IPU OCBELICHUU
KOHTAKTa JIBYX Pa3HbIX IOJIYIPOBOJAHUKOB HJIM IMOJYNPOBOJHUKA M MeTajula 0e3 Haludus
BHEIIIHET 0 3JIEKTPUYECKOT0 MOJIS.

B nmannoii paboTe A M3y4eHHUS 3aKOHOMEPHOCTEU GHeuHe2o
domosppexkma  UCHONB3YIOT  BakyyMHBIM  doTosnement. OnH
NpeCTaBIsieT cO00M CTEKIISTHHBIN OTKaYaHHBIN chepruecKuii OamioH, B
LIEHTPEe KOTOPOTO pacloyIO’KEH aHOA A B BHJE KOJIbLA WM IUIACTUHKH R S \ W ¢
(puc.1). YacTp BHYTpPEHHEH MOBEPXHOCTH OajUIOHA IMOKPHITA TOHKUM
CJIOEM MeTaija, KOTOpBIH CIYXUT ¢homokamooom. Ha puc.l.
n300pakeHa MPUHLIUIIMAIBHAS CXEMA, C IOMOLIbI0 KOTOPOIl uccienyercs
BHeIHUN (oTordhdexT. Mex1y aHOIOM U KATOAOM HUCTOYHUK TOKA
CO3J1aeT dIEKTpUYecKoe moie. Tak Kak dJeKTpudecKas erb pa30OMKHYTa,
TO IPU OTCYTCTBUHU CBETa JIEKTPHUUECKUI TOK uepe3 (POTORIEMEHT He
uzner. IIpyn ocBelleHUM KaToja CBET BBIPHIBAET U3 HETO 3JIEKTPOHBI,
KOTOPBIE ITOJ JEUCTBUEM CHJI 3JIEKTPUYECKOIO TOJIS IBHXKYTCSA K aHOLY. _—|_—,_I'P_
B nenu mnosBusercs 3eKTpUYECKUH TOK, Ha3bIBaeMbI ¢ghomomokom.
Cuna ¢oroTtoka m3mepsieTcs raabBaHoMeTpoM G, HampsHpKeHUE MEXIY
aHozioM A u gortokaronom K — BoneTMerpoM V. M3MeHss HanpsikeHUe
C TIOMOUIBIO TIOTEHIMOMETPa P, HaXOIAT 3aBHCUMOCThH CHIIBI (DOTOTOKA
OT HamNpsKEHUs1 — BOJBTAMIIEPHYIO XapaKTEPUCTHKY.

Ha puc.2 wuzoOpakeHa BoJbTaMIIepHas XapaKTEpPUCTHUKA

BakyyMHoro Qotoanementa. IIpu U =0 (mexay kartoloMm u

L =~ | AHOJIOM BJIEKTPHYECKOTO TIOJIsI HET) Chila (POTOTOKA BCEe paBHO

| HE paBHa HyNI0. DJTO OOYCIOBIEHO TE€M, 4YTO 3JIEKTPOHBI,

BBIPBAaHHBIE CBETOM U3 KaTOJ[a, UMEIOT HEKOTOPYIO HAYaIIbHYIO

cKopocTh V (a 3HAUUT, 1 KHHETUYECKYIO SHEPIUI0) U YacTh U3

HUX MOXET JOCTHraTb aHoJja W TIpU  OTCYTCTBHH

AIIEKTPUUYECKOTO TOJIS.

Ecmu yBenmumBaTh HampspDKeHHE MEXKAY KaTOIOM U
aHOJIOM (T10/1aBasi OTPULIATENILHBIA MOTEHIIMAT Ha KaTo[, a Ha
aHOJI — TIOJIOXKUTENBHBIN), Oy/IeT YBeTHUNUBAThHCS CHIIa TOKA.
OT0 00BSACHSAETCA TEM, YTO TENephb AIIEKTPOHBI, KOTOPBIE MPH
U = 0 He mocTuTaiy aHo/1a, IO ACUCTBUEM CHIT JJIEKTPHYECKOTO TIOJIS IIPUTSTHBAIOTCS K aHOITY.

W3 rpaduka BuaHO, uTO mpu HekoTopoMm 3HaveHun U = U, cuma ¢oToTOKa qoCTHTaeT
HanOOJIBIIIETO 3HAUYEHUS, TOJTYIHBIIETO Ha3BaHUE TOKa HackleHus lu. JlanpHelee yBennueHne
HAIPSDKCHUS YK€ HE BBI3BIBACT POCTA CHJIBI TOKA. JTO 3HAYUT, YTO BCE DIIEKTPOHBI, BEIPBAaHHBIE
CBETOM U3 KaTo0Jla, IOCTUTAIOT aHoNa. Eciu 3a edunuyy épemenu cBET BBIPBIBAET U3 (POTOKATO/AA
N 3JIEKTPOHOB, TO TOK HACBIILIEHUs OYyIeT paBeH

la=e-n, 1)

L]

=

+m,
I'm,

I 4%

r7e € — 3apsij dJIEKTPOHA.
Ecnu moMeHsTh MONSPHOCTH 3JEKTPOHOB, TO €CTh IMOJATh HAa KATOA IOJOXKHUTEIbHBIN
MOTEHITMAN, 2 HA AHOJl — OTPHUIIATEILHBIN, TO AIEKTPUIECKOE T0JIe OyIeT TOPMO3UTh JIBUIKCHUE




JNIEKTPOHOB OT Karoja K aHoAy. 3a cyerT paboTel cui anekTpuueckoro moist (Ag = eU)
KWHETHYECKasl SHEPrusi ABWKYLIMXCS AJIEKTPOHOB OyneT ymeHblaTbesd. Eciiu nepBoHauaibHas
KUHeTHYecKast sHeprus anektpoHa Wy Oyaer Gosbine paboTsl snekrpudeckoro momns (W >Ag),
3JIEKTPOHBI OyIyT JOCTUraTh aHOAA, B Lenu OyneT uaru tok. [Ipu Wi<'eU snektpoHnsl aHosa He
JOCTUTHYT M TOK TpeKpartutcs. HauMeHblee HampspKeHHE, MPH KOTOPOM IpeKpamiaeTcs
($OTOTOK, Ha3bIBACTCA 3a€PKUBAIOLLIM.

IIpu U = U; naxxe camble ObICTpBIE AJIEKTPOHBI, UMEIOINE MAKCUMAJIbHYIO CKOPOCTb, HE
JOCTUTaloT aHoja. B aTux ycnoBusix

eU, = —m )

Takum oOpa3zoM, usmepss Ha ombiTe U3z, MOXHO BBIYHCIUTH MAKCUMAIBbHYIO KHHETHUYECKYIO
SHEPTHUIO JIEKTPOHOB, BHUICTAIOIINUX U3 KaTO/a.
Oobopyoosanue u mamepuaol.

[Tpu n3yuennn 3akoHOMepHOCTEH PpoToddh(dekra B paboTe NCHOIB3YETCs] BAKYyMHBIH
($boTORIEMEHT, MPUHIIUITHAIIbHAS CXeMa BKJIFOUEHHUSI KOTOPOTO B AJIEKTPUUYECKYIO IIETIh
IpUBE/IeHa Ha puc. 4.

1. ®orornement @, ceeropunbTp CP® U UCTOYHUK CBeTa (CHEKTpalbHas pTyTHas Jamma) JI
MOMEIICHBI B 3aKpBIThIM KOHTeHHep. CBeT OT Jyammbl, mpoxoas uepe3 cBeTopuiabtp CD,
CTAaHOBUTCS MOHOXPOMATHUYECKUM U, Majas Ha Karoa (OTO3JIEMEHTa, BbI3bIBAET (OTOIPGEKT.
MukpoammepmeTp MA wu3MepseT cuiay (GOTOTOKa, a BOJBTMETp V — HampsDKeHHE Ha
doTo3IEMEHTE.

2. YcraHOBKa COCTOMT U3 OOBEKTAa HWCCICAOBAaHUS M YCTPOWCTBA HW3MEPHUTEIBHOTO,
BBITIOJTHEHHBIX B BHUAE KOHCTPYKTHMBHO 3aKOHYCHHBIX W3/ENUN, YCTaHABIMBAEMBIX Ha
71a00pPaTOPHOM CTOJIE U COSTMHIEMBIX MEXKIY OO0 KabeneM.

3. OOBekT uccienoBaHUs KOHCTPYKTHUBHO BBIMIOJIHEH B BUJE COOPHOTO KOpITyca, B KOTOPOM
YCTaHOBJICHBI OCBETHUTENH (CMEKTpajdbHas pPTyTHAas JiamMra) ¢ HCTOYHHUKOM TUTaHUsA, OJIOK
uHTepdepeHIoHHbIX cBeTOUILTPOB Nel (A=407 Mkm), No2 (A=435 Mkm), No3 (A=546 mxm), No4
(A=578 MKM) 1 yCTPOMCTBO peryaupoBku ocemieHHoCcTH. [Tonoxenue "0" 610ka cBeTOPUIBTPOB
COOTBETCTBYET MPOXOXKJICHUIO CBeTa 0€3 CBETO(PHUIBTPOB M MOXKET MPUMEHSATHCS AJIS CHATHUS
MHTETPAIIbHBIX BOJIbTAMIIEPHBIX U JIFOKCAMIIEPHBIX XapaKTEpUCTUK, a IMoyiokeHue 5"
MEePEKPHIBAET JIAMITY U UCTIONB3YETCS ISl YCTAHOBKHU HOJIA. K KOpmycy ¢ MOMOIIBIO KPOHIITEHHA
MPUKPETJIEH YCUITUTENb (DOTOTOKA, HAa BEPXHIOK KPBIIIKY KOTOPOTO YCTAaHABIMBAIOTCS CMEHHBIE
¢doronpuemankn ¢ ¢orodnementamu DP-8 m D-13. Ilpu ycraHOBKE (QOTONPHEMHUKOB HX
MPUEMHOE OKHO COBMEIIAETCS C BBIXOJHBIM OKHOM OCBETUTENS U 3aKPBIBAIOT IPH MOMOIIH
OJICH TBI.

Ha mnepenneit maHenun oOBEKTa HCCIENOBAHUS HAXOMATCS CETEBOM BBIKIIIOUATENb C
WHIUKATOPOM BKJIIOYEHHUs ceTh. Ha 3amHell maHenmn OOBEKTa HCCIEIOBAHHUS PACIIOIOXKECHBI
KJIeMMa 3a3eMJICHUS, JIepKaTelnu MpeAOXpaHUuTeNed U CeTeBOW MHYyp c¢ Buikoi. Ha GokoBoit
CTEHKE  paCIOJIOKEHO  BBIXOJIHOE OKHO OCBETHUTEIS H  YCTPOWCTBA JUIsl  CMEHBI
UHTEP(PEPEHIIMOHHBIX  CBETOGUIBTPOB M  PETYIUPOBKH  OCBEHIEHHOCTH. Ha  OOKOBBIX
MOBEPXHOCTAX YCHIHTENS (OTOTOKA PACIIOJIOKEHBI COSAMHUTENBHBIA IIHYP C Pa3beMOM ISt
MOJIKIIIOUEHUST 00BEKTa UCCIEeIOBAaHUS K YCTPONCTBY M3MEPUTEILHOMY U PETyIATOpPHI OalaHca
yeunmrensa ['PYBO u TOUYHO.

OOBeKT Huccae1oBaHus C MOMOIIBIO CETEBOTO MIHYpa Nokitouaetcs k cetu 220 B, 50 I'm.

4. YCTpOWCTBO M3MEPUTEILHOE BBIMOJHEHO B BHUI€ KOHCTPYKTUBHO 3aKOHUEHHOTO M3nenus. B
HEM IMPUMEHEHA OJIHOKpUCTaJIbHasi MHKpPO - OBM ¢ COOTBETCTBYIOIIMMHU JOMOJIHUTEIbHBIMU
yCTPOMCTBAMH, MMO3BOJISIOIIMMHU MPOU3BOIUTH U3MEPEHHE TOKA (POTO3IEMEHTA, YCTAHOBICHHOTO
B 00BbEKTE UCCIICOBAHNUS, YCTAHABIUBATH M U3MEPSITh MUTAIOIINE HAMIPSKEHHSI Ha (POTOIIEMEHTE,
a TaKXKe OCYLIECTBIISATh (PYHKIMH YIPaBIECHUS YCTAaHOBKOHN (YCTaHOBKA PEKUMOB MPSMOTO WIH



00paTHOTO U3MEPEHHs U T.11.). B cocTaB ycTpoicTBa M3MEPUTETHHOTO BXOIAT TAaKXKe HCTOUHUKHU
€ro MUTaHHUs.

Ha nepenneli nanenu ycTponcTBa U3MEPUTEINBHOTO Pa3MEILEHBI CIIEAYIOIINAE OPraHbl YIIPaBICHUS
n uHaukanuu: kHomka [IPSAMAS - OBPATHAS ¢ coOTBETCTBYHOUIMMHM HWHIUKATOPAMHU -
npeIHa3HaueHa Ui BKIIIOYSHHS MPSIMOTO MIIM 00paTHOTO PEKUMOB M3MEpeHus; kHonku "+", "-"
u CBbPOC - npegHa3zHauyeHbl I PEryJIUPOBKU HaNpspDKEHUS Ha GOTOdIEMEHTE U ero copoca B
HOJIb; UHAUKATOPH B 11 MKA - npe/iHa3Ha4YeHb! JIsl MHAUKALMY 3HAYE€HUN BEJTMYUH HAIPSKEHUS
Ha (¢oToanemeHnTe U (ororoka B mporecce padboTel. Ha 3amHelt maHenw ycTpoicTBa
U3MEPUTENIBHOTO pacnoyiokeHbl  Boikitouatesnib CETD, kiemMma 3a3emiieHus, aepxKareinu
MIpEAOXPaHUTENICH (3aKPBITHI MIPEIOXPAHUTEIILHON CKOOO#), CETeBOW MIHYp C BHJIKOM M pazbeM
JUTSL IOJKJTFOUEHUS 0ObEKTa UCCIIEIOBAHUS .

VYcTpoicTBO M3MEPUTENIHBHOE C MOMOIIBIO CETEBOTO LIHYpa noakatouaercs k cetu 220 B, 50 I'a.
5. IlpuHuun AeWcTBUS YCTAaHOBKM OCHOBAaH Ha M3MEPEHMHM TOKa d4epe3 (POoTornneMeHT mpu
W3MEHEHUU MOJSIPHOCTH M BEIMYMHBI TPUIIOKEHHOIO K HEMY HANpsHKEHHST W HU3MEHEHUs
CHEKTPAIBHOTO COCTaBa M BEJIMYMHBI OCBEIIEHHOCTH KaToAa (hOTOIEMEHTA.

6. B mpomecce BbIMONMHEHUS IA0OPATOPHBIX PAOOT CHHUMAIOTCS 3aBUCUMOCTH TOKa 4Yepes
(GOTORIEMEHT OT NPUJIOKEHHOTO K HeMy HamnpspkeHus. [Ipy 3TOM MeHsercs MNOJSIpHOCTb
HampsDKeHus: (T.e. pa3feNbHO CHHUMAIOTCS TMpsiMass U oOpaTHas BETBU BOJIbTaMIIEPHOMN
XapaKTEPUCTHKH (HOTORNIEMEHTa). XapaKTePUCTHKH CHUMAIOTCA TPU Pa3IMYHBIX 3HAYECHUSX
OCBEILIEHHOCTH M TPH U3MEHEHUU JUIMHBI BOJHBI OcBemieHus ¢otornementa. [lo pesynpratam
U3MEpPEHUIl  CcTpoATCS  ceMeiicTBa  BOJBTAMIEPHBIX  XapaKTEPUCTUK M,  HCIOJb3YS
COOTBETCTBYIOIINE METO/IbI paCU€Ta, YUCIECHHO OLICHUBAETCS 3HaU€HUE NMOCTOsIHHOM [lanka.

Ykazanusa no mexnuke 6e3onacnocmu.

1. K BblnosHeHHI0 J1a00paTOpPHBIX padOT IOMYCKAIOTCS CTYIEHThl, U3YyYMBILIWE IpaBuia
TEXHUKU 0€30MaCHOCTH.

2. JlabGopatopHbie pabOTHl MOTYT IIPOBOAMTHCS TOIBKO MO/ PYKOBOJCTBOM U HAOJIIOIEHUEM
npernojiaBarers.

3. Pacnonaraiite mpubopel, MaTepuaibl, 00OpYJIOBaHHE Ha pabovyeM MecTe B IOPSIKE,

yKa3aHHOM IIpernojiaBaTeseM.

He nepxurte Ha paboueM cTOJIE MPEeAMETHI, HE TPeOYyIOIIMECs Jis BHIIOJTHEHUS 3aJaHUs.

5. Ilepen Tem, Kak MPUCTYNHUTh K pabOTe TLIATEIbHO M3Yy4UTe €€ ONMHMCAaHUE, YSICHUTE X0
BBITIOJIHEHUS paOOTHI.

&

3aoanus.
IlocTpoeHune BoIbTaMIIEPHOM XapPAKTEePUCTUKHU (OTOIIEMEHTA.

1. VYcranoBute Ha 0OBEKT HCCIENOBAHUS (POTONPUEMHUK C UCCIETYEMbIM (POTOIIEMEHTOM M
3aJIBUHBTE OJICH/y OCBETUTEINS B OKHO ()OTOIIEMEHTA.
2. TloakimounTe ceTeBbIe MIHYPHI YCTPOWCTBA N3MEPHUTEIHHOTO U 00BHEKTA HCCIIEIOBAHUS K CETH
Y BKJIIIOUUTE YCTPOUCTBO n3MepuTenabHoe BoikitouaTenem CETD nHa ero 3agneit nanenu. [Ipu stom
nomken 3aroperbcss mHAukatopsl OBPATHAS, B u MxA ycrpolictBa m3meputenbHoro. Ha
MHJIUKATOpe B MOKHBI YCTAaHOBUTHCS HYJIH (JIOMyCKAaeTCd MHAMKAIUS 10 3HAYEHUS 2 MIIaJIIEr0
paspsna). Ilocme 5 wmmayTHOTO mporpeBa pyukamu YCTAHOBKA HVYJIS na oObekrte
MCCJIEIOBAHMSI yCTAHOBUTH HYJIEBOE 3HAUCHNE HA MHAUKATOPE MKA YCTPONCTBA U3MEPUTEIIBHOTO.
3. Bximounrte 00bekT uccnenoanus Beikitodareaem CETD Ha ero mepenneit manenn. [Tpu sTom
noskeH 3aropethbest nunaukarop CETh ob6bekTa nccnenoBanusi.
4. JlaTb TaMIe OCBETUTEINS MPOTPEThCs B TeUeHHe 15 MuH.
5. C nomorrsio kHoniku [TIPSIMAS - OBPATHAS BeiOpath HEOOXOAUMBII PEXXUM U3MEPEHUS.
6. YcranoButh cBeToPmibTp Nel moBopoToMm aucka O10ka CD.
7. 3meHss 3HaueHus HampspkeHus depes 0,5 B ¢ momompto kHomok "+" u U CUUTHIBas
nmokazaHusi GOoTOTOKa C MHAUKAaTOopa "MKA" mojgydnTe AaHHBIC JJI1 TOCTPOSHUS BOJIBTAMIICPHON
XapaKTEPUCTUKH.

n_mn



8. YcranaBiuBas AUCK cO CBETOQMIBTPaMH B MOJ0KeHUE "5" ¥ poBepsisi yCTAaHOBKY HYJISI TOKA
IIPY HYJIEBOM 3HAYECHUU HANPSIKEHUs, IOBTOPUTE JEHCTBUA 110 1. 5...7 HACTOSILEro pas3jaena s
npyrux cBetopuinbTpoB (CO2-CD4).

[Tpumeuyanue 1: IIpu HEOOXOIUMOCTH € IOMOLIBIO IOBOPOTA KOJIbIIA, PACHIOJIOKEHHOT O HA
BBIXOJTHOM OKHE 00BEKTa UCCIIETOBAHMS MOKHO U3MEHSTh OCBEIIEHHOCTH (POTORIIEMEHTA.
[Tpumeuanue 2: [Ipu onpeaeneHUn 3auparoLiero HanpskeHus (GoTod3IeMeHTa He00X0UMO
HYJIEBOE 3HAUYE€HUE TOKA CUUTHIBATH IIPU YMEHBIIEHNN HANPSYKEHUS OT HYJIEBOIO 3HAUEHHUS J10
3HA4YEHUs 3alMPAIOIIEro HaNpsDKEeHUs, a He Hao00poT. He pekoMeHnyercs Takke yCTaHABIUBAaTh
3HAUEHUE HANPSIKEHUSI HUXKE 3aIIUPAOILETO.

9. Ilo okoHYaHuUM pabOTHl HEOOXOAMMO OTKJIIOYUTH IMUTAHUE YCTAHOBKM BBIKIHOYATEIIIMU
CETDb (ma 3amHedl mnaHenu YCTPOMCTBA M3MEPUTENBHOIO M IEpeAHEN NaHelu OObeKTa
UCCIICIOBAaHMSI) M OTK/IIOYUTb CETEBbIE BWJIKU YCTPOMCTBA HM3MEPUTENILHOIO M 00BEKTa
UCCJIEOBAHMSI OT IUTAIOIIEH CETH.

10. Pexwum paGoThl yCTaHOBKH NPEPHIBUCTHIN - yepe3 Kax/ple 45 MUHYT

pabotsl iepepbiB Ha 15-20 MuH.

[To maHHBIM TAOIUIEI | TTOCTPOUTH BOJBTAMIICPHYIO XapaKTEPUCTUKY, TO €CTh rpaduk
3aBUCUMOCTH criibl (hoToToka | (abcumcca) oT HanpspkeHus Ha Gorodnemente U (opauHaTta).

Tabmuua 1
Onpeodenenue pabomol 8b1X00a INEKMPOHA, KPACHOU 2PAHUYbL (homodpgexma u noCmosHHOU
ITnanka

Co U,
Nel B

I, mxA
co | U
Ne2 Y
co | Y
Ne3 Y
co| U
Neq I, A

1. C nomousto kHonku [IPAAMAS - OBPATHASI BeiOpath pexum nsmepenuss ObPATHAS (ne
JieflaeM YCTaHOBKY HYJISI KaK B IepBON 4acTH padoThl!).

2. V3mensis 3HaueHWs] HANpSHKEHUS C TOMOIIBIO KHOMOK "+" | YCTAHOBUTH IIOKA3aHUS
uHanKaropa ¢poroToka "MKA" paBHbIM (. 3aHECTH MOJIYYEHHOE 3HAUEHUE 33IePKUBAIOIIETO
HanpsbkeHus Uz B TaGnuiy 2.

n_n

3. TloBTopuTh MyHKTHI | U 2 U1 APYTHX CBETOPUIBTPOB.
4. Tlo moy4eHHBIM 3KCIIEPUMEHTAILHBIM 3HaueHUsIM U3z paccuuTarh:
d) KUHETHYECKYIO SHEPTHIO (POTOIIEKTPOHOB! Wk =e-Usz
b) paboty BeIX0/1a 2TTEKTPOHOB: h-c
C) kpacHyto rpanuny porodddexra: Aspix = 1 U,
A = h-c
ABle

Tabmanma 2



WK A(?blx
Ne /it (], MKM Us B ' [Jmax, MKM
’ 10711k 107191k e
C
5. Tlo momy4eHHBIM TaHHBIM IOCTPOUTH Ipaduk 3aBucumoctd Uz ot v, rie V = z
) AU, h
6. Hcnonb3ys monaydeHHbIH rpaduk, BeMUCIUTL N0 popmyite Qo = A = — U OLCHUTH
v €

MOTPEIIHOCTh U3MEPEHUH.
Cooepircanue omuema.
Otuer o 1a60paTOPHBIM pabOTaM JOJKHBI COAECPKATh:
- TUTYJIbHBIN JIUCT;
- 11eJ1b PaboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICIICHUH, TOHATUH, (PopmMyI;
- OCHOBHOE 000pyI0BaHHUE, CXEMa YCTAaHOBKH;
- OTIMCAHME IO MyHKTaM BBIITOJIHEHHOH paboThI;
- pe3ynbTaThl U3MEPEHHI U pacueToB (TabIuIlbl, rpaduKy);
- OLIEHKa MOTPEIIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHL;
- BBIBOJIBI TI0 PE3YJIbTaTaM BBIMIOJIHEHHOW PabOTHI, 1aTa, MOIIHCH.

Konmponsnwie eonpocoi.

Yro HazbiBaeTcs porodrdpdexkrom? Kakue 6b1BatoT BUbI hoTorPdexTa?

B uewm 3akmrouatorcs 3akonbl oTodddexra?

Kak cBsi3aHbI JyIMHA BOJIHBI U YacToTa (PoTOHA?

Kaxkast umenHo oco0eHHOCTh (hoTod(PdekTa He MOKET ObITh OOBICHEHA C TOUKH 3PEHUS
BOJIHOBOH Teopuu cBeTa?

3anummuTe U 00BbSICHUTE YpaBHEeHHE DiHIITEHA 11 poTodddexTa.

Yro HazbIBaeTCs KpacHOU rpaHuieit poroaddexra U OT 4ero oHa 3aBUCUT?

OT yero 3aBUCUT MaKCHUMaJIbHAasl KWHETHYEeCKast SHEPTrHs (POTOAIEKTPOHOB?

Hapucyiite u 00bsICHUTE BOJIBTAMIIEPHYIO XapaKTEPUCTUKY (HoTOdPdeKTa.

Ha yem ocHOBaH crioco6 omnpeseneHus KpacHou rpaHuilsl pororddexra B gaHHOM padore?

el AN

©Co~No O

JlaGopaTopnasi padora Ne 9
Tema padbompl. U3ydyeHne JHEPreTu4ecKOro CrieKTpa 3JJeKTPOHOB

Ilenv pabomwi. OrnipeneneHue JUIMHBI IpoOera 3JIEMEHTapHBIX YacTHI] B BO3AyXe IMpHU
aTMOC(EpHOM JIaBICHUU U OIpeesIeHHe MaKCHUMalIbHOM >HEpruM Oera-uacTHIl MPH TOMOIIH
METO/1a TOTJIOIICHHUS.

T eopemuuecKas uacmeo.

SIBnenue pannoakTUBHOCTH ObLTO0 oOHapyxkeHO bekkepenem (1890 r.). On 3amerni, 4To
HEKOTOpbIe BEILECTBAa, COJEpXKallUe ypaH, OOJaJaroT 3aMedaTesIbHOM OCOOEHHOCThIO
CaMOIPOM3BOJILHO, 6€3 BCAKOTI0 BHEIITHETO BO3CHCTBUS, U3Ty4aTh JIy4H, CIIOCOOHBIE TPOXOUTh
CKBO3b HETIPO3payHble AJIs1 BUAUMOTO CBETA BEIIECTBA.

PaMoaKkTUBHOE U3ITydeHHe OBIBAET TPEX BUIOB: ¢ -yuH, [ -yuu u ¥ -Iy4u.



O -JIy4d TIPEACTABIIAIOT IOTOK SIACpP TEIHMEBBIX aTOMOB, WM, MHBIMH CIOBAMH, IOTOK
TeJINEBBIX HOHOB C 3apsAaoM +2e.

ToX1eCTBEHHOCTD (¢ -Iy4ei ¢ TIOTOKOM I'eJINeBBIX saep Oblia '
YCTaHOBJIEHA C MIOMOILBIO CIEAYIOUIET0 ONBITA, IPOU3BEAEHHOIO ) l F
Connu.

Cocyn A (puc. 1) ¢ mMOMOUIIBIO TOHKOW CTEKJISHHOMN
neperoponku G pasnmensiics Ha nBe yactu B u C. B ywactu B
[Tomemanocek paguoakTUBHOE BeulecTso F,
m3nyuaromee ¢ -nyuu. lIleperopoaka G mnonbupanace Takoit |2
TOJIIIMHBL, YTOOBI (¢ -Ty4H MOIJIM IPOXOAUTH CKBO3b Hee. [lpyras
qacThb 3T0ro cocyna C coequnsuiack uepes kpan K ¢ BakyyMHbIM
HAacocoM, M B JTOM 4YacTs CO34AaBaJIOCh JOCTaTOYHO CHIIBHOE
pa3pekeHue.

B tpybOke H, coeaunennoii ¢ cocynom C, nomemanucs asa aiekrpoga D, E, ¢ nomomisio
KOTOPBIX MOYKHO OBUIO BBI3BaTh paspsa B TpyOke H. Bakyym B cocynme C cozmaBaicsi CTOINb
BBICOKHMH, 4TO npu npuioxkeHuu K D u E pa3HOCTH NOTEHIMAIOB B HECKOJBKO COTEH BOJBT
AIIEKTpUYECKUH pa3psa] He Bo3HMKaI. [locie oTkauku cocyn A oTcoeauHsuics oT Hacoca. CycTs
HECKOJIbKO JTHEW, OJJHAKO, IOCJIe MPUIOKEHUS pa3HOCTU NoTeHuuanoB Mexay D u E BozHukan
AIIEKTPUYECKUI pa3psi]l, HHTEHCUBHOCTb KOTOPOTO C TEYEHUEM BPEMEHH BO3pacTaa.

Ceer, ucxomaumid npu paspszae u3 Tpyoku H, Obul mpoaHanu3upoBaH C MOMOLIBIO
cnekrporpagda. Oka3anock, 4YTO CHEKTP ITOr0 M3IY4YEHHs] B TOUHOCTH COBMAJAET CO CIIEKTPOM
U3JIy4€HUs, BOSHUKAIOLIUM IIPU IEKTPUUECKOM Pa3psiie B ra3000pa3HOM I'eJIHH.

B 1pyOke H remus He ObuIo, HO crofa U3 B mpoHHMKaNM @ -4acTHULBI, H3Iy4aeMble
paaMoaKkTUBHBIM IpenaparoM. Ilockoiabky B pe3yibTaTe TaKOro MPOHUKHOBEHUS B TpyOke C
MOSIBUWINCH aTOMBI Tellus, TO, CJIEJOBATENIbHO, (-YacTHUIIbl U SIBJISIOTCSA TEJIMEM, IpaBla, HE
aToMaMHu, a siAapaMu renus. fnpa renust (¢ -4acTHIIbl) 3aXBaThIBAIOT U3 OKpY’KarOLIEH cpeabl 2
JIEKTPOHA W IPEBPALLAIOTCS B «HOPMaJbHBIE» aToMbl renus. MTak, ¢ -4acTHLBI SIBISIOTCA
AIpaMH1 aTOMOB T'€Jus.

XapakTepHO! BETMYMHON UX SBIISETCS SHEPrus. DHEPIrus ( -4acTHIl BeIMKA — TMOpsaKa
HECKOJIbKUX MMJUIMOHOB 3JIEKTPOHBOJIBT. Pa3nnuHble paavOaKTUBHbBIE BELIECTBA M3IY4alOT « -
YacTULBl Pa3JMYHON DSHEPruu, HO BCE (X -4aCTHIbl, WU3JIyYECHHBIE IAHHBIM PaJUOAKTHBHBIM
BEIIECTBOM, UMEIOT BIIOJIHE OIPEIEICHHYIO SHEPTHIO.

[} -1ydu SBIAIOTCA MOTOKOM OTPHIATENBHO 3aPSHKEHHBIX YACTHIL. 3HaK - (MUHYC) TIpH OyKBe

e
ﬂ MNOAYCPKUBACT, YTO 3TH YaCTHULbLI HECYT OTpHHaTCHBHBIﬁ 3apsn. OTHoleHne — JJI1 HUX

m
0OKa3ajIOChb B TOYHOCTHU TAKUM KE, KaK U JJIA 3JICKTPOHOB. ﬁ-ﬂy‘II/I SABIAKOTCA B I[GI;'ICTBHTGJII)HOCTH

Pnc.1 OnbiT Cogan

[

TIOTOKOM 3JIEKTPOHOB. OTiuume [J-mydell OT OOBIYHBIX KATOIHBIX JIydeil He KaueCTBEHHOE, a
KOJIMYECTBEHHOE. DHEPTHUs AIEKTPOHOB

[ -nydeii 3HAUNTENBHO MPEBOCXOMMT SHEPTHIO KATOJHBIX JIydeil M MMEET BEIMYHMHY MOPAIKA
MWIIMOHA 3JIEKTPOHBOJIBT.

Y -llydd, HE OTKIIOHAEMBIE HHM MArHUTHBIM, HHU OJJIEKTPUYECKUM TIIOJIEM, HE HECYT
3lIeKTpUYecKoro 3apsga. Ilo cBoel mpuponae J -Iy4d aHaIOIM4YHBl PEHTTEHOBBIM JIydaM, HO
OTJIMYAIOTCS OT HUX OOJIbIIEH BETMUYNHONW KBAaHTOB.

Kak yxe yka3plBaJoCh, paiMOAKTUBHOE U3TydeHHE MPOU3BOAUT CUILHOE HOHU3UPYIOIIEE U
(doTroxumMHUecKoe NecTBUE M MO 3TOMY JCWCTBUIO MOXKET OBITh perucTpupyeMo. Tak Kak
OT/IENBHbIE YACTHIIBL, BXOJISIIUE B COCTAB PA/IHOAKTUBHOTO H3JTydeHus ( (& -4acTubl, [ -4acTuipL,
Y -KBaHTbI), 00JaNar0T OOJBIION SHeprueil, MopsAKa MHJUIMOHA 3JEKTPOHBOJIBT, TO
NPEICTaBIsIeTCST BO3MOXHOCTh HAONIOJaThb W PErUCTPUPOBATH HE TOJBKO PAaTUOAKTUBHOE
U3JIy4€HHUE B LI€JI0OM, HO U OTJEJIbHBIEC YACTHIIbI, BXOJSIIUE B COCTAB 3TOTO U3JIy4EHHUS.



Haubosee gacto asist perucTpaiul ¥ HabIIOICHUS OTAEIbHBIX OBICTPBIX YACTUILl TPUMEHSIOT
TPHU METO/IA:

a) Kamepa Bunbscona. B rmase VI Obun ykasan npuHmun aedcTBus Kamepbl BuibcoHa u
nokasansl (hotorpaduu mytei ¢ -yactui. Kamepa Bunbcona npuroana v A1 HAOMIOACHUS TTyTeH
[ -uactun. 3HauMTENEHOE YCOBEPIIEHCTBOBAHKME B METOJ KamMephbl Buiibcona 66110 BHecero 1. B.
CKOOeINbILIBIHBIM.

Cxo0enblIIbIH TOMeCTUI Kamepy BuibcoHa B MarHuTHoe nojie. MarHuTHoO€ MoJjie HCKPUBIISIET
Tpaektopuio [J-dactui. B ciydae, korna [f-yactuua ABMKETCS MEPNEHAMKYISPHO CHUIOBBIM
JUHUSAM OJHOPOJHOTO MAarHUTHOTO HOJSI, €€ TPAeKTOpPHUEH SBJISETCS OKPYKHOCTb pajuyca

R mcu
eH

riae U - CKOpOCTh YacTUllbl, H - HaNpsHKEHHOCTh MAarHUTHOTO IOJIS, € - 3aps]l JIEKTPOHa, C -
CKOpOCTh cBeTa. B kxamepe BuibcoHa, MOMEINIEHHON B MAarHUTHOM IOJ€, TPEKU DIEKTPOHOB
IPEACTABILSIIOT YacTH OKpYyKHocTed. Ilo BenuumHe pagmyca 3TOW OKPYKHOCTH MOYKHO
OTIPEAEIIUTh CKOPOCTH SJEKTPOHA.

0) Cuetuuk ['eiirepa-Mrosnepa. CyliecTBYIOT iBa BapHaHTa CYETYMKOB: CUETUHK C OCTPUEM
(cuerumk ['eiirepa) u cueTunk ¢ HUTHIO (cueTuuk [ elirepa-Mroiepa).

Cueruuk ¢ HUTHIO (puc.2) npeacrasisieT nUaUHAP C, IO OCU KOTOPOro HATIHyTa HUTh AB -
TOHKAasl MeTajlInyeckas MpoBosioka. HUTh B 2JIeKTpUIECKOM OTHOIIEHUH U30JIMPYETCs OT KOpIyca
cuerurka C. CHETYHK HAMOIHSIOT ra30M IPH HEOOJIBIIIOM JIaBICHUH.

VA

A YOUNY T8N0

Puc.2 Cxema ycTpoicTBa cHETUMKA
% lelirepa-Mionnepa

i

Mexay HUTBbIO M LWIMHIPUYECKMM KOPIIyCOM CU€TYMKa ¢ MOMoIlbio Oartapen E wumm
CHEIHAJIbHOTO BBIIPSMUTEIBHOIO YCTPONCTBA CO3/1aI0T IEKTPUUECKOE T10JIE

Takoro HampspkeHus, IpU KOTOPOM B CUETUHMKE MOXKET Pa3BUBATbCS KOPOHHBIM paspsi.
KopoHHbIif pa3psii HayHET pa3BUBAThCS, €CIAM B MPOCTPAHCTBE MEXKIY HUTHIO M KOPIYCOM
OKa)XXyTCsl 3apsyKEHHBbIE YacTUIbl. [[03TOMY KOPOHHBIN pa3ps] BOSHUKAET B CYETUMKE BCAKUM pas,
KOT/Ia B HEr0 MPOHUKHET MOHU3MPYIOIIAs YaCTUIA-dNeKTpoH mwin & -uyactuna. Takas yacTuIa,
JBUTAsICb BHYTPU CUETYMKA, MPOU3BOJUT HMOHMU3ALMIO Ta3a, BCIEICTBUE YETO U BO3ZHUKAET
KOpOHHBIA pa3psan. [lociaenoBarenbHO C HUTBKO CUETUMKA IMOJKIFOYAETCS CONpPOTUBIEHHE R,
BEJIMYMHY KOTOPOro MOAOMPAIOT TaK, YTOOBI MpPHU PAa3BUTUM KOPOHHOTO paspsija Ha 3TOM
COMPOTUBIIEHUU BO3HHUKAJIO JOCTaTOYHOE MaJieHue noTeHuana. Eciau 3To nmajeHue noTeHnuana
OKaXeTCsl JOCTATOUYHBIM (OKOJIO COTHH BOJIBT), TO BO3HUKIIMKA B CUETYMKE KOPOHHBIN pazpsin
pepBeTcsl.

ITo Bo3HMKIIEMY B cueTuuke 'eiirepa MMIyJIbCy TOKa U CYAAT O TOM, YTO YEPE3 CUETUUK
IpolUla HOHM3MpYIoIIas dvacTuia. Hama mpOMBINIIEHHOCTh BBIYCKA€T TaK Ha3bIBaeMbIe
yctaHoBKM Tumna «by», coxmepkamiue ammapatrypy, HEOOXOAMMYIO JUIsl THUTAaHHUS CUYETYHKOB,
YCWJIMTEIb, C TOMOIIBIO KOTOPOI'0 UMIYJbC TOKA B CUETYMKE YCUIIMBAETCS O TAKON BEJIMYUHBI,
YTO IPUBOJUT B JIEHCTBUE pEJIe HYMEPATOPA, IPEIHA3HAYEHHOIO Ul OTCUETa YNCiIa BOSHUKIINX
B cuetunke [ eiirepa ummynbcoB. 1 Toro uTo0s! cuetuunk [ 'eitrepa «cpadoTtainy, HOHU3HPYIOIIAs



YyacTHIla JOJKHA TPOHUKHYTh BHYTPh €T0 - TPOUTH Yepe3 cTeHKHU. Eciu u3nyyenue noriomaercs
CTEHKaMH CUETYMKA, TO IPUMEHSIOT JIJIsl PETUCTPAIIUU TAKUX YACTHUIL JIMOO OUYEHb TOHKHUE CTCHKH,
00 crenHalbHbIC TOHKHE OKOIIKH.

B ToplieBbIX cUeTUMKAX HUThH 3aMEHsIETCS UTJIol A. B nepeHeil CTeHKe cueTyrKa JeinaeTcs
otBepcTue B, 3akpriBaeMoe Goibroil Hy)KHOM TOJNIIUHEI (puc. 3).

Cuerunku I'eiirepa MpUMEHAIOTCS M JUIA CYETA )/ -KBAHTOB, ) -KBAaHTHI BBI3BIBAIOT B CTEHKAX

cdeTdrka GOoToINEKTpHUEcKUil 3P PeKT mim KoMOToH-3(pdext. BeipBaHHBIE U3 CTEHOK CUETYHKA
($OTO- ¥ KOMNITOH-3JIEKTPOHBI M BO3OYKAAIOT pa3psi/l B CUCTUHKE.

i

i

K AERTOMETIY
LU JOERIPEND

Puc.3 CxemMa TopueBoro cyeT4mka.

B) MetoJ ToscTOCI0HHON (OTOMIIACTUHKUA. METOoJT TOICTOCIONHBIX (POTOIIACTUHOK ObLI
pa3paboran MpicoBckuM ¥ JKmaHoBbIM. MIMH M3rOTOBISUIMCH CIIEIHANbHBIE (DOTOTUIACTHHKH C
yronieHHbIM ciioeM (otoamynbeuu (50—300 MK). ¢ -4acTUIBI TIPU IBUKEHUU B TAKOM CIJIOE
BBI3BIBAIOT Pa3jiokeHne OpPOMHUCTOro cepedpa TONIBKO B T€X 3epHax, yepe3 KOTOPbIe OHU MPOILIH.
[Tocrne mposiBIIEHUST TaKOHW IJIACTHHKU B HEW BO3SHHUKAIOT «JIOPOXKKW» M3 OCAJMBIIETOCs cepedpa,
XOpoUIO BHJIUMBIE B MHUKpockome. Kaxnas Takas IOpoXkKa IpeacTaBisieT coOoi cien
nBurasuiercs yactuubl. [1o BeanuuHe nmpodera ¢ -4acTULBI MOKHO OIPENIEIUTh €€ SHEPIHIO.

Toncrocnolinble (GOTOIIACTUHKY MPUTOJHBI JUIsl PETUCTPALlUU HE TOJBKO ¢ -JIyued, HO U
JPYTHX CUJIBHO MOHU3MPYIOIIMX YacTUL[ - IPOTOHOB, JIEUTPOHOB. B Hacrosmee Bpems
U3TOTOBJISIIOTCS U Takue (POTOIIIACTUHKH, B KOTOPBIX MOXXHO OOHAapy>KMBATh CJ€/bl YacTUIl HE
CTOJIb CHJIBHO HOHU3HMPYIOLIHUX, B YACTHOCTH, 3JIEKTPOHOB OOJIBIION 3HEPTUH.

Qobopyooeanue u mamepuaol.

B pabGore wucnone3yercs TopuoBblii cueTunk [eifrepa-Mromnepa. Hccnenyemsrit
PaAMOAKTUBHBI HMCTOYHUK B TEPMETHUECKOM Kalcyle pa3MelleH Ha JeprKaTeiie, CBOOOJHO
NEpPEMENIAIOIIEMCS TI0 CKaMb€ OTHOCUTENIBHO cYeTuuKa. [ M3MepeHHs pacCTOSHUS MEXIy
CUETYMKOM U O00pa3lloM Ha CKaMb€ YCTAaHOBJIEHA M3MEpUTENbHas JMHEWKa, a Ha JiepiKarene
oOpa3ua HaHeceHa pucka. [lormorurtenem Oera-yacTull sSBIsETCS HAOOP TOHKUX aTFOMHUHHMEBBIX
IUTACTHH, TOMEUICHHBIX Ha CIIEHUalIbHOM Jepxatesne. TonmumHa Kaxa0i IIacTUHBl yKa3aHa Ha
KOJIBLIE J€PKATEIIS.

Ykazanus no mexnuke dezonacnocmu.
1. K BeImomHEHHIO 1a00paTOpHBIX pabOT JOMYCKAKOTCS CTYIEHTHI, W3YYMBIINE TpaBUIiIa
TEXHUKU 0€30MaCHOCTH.
2. JlabopatopHbie pabOTHI MOTYT IPOBOAMUTHCS TOJIBKO IO PYKOBOJICTBOM M HAOJIOICHUEM
npernoaBarers.
3. Pacnonaraiite mpuOoOpeI, MaTepHasbl, 00OpPYJIOBaHHE Ha pabovyeM MecTe B IOPSIKE,
yKa3aHHOM IIperno/iaBaTeseM.
He nepxute Ha pabodyem cTojie mpeaAMETHI, He TPeOYIONTUecs sl BRIMIOTHEHUS 3a/T1aHHSI.
[Tepen TeMm, Kak MPUCTYNUTH K paboTe THIATEIbHO U3Yy4yUTE €€ ONMMCAHUE, YSICHUTE XOJ
BBITIOJTHEHUS PaOOTHI.
3adanus.
1. BkarounTh MpuOOPHI YCTAHOBKH | JIaTh UM MPOTPETHCS B TedeHue 10 MuH.
2. YCcTaHOBUTH Ha CUETUYHKE pabouee HAPSHKEHUE U ONPEIeTUTh «(POH» CUETUHKA.

ok



3. TlomecTuTh B <«JOMHK» HCCIEAYEeMbI HCTOUYHUK OeTa-u3JIydyeHHs U ONpEeAeIHUTb
HayaJIbHYI0 UHTEHCUBHOCTb O€Ta-U3JIy4eHUs IPU OTCYTCTBUU HOTJIOTUTEIIS.

Werounnk 6era - yacmiy

Habop a/loMuHMeBbIX NAacTMH

ViawepHTenbHoe YCTROCTB0 Topuoswiit cuerumk Meiirepa-Mionnepa

BAOK NUTaHKA cyeTdnka

E‘W.T: m © 00
ol @ @

4, I/ICHOHBSYFI Ha60p AJIIOMHUHUECBBIX ITIJIACTUH, CHATH 3aBUCHMOCTh MHTCHCHBHOCTH Oera-
HU3JTYyUYCHUSA OT TOJIIUHBI d mormorurens. HOCTpOI/ITB N0 IMOJYYCHHBIM JaHHBIM KPHBYIO
IOTJIOIICHN .

5 B OCIIAX 0oJiee TOYHOTO OonpeaAcICHUA MAaKCUMAJIBHOT'O Hp06era RMaKc OKCTPAIoJIALUI0

HEOOXOIMMO IMPOM3BECTH MO TpaduKy KPUBOIl MOriomieHus (M0 OCH OpPIUHAT OTKIIAIBIBAIOT
3Havenus Inl, a mo ocu aberuce — d).

6. Hcmonesys ¢opmyny (8) ¥ HaiiieHHOe MyTeM OJKCTpamolalud 3HaueHHe R, ...,

OTpEeNIeIUTh BEJINYMHY MaKCUMaJIbHOM SHEprun OeTa-yacTHIl.

7. OLeHUTh MOTPEIIHOCTh PE3YJIbTATOB.

CHsiTHE 3aBHCMMOCTH HHTEHCHBHOCTH 3JIEMEHTAPHBIX YaCTHIl OT PACCTOSTHUS /10
HCTOYHUKA U3JTyYeHHS

1. BKJIFOUNTB YCTaHOBKY B CETh YCTAaHOBUTH BpeMsl peructpauuu 10 cexyHz.

3. VYcraHOBUTH HauyalbHOE paccTOsiHUE R MeXIy CUMHTWUISILIMOHHBIM SKPAaHOM H
IIPEnapaToM, COOTBETCTBYIOIEE HYJIEBOW TOUKE IIKAJIBI.

4. HUcnonb3ysd yCTaHOBKY, OIpPENEIUTb MHTEHCUBHOCTHb | 3JI€MEHTapHBIX 4YacTUI AJIs
HA4aJIbHOT'O paccTossHuA R.

5. VYBenuuuTh pacCTOSTHHE MEXAY JKpaHOM M npernapatomM Ha 0,5 ¢cM ¥ NOBTOpPUTH
WU3MEpPEHUS] HHTEHCUBHOCTH.

6. Ilpomommxkass ysenmnuuBarh pacctosHus R uyepes 0,5 cM, NOBTOPATH H3MEpPEHUS
MHTEHCUBHOCTH 3JI€MEHTApHBIX YaCTHUII IO BCeH JUIMHE TUHEUKH pudopa.

7. Ilo mony4eHHBIM JaHHBIM mocTpouTh Tpaduk 3aBucumoctu I = f (R) u ompenenutsb
cpeanuii mpoder Ro, sxcTpanonupoBanHblii R, 1 mapametp paz0poca s.

8. [Iponud dhepenniuponas rpaduyecku nosydeHayro kpuyto I = f (R) onpenenuts cpequuit

npober Ro kak a0Gciuccy MakcuMyma KpUBOW: dd_ll:\’ =y (R)

9. OueHuTh NOrPENIHOCTD PE3YIbTATOB.
Cooeprcanue omuema.
Ot4er o 1a6OPaTOPHBIM pabOTaM JOKHBI COACPKATh:
- TUTYJIBHBIN JIKCT;



- 1IeTb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPENICIICHUH, TOHATUH, hopmy;
- OCHOBHOE 000pYZ0OBaHHUE, CXeMa YCTAaHOBKH;

- OMHMCAHUE IO MYHKTaM BBIITOJIHEHHOH paboThI;

- pe3yJbTaThl U3MEPEHHM U pacueToB (TabIUIbI, TpadUKH);

- OIICHKA MOTPEIIHOCTEH;

- OTBETHI HA KOHTPOJILHBIE BOIIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBIMIOJIHEHHOW paOOThI, 1aTa, TIOIIHCh.

Konmponwsnsie 6onpocui.

UYro Takoe paaMoaKTUBHOCTH? BUabl paJuoakTUBHOIO U3TyYEHUS.

®uznyeckas npupoja & -, - U y - U3JIy4eHUH.

Meroasl perucTpalvy paaiuOaKTUBHBIX U3JIY4CHUH.

Omnwucate paboty cuetuuka I eiirepa-Mromepa.

CdopmynupoBath mpaBuia paInoaKTUBHOTO H3ITyYCHHUS.

3anucarh (GopMylly paJHOAaKTHBHOTO pacnazaa. [louemy Kiaccuueckuid MeToa He
00BsICHAET IPUPOAY O -pacnajna’

Onucarb ( -pacnaj] ¢ MO3UIMKA KBAHTOBOM MEXaHUKH.

Onucarp [ -pacnaj ¢ MO3UIUMKA KBAHTOBOM MEXaHUKH.

ook wndE
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9. B dem 3akirodaercs METOJ ONpPEISICHHS JUTMHBI CBOOOJHOTO IMpodera 3JIeMEHTApHOM
YaCTHIIBI B JAaHHOH paboTe?

10. 3armucare popmyiy [efirepa.

11. B uyem 3akiro4aeTcsi METOJ OIPEACIICHUS SHEPTHHM AJIEMEHTApHBIX YacTHI[ (METOJ
MTOTJIOIICHMS ) ?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneyenue Oucyuniunvl

5.1 Ilepeuenv o0cHOBHOU U OONOIHUMETbHOU JUMEPAMYPLl, HEOOXOOUMOU 0N
0CBOCHUA OUCUUNTUHDL
5.1.2 Ilepeuensv ocnosnoii numepamypol:

1. ®usuka a7 By30B: MEXaHWKa M MOJIEKYyJsipHas (Qu3nuka [DIEeKTpOHHBIA pecypc]:
yuebHuk / B.A. Hukepos. - Mocksa : U3narenscko-Toprosas kopropanust «Jlamkos u K», 2017.
- 136 C. : TaouI., rpad., CXEM. - ISBN 978-5-394-00691-3;-URL.:
http://biblioclub.ru/index.php?page=book&id=450772

2. TamuteikoBa-bymkesnd, .M. ®usnka : B 2 4. / N.W. TamueikoBa-bymkesnd. — 2-¢ u3.,
ucnp. — MuHck : Bpmmiimas mxona, 2014. — Y. 1. Mexanuka. MonekynspHas Qu3uka u
TEPMOJMHAMUKA. DJIEKTPUUECTBO M MarHeTusMm. — 304 c. : wi., cxeM. — Pexum gocryna: no
noamucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TanuteikoBa-bymkeswud, N.1. ®usuka : B 2 4./ .. TanuieikoBa-bymkesud. — 2-¢ u3.,
ucnp. — MuHck : Bemmitmas mkona, 2014. — Y. 2. Ontuka. KBanroBas ¢usuka. CtpoeHue u
¢du3nvecKue CBONCTBa BemecTBa. — 232 ¢. : Wi, CXeM., TabJ. — PexxuM TocTyma: mo mommcKe. —
URL: http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuenv oonoanumenvnoii 1umepanmypol:
1. Jlekumm 1o yueOHOW  mucturiauHe «OCHOBBI  TEOPETHUYECKOW  (DUBUKNY.

OnexkTpoauHaMHKa. [DJIeKTpoHHBINA pecypce] : yuebHoe nmocobue / E.M. Kyxaps. — DnekTpoH.
TEKCTOBbIE JaHHble. — Bosarorpaa: Boarorpaackuii rocymapCTBEHHBIM — COIMAIBHO-
nenarornyeckuit  ynusepcurer, 2017. — 57 c. — 2227-8397. — Pexum pocryma:

http://www.iprbookshop.ru/70731.html



http://biblioclub.ru/index.php?page=book&id=450772
http://biblioclub.ru/index.php?page=book&id=235732
http://biblioclub.ru/index.php?page=book&id=460883
http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usuka: coBpemennslii kypc / B.A. HukepoB. — 2-e¢ u3a. — Mocksa :
N3 naTenscko-toprosas kopnopamus «Jlamkos u K°», 2016. — 452 c. : . — Pexum nocrymna: no
noanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

5.2 Ilepeuenv yuedHO-MemoOuUeCcKO20 0OecneueHus camocmoAmenbHou padomol
o0yuarwuxca no OucCyUnIuUHe

1. Meronuyeckue pPEKOMEHIAIUU JUIS TIOJTOTOBKM K TPAKTHUYECKUM 3aHSATUSM I10
muciuminae «duznkay.

2. Meronuyeckue pEeKOMEHIAIMKM JJisi MOJATOTOBKM K JIA0OPATOPHBIM 3aHSATHUSIM TIO
muciuminae «duznkay.

3. Meronnueckre peKOMEH AU TI0 OPTaHU3AINHA CAMOCTOSATEIHHONU paObOThI CTYICHTOB
1o gucuuIuiiae «duznkay.

5.3 Iepeuens pecypcos unpopmauuonno-meneKomMmyHukauuonnoi cemu Humepnem,
Heo0X00uMbIX 0J151 0C60EHUSL OUCHUNIUHBL

1. http://www.biblioclub.ru -OBC "Yuusepcurerckas 0ubarnoTeka oHman"

2. http://www.iprbookshop.ru/ - Dnexkrponno- 6ubnuoreunas cucrema IPRbooks
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Conepxanue

Beenenue

OO0masi XapakTEepPUCTHKA CaMOCTOSTEIBHOM pabdOThl 00ydYaroIIerocs
n3ydeHuu qucuuruinibl « OU3NKA»

[Tnan-rpaduk BBIMOIHEHUS CAMOCTOSITEIILHON paOOTHI

KoHTpobHBIE TOYKU U BUIBI OTYSTHOCTH 110 HUM

Meroandeckue peKOMEHIAMH 110 U3YYEHUIO0 TEOPETHIECKOTO
Marepuaia

Crrcok peKOMEHyeMOi JINTEpaTyphl.
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BBenenne

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIIeI0BaTEeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpenoiaBaresisi, HO 0e3 ero HemocpeiICTBEHHOTO
y4dacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM yYaCTHH IIPENOJABATENsl, OCTABISIOLIEM BEIYILYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
HAyYHOU JeSATeIbHOCTH CTYICHTA.

Benymas nenp opranuzanuu u ocyuiectBieHuss CPC nomkHa coBHajath ¢ IEJbIO
00y4YeHHs CTy/IeHTa — MOATOTOBKOM OakaaBpa ¢ BeiciinM oOpa3oBanuem. [Ipu opranuszammm CPC
BaXXHBIM U HEOOXOIUMBIM YCIIOBUEM CTAHOBITCS (OPMHUPOBAHUE YMEHHUS CaMOCTOSITEIbHON
paboThl 11 IPUOOPETEHUs 3HAHUN, HABBIKOB U BO3MOXKHOCTH OpraHu3alluy y4eOHOW U Hay4HOU
JESITEIIbHOCTH.

Lenbto caMOCTOSATENFHOM PAOOTHI CTYACHTOB SBISIETCS OBIIAJCHUE (PYHIaMEHTAILHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOH, HCCIeI0BaTeNbCKOM JesTenbHOCTH. CamocrosTensHas padoTa CTYACHTOB
CIOCOOCTBYET pa3BUTHIO CaMOCTOSATEIBHOCTH, OTBETCTBEHHOCTM M OpPraHM30BaHHOCTH,

TBOPYECKOTO MOIX0/1a K PEIIEHUI0 MPooOieM y4eOHOT0 U MPOPECCHOHAIIBHOTO YPOBHSI.



O01mas XxapaKTepUCTHKA CAMOCTOSTEJIbHON PA00THI 00y4al0IIerocsi Npu U3y4YeHHH

JUCHMILIMHBI « PU3uKa»

CamocrosiTenbHas paboTa - IulaHupyemMasi yueoHasi, yueOHO-UCCIIeJOBaTeNbCKas, HayYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHIIOIHIEMAas BO BHEAYTUTOPHOE (ayIUTOPHOE) BpeMs 110
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HermocpeiCTBEHHOTO
ydactus (MpyU YaCTUYHOM HEMOCPEICTBEHHOM YYaCTUH MIPENO/IaBaTelisl, OCTaBISIONEM BEYIIYIO
POJIb 32 pabOTOM CTYICHTOB).

CamocrosiTenbHass pabotra cTyneHTOB B BY3e sBisieTcs BaXHBIM BHJIOM YYEOHOW H
Hay4YHOU JesATeIbHOCTH cTyieHTa. CaMocTosTeNnbHas paboTa CTYIEHTOB UTpacT 3HAYUTEIbHYIO
pOJIb B pEHTHUHTOBOM TeXHONIOTHH 00yueHus. B cBsi3u ¢ atum, oOyuenue B BY3e Brimrodaer B ceOs
JIBE, IPAKTUYECKH OJUHAKOBBIC 1O 00BEMY M B3aMMOBIUSHUIO YaCTH — Ipolecca o0ydeHus u
nporuecca camoodydenus. [loatomy CPC nmomxHa ctath >QQEeKTUBHOI U IeNeHaNPaBICHHON
paboToii cTyeHTa.

K coBpemenHOMY crieniaincTy 0OIIECTBO MPEIBSBIAET JOCTATOYHO IIUPOKUH MTEPEUCHB
TpeOOBaHUIl, cpeAr KOTOPHIX HEMAJIOBAXXHOE 3HAUEHUE HMEET HaJIMuue Yy BBITYCKHUKOB
OTIpEICIEHHBIX CIHOCOOHOCTEM M YMEHHsI CaMOCTOSTENIbHO M0ObIBaTh 3HAHUS M3 PA3IUYHBIX
HMCTOYHHKOB, CHUCTEMAaTU3UPOBATh MOJYYCHHYIO HWH(OpMAIMIO, /1aBaTh OICHKY KOHKPETHOMU
¢buHaHcoBOM cuTyanuu. PopMUPOBAHNE TAKOTO YMEHHUsSI MMPOUCXOIUT B TEUCHUE BCETO MEPUOa
oOydeHus Yepe3 ydacThe CTYJAEHTOB B MPAKTHMUECKUX 3aHITHUSX, BBITOJHEHUE KOHTPOJIBHBIX
3a/laHuil ¥ TECTOB, HAMKCAHUE KYPCOBBIX M BBIMYCKHBIX KBaNU(UKAIUOHHBIX padoT. [Ipu aToM
caMocCTosITeNIbHasl paboTa CTYIEHTOB UIPAET PELIAIOIIYI0 POJIb B X0JI€ BCEro y4eOHOro mnpoiiecca.

Benymas nenp opranuzanuu u ocyuiectBieHus CPC pomkHa coBmajgaTh C LEJBIO
o0ydeHus CTyJeHTa — MOJArOTOBKOM crenuaiiucTa u 6akaiaBpa ¢ BBICIIMM oOpazoBaHueM. [Ipu
opraam3aii CPC BaXHBIM M HEOOXOAMMBIM YCIIOBHEM CTAHOBSITCS (OPMUPOBAHUE YMEHHS
CaMOCTOSITEIbHOW pabOTHI JUIsl TPHOOPETEHUSI 3HAHWI, HABBIKOB U BO3MOXXHOCTH OPTaHM3AIUN
y4eOHOM U HAyYHOU JESITEIIbHOCTH.

@DopMBI CAaMOCTOSITENEHOM pabOTHI CTYIEHTOB pa3HO00pa3Hbl. B cooTBeTCTBHM ¢ paboueit
IpPOrpaMMOi  JTUCHUILIMHBI TMPEAYCMOTPEHBI CIEAYIONINEe BHUABI CAMOCTOSTENIBHONH pabOTHI
CTYyJICHTA:

- CaMOCTOSATEIbHOE U3YUEHHUE JINTEPATYPhI;

- CAMOCTOATCIIbHOC PCHICHUC 3a1aY.

Hellb CamocmoamesibHo20 u3ydenusa Jjaumepamypsl — CaMOCTOATCIBHOC OBJIAJCHUC

3HaHUAMMU, OIIBITOM HCCHGHOB&TCHBCKOP'I JCATCIIBHOCTH.



3aoauamu camOCTOSITENEHOTO U3YyUYCHHUS INTEPATYPHI SIBISIOTCS:

J yriayOJieHne U pacuIupeHre TEOPETUYECKUX 3HAHUI;

J dbopMupOBaHHE YMEHHI HCIOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOUYHYIO
JOKYMEHTAIUIO U CHEeLHaIbHYIO JTUTepaTypy;

J pa3BUTHE TTO3HABATENbHBIX CIOCOOHOCTEH U aKTUBHOCTH CTY/IEHTOB.

Ilenvy camocmoamenvnozo pewienus 3a0ay - OBIAJCHUE TPOPECCUOHATBHBIMU
YMEHHSIMHU M HaBBIKAMU JCSITEILHOCTH 10 MPOQIITI0 Oy ayIIel NeaTeIbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

J CHCTEMaTh3alusi M 3aKpeIvieHUEe TMOJYyYEeHHBIX TEOPETUYECKUX 3HAHUM U
MPAKTUYECKUX YMEHUH CTYICHTOB;

J (dbopMUPOBaHHE CAMOCTOSTSIILHOCTH MBIIICHUS, CITOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAaMOpPEaTU3alliu;

J pa3BUTHE UCCIIEIOBATEILCKIUX YMEHUH.

Ilenvto camocmoamenvHozo 6vINOJHEHUA KOHMPOIAbHOU padomepl TO TUCIUILUINHE
ABIIIETCS OBJaJieHue (yHAaMEHTaIbHBIMU 3HAHUSMHU, TPO(ECCHOHATBHBIMU YMEHUSIMU U
HABBIKAMU JICSTSILHOCTH 110 MPOQIIIIO, ONTBITOM TBOPUYECKOH, MCCIIEA0BATEIBCKOM ACSITEILHOCTH.

3aoauamu 1aHHOTO BUAA CAMOCTOSITEIIbHON padOThI CTY/IEHTA SBJISIOTCA:

J CHUCTEMaTH3aIusl M 3aKpeIUieHHEe TOJYyYEeHHBIX TEOPETUYECKHX 3HAHWK U
MPAKTUYECKUX YMEHUH CTYJCHTOB;

J yrayOJieHrne U paclIupeHne TEOPETHUECKUX 3HAHUH;

J dbopMHUpOBaHHE YMEHHI HCIOJIb30BAaTh HOPMATHUBHYIO, MPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAIMIO U CTICIIHMAJIBHYIO JTUTEPATYPY;

J pa3BUTHE MO3HABATEIBHBIX CIOCOOHOCTEN U aKTUBHOCTH CTYJIEHTOB: TBOPUYECKOM
WHUIIUATUBBI, CAMOCTOATEIILHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAHHOCTH;

. ($hopMHUPOBAHKME CAMOCTOSTEILHOCTH MBIIIJIEHUS, CTOCOOHOCTEHM K CaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpealIn3aluu;

J Pa3BUTHE UCCIIEIOBATEILCKIX YMEHUM;

J UCIOJIb30BaHWE  MaTepuana, CcoOpaHHOr0O W MOJIYyYEHHOTO B XO7e
CaMOCTOSITEIIbHBIX 3aHSATHH HA CEMUHApax, Ha MPAKTHYECKUX W JIAOOPATOPHBIX 3aHATHUSX, MMPHU

HarmMCaHuH KOHTpOHBHOﬁ pa60TBI.



B pesynbrare

OCBOCHHUA

IUCLUITINHEL

dbopMupyrOTCS

CIEAYIOINN  TepeUYEHb

IJIAaHUPYEMBIX PE3YyJILTATOB O6y‘I€HI/I$I 10 AUCLHUIIIINHE, COOTHECEHHBIX C IIaHUPYCMbIMU

pe3yJbTaTaMHi OCBOEHHS 00pa30BaTeIbHOM MPOrpaMMBbI:

[Inanupyemblie pe3ynbTaThl
00y4eHHS IO TUCIIUILINHE

Koxn, popmynuposka Kon, popmynuposka (Monyiio),
KOMIICTCHIHH WH/IKAaTOpa XapaKTePU3YIOIIUE ITAITbI
dopmupoBanus

KOMIICTEHIIMI, NHINKaTOPOB
3HaeT OCHOBHBIC (PH3UUECKUE
SIBIICHHS U 3aKOHBI MEXaHUKH,

AIIEKTPOTEXHUKH,
TEIUIOTEXHUKH, ONTUKA U
anepHoil  (QU3MKM W HUX
MaTeMaTHYECKOE OIMCAHUE;
nAa-5 OIIK-3 METObI aHaJIN3a (1)I/I3I/IIICCKI/IX
OIIK-3 CrocoGer mpumeHsts | AEMOHCTPHPYET HOHHMAHHE | gpjeHpii B TEXHHYECKUX
COOTBETCTBYIOLIMH  (pu3HKO- (usmyeckux  SABICHHHA U YCTpOMCTBAX U  CHUCTEMAX;
MaTeMaTHYeCKUi ammapat, | YMCECT HPUMEHATE | MeTtobl peueHus
METO/IbI a”HaJIM3a u | busuueckue 3dKOHBI | IpaKTHYECKUX 3ama4
MOJICIIUPOBAHUS, MCXaHHUKH, MOJICKYIISIPHON HUCCIIEIOBAHUS Hu
TEOPETUYECKOIO y | PU3MKH,  TEPMOAMHAMUKH, MOJICITUPOBAHUS (HU3UIECKUX
9KCIIEPUMEHTAIILHOTO SJNICKTPpHUYCCTBA U MATHCTH3MA | i xyMHUYECKUX SIBICHUHA U

UCCJIEIOBaHMSI TIpU PELICHUU
npodecCHOHATBHBIX 3aa4

JJI pCIICHUA TUIIOBBIX 3a/1a4;

MPOLECCOB B CBOEH
peaMeTHOH 001acTu.

Ymeer IIPUMEHSATH
buznueckue 3aKOHBI
MEXaHUKH,  MOJEKYJSIpHOU
¢u3uky,  TepMOAMHAMUKH,

QJICKTPHUYCCTBA U MAarH€THU3Ma
AJI1 pCHICHU TUIIOBBIX 3a/1a4.

-6 OIIK-3
JemoHcTpUpyeT 3HAHHUE
3JIEMEHTAaPHBIX OCHOB
OIITHKHU, KBaHTOBOM
MEXaHUKU Hu aTOMHOM
busuky.

Brnaneer 3HAHUSIMH
buznuecKux SIBIICHUH,
3JIEMEHTAPHBIX OCHOB
OITHKH, KBaHTOBOM
MEXaHUKU Hu aTOMHOM

bu3uKH.




IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

OObeM 4acoB, B TOM YHCIIC

Kozpr
CpencrBa u KonTaktHas
pean3yeMbIxX Bun nesreiabHOCTH
. TEXHOJIOTHH pabota ¢
KOMIIETEHIINH, CTYACHTOB CPC Bcero
OIICHKH npernojaBaT
UHIUKaTOpa(oB)
enemM
2 ceMecTp
CamocrosiTenpHOe
n3ydeHue qureparypbl | KoHcmekr 23,58 2,62 26,2
o Temam Nel-8
OIIK-3
Wl5oncs | LHOATOTORKAK Komcriexr | 144 0,16 16
V/T-6omcs JCKIIHSIM
IToaroroBka k Pewennas
MPAKTHYICCKUM 2,88 0,32 3,2
3aaqya
3aHATHSIM
HTtoro 3a 2 cemecTp: 27,9 3,1 31
3 cemecTp
CamocrosiTeTbHOe
u3zydeHue nurepatrypsl | Koncnekr 6,48 0,72 7,2
1o Temam Ne9-17
IToaroroska K
OINK-3 HEKIHSM Koncnexr 1,62 0,18 1,8
NJI-50rmk-3 IToaroroska x PelleHas
NJ1-60rmk-3 MPaKTUYECKUM 3,24 0,36 3,6
3aaqya
3aHATUAM
[Toaroroska k
1a00pPaTOPHBIM OT4YEeT 4,86 0,54 5,4
3aHATUAM
HTtoro 3a 3 cemecTp: 16,2 1,8 18
Hroro: 44 58 49 49
04HO-3204Hasi popma 2 cemecTp
CamocrosiTepHOe
nzydyeHue aurepatypsl | KoHcrnekr 52 5 57
OIIK-3 o Temam Nel-8
N1-50mk-3 ITonroroska k nexuusaMm | KonHcrnekt 0,54 0,06 0,6
N1-60r1k-3 IToaroroBska k Pemenias
MPaKTUYECKUM 1,08 0,12 1,2
3a/1a4ya
3aHATUAM
IToaroroBka k
1a00paTOPHBIM OTUET 1,08 0,12 1,2
3aHATHSAM
HTtoro 3a 2 cemecTp: 54,7 5,3 60
3 cemecTp
CamocTrosTeIpHOe
nu3ydeHue aurepatypsl | Koncrekt 52 5) S7
oK-s
WJT-50m1k-3 ! KoHcrekT 0,54 0,06 0,6
JEKITUSAM
W/1-60mk-3 T
OJITOTOBKA K Peenias
MPaKTUYECKUM 1,08 0,12 1,2
3aj1a4ya

3aHATUAM




IloaroroBka x

n1abopaTopHBIM OTYET 1,08 0,12 1,2
3aHATHAM

HTtoro 3a 3 cemecTp: 54,7 5,3 60

Hroro: 120




KOHTpOJIbeIe TOYKH U BUJABI OTYCTHOCTH 110 HUM

Ne Bun nesrenbHOCTH CTYIEHTOB Cpoxku KomnuectBo
n/m BBITIOJTHCHUS OaytoB
2 cemecTp
1. IIpakTnueckoe 3anarue Ne 2 6 Hepnens 25
2. [TpakTrueckoe 3anstue Ne 5 10 Henens 15
3. [IpakTrueckoe 3anstue Ne 7 16 menens 15
Hroro 3a 2 cemecTp 55
Hroro 55
3 cemecTp
4, [TpakTrueckoe 3ansTue Ne 11 6 Henmens 25
. [TpakTryeckoe 3ansTue Ne 13 10 Henens 15
6. [IpakTnueckoe 3ansarue Ne 17 16 Henens 15
Hroro 3a 3 cemecTp 55
Hroro 95

MaxkcrMaabHO BO3MOXHBIN Ol 3a BeECh TEKYLIUN KOHTPOJIb MaKkCUMalIbHO BO3MOKHBIH
0aul 3a Bech TEKYIIMH KOHTpPOJIb YCTaHaBIMBaeTcss paBHbIM S55. Tekyliee KOHTpPOJIbHOE
MEPOIPUIATHE CUHUTAETCS CIAHHBIM, €CIM CTYACHT IOJdydmsa 3a Hero He MeHee 60% ot
YCTAaHOBJIEHHOIO JUIsl 3TOT0 KOHTPOJII MakKcHUMalbHOro ©Oamia. PelTunrossiii  Oaii,
BBICTaBJISIEMBIN CTYACHTY 3a TEKyIlee KOHTPOJIBHOE MEPOIpPUATHE, CIAHHOE CTYACHTOM B

YCTAHOBJICHHBIC Fpa(bI/IKOM KOHTPOJIBHBIX MepOHpI/IHTI/Iﬁ CpOKH, OHNpCACIACTCA CICAYIOMIUM

obpa3zom:
YpoBeHb BBIIOJIHEHUS! KOHTPOJIBHOTO Peiitunrossiii 6amt (B % OT MakCHMaJIbHOTO
3a/IaHusT Oasia 3a KOHTPOJIbHOE 3aJJaHNe)
OTan4HbIN 100
Xopommii 80
Y 10BIE€TBOPUTENBLHBIN 60
HeynosiieTBOpUTENbHBIN 0




MeToanyeckue peKOMEH/IAMUH 10 U3YYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosiTenbHast paboTa CTyAEHTa HAYMHAETCS C BHUMATEIbHOTO O3HAKOMIIEHUS C
coJiepKaHueM y4eOHOro Kypca.

N3yuenue ka0l TeMbl CleyeT HauMHaTh C BHUMATEJIbHOIO 03HAKOMJIEHUS ¢ HAabOpoM
BOIPOcOB. OHU OPUEHTUPYIOT CTYACHTA, MOKA3bIBAIOT, YTO OH JOJKEH 3HATh 10 JAHHOU TEeME.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YYeOHMKA WITH
y4eOHoro nocobus. B utore 10mKHO OBITH SICHBIM, KaKH€ BOIPOCHI TEMbI Y4€OHOIO Kypca U ¢
Kakol I1yOMHOW PacKpbIThl B KOHKPETHOM Y4eOHOM Marepuaje, a Kakue BOOOIIE OIMYyILEHBI.
Tpebyercs TBOpUECKOE OTHOIICHUE M K CAMOMY COJIEPKAHUIO JUCIUTUIAHBL.

Bomnpocsl, cocTaBistomue ee coaepkanue, o0IaJatoT pa3HOW CTENEHbIO Ba)KHOCTU. EcTh
BOIPOCHI, BBIMOJHSIOMINE (YHKLUIO JIOTHYECKON CBSA3KM COJEp’KaHMsl TEeMbl U BCEro Kypca,
UMEIOTCS BOIPOCH! ONUCATEIBHOIO MM Pa3bsICHUTENBHOIO XapaKkTepa, a TaKXKe UCTOPUYECKOTrO
9KCKypca B 00JacTb M3yyaeMOW IAUCHMIUIMHBL. Bce 3TM BOIpOCHl HE COCTaBJISIOT CYTH IOHS-
THfIHOI‘O, KOHICHUTYAJIbHOTO COACPKAHUA TCMbI, HO HCO6XOILI/IMI)I AJI1 OCJIOCTHOIO BOCHPUATUSA
U3y4aeMbIX IPoOIIeM.

W3yuaemasi TUCHMIIMHA UMEET CBOM KaTeropuajibHO-TOHATHHHBIA annapar. HayuHsle
MOHATUS — 3TO Ta 0a3a, Ha KOTOPOH CTPOUTCS Kaxkaas Hayka. [IOHSITHS — y3JI0BbIE, ONIOPHBIC
IMYHKTBI KaK HAY4YHOI'O, TaK U yqe6H0ro MMO3HaHUsA, JIOTHYCCKHUE CTYIICHU JIBUKCHUA B yqe6e oT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSETCS, a coiepKaHne MPUOOPETEHHBIX 3HAHUHM CTAHOBUTCS TYCKJIBIM, PACIIBIBUATHIM.

CTy,lIeHT JOJDKCH ITOHHMAaTb, 4YTO CaAMOCTOATCIIBHOC OBJIAJCHUC 3HAHUAMH SABJIISICTCA
[JIaBHBIM, OTIpeAEIAoNMM. Bhiciias 1mkoa co3naer it 3TOro Heo0X0AUMBbIE YCIOBHSI, TOMOTAET
Oyaymemy BBICOKOKBAIN(DUIIUPOBAHHOMY CHELMATUCTY OBJIAJIETh TEXHOJIOTHEHN
CaMOCTOSITENIBHOTO IIPOU3BOACTBA 3HAHHUM.

B camocTosaTenbHON paboTe CTyIAEHTaM MPUXOJUTCS HCHOJIb30BaTh JIUTEPATYpPy
pa3IMyYHbIX BHUJOB: TEPBOMCTOYHHKH, MOHOTpauu, HaydHble COOPHUKH, XpECTOMATHH,
y4eOHUKH, ydeOHbIe MOCOOMs, XKypHalbl M Jp. M3ydeHue Kypca NpeanoyiaraeT 3HaKOMCTBO
CTYACHTOB C OOJBIIMM OOBEMOM Hay4YHOH M yuyeOHOH JuTeparyphl, 4TO, B CBOIO O4Yepelb,
MMopoKaAaACT H€O6XOJII/IMOCTI) BI)Ipa6OTKI/I Y HHUX PpadduOHAJIBHO-KPUTHUYCCKOro IMmoaxoda K
HN3Yy4aCMbIM UCTOYHUKAaM.

UYroObl HE «YTOHYTH» B OIPOMHOM OOBEME PEKOMEHJIOBAHHBIX €My JJS M3Y4YeHUs
VCTOYHUKOB, CTYJEHT, MPEXKIE BCETO, JOJDKEH HAYUYUTHCS MPaBWIBHO MX 4MTaTh. [IpaBuibHOE
YTEHUE PEKOMEH0BAaHHBIX UICTOYHUKOB IPEIOJIAraeT CIeJOBAHNE HECKOJIBKUM HECIO0XKHBIM, HO

BE€CbMa IIOJIC3HBIM IIpaBUJIaM.



[IpenBapuTenbHbIl MPOCMOTP KHHUTM BKJIIOYA€T O3HAKOMJIEHHE C THUTYJIBHBIM JIMCTOM
KHWUTM, aHHOTallMEH, IpEAUCIOBUEM, OIJaBleHHEM. lIpu O3HAKOMJIEHMM C OIJIaBJIEHUEM
HE00XO0IMMO BBIICIHUTD Pa3/ieibl, II1aBbl, maparpadsl, MpeIcTaBIsIoNINe i1 BaC HHTEpeC, Oerio
UX TPOCMOTPETb, HAWTU MecTa, OTHOCsSIMecs K Teme (ab3albl, CTpaHULbl, maparpadsl), U
MO3HAKOMUTHCSI C HUMU B OOIIMUX YepTax.

HayuHble u3gaHus CONPOBOXKIAIOTCS PAa3IUYHBIMU BCIIOMOTaTeIbHBIMU MaTepHalaMy —
Hay4YHBIM aIllapaToM, I03TOMY BaKHO 3HaTh, U3 KAKMX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBbI
ero (pyHkIuu.

3HAaKOMCTBO C KHHMIOH JIydllle BCEro HayMHATh C HM3YyYEHUS AaHHOTALUU — KPaTKOM
XapaKTEepUCTUKU KHUTH, PAaCKPBIBAIOIIEH €€ CoiepKaHKe, UIEHHYI0, TEMAaTHYECKYIO U )KaHPOBYIO
HAIpaBJIEHHOCTb, CBEAECHHUS OO0 aBTOpE, HA3HAYEHHE W JpYyrue OCOOEHHOCTHU. AHHOTALUSA
MIOMOTaeT COCTaBUTH MPEIBAPUTEIILHOE MHEHHUE O KHUTE.

I'my0xe MOHATH coiepKaHNe KHUTH MO3BOJIAIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOU JaeTcs
OLIEHKA COZEp)KaHUsI KHHUTH, 3aTParuBacMoi B Hel MpOOIeMaTHKH, CONEPKHUTCI HHPOpMAIUsI O
KU3HEHHOM U TBOpuYecKoil Ouorpaduu aBTOpa, BHICKA3bIBAIOTCS IOJIEMMUYECKHUE 3aMEYaHUs,
Pa3bACHSIOTCA OTAETbHBbIC MOJIOKEHUS KHUTH, TAIOTCS KOMMEHTapuh U T.A. Bor mouemy
3HaKOMCTBO C BCTYMHUTEIBHOM CTaThell MPEACTaBISETCS OYEHb BAXKHBIM: OHO IIOMOTAET CTYACHTY
COPUEHTHPOBATHCS B TEKCTE€ pabOThI, OOpAaTUTh BHUMAHHUE HA €€ HauboJiee [EHHbIE U Ba)KHbIE
pa3aensl.

Toli ke 1enu colelncTBYET 3HAKOMCTBO C OTJIaBICHUEM, MPEIUCIOBUEM, MTOCIECIOBUEM.
Becbma 1oOJ€3HBIMM 3lIEMEHTaMH HAy4YHOI'O amnmapara sBJISIOTCS CHOCKHM, KOMMEHTapHH,
TabNInLbL, TpaduKU, CIUCKU JIUTEpaTypbl. OHU HE TOJIBKO WILTIOCTPUPYIOT OTAENIbHbIE OJI0KEHUS
KHUTH WX CTAaThH, HO M CaMH MO ce0e SBISIOTCS JOTOTHUTEIBHBIM UCTOYHUKOM HWH(pOpMAIHN
JUTSL YUTATEs.

Ecnu unraTens 3amHTepecoBajla Kakas-TO BbICKA3aHHAs aBTOPOM MBbICIb, HE Halle/Ias
NOJPOOHOTO OCBEILIEHUS B JTAHHOM HCTOYHHKE, OH MOXET OOpaTUThCA K TEKCTYy HCTOYHHKA,
YIIOMHUHAEMOTr0 B CHOCKE, TUOO K UCTOUYHUKY, KOTOPBIH OH MOKET HAMTH B CIIUCKE JIUTEPATYPHI,
PEKOMEHI0BAHHOM aBTOPOM JIJIsl CAMOCTOSITEILHOTO U3yUYEHHUS.

Cy1ecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEepPHYTHIN) — Hanbosiee KpaTkasi (hopma 3amucH MPOUYUTAHHOTO,
NpeJCTaBisIoNasl coOol mepeyeHb BOMPOCOB, PACCMATPUBAEMbIX B KHUTE€ MWJIM CTaThe.
Pa3BepHyThIli TUIaH TMpeACTaBiseT coOoil Oonee MOAPOOHYIO 3aMUCh MPOYUTAHHOTO, C
JeTajau3anyen OTIeNbHBIX MOJI0KEHUH U BHIBOJIOB, C BBIMUCKOM IIUTAT, CTATUCTUYECKUX JTAHHBIX
U T.A. Pa3BepHyThIll IUIaH — HEOLEHUMBIH IMMOMOILIHUK IMPH BBICTYIUIEHWU C JOKJIaJOM Ha

KOHKPETHYIO TEMY Ha CeMUHape, KOH(PEPEeHLUH;



— TE3UChl — KPATKO CPOPMYIUPOBAHHBIE IMOJIOKEHUS, OCHOBHBIE IMOJIOKEHUS KHUTH,
ctatbi. Kak npaBuiio, T€3UChl COCTABIISIFOTCS IOCIE MPEABAPUTEIBLHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHUKA, IIPU €r0 NOBTOPHOM IpoYTeHUH. OHM [TOMOTaroT 3allIOMHUTh U CUCTEMATU3UPOBAThH
nHpopMaIuto.

CocraBneHne KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UIPaeT XOpPOILIUN
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
Koncnekt — 3710, 10 cymiecTBy, HaOpOCOK, pa3BEPHYTHIN IIJIaH CBSI3HOTO PAacCcKa3a MO0 OCHOBHBIM
BOITPOCAM TEMBI.

B kakoii-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT WHIUBUIYAIBHBIX
OCOOEHHOCTEH CTy/IE€HTa) HE TOJbKO Ha HHTEUIEKTyaJlbHYI0 M SMOLMOHAJIbHYIO, HO U Ha
3pUTEIBHYIO TaMATh, MPUYEM TEKCT KOHCIIEKTa HEPEIKO ACCOLUMUPYETCS €IIe U C TEKCTOM
yueOHUKa WM 3amuchio Jiekuuu. [loaToMy serde 3amoMUHaeTCs COJEp:KaHHUE KOHCIIEKTOB,
HallMCaHHBIX pa300pUYMBO, C MOAUYEPKUBAHUEM WM BBIJCICHUEM Pa3psAKON KIIOUEBBIX CIIOB U
dpas.

CaMOCTOSATEIbHO U3YYEHHBIE TEMbl MPEAOCTABISAIOTCS TpernojaaBarenio B ¢dopme
KOHCIIEKTa, II0 KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTndyeckue TeMbl Kypca (OTaeNbHbIE

BOHpOCBI), BBIHOCHUMBIC Ha CAMOCTOATCIIBHOC U3YYCHHUE, ITPCACTABICHBI HUXKC.
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