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Conepxanue

BBenenue

Lenp u 3a1aun U3y4eHHs TUCLIUILIMHBI

O6opynoBaHue U MaTepUaIbI

HaumeHnoBaHue nmpakTu4eckux padot

CopepxaHue MpakTU4ecKux padboT

[TpakTuyeckas pabora Nel KunemaTnka MaTepuanbHON TOUKH.
[IpakTuueckas pabora No2 J/lnuHamuka MaTepuaaIbHOU TOUKH.
[IpakTuueckas pabora Ne3 Pabota u sHeprusi. MexaHuka TBEpIOro Tena.
[IpakTryeckas pabora Ne4 Mexanndeckue KoJieOaHUS ¥ BOJIHBIL.
[Ipaktuueckas padota N5 OCHOBBI MOJEKYISIPHO-KUHETHYECKON TEOPHUH.
[IpakTuueckas pa6ota Ne6 OCHOBBI TEPMOIUHAMUKHU.

[IpakTuueckas pabora No7 DnekTpocTaTuka.

[Ipaktnueckast pabora Ne§ IIpoBoAHMKM B  BJIEKTPUYECKOM  IIOJIE.
DNEKTPUUECKOE M0JIE€ B JUIIEKTPUKAX.
[IpakTuueckast pa6ora Ne9 3akOHbI TIOCTOSHHOTO TOKA.

[IpakTuueckas pa6ora NelO. ITonsitue o marauTHOM nosie. 3akoH buo — Cagapa-
Jlammaca.
[IpakTrueckas padota Nell. DnekTpoMarHuTHOE TIOJIE.

[TpakTruyeckas pabora Nel2. [lepeMeHHBIN 37IEKTPUUYECKHNA TOK.
ITpakTryeckas pabora Nel3. I'eomeTpuueckast OnTHKa.

[IpakTuueckast padora Nel4. Bonnosas ontuka. MHTtepdepenuust u qudpaxaus
CBeETa.
[IpakTuueckas padbora NelS. KBanroBas npupoa u3nydeHusl.

[IpakTnueckast padora Nel6. Moznenu aroma Tomcona u Pesepdopaa. Teopus
aToma Bojopoza 1o bopy.

[IpakTuueckast padora Nel7. OcHOBBI (PU3UKK aTOMHOIO siipa. DJIeMEHTapHbIe
YaCTHLIBI.

VY4ebHo-MeToInuecKoe U HHPOPMAIMOHHOE 0OecrieueHre JUCIUTUIUHBI

[lepeueHbr OCHOBHOW M JIONOJHUTENBHON JUTEpPaTyphbl, HEOOXOAMMOM IS
OCBOCHMS TUCIIUILINHBI

IlepeueHb y4eOHO-METOAMUYECKOTO OOECIEUEHUsI CAMOCTOSTEIbHONH paboThI
o0yJaromuxcs Mo JUCHUIUINHE

[lepeuens pecypcoB HHGOPMAIMOHHO-TEIEKOMMYHHUKAIIMOHHOM ceTn HTepHeT,

HGO6XOHI/IMBIX JUIA OCBOCHUS U CIIUITIIMHBI

Crp.



Bsenenue

[IpakTHueckue 3aHATHS CO3MAIOT  ONTHMAJBHBIE JUAAKTUYECKHE YCIOBUSA IS
JEATEIIBHOCTHOIO OCBOEHUS CTYIEHTaMH COJIEP)KAHUS U METONOJIOTHH M3y4aeMOW NUCLUAIIINHBI
«Pu3nKa», HUCHOIB30BAHUE CIEHUAIBHOTO Ja0OpaToOpHOro OOOpYIOBaHHMA W TEXHHUYECKUX
cpenctB. IlpakThueckue 3aHATUS 3aHUMAIOT IIPEUMMYLIECTBEHHOE MECTO IIPM  H3YyYEHUH
oOmenpodeccuoHalbHBIX U MpodecCHOHANbHBIX  AucuuIuinH. IlpakTuueckue 3aHsATHA
IPOBOJATCS C LIENbIO BEIPAOOTKH MPAKTUYECKUX YMEHUN U NPUOOPETEHHsI HaBBIKOB B PELICHUU
3aja4, OTPadOTKU yIPaXHEHUH, BHIIOJTHEHUHU YEPTEXEH, IPOU3BOJICTBE PACUETOB H T.II.

Llenpl0 MpakTHYECKUX 3aHATUH SBISEeTCS (OPMHPOBAHHME NPAKTUYECKUX YMEHUH —
npoeCcCHOHATBHBIX (BBIIOJHATH OIpEAeNEHHbIE JeHCTBUSA, oOlepaluy, HEeoOXOAUMbIE B
HOCHEayomEeM B MpO(EeCCHOHAIBHOW JEATENbHOCTH) WM Y4eOHBIX, HEOOXOIUMBIX B
nocienyomei ydeOHol JesTeNbHOCTH 1O 001enpo(eccHoHaNbHBIM U NPO(eCcCHOHATBHBIM
JUCLUATIIIMHAM.

bubmmorpaduyeckuii CIUCOK COAEPKUT CBEIEHHS O CHPAaBOYHOW JUTEparype |

JOITOJIHUTCIIBHBIX U3AaHUMAX, HeO6XO,I[I/IMBIX JJIA er'IY6J'ICHHOl"O HU3YyUYCHUS OTACIIBbHBIX BOIIPOCOB.



1. Ilenb u 3a0auu uzyyenus OucyuniuHsl

[enpro ocBoeHUsT TUCIUTLTHNHBI «Du3nKay sBIseTcs (GOPMUPOBAHUE Y CTYICHTOB
KOMIIETEHIINI MMO3BOJISIFOIINI BEIPa00TaTh HABBIKK (PU3NYECKUX HCCIIEeIOBaHM B cepax
aKaJeMH4ecKoi, MpodecCHoHaIbHON U OOIIEHAYUYHOH 1eATeIbHOCTH.

3ajaun OCBOEHUS JTUCHUTIIIUHBI:

— H3y4YCHHE 3aKOHOB OKPYXKAIOIIETO MUPA B X B3aMMOCBSI3H;

— oBIajeHHe QyHIAMEHTAIbHBIMHA NPUHIUIIAMI U METOAAMH PEUICHUS HAyYHO-TEXHUYECKUX
3aj1ad;

— (QopMHpOBaHHE HABHIKOB II0 TPUMEHEHHUIO TOJIOKEHUH (yHIamMeHTanbHOl (u3uku K
rPaMOTHOMY HAay4yHOMY aHalM3y CHTyalUil, C KOTOPBIMH WHXXEHEPY HPUXOIUTCS
CTaJKHBATHCS MIPU CO3JaHUH HOBBIX TEXHOJIOTHH;

— OCBOCHHE OCHOBHBIX (PM3UYECKUX TEOPUH, MO3BOJISIONIUX OMUCAThH SBICHHUS B MPUPOIEC, U
IPEeNIOB MPUMEHUMOCTH 3THUX TEOPHH U PEIICHHS COBPEMEHHBIX U TIEPCIIEKTHBHBIX
TEXHOJOTUYECKUX 33/1a4.

2. Obopyoosanue u mamepuanl
ATmapaTtHbIe CpeICTBA: MEPSHOCHOW HOYTOYK, MTPOSKTOP, JOCKAa MAarHUTHO-MapKepHasl.
YyeOHast ayautopus AJis MPOBEACHUS YUeOHBIX 3aHSATHI, OCHaIeHa 00OpyIOBaHUEM U

TCXHUYICCKUMHU CPEACTBAMU 06y‘IeHI/I}I.

3. Haumenosanue npakmuueckux paoom

N3 aux
Ne Temnbl HanmeHnoBanue TeM IUCLUIUIMHBL, UX KPATKOE O0beMm MpaKTUYECKast
TV CITATIIMHEI coiepKaHue JacoB IMOATOTOBKA,
4acoB

1 cemectp

IIpakTyeckas padora Ne 1. Kunemarnka
MaTepUaJIbHOH TOUYKH.

KuHeMaTnka nocTynareabHOrO IBUKEHUS.
Kunemaruka BpamareibHOro JBUKECHUS
MaTepuaibHON TOUKH. TaHreHIuaNbHOE,
HOPMaJIbHOE U MOJHOE YCKOPEHUS

1,5

IIpakTnyeckas padora Ne 2. lnunamuka
MaTepUaJIbHOM TOYKH.

[lepssriit 3akon Hetorona. Cuna, macca,

2 nMItysbc. Bropoit 3akon Herorona. [IpuHnmn 1,5
HE3aBHCUMOCTH JEUCTBUS CUII. TpETU 3aKOH
HproToHa. 3aKOH COXpaHEHUsI NMITYJIbCa.
3aKoH JABUKEHUS IEHTPa Macc

IIpakTuyeckas padora Ne3. PaGora n
3 Heprusi. MexaHnka TBepAOro TeJa. 15
Pabora, MOIITHOCTE, SHEPTHSL: TIOHATHS U




B3aUMOCBSI3b. 3AKOH COXPAHEHMS SHEPTUU.
MowmeHT nHepMH. 3aKOHbI MEXaHUKH
BpalIaTeJIbHOTO JIBM>KEHHS TBEPAOIO TENA.
Kunernyeckas 3Heprus 1npu BpaaTeJIbHOM
JIBUYKECHUH.

IIpakTnyeckas padora Ned. Mexanundeckue
KOJIeOaHHMs U BOJIHBI.

KounebarenbHble MpoIecchl B MEXaHUKE.
["apmonunueckue konebanus. CBoOOAHbIE
3aryxaromue Konebanus. BeiHyx1eHHbIe
kosiebanus. Pesonanc. BoiHoBble nporeccs! B
MEXAHUKE

1,5

IpakTnyeckas padora Ne5. OcHOBBI
MOJIEKYJ/ISIPHO-KMHETHYECKOH TeopuM.
OCHOBHBIE IOHATHUS ¥ 3aKOHBI MOJIEKYJISIPHO-
KHHETHYeCKOM Teopuu. CTaTUCTUYECKHE
pacrpezieNieHus: U CIEACTBUS U3 HUX.
DneMeHThl GU3HYECKON KHHETHKU

1,5

IpakTuyeckast padora Ne6. OcHOBBI
TePMOAMHAMMKH.

BHyTpeHnHsis sHEprus uaeaibHoro rasa.
BHyTpeHHss dHeprus MHOr0aTOMHOIO ras3a
Pa6ora B Tepmoannamuke. Pabora raza npu
M30TepMUYECKOM Ipouecce. Hagana
TEPMOJMHAMUKY U CIEACTBUS U3 HUX.

1,5

IIpakTyeckas padora Ne7.
DJIEKTPOCTATHKA. DJIEKTPUUECKHUE 3apsbl U
3aKOH cOXpaHeHUs 3apsa. 3akoH Kynona.
OnexTpuyeckoe nosie. HanpsskeHHOCTH MOIs.
Teopema ["aycca aist HaNPsSKEHHOCTH
AIIEKTPUUYECKOT0 NoJsl. Pa3HOCTh MOTEHIMAIOB.
CBs13b HAPSPKEHHOCTH U Pa3HOCTH
noreHanoB. OCHOBHBIE YPaBHEHUS
SJICKTPOCTATHKU B BAKYYME

1,5

IIpakTyeckas padora Ne§. [IpoBognuku B
JIEKTPUYECKOM I10J1e. DJIEKTPHYECKoe MoJjie
B IMIJIEKTPHKAX.

[TpoBOAHMK BO BHELIHEM 3JIEKTPHUUECKOM TIOJIE.
OnekrpoeMkocTh. KoHneHncaTopsl. JHeprus
3apSYKEHHOIO IMPOBOIHUKA. DHEPT U
anekTpudeckoro noss. I[onspuzanus
JIUAJIEKTPUKOB. JIUDIIEKTPUKY B
JIEKTPUYECKOM IOJIE.

1,5

IIpakTuyeckasi pa6ora Ne9. 3akoHbl
MOCTOSTHHOI'O TOKA.

ITocTOsTHHBIN 2NEeKTpUYECKHN TOK. 3aKoH OMa.
[TpaBuna Kupxroda u ux npuMeHeHHE K
pacyeTy JIEKTpUYECKuX 1enen. 3akoH Jxoyist
— Jlennia. PaboTa 1 MOIIHOCTH TOKA.
Kitaccnueckast aeKTpoHHas TeOpus
MIPOBOJIMMOCTH METAJUIOB

1,5

Hroro 3a 1 cemectp:

13,5




2 ceMecTp

10

IIpakTyeckas padora Nel0. Ilonsitue o
MarHuMTHOM moJie. 3akon buo — CaBapa-
Jlamuaca.

XapakTepUCTUKH MarHUTHOTO TOJIS. 3aKOH
buo — CaBapa — Jlaruiaca u ero npuMeHeHue K
pacueTy MarHuTHOro nosi. Teopema o
LHUPKYJISUU MarHUTHOTO 110JIs1. 3aKOH
Awmmnepa. BzaumoeiictBrue napajieabHbIX
TOKOB

1,5

11

IIpakTnyeckas padora Nell.
DJIEeKTPOMarHuTHoe IoJie.

3akoH noiaHoro Toka. Tok cMmemenusa. Enunas
TEOpUs NIEKTPUUECKUX U MAarHUTHBIX SIBJICHUM
Makcgemia. Cucrema ypaBHeHUd MakcBesa.
CxopocThb pacnpocTpaHEHHUS
3JIEKTPOMAarHuTHOro nous PenstuBncrckas
TPaKTOBKA MarHUTHBIX SIBJICHUN

1,5

12

IIpakTuyeckas padora Nel2. [lepemeHnHnblit
3JIEKTPUYECKHH TOK.

[TepeMeHHBIN AIIEKTPUUECKUIN TOK: OCHOBHBIE
MOHATHS Y 3aKOHBI. BUXpeBoe 3neKTpruieckoe
rmoJjie. MoIIHOCTE, BEIZCIIAEMas B IICITH
TIEPEMEHHOT0 TOKA

1,5

13

IIpakTuyeckas pabora Nel3.
I'eomeTpuueckasi onTuka.

®otomerpusa. OCHOBBI T€OMETPUUECKOM
ONTHUKU. 3aKOHBI OTPAKECHHS U MPETOMIICHUS
cBeTa. SIBeHNE MOJHOTO BHYTPEHHETO
otpaxeHus. [Ipunnun @epma. JIuH3bI,
dbopmyna TOHKON TMH3BL. ONTHYECKas CUIa
nuH3bl. M300paxeHne npeiMeToB ¢ OMOIIBIO
nuH3. 3epkana. Cucrema JIMH3 Kak OCHOBA
ONTHUYECKUX MPUOOPOB

1,5

14

IIpakTyeckas padora Nel4. BoinoBas
ontuka. MaTepdepeHuns u nuppaxkuus
cBeTAa.

SIBnenue nHTEpPEpEeHIUN CBETOBBIX BOJIH.
Judpakius cBeToBBIX BOJH. J{udpakunonHas
pemerka. Bzanmoencteue
AJIEKTPOMAarHUTHBIX BOJIH C BELLIECTBOM.
Hucnepcus ceera. Ilornomenune ceera.
Paccesnue cseta. Dddexr omnepa.
ITonsipusanus ceera

1,5

15

IIpakTyeckas padora NelS. KBanToBas
NPUPOIA U3TYYEHHUS].

3aKOHBI TETJIOBOTO M3ITyueHHs. 3aKOH
Credana-bonbiivana. 3akod BuHa.
®doroaddext. YpaBHeHUe DUHIITEHHA IS
BHemHero Gororddexra. Macca, sHeprus u
umnynbsc ¢porona. JlaBiaenue ceera. ekt
KomnToHa u ero snemeHTapHas npupoja

1,5




16

IpakTnyeckas padora Nel6. Moxeau aroma
Tomcona u Peseppopaa. Teopus aroma
Boaopoaa no bopy.

Mopnenu aroma Tomcona u Pezepdopaa.
JIuHeiyaThIil ciekTp atoMa BoJopoa.
[Toctynartel bopa. Cnextp aroma Bogopoja 1no
Bbopy. KopnyckynsapHO-BOJHOBOU 1yan3m
CBOMCTB BelecTsa. HekoTopeie cBolcTBa BOJIH
ne bpoits. O6mee ypaBaenue [lIpenunrepa.
DNEeMEHTBI COBPEMEHHOW (DU3UKU aTOMOB H
MOJIEKYJI

1,5

17

IIpakTyeckas padora Nel7. OcHOBBI
(u3uKM aTOMHOIO0 siApa. JjieMeHTapHbIe
YacTHIbI.

Cocras, 3aps1 aTOMHOTO s1pa. MaccoBoe u
3apsioBoe uncia. Jledhekt Macchl U SHEprus
cBsA3U siapa. CIMH sA1pa U €ro MarHUTHBIN
MOMEHT. S|IepHbIE CUJIBI, UX CBOMCTBA, MOJEIN
A1pa. 3aKOH paJlnOaKTUBHOIO pacnaja.
OnemeHTapHble yacTullbl. KocMuueckoe
uznydenue. Knaccudukanus snemMeHTapHbIX
yactull. Pu3nyeckas KapTHHA MUPA.

1,5

Hroro 3a 2 cemecTp

12

Hroro

25,5




4. Cooeprcanue npakmuueckux paoom

Pa3pen 1. Mexanuka
IIpakTuyeckoe 3ansatue 1.
Tema 3anamusn. KuneMaTuKka MaTepUaIbHON TOYKHU
Lens 3anamusa. VI3y4uTh 3aKOHOMEPHOCTH JIBUKCHUSI MAaTePHATBLHON TOUKH.
Teopemuueckas uacme.
IlocmynamenvHoe dsudicenue
Cpennss (rmyTeBast) CKOPOCTb:

_As

()=

At

rae AS —myTh, NpOWIeHHBIH TOUKOM 3a nHTEpBai BpeMeHu At. ITytb AS He MoxeT yObIBaTh U
NPUHUMATh OTPULATEIbHBIC 3HaYeHUSs, T.e. AS>0.

MrHoBeHHast CKOPOCTh (MIPOCKIIHS Ha OCh X ):

Cpennee yCKOpeHHE:

MrHoBeHHOe (JIMHEHHOE) YCKOpeHHe (MTPOSKIHS Ha OCh X ):

_do, d?%x
T odt dt?

a

OCHOBHEBIC YpaBHCHHA KHHCMATHUKK TIOCTYHNATCIBHOI0 JBHKCHHA: CKOPOCTH U IIYTh
PaBHOIIEPEMECHHOTI'O MOCTYIIATCIIbHOT'O ABHUIKCHUSA !

v=y,+at,

at’ v? -0
S=pt+—,5=— 2,
2 2a

IZie U, —HadadbHas CKOPOCTh (B MOMEHT BpeMeHu t=0); aus paBHO3aMeIJICHHOTO JBIKCHHUS

a <0, nns paBHOyCcKOpeHHOTO a > 0).

[Ipu nBMKEHUU TeIa 10 BEPTUKAIBLHOMY HAIIPABICHHIO B ITOJIE CHJIBI TSKECTH 3eMit d = J .

ﬂeuofceuue Mamepuajszod MOYKU NO OKPYIAHCHOCMU

VYrnoBast CKOpOCTb:

YrinoBoe yckopeHue:



CBs3b MCKOY JIMHEHBIMHA U YIJIOBBIMHU BCJIMYMHAMU IIPU ABUKCHUH TOYKHU IO OKPYKHOCTH:
v=wR, a =¢R, a,=0’R,

rac v —MOAyJib JIMHEHHOM CKOpPOCTH, a.t n an — MOAYJIHM TAaHI'CHIHUAJIbHOIO W HOPMAJIBHOI'O

YCKOPEHHH; @ —MOJYJb YIJIOBOW CKOPOCTH; & —MOJIYJb YIJIOBOrO yckopeHus; R —pammyc
OKPYXHOCTH.

Moysib TOJTHOTO YCKOPEHHUS:

a=.a’+a’.
OcHOBHBIE YpaBHCHHA KHMHCMATUKH BpPaIATCIbHOIO ABMIXKCHUA: YIJIOBasd CKOPOCTbh U erIOBOﬁ
yTh
w=w,+¢t,
tZ 2 2

I S
Pr T P

Jliss  paBHONIEPEMEHHOTO  BPAIaTeIbHOTO  JABM)KCHHUS (g = Const) , &€>0— yckopeHnHoe
BpaiieHue, £ < 0—3amelyIeHHOE BpallleHHE.
CBs13b 4aCTOTHI BpallleHUs N ¥ YIJIIOBOW CKOPOCTH:
w=2m.
CBs13b YIIJIOBOTO TIepeMenieHus 1 gucia 00opotoB N:

p=27N .

IIpumepsl pemienus 3aga4

3agaua 1. CTyneHT npoexai IOJOBMHY ITyTH Ha BEIOCHUIIENE CO CKOPOCThIO v, = 16 xm/4. [lanee
TIOJIOBUHY OCTABILETOCS BPEMEHH OH €Xall CO CKOPOCThIO v, = 12 KM/, a 3aTeM [0 KOHIIA ITyTH
IIEJT TIEHIKOM CO CKOPOCTBIO v, = 5 kM/4. Onpenenure CpeaHIor CKOPOCTh JBUKEHHS CTYIEHTA

Ha BCCM IIYTH.

Pewenue:
:’Tl b lal S.l e Ll Sl B
- L o
Vi Va2 AE!
d 1 {; I3
Y
B '




JnvHa nepBoii yactu myTH S1=Vit; , BTOpOM 4acCTH IyTH S;=V>ty, TpeTbeil yacTu, S3=Vsts.

ITo ycnoButo, S1=S,+S3, a Bpems tr=t3. Cpeanss ckopocTh

_ 58, +S,s
L+t +1

TaK Kak S;- MOJIOBHHA ITYTH, TO BECh IyTh PaBeH 251, BpeMs t1=S1/V;1 , ocrasiieecs BpeMs
t,+t, =, Torga

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

3anaua 2. [locnennue 2 MeTpa myTy BepTUKAIBHO Nagaromiee Teso mpouuio 3a 0,3 ¢. C kakou
BBICOTHI TTAJAJIO TEJNO?

Jano:
h=2m
tz = 0,30
H="7?
Bricoty H nanenus tena (6e3 HauaabHON CKOPOCTH) MOXKHO ONPEAETUTH Mo (opMmyIie
gt’
H ==—. 3necs t — nonnoe Bpems mamenus. OueBuano t = t+ t,, e t; — Bpewms

MMPOXOKACHUA MICPBOI'0 YHaCTKaA, th— BpEMs IPOXOKIACHUA IMOCIICAHUX 2-x MCTPOB ITYTH.

3anuiieM ypaBHEHUE IBHKEHUS JJIs IBYX MOCIETHUX METPOB ITyTH, CUUTAs ABHKEHHE
PaBHOYCKOPEHHBIM:

2
h=ut, g—;z,

rac 01 — CKOpOCTh, C KOTOpOI\/'I TCJIO «BXOAUT» B 3TOT YH4AaCTOK ITYTH.

10



h 9t

h gt
CiieroBaTeIbHO, v = 2 7 9 : (1)
t, t, 2
[TepBblii y4acTOK IyTH TEJIO IPOXOIUT O3 HauaJIbHOM CKOpOCTH, T.€. g = 0, a Tak Kak
v, —U 3 h t
g =21 9 1 t1=—1. VYuursiBas (1), nonyunm '(1:———2.
g g, 2
Takum 06pa3om, obiee BpeMs nBrkeHus Tena t=ti+ t, paBHO
h t h t
t=——-2+t,=—+-2 ()

gt, 2 at, 2

[Toacrasmsst (2) B hopmyny st H, OKOHUATETBHO, MOTY4YUM

2 2
9 L.,.t_Z :E. Lq-ﬁ ~ 3,33 M.
2\ gt, 2 2 (10-0,3 2

3agaua 3. Teno OpoiieHo ¢ HAYaNBHOUM CKOPOCTHIO Vg = 20 M/c o yriom a = 30° K TOPU30HTY.
Onpenenutb MaKCUMaJIbHYIO BBICOTY MTOAbEMA, aJbHOCTh M0JIETA, & TAK K€ TAHTCHLIUAJIBHOE U
HOPMAaJIbHOE YCKOPEHHUsI, PayC KPUBU3HBI TPACKTOPUM B HAYAJIbHBIII MOMEHT BPEMEHH.

JlaHo:
00=20 m/c
o=30°

(‘yl\

h="7? > ;

S=?

a, =? .

an="7? S
R=?

Bocnonb3zyeMcsi TpUHUMIIOM CYNEPHO3ULIMM ABUKECHUMN: JBU)KEHUE TeEJla MPEICTaBUM Kak
JIBa HE3aBHUCHUMBIX JIBH)KCHHS BIOJIb Oceit koopauHaT X u Y.

s TPEYTroJIbHUKA CKOpOCTCfI HaliJleM HayalbHbIE CKOpPOCTH
Uy =, -COSX , U, =0, SN . (1)

Broons ocu X  aBuKeHHE paBHOMEpPHOE (IIPU OTCYTCTBUU COINPOTHUBIIEHUS ABUKEHUIO,
JPYTUX CUII, IEUCTBYIOIINX BAOJIb ocu X , HET). [IoaToMy vx HE U3MEHSETCs, TO €CTh Ux= Vox.

Bnons ocu Y naBmkeHHe — PaBHOYCKOPEHHOE 3a CYET CHIIBI TAroTeHus. I[lpu mognpeme Ha
BBICOTY N CKOPOCTB 0y M3MEHSETCS CO BPEMEHEM II0 3aKOHY: Oy =V, — gt. Cuuras, uto B
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MaKCHUMAaJILHOH TOYKE MoabeMa v, = 0, maiinem BpeMs Nojrbema 1! Ugy = gtl. VYuuteBas (1),

HOJTYYHM
_ySina
g

U3 YpaBHCHUSI ABHKCHUS BIOJIb OCH Y Haﬁl[eM BBICOTY IIOABEMA

L, 2)

v,Sina guisin‘a  uvisinfa
= -
g 29 29

U3 YpaBHCHHA PAaBHOMEPHOT'O ABUXKCHUA BAOJb OCHU X, Haﬁl[eM JaJIbHOCTD ITIOJICTA S:

2
hzuoy-tl—%zuo-sina S5m.

S=u, -t=v,-cosa-t,

rae t- oOmiee BpeMs IBHKEHUS, U3 COOOPaKEHUN CHMMETPUH, PaBHOE YIBOCHHOMY BPEMEHU
noabema, .. t=2 t1. Torma

sing  vZsin2a
g 9
do

TanrennnanbHoe yCKOpEHHUE, 10 ONPENENeHnI0, d, = ——, a TaK KaK CKOPOCTh

_ [z, ,2 _ o [ >
D=0y 0, , 1 U, =U,,a U, =0, gt, smaumt U_\/on"'(on_gt) _

_dv_ d\/ujx +(on — gt)2 _ (uoy — gt). g
toodt dt \/( Dy — gt)z 2

B HavanbHbIil MOMEHT BpeMeHu =0,

S=vy,-cosa-2t =2v,c08a-v, =34,6 m.

CnenoBareibrHO a

a = on'g _on'g_UO'Sina'g

’ 2 4 )2 1) v
UOX on 0 0

[TonHOE yckopeHue OBUKEHHS Tela, OUYEBUIHO, PABHO YCKOPEHHIO CBOOOJHOTrO MajeHus (.

=g-sina=5wm/c’.

[Tostomy a = a§+af =g.

Otkyza =\/gz —af =8,66 m/c’.

2 2
L

L
Io ompenenennto, a, = rR Cnenosarensio R =—=46,2 M.
a

n

3anauva 4. [[e MaTepHaIbHble TOUKH JBHKYTCS COITIACHO ypaBHeHnsM X, = At + Bl'[2 + Cl'[s,

X, = At + B,t? + C,t°, re 41 =4 /e, By =8 M/c?, C1=—16 M/c3, 4, =2 wilc, By = —4 W/c%, G

12



=1 M/c®. B kaKoii MOMEHT BpeMeHH | yCKOpeHHe 3TUX Touek OyayT oauHakoBsl? Haiitu
CKOpPOCTH U1 U U 7 TOYEK B OTOT MOMEHT BPEMEHU.

Jano: JI/1s OTHOMEPHOTO IBHKEHHUS YCKOPEHHE ECTh BTOPAs
IPOU3BO/IHAS OT KOOPAMHATEL, TO €CTh d =d 2)C/ dt?

x = At+Bt* +Ct° WJTH TIepBas IPOU3BO/IHAS OT CKOPOCTH To ecTh d = dU)/ df .

X, = At +B,t> +C,t% Tosromy Hazo, BHAuae OUpENCTHTH CKOPOCTH TOUEK:

— _ dxl _ 2 3y _ 2
A1=4 w/c. ) _E_(AIH Bt +Ct’)=A+2Bt+3Ct 1)
dx, 2 3ys 2

A7=2 m/c. v, = e (At+B,t°+Ct°) =A +2B,t +3C,t )

By=8 M/c?. Teneps HaiieM yCKOpeHUSI. By=-4
do

w/c? ai:d—tl:(A1+281t+3C1t2)’:281+6C1t 3)

=16 w/c® 99 _ (A + 2Bt +30,2) = 2B, + 6C

C1=-16 w/c az—W—(Aﬁ 1t +3Ct7) =2B, +6C, (4)

Co=1 m/c?

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

t=? U1=? U,=?

fo BB _ 8-(-4) =0,235 c.
3(C,-C) 3(-(-16))

Teneps noncraBum 310 3Hadenue t B (1) u (2):

v, = 4+2-8-0,235+3-(~16) - (0,235)* =5,1m/c,

v, =

24+2.(~4)-0,235+3-1-(0,235)% = 0,286 m/c.

33}13'{3 5. MaTCpI/IaJ'IBHaSI TOYKa ABMKCTCA HA IIJIOCKOCTU COIJIACHO YPABHCHUAM!

T
X = 4cos (Et); X,y — B MeTpax,

T
y = 3sin (E t); t — B ceKyH/ax.

Haiitu: 1) ypaBHEHHE TpaeKTOpHH;

13



2) KOOpAUHATHI TOUKU;
3) MOJHYIO0 CKOPOCTH;

4) moJIHOE YCKOPEHHUE;
5) TaHTeHIIMATbHOE U HOPMAIBHOE YCKOPEHHUE;

6) paauyc KpUBH3HBI TPAEKTOPHH B MOMEHTHI BpeMeHu t1=2 C u t,=6 C.

Pemenue:

1. [lng HaxoXAeHUs ypaBHEHUS TPACKTOPHUH (3aBUCUMOCTH OJHOW KOOPJUHATHI OT APYTOil)
. MCKIIOUAM U3 YpaBHEHUI IEPEMEHHYIO BEJIUNUYUHY t:

(2
§=COS( Zt) X2 =COSZ( zt) ) )
46 =4 67 s XY,
< , 42 32
Y _win( % y ., T
—=SIN( —t =sin“( —t
\3 ( 6 ) \32 ( 6 )
DTO ypaBHEHHUE IUIMIICA € TToNyocsiMu a =4 m; b =3 m.
Y
A
A2, 2,6) B MomeHT t1= 2c
X1=4COS££-2j:>X1=4COS£=2M
6 3
X T .
B(-4,0) ©n 33'”(5'2j:> y1=33|n§=2,6M

B moment t=6c: X, =4c0S(7)=-4m, Yy, =3sin(z)=0m.

Takum oOpa3oM, B MOMeHT BpemeHu t; =0 koopauHatsl Touku: A (X,y) = (2, 2, 6);

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

2. JIns HaxOXKAE€HUS ITOJIHOW CKOPOCTU HAWJEM Dy U Uy B MOMEHTHI t = 2¢ 1 tp = 6c:

14



oam— T sinl Z .2 )=~ inl Z | = _181wc.
6 6 6 3

1 :
vylzaﬂ'COS(GO )=0,785m/c.

bnom1=y/(~1,8)° +(0.785)° =1,98 wc.
AHaJOru4HO HAXOIUM, YTO

oxz——%sm(g 6) 0 m/c, UyZZ%ﬂ'COS(ﬂ')I—l,57M/C.

Onomu2= 1,57 M/c.

3. JInd HaXOKAEHUs MOJHOIO YCKOPEHUS Qo HAWIEM ay M dy B MOMEHTHI BpeMeHU t1 =2 ¢ u
tb=6¢:

ax = vx = _izﬂ'z COS(Z -t],ayzvy':—%ﬂ'z Sin (Z t}
6 6 6 6

dyy = —172' cos(Z 2):—1”2 -cos(zj:—O,SS Mm/c?.
9 6 9 3

ayr = —Eﬂ' sm( ) 0 m/c?.

Anomz = 1,1 M/c2.
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2
L
4. Haiinem HOpManibHOE (LIEHTPOCTPEMUTENBHOE) YCKOPEHUE: d = E , TAHT€HIIMAJIbHOE

do
dt

yCKopeHue d, =

HaigeM vgonm.

2 2
Urom :'\’Uf +U§ = (%ﬂsn’](%tj +£%ﬁcos(%tjj —

7’ 8003(”-tj5in(”-t —%os(”-tjsin(”-tj
do 9 |6 6 ) 2 |6 6
a = —=
foodt
127 4sin2(”-tj+lcosz(”-tj
9 6 4 6

a_,=0,22 m/c®,

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

Takkak U, =198 M/C, To pammyc KpuBH3HEI B TOUKE 4 paBeH
2 2
v, 198
== 4,84 m.
a 0,81

nl

257 cos(z)sinz
AHAIOTHYHO: a., = =0.
72

12 -18Jgsin2 (7)+ j{cos2 (7)

1,572

Crenosarensio d,, = a, =1,Im/c* = R, =2,24m.

:
Bonpocwt u 3a0anusn

Mexannueckoe aBuxenue. CucreMa oTcuera.

MarepunanbHnas Touka. Tpaekropus. Ilepemelienue U myTs.

CKOpOCTh M yCKOpEHHE, KaK TPOU3BOAHBIE OT pauyC-BEKTOPA 10 BPEMEHH.

TaHreHManbHOE U HOPMAIBHOE YCKOPEHHS.

Kunemaruka BpaIaTCJIbHOI0 ABUKCHUSA MaTCpHaHBHOﬁ TOYKH.

o o ~ w0 N oF

VYrnoBas CKOPOCTb U YIJI0BOE YCKOPEHHE, KaK MPOU3BOAHBIE OT yIiia IOBOPOTA MO
BPEMECHH.

7. CBs3b MEXIYy TUHEHHBIMU U YTJIOBBIMU XapaKTEPUCTUKAMU IBUKEHUSI.
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33)13‘11/1 AJIA CAMOCTOATEJIBHOI'O PCIICHU S

1. /IBe MaTtepuaibHble TOUKH ABUKYTCS COTJIACHO YPAaBHEHUSIM X1:A1t+Blt2+C1t3,

Xo = Agt+Bot*+Cot’, e Ay = 4 w/c; By = 8 w/c%; Ci= - 16 m/c®; Ap=2 m/c; B = -4 m/c’; Cp=1
m/c®. Haiitn MomeHT BpeMeHHu 1 , Korja YCKOpeHHs 3THX ToueK OymyT oauHakoBbl. Haiitn
CKOPOCTH 01 U U 2 TOYEK B 3TOT MOMEHT BPEMEHHU.

2. Touka JBIKETCS 110 TPSMOH COrmacHo ypasenuio X=At+Bt>, rie A = 6 m/c; B = 1/8 m/c’,
HaiiTu cpeHIOI0 IMyTeBYI0 CKOPOCTh <> TOYKHU B MHTEpBaje BpeMeHH oT 1;=2 C 10 t,=6 C.

3. JIBM>KeHHE TOYKH I10 MPSMOM 3a/1aH0 ypaBHEHHEM X—=At+ Btz, rae A=2 m/c; B=

2
= -0,5m/c®. OmnpenenuTh CPEIHIOK IYTEBYIO CKOPOCTh <0> IBWKCHHS TOYKH B HHTEPBAIIC
Bpemenu ot 13 =0C mo t,=3c.

4. Teno O6porreHo ¢ OaTKOHa BEPTUKAIBLHO BBEPX CO CKOPOCTHIO 0o =10Mm/c. BricoTa GasikoHa Haj
HOBEPXHOCThIO 3emiau h =12m. Hamucare ypaBHEHHE IBIKCHHS M OIPEACIHTH CPEIHIOKO
MYTEBYIO CKOPOCTh <p> ¢ MOMEHTA OpOCaHUs IO MOMEHTA TaJICHHSI Ha 3E€MITIO.

5. C 6ankoHa OpOCHIN MSYHK BEPTHKAIBHO BBEPX C HAYAIBHOH CKOPOCTBIO v o =5 M/c. epe3 t
=2¢ MsA4MK ynan Ha 3emito. OnpeaenuTh BBICOTY OalKOHA HaJl 3eMJIel U CKOPOCTh MSYHMKA B
MOMEHT yziapa 0 3eMJIIO.

6. TeJ'IO, 6p0H.I€HHO€ BCPTHUKAJIbHO BBCPX, HAXOAHUJIOCh Ha OHHOI;’I U TOM K€ BBICOTE

h =8,6m nBa pasa ¢ untepBanom At =3c. [IpeHeOperas cONPOTUBICHHEM BO3/yXa, BBHIUHUCIIUTH
HAYaJIbHYI0 CKOPOCTh OPOIIEHHOTO Tela.

7. BepTukanbHO BBEpX C HaYaJIbHOM CKOpOCThIO v ¢=20M/c OporieH kamenb. Yepe3 7=1C mocie
3TOro OpOIIeH BEPTUKAIBLHO BBEPX APYTroll KaMEHb C TaKOii ke cKopocThio. Ha kakoii Beicote h
BCTPETATCA KaMHH?

8. Kamens OpolieH BepTHKAJIBHO BBEPX C HAYAJIbHOU CKOPOCThIO 0p=20 M/c. Uepe3 kakoe BpeMs

KaMeHb OyJeT HaxoauThcs Ha BbicoTe h =15M? HaiiTu ckopocTh 0 KaMHsl Ha 3TOW BBICOTE.
2

ConporusienneM Bo3ayxa npenedpeus. [Ipunsats g =10 m/c”.

9. Kamenp nmazaet ¢ BeicoThl h =1200m. Kakoii myTh S MpoWAET KaMeHb 3a MOCIIEAHIO CEKYHY
CBOETrO MajeHus?

10. C xako¥ BeICOTHI H ymasno Teno, eciii moCaeH|IA MEeTP CBOETO ITyTH OHO MPOILIO 3a Bpems t
=0,1c?

11. Teno GporeHO MO HEKOTOPHIM YIJIOM ¢ K TOpu30HTY. HailTh BenmuuuHy 3TOTO yriia, eciu
TOPU3OHTANIbHAS JATBHOCTH S TMOJIETa Teja B YeThIpe pa3a O0JbIle MaKCUMaJIbHON BBICOTHI H
TPaEKTOPHH.

12. CHapsi, BRINYIICHHBIA W3 opyaust o yriioM o = 30° K TOPU30HTY, ABAXKABI OBUT Ha OHOMN
u To# ke BbicoTe h: crycrs Bpems t =10 ¢ u t =50 € mocne BricTpena. OnpenenuTs HaYaIbHYIO
CKOPOCTB ¥ ¢ ¥ BBICOTY h.
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13. Ilyna mymeHa ¢ HavalbHOW CKopocThio =200 M/c mox yrmom « = 60° K TOpPH3OHTY.
OmpenenuTh MaKCUMaIBbHYIO BBICOTY H moabema, NajabHOCTh S TONeTa U paanyc R KpUBH3HEI
TPaeKTOPHUH ITyJIH B €€ HauBbIcIIel Touke. COMPOTUBICHUEM BO3/lyXa IIPEHEOpEYb.

14. Kamens OpoIIIeH C BBIIIKA B TOPU30HTAIHPHOM HAIPaBICHUHU ¢ HAYaJIbHOW CKOPOCTHIO 0p=30
M/c. OnpenenuTh CKOPOCTh 0, TAHTCHIIUATIHHOE 8, 1 HOPMAIBHOE 8, YCKOPEHHS B KOHIIE BTOPOU
CEKYH/JIBI TIOCJIC Havyalla ABUKCHHUSL.

15. Teno 6pomeHo o yriom o =30° k ropu3oHTy. HaliTi TaHTeHIIMaTbHOE &, 1 HOPMAIBHOE dp
YCKOPCHUA B HavyaIbHBIM MOMEHT JABMOKCHUA.

16. [uck pagmycom I = 10 cM, HaXOAMBIIMICA B COCTOSHMM IOKOS, Hayaj BpamaTbCs C
IIOCTOSIHHBIM YTJIOBBIM ycKopeHueM & = 0,5 paz[/cz. Haiitu TaHreHnuanbHOE @, HOPMAJIBHOE an
U MOJIHOE & YCKOPEHMs TOYEK Ha OKPY)KHOCTU JMCKA B KOHIIE BTOPOW CEKYHbl IOCJIE Haydaya
BpallleHUs.

17. uck paguycom I =20 cM BpalaeTcsi COTJIACHO YPAaBHEHUIO (@ = A+Bt+Ct3, rae A= 3 pan;
B = -1 paw/c; C = 0, lpaw/c®. Onpenenurts TaHreHIMAIBHOE @, HOPMAIBHOE @, W IOIHOE A
YCKOpPEHUS TOYCK Ha OKPY>KHOCTH JTUCKa 1T MOMeHTa Bpemenu t =10 c.

18. MaxoBHK HayaJl BpalaThCsi paBHOYCKOPEHHO M 3a MPOMEXYTOK BpemeHu At = 10c moctur
-1

yacToThl BpameHus N = 300 mun . OnpeaenuTs yrioBoe YCKOpeHHe & MaxoBuka u uucio N

000pOTOB, KOTOPOE OH CJEJIAN 33 3TO BpeMsl.

o~ -1 o
19. Benocuriegnoe kosieco Bpamiaercsi ¢ yactoToid N =5 ¢™. [lox nedcTBreM CHI TPEHUS OHO
OCTaHOBWJIOCH 4epe3 HHTepBall BpeMeHU At = 1 muH. OnpenenuTs yriloBOo€ YCKOPEHHE & U
gucino N 000poTOB, KOTOPOE CAETAET KOJIECO 3a 3TO BPEMSI.

20. Koneco aBromarmHbl Bpaimiaercs paBHoyckopeHHo. CaenaB N = 50 monHbIX 000pOTOB, OHO
-1 -1

W3MEHWJIO YacTOTY BpamieHus oT Ny =4 ¢~ 1o Ny =6 ¢ . OnpenenuTts yrioBoe YCKOPEHUE &

KoJIeca.

IIpakTHyeckoe 3ansaTHE 2.
Tema 3anamua. luHaMuKa MaTEePUATbHON TOYKH.
Ilenw 3anamus. I3y4nThb 3aKOHBI TMHAMUKN MaTEpUAIbHON TOUKH.

Teopemuuecxaﬂ yacmo.

,ZZMHCZMUKG nocmynanmeilbHoco 08uUICEeH U
Nmrirynbc abCOTIOTHO TBEPAOTO TEIa MAaCCOM M , IBMIKYIIIETOCS CO CKOPOCTHIO U !
p=m-o.

Bropoii 3akon quHamuku (HeroToHa):

rae F —pesynpTupyomas cuia, 1eiCTBYIOIIasl HA MaTEPUATIbHYIO TOUKY.
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Cunel, paccMaTpuBacMble B MEXAHUKE:
a) CWJIa yIpyrocTtu F =—kx;

rae K —koadduipenT ynpyroctu (B ciiydae Ipy>KHHbI — )KECTKOCTD); X — abCOMIOTHAS
nedopmanus;

0) cuJia TSKECTH: F=mg;

B) cuJjia TpEHUs (CKOJIbXKEHUS): F=uN,

rae (1 —xod3ddunuent tpenus; N — cuita HOpMaIbHOTO JIaBJICHHUS.

3aKOH COXpaHCHHUsI UMITYJIbCA: HMITYJIEC 3aMKHYTOW CUCTEMBI OCTACTCS TOCTOSITHHBIM
n

D p; =const

i=1

Jist AByX Tell Tipu aOCOIOTHO YIIPYTOM yaape:

m,o, + M,0, =mU, + mzﬁz’

rae U, U U, - CKOPOCTH Ten mepen coynapenueM, U, u U, — CKOPOCTH TelI B MOMEHT IOCIIE
COyIapeHHsL.

Jiist abCOMOTHO HEYNPYToro yaapa AByX Tel:

m,o, + m,o, =(m, +m,)u

IIpuMepsl perienus 3agaq

3agaua 1. Ha rmaakom crone nexut Opycok maccoit 3 kr. K Opycky mpuBsizaHbl JBa IIHYpA,
MEePEKUHYTHIC Yepe3 HEMOABIKHBIC OJIOKH, TPUKPETUICHHBIC K MTPOTUBOIOJIOKHBIM KpasiM CTOJIA.
K xoHmam mrHypoB mojBemnieHbl THpU MaccamMu My = 2 kr U M= 3 kr. Halitu yckopenwue a, ¢
KOTOPBIM JABMXKETCS OpYyCOK M CUly | HATsDKEHUs KaXJ0ro W3 IHypoB. Maccoil OI0KOB U
TpeHueM npeHedpeus. [IIHypsl cUUTaTh HEPACTSHKUMBIMH.

Hano: -
—» — —>
mM=3kr T, T,
m

m; =2 Kr x
my= 3 KT. - -

T, T,
a-? a m, m, la
T,-? g myg
Tp,-7
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Pacriumem cunbl, nedcTByromue Ha Tena. Beibepem cucTeMy KOOpIWHAT, KaK YKa3aHO Ha
pHCyHKe (Ha rpy3 M, Jexamuii Ha CToJe BOOOIIEe-TO JeHCTBYIOT €IIe JBE CHIIbI: CHJIA TSDKECTH

—

Mg u cuna peaxuun omopsl N . Ho Tak kak TpeHueM B 3ajade npeHeOperaercsi, TO JeHCTBHE
STUX CUJ U3 PACCMOTPEHHS Mbl HCKIIIOUaeM).

3anumem BTOpOﬁ 3aKkoH HproToHa AT KQXO0T0 Y4aCTBYIOIICTO B IBUXKCHHU TCJIA:

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

(TTockoNbKY IIHYPBI CYMTAOTCS HEPACTSHKMMBIMHU, TO BCE Tela JBUXKYTCS C OAMHAKOBBIM
YCKOPEHUEM a).

Bribupaem HampaBlieHHE YCKOpPEHUSs, KaK yKa3aHO Ha pPHUCYHKe ([0 HampaBlIEHUIO YaCOBOM
crpenku). CnpoenupyeMm CUCTEMY YpaBHEHUHN Ha BHIOpAHHBIE OCH KOOPAHHAT:

—ma=mg-T,
= -T

I’nZa ng 2 (l)

ma=T,-T,
U3 BTOporo ypaBHeHus (1) BEIYUTaeM mepBoe:
(mz + ml)a = (mz - m1)g - (Tz _Tl)
(mz + mi)a = (mz - ml)g —ma
(m, +m, + m)a=(m, —m,)g, rorsa

a=—Te— T 2
m, +m, +m

IloacraBisieM 4YHCIECHHBIC 3HAYCHMUS:

a=_372 10-19_ 1052
3+2+3 8

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

3agaua 2. UYepe3 ONOK, YKPEIUICHHBI HAa KOHIIE CTOJA, MEPEKUHYTA HEpacTsHKUMask HUTh, K
KOHIITaM KOTOPOW TPHUKPEIUICHBI TPY3bl, OAWH W3 KOTOpbiXx (M; = 400 1) ABWXKETCS TIO
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NOBEPXHOCTHU CTONA, a apyroit (My = 600 r) — Bmonb Beprukanu BHU3. Koaddurment f rpenns
rpy3a o cton paBeH 0,1. Cunuras HUTH M OJOK HEBECOMBIMH, OMpPENEIUThH: 1) yCKOpeHue da, ¢
KOTOPBIM JIBUXKYTCS TPYy3bl; 2) CUTy HaTsKeHUs! T HUTH.

Pewenue.

=1

BriOpaB ocu koopauHar (puc), 3ammimieM s KaXIOro rpysa
ypaBHEHUE IBUXKEHHs (BTOpoil 3akoH HploTOHA) B MpoeKuusx Ha
3TH OCH:

my

=1

—+

mya = myg —T

YuuThBIBas, 4TO

, TOJTlyYMM CUCTEMY YPaBHEHHIA: myg

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

OTKYJIa HICKOMOE YCKOpPEHHE:

_ (m,—fm)g
m, +m,

CI/IJ‘Iy HaTsAXKCHUA HUTHU HaﬁIIGM nu3 BTOpOFO ypaBHeHI/ISI CUCTCMBI.
T=m,(g-a)

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

3anaua 3. [Ipu nagenuu Tena ¢ 60JbIION BHICOTHI

€ro CKOPOCTb Vycr IPU YCTAHOBHUBIIEMCS JIBUKEHUH F e s
nocruraet 80 m/c. Onpenenuts Bpemst 7, B TEUEHUE
KOTOpOT0, HaYMHAasi OT MOMEHTa HavyaJla MaJeHus, O.L______
CKOPOCTb CTAHOBHUTCS PABHOMH 0yc,/2. Crity 050, L __ -.//;—_
COTIPOTUBIICHUS BO3AyXa MPUHSATH mng / :
MPOMOPLHUOHATEHOW CKOPOCTH Tena. Lo ! .

Pemienue. ’

aj 6)

Ha mnanmaromiee Teno AEMCTBYIOT JIBE CHIIBI
(puc. a): cuia TsSHKecTd MQ U cujia CONPOTUBIICHUS Bo3yxa F.

Cuma COIIPOTUBIICHHA BO3JyXa I10 YCIOBHUAM 3aJavdd MPOIOpHHOHAJIbHA CKOPOCTH TEjla U
IMPOTHUBOIIOJIOKHA e mo HaIlTpaBJICHUIO:

F =—ko,
(1)

21



rae K — k03¢ pUIHEeHT NponopIIHOHATBHOCTH, 3aBUCSIIHIA OT pa3MepoB, GOpMbI TeIa U OT
CBOMCTB OKPYKaIOIIECH CPeabl.

Hanwnmiem YPaBHCHUC ABUKCHHUA TCJIa B COOTBCTCTBHU CO BTOPBIM 3aKOHOM Hrrotona B

—

D _ — —
BEKTOpPHOU (opme: ma =mg + Fc. 3amenus F, cornacho (1), momyumm:

m@ =mg —ko (2)
dt '

CrpoenrpyeM Bce BEKTOPHBIE BEIMYMHBI HA BEPTUKAILHO BHU3 HAMPABICHHYIO OCh U
HaIWIIEeM ypaBHEHHE (2) I TPOCKITUN:

do
m—=mg —ko.
dt
ITocne pasaciICHUA NIEPEMEHHBIX ITOJTYYUM
do  dt
mg—kv m’

BrmommnMm HHTCIPUPOBAHUC, YUYUTBIBAsA, 4YTO IIPU HU3MCHCHHUHN BPCMCHU OT HYJIA 10 T

(McKOMOE BpeMs1) CKOPOCTh BO3PACTAET OT HYIS 10 EUyCT (puc. 1, 6):
L
27 T 1
) dt 1 Yo T
I = j—; —=|In(mg ko)™ =—.
> mg—-kv sm K m

W3 nomy4eHHOro BhIpaKeHUSI HAJIEM HCKOMOE BpPEMSL:

e=Mn—T9__ ®
mg _Ekuy”

Bxomsmmii crofa kKod(pGUIMEHT MpOMOPIUOHATBHOCTH K ompenenuM U3 CIeAyHOLIHX
coobpaxenuil. [Ipu ycraHoBuBIIEMCS ABMXKEHUHU (CKOPOCTh IIOCTOSIHHA) anredpanyeckas cymma

NPOEKIMI Ha  BEPTHKAIBHYI OCh JEHCTBYIONIMX HA TENO CHJI paBHA HyNO, T. €.
mg
mg —kv,, =0, orkyna K :U—.

yeT

[ToncraBuMm HaiineHHOe 3HaueHue K B popmyiy (3):

m
e Moy M0
mg mg_ngY“
L
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[logcraBuB  uucieHHBIE 3HAa4YeHUs, noayunm 7 = 5,66 c. IlpoBepka pazMepHOCTH
pe3ysbTaTa B JaHHOM cily4yae He 00s13aTelIbHa, TaK KaKk OHa O4YEBHJIHA.

Bonpocul u 3a0anusn
ITepsboiii 3akoH HeroToHa. MHEpHIMaIbHBIE CUCTEMBI OTCYETA.
Bsaumoneiicteue ten. Cuia, Mmacca.
Nmritynbe (KOJTMYECTBO ABUKCHUS).
3aKOH COXpaHEHMsI UMITYJIbCA.
Bropoii 3akon HerotoHa.

Tperuii 3akoH HproTOHA.

N o o kB~ w o

I/I3OHI/IpOBaHHaﬂ CUCTCMa MAaTCPUAJIbHBIX TCII.

3agaum 11l CAaMOCTOSITEILHOTO PeleHus

2
1. Camoner neTUT B TOPU3OHTAJIHHOM HaIpaBlieHHH ¢ yckopeHuem a = 20 wm/c”. KakoBa
neperpy3ka naccaxupa camonera? (Ileperpyskoil Ha3piBaeTcsi oOTHOIIeHMe cuibel F,
JICUCTBYIOIICH Ha Maccaxupa, K CHie Tshkectu P).

2. ABTOLMCTEpHA C KEPOCHHOM JBUXKETCS C yckopeHueMm a =0,7 M/c2, [Tox xakum yriom ¢ K
TUIOCKOCTH TOPU30HTA PACIIONIOKEH YPOBEHb KEPOCHHA B IIUCTEPHE?

3. bak B Tenmepe mapoBo3a umeer uHY |=4 m. KakoBa pasnocts A | ypoBHell Bombl y
TEPEHErO 1 3aIHET0 KOHIIOB GaKa IPH JBIKEHIN TI0€3/[a ¢ yCKopeHHeM a = 0,5 M/c>?

4. Kartep maccoii m=2m Tporaercs ¢ mMecra U B TedeHHe BpemeHu 7 =10 ¢ pa3BuBaeT mpu
JBIKEHUH TI0 CITIOKOMHOM BOJIe CKOPOCTh v = 4 m/c. Onpenenuts cuiy taru F MoTtopa, cuunras ee

MMOCTOSTHHOM. HpI/IHHTL CUI1y COIIPpOTUBJICHUSA FC JABHKCHHTIO HpOHOpHHOH&J’IBHOﬁ CKOPOCTH,

k03¢ durment conporusienus K =100 kr/c.

5. HavanbHas ckopocts vy mynu paBHa 800 m/c. [Tpu nBmxenuu B Bo3ayxe 3a Bpemsi  t = 0,8¢C
ee CKopocTh yMeHblmnach 10 v =200. Macca m mynu paBHa 10 r. Cuutas cuity CONpOTHUBIICHUS
BO3/yXa MPONOPLUUOHATIBHON KBaJpaTy CKOPOCTH, ONPEAETUTh KOAPOHUIMEHT CONPOTUBICHUS
k. JleficTBHEM CHJIBI TSDKECTH MTPEeHEOpEYb.

6. MarepuanbHas TOYKa Maccoii M = 2 Kr JBIJKETCS TMOJ JEHCTBHEM HEKOTopoul cuibl F

2 2 . .
cornacHo ypaeHeHno X=A+Bt+Ct?+ Dt*, rxe C =1 m/c?, D = - 0,2 m/c’. Haiitu 3HaueHust 310i
CHWJIBI B MOMEHTHI BpeMeHH t1=2 Cu t, =5 C. B kakoif MOMEHT BpeMeHH CHJIa paBHA HYJIO?

7. HakJtoHHas TUIOCKOCTh, 0Opasyromas yroi o = 25°C mI0CKOCThI0 TOPU30HTa, UMEeT JTuHY | =
2 m. Temo, nBWTasiCh PaBHOYCKOPEHHO, COCKOJB3HYJIO C 3TOH IUIOCKOCTH 3a Bpems t = 2C.
Onpenenutb KOAXPPHUIUEHT TPEHUS L Tea O MIIOCKOCTb.

8. Ha rmagkom crose JIeKUT Opycok Maccoi m = 4 kxr. K Opycky mpuBsi3aHbl JIBa ITHYPA,
MEPEKUHYTHIC Yepe3 HEMOIBUKHBIC OJIOKH, MPUKPETICHHBIE K TPOTUBOMOIOXKHBIM KpasM CTOJIA.
K koHIIaM HIHYpOB MOJIBEUIIEHBI THPH, MacChl KOTOPBIX M1=1 KT 1 M, = 2kr. HaiiTi yckopenue a,
C KOTOPBIM JIBIDKETCSI OPYCOK, M CHJIy | HATsDKCHHS Ka)XJO0ro W3 IMHYpoB. Maccoil OJIOKOB H
TPEHHEM MTPEHEOPEUb.
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9. [IBa Opycka maccamu M;=1 Kr u My = 4KT, COEAMHEHHBIC IIHYPOM, JIexkaT Ha ctojie. C KakuMm
YCKOpPEHHEM a OyayT IBHTaThbCsl OPYCKH, €CIIM K OJHOMY M3 HUX NpwiIoxuTh cuiny F = 10 H,
HaNpaBlIieHHYI0 Topu3oHTanbHO? KakoBa Oymer cuna 7 HATsHKEHUS IIHYpPA, COCIUHSIONIETO
Opycku, ecau cuiny 10 H npunoxuts x nepBoMy Opycky? Ko BTopomy Opycky? TpeHuem
npeHeOpeyb.

10. K npyxuHHBIM BecaM mojBerieH 0ok, Uepe3 OJI0K mepeBelieH mHyp, K KOHI[aM KOTOPOro
NPUBSA3AIN TPy3bl MaccaMu My = 1,5 kr u My = 3 kr. KakoBo Oy/er nmoka3zaHue BeCOB BO BpeMsI
JIBUXKEHUS rpy30B? Maccoli 0Ji0Ka U mHypa npeHeopeys.

IIpakTHyeckoe 3ansTHe 3.
Tema 3anamus. PaGota u sHeprus. MexaHuka TBEpIOro Tela.

Ilenv 3anamua. V3yuutb 3aKOHBI COXpaHEHUs HSHepruu. KuHemaTuky M JUHAMHKY
BpAaLIATEIbHOIO IBUKEHUS.

3uanua u ymeHusa, npuoodpemaemvie CHMYOEHMOM 6 pe3ybmame O0CE0CHUA MeMbl,
dopmupyemvie  kKomnemenyuu. Pabota. PabGota mnepemeHHOW  cuibl.  MOIIHOCTS.
KoHcepBatuBHbIE 1 HEKOHCEpBAaTUBHBIC CUIIBL. [loTeHnnanbHas sHeprus. CBsi3b MEXAY CHIION U
MOTCHIMATBHON dYHEPrHeH. DHEPrusl yupyro aeGopMUpOBaHHOTO Tela. KuHeTndeckas sHeprus
u e€ cBA3b ¢ paboToii mpuinoxkeHHbIX ciil. [lonHas MexaHudeckas YHEPrusi CUCTEMbI Tel. 3aKOH
COXpaHEHUsSI MEXaHW4yecKOW »oHepruu. Juccumanmst osHepruu. Brnazeer crnocoOHOCTHIO
NPUMEHSTh  COOTBETCTBYIONIMH  (DM3MKO-MAaTeMaTHYCCKH  ammapaT TOpd  PEIICHHU
npodecCHOHANBHBIX 3a]1au.

AKmyaJleocmb membl. 3aKOH COXPAaHCHUA OHCPIruH, a TaKXKC 3aKOHbI AJWHAMHKU
BpaIaTCJIbHOI'O ABUXKCHUS HIUPOKO MPUMEHACTCA ITPU PCHICHUN MHOTHUX MHXXCHCPHBIX 3a1a4.

Teopemuueckas uacme.
3aKOH COXpaHEHMsI UMITYJIbCA: UMITYJIbC 3aMKHYTOW CUCTEMBI OCTAETCS TOCTOSIHHBIM
n
> P, =const.
i=1
Jnst iByX Ten npu abCOMOTHO YIPYTOM yaape:
mv, + m,v, =mMu, +m,u,,
rae U, U U, - CKOPOCTH Tel mepen coymapenueM, U, u U, —CKOPOCTH Tel B MOMEHT MOCIE
COYyJIapeHusl.
Jist abCOMOTHO HEYNPYTOTO yapa ABYX TE:
m,0, + M0, = (M, +m,)u.

Kunernaeckas sneprus 1 tena, IBYKYIIETOCS MOCTYMATEIBHO:

_mUZ 2

, WIH T:p
2

2

T
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[TorenuuanbHas sHeprus 11 :

a) ynpyrozegpopMupOBaHHON PY>KUHBIL:

2

11

riae K —KeCcTKOCTh MPYKUHBI; X — a0COMOTHAs geopMalius;
0) Tena, HaXOAUIETOCs B OJHOPOAHOM I10JI€ CHIIBI TSIKECTH:
IT =mgh,
rae g — yckopeHue cBOOOJHOrO majeHus; h— BbIcOTa Tea Ha/l yPOBHEM, IIPHHSATHIM 3a HYJICBON
(bopmyna cipaBemuBa mpu yciaoBun h << R, rme R —pamuyc 3emn).

3aKoH COXpaHCHHA MEXaHUYeCKOMH OHCPIruM: C€CJIIi B CUCTCMC ﬂCﬁCTBYIOT TOJIBKO
KOHCCPBATUBHBIC CUJIbI, TO MMOJHAA MCXaHUYCCKAasd SDHCPIrusd CUCTCMbI HC MCHACTCA

E =T+ 11 =const.

3aKOH COXpaHEHHs PHEPTUU MPH aOCOIIOTHO YIPYTrOM CTOJIKHOBEHHH JIBYX TEJ, IBHKYIIUXCS B
TOPU30HTAIIBHOM IUIOCKOCTH:

2 2 2 2

2 2 2 2
m,v. m,v m,u m,u
(gt I o Bt SR S 2

3aKOH COXpaHEHUs SHEPruM IpU a0COIIOTHO HEYIIPYrOM CTOJIKHOBEHHMHU JIBYX TEJ, ABMXKYIIUXCS
B TOPU30HTAIILHOMN TUIOCKOCTH:

2 2 2
m,v. m,v m,u m,u
S UL o B\ WL b B o

2 2 2 2

rae Q —»Heprus HarpeBaHus Tel U UX OCTaTOYHOH JleopMalty.
CkopocTH IBYyX Tel Mocie a0COIIOTHO YIIPYToro CTOJIKHOBEHUS:

U = (ml —m, )Ul +2myv,
P (mp+m,)

(mz - ml)Uz +2m,0,
(m, +m,)

u, =

Pabora, coBepmiaeMass pe3yiabTHPYIOIICH CHIJION, ONpenensercs Kak Mepa HW3MEHEHUs
KMHETUYECKON IHEPTUH:

A=AT=T,-T,.
ﬂuHaMWca epauiamelbHoco O08UIICEHUST

OcHoBHOE YpaBHCHHUEC JTHUHAMUKHU BpallaTCIIbHOTO ABUKCHUA:

M=Je,

rae M —pesynpTupyromuii BEKTOp MOMEHTOB BHEIIHUX CHJI, JEHCTBYIOIIMX Ha TEIO,
OTHOCHUTEJIBHO OCH BPAIICHHS;, & —BEKTOP YIJIIOBOTO YCKOPEHUS; J —MOMEHT HHEPIMU CUCTEMBI
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OTHOCHUTCIIBHO OCH.

MoMeHTHI HHCPILIHUHU HEKOTOPBIX TEII Maccol M OTHOCHTEIBHO OCH BpalicHus, npoxoz[;uueﬁ
qepe3 LNCHTP MACC:

a) MaTepUaIbHON TOUKHU: J=mr?,
IZIe ' —pacCTOSIHUE OT MAaTEPUAIBHOM TOUKH 10 OCH;

0) cTep KHS ATMHON / OTHOCHUTEIBHO OCHU MEPIEHIUKYISAPHONU CTEPIKHIO:

3=Ltme
12

B) 00pyYa WM TOHKOCTEHHOIO IWJIMH/ApA paauyca R OTHOCHUTEIBHO OCH, COBMAJAIONIEH C OChIO
HUIHHIPA:

J =mR?.

I') OZIHOPOIHOTO (CIUIONMIHOTO) AncKa (IIMIUHIPA) paaruyca R OTHOCHTEIBLHO OCH, COBIAIAOMICH
C OCBIO JIUCKA!

J _1 R?:
2

1) mycToTenoro mwimHApa pamguycamu R, m R, ¢ ocplo BpameHus, coBmamaromeil ¢ OCbIO
OWJINHIpA:

J=%mmf+@x

€) Iapa ¢ OChI0 BpAIlCHHsI, POXOASIICH Yepe3 ero HeHTp:

J=3mR?
5

Teopema LlITelinepa: MOMEHT HHEPLHMH J, Te€Ia OTHOCUTEIBHO IPOU3BOIBHON OCU PAaBEH CyMME
MOMEHTA UHEPIHUH J, ATOro Tella OTHOCUTENBHO NapajyIeIbHOW OCH, IPOXOIAIIEH Yepe3 LEHTP

MaccC, ¥ IIPOM3BCACHUS MAaCChl M Ha KBAJpaT paCCTOSHUS a MEXKIY 3TUMU OCIMHA
_ 2
Jo=J,+ma‘,

MOMEHT uMITyJIbCa MaTE€pUATbHOW TOYKHM MACCOM M, UMEIOIIEH CKOPOCTh U W HAXOJISIIYIOCS
Ha PAaCCTOSHUU I' OT OCH BpPAILLCHUS:

L=mor.

MomenT umnynbca L Tema, Bpamarorierocs OTHOCHTEIbHO HEMOJBH)KHOW OCH C YIJIOBOM
CKOPOCTBIO @ '

L =Jw.
3akoH COXpPAaHCHUA MOMCEHTA UMITYJIbCA CUCTEM TEJI, BpalllatOIIUXCA BOKPYT HeHO)IBH)KHOﬁ ocu:
n
> J,@, = const..
i=1



Kunernueckas OHCPIus TCJia, BpAallatoUICroCs BOKPYT HGHOI[BH)KHOﬁ oCH:

2 2
—Ji 158105 T:L—

: :
2 (23)
Kunernueckas OHCPI'UA KaTAICTOCA TCIa:

2 2

mo Jw

T= +
2 2

IIpumepsl pelieHus 3aga4

3agaua 1. CHapsn maccoii m = Skr oOmaman ckopocteio v= 300 M/c B BepxHEl TOUKe
TpaeKTOpuu. B 3T0il TOuke OH pa3opBajics Ha JBE YacTU. MeHbIIas 4acTh Maccod M = 2 kT,
noiy4yuia ckopoctb U1 = 500 m/c u monetena Bmnepen mox yriom 60° x ropusonty. Haiitu
CKOpPOCTh U 7 TIOCJIE€ pa3pbiBa BTOPOM, OOJIBIIEH YaCTH, M MO/ KaKUM YIJIOM K FOPU30HTY OHA

roJjieresa.
Hano:
m = 5kr B BepxHeii yacTu TPaeKTOPUH, CHAPS IBUTAJICS TOPU30HTAIIBHO.
v =300 m/c I'eoMeTpuuecky 3aKOH COXPAHEHUS UMITYJIECA UMEET BU/T
M/ C —» e~
BIL'KI Tl -
m;=2 xr Y e
@, T
o1 =60° — >
— 9,
T P =
ock?2 T . 7 .
_ T
v, "
»—"7?
P=PF, i T Pociz wi - Mo =mu, + M, .

Hcnonp3ys TeOpeMy KOCUHYCOB, HAUIEM ‘Pocxz‘

(POCKZ )2 = P? +(Poc1<1)2 — 2P - Py, - COS @,

Tak kak Pocx = (M — My) U, mony4dum, 9to

Poua _ V15007 +1000% —2-1500-1000 - cos 60
m—m, (5-2)

— — —

2

=441 wm/c.

v, =500

(1)

(2)

Cnpoeunpyem Bekropa Py, 1 Py, Ha Hanpasnenne P . Ilo Teopeme o mpoekumu cymmsl

BCKTOPOB, IMIOJTYYUM

P= Poc1<.1f> + POCK.2f’ » HO POCK.IP = ‘ POCK.I‘ ‘COS@,, a
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—

Pociop =‘ OCK.Z‘ . COS(—(pZ), T.K. yroi (o, Jexut ke ocu P,

—

O
OTKyza
P—(P,. ) cos _ . o
o5(—0,)= ( OfK.l) A _1500-1000-c0560° _o o
‘ Pock ‘ 1322,9

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

DTy 33/1a4y MOKHO PELIUTh U IPYTHM CIIOCOOOM.

BriGepem ocu kooparHAT, Kak Ha pUCYHKE. 3anucaB ypaBHeHUE (1) B MpoeKIMsIX HA OCH
KOOPJHWHAT M, YYUTBIBAs, 4TO U x=U u Uy = 0,

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

Wnn m,v, COS @, = Mv — ML, COS P, (4)

m,u, Ssing, =My, sing,.

Bo3Bons B kBazpar o0a paBeHCTBA, M CIOXHB HX, IOCJE€ TPUBHAIBHBIX INpeoOpa3oBaHUN
nosiyuuM Gopmyiy (2) 1uist BBIUUCICHUSI UMITyJIbca M CKOPOCTH BTOPOTro OCKoJiKa. M3 BTOporo
YpaBHEHHUS CUCTEMBI (4) TIOTyyaeM BhIpaKEHUE
_mpsing,

H

sing, = o
272

N3 KOTOPOI'O BBIYUCIIACM YT'OJI (.

3amaua 2. Ha npyxune xectkoctsio k = 510° H/M mojBeren 6710k B (opMe IHCKa MACCOi 5 KT
u paguycoMm 0,2 M. Uepes OJI0K MEpPEKUHYT MIHYP, K KOHIIAM KOTOPOTO MPUBSI3aHbI TPY3bI My = 2
Kr 1 My = 3 xr. Haiftu: 1) yckopeHue rpy30B U yrioBoe yCKOpeHHE OJI0Ka; 2) CHIIbI HATSKEHHS
HIHypa; 3) CWly YOPYTOCTH TNPYKUHBI U YAJUHEHUE TNPYXKUHBL, 4) KHHETUYECKYIO DHEPrHI0
CUCTEMBI 4epe3 2 ¢; 5) u3MeHeHue NOTEeHUUAIbHON SHEpruu OJI0Ka U Ipy30B 3a 2 c; 6) HalTu
YCKOpPEHUE IIEHTpa Macc Irpy30B.

Hano:

Mo =5 KT YkakeMm Bce CHIIBI, ICUCTBYIOIINE HAa KaXI0€ TeIO (CM. pHucC.).
m; = 2 Kr Hanumiem ypaBHeHue BToporo 3akoHa HproTOHA B BEKTOpHOM
m, = 3 kr dbopMe JIT KaXKI0T0 TeJIa, P 3TOM OJIOK COBEpIIIaeT

BpamareabHoe
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k=510°H/™m IBWXKeHue. YurteM, Takxke uro | = m0r2 / 2 u

r=02w d =& I (mpockajib3bIBaHUS HET ) U JIMHEHHOE
t=2c YCKOpEHHUE KpalHUX TOYeK OJI0Ka paBHO
a-? ¢e? YCKOPEHUIO TOUYEK HIHYpa. 3aMETUM, YTO

1o TpetbeMy 3akoHy Herotona T1'=T; u To'=T,.
Jlng npoekuuii cun Ha ock X MOJIYYUM

CUCTEMY ypaBHEHUIL:

Fmg-T,=m,a

T1 —mg=ma

a 1)
r

Tz-r—Tl-rzémOrz-

T, +T,+mg—-F=0.

m,g R vX
m,g
CKJ‘Ia,I[BIBaH IIEPBLIC TPU YPAaBHCHUS, ITOJTYHUUM
1
m,g—-mg=a Emo+m2+m1 =
m, —m 10-(3-2) 4
a=—>2—1—g= a=¥=— m/c® =1,33 m/c,
—m,+m, +m 0
a 133 1
&e=—=—-=6,66—.
r 0, C

2
U3 iepBoro ypaBHeHus Haiinem: 1, =T2' =m, (g - a) =26,0H.

U3 BTOpOro ypaBHeHus HaiigeMm: [, = Tl, =m, ( g+ a) =22,7H.
W3 yetBepToro ypaBHeHus HalaeM F:
F=T+T,+m,g=98,7H.

VY anuHeHue npyXUHbI HalizieM u3 popmysibl 3akoHa ['yka:

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

29



OTO yIANMHEHHME TPYXHHbI TpU JBWKYIIUXcA Trpy3ax. Ecmm 3acromoputs OJIOK, TO
F= (m1 +m, + mo) -9 =100 H , uro BEI3OBET yAIMHEHHE OPYKUHBI TOUHO 2 cM. C HaYanom

JBUKEHUS NIpYKMHA cokpatutcs Ha ~0,3 mMm. U3 cuctems! ypaBHeHMH (1) MOKHO MOIY4HUTH
dbopmyy s pa3HOCTH CHIIbI HaTshkeHust AF=F; — F:

(m, _ml)z

§m0+m2+m1

AF= g,

HCIIOJIB3Ys KOTOPYIO MOKHO OLICHUTH USMCHCHUC PACTAKCHUS IIPYKUHBI
AX' = AF /K= 0,27 mm.

UToObl HAaWTH KUHETHYECKYI0 JHEPIHI0 BCEH CHCTEMbI, HalJ€M KHHETHYECKYIO SHEPTHUIO
IOCTYNATEIBHOIO JBUKEHUS IPY30B Kip 1 KHHETHYECKYIO DHEPrUI0 BPALATEIbHOIO JBHKEHHS
oioka K.

(m,+m,)v’
K, = 5 X
m,+m,)a** 5.133.
Tak kak v =at = Krp:Krp:( ! Zz)a =51’33 4z17,7 JIK.
2 2. 2
KGHZI% Tak kak @ =0[l, u |:m0r2/2,T0 Kﬁﬂzn}r—g=9ﬂm.
-r

Takum o6pa3om nonHas kunerndeckas sHeprua K = K, + Koy = 26,7 JIx.

3agaya 3. J[Ba CBMHIIOBBIX IIapa MaccaMu Mp = 2 KI ¥ My = 3 KI MOABELIEHB] HA HUTAX JJIMHOU
| = 70 cm. TlepBoHadajabHO IIAPHl COMPHUKACAIOTCS MEKAY COOOW, 3aTeM MEHBINUN IIap
OTKJIOHWIM Ha yron & = 60° u ornmyctunu. Cuutas ynap LEHTpPaJbHBIM U HEYIPYTUM,
omnpenenuThb: 1) BbIcOTy h, Ha KOTOPYIO TMOTHUMYTCS IIApbl MOCHe yaapa; 2) sHepruto AT , us-
pPacxo/I0BaHHYIO Ha Jie(hopMallnio IIapoB MPH yaape.

Pewenue.

Vmap Heynpyruii, mo3ToMy TOCJE yhaapa IIapbl IBIKYTCS C OOIIEH CKOPOCTBhIO U, KOTOPYIO
HaliJIeM U3 3aKOHA COXPAHEHUSI UMITYIIbCA:

mo, +mv, = (M +m,)o, (@)

re v, ¥ L, — CKOPOCTH IIapoB 10 ynaapa. CKOpoCcTh v, Majoro mapa HaiaeMm M3 3aKoHa

COXpaHCHUA MEXaHNYeCKOU OHECPTrHUu:

mlgh1: 11’

OTKyJa:
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v, =4/2gh, =2,2gl(1-cos ) = 2\/asin%, 2)

(yumu, uro h =1(1-cosa)).

W3 Berpakenwuii (1) u (2) npu ycnosuu, 4ro v, = 0, nomry4um:

. a
2m /gl sin—
L= my 1 g 2

m +m, m, +m,

, 3)

N3 3akoHa CcOXpaHEHUs MEXaHUYECKOU
SHECPTIUU UMECCM:

2
1))
(m, + mz)? =(m, +m,)gh,

OTKYa UCKOMas BbICOTA:

. 2

2 2milsin® =

v 2
29 m, +m,

(yumu dpopmymy (3)).
DHeprusi, u3pacxoi0BaHHas Ha Jedopmalliio mapoB Mpu yaape,

2
_m+m,

2 ;v @

WM, IOJCTaBUB (2) B (4), HAXOMUM:

AT :2glmsin2g.
m, +m, 2

Beraucss, monydaem: 1) h=5,6 cm; 2) AT =4,12 JIx.

3agaya 4. MOTOUMKIIUCT €JIET 10 TOPU30HTaIbHOU Aopore. Kakyro HaMMEHBIIYI0 CKOPOCTh 0 OH
JIOJI’KEH Pa3BUTh, YTOOBI, BHIKJIFOUUB MOTOD, TPOEXaTh [0 TPEKY, UMEIoLIEMY (HopMy «MEpPTBOM
neTnuy paauycoM R = 4 m. TpeHueM u cCOnpoTHBICHHEM BO3/1yXa MpeHeOpeyb.

Hano:
R =4wm | 3anumem ypaBHEHUE TBUKECHUS

MOTOLUKIINCTA B BerHeﬁ TOYKC

v="7 «MepTBOU METIN»:
mg+ N =ma.

Tak Kak Ipu MUHUMAIbHOU CKOPOCTH
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_ 2
N=0, To a = v/R, u clIe10BaTEILHO

2

mslzmg, u 01:\/g7R (1),

II€ 01 — CKOPOCTb MOTOLMKIIA B BEPXHEH TOUKE «MEPTBOM NETIIN.

ITo 3aKOHY COXpaHCHHUA OHCEPIryUM, II0JIHAd SHEPrud MOTOLMKIIMCTAa Ha FOpI/I3OHTaJIBHOI>'I

mo?

Jopore, paBHasl €ro KMHETHUYECKOM IHEepruu , OyzieT paBHa IMOJIHOM SHEPrUH B BEpXHEH

mo?

TOYKC ((MepTBOﬁ [neTIIn», TO €CTb CYMMC MMOTSHIIHATLHOMN OHCPIUun mgh 1 KMHETUYECKOM

mo? moy?

Takum obpasom umeem —— =mgh+

N3 mocnennero paBCHCTBA IOJIYYHUM

v*=2gh+0v’. Tak kak h = 2R , 10 U =0 —4gR. [ToCTaBiIAEM MONYYEHHOE

BBIpakeHue B (1) Haigem, 4To

v*=4gR+gR=50R, u v=4/5gR =0, 141 m/c = 14,1 cm/c.

3agaua S. ['py3 maccoilt M = 80 Kr MOAHUMAIOT BJIOJIb HAKJIIOHHOM INIOCKOCTH C YCKOPEHUEM a =
1 m/c%. Jlnuna HakioHHOM mmockoctH | = 3, yroil Q@ ee HakJIOHa K ropu3oHTY paBeH 30°, a
koddduuent tpenus f = 0,15. Onpenenuts: 1) paboty, coBepuiaeMyr0 MOABEMHBIM YCTPOM-
CTBOM; 2) €ro CpeIHIOI0 MOIIHOCTh; 3) €ro MakCHMallbHyI0 MOIIHOCTh. HadanbHas cKOpoCTh
rpy3a paBHa HYIIO.

Pewenue.
VpaBHEHHE JBUKEHHUS TPy3a B BEKTOPHOH dopme: ma=F + El + EZ + g +N.
B nmpoexnusax Ha ocu x u y (puc. 16) 310 ypaBnenue npumer Bug ma=F-F -F,, 0=N-F,,
rme F, =mgsina, F,=mgcosa, F, = fN = fmgcosa..
ITosToMy
F=m(a+gsina+ fgcosa).

Pabora, coBepiiaemasi IOAbEMHBIM YCTPOMCTBOM,

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

Cpeanm MOIITHOCTB, pasBuBacMasd
NOABCEMHBIM YCTpOfICTBOM,

e t =./21/a — Bpems noavema rpysa.
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CnenoBarensHo, (P)= A, [— .

MakcumanpHas MOIIHOCTb, pa3BMBaeMas IIOAbEMHBIM ycTpoictBom: P =Fou =Fat.

[Moxcrasisis 3HaYeHus, noiaydaem P =m+y/2al(a+gsina + fgcosa).

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

3agaua 6. lllapuk maccoit m = 300 r ymapuics O CTEHYy W OTCKOYMI OT Hee. Omnpenenurthb
UMIYIbC P1, MOMYYEHHBIH CTEHOH, €CIM B ATOT MOMEHT Iepell yIapoM IIapuK HUMeNl CKOPOCTh
10m/c, nampaBneHHy0 1mox yrmioM ¢ =30°K MOBEpXHOCTH CTEHBI. YIap CUYHTaTh aOCOJIIOTHO

YOPYTHM.
Pewenue:

ITo YCIOBHUIO 3aJa4yu yaap a0COJIFOTHO ynpymﬁ, CJICAOBATCIbHO, CKOPOCTb IIapHuKa II10
3.6COJ'II-OTHOMy 3HAYCHUIO 10 U MOCIIC yIapa OMUHAKOBBI, T.C. U = U, .

[TprMeHUM 3aKOH COXpaHEHUsI UMITYIbCa(B MPOEKLHUAX HA OCH KOOPAMHAT):
y: Py, =0=m(v,, —v,)=m(v,, —v,,) =0
X plx = pl = m(UOX _(_UOX)) = 2mUOx

e v, =y, sina

p, =2my, sina

- A\ ANSN\\N
<
ol

TOoTaa

KI''M

P1=2 0,3k 10m/c sinSOOZIST.

3anava 7. /IBa CBHHIIOBBIX IlIapa MaccaMu My = 2 KT U My = 3 KT MOJBEIICHbI HA HUTSX JJIUHOM |
= 70cwM. [lepBoHaUaNbHO MIAPHI COMMPUKACAIOTCS MEXKIY COOO0H, 3aTeM MEHBIIHNH IIap OTKIOHWIH
Ha yron & = 60° u ornyctmwim. Cuuras ypap
[CHTPAJbHBIM U HEYNPYTHM, ONpPEACTUTh BBICOTY h, Ha
KOTOPYIO MOAHMMYTCS IIaphl IOCie yaapa U sHepruto AT
M3pacXoJ0BaHHYIO Ha JedopMaIiIo IApOB MPH yrape.

Pewenue.

VYmap Heynpyruii, mo3ToMy TOCJE yAaapa IIapbl IBIKYTCS C OOIIEH CKOPOCTBhIO U, KOTOPYIO
HalJIeM U3 3aKOHA COXPAHEHUsI UMITYIIbCA:

mo, +m,u, =(m +m,)o, (2
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rie v, M v, — CKOPOCTU IIapoB A0 yaapa. CKOpPOCTh v, Malloro Iapa HailjeM M3 3aKOHa

COXpPaHCHUA MEXaHHUYECKOU OHCPTHUHU:

mgh =——,

N

OTKYya:

v, =4/2gh, =2,2gl(1-cos ) = 2\/asin%, 2)

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

W3 Beipaxenuii (1) u (2) npu ycnosuw, uto v,= 0, momy4nm:

2ml\/asing
L= mo  _ 2’ (3)

m, +m, m +m,

N3 3akona COXpPaHCHUA MEeXaHHYEeCKOM OHCPIur UMCCM!
2

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

OTKyAda NCKOMasd BbICOTA:

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

2

AT = —1
2 2

m +m
1 202’ (4)

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

AT :2glﬂsin2g.
m, +m, 2

Berauciss, nonydaem: 1) h=15,6 cm; 2) AT =4,12 k.

3agaua 8. [llap maccoit m = 5 xr u paguycoM R = 5 cMm Bpamaercst BOKpYr OCH, MpOXOAsIen

yepes ero HeHTp. YpaBHEHUE BpalleHus mapa umeeT Bua @ = A+ Bt® + Cts, rne A =2 pan, B

2 o .
= 16 paw/c?, C = —2 pan/c®. HaiiTi 3aKOH W3MEHEHHS MOMEHTA CHII, JCHCTBYIONIMX HA MIap I
OTIpeNIeIUTh MOMEHT CHJI M B MOMEHT BpeMeHu t = 2c.

Hano:
m =5 kr Tak Kak MOMEHT MHEPIUH 1Iapa MOCTOSHHBIN, OCHOBHOE ypaB- R =
510%™ HEHWE TMHAMWUKN BPAIIATEIbHOTO JIBUKEHUS UMEET BUI:
2 3
p=A+Bt"+Ct M=I-¢& (1)
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A =2 pan rae | — MOMEHT uHepuH, € — YIJIOBO€ YCKOPEHHE TeTa, B=

16 paz:/c2 M — MOMEHT CHJI, IEUCTBYIOINUX HA HETO. C=-2
3 2

pan/c” . Jlnst mapa MoMeHT uHepiun | = g mR* . (2)

t=2c

M(D) =2 M(2) = ?

ITo OIIPCACIICHUIO YITIOBOC YCKOPCHHEC €CTh BTOpAas NpPpOU3BOAHAA OT YyIJia IIOBOPOTa
Bpamaromerocs TEJI 10 BpEMCHU

" !

£=¢(t)=(A+Bt’ +Ct*) =(2Bt+3Ct*) =2B+6Ct. 3)

[Toncrasnss (2) u (3) B (1) u ucnonws3ys uncneHHsie 3HayeHuss A, B u C Haligem 3akoH
W3MEHEHHUS MOMEHTA CHUJI, JICHCTBYIONIUX Ha IIap.

M (t) :émRz (2B +6Ct) = (0,16 —0,06t) Hw.

Jlia momenta Bpemenu t=2c¢, M (2) =0,0 4 H-m.

3agaua 9. J[uck paguycom R = 0,5 M u maccoit m = 50 kr packpy4eH [0 4acTOTHl BpallleHUs
n=10c'm npenoctasiieH camomy cebe. [loa neiicTBrueM cuil TpeHHs] MaXOBUK OCTAaHOBHIICS
yepe3 60c. HaliTu MOMEHT cuil TpeHusl.

I[aHOI CornacaHo OCHOBHOMY YPAaBHCHUIO TUHAMHUKU BPAIIATCIBbHOI'O ABUKCHUS

R=0,5Mm dL /dt=M_
)

m=50xkr |rzae dLX— M3MEHEHUE IPOEKIMU Ha OCh X MOMEHTa UMITyJIbCa JIUCKa,

-1 o o
np=10c BPAIIAIOIIErocsi OTHOCUTEIBHO OCH X, COBIAIAOMICH ¢ TEOMETPHUECKON

t=60c 0CBIO [MCKa, 3a uHTepBal Bpemenn dt. M — TIpoeknus Ha ock X Momenta M =?

BHCIIHUX CUJI (B JaHHOM CJIy4ac CUJI TpeHI/Iﬂ), ﬂeﬁCTByIOHlHX Ha JUCK.

CuunrtaeM, 4TO MOMEHT CHJI TPEHHS CO BPEMEHEM HE M3MEHSETCS, TOT/Ia YPaBHEHHE
(1) MmoxHO 3anucaTh B BUE:

AL =M At @)
M3MeHeHne npoeKIIM MOMEHTa UMITYJIbCa
AL, =1, -Aw, (3)
rae | = mR?%/2 moment MHEPLMH JUCKA OTHOCUTEIBHO OCH X.
N3 (2) u (3), umeem:
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M, At=mR?/2-Aw. (4)
Vi3menenue yrioBoii ckopoctd Aw =@, — @, = 27N, — 270, =2z (n, —n,).

Torna u3 (4) moayuum

_ #mR*(n, — n)

I\/|X
At

Tax kaxk At=t, a N, =0 (auck ocraHOBHICS) TO, IOACTABHB JAHHbIC, TIOTYINM, YTO

M= M;=654HwmM.
[TpoBepuM pa3MepHOCTH MOTYYEHHOTO pe3yibTaTa:

kr-m2ct kr-m® Kr-m
= — = M=HxwM.
c c c

3agaua 10. Yenoex maccoit 60 Kr cTouT B LEeHTpe ckaMbu JKYKOBCKOIO M BMECTE C HeM
Bpamaercss no uHepruu. Yacrora Bpamenus Ni= 0,2 1/c. B BBITSHYTBIX B CTOPOHY pyKax
YeJIOBEK JEpPKUT M0 TaHTeNIM maccod 6 Kr Kaxnaas. PaccrosHue mexay ranrtensmu 1,6 wm.
Onpenenutb: 4acTOTy BpallleHUsI Ny CKaMbH C YEJIOBEKOM, IIOCIIE TOT0, KaK OH OIYCTUT PYKH, U
paccTostHue Mexay raHteiasmMu craHer paBHbiM 0,4 M. Ilpu pacuere MOMEHTOB HMHEpPLUUHU
YeJI0BEKa MPUHATH 3a UWIUHAP paanycoM 10 cM, a ckaMblo cUUTaTh IUCKOM paauycoM 0,4 M u
Maccoit 10 kr. HaiiTu u3aMeHeHne SHepriuu Bpallaroieiicss CUCTEMBI. TpeHueM mpeHeopeyb.

Jano:
m;= 60 kr
rn=0,1m
m,= 10 xr
r=04wm
m=0,2¢"
1.=0,4 M
lL=1,6 m

o
s

M3= 6 KT

n, - ?

AW -?

YenoBek BMECTE CO CKaMbEH COCTaBIISIET 3aMKHYTYIO CUCTEMY, BPpAlllatOLIYIOCA BOKPYT
BepTI/IKaJ'IBHOI\/'I OCH. JIJ'ISI TaKOH CHUCTEMEI CITPaBCAJIMB 3aKOH COXPAHCHUSA MOMCHTA UMITYJIbCA:

|1a)]_: |2a)2, (1)
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r/ie MOMEHTHI uMmyibca lia u |, B HauanbHBIH U B TF000H APYroii MOMEHT BpEMEHHU.

3neck | — MOMEHT MHEPIIMHU, @ — YTI0Bast CKOPOCTh. |1 COCTOMT U3 MOMEHTOB MHEPIIMH CKaAMbH
_ 2 _ 2

lex= Maory/2, genoBeka — Iy =M1r1°/2 (Ckambs U 4EJTOBEK CUMTAIOTCS CIUIONTHBIMY IMJIMHIIPAMU) U

JIBYX TaHTEJICH Ir:2m3(|2/2)2.

2
1, 1 I,
[TosTomy I, =] =m,r; + —mr° +2m,| =
2 2 2

YrioBast ckopocTs @) = 271),. AHAJIOTHYHO, TS BTOPOTO MOJIOKEHNUS TaHTe el nMeeM

1 1 R
I, = Em2r22+§mlrf+2ml3(§1j ; uw,=27N,

[ToncraBuB 3TH BeIpakeHus B(1) momydnm:

1 2, 1 2 |2 i 1 2, 1 2 |1 ?
Emzrz +§m1r1 +2m, > 27, = Emzr2 +§m1r1 +2m, > 27N,

:1,1@

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

1 1
—~.10-0,16 +=-60-0,01+12-0,64 |-0,2
(2 0-0, 6+2 60-0,01+ 0,6 j 0, 1,756

n, =

KuHeTHYeCKas SHEPTHs BPAlIAIoIIerocs Tefa Beraucisiercs mo gopmyne W=1a/2.

2
6.9 W, = |2;)2 :1,58248,7 38,5 b

L,w? 878158
2 2
AW =W, —W, = 31,6 JTx.

W, =

Bamaua 11. OgHOpPOIHBIN TOHKHI CTep)KeHb Maccod My = 0,2 kr u mamuHo# | = 1M Moxer
CBOOOJHO BpaIaThCsl BOKPYT TOPU3OHTAIBHOU ocu Z, mpoxoadiieit yepe3 Touky O (cMm puc.) B
TOYKY A Ha CTEepXHE TMOMajaeT IUIACTWIMHOBBIM IIapuk, mMaccod Mp; = 10 1, jersmumit

TOPU30HTAIBHO CO CKOpOcThio v = 10 M/c u mpunumaer Kk crepxkHto. OmnpeAenuTs YrioBYIO
CKOPOCTh CTEP)KHS @ B HAUAJIbHBI MOMEHT BpeMeHH, ecii a=A40=I1/3.

Jlano: Q_v. o —

m;=0,2 kr a

I=1m O

*

m,=101=0,01 kr ¢ |
v=10 m/c

a =1/3
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Cunras cUCTeMy TeJl M3 MIApUKA M CTEPXHs 3aMKHYTOH, MPUMEHUM 3aKOH COXPaHCHUS
MOMEHTa uMmmyibca: Lo = L Q)

B HayanbHBII MOMEHT yjapa yrjoBasi CKOPOCTb CTEPKHS @p=0, MOATOMY €ro MOMEHT
uMmiyinbca Lo = 0. Ilpu sToM neTsmuii 1mapuKk MOMagaeT B TOUKY A, CIEJOBATEIbHO
OTHOCHUTENIbHO TOYKH O (OCH BpalieHus) o0iazaeT MOMEHTOM uMITyibca Loy = Myva, Tie a —
paccTosiHue OT TOYKH nomaganus a0 Touku O. Takum o6pazom Lo = 0 + mava.

[Tpununimmii K CTEp)KHIO MIApUK OyJIeM CYMTaTh MaTEPHAIBHOW TOYKOM, BpallalomIencs ¢
YIJIOBOM CKOPOCTBIO CTEP)KHSI @ U, €0 MOMEHT HMIyJbca paBeH Ljp= mya’@. 1@ — MOMeHT
UMIyJbCa CTEPXkKHA, Ile | — ero MOMEHT MHEepLUMM OTHOCUTEIBHO OCH BpamieHus. Toraa
MOMEHTA HMITYJIbCA CHCTEMBI CTEp)KeHb—IIapuK OyxeT paseH Ly = lw + moa’w. Ioxcrasisis
IIPUBE/ICHHBIE BbIIIE BbIpaxkeHUs B (1), momyunm

mava = lw + mya’o.
m,va
CrnenoBarenbHO, 0=—"—. (@)
I +m,a
Urto0Os! HaliT | oTHOCHTENBHO TOUKH (O, BOCmOIb3yeMcs Teopemoii IlIteitnepa:

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

e lo = m¥12 — mowment WHEPIHUU CTEp>KHS OTHOCHTENbHO TOoukd C (LeHTpa Macc).
Paccrosune OC=1/2 — 1/3=1/6, Torna

- m,|? 1 _ml
12 ‘36 9
m,v !
2%~ . .
C yuerom (2) monyunm @ = . 3 = 3m21) _ 3-0,01-10 _ 143 pan
ﬁJr m,l*  (m +m,)l (0,01+0,2)-1 c
9 9

Bonpocul u 3a0anus.
Pa6ora. PaboTta nepeMeHHOI CHIIBL.
MOIIIHOCTB.
KoncepBatuBHbIie U HEKOHCEpBATUBHBIE CUJIbI. [loTeHIIMANbHAS SHEPTHSL.
CBs3b MEXKY CUJION U TOTEHIHAIBHON YHEPTHUEH.
DHeprus ynpyro 1ehOpMUPOBAHHOTO TeEA.
Kunernueckas sHeprust u e€ cBs3b ¢ padOTON MPUITOKEHHBIX CHIL.
[TonHas MexaHU4ecKast YHEPTUS CUCTEMBI TEl.

3akoH COXpPAaHCHUA MEXaHHUYECKOI SHCPIHUHU.

© 0 N o g ~ w M PE

Juccunanusi 3HEPrum.
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10. IMonsiTHE aOCOMOTHO TBEPAOTO TEINA.

11. IlocTynaTesnbHOE U BpallaTeIbHOE JBUKEHUS TETa.

12. Yucio creneneii cBOOOIEL.

13. lenTp uHepImH (Macc) TBEPAOTO Tela.

14. MomeHT cuiibl. MOMEHT MHEpIUH.

15. OcHOBHOI 3aKOH TUHAMUKHU BPAIlaTEIbHOTO ABHKEHUS.

16. MoMmeHT nMnysbca. 3aKOH COXPaHEHUSI MOMEHTA UMITYJIbCA.
17. PabGota o BpamieHuro Tena.

18. Kunernueckasi 3Heprus Teja, Bpallarollerocs BOKPYT HEMOBUKHON OCH.

3agauu aJ1sl CaMOCTOATEILHOTIO pPeUICHUSA

1. Cuapsig maccoit m = 10 kr obmnagan ckopocteio v =200 M/c B BepxHel Touke Tpaekropuu. B
ATOH TOUKE OH pa3opBaliCsi Ha JABE YacTU. MeHblIas Maccoid Mi=3 KI' MOJy4Hsia CKOPOCTh Uy =
400m/c B mpexxHeM HarpaBieHHH. HaiiTu ckopocTh Uz BTOPOIA, OOJIBIIEH YacTH MOCIIe pa3phiBa.

2. I'py3uK, NpUBsI3aHHBINA K MIHYPY JUIMHON |=50cM, OnKChIBaET OKPYKHOCTH B TOPU3OHTAITBLHOM
. -1
iockoctu. Kakoit yron ¢ oOpa3yer IHYyp ¢ BEpTUKAJIBIO, €CIM 4acToTa BpauleHus N = 1¢™.

3. I'py3uk, npuBsIi3aHHBIA K HUTH JUIMHOW | = 1 M, OMHCBHIBACT OKPY)KHOCTh B TOPU30HTAIBLHON
wiockoctd. Ompenenuts nepuon T oOpalieHus, eciid HUTh OTKIIOHEHa Ha yron ¢ = 60° ot
BEPTHUKAJIH.

4. ABTOMOOWIIb HMJIET TIO 3aKPYIJICHHIO IIOCCe, paauyc R KpuBH3HBI KOTOporo paBeH 200 m.
Koadduiment tpenus u xonec o mokpeitue noporu pasex 0,1 (romonen). [Tpu kakoit ckopoctu
V aBTOMOOMJISI HAYHETCS €ro 3aHOC?

5. Kakyto HauOOJIBIIYI0 CKOPOCTh Umax MOKET Pa3BUTh BEJIOCHIIETUCT, IPOE3Kas 3aKpyriieHne
paauycom R=50M, eciau k03(pPHUIMEHT TPEHMs CKOJBXKEHUS [/ MEXKIY IIMHAMU U acalbToM
paBen 0,3? KakoB yroim ¢ OTKIOHEHHUS BEJIOCUIIE[Aa OT BEPTUKAIH, KOTJA BEIOCHUIEIUCT
JIBYDKETCSI 110 3aKPYTJICHUI0?

6. KamMeHb CKONB3UT ¢ HauBHICHICH TOUKH moycdepsl, paguyca R. Kakoil AmuHbl qyry onumier
KaMeHb, ITPEXk/Ie YeM OTOPBETCS OT ee MoBepxHOocTH? TpeHuem npenedpeus.

7. Pakera maccoit m=1m, 3amymieHHasi C TOBEPXHOCTH 3€MJIM BEPTUKAIBLHO BBEPX, OJTHUMAETCS
¢ yckopenueMm a=2g. CKOpOCTb » CTpYyW Ta30B, BBIpbIBAIOIIUXCA M3 comuia, paBHa 1200 wm/c.
Hatitu pacxon Qp, roprodero.

8. apuk maccoit m = 300 r ymapuics o CTEHY U OTCKOYMI OT Hee. OmnpenenuTs UMIyIbC p1,
MOJTyYEHHBIA CTCHOH, €CITM B TIOCJICIHUH MOMEHT TIepe]l YAapoM IapuK UMeN CKOpocTh vy = 10
M/C, HampaBieHHYIO ToX yriaoM ¢=30 K IOBEpXHOCTH CTEHBL. YJap CUUTaTh aOCOIIOTHO

YIPYTHM.

9. Teno maccoit mM=5 kr O6pomeno moxa yriioM a=30 K TOPU30HTY C HAYAIBHON CKOPOCTBIO Dy =
20 m/c. IpeneGperas conpoTUBIEHHEM BO3ayXa, Haiitu: 1) umnynsc cuisl F , neiicTByromeit
Ha TeJo, 3a BpeMs €ro 1ojera; 2) W3MEeHeHHe Ap UMITyJbca Teja 3a BpeMs MoJieTa.
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10. MatepuanpHasi To4uka Maccoid M = 1 Kr, ABHUrascb PaBHOMEPHO, OIHUCHIBAET UYETBEPTh
OKpY>KHOCTH pamuyca I' = 1,2 m B Teuenue Bpemenu t = 10 c. Haiftn usmenenne Ap umiryibca
TOYKH.

11. W3 naByx coynapsromuxcsi aOCOMIOTHO YOPYTUX MmapoB Oosbliui map mnokoutcs. B
pe3yibTaTe MPSIMOTO yaapa MEHBIIHMNA Mmap moTepsa 3/4 CBOCH KWHETHYECKOW SHEpruu 1.
Omnpenenuth oTHOLIEHUEe K=M/m macc mapos.

12. Ilap maccoit m = 1,8 Kr crajkuBaercs C MOKoALIeMcs ImapoMm Ooibiieil maccsl M. B
pe3yibTaTe IpsIMOrO YINPyroro yaapa map notepsut 36% cBoell KUHETUYECKOW SHEpPruu 1.
Onpenenutb Maccy OOJIBILIETO MIapa.

13. Iap, maccoit m; = 200 r, ABMXKYLIHICA CO CKOPOCThIO 01 = 10 M/C, yaapsieT HelmoABMKHBIN
map Maccoit my; = 200 r. Yaap npsimoit, abcontoTHO ynpyruii. KakoBsl OyayT ckopoctr U U Uy
1apoB 1ocie yaapa?

14. MonoTtkom, Macca KoToporo M; = 1 kr, 3a0UBaIOT B CT€HY I'BO3Jb Maccod My = 75 T.
Onpenenuts KII1/] # ynapa MonoTka npu JaHHBIX YCIOBHSIX.

15. boek cBaiiHoro mojiota Mmaccoit m; = 500 Kr majgaeT ¢ HEKOTOPOUM BBHICOTHI Ha CBAl0 MAaCCOU
my = 100 r. Haiitu KIIJ] # ynapa Oolika, cuuras ygap HeynpyruM. MzMeHeHneM noTeHIuanbHON
SHEPTUH CBaH MPH YTIyOJICHUH €e TPeHEeOpeYb.

16. Momnot mMaccoid My = 5 Kr yaapseT HeOOJBIION KYCOK elie3a, JIOKAIINi Ha HaKOBaJIbHE.
Macca m, nakoBanbHU paBHa 100 kr. Maccoil Kycka xene3a mpeHeOpeuyb. Yaap HEympyrHii.
Onpenenuts KII/] # yaapa MosioTa npy AaHHBIX YCIOBHSIX.

17. Monekyna pacnagaercsd Ha aBa aToma. Macca ogHOro u3 atoMoB B N = 3 pasa Oosblie
npyroro. IlpeneOperas HayaldbHONH KHMHETHUECKOW OSHEpPrueil M HMIYIbCOM MOJIEKYJIBI,
OonpeaACIMTb KWHCTUYCCKHUEC DHCPIrun T]_ n T2 aATOMOB, €CJIM UX CyYMMapHasd KHMHCTUYCCKAas SHCPIrusd

T=0,032 u/lx.

18. Konbkobexer, CTos Ha JIbJly, OpOCHII BIIEpEI TUPIO Maccoi M; = 5 KT M BCIIEACTBHE OTAAYN
MOKATUJICSA Ha3aJ CO CKOPOCThIO v = 1 M/c. Macca xoHbkoOexkIa M; = 60 kr. Onpeaenutsb
paboTy A, COBEpLICHHYIO KOHBKOOEKIIEM TPpU OpOCAaHUH THPH.

-2 -
19. fAnpo aroma pacmagaercs Ha qBa OCKOJKa Maccamu Mp = 1,6:10 Skru m; = 2,4-10 2 k.
Ornpenenutb KHHETUYECKYIO YHEPTUIO 12 BTOPOTO OCKOJIKA, €CIU 3HEprus 711, IEPBOTO OCKOJIKA
paBHa 18 u/[x.

20. ITpu BeICTpEne U3 opyausi cHapsa Maccod My = 10 Kr nmony4aeT KUHETHYECKYIO SHEPIruto 11
= 1,8 k/Ix. OnpenennuTs KHHETUYECKYIO SHEPTUI0 7> CTBOJIA OPYAMS BCIEACTBUE OTIAYH, €CIU
Macca My cTBoja opyaus pasHa 600 Kr.

21. Yepe3 HenmoJBWXKHBIA OIOK Maccoil M = (0,2 Kr MepeKuHYT IIHYp, K KOHIIAM KOTOpPOTO
nojaBecwin rpy3sl Maccamu Mp=0,3 kr u My=0,5 kr. Onpenenuts cuibl 77 U 1> HATSKEHUS
IIHypa MO0 00€ CTOPOHBI OJOKa BO BpeMsl IBHKEHUS TPY30B, €CIM Macca OJI0OKa paBHOMEPHO
pacripeiesieHa 1no ooomy.

22. Yepes Onok, umerommii GopMy aucka, nepekuHyT ImHYp. K KoOHIIaM mIHypa HpuBs3aiu
rpy3uku maccoir M= 100 r u my= 110. C kakuM yckopeHuem a OyIyT ABUTaThCs TPY3UKH, €CIIH
Macca M 6sioka paBHa 400 r? Tpenue npu BpamieHNH 06JI0Ka HUYTOKHO MaIo.
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23. Ban maccoii m =100 kr u pammycom R = 5 cM Bpamancs ¢ gacroroit n = 8 ¢t K
MAJTUHAPUYECKOW TOBEPXHOCTH Baja MPIKAId TOPMO3HYIO KoOJIoAKY ¢ cuioi F= 40 H, moxg
JeiicTBueM KoTopoii Bain octaHoBuIics yepes3 t = 10 ¢. Onpenenuts K03 puiineHT TpeHus L.

24. Ha ropu3oHTaIbHYIO OCh HAaCakKaHbl MaXOBMK U JIETKUH HIKUB paguycoM R= 5 cm. Ha mxuB
HaMOTaH IIHYp, K KOTOpOMY IIpuBsi3aH Ipy3 maccoi M = 0,4 kr. Onyckasich paBHOMEPHO, I'PYy3
npoten myth S = 1,8 M 3a Bpems t = 3 €. Onpenenuts MOMEHT MHEpIMH J MaxoBuka. Maccy
IIKMBA CYUTATh IPEHEOPEKUMO MaJIOH.

25. ToHkui ogHOpPOAHBIN crepxeHb JmuHOM | = 50 cm m maccoit m = 400 r Bpamaercs ¢
YIIOBBIM YCKOPEHHEM ¢ = 3 paj/c? OKOIO OCH, IPOXOIAMICH NEPICHINKYIIAPHO CTEPKHIO depe3
ero cepeanny. OnpeaenuTs Bpalawinii MOMEHT M.

26. [ap maccoit m=10 xr u paguycom R= 20 cM BpamiaeTcss BOKPYT OCH, IPOXOJSIICH depe3
ero ueHTp. YpaBHeHNe BpalieHus mapa uMeer Bux g=A+Bt*+Ct3, rue B=4 pan/c’; C=-1 pay/c>.
HaiiTu 3ak0H U3MeHEHMsI MOMEHTa CHJI, IEUCTBYIOIIMX Ha map. OnpeaeauTs MOMEHT cuil Mi B
MOMEHT BpemeHH {3 = 2 C.

27. Yenosek cTOUT Ha ckaMbe JKYKOBCKOTO M JIOBHT PYKOW Msid Maccod M=0,4 Kr, JeTAIHiA B
TOPU30HTAJILHOM HAIpPaBIEHUU €O CKopocThio v =20 m/c. TpaekTopus Msya HOPOXOAUT Ha
paccrosiHuu I = 0,8 M OT BEpTUKaJIbHOM ocH BpamieHus ckambu. C Kakoil yriioBoi CKOPOCTbIO @
HA4yHET BpalaTbCs cKambs JKyKOBCKOro ¢ 4elOBEKOM, MONMAaBIIMM MY, €CIU CyMMAapHbIN
MOMCHT HHEpIH J 4eTOBEKA K CKAMBH PABEH 6 KI'M>?

IIpakTuyeckoe 3ansitue 4.
Tema 3anamusn. MexanndecKue KoJIe0aHUS U BOJTHBI

Heﬂb 3anamuA. HSy‘IHTB OCHOBHBIC 3aKOHOMCPHOCTHU KoJIeOaTeIbHBIX IMpoLIecCCOB B
MCXAaHHUKC.

Teopemuqecmm yacmo.

MexaHMYeCKHMH KOJIeOAHMSIMU Ha3bIBAIOT JIBUXKEHUS TeJl, MOBTOPSAIOLIMECS TOYHO (WK
NpUOIU3UTENBHO) Yepe3 OJUMHAKOBbIE NPOMEXKYTKH BpeMmeHH. IIlpumepamu MpoCThIX
K0J1e0aTeNbHBIX CUCTEM MOTYT CIIY>)KUTh I'py3 Ha NPYKUHE WIM MaTeMaTHUYE€CKU MasTHUK.

Konebanust mmpoko pactupocTpaHeHbl B MpUpojie U TexHuke. KonebaTenbHbIe MPOIECCH
JIe)KaT B OCHOBE TaKUX OTPAciiel TEXHUKH KaK dJIEKTPOTEXHUKA, PATUOTEXHUKA U.T.]T).
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B 3aBucuMmocTH OT XapakTepa BO3JICHCTBHS Ha KOJICONIOUIYIOCS CHCTEMY, pPa3lHYalor:
cBOOOMHBIE, (COOCTBEHHBIE) KOJICOAHWS, BBIHYXKICHHBIC KOJICOAHMS, AaBTOKOJCOAHHS U
napaMeTpu4ecKue KojaeOaHusl.

1. CmoOojaHble _ KoieOaHUs, COBEPINAIOTCS TMOJ JCHCTBUEM BHYTPEHHHUX CHJI
CHCTEMBI, TI0CJIC TOTO, KaK CUCTeMa ObLIa BhIBEIICHA M3 COCTOSHHS PAaBHOBECHSI.
(Komebanmst Tpy3a Ha TpyKHHE WIM KOJeOaHUS MAasSTHHKA SBISIOTCS
CBOOOIHBIMU KOJICOAHHSIMHU. ).

2. BBIHYXIIGHHBIC - CUCTEMa IOJIBEPTraeTCsl BO3JACHCTBHIO BHEITHEH, ICPUOHMYCCKU
M3MEHSIOMUNCS CUITBI (KoJieOaHUE MOCTa MPHU MPOXOXKIACHUH COJJIAT, UIYIIUX B
HOTY).

3. ABTOKOJEOaHMS - CHCTEMa caMa YIpaBIIeT BHEIIHUM BO3JEHCTBHEM (MasTHUK
YacoB MOJIy4aeT TOJYKH B MOMEHT IMPOXOKACHUS €€ Yepe3 CpeiHee MOI0KEHUE).

4, HaDaMeTDI/IquKI/Ie KoJICOaHMs - IMPOUCXOAUT TCPUOJUUCCKOC HU3MCHCHUC
Kakoro- aubo mapamMeTpa CUCTCMBI 3a CUCT BHCUIHEIO BOSﬂCﬁCTBHH (HaanMep
JJIMHBbI HUTH MaTEMAaTH4YCCKOT'O MaﬂTHI/IKa).

OcHOBHBIE XapaKTEPUCTUKHU FAPMOHUYECKOT0 KOJIeOaHus:

1. X- cMmemeHue- OTKIOHEHUE OT TIOJIOKEHHUST PABHOBECHS B JAHHBIH MOMEHT BPEMEHHU (MOXKET
ow1Th >0 1 <0)/

2. A —aMIuTya - MaKCHUMaJIbHOE OTKJIOHEHHE OT ITOJI0KEHUS PAaBHOBECHS.
3. T- mepuop - COBEpIIECHUS OJJHOTO MOJHOTO KOJIeOaHMUs.

4. wt- ¢da3a konebaHUA - XapaKTEpHU3yeT COCTOSTHUE KoJieOaTeIbHOW CHUCTEMBI B JHOOOM
3aJJaHHbIIl MOMEHT BPEMEHH.

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

Ecmu k Hayvally Ha6J'IIO,Z[CHI/I}I (1)3.38. HMCJIa HCKOTOPOC HAYAJIbHOC 3HAYCHHUC ¢@,, TO

YpaBHCHHC 3alIUIICTCA:

X=A- Sm((po + Wt) - rTapMOHUYECKoe Koje0aHue ¢ HayallbHOU (hazoil.

CKOpOCTh M YCKOPEHHE TAPMOHHMYECKOI0 K0J1e0aHus

CKO[ZOCTB - FTApMOHHUYCCKUX KoJIeOaHM eCTh nepBasa Nporus3BoJHad CMCUICHUA 110 BPCMCHU.
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I/I3B6CTHO, 9TO CKOPOCTH V = EHHH TapMOHHUYCCKOT'O KOJIeOaHMS CKOPOCTb OHNPCACIACTCA

dx d(A-sinwt
CJIeIYIOIUM 00pa3om V=E=¥= A-w-coswt ;

V= A-W-COSWt|-ckopocts rapmonmueckoro koneGanus.

a:ﬂ: d(A-w-coswt) =—A-w’ -sinwt
dt dt

a=—A-w-sinwt|- YCKOpEHHE NIPH FApMOHUYECKOM KOJICOaHHH.

Konebarenpnoe JABHXCHHEC BBIITOJIHACTCS IO HeﬁCTBHGM CHUJIBbI, KOTOpasa MOXKET OBLITH

ompesienieHa o BTopoMy 3akoHy Herotoma: F = M- &, Ho yckopenue npu rapmoHnyeckux
2 -
Konebanusx onpexensieres no gopmyae & = —A-W* - SIN WL | noacrasum snauenue

2 o -
YCKOpEHUs BO BTOpOH 3akoH HeloToHa, TO F=-m-A-w" sinwt .m0 A-sinwt =X,
TO

2
F =-M-X-W'| cuna neficrayromas na xone6mormeecs Tero.

Ona nponopuuoHajibHa CMCIICHUIO, 3HAK «-» YKa3bIBACT HA, TO YTO CHUJIa HAIIPpABJICHA B

2
MMPOTHUBOIIOJIOKHYIO CTOPOHY OTHOCUTCIIbHO CMCIICHUS. k=m-v

F — _k - X KBasuynpyras Culia, BbI3bIBArOIasa KoJieOaTebHbIC JABHIKCHUA.

DHeprus rapMoOHUYECKOro K0J1e0aTeJJLHOr0 IBHKEeHU ST

KBasnynpyrasI cujia ABIACTCA KOHCGpBaTHBHOﬁ M IMMO3TOMY IIOJIHAd MEXaHHUYCCKas SHECPIrus
CHUCTEMBI OCTa€rcid MNOCTOSHHOM. B mporecce KOJIeOaHMI OpOUCXOoAUT MNPCBPAIICHUC
KHHETUYSCKOM DHEPIrHMy B IOTEHIMAIBHYIO U O6D8.THO, HpI/ILIéM B MOMEHTHI HAWOOJIBIIETO
OTKJIOHCHHUA OT ITOJIOXCHHUA PABHOBCCHUA ITOJHAA DHEPIrUuid COCTOHUT TOJBKO H3 HOTeHHHaﬂBHOﬁ
9HCPTHUU, KOTOpAad JOCTUTACT CBOCTO MAKCUMAJIBHOI'O 3HAYCHU .

k- A
E= E,,_max = T , A- ammuryna

HpI/I MMPOXOKACHUN CUCTCMBbI YCpPC3 IIOJIOKCHUC PABHOBECUA IIOJIHAA OSHEPTHUA COCTOUT
TOJIbKO 13 KHUHETHYSCKOM OHEPIUH, KOTOpad JOCTUTACT CBOCTO MAKCUMYMa.

-2 . 2-
E:EmmaX:m vmax:mA w
' 2 2
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HpyKUHHBIA, MATEMATHYECCKUH U GUIHYECKHI MAATHUKH

Ipyorcunnulii masamuuk- 3TO TPy3 Maccoil M MOJBENICHHBIH HAa YHNPYTOd MpYyXWHE U
COBEPILAIOIINN TAPMOHUYECKUE KOJIeOaHusI.

AN SN NN NN

N

3

KonebGanust MasiTHUKa COBEPIIAIOTCS MO JEHCTBUEM YIJIOBOW CHIIBL. F=-k-X, k
KO3 (UIMEHT YIPYTOCTH, a B CIy4ae ¢ MPYKHUHOU OH Ha3bIBaeTCs KOOPPUIIUEHTOM KECTKOCTH.

YPaBHeHI/Ie JABMOKCHUA MasATHHKA 3aI1MChIBACTCA:
m-a=-k-x (3

yCKOpeHI/Ie- 9TO BTOpasd Nporu3BoaAHAA CMCIICHUA 10 BPDCMCHMU:
” a _ X”
m-x"=-k-x, .k =
Paznenum o0e wactu ypaBHEHHUS Ha M, TO MOTYyYUM

k
X"+—x=0
m (4)

k Kk 21
CpaBHUM Mexy co0oil ypaBHeHus (2) u (4), O4€BHIHO, YTO wi=—,a W= H , W= ? X
m

27

T= _W - Iepuo/ KosiebaHusl, IOJACTaBUM B popMylly nepuoja KosedaHus 3HaueHue W, yepes

2 m

T=2L T=27/2

kI/Im,TO \/?, K
m

T= 272- T, - Iepuon KoJieOaHus MPY>XUHHOI'O MasgTHHKA.

Du3uueckuil_maamuuk - TBEPAOE TEJIO CIOCOOHOE COBEpIIaTh KOJeOaHUsI OTHOCUTENIBHO OCH,
HE COBMNAJAIOLIEH C LIEHTPOM Macc.
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mg

U3 OCHOBHOTO ypaBHEHUs JMHAMMKY BPAIATEIBHOTO JIBHKCHUS
J-e=M, rne

M=-m-g-d-sing

Jliis ManbIx Koje0aHU MOKHO OYYUTh J-e-M=0
J-¢"+m-g-d-9=0 (3)
Paznenum ypasuenue (3) Ha J
m-g-d
J

, 2 _
Beeném obo3naueane Wy = , TIOJTY9HM YpaBHCHHE

" 2
@ +W = 0, KOTOpPO€ aHaJOTHYHO MOJTYYEHHOMY paHee.

27 27
Tlepuox xonebanug pU3MUecKoro MassTHUKA = -
p (1) WO m . g .d
T=2r
m-g-d
Mamemamuueckuii_maamHuKk - MaTepuaJbHas TOYKAa IIOABCIICHHAs Ha HEBECOMOU

HEpaCTSHKUMON HUTH.

PeanbHblii MasTHHK, Y KOTOpOro Macca Tejla BO MHOrO pa3 OOJblle Macchl HUTH, a
pa3Mephl Tejla BO MHOT'O Pa3 MEHBIIE JJIMHHBI HUTH, MOJKHO CYMTATh MATEMATUYECKUM.



YuuTeIBas, YTO MOMEHT CUJIBI TSIDKECTH M=-m- g- | -sina A MOMEHT WHEPIIUU TOYKHU

2
J =m-1° u3 nunamuueckoro ypaBHeHus BpamarensHoro asmikenns nonydum: J & =M |
m-1>-a"+m-g-1-a=0 (@)
Paznenum ypaBHenue (4) Ha ml?, MIOJIyYUM

m-q-I
aﬂ+ g

m-1?2 0

a

a”+%-a:0,: a"+W;-a=0 Wy =—

[Tepuon konmebaHuss MATEMAaTUYECKOTO MAITHHKA

T:2—ﬂ227r !

Wo g

M1 IMPpUXOJHUM K BBIBOAY, UTO BO BCEX ClIydasax K0J1e0aHHsT OMHUCHIBAIOTCS OJHUM H TEM

" 2 _ 0
xe ypaaeanem X + Wy - X =U  copnagaromum ¢ ypaBHEHHEM JIBUKEHUS TAPMOHHUYECKOTO
OCHUJUISTOPA.

Boinvi:kneHuble KoJeoanus. PesoHanc. ABTOK0Je0aHUS
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BbIHy)KI[CHHbIMI/I KoJICOAHMSIMHA HAa3bIBAE€TCS HEC3aTyXarouue KoJIeOaHMs CHUCTCMBI,
KOTOPBIC BBI3BIBAIOTCHA ,Z[CI>'ICTBPI6M Ha HE€ BHEIIHUX CUJI, ICPUOJAUYCCKH HUIMCHAIOIIHNXCA C
TCYCHUECM BPpCMCHU.

Cuna, BbI3BIBAIONIAs  BBIHYKICHHBIE KOJeOaHWsS, Ha3bIBACTCS  BO3MYIIAIOIIHIA
(BBIHYXAAIOUTUI) CHIION.

BBIHy>KI[aIOH_[a}I CuJia UBMCHSACTCS 110 3aKOHY:
F(t)=F,-cosw-t
Fo- ammuuTya BeIHY)KJar0men CUiIbl, W- IIUKIMYEeCcKas 4acToTa.

[Tox meficTBUEM ATOM CHIIBI B CUCTEME yCTAHABIUBAIOTCS TAPMOHUYECKHE KOJICOAHMS C
UAKJIAYECKON YaCTOTOH W.

AX=A-cos(w-t+¢,)

['e A- aMIIMTy1a BHIHYKIEHHBIX Kostebanuii cMemenus. @1 - pasHocts das mexmay

BBIHY/ICHHBIMH KOJICOaHUSIMU AX u cunoit F(t).

AMIUINTY]a BBIHYXKJICHHBIX KOJIEOaHUH 3aBUCUT OT aMIUIMTY/Ibl BBIHY)KJAIOIIEH CUJIBI U
e€ 4YacTOThl, 3aBUCHUMOCTb aMIUIUTYJbl KOJEOAHWH OT 4acTOThl HPUBOIAUT K TOMY, YTO IpPU
HEKOTOPOM 4YacToTe aMIUIMTYAa BbIHYXJIEHHOIO KOJICOaHUS JOCTUraeT MaKCHUMaJIbHOI'O
3HaYeHUs. OTO SBIEHUE IIOJNYYWIO HAa3BaHUE pPe30HaHCd, a COOTBETCTBYIOIIAs 4YacTOTa-
PE30HAHCHOU YACMONbL.

B # 0, T0 A T0OCTHTHET MaKCHMAJIBHOTO 3HAUEHHS P YacToTe W, # W,

2 2
W=W,, =W —28% =w,_ [1- sz

0

SIBieHne BO3pacTaHUs AaMIUTUTYAbl BBIHYKIEHHBIX KOJNEOAHUW MNpU MPUOTMKEHUN
LUKJIMYECKON YaCTOTHI BBIHYKIAIONIEH CHIIBI K 3HAYEHUIO W,e; — HA3BIBACTCS_DE3OHAHCOM , Wpes
— pe30HaHCHAas LUKJINYECKas 4acToTa.

[Ipy HammuuM TpeHHWs pE30HAHCHAs IMKINYECKass YacToTa W, HECKOJIBKO
2 2
AW, =+W5 —° 1 MeHbIe W.

dopma pe30HAHCHBIX KPUBBIX 3aBHCUT OT 3Ha4yeHus L. Uem Oonbire [, Tem Goiee

IMOJIOTUMHU CTAHOBATCS KPUBBIC.

HpI/IMepLI pe30HaHCa: ABJICHUC PCE30HAHCA MCIIOJIB3YCTCA B AKYCTUKC - IUJIA aHAJIM3a
3BYKOB, UX YCHUJICHHA U.T.H.

HOII HCﬁCTBHCM NEPpUOANYCCKN H3MCHAIOMIUXCA HAIPY30K B MAIlMHAX W PA3JINYHBIX
COOPYKECHUAX MOI'yT BO3HHUKHYTH SBJICHUA PE30HAHCA, KOTOPBIC MOTYT OBITE ONACHBI JJIA
SKCILTyaTalluy MalllvH.

Aemoxkonebanus- KonebarenpHas cucTemMa, COBEpILAOIIas He3aTyXarolue KoineOaHus 3a
CU4€T WCTOYHMKA DHEPrHH, HE 00Jamaronero KojeOaTeTbHBIMH CBOWCTBAMH- HAa3bIBACTCS
aemoxonebamenbHoOu CUCmemo.
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IIpumepsl pemenus 3agaq

3apauya 1. MarepuanpHas Touyka Maccod M = 10 T coBepiaeT rapMOHHUYECKHE KoJieOaHUs ¢
gactoroit V= 0,2 ['n. AMmuTtyna xonebanuii A paBHa 5 cm. Onpenenuth: 1) MakKCHMaJIbHYIO
CHITY, ICHCTBYIOIIYIO Ha TOUKY; 2) IMOJIHYIO SHEPTHIO KOJIEOTIOMIEHCS TOUKH.

Pewenue
YpaBHEHHE TaApMOHHYECKOTO KOJICOaHHS
X = Acos(a,t + ).

CKOpOCTh U YCKOpEHHE KOJICOIIOIIEHCS TOUKHI

L= dx =—Aa, sin(w,t + p);

a=——=—Aw] cos(a,t + ).

dt
dov
dt
CormacHo BTOpomy 3akoHy Hel0TOHA, cHita, JCMCTBYOIIAs HA TOUKY,

F =ma =—Aw; cos(a,t + );

F=F_ npu COS(a)Ot + ¢) =1, HO3TOMY MCKOMOE MaKCUMAJIbHOE 3HAYEHHE CUIIBI

F._. =Agim=47°v?Am

max
(yunu, uto Wy = 27V ).

[Tonnas OHEPIusa KOHC6HmIHCﬁCH TOYKH

IToxcraBus crofa @, , HalEM UCKOMYIO MOJTHYIO SHEPTHUIO:
200 2 A2
E=27"mv°A".

Boruncnsis, monydaem: 1) Fpax = 0,8 MH; 2) E = 19,7 Mx/[x.

3agauya 2. Ousnueckuil MasgTHUK MPEACTaBIseT COOOW TOHKUN OIHOPOIHBIM CTEPIKEHb.
Onpenenuth AJIMHY CTEPXKHS, €CJIM YacToTa KojeOaHUM MasTHHKA MakCHMMallbHa, KOTJa TO4Ka
noaseca O Haxoautcs oT neHrpa mace C Ha paccrostauu 20,2 cM.

Pewenue

[{uxnraeckast 4acToTa KojaeOaHui (U3MIECKOTO MasSTHHKA




_ |mgx
=5 O

rae M — macca MasiTHUKA, J — MoOMeHT ero HWHCPLUU.

CornacHo TEOpEME LHTeﬁHepa, MOMCHT HHEPLHUH CTCPXKHA OTHOCHUTCIBHO TOYKH IIOABECA,
OTCTOsAIICH OT LOCHTpa MaCC Ha PAaCCTOSAHHU X,
2
ml )
J=—o+mx". (2
12

129gx
v ©

do  6g(1°-12x%)

dt X217 +123)7

[Toncrasus (2) B (1), nomyuum

Haiinem skctpemym dyukimu (3):

OTKyZAa
2 2
I“-12x° =0,
T. €. UICKOMasl JAJIMHA MasiTHUKA

| = 2\/§x.

Beruncsis, nomygaem | =70 cm.

3anaya 3. Touka y4acTBYeT OJJHOBPEMEHHO B JIByX TapPMOHUYECKUX KOJIEOaHUSX, TPOUCXOASIINX
BO B3aMMHO NEPHEHIUKYISIPHBIX HANPABICHHUAX M OMUCHIBAEMBIX ypaBHEHHMsIMH X =COS7zl wu

T
y= COSEt . OnpeienuTh ypaBHEHUE TPACKTOPUN TOUKH.

Pewenue
ITo ycnosuto 3anaun,
X=coszt; (1)

y=cosZt. (2)
2

Jns ompeneneHus ypaBHEHUs TPAEKTOPUHM TOUKHM M3 ypaBHeHHH (1) u (2) HMCKIIOUMM Bpems,
Toraa

cos 7t = cos’ %t—sin2 %t =cos’ %t —(1—cos® %t) = 2cos’ %t—l= 2y* -1,

OTKYJla MICKOMOE YpaBHEHHE TPAEKTOPUU TOUKU
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npeacTaBisieT co0oit mapabdory.

3agaua 4. JlorapudMudeckuii JEKpEeMEHT 3aTyXaHus Teja, Kojeomromierocst ¢ yactoton 50 I,
pasen 0,01. Onpenenuts: 1) Bpems, 3a KOTOPOE aMILTUTYyAa KoseOaHuil Tena yMeHbIHTCs B 20
pas3; 2) 4yMCcIo MOJTHBIX KoJeOaHMid Tea, YTOObI MPOU30ILI0 TOA0OHOE YMEHBIICHUE aMITITUTY/bI.

Pewenue

AMIUTATY/IA 3aTyXaroIUX KoJIeOaHuit
A=A, ()
rae Ao — ammuuTyaa konebanuii B MoMeHT t = 0; & — KoappuImeHT 3aTyxaHusl.

JlorapuMuyeckuii  JEKPEMEHT  3aTyXaHHs ®=0oT (T =1/v— ycnoBHbI  nEpUOL

3aryxarouux kojaedanuit). Torna 0=0Vy BbIpaxkeHue (1) MOXKHO 3anucarh B BUAE
—-Ovt
A=Ae"",

OTKYya HCKOMOC BpEMsL

Yucao HCKOMBIX TTOHBIX KOJIeOaHu

Beruuciss, monydaem: 1) t=6 c; 2) N = 300.

Bagaua 5. [py3 maccoit m = 50 r, moaBemeHHbIl Ha HUTH JuHOM | = 20 cMm, coBepiaer
konebanus B kuakoctu. Kospduuuent comporusienus I = 0,02 kr/c. Ha rpy3 aeiictByer
BeIHYKfatomas cuia F =0,1coswt,H. Onpeaenuts: 1) 9acTOTy BBIHYKIAIOMIEH CHIIBI, MPU

KOTOPOM aMILTUTY/Ia BBIHYKJIEHHBIX KOJIeOaHUN MaKCHUMalbHA; 2) Pe30HAHCHYIO aMILTUTYTY.
Pewenue

O‘I@BI/I}IHO, YTO YacToTa BBIHY)I(JIaIOHIeﬁ CUJIBI, IIpH KOTOpOfI AMIUINTyda BBIHYXJICHHBIX
KoJIeOaHWH MaKCUMaJIbHA, SIBIIIETCS PE30HAHCHOW YacTOTOM:

(’Ope3 = \/O)S - 282 ! (1)
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r
IJe @, — COOCTBEHHasl 4acToTa KOJEOAaHUH CHCTEMBI; 0= — KO3 PULIMEHT 3aTyXaHUsL.
° ’ 2m

9

pr3, HO,Z[BCH.IGHHI)Iﬁ Ha HUTHU, MOXHO IIPUHATH 3a MaTeMaTHYEeCKHI MasaTHHK, TOIrJa a)o = I *

IToncraBus 3HayeHus W, n O B dopmyny (1), HaiiieM HCKOMYIO PE30HAHCHYIO JACTOTY:

[ToncraBuB dopmyiny (1) B BeIpaxkeHHe Ui aMIUTUTY/bl BEIHYKIEHHBIX KOJIeOaHUN

A= Fo
m\/(a)g — 0 -48°0°
rae Fo — ammuTynHOe 3HaueHUE BBIHYKIAIOUIEH CUITbI (TIO YCIIOBUIO 3a/1a4H, Fo=0,1 H),
HalIeM UCKOMYIO PE30HAHCHYIO aMILTATYY:
F

A\)e3 = - =
2ms.J? —&° ,

Berauciisist, monysaem: 1) @, =7 paw/c; 2) A =714 cm.

Bonpocwt u 3a0anus.
1. T'apmonHueckue KojaeOaHus.

2. OCHOBHBIC XapaKTEPUCTHKH KOJICOATEITHLHOTO JBYKCHUS: aMIUTUTy/a, (a3a, 4acToTa,
MEPHO/I.

JluHamuKa rapMOHUYECKUX KOJIEOaHUH.
[TpyxuHHBIN, MaTEMaTH4YeCKUI U pu3nueckuil MasTHUKU. KBa3uynpyrue cuisl.

KI/IHCTI/I‘leCKaﬂ, NMOTCHIUAJIbHAA U IMOJIHAA SHEPTIUs TapMOHUYICCKOTO KoJIeOaHMSI.

o o > w

["apMoOHMYECKHI OCIUILIATOD.

3agaum a1l CAaMOCTOATEIBHOI0 pelIcHUust

1. Hanncarp ypaBHEHHE TapMOHUYECKOTO KOJeOaTeIbHOTO ABMKEHUS C aMIUIUTYNoi 4 = 5 cwm,
. . V4
ecnu 3a Bpemsi t = 1 mMuH coBepuiaercst 150 xonebGanuii 1 HavanbHas Qas3a KoaebaHul @ = 1
Haueptuts rpaduk 3100 IBUKEHHUS.
2. Hanucath ypaBHEHHE TapMOHUYECKOTO KOJIEOATEIPHOTO IBMKEHHS ¢ aMIuiuTynon 4 = 50 mMwm,
. . T . .
nepuonoM 7 = 4 ¢ u HauaibHOU (hazoit @ = 1 Haiitu cmemenne X KojaeOmromencss TOUK| OT

noJjoxeHus paBHoBecus mpu t = 0 u t = 1,5 ¢. Haueptutsh rpaduk 3T0ro ABHKEHHUS.
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3. Uepe3 kakoe BpeMs OT Hayajia JBMIKCHHS TOYKA, COBEpIIAIOIIas rapMOHUYECKOe KojebaHue,
CMECTHUTCSI OT TOJIOKCHHSI paBHOBECHs Ha TOJIOBUHY aMIutuTyabl? [lepuon konebanumii 7 = 24 c,
HavanbHast paza ¢ =0.

4. Yepes kakoe BpeMsl OT Hadaja JBMIKEHHUS TOYKA, COBEPIIAOIAs KojieOaTeIbHOe IBH)KCHHE T10
. T

ypaBHEHHIO X =7SINn Et MPOXOJUT IMYTh OT IOJOKEHUSI PABHOBECHS JO0 MaKCHUMAaJIbHOIO

CMeEIIEHUA?

5. HavanbHas ¢aza rapmonudeckoro kosebanuss ¢ =0. [Ipu cMelmeHnn TOUYKH OT MOJOKEHUS
paBHOBeCHs X1 = 2,4 CM CKOPOCTb TOUYKH v, = 3 CM/C, a IPU CMEILEHUH X2 = 2,8 CM €€ CKOPOCTh

v, =2 cm/c. Haiitu ammutyny A v nepuon 7T 5T0ro konebanus.

o . o . (T,
6. YpaBHeHue kojaebaHul MarepuagbHOM TOUkM Maccod M = 10 r umeeT BUJ X = 5Sin (—t +—)

cMm. Haiitu MAaKCHUMAJIbHYIO CUITY Fmax , ACUCTBYIOIIIYIO Ha TOYKY, U IIOJIHYIO DHCPIUIO W koite-

OJIFOLIIEHACS TOYKH.

o o . (T, T
7. YpaBHeHHE KoeOaHusl MaTepualbHON TOYKU Maccoid M = 16 r umeer BUA X = 2Sin (—t + —j

cM. IlocTpouth rpaduk 3aBUCHMMOCTH OT BpeMeHu t (B mpemenax OJHOTO TIEpPHOIA)
kuHeTnaeckor Wy, norenuunanbaon W, u monnoit W sHEpruu TOUKH.

8. Ilomnas OHCPIruA TCjia, COBCPHIAOIICTIO I'apMOHHUYCCKOC Koj1e0aTeabHoe JBHXXCHUC, W =30

MK/DK; MakcuMmasbHas cuia, JecTByromas Ha teno, F_ = 1,5 MH. Hamucare ypaBHeHue

. V4
JBUKEHMSI 3TOTO TeJla, €ClIM Neproa kojnedanuil T =2 ¢ u HavanbHas (asza ¢ = 3
9. K npyxxune noaseriex rpy3 maccoil m = 10 xr. 3Has, 4T0o Npy’KMHA O] BIUSHUEM CHIbI F =
9,8 H pactaruBaercst Ha | = 1,5 cm, Haiitu nepuon 7 BepTUKAIBHBIX KOJIeOaHHI Tpy3a.

10. Touka yuyacTByeT B [BYX B3aUMHO IEPICHIMKYISIPHBIX KolieOaHusXx X=2SINwtm u
y = 2c0S wt M. HaliTu TpaeKTopHio pe3yabTUPYIOLIETO IBUKEHUS TOUKH.

Paspnen 2. OcHOBBI MOJIEKYJISIPHO-KMHETHYECKOM TEOPUH U TEPMOAMHAMHUKA
IIpakTH4yeckoe 3ansiTue S.
Tema 3anamus. OCHOBBI MOJICKYJISIPHO-KHHETHYECKOM TEOPHH.

Ienv 3anamus. VI3yduth OCHOBHBIC MOHSATHS M 3aKOHBI MOJICKYJSIPHO-KHHETHYECKOU
TEOPHH.

Teopemuqecmm yacmo.

[lpencraBieHre O TOM, YTO BCE Teja MOCTPOSHBI M3 MENbYAWIIMX YACTHUI[ — aTOMOB,
BO3HUKJIO €II€ B IPEBHOCTU M OBLIO BhICKa3aHO rpedeckuM ¢uinocodom Jlemoxpurom (V B. 10
H. 3.). OfHaKo, B JaNbHEHIEeM 3TH NpeCTaBIeHUs ObLIN 3a0BIThl U JIUIIb BO BTOPOM MOJIOBHHE
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XVII B. O6b11H pazpaboTaHbl B KAUECTBE HAYYHOH TEOPUH, MOITYUUBIICH HA3BaHUE KIACCUUECKOU
MONEKYNAPHO-KUHEMUYECKOU Meopuu.

Ona ocHOBaHa Ha CICAYIOIIUX ITOJOKCHHUAX.

1. Bce BCHICCTBA COCTOAT M3 OYCHb MAJICHBKUX YaCTHIl — MOJIEKV .

Ka}K,I[OG BCIICCTBO COCTOMT M3 OJHMHAKOBBIX MOJICKYIL. CKOIBKO BCIICCTB B IIPUPOAC,
CTOJILKO 1 BUJ10OB MOJICKYII.

MoJEKYIbI COCTOST M3 €IIe 0osee METKUX qaCTHUIl — amomoses.

Uucno aToMOB paBHO YHUCIY XUMHYECKMX OJJIEMEHTOB W uX uzotonoB (109 xwum.
a1emMeHTOB U 60s1ee 1500 M30TONOB U3BECTHO B HAIIIE BPEMS).

Monekymbl — pa3IuyHble KOMOMHALMU U3 aTOMOB (MOJICKYJISIPHO-KHUHETHYECKAst TEOPHS
HE pacCMaTpUBaeT CTPOCHHUE aTOMA).

2. Mexay MOJeKyJIaMy Tella OJHOBPEMEHHO JCHCTBYIOT CHJIBI B3AMMHOTO MPHUTSHKEHHS
(cueruieHus) U CUJIbI B3aMMHOTO OTTAJKHMBaHUS, IPUYEM CHJIbI OTTAJIKMBAHUS C YBEIMYCHHEM
paccTostHus YOBIBAIOT OBICTpee, YeM CHIIbI crerieHns. [103ToMy Ha OmpeneeHHOM pacCTOSTHUH
Ipyr OT Jpyra MOJIEKYJbl MOI'YT HaxOIUTbCS B YyCTOHYMBOM paBHOBecuH. (CoriacHo
COBPEMEHHBIM  HMCCIICIOBAHUAM, IIOJIOKEHHE YCTOMYMBOIO PABHOBECHS COOTBETCTBYET
MUHUMYMY UX ROMEHUUATbHOU IHEePZUU.

3. Moekyapl, 00pa3vyIOIIHE TEN0, HAXOMATCI B COCTOSHHUM  HEMPEPLIBHOIO
OECIIOPSAI0YHOTO ABUKEHS.

CKOpOCTB ABWIKCHUS MOJICKYII BO3pACTAaCT € YBCIWYCHHUEM TCMIICPATYPBI, MMO3TOMY
JABMXXCHUEC HA3bIBACTCA menjioebim 0BUIICEHUCM.

IIo Mepe yBelIMYEeHUs WHTEHCUBHOCTH TEIUIOBOIO [BWXKCHHUS, CpPEIHEE pacCTOsHUE
MEXY MOJIEKYJIIaMH BO3pacTacT, CICNOBATENIBHO, TEIO MEPEXOIUT U3 TBEPIOTO COCTOSHHS B
xkuakoe. Ilpm nmanmpHeWIIeM HarpeBe pacCTOSHHE MEXAY MOJIEKYJaMU  YBEIIMYMBACTCS
HACTOJIBKO, YTO CHJIbl CLEIUICHHUS] MCUE3al0T, CJIEA0BaTEeIbHO, TEJIO MEePEX0oUT B razoodpasHoe
COCTOSIHHE.

Hoeanvnwuii 2az. E2o napamempuot

HoeanvHvim 2a30m Ha3bIBACTCSA Ta3, MEXY YaCTUL[AMHU KOTOPOT'O OTCYTCTBYIOT CHJIBI
B3aMMHOTO puTsKeHus. [Ipu coynapeHusax Mexay co0oil, YacTUIlbl Ta3a BeAyT cedst Kak
YIpYrue MIapyuKu KpaliHe Majoro pasmepa.

CymiecTBytolue B JeHCTBUTENLHOCTH Ta3bl PU HE CIMILIKOM HU3KHX TEMIIepaTypax u
A0CTAaTOYHO MAJIBIX JJABJICHUAX HA3BIBAIOTCA Pa3psAKCHHBIMU I'a3aMU U 110 CBOUM CBOMCTBaM
OJIM3KH K UACATBHOMY Ta3y.

KoanuecTBo BemecTBa (YMCI0 MOJIei) V=—-=—o,
rae N — uucno monekyn, Na — mocrosHHas ABoraapo, M — macca BemiectBa, M — MomspHas

macca.

Ypasuenue Kinaneiipona-MenaeneeBa pV =VRT,
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re p — naBneHue raza, V —ero o0beM, R — yHuUBepcalibHas Ta30Bas MOCTOSIHHAS, T-
TEPMOJIMHAMHYECKAsl TeEMITepaTypa.

YpaBHeHHne MOJICKYJISIPHO-KUHETHYECKOM
2
TEOPHUHU ra3oB =—N(¢g =—Mmn, (L ,
P 3 oCT 0

rJ€ N — KOHIEHTPAIUA MOJIEKYIL, { & — CpCAHAA KMHCTUYCCKAsA SHCPIrusd MnOoCTyIaTCIbHOI'O
oCT yi

JBHKCHUS MOJICKYJIBI, Mo — Macca MOJICKYJIbI <UKB> — CpCOHAA KBaApaThuiHasad CKOPOCTD.

i
CpenHsisi 3Heprusi MoJIeKYJIbl <€> = E KT,

rae | — 4ucio cTeneHei cBo0o bl MOJIEKYIbI, K — mocrosiHHas Bonbiivana.

BHyTpeHHss JHeprusi HAeaJbHOI0 ra3a

U = LVRT.
2

Cucrema u3 N mMarepuagbHBIX TOUYEK, MEXITY KOTOPBIMH HET KECTKHX CBsi3el, nmeer 3N
CTerneHei cBoOO0IbI.

Mouekynbl ra3oB, cocrosimue U3 ogHoro atoma (Ar, Xe, He) obnagator Tpemst cTeneHsmMu
cB0OOABI 1=3; MOJEKYJbl Ta30B, cocrosue u3 aByx atomoB (O2, H2, N2) obnagaror nsaThio
CTEIEHAMHU CBOOO/IBI 1=5; MOJIEKYJIbI Ta30B, COCTosMIMe U3 Tpex u Oosiee atomo (CO2, CH4)
00J1aTafOT MIECThIO CTETICHIMH CBOOOIBI 1=0.

CKOpOCTl) MOJICKYJI:

cpednsa keadpamuunas (U, ) =+/3KT /m, = /3RT /M;
cpednss apudmemuueckas ()= /BKT /(zm,) =/8RT /(zM).
naubonee seposmuas Uy =/2KT /My =+/2RT /M.

Cpenusist JUIHAA CBOGONHOTO MPOGEra MOJICKYJIhI (2)= (\/sz Zn)_1 ,

riae d — 3¢ heKTHUBHBINA TUAMETP MOJICKYJIbI.

CpenHee 4uCJI0 CTOJIKHOBEHH I MOJIEKYJIbI B eIMHUILY BpeMeHH <Z> = \/Eﬂ'd 2n<U>.

54



Pacnpenesienne MosieKyJ1 B MOTEHIUAJBLHOM I10JI€ CHJI n=n, exp(——j,

KT

rac 17— MOTCHIMAJIbHAsA SHCPIrUs MOJICKYJIbI.

.
bapomerpuyeckas ¢opmy.ia P =P, EXP| — T )

Ypasuenue 1udpdysuun

dm :—Dd—pdet,
dx

rne D — koapdumuent muddysun, p — mwIoTHOCTH, OS — 3MeMeHTapHas ILIONIA/IKA,
neprneHaukyispHas ocu OX.

dT

YpaBHeHue TeNJIONPOBOIHOCTH dQ =—=—dSdt,
X

TAc & — TCIIONPOBOJHOCTD.

Cuiia BHyTpeHHEro TpeHust

dF :—n@ds,
dx

TAC 77 — JMHAMHUYCCKasl BA3KOCTb.

Koyppuunent nuddysun
1

D=2 {v)(2).
BsaskocTh (1MHAMUYECKas)

7=3p(0)(2)=Dp

TenonpoBoaHOCTH &= —CVp<U><l> =nc,

rae Cy — yacabHas1 N30XO0pHas TENIOCMKOCTD.

IIpuMepsl pelieHus 3aa4

3agaua 1. B Gamnone BmectumocThio V = 6,9 nm Haxomutcs a3oT maccoi m = 2.3 r. Ilpu
HArpeBaHUU YaCTh MOJICKYJ IUCCOIMHUPOBANM Ha aToMbl. CTENeHb AMCCOIUaIiy (OTHOIICHHE

YHCIIa MOJIEKYJI, PaclaBIINXCs HA aTOMBI, K 00IeMy 9nciry Mosekyn ra3a) a=0,2. Onpenenurs:
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1) obmee umcimo N; MoJekyn W KOHIIEHTpAlyiO Ni MOJEKYJ a30Ta 10 HarpeBaHws; 2)

KOHICHTpAaX Nz MOJICKYJ U N3 aTOMOB a30Ta I10CJIC HarpCBaHUsI.

ano:
V=6,91=6,9: 1033 [To onpenenenunto, KOHLIEHTPAIMS YACTHUIL ra3a eCTh
m=2,3r=2,3-10 kr OTHOIIICHHE YHCIIA Ta3a K 3aHUMaeMOMY Tra30M 00beMYy:

N
o=0,2 n=—

V
Ni=?2n=7?

1. Mucno monekyn Nj ra3za g0 HarpeBaHus HailieM U3 COOTHOLICHUS
m

np=? ng=7? N1=V‘NA=M'NA’

rae V — konudecTBo BemecTBa; Na — moctosiHHas ABorazpo; M — moispHas macca ( Yy a30Ta
M = 28 102 kr/moub).

HOIICT&BJ'ISISI YW CJICHHBIC 3HAUCHU A, ITOJTYyYUM

12,3107

e .6,02-10% = 4,94 -10% monexyn, a
10~ .28

n :m:MM-3:7 16.1025i
v 6,9-10° ’ M

2. KoHreHnTpanuu MOJEKYII ITOCJIe HarpeBaHUs HAMIeM U3 COOTHOIICHUS

N, Nl(l_a)
VTV

rac N2 — YHCJIO MOJICKYJI, HC pacCliaBIIMXCS HAa aTOMBI. HOI[CTaBI/IM YHCJIOBBIC 3HAYCHHUA:

| 4,94.10%(1-0,2)

n, —— M =5,73-10"m".
6,9-10

Tak kak kakgasi MOJIEKyJa TIOCTIe pacnaja JaeT JIBa aToMa, TO KOHI[EHTpaIlMs aTOMOB TIOCTIe
HarpeBaHus a3oTa OyJeT paBHa

2N, -a
n3:T

| 2.4,94.10%.0,2

—=M° =2,86-10"m".
6,9-10

CnenoBatenbHO, n,
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3agaua 2. B 3akpsiToM cocyne npu temneparype 300 K u naBnenun 0,1 MlIla naxopsares 10 r
BoZIopozia M 16 1 renusi. CuuTast ra3sl UACaIbHBIME, OTIPENICIUTh YACIbHBIH 00bEM CMECH.

Pewenue.
CornacHo 3akony JlanbroHa, JaBlieHUE p CMECH T'a30B PaBHO CyMMeE MaplHalIbHbIX JaBJICHUN:
p=p+p, (1)
N3 ypaBHenusa Knaneiipona — MeHeneeBa umeem:
m
BV =MRT u pV=—2RT.
M 1 M 2
Haiing otcrona p; u p; u moactaBus B (1), momyunm:
m m
pvV =| -+ +—% |RT.
M 1 M 2

VienbHblil 00bEM CMECH:

_M1 M

(m+ﬂ).RT
(mytmy)p

Beruncnss, nonydaem = 8,63 M>/KT.

3amaua 3.

Ornpenenutb, BO CKOJIBKO pa3 oTAuYaroTcs kodpduiuentsl nuddy3uu azora (M; = 28-10°°

KI/MOJb) W yOIeKucioro raza (M, = 44.10° KI/MOJIb), ecnu o0a ra3a HaxomsaTCs NpH
OJIMHAKOBBIX TeMmIepaTrype U naBieHuH. DPPeKTUBHBIC AUAMETPhl MOJIEKYI ITUX T'a30B CUUTATh
OINHAKOBBIMH.

Pewenue.

Koapdunuent nuddysun raza:

D==(u)), (1

e (v) = /ﬁ — cpenHsis apudMeTHIecKas CKopocTh ero Monekyrr; (1) = % — cpenuss
™M \/Ed n

JUTHHA CBOOOIHOTO mpobera Mosekyit. [Tockonmeky P = nKT , u3 ycmoswust 3amauu (T1= T, P1=P2)

cienyet, 4to Ny = Ny. [loncraBuB 3HaueHUs () (1) B dbopmyny (1) u yuuTeIBasi yCIOBUE 33auH,
HanaeMm
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1

D, [Mm,

D, \M

1

D
Boruucissi, nomydaem D—l =1,25.
2

Bonpocui u 3a0anus.
1. TepmonuHnamMuueckuit MeTo uccinenoBanus. TemnepaTypHble mKkaibl. Maeanbubiii ras.
. 'a30BbIE 3aKOHBI.
. YpaBHEHHE COCTOSIHUS UJEAIBHOIO rasa.

. OcnoBHoe ypaBHeHue M.K.T.

. bBapomerpuueckas popmyna. Pacnipenenenue bonsiimana.
. yimHa cBoboaHOTO TIpodera Mosekyil. OnbITel, moaTBepxkaatomue MKT.

2
3
4
5. 3akoH MakcBeia o pacrpeieJIeHUH MOJIEKYIT UeaJTbHOT0 Ta3a o CKOPOCTSIM.
6
7
8. SIByeHus mepeHoca.

9

. BHyTpeHnHss sHeprusi.

10. 3akon bonbliMaHa 0 paBHOMEPHOM pacrpeesieHuy MOJIEKYIL.
3agauu A1 CaMOCTOSITEILHOTO pelleHu sl

1. CxonbKO MOJIEKYT Ta3a COACPKUTCA B OauIOHE BMECTUMOCTHIO V=30 1 mpu TemriiepaType
T=300 K v naBnenuu p = 5 Mlla?

2. B cocyne HaxoaMTCs CMECh KHCIOpOaa U Bojopoaa. Macca m cmecu paBHa 3,6 r. MaccoBast
Jois w1 kucnopozaa cocrasisier 0,6. OnpenenuTs KOIMYECTBa BEIIECTBA V CMECH, a TAKXKE Vi U
V2 Ka)KJOTro rasa B OTJIEIbHOCTH.

3. B Gamnone BMectuMocThio V = 3 1 HaxoauTcs Kuciaoponx maccod M = 4 kr. Onpenenutb
KOJIMYECTBO BEILIECTBA V ra3a U KOHIIEHTPALMIO N €ro MOJIEKYII.

4. OnpenenuTh KOJIMYECTBO BemiecTBa v M uucio N Mojekyn raza, cojaepskarierocs B Koyoe
3
BMecTUMOCThIO V=240 cm” ipu Temneparype 7=290 K u naBnenuun p=50 klla.

5. OnpenenuTh cpefHee 3HAYEHHE < & > TMOJHON KHHETHMYECKOW SHEPrMH OJHOM MOJEKYIbI
CJICAYIOIIMX Ta30B: TeIUs, KUCIOpOia U BOASHOTO napa npu temneparype 1 = 400 K.

6. Onpenenuts uncino N MONEKyN pTYTH, COAepKauluxcs B Bosayxe oGbemoM V=1 M B

MIOMEIIEHUH, 3apaXKEHHOM PTYTbhIo, pH Temieparype t=20°C, eciau 1aBieHHE P HACBIIIEHHOTO
rapa pTyTH npHu 3toil temneparype passo 0,13 ITa.

7. Jlanenue p rasa pasuo 1 mIla, konuentpamus N ero mosexy: pasua 10 em™.  Onpenennrts:

1) Ttemmeparypy T rasa; 2) CpeaHIOI0 KHHETHUYECKYIO SHEPTHI0 < &p > IMOCTYMAaTEeIIbHOTO
ABWIKCHUA MOJICKYJI Ir'a3a.
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8. B xonGe BMecTHMOCTEIO V=240 cM® HaxouTCS ra3 npu temneparype 7=290 K u naBnenun
p=50 xITa. OnpeaenuTh KOJIMYECTBO BEIIECTBA v Ta3a U YKCIO N ero MoJeKyil.

9. OnpenenuTh KHHETUYECKYIO SHEPTUIO, IPUXOSAIIYIOCS B CPEIHEM Ha OJIHY CTEIICHb CBOOOIBI
MOJIEKYJIbI a30Ta, Ipu teMiepatype 7=1 kK, a Takke cpeHIOI0 KHHETUYECKYIO IHEPIUI0 < & >
[OCTYNATEIbHOTO0 JIBUKEHUS, < & > BpalllaTeJIbHOIO JABW)KEHUSI U CPEJHEE 3HAUCHHUE MOJTHOU
KMHETUYECKOU SHEPTUU < € > MOJIEKYJIbI.

10. Cmech renust u aproHa Haxonautca npu temreparype 7=1,2 kK. Onpenenuts cpeaHioro
KBaJAPAaTUYHYIO CKOPOCTh < Uy > U CPEIHIOI0 KHHETUYECKYIO SHEPTHI0 aTOMOB I'e€JIUsl U aproHa.

11. Cpennsist ;yiuHa cBOOOIHOTO Mpodera (|) aTOMOB reiusl MPH HOPMAIBHBIX YCIOBHSX paBHA
180 am. Onpenenuts quddysuto D remus.

12. Ouddysus D knciopona mpu temmeparype t = 0 °C pasua 0,19 cm?/c. Onpenemuts
CPEIHIOI0 JUIMHY CBOOOIHOTO Ipodera (|) MOJIEKYI KHCIOpOa.

13. Beruucnuts quddysuto D azora: 1) npu HOpManbHBIX yciaoBusX; 2) npu nasieHun p = 100
ITa u remneparype T =300 K.

14. Omnpenenuth, BO CKOJIbKO pa3 ommyaercs mupdysuss D; razooOpazHoro Bomopoma ot
muddysuu D, razoo6pazHoro kuciaopona, eciau 00a ra3a HaXoAsTCsS P OAMHAKOBBIX YCIOBHUSX.

15. Onpenenuts 3aBucuMocts 1uddys3un D ot remneparypsl 7 npu cieayroummx npoueccax: 1)
1300apHOM; 2) U30XOPHOM.

16. Omnpenenuts 3aBUcUMOCTh Auddy3nn D oT maBnenus p mpu ciemyromux mpoueccax: 1)
HU30TEPMHUYECKOM; 2) U30XOPHOM.

17. BEIIUCIUTD JAUHAMHUYCCKYIO BA3KOCTH T'l KHCJIOpOAa TP HOPMAJIbHBIX YCIIOBUAX.

18. Haiitu cpeaHow UIMHY CBOOOJHOTO mpodera (|) MOJEKYad a30Ta MpU YCIOBHH, YTO €ro

JUHaMudeckas Bsa3kocTb M = 17 mklla- c.

19. HaiiT 1uHaMUYeCKyI0 BA3KOCTb 1| TelMs MPU HOPMAJbHBIX YCIOBHX, ecnu auddys3us D

TIpH Tex e ycioBusix pasua 1,06- 107 m%/c.

20. OnpenenuTh 3aBUCUMOCTh IMHAMHUYECKON BA3KOCTH 1| OT Temmeparypsl 7 MpH CIAEAYIOIUX
nporieccax: 1) uzob6apuom; 2) nzoxopHoM. M300pa3uth 3TH 3aBUCUMOCTH Ha rpadukax.

IIpakTH4yeckoe 3ansitue 6.

Tema 3anamusa. OCHOBbI TEPMOAMHAMUKH.
Henw 3anamusn. 3yunth OCHOBHBIC TTOHSATHS U 3aKOHBI TEPMOJIMHAMHUKH.
Teopemuueckasn uacme.

TepMonnHaMuka B OTJIMYME OT MOJIEKYJISIPHO-KMHETUYECKOW TEOpPHH HE BIAETCS B
pacCMOTPEHHE MUKPOCKOIIMYECKON KapTUHBI SBJIEHUIN (ONEpUpPYET C MaKponapaMmeTpamH).
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TepMoanHaMuKa pacCMaTpUBAET ABJICHUS, ONIMPAsACh Ha OCHOBHBIEC 3aKOHBI (Hayaua), KOTOpbIe
ABJISIOTCS] 0000LIEHNEM OIPOMHOTO KOJIMYECTBA ONBITHBIX JIAHHBIX.

BryTpeHHss dHEprust — 3Heprusi GU3NIEeCKON CHCTEMBI, 3aBUCAIIAS OT €€ BHYTPEHHEIO
COCTOSIHMS. BHYTpEeHHSSI SHEPrus BKIIOYACT SHEPTHI0 XAO0THYECKOro (TEIJIOBOTO) JBMKCHUS
BCEX MHUKPOYACTHI] CUCTEMbI (MOJIEKYJI, aTOMOB, HOHOB U T.J.) WU HEPrUI0 B3aUMOACHCTBUS
3TUX yacTull. KuHetnueckass 3Heprusi JBHXKEHUS CHCTEMBI KaK LIEJIOr0 M €€ MOTCHLHAIbHas
SHEPryvs BO BHEIIHUX CWJIOBBIX MOJISX BO BHYTPEHHIOK YHEPIUIO0 HE BXOAUT. B TepMonHamMuke
U €€ IPWIOKECHUAX IMPEIACTABIACT MHTEPEC HE CamMO 3HAYCHUE BHYTPEHHEW JHEpruu, a €€
U3MEHEHHUE MPU U3MCHEHHUH COCTOSIHHSI CUCTEMBl. BHYTpeHHSISI SHEpTUsl — QYHKITUS COCTOSHUS
CHUCTEMBI.

PaGota TepMOHHHaMquCKOﬁ CHUCTCMBI Haa BHCIIHUMH TCJIaMH 3aKJIIH0O4acTCsa
HU3MCHCHHUHN COCTOSAHHA OTHUX TCI M OINPEACIICTCA KOJIMYECTBOM OJBHEPIHU, IIEpEaaBacMoO
CHCTEMOM BHEIIHUM TelIaM IIpyU UIBMCHCHUU o0beMa.

B
171

o ypaBHeHI/Ie COCTOsAHHA NOCAJIBHOI'O I'a3da.

pv ="RT,
7

rae p - nasiuenue: V — oobem; T - aOcoioTHas Temmeparypa; M — Macca; 4 - MOJspHas
Mmacca; R = 8,314 JIx/(K-Monb) — yHuBepcanbHasi ra30Bas MOCTOSIHHASL.

e VYpaBHEHHE COCTOSHUS BaH-IEP-BaajIbCOBCKOIO rasa (Iyisi 0JJHOTO MOJIsI):
(p+\%1v ~b)=RT,

rae V - o0beM, 3aHMMaeMbIi MOJIeM Ta3a mpu JaHHbIX p U7, a u b - nocrosuubie Ban-mep-
Baanbca s ganHoro rasa.

e 3akoH JlanbToHa: Oaenenue cmecu UOEANbHBLIX 2A308 PAGHO  CYMME  NAPYUATLHBIX
Oaenenuu(TapyaIbHOE IaBJICHHE - 9TO JAaBJICHHE, KOTOPOE OKa3bIBal Obl HAa CTEHKH COCYya
OJIMH T'a3 CMECU B OTCYTCTBHE OCTAJIbHBIX).

e 3aBHCHUMOCTH JaBJICHHUA Ta3a OT BBICOTBI B TIIOJIE CHJIBI TSKECTU B H30TCPMHUYCCKOM
MPUONIMKEHUH JTaeTCsl OapoMeTprueckoi opMyInoit:

p=p e—,ugh/RT
0 ’

— 2
rIe po - AaBinenue Ha Beicote h =0, g =9,8 M/c” - yckopeHHe CBOOOTHOTO TaJICHHUSI.

e [lepBoe Ha4aIO TEPMOJUHAMUKH:
Q=AU +A,

rae Q - KoJIMuecTBo Teruia, coodIeHHoe cucreme; 4 - paborta, coBepiraemast cucremoit; AU -
MpUpalleHe BHYTPEHHEN SHEPTUU CUCTEMBI.

e Palota, coBepiaemasi ra3om:
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A:prdv

TemIoeMKoCTb CHCTEMEL:

c.R
dT
VYpaBuenue Maiiepa:
C,-C, =R
rnre Cp Cy - MOJISIpHBIE TEIJIOEMKOCTH TIPH TMOCTOSHHBIX JaBICHHH U OOBEeMe
COOTBETCTBEHHO.

MOJIﬂpHI)Ie TCIJIOCMKOCTH I'a3a IMpy IMOCTOSAHHOM 00beME 1 TIOCTOSTHHOM AaBJICHUUW ONIPECACTIAIOTCSA
COOTHOLICHUAMM

i i+ 2 C i+2
c-'r c'tep o _1*e
VT T YT T

\
rze | - gucio creneneit cBOOOIbI MOJIEKYJIBI Ta3a.

BryTpeHHss 3HEPrys UACaIbHOTO rasa:

(RT_ pV.
-

m m
U=—-C,T=—
)7 uoy-1
MOJ‘IflpHaSI TCIIJIOEMKOCTh NACAJTIBHOI'0 I'a3a NpHr MOJMTPOITUYCCKOM ITPOIECCE:
__ =y
(n-1)(r -1

BnytpeHnnss sneprus Mot raza Ban - nep - Baansca:

u-cT-S
Y

K. n. 1. TeIioBoy MalyHLI:
n=A4/Q1=1-Q./Qq,
rae Qi - Teruto, moirygaeMoe padounm tesioM; Q, - oTIaBaeMoe TeruIo.

K..a. nukina Kapno:

_T1— T2
n=——,
T:1
rae T1, To- TemmepaTypsl HarpeBaTes U XOJI0IUIbHUKA.

Hepasencrso Knaysuyca:
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j?so,

rac 5Q - OJICMCHTAPHOC TCILIO, ITOJIYYEHHOC CHCTEMOM.

o [lIpuparieHre SHTPOMHUU CUCTEMBI:
AS = §@
T
e  (OCHOBHOE ypaBHEHUE TEPMOIUHAMUKH JJIs1 OOPATHMBIX ITPOIIECCOB:
TdS =dU + pdV
e (CB0OOmHAs PHEPIUS:
F=U-TS, Ar=-AF
e  CBs3b MEXIY SHTPOIHUEH U CTATUCTUICCKUM BecoM (2 (TepMOAMHAMUYECKON BEPOSTHOCTHIO):
S=kInQ,

rae K - mocrosanas bonblMana.

IIpuMepsl peleHus 3aaa4

33}13‘13 1. OHpeI[eJ'II/ITB YACIBbHYIO TCIITIOEMKOCTDb CV CMCCH a30Ta U BOAOpOJa, €CIIN

KOJIMYCCTBO BCUICCTBA Ira30B B CMECHU OAWMHAKOBBI U paBHBI V.

Pemenne:

VY IeNbHYIO TEMIOEMKOCTh CMECU IIPU OCTOSHHOM 00beME €, HalJIeM M3 CIEAYIOIUX

COO0pakeHMi:

1) TenoTy, HEOOXOIUMYIO AJIsl HArPEBaHUS cMecH ra3oB Ha AT MOXKHO

paccuuTaTh 10 hopmyre:
Q =cv(m1+m2)-AT (1)
2) Ty &€ TeIJI0TY MOXHO HAalTH U IPYTUM CITIOCOOOM:
Q= (cvlm1 + ¢y, m, ) ‘AT, (2)
rae CVl uc v, — YACIbHBIC TCINIOCMKOCTH OT/JCIBHbIX I'a30B.
[Ipupasuusas (1) u (2), nonyuyum

¢y (m1 + mz) AT = (cvlml +cy m, ) AT, orkyna
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oy my+cy,m,

cy = 3)
m +m,
I R : y
Tak kak ¢, = ———, TaA€ | —4HUCIIO0 cTeneHel CBOOOABI MOJIEKYJIBL.
2M
[TockoybKy MOJIEKYIJIBI a30Ta M BOJOPOJIa — ABYXaTOMHbIE, TO 1 =15. [TosTomy
5 R
o, =———
A d
2 M,
5 R
Cy =——.
VZ
2 M,

[ToncraBisist 9TH BeipaxeHus B (3), mOTyduM

S (m m
Rl L4+ 2 | 5
2 (Ml MZ]_ZR(Vﬁvz) SRy

m, +m, m, +m, m+m, m+m,

§R-ZV
2 _

CV: =

(4)

m
KonnuecTBo BelecTa V:M, um=v-M,m,=v-M,.

B pesynbrate popmyna (4) npumeT BUI

B SRy SR
vM,+vM, M +M,

Cy

HOI[CTaBJ'ISIGM YHCJIOBBIC 3HAYCHHA !

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

3apauya 2. OnpeaenuTs KOJUYECTBO TEIIOTHI, MOMIOMAEMOil BomopogoM M = 0,2 kr mpu
HarpeBaHuu ero ot temmeparypsl t; = 0°C mo Temmeparypel t, = 100°C npu mOCTOSITHHOM
naBieHud. HallTu Takke n3MeHeHne BHYTPEHHEW SHEPTUH Ta3a U COBEPIIAEMYIO UM PaboTy.

Jano:
m=0,2 kr KomgecTBo TermnoTer Q, morionaeMoe ra3oM mpu
t1=0°C; T;=273K n300apHOM HarpeBaHHH, OlpeaesseTcs no Gpopmymne

. m
t=100°C; T,=373 K sz-Cp-AT (1)
Q=7 AU=? rae Cp — MOJIsIpHAs TEIIOEMKOCTh I'a3a IpU MOCTOSHHOM A = ?
JTaBJICHUM.
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i+2

Tak kak C, =——-R, to (1) npumer Bux
I+2 m
=—— —R-AT
Q 2 M

o -3 o
[Tockonmbky BOAOPOA — NBYXaroMHbIA ra3z (M = 2-10 ° kr/Moilb), ¥ YHCIO CTEIEHEH
CBOOO/IBI €ro MOJICKYI | = 5, To

Jox K
5+2 0,2 3 KrMOJIB'K _
Q= 5 -2.1073-8,31-100:291-10 - =[x | =291 xIx.
MOJIb
I m

Buytpennss sneprus U = M RT , cnenosarensuo

AU = im RAT , rorna
2 M

AU

0,2 .8,31100 =208 -10° MOE;’K =JTx | =208 xJIx.

2.10°°

S,
2

MOJIb

Pa60Ty paciipeHusd rasa HalJIeM M3 BBIPpAXKCHUSA IJIA IIEPBOTr0 Ha4adJ1a TCPMOANHAMUKHU:

Q=AU + A, otkyna
A=0Q—-AU =231-208 =83 x/Ix.

3agaya 3. B munmHape mon MopliHEM HaxoAuTcs Boxopon Maccod m = 0,02 kr npu
temriepatype 71 = 300K. Bonmopon navyan anguabaTHO paciupsiThCs, YBEIUYHB CBOM 00BEeM B 5
pas, a 3aTeM ObLI cXKaT U30TepPMUYECKH, YMEHBIIIUB CBOM 00beM B 5 pa3. Haiitu Temneparypy 7>

B KOHIIE a/1MabaTHOTO PaCHIMPEHUs U paboTy A, COBEPILIEHHYIO I'a30M.
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Jano:

m = 0,02 xr W3 ypaBaenus Ilyaccona s anuabaTHOTO IpoIiecca UMeeM T1=300K

T (vY" i+2
2= 1 1) , e0e y =—— —nokazamenv aduabamoi.

T Vv, I
Vo, =5V, a Vi1=V3 1o ycnoButo
To,=7 A= Tak kaKk BOJOPOM ABYXaTOMHBIH ra3, To i =5u y =1,4.

vV y-1 1 1,4-1
Us(1) T,=T, | =+ =300-| = K =158K.
2 1 vV 5

2

Pabota A; raza npu aguabaTHOM pacHIMPEHHUH OTNpeAeseTcs no Gopmyie
m i
Al :MCV (Tl _TZ)’ rac CV :ER .
CrnenoBaTeiabHO,

i m 5 0,02
A =——R(T,-T,)==. =
L 2M (L-T) 2 2.10°°

-8,31-(300-158) Jik = 29,5 kJIx.

Pabota A, raza npu u30TEPMUYECKOM CIKATUH BhIpaxkaeTcsi GOpMyIIoi

A =-RT, MinYz_ g31.158. %222
MV, 210

In5=-211x/]x

3HAK MHHYC O3HA4acT, 4YTO IPH CKATHU pa60Ta Tra3a COBCpPIICHA BHCIITHUMHU CHIIaMHU.

[Tonnas padota

A=A +A = 88 kllx.

3apaua 4. B mwnuHape mox TMOpIIHEM HAXOMUTCS Bomopon maccod M = 0,02 kr mpu
temneparype 71 = 300 K. Bopopon Hadan pacmmpsaTscst aguadaTHO, yBETUYUB CBOM 00BEM B 5
pas, a 3aTeM ObLI CXKaT U30TEepPMHUUYECKH, YMEHBIIUB CBOM 00beM B 5 pa3. Haiftu temneparypy 7%
B KOHIIE a1abaTHOTO pacIupeHus u padoTy A, COBEpPIICHHYIO Ta30M.

Pewenue:

CornacHo YPaBHCHUIO HyaCCOHa JJIs aI[I/Ia6aTHOFO mnmponecca

T, (V)
(¢ o

i+2 . .
e Y — MOoKa3arenb aquadarel, y = T (1=5, T.k. BOIOPOJ ABYXaTOMHBII Ta3), T.c.

_5+2

1,4.
5
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2

vV r-1 1 1,4-1
U3 (l) T,=T,-| -+ =300-| = T, =158 K.
Vv 5
Pabota 4, ra3a mpu agnabaTHOM pacIIMPEHHUH OIpeaeIseTcs 1mo Gopmyre
Al:mC -(T =T ), rone C :iR, TO €CTh
M \% 1 2 V 2

i m 5 0,02
A, =——R(T,-T,)==-—-—8,31-(300-158) x = 29,5-10° [Tk = 29, Sk ]Ik.
t2Mm (L-T.) 2 2:10° ( JA a a
Pa6ora Az Trasa I1pu UH30TCPMHUUYCCKOM CKATHUH BBIPAXKACTCSA (bOpMyHOfI

0,02
2:10°°

V
A, =—RTZ-%|nV—2:—8,31-158- In5 =—21132 e = —21x/orc

3

3HaK «-» TMOKa3bIBACT, YTO MPH CXKATUU paboTa ra3a COBEpIlCHA BHENIHMMHU cuiamu. [lonHas
pabora

A=A + A, =85xTuc

3agaua 5. MneanbHeblii ra3 coepinaer 1uki Kapuo. Temneparypa T; narpeBarens paBHa 470 K,
temneparypa 7> oxnagurens pasHa 280 K. IIpu uzoTepmMuueckoM pacHIMpeHUU Ta3 COBEpIIAET
pabory 4 = 100 J[>x. OnpenenuTs TEPMUUECKUHN K.I.J. 77 LUKIA, @ TAKKE KOJTUYECTBO TEIJIOTHI

Qz, KOTOPOC Ira3 OTAACT OXJIAAUTCIIIO ITPU U30TCPMUUCCKOM CKATUH.

Pewenue:
P y . T]_ A
v 2

. 3

1 1

1 Q2 1 :
V

o T1 -T )
TepMudeckui K.1.J1. HUKJIA ONPENETIICTCS BHIPAXKEHUEM 1) = T

KonudecTBo TeImIoThl NEPpCAAHHOC OXJIAAUTCIIO IPU U30TCPMHUYCCKOM CIKATHU (3—4) paBHO

pa60Te COBepmeHHOﬁ Haa ra3oM CTOPOHHUMH CUJIIaMU

V,
4y, =-0, =VRIT, In\Tl

2
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V
=vRT,In-2
QZ 2 V

1

VYuuThIBas, 4TO paboTa ra3za npu U30TEPMUICCKOM pacuiupenuu (1-2)

V
A=vRT1InV—2:>vR =LV’ UMEEM:
1 T, In-2
Vl
V T
Q, :LVT2 In—2=A-2
T, In-2 Vi 2
Y/

1

3agaua 6. VneanvHblil ra3, coBepmaromuii nukia Kapno, mpoussen pabory 4 = 600 [Ix.
Temmnieparypa 77 HarpeBarens paBHa 500 K, 7, xomomunmpauka — 300 K. Omnpegenuts: 1)
tepmuueckuil KI1JI nukia; 2) KolnuyecTBO TEIIOThI, OTJAHHOE XOJOJMIBHUKY 332 OJJUH LIUKIIL.

Pewenue.

Tepmuueckuit KII/] nukna Kapuo

KomnuecTBo TCIJIOTHBI, OTAAaHHOC XOJIOAUJIIbHUKY,
Q2 = Q]_ -A (1)
rac Ql = A/T] — KOJIMYECTBO TCIIJIOTHI, HOJ'Iy‘-IeHHOfI OT HarpeBareyIs.

[TonctaBuB 370 BeIpaxkenue Qi B (1), Halinmem

Q,= A(i—lj.
7

Beruncnss, nonydaem: 1) n = 0,4; 2) Q, = 900 [Ix.

3amaua 7. Haittu u3meHneHwe AS SHTpPONHMM MPHU HArpeBaHHM BOAbl Maccoi M = 100 r or
temriepatypsl 1 = 0°C go temneparypsl t; = 100 °C u mocnemyromniemM npeBpaiieHud BOAbI B TIap
MIpY TOM e TEMIIEpaType.

Pewenue:

OmnpesienuM U3MeHEHHE SHTPONMMU AS Kak CyMMY M3MEHEHHsS SHTPONUU AS, HpH Harpese BOJBI

1 U3MCHCHUSA DOHTPOIINU ASZ IIpHu €€ NpCBpalICHUUA B I1ap:
AS = AS, +AS,

H3BecTHO, UTO
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Aszjqr—Q.

[Tpu narpeBanun dQ =mc-dT , e ¢ — yaenbHast TeII0eMKOCTh Boabl, C = 4200 i , Torza
Ke -
T
. T
As, = [ 9T _ meintz = 0,1.4200.1n 37 _130 4.
T 273 K

T 1

IIpu npeBpaleHny BOABI B I1ap TEMIIEPATyPa HE U3MEHAETCA, 3HAYUT
1 2
AS, == j dQ = Q ,
T T
1
Iac Q — KOJIMYCCTBO TCIJIOTHI, IIEPCAaHHOC BOJAC AJIA IIPCBPAIICHHA €€ B 11ap,

Q=r-m,

rae I — yaejabHas TEjIoTa napoo6pa30BaHI/I;1,

r=225.10° %€

Ke

5
_m_225107-01 _ o5 A

AS,
T 373

, Toraa

AS =132 27€ | 603 42 _ 7354
K K K

3amaua 8. OnpenenuTh WU3MEHEHHE DHTPONMUM AS TPU M30TEPMHUCCKOM PACIIUPEHUH a30Ta
Maccoit m = 10 1, ecniu gaBieHue ra3za yMeHbmuiaock ot p; = 0,1 MlIla go p, = 50 xI1a.

Pewenue.

HN3meneHue OHTPOIINHU, YUUTBIBAA, YTO IIPOLCCC H3OTCpMH‘I€CKHfI,

2 dQ 1 2 Q
AS=|—==1dQ==. (1
[F=7lde=2=
1 1
CornacHO mNEpBOMY Hauajdy TEPMOJMHAMUKHU, KOJIUYECTBO TEIUIOTHI, TOJIYYEHHOE Ta30M,
Q=A+AU . lna usorepmuyeckoro mpouecca AU = 0, mostomy Q = A. Pabora raza B

HN30TCPMUICCKOM IMPOLIECCC

v
A=Trrinz-Mrrn (o
MoV, M D,

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

AS =—RIn &.
M

P,
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Beramciss, monyqaem AS = 2,06 JIx/K.

Bonpocwt u 3a0anus.
1. OcHoOBHbIE 3aKOHBI TEPMOIMHAMUKH.
2. IlepBoe Hayayl0 TEPMOANHAMUKH.

3. Pabora, coBepmiaemas razoM npu H3MeHeHHMH oObeMa. PaGoTa rasza mpu pa3inyHbBIX
mporeccax.

AnuabaTtuyeckuit mporiecc.

Outponusi. Hepasenctso Knaysuyca.
CratucTuieckoe UCTOJIKOBAaHHE SHTPOIHUH.
Bropoe Hauano TepMOAMHAMUKH.

TemnoBo# nBurarens. Teopema KapHo.

© o N o g A

XoJoaubHas MallIvHa.

10.  Huxi Kapno.

3agauu 1Jisl CAaMOCTOSITEILHOIO pelIcHUus

1. Cmech ra3oB COCTOUT M3 aproHa 1 a3oTa, B3ATBhIX IPHU OJMHAKOBBIX YCIOBUAX U B OAWMHAKOBBIX
o0BbeMax. OHpC,Z[eHI/ITB IoKa3aTcJib aI[I/Ia6aTBI V4 TaKOH CMecCH.

2. Haiitn mokasarens aauabaThl ¥ s CMECH Tra3oB, coJepikamieit remuit maccoir M;=10r u
BOZIOPOJ Maccoi My=4 r.

3. CMech Ta30B COCTOUT U3 XJIOpAa M KPUNITOHA, B3SATHIX MPH OJAMHAKOBBIX YCIOBHUSIX U PAaBHBIX
obbvemax. OnpeseNuTh yAeIbHYIO TEMI0EMKOCTb C, CMECH.

4. OnpenenuTh yASIBHYIO TEIUIOEMKOCTh ¢y CMECH Ta30B, cojaepikamieit V1=5 1 Bomopoaa u V,=3
1 renus. ['a3pl HAXOAATCS MPU OJUHAKOBBIX YCIOBUSX.

5. KakoBblI yaenbHbIe TEINIOEMKOCTH ¢y U €, CMECH Ta30B, cojepiKalleit kucnopoa maccoit m;=10
I ¥ a30T Maccoil my=20r ?

6. OnpenenuTh MoKa3areiah aanadaThl ¥ YACTHYHO JHUCCOIMUPOBABIIETO Ta3000pa3HOTO a30Ta,
CTETeHb TUCCOLHMALIMU o KOTOporo paBHa 0,4.

7. Azot Maccoit m=>5 kr, HarpeTbiif Ha AT=150 K, coxpanun HeusmeHHolii 00bem V. Haiitu: 1)
KOJIMYECTBO TemaoThl Q, cooOmieHHoe ra3y; 2) usmeHenue AU BHyTpeHHeW sHepruu; 3)
COBEpIIEHHYIO ra3oM paboty A.

8. Bomopon 3anumaer o06wvem V=10 M npu nasneHuun p1=100 klla. ['a3 nHarpenu npu
MOCTOSIHHOM oObeme 110 naBieHust p,=100 klla. Onpenenuts: 1) nuamenenue AU BHyTpeHHeH
SHEPTHH rasa; 2) COBEPIICHHYIO Tra3oM paboTy A4; 3) konudecTBo TeraoThl Q, cooOIIeHHOe Ta3y.
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9. Haummenpmmii o0bem Vi rasa, cosepmatomiero uukia Kapno, pasen 153 1. Onpenenuthb
HanOoybmui 00beM V3, eciin 00beM Vo B KOHIIE M30TEPMHUYECKOTO pacIIUpeHus u 00beM V4 B
KOHIIE U30TEPMUUECKOI0 CXKAaTHUsl COOTBETCTBEHHO paBHbl: 600 j1 1 189 1.

10. WpeanbHblii ra3, coBepumiaromuii nuki KapHo, MOMydyuB OT HarpeBareis KOJIHYECTBO
teroTel Q1=4,2 k], coBeprmi paboty 4=590 k. Haiitu Tepmuueckuit KI1/] 7 atoro nukna.
Bo ckomnbko pa3 remnepatypa 71 HarpeBaTesst O0JbIle TeMIepaTypbl 7o OXJIaaUuTeNs?

11. VneanbHslii ra3, copepuaetr uukia Kapno. Temneparypa 71 HarpeBatrenist B TpHU pa3a BbILIE
Temneparypbl 7T, oxmamutens. HarpeBartenb mepeman ra3y KOJIMYecTBO TemioThl Q=42 kJ[x.
Kakyro paboty 4 coBeprui raz?

12. UneanbHbli Ta3, coBepatonmii nukia Kapuo, 2/3 konuyectsa TemnoTsl Q1, MOIy4eHHOTO OT
Harpesaress, oTaaeT oxJjaaurtento. Temmnepatypa T2 oxnamutens paBHa 280 K. Onpenenuthb
TeMIieparypy 71 HarpeBartels.

13. MpeanbHBIE MHOTOATOMHBIM Ta3 cOBEpIIAT LUKI, COCTOSIIMKA M3 JABYX H30XOp M JIBYX
n3o0ap, mpuyeM HauOoJIbIlIEee JABJICHHE Ta3a B JiBa pa3a 0oJibllle HAUMEHBIIIET0, @ HAUOOIBIIHIA
00BeM B YeThIpe pasa Ooubiie HanMmeHbinero. Onpenenuts Tepmudeckuii KITJ[ 7 mukona.

14. VineanbHblil ABYXaTOMHBIN T'a3, coAep Kalluii KOJIMYECTBO BEIIECTBa V=1 MOJb, COBEpILIAET
IMKJI, COCTOSIIIIUN U3 ABYX M30X0p U ABYX n300ap. Haumenbmuit 00beM Viin=10 71, HanGonbmii
Vmax=20 711, HauMeHbllee AaBICHUE Pmin=246 klla, HambOombimee Pmin=410 xlla. Tloctpouth
rpadpuk 1wkma. OmnpenenuTh Temreparypy 7 ra3a g XapaKTepHBIX TOYEK IUKIA U €ro
tepmuyeckuit KII 7.

15. Comepmasi 3aMKHYTBIH MPOIIECC, Ta3 MOJYYHSI OT HArpeBaTeNss KOJIMYECTBO TerioThl Q1=4
k/[x. Onpenenuts paboTy 4 Ta3a nmpu NPOTEKAHUM MUK, eciii ero Tepmudeckuit KIT/ 77 =0,1.

16. Kycok mpma maccoii m=200 r, B3aThId mpu Temreparype t1= - 10 °C, Opur Harper xo
temneparypsl 1,=0°C u pacriaBieH, mocie 4ero oOpa3oBaBIIascs BOJa Oblla Harpera o
temmneparypsl t3=10°C. Onpenenuts u3MeHeHue AS 3HTPONHHU B X0/1€ YKa3aHHBIX IIPOIIECCOB.

17. Haiitn u3meHneHne AS >HTpONTUH NpH H300apUIECKOM PACIIMPEHUH a30Ta Maccod M=4 T oT
oobema V1=5 11 10 o6vema V=9 1.

18. Kucnopox maccoidi M=2 Kr yBenu4wi CBOW 00BeM B N=5 pa3 oAMH pa3 M30TEPMUYECKH,
npyroii — aguabaTuyecku. HailTu n3aMeHeHus SHTPONUU B KaXKA0M U3 YKa3aHHBIX ITPOLECCOB.

Paznen 3. DuekTpuvecTBo

IIpakTHyeckoe 3ansTue 7.

Tema 3anamusa. JNeKTPOCTATHKA
Ilens 3anamusn. VI3y4uts OCHOBHBIE 3aKOHBI JJIEKTPOCTATHKH.

3nanua u ymenusa, npuodpemaemvle CHMYOCHHIOM 6 pe3Ylbmame OCE0CHUA MeMbl,
¢opmupyemvie Komnemenyuu. DNEKTPUYECKUE CBOWCTBA Tel. 3aKOH COXpaHEHUs

3JIEKTpUYecKoro 3apsaa. 3akoH Kynona. Dnektpuueckoe noje. [IoTok BekTopa Hanps>KeHHOCTH.
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Teopema Octporpaackoro — l'aycca. BeiunciieHne HanpssKeHHOCTEH TMOJIEH 3apsiKEHHBIX Tel
pa3iauuHOil reomerpuu. PaboTa Cui 3NEKTPUYECKOrO MOl IMpPU MEPEMEIICHUU 3apsoB.
Hupkymnsiiust  BekTopa HamnpsbkeHHocTd. [loTeHnuman mosis ToyedyHoro 3apsiga.  PasHocTh
noTeHuranoB. [IpoBOIHUKY B AJIEKTPUUYECKOM TOJIE. DIEKTPUUECKOE M0Jie BHYTPHU 3apsHKEHHOTO
npoBoAHMKA. Pacmpenenenue 3apsgoB B IMPOBOJHHUKAX. OJIEKTPOEMKOCTb IMPOBOJHUKOB.
Kongencaropbl. DHeprusi 3JIEKTPOCTATHYECKOTO ToJs. Brameer CmocoOHOCThIO MPUMEHSTH
COOTBETCTBYIOLINH (PU3HKO-MaTeMaTHUECKUH anmapaT MpHu peleHNuH MpophecCHOHATBHBIX 3a1ad.

AKmyaJlbnocmb membl. OCHOBHBIC 3aKOHBI SJICKTPOCTATUKU IIPUMCHAKOTCA IIPU PCIICHUN
MHOT'UX MHXCHCPHBIX 3a1a4.

Teopemuqecmm yacms.

Jakon Kynoua: cwia B3aUMOJEHCTBHSA JABYX HENOABI)KHBIX TOYEYHBIX 3apslOB B
BaKyyM€ IpPOINOpPLUOHAIIbHA UX BEJIWYMHAM (1 ¥ (2 U OOpaTHO HPONOpPLUOHAIbHA KBaApaTy
PACCTOSHUA 12 MEXAY HUMH.

B ckansiproii ¢popme 3akon Kymnona:

F_ ql‘qZ

— —.
Aree, X,

3aech: & — DIEKTpUYECKas IOCTOSIHHAsA; & =
8.85-10 *Kn’/H-M° (pasMepHOCTb MOXET ObITb
npuBeneHa k Buny @d/M); & — nudnexTpuyeckas
+01 +02 IIPOHUIIAEMOCTb CpEAbI, MOKA3bIBAET, BO CKOJIBKO pa3

a) CUJIa B3aUMOJICHCTBUS 3apsi/IoB B BAKyyM€ MPEBBIIIAET
F

CHITy B3aUMOJIEHCTBUS UX B cpene, T.e. € = — (Fp —

E
+—O« O cuna Kymoma B Bakyyme, F — B cpene);

Iy
(Y]
T
(&)

o7
o

T +02 JURJIEKTpUYecKas NpPOHMLAEMOCTh Bakyyma & = 1,
0) Bo3nyxa ¢ = 1. 3akon Kynona, 3anmucaHHBIA B
BekTopHOH dopme (1), (2), ompegenser cuiy,

- — JIEMCTBYIOINIYIO Ha 3aps/bl (2 U (1 CO CTOPOHBI (1 U (2

Fa E 2 COOTBETCTBEHHO.

Puc. 1

I:;z_ bl M (1)

o 3
Aree,l,
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F,= % @
Y 2N S

—

Cuma Fj, neiictByer ma 3apsx 2 co CTOPOHBI (1, HPH 3TOM pPamgHyC-BEKTOP r,

buKcUpyeT monokeHue 3apsaa (2 OTHOCUTEIHHO Hayalla CUCTEMbl KOOPAMHAT, TOMEIICHHOTO B

—

TOYKY, TJIe HaxoauTcs 3apsy (;. Paauyc-Bektop F12 HAIIPABJIEH OT 01 K O (puc.la). Cuma Fy,

JEHCTBYeET Ha 3apsii (1 CO CTOPOHBI (p, PaUyC-BeKTOp [,y (HAayano KOOPAMHAT MOMELLACTCS B

TOYKY, TJIe HAXOIUTCS 3aps] () HampasieH ot Oz K (; (puc.16). Cuna Kynona HanpasieHa B Ty
e CTOpoHy (puc.la,0), 4To U paauyc-BeKTOp I IPHU OAMHAKOBBIX 3HAKAX 3apsaoB ((102>0), u B
CTOPOHY, IPOTUBOIOJIOXKHYIO paguyc-BeKTOpY I (pHC.1B) — Ipu pa3nuyHbIX 3HAKAX 3apsAa0B (1

H 02 (0102<0).

Cumet F, w F, mo tpersemy 3akomy HeroToHa paBHEI 1O BeTHUMHE H

IMPOTHBOIIOJIOXXHBI 110 HAIIPABJICHUIO:

HanmomuuM, 4TO TOYEYHBIM 3apsSA0M Ha3bIBA€TCS HAJIEKTPU30BAHHOE TENO, pa3Mephbl
KOTOPOI'0 IMPeHeOPEeKUMO MaJlbl 10 CPABHEHHIO C PACCTOSIHUEM JI0 APYTUX TeJl, C KOTOPHIMU OHO
B3aUMO/ICICTBYET.

Bzaumooeticmeue moueunoeo 3apsoa c pacnpeoenenHvim 3apsaoom

3apsia, COOOIIEHHBIN Tely, MOXET PaclpeAeNsThCs MO ero MOBEPXHOCTH (METasul) WU
1o 00BeEMY (TUIIEKTPHK).

XapaKkTepuCTUKAaMH PacIIPEICIICHHOTO 3apsijia CITyKaT:
1. JluneiiHas mIOTHOCTH 3apsiaa (7).
2. TloBepxHOCTHas INIOTHOCTH 3apsija (o).

3. OObeMHas MIOTHOCTH 3apsaa ().

,_AQ __aQ | aQ

AL AS AV

3neck AQ — 3apsij, HAXOIAIIMIICS COOTBETCTBEHHO Ha 3JIeMeHTe JUTHHBI Al, TOBepXHOCTH
AS, oobema AV 3apsHKEHHOTO Tena.

Hal’lpﬂ.?iceHHOCMb noJid mo4e4Hoco 3apﬂ()a

BekTop HampspKEHHOCTH 3JIEKTPOCTATUYECKOTO IOJS B HEKOTOPOM TOYKE SIBISETCS
¢bu3nyecKoil BEMMYMHOMN, YUCIEHHO PaBHOM cuje, JeicTByIOEel Ha MOMEIIEHHBIH B ATy TOUKY
€IMHUYHBIA MOJIOKUTETbHBIHN 3aps] (TPOOHBII).
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HanpaBnenune BekTOpa HANpsHKEHHOCTH B HEKOTOPOM TOYKE IMOJ COBIANAECT C
HaIMpaBJICHUEM CHJIbI, JIEUCTBYIONIEH HA TOMENIEHHBIA B JAHHYIO TOYKY 3JEKTPOCTATHYECKOIO
TIOJISL TTOJIOKUTENIBHBIN 3apsi

E=", (3)

HanpspkeHHOCTh MOJIS, CO3/1aBa€MOT0 TOUEYHBIM 3apsIoM ( B TOUKE Ha PACCTOSHUM I OT
3apsifia HaxoJIAAT, UCTIONb3Ys BhipaxkeHue (3) u 3akoH Kynona:

_ 99 _ 9
E= 241 2"
Aree,r°q  Amee,r

!

(4)

UroObl HaAMTH HampaBlIieHHE BEKTOpa HAMpPsDKEHHOCTH B Touke A (puc. 2), criemyer

o o ! o
IOMCCTHUTD B 3Ty TOYKY HpO6HI)II/I TMOJIOKUTCIIbHBIN 3apsi q W HaWTH HAIIPaBJICHUEC CUJIBI Ky.HOHa,

) ) !
neicTByromeil Ha (' co CTOPOHBI 3apsja, CO3IAIOIIEro IToJie. BekTop HampsyKeHHOCTH MO,

CO3/1aBa€MOI0 MOJIOKHUTEIbHBIM 3apsiioM B TOUKe A (puc. 2a), HalpaBjeH B CTOPOHY OT 3apsia
(cpaBHuTE C pHc. 1), a B ciy4ae OTpUIATEILHOTO 3apsiia HallpaBJIeH B CTOPOHY 3apsiaa (puc. 20).
I[JI?[ HaXOXIACHUS HAIPSIKCHHOCTH II0JIA, CO034aBacMoro CHUCTEMOH

t? A E 3apsA0B, CIEAYET BOCIOJB30BATHCS  MPUHIIUIIOM  CYIEPIIO3HIIAN
. 1 . ! snmexTpuueckuX TOJIei: BEKTOP HAMPSKEHHOCTH SIEKTPUYECKOTO MO
+q +q’ CUCTEMBI 3apsJOB PaBEH TIE€OMETPUYECCKOW CyMMe HamlpsKEHHOCTEH
a) MoJIeH, CO3/1aBaeMBbIX B JJAHHON TOYKE KaXIBIM 3apsiIOM B OTICIIEHOCTH.
9
9
E, n A
— < —>e
_q +q !
Paboma cun nons npu nepemewenuu 3apsoa, nomeHyuar,
PA3HOCMb HOMEHYUAL08, NOMEHYUANbHAS IHEP2USL CUCTEMbL 3APS008.
Pabora o mepemeleHuo 3apsia B moJie.
Puc.2 Tlomenyuan

[Tycte mpoOHBIN 3apsia (' mepeMeniaercss B MoJjie TOYEUHOro 3apsajaa ( Ha OeCKOHEYHO
manbiii otpe3ok dl (puc. 3). DnemeHrapHas paborta, coBepuiaeMas MoJieM NpPU MEePEeMEIICHUN
3apsna:

dA=Fdl cose, (5)

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

ITo 3akony Kynona
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F=_Jd9
Aree,r 2 (6)

N3 AABC (puc. 13) HaiizeMm, 4TO mNpupalieHue
JUIMHBI paJiyc-BeKTOpa I YHCJIEHHO PaBHO:

dr=dl-cosa. (7
[loncraBus BoipaxkeHus (6) u (7) B Beipaxenue (5),
HOJYYHM:
da=_ 499 dr. ®)
? Areeqr

JUia  HaxoKIeHus  MOJHOM  paboThl,
COBEpLIAEMON  TMOJEeM  IpU  HepeMelleHUH
poOHOTO 3apsia (13 MoyoXKeHus | B MOJoXKeHne
2 (puc.13), cnenayet BelpaxkeHue (8) IPOUHTETPUPOBATH IO BCEMY ITyTHU:

2dr 1 1
q — = q (7_7),

r’ Arees, T, T,

2
=|dA=q’
Ae '[ f Aree, -

TO €CTh
_ 99 _ afg
Areegly Ameegly

©)

Bynem mnepememiath mpoOHBIA 3apsa (7 W3 TOYKM 1 3a mpeaensl MOisi, T.e. B
OECKOHEYHOCTb, TJIe HAIMPSHKEHHOCTH AIeKTpHdeckoro moist £, pasHa 0. Ilpu atom B dopmyne
(9) ry=co, u 1151 4100 OTYIUM

_ 99
Aloo 47[6‘80 n . (10)

[Togenus BBIPAXKCHUC (10) Ha q,, MOJIYYUM BCIWYHHY, KOTOpPAasA HA3BIBACTCA SJICKTPUYCCKUM
MMOTSHITUAIOM JTAaHHOM TOYKH IOJIS:

Ao _ q
q  Admegor

®= (11)

To ecTp, MOTEHIIMAN JaHHOW TOYKM MOJSI YMCICHHO PaBeH paboTe, KOTOPYIO COBEpIIAT CHJIIbI
T0JISl TP MEPEMEILIEHUH EMHIUYHOTO MOJIOXKUTEIBHOTO 3apsiia U3 JaHHOM TOYKU B OECKOHEYHO
ynanennyto. [loTeHruman ompenensercs ¢ TOYHOCThIO A0 moctosHHOW C. [l GeckoHeYHO
yIaJIeHHOW TOYKH IpocTpaHcTBa ynooHo mpuHuMate C=0. (B Beipaxkenun (11) C mpunsta
paBHo#i 0). EquHuma n3aMepeHus noTeHIMana MOKeT ObITh Hal/IeHA U3 BBIPAXKEHUS:

[¢]_[A]_ﬂ3fc_R‘ﬂ-B:Bl

_[q]_ Ki K

74



Kak cnenyer u3 BoipaxkeHus (11), moTeHnMan mosas TOYEUHOTO 3apsiia B 3aJaHHON TOYKE IOJIA
BBIYHCIIIOT IO popMyIIe:

P13 = (12)

Ameegl

3neck ( — 3apsl, KOTOpBIA cO34aeT ImoJsie, I - pacCTOsHUE OT 3apsjga 0 TOYKH, B KOTOPOM
BBIUMCIISIETCS TOTSHIIHAIT.

PazHocTh moTeH1naioB

Paznenus Beipaxkenue (9) Ha , HOJIy4IHM:

A2 a4 ¢
q°  4dmeegn  Ameggly

=P —P2.

Ortcrozna:

Ao =0 (o1 —2). (13)

Benuunna (@, —@,) Ha3blBaeTCAd pA3HOCMbIO nomeHyuanos. PasHOCTb MOTEHLMAIOB

ABYX TOUYCK H3MCEPIACTCA pa60T0171, COBepHIaCMOﬁ ChujlaMHu 1IIOoJIid 1IIpH INCPCMCIICHHUHA
MMOJIOKHUTCIBHOI0 CAIMHUYHOIO 3apsaaa u3 HGpBOfI TOYKH BO BTOPYIO.

[ToTeHuman Mo CUCTEMBI TOUEYHBIX 3apsA 0B

paBeH anredpandeckoil CymMMe MOTEHINAJIOB, CO3/1aBa€MbIX OT/EIbHBIMU 3apaaamMu. To ecTb i
MOTEHIIMaNa, TaKk K€ KaK U AJs HaMpsDKEeHHOCTH TOJs, CIPaBEAJIMB MPUHIUI CYNEPIIO3UIIUN
ANEKTpUUECcKuX nosiei. [Ipu 3ToM moTeHman noss CUCTEMBI 3apsAI0B pacCUUTaTh BCErJa Jierye,
YeM HamnpsHDKEHHOCTh, T.K. MOTEHIMAN — BEJIMYMHA CKaJIspHas (dHEepreTruueckas XapakTeprucTuKa
nonst). [losToMy B ciaydasix, KOraa Haa0 HAWTH HAMpPsDKEHHOCTh M MOTEHIMAN B KakKOW-IH00
TOYKE MOJIs, CIeNyeT HAWTH CHayalla OTeHLHUAN, a HampsHXKEHHOCTh TMOJS HCKaTh, UCIONb3Ys
CBSI3b M@y HaIPSHKEHHOCTHIO U MOTEHITUATIOM:

E-_2¢

A (14)

HanpsbkeHHOCTh OISl YHCIACHHO paBHA M3MEHEHUWIO IMOTCHIMAIa Ha €IUHUILY JUTHHBI,
OTCYUTAHHOW B HAINpPABICHWH 110 CWIOBOW JIMHHWH, W HaIIPaBJICHA B CTOPOHY YyOBIBaHHS
noTeHuana (ITUM 00bsSICHSIeTCS 3HaK MUHYC B (14)).

Ecnu mose HEOMHOPOAHO, TO COCTABIIAIONIASA BEKTOPA HAMPSKEHHOCTH AJIEKTPUYECKOTO
MOJIsL B TAHHOW TOYKE IO JTI0OOMY HAIPaBIIEHUIO paBHA MPOU3BOAHON OT MOTEHIIHAJA MO0 ATOMY
HaIpPABJICHUIO B TOM € TOYKE, B3ATOM CO 3HAKOM MHUHYC:

de do de
Ex=——, E,=—F, E,=—7F.
X dx Y dy ? dz
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Jns ogHOpOAHOrO TOJIA BO BCEX €ro TOYKAX HAMNpPsLKEHHOCTh OJHAa M Ta xe. Eciu ¢ —
MOTEHIIMA TOYKH 1, a ¢ — MOTCHIIMA TOYKHU 2, PACCTOSIHHE MEKIY TOYKamHu d, To:

Ap=p1—¢,

U BelpaxkeHue (14) st oJTHOPOIHOTO MOJISI UMEET BUJL:

E: (DZ_QI

d

[Torennman mois 3apsoKeHHOW cdepbl (mapa) ompenensieTcs Kak TMOTEHIUANT IO
tToueuHoro 3apsanga (popmyna 12). Ilpu 3TOM cumTaercs, 4TO 3apsij COCPEAOTOYEH B LIEHTPE
ctepsl, T.e. paccrosiaue I (popmyia 12) oTCUUTHIBaETCS OT IIEHTPa CPEPHI.

Pemenne 3amadyn mo HaxoXACHUIO ITIOTEHITHAIA 110JI4, CO3aaBacMoOIo CHCTEMOM TOYCUHBIX
3apsga10B B ,HaHHOﬁ TOYKEC, HC BBI3BIBACT SaTPYI[HeHI/Iﬁ, MMO3TOMY HNPUMCEPHI PCIICHUS 3a/1a4 Ha 3TY
TEMY 3ACCh HC paCCMaTPpUBAIOTCA.

bonee caoxHO PCHICHUC 3aaad II0 HaxXO0XIACHHUIO IIOTCHIHAIa B TOYKaX IIOJIA
pacupeaciICHHOro 3apsaia, Ha 5TOM OCTAaHOBHUMCSA HO,Z[pO6H€€.

Pacuem pabomul,
COBEpIIIacMOM TIOJIEM TIPU TIEPEMEIICHUH 3apsi/ia, ¥ MOTCHIIMAILHOM SHEPTUU CHCTEMBI 3apSJIOB.

PabGora cun mosst, coznaBaeMoro 3apsigoM Q, 1Mo mepemenieHuro 3apsiaa ( u3 Touku 1 B
TOYKY 2 mojicuuThIBaeTcs o popmye (9), T.e.

Mp=g S (F- 1)

472'6‘80 rl r2

N3 storo BBIpAXKXCHUA CJIICAYCT, 4YTO BCIIMYMUHA pa60TBI o IMEepeMCHICHUIO 3apsaa B
SJICKTPOCTATHYCCKOM IIOJIC HC 3aBHCUT OT IYTH ABMIKCHHUS 3apsaa (, a 3aBUCHUT JMIIbL OT €ro
HA4YaJbHOI'0 U KOHEYHOTI'O MOJI0KESHHUH.

[Tpu HaxoxaeHUH pabOThl CUUTAETCS, YTO MepeMenlatouiics 3apsay (0ObIMHO MEHbIINHN
[0 BEJIMUYMHE, yeM 3apsa] Q, KOTOpBIN CO3/1aeT 1MoJie) He U3MEHSET AJIEKTPOCTaTHUECKOTro MO, B
KOTOPOM OH JIBUKETCSI.

[ToreHnMampHAS SHEPTHUS B3aMMOJICHCTBHS IBYX 3apsaoB ( U Q paBHa:

w=—99% \w,
Aregqr

OOBIYHO TSI YIPOIICHUS PACYETOB OECKOHEYHO YIAICHHYIO TOUKY (2 = 00) MPUHUMAIOT 3a
Havayio otcuera sHepruu, T.e. W, = 0. Tornga:

qQ
W(r)=———.
() Areeqr (15)

Cpasuute (15) u (12).
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N3 (15) cnenyer, 4To mOTEHIMAN MOJIs B JAHHOW TOYKE YUCIECHHO PABEH MOTEHIIMATBHOU
SHEPIruH, KOTOpOW o001anaeT eIMHWYHBIA TTOJOKUTEIBHBIN 3apsi/i, TTOMEIICHHBIH B JTaHHYIO
TOUYKY ToJisi. PaboTa, kKak Mepa U3MEHEHUs YHEPTUH (B JAHHOM CITy4ae MOTCHIIHATLHOMN):

Ay =Wy =W,

Hrak, paboTa CHJI IOJIS [0 EPEMEIICHUIO 3apsiia;

6) A=[Fdl, eciu F=const: A=Fl=qEl.
(OHOPOIHOE TI0JIC, 3PS ABMIKETCS 110 CHIIOBOM JIMHUH )

B) Ao =q(e1 —@2).

Ilomenyuan nona moueuno2o 3apaoa
_ g
Areser
do
CBs3b MeXK1y NOTEHIHATIOM U HATIPSZKEHHOCTH IO E = —W.
Cujia NpuTSZKeHUS MEKIY ABYMSl PA3HOUMEHHO 3apsizKeHHbIMH
2
&,6E®S q°
00KJIaIKAMM KOHAEHCcaTopa F= = ,
2 26,6+ S
rae S — IJIoIaab MJIaCTHH.
JIeKTPOEMKOCTh:
_q.
VeOUHeHHO020 NPOBOOHUKA C=—,;
®
EES |
NJIOCK020 KOHOeHcamopa C= q
£yS
CIOUCMO20 KOHOeHcamopa C=L,
Z d./e
wapa C= 4rnegeR,

rae d — paccrostHre MEXAy IJIaCTHHAMH KOHJEHcaTtopa, O — TONIIMHA I-T0 CITOS AMIJIEKTPHUKA,
&, — €ro IMINIEKTPUUECKas IPOHHUIAEMOCTh, R — paquyc mapa.
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3J'[eKTp0€MKOCTL 6aTapen KOHACHCATOPOB, COCAMHCHHBIX:

napanienvHo C= ZCi;
1 1
nocae008amebHoO —= E .

JHeprus noJis:

3APAIANCEHHO20 npoeodHuKa

3APANCEHHOCO KOHOeHcamopa W3 = 808E2V y

rae V — o0beM KOHJIeHcaTopa.

O0beMHas1 VIOTHOCTH SHEPTrUU

_&ge¢E*  D* ED

JIEKTPUYECKOT0 MOJIsI W

K 2 28, 2
IMpumeps! penienust 3aaa4

3agaua 1. Tonkuii crepkeHp AnuHOM 20 cM HeceT pPaBHOMEPHO paCIpe/eieHHbIH MO JJIMHE
3apsj ¢ JTMHEeHHOW ioTHOocThio 7 = 2 MKKi/M. Ha pacctosnum 30 cM OT cTepKHS HaXOJIUTCS
3apsan 20 KU, paBHOyz#aneHHBI OT KOHUOB CTepkHA. HallTu cuily B3auMOAEHUCTBHS 3apsiia U
CTEpXKHSI.

Jano:

I=20cm=0,2 ™

=2 MxKn/m = 2-10 * Kin/m
rh=30cm=0,3™m

Q=20uKn=2-10Kx
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Boinenum Ha cTepkHe dyeMeHTapHbii ydactok mmnoi dl. 3apsx ero dQ =zdl moxno

paccMaTpuBaTh Kak TodeuHbld. Toraa mo 3akony Kysona cuna B3aumozerictus mexay Qp u dQ
paBHa

1 Q-z.d

2

dF =
4, r

rJie I — paccTOSHUE OT BBIICTICHHOTO ydacTka 7o 3apsnaa Q; (em. puc.). M3 pucyHka ciemyer, 94To
I rda
0 dl =

r= ,
COSa COS«&x

, T1e o — paccTostHUE OT Q1 10 CTEpIKHS.

IMoacraBuB Beipaskenus st I u dl B popmyny mist cuibl dF mosydum, 4ro

1 Q-zrda =1 Q-z-r-da Qlfda
brg, 1Y 4re, T1}-COSQ Are,l,
——COS«x —

cos’ « cosa

dF =

910 BCKTOPHAA BCJIIMYNHA, PA3JIOKHUM dF Ha COCTAaBJIAIONINC:
MNEPHNCHAUKYIIAPHYIO CTCPIKHIO dFl U IMapaJlICJIbHYO EMY sz O‘leBI/II[HO,

dF, =dF -cosa, dF,=dF -sina,roraa

le'COSada dF, = Qrsina

dF =
! Are,r, Are,r,

da

HpOI/IHTCFpI/IpyeM IMOJIYYCHHBIC BBIPpAXKCHUSA AJI CUJI B IPCACiIaX U3MCHCHUS yIjla & OT — ﬂ

1o f.

_[ercosa __Qr Jsina| "= Qr —L"_sinp
Are,l, Are,l, 27e, I,
£ Qrsina Qr
F= (2% 7 -0.
5 ATEN, 4re,l,
Qr

sing.

B pesynbTare nonydum, uto F = Fl = >
&l

Benmnuuny sin ﬂ OIIpEIENINM U3 PUCYHKA:
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I
2
\/ro b \/4r +1
4

Qr I~ 210°210° 0,2
2mesly (Jarg +1° 2:314-885-107-0.3 [4.(0,3) +(0,2)’

sin g =

H IOACTAaBUM B BBIPAKCHUC I CHJIbI F.

=0,76-10°H

3amaua 2. Tonku#i crepkeHb uHOM | = 10 cM HeceT paBHOMEPHO pacHpe/IeIeHHbIN 3apsi
Q =1 u8Kun. Onpenennth HOTEHLHMAN (P OSICKTPUYECKOrO MO B TOYKE, JISKAIIEH HAa OCH

CTEPKHs Ha paCCTOSIHUU a— 20 cM ot OJIM>KaMIIEro ero KOHIIA.

Jlano: ’ dr PN

) L bl VI

= = |
I 10 cm 0,1M ___________ :____:____.____? A

Q= 1uKn = 10K ' dr ! ro

———— >l

a=20cm=02m - |

Q7

Bbinenum Ha cTepikHE IeMEHTapHBIN y4acTok JuirHou dr. 3apsi/] Ha cTepKHE pacipe/eicH
PaBHOMEPHO, CIIeIOBATENILHO, €T0 JIMHeWHAsI IVIOTHOCTh 7 = — M Ha ydyacTke JuthHou dr

pasmernen 3apsn dQ = 7 - dr. Dot 3apsa MOKHO cUMTaTh TOUeYHBIM. TOrIa MIOTEHIHA

SJICKTPHUYCCKOTO ITOJIA OTOI0 3apsaa B TOUKE A PaBCH

_dQ _ zdr — Q dr
Are,r  Ams,r Amel v

1)

e I'— pacCTOSAHUE OT 3JICMCHTApPHOTO y4acTKa dr J0 TOYKHU A.

W3 npuHIMNa cyneprno3uiuy ClieyeT, 4To OOIIMKA MOTeHIHal paBeH CyMMe MOTEHLHAaIOB
BCEX JJIEMEHTAPHBIX 3aPsI0B CTEPHKHS.

[Tostromy wmHTerpupyem Boipaxkenue (1) mist dg B mpeaenax usmenenus dr ot a o |+a:

=36,5 B.

'T Q dr _ 'T Q . l+a_ 10°° 4y 0:1+0.2
Vazel v 4zl v 4msl  a  4.314-885.102.01 0,2

a
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3agaua 3. Konnencatop emkocteio Cp = 20 Mx® 3apspkaioT 10 pazHoctu noreHimanoB Ug =
400B n monkiroyaroT K KoHAeHcaTopy eMkocThio C = 1 Mx®, B pe3ynbpTare 4ero nocieaHui
3apspkaercs. OTKIIIOUUB 3TOT KOHJEHCATOP, 3apsDKAIOT TaKUM K€ 00pa3oM BTOPOM KOHJIEHCATOP
Tol ke emKkocTH (C = 1Mk®d), 3aTe€M TPETHil, UETBEPTHIM U T.JI. 3aTE€M KOHACHCATOPHI COSAUHSIOT
nocneaoBarenbHo. Kakyo MakCUMalbHYIO Pa3HOCTbh MOTEHIMATIOB MOKHO MOJIYYUTh TaKUM
obpazom?

Hano:
Co =20 Mx®=20- 10°%°® HavaneHsriii 3apsn koraeHcaTopa emkoctbio Co Oymer  Uo =400
B paBabIM Qg = Co- U. C = 1Mx®d

ITocne IMOAKIOYCHHUA K HEMY KOHACHCATOpa €EMKOCTBIO C

sapsn Qo pacnpenensiercs mexay Co u C. [locne orcoenune- U = ?
Hust C ot Cp HAa 000UX KOHJIEHCaTOpaxX OyAeT OJJMHAKOBast

Pa3HOCTb MOTEHIMAJIOB (T.K. UX COeIMHEHuE ObUIO mapa-

JIEJIbHBIM).
U. = Q, _ CY,
' Cc,+C C,+C
CoY,
Ha xonnencarope Cp ocranercs 3apsan Q =C,-U, =——-.
C,+C

[Tpu mocnenyronieM MOAKIOYEHUH BTOporo koHnaeHcatopa C Ha xonHjeHcatope Cop ocTaHercs
3apsan Qo= Co- Us.

2

Cc.U C
Ipuaem U, = —2—2 = 0 U,.
C,+C (G, +(C
[ToBTOpsIA 3Ty omepanuio N pa3, Mbl OyJeM HUMETh HA0OP KOHJEHCATOPOB, 3apSKEHHBIX JI0
C n
nanpsokernii Uy, Ug, Us,..., U (n=123,...). U =U | —>—

OOwee HampspKEHUE IOCE  MOCIEN0BATENbHOTO COEAMHEHHUS BCEX N KOHAEHCATOpOB Oyder
paBHO

CUs 1+ G + G +....+—Cg
C,+C|" C,+C (C,+C) (C,+C)’

U=U+U,+U,+...=

[TpocymmHpoBaB NOTy4EeHHYIO OECKOHEUHYIO YOBIBAIOIIYIO0 FEOMETPUUECKYIO TPOrPECCUI0
HaiileM e€ cyMMy paBHYIO MaKCHMAJIbHOM pa3HOCTH moTeHIuanoB U:

_CU, 20-10°-400

U 6
C 10

=38000 B.
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3agaua 4. barapero, cocToslyr0 M3 JBYX KOHJEHCATOPOB €MKOCTAMHU 4 M 5 MKD Kaxuabli,
COCIMHIIIA TIOCIICIOBATEIFHO W BKJIIOUWIM B ceTh ¢ HampsbkeHwem 220 B. Ilorom OGartapero
OTKJIIOYMJIM OT CETH, @ KOHJICHCATOPHl PA3bEAUHIIIA U COCIUHUIIMN MapaIETbHO OOKIIAIKaAMH,
UMEIOIIUMH OJTHOMMEHHBIE 3apsiibl. Kakum OynerT HampspDKeHHE Ha 3aKUMax TOJydeHHOU
Oatapen?

Hano:
U;=220B Tak Kak KOHJIEHCATOPbI COEIMHEHBI TTocieIoBaTeNbHO, TO C1 =4 MKD
=4-10%® 3apsi/l KaXI0T( U3 HUX U 6aTapeu B LIEJIOM OJMHAKOBBI:
Co=5MxP =510 Q:=Q,=...=0Q.
EMKoCTh OaTapen Mociae10BaTeIbHO COEAMHEHHBIX KOHNeH- Uy =7

CaTopoB BBIYHCISIETCS IO (hopMyIIe

1 Zn: 1
CC,
EMKOCTh OaTapeu u3 IByX KOHAeHcaTopos papHa C = ———
C, +C,
CC
anxsapan Q=CU, =——%U..
C, +C,

[Ipu OTKIIIOUYEHMH KOHACHCATOPOB 3apsiji KaKIOr0 U3 HUX COXpaHUTcs. [Ipu mapamienbHOM HX
!
coenuHeHnH Oymer paBeH cymme 3apsgoB kompencatopoB Q'=Q, +Q, =2Q, a emxocts

Garapen Oyzer pasHa cymme emxocreii C'=C, +C,.

O6mee HAaIpsPKCHUEC CTAHCT PABHBIM

U, -9 _Q+0__ 20

c' C+C, C+C,
[Toxcrapnsis B mosrydeHHOE BeIpaykeHHe GopMyy st Q, momydnMm:

_ 2CCU, 2-4.10°.5.10°-220

_ = =108,6 B
? (C,+C,)* (4-10°+5.10°)?

3agauya 5. Kakoe konmuecTBO TeruioThl QQ BBIIENUTCS TPHU paspsiike IIOCKOTO BO3IYIIHOTO
KOHJICHCATOpa, €CJIM Pa3sHOCTh MOTEHIHAIOB MEXAYy IacThHamMu paBHa 10 kB, paccrosiHne
d=0,5 mm, a mromank S kaxoit miactuHel paBHa 100 cm??

Hano:

U=10 kB=10"B CornacHo 3aKOHY COXpaHEHHMS SHEPTUH, KOJIMYECTBO
d=0,5 MM=5-10"m TeryI0Thl Q, BhIICIMBIIIEECS B KOHJCHCATOPE MPH €T0
$=100 cM?=10%m? paspsjiKe, paBHO SHEPTHUHU 3apsSHKCHHOTO KOHICHCATOpa
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CuU?
=7 = —
Q Q >

EMKOCTB Mm10cKOT0 KOHJIEHCATOpa onpeernsercs mo popmyse

EELS

d

C=

r7ie &— AUDJIEKTPUYEcKasi IPOHUIIAEMOCTb cpeabl (s Bo3ayxa &=1). 3Hauut

_£SU? 8,85-10%2.102-10°
2d 2.5.10"

Q =8,85-10"° JIx=8,85 mJI>x.

Bonpocwt u 3a0anus.

1. DnekTpuyecKuil 3apsij U €ro CBOMCTBA. 3aKOH coXpaHeHus 3apsaa. 3akoH Kymona.

2. HanpsioxeHHocTh AIEKTPOCTATHYECKOTO OJIS. JInaumn HANPSHKEHHOCTH
ANEKTPOCTATHYECKOTO MOJs. [I0TOK BEKTOpa HANPS>KEHHOCTH.

3. [Ipunnuun cynepno3unuu. [lone aumors.

4. Teopema ["aycca Ju1st 371€KTpPOCTATUYECKOTO TOJISl B BaKyyMe.

5. [Ipumenenune Teopemsl ['aycca k pacuery nojeil B BaKyyme.

6. Llupkynsaus BEKTOpa HaPSHKEHHOCTH AJIEKTPOCTATUYECKOTO TTOJIS.
7. IloTeHnnan 37I€KTPOCTaTUUECKOTO OIS, Pa3HOCTH MOTEHIIMATIOB.

8. CBs13b MCXKAY HAMPsS)KCHHOCTBIO U MOTCHIHUAJIOM. Brruncienue Pa3HOCTU MOTCHIUAIOB
MO0 HAlIPAKCHHOCTHU I10JIA.

9. [Huonextpuxku. [lonsgpuzoBaHHOCTh JUANEKTPUKOB. HampsikeHHOCTH 1OAS B
JUDJIEKTPUKE.

10. Teopema I'aycca g mons B AMPJIEKTPUKE. YCIOBUS Ha TpaHMIE pazjliena JABYX
JUDJIEKTPUYECKHUX CPEN.

11. TIpoBOmHMKM B D3JIEKTPOCTaTUYECKOM IIOJ€. IIEKTPOEeMKOCTh. CoelnnHEHHE
KOHJIEHCATOpOB B OaTapew.

12. DHeprus cucTemsl 3aps10B U YEAMHEHHOTO IPOBOJHUKA. DHEPTUs KOHIEHCATOpA.
OHeprus MEeKTPOCTaTUUECKOTO MO

33}13‘-[1/[ AJIA CaAMOCTOATEC/IbHOI'0 PCIICHUSA

1. JIBe OeckoHeuHble NapaijielibHble IUIACTHMHBI PAaBHOMEPHO 3apsDKEHBI C TOBEPXHOCTHOM

mIoTHOCTEIO 01 = 10 HK/M? 1 0, = -30 HKi/M2 Onpenenuts cuily B3aUMOAECHCTBHSI MEXKAY
2

IUTACTUHAMU, PUXOJIAIIYIOCS Ha IUIOIAAb S, paBHYyIo 1 M”.
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2. JIBe mpsMOYTOJIbHBIE OJJMHAKOBBIE MMapaJulebHbIe TUIACTHHBI, JUTMHBI CTOPOH KOTOpHIX a = 10
cM u b = 15 cm, pacmonokeHsl Ha MajaoM (IT0 CPaBHEHHUIO C JIMHCHHBIMU pa3MepaMiy ILUTACTHH)
paccTosHUU Jpyr oT apyra. Ha ogHO# M3 muiacTHH paBHOMEpHO pacmpeneneH 3apsn Qi = 50
KU1, Ha npyroit — 3apan Q2 = 150 uKn. OnpenenuTs HaPsHKEHHOCTh E 3JIEKTPUYECKOTO OIS
MEXy IJTACTUHAMH.

3. Ha oTpe3ke TOHKOTo MpsiMOro npoBoAHMKa JUHOM | = 10 cM paBHOMEpHO pacripe/ienieH 3apsi]
C JMHEHHOW TUIOTHOCTBIO 7=3 MKKII/M. BbumcnuTh HamnpspkeHHOCTh E, cO37aBaeMylO0 3THM
3apsiIoM B TOYKE, PAcoOJIOKEHHOM Ha OCH MPOBOJHHMKA M YAAJICHHOW OT OJM>KaMilero KoHIla
OTpe3Ka Ha PacCTOsTHUE, PaBHOE €ro JJIMHE.

4. B BepmmHax KBaapata HaxoasTcs oamHakoBbie 3apsiabl Q = 0,3uKn xaxnmerii. Kakoit
OTpUIATENbHBIN 3apsan Qi HYXKHO MOMECTUTh B IIEHTPE KBajpaTa, YTOOBI CHUCTEMa 3apsioB
HAXOJMJIaCh B MIOJIOKEHUU paBHOBECUS?

5. DnexTpudeckoe moJie Co3AaH0 ABYyMs TodeuHbME 3apsaamu Q; = 40 uKn u Q, = —10 vKur,
Haxopsmumucs Ha paccrossHun d = 10 cm npyr ot apyra. OnpenenuTth HanpsHKeHHOCTh E 1o B
TOYKE, y/laJ€HHO! OT NEpBOro 3apsja Ha I'1 = 12¢M U OT BTOPOro Ha 'z = 6¢M.

6. Tpu ogunakoBeIx 3apsaaa Q=1 HKi kaxaplii pacnosiokeHsl M0 BEpLUIMHAM PaBHOCTOPOHHEIO
TpeyroapHuKa. Kakol orpunartensHbiid 3apsn Q1 HY)KHO NOMECTHTh B IIEHTPE TPEYroJbHHKA,
YTOOBI CUCTEMA 3apsIOB HAXOJWJIACh B IOJOXEHHMM paBHOBecus? byner i 3T0 paBHOBecHe
YCTOUYUBBIM?

7. Tonkast HuTh JuMHOM | = 20cM paBHOMEPHO 3apshKeHA C JIMHEHHOM TIOTHOCTHIO 7= 10 HK1/M.
Ha pacctossHun @ = 10cM OT HUTH, IPOTUB €€ CEepPEeIUHbI, HaXOIUTCS TO4YeUHbIH 3apsn Q = 1
HKJ11. Beruucnute cuny F, neiicTByroiiyto Ha 3TOT 3apsi/ CO CTOPOHBI 3aps)KEHHOM HUTH.

8. B BepmHax MpaBUIBLHOTO HMIECTUYTOJIBHHUKA CO CTOPOHOU a=10 cM pacroyioKeHbl TOUeUHbIE
sapsael Q, 2Q, 3Q, 4Q, 5Q, 6Q (Q=0,1 mxKu). Haiitu cuny F, nefcTBYIONIyI0 Ha TOYCUHBIH
3apsa Q, nexauii B TUIOCKOCTH MIECTUYTOJIbHHUKA, PAaBHOYIAICHHBIA OT €r0 BEPIINH M PABHBIH
3apsny Q.

9. ToHKMH UIMHHBIA CTEPKEHb PABHOMEPHO 3apsOKEH C JIMHEHHON IUIOTHOCTBIO T 3apsja,
paBHoit 10 MxKn/m. Ha mponomkeHnn ocu cTepikHs Ha paccTossHMM a=20 CM OT ero KoHIa
HaxoauTcs TodeuHbrid 3apsan Q = 10 uKin. Onpenenuts cuny F B3auMoJeHCTBUS 3apsSKSHHOTO
CTEpPKHS M TOYEUHOTO 3apsijia.

10. Paccrostane mexay nByms TodedHbiMH 3apsgamu Q=1 MxKn m Q = - Qq paBno 10 cm.
Omnpenenutsb cury F, nefictyromnyro Ha Todeunsiid 3apsin Q=0.1 MK, ymaneHusiii Ha 1= 6 cM
OT IIEPBOTO U Ha I'y=8 CM OT BTOPOTO 3apsi/I0B.

11. /Ise GeckoHeUHbIE MapauieabHbIe TUIOCKOCTH HaXoaaTcs Ha pacctosauu d = 0,5 cM apyr ot
apyra. Ha miockocTsax paBHOMEPHO pacpeeNIeHbl 3apsiibl C TOBEPXHOCTHBIMU IUIOTHOCTSIMU 071
= 0,2 MxKi/m? 1 5= 0,3 MxKon/m®. OmnpenenuTs pa3HOCTH MOTEHIMAIOB U MEXIy IIOCKOCTSIMH.

12. Ompenenuts MNOTEHUHUAIBHYIO D3HEPruto0 [/ CHCTEMBl UETBHIPEX TOUYEUHBIX 3apsioB,
pacroIoXKEHHBIX B BEPIIMHAX KBaJgpaTa co CTOPOHOU AnuHON & = 10cM. 3apsibl OIMHAKOBBI 10
abcomorHomy 3HaueHmro Q = 10HKn, HO nBa W3 HUX oOTpHNATenbHEL. PaccMoTpeTs /Ba
BO3MO>KHBIX CIIydasl pacloJIOKEHHUs 3apsI0B.

13. KakoBa nmoteHIambHast JHEPTUs [/ CHCTEMBI YETHIPEX OJMHAKOBBIX TOUYEYHBIX 3apsaoB Q =
101K, pacnonioskeHHBIX B BEpIIMHAX KBaJpaTa co CTOpoHOH a = 10cMm?
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14. /IBa xonnencaropa snekrpoeMkoctsMu Cp = 3MKD u Cr = 6MKD coeTuHEHBI MeX 1y co00ii 1
npucoenunensl Kk 6arapee ¢ DJC E = 120B. Onpenenuts 3apsiapl Q1 u Q2 KOHIEHCATOPOB U
pasnoctu noreHimanoB U; u Uy Mexnay ux oOKIagKkaMu, €CU KOHJEHCATOPHl COSIUHEHHI: 1)
[apauIeIbHO; 2) MOCIE0BATEIBHO.

15. Konaencatop anekrpoemkoctbio Cq = 0,2Mk® ObLT 3apsiKeH 10 pa3HOCTH noTeHnuanoB Uy =
320B. Ilocne TOro Kak ero COeIMHUIN MapajlIeIbHO CO BTOPBIM KOHAEHCATOPOM, 3apSKEHHBIM
no pasHoctd moreHnuanoB U, = 450B, nanpsokenne U Ha Hem wu3aMenwioch 1o 400B.
Boraucnute emkocts Cy BTOpOro KOHAEHCATOPA.

16. Dnexrpuyeckoe moisie cosznano 3apspkeHHoi (Q = 0,1 MxKi) cdepoit paguycom R = 10 cm.
Kakosa sueprust W nonisi, 3akiitoueHHasi B 00beMe, OrpaHHueHHOM c(hepoil U KOHIIEHTPUUYECKOM ¢
Hel chepuyeckoil TOBEPXHOCTHIO, paJnyc KOTOPOI B /1Ba pa3a Ooiblie paguyca cepsl.

17. Wap paguycom R1=8 cm 3apsiken a0 noteHnmana ¢1=500 B, a map paauycom Ry=4 cm - 1o
noreHuuana @;=300 B. OnpenenuTe noTeHUMan ¢ IIApOB IMOCJIE TOTO, KaK HUX COECIUHWIN
METAITMYECKUM TIPOBOTHIUKOM. EMKOCTBIO COEIMHUTENBEHOTO IIPOBOTHIKA IPEHEOPEYb.

18. Illap pamuycom R1=6 cm 3apsbken ao motennuaia ¢1=300 B, a map paguycom R,=4 cM — 10
noteHuuana @;=500 B. OmnpeaenuTs NMoTEHUMAN (@ IIAPOB MOCHE TOTO, KAaK WX COCIUHMIIN
MCTAJUIMYCCKUM ITPOBOJHUKOM. EMxocTbIo COCIUHHUTCIIBHOI'O IPOBOJAHHKA HpeHe6peqb.

19. Cuna F nputskeHus Mexay IUIaCTUHAMHU IJIOCKOTO BO3AYIIHOIO KOHJEeHcaropa paBHa 50
MH. Ilmomanp S kaxkmoit tutactuabl paBHa 200 cM?. HaiiTH ILIOTHOCTH SHEpruu W Mo
KOHJIEHCATOopa.

20. Kakoe xonmuecTBO TEIIOTH Q BBIIEIWTCS MPU Pa3psiKe TUIOCKOTO KOHJEHCATOpa, €CIIU
pa3HocTh moreHnuanoB U Mexy miacTiHaMu paBHa 15 kB, paccrosiaue d = 1 MM, JUAIEKTPUK
— CITI0ZIa W TUIOWIAAb S KaXkao# miuactuHsl paBHa 300 cm?

2. Hukepos, B.A. ®usuka: coBpemennsiii kypc / B.A. HukepoB. — 2-e u3a. — Mocksa :
N3 narenscko-Topropas koprnopanus «Jlamkos u K°», 2016. — 452 c. : un. — Pexum
nocryma: o nmoanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

IIpakTH4eckoe 3ansaTue 8.

Tema 3anamus. HpOBOIlHPlKH B JJIEKTPUYECCKOM II0JI€. BJIEKTPI/I‘{CCKOQ moJji¢c B
AUIJTCKTPUKAX

lleflb 3anamus. I/I3y‘II/ITB IMPOBOAHUKHU B 3JICKTPUICCKOM II0JIC.
Teopemuqeacaﬂ yacmo.

HHusnexmpuku. Onekmpuyeckoe none 6 Oudnekmpuxax. Ilonapusayus Ousiekmpuros.
Tonsapusayuonnvie 3apsaovl.

Bekrop nonsipuzanuu (MOIsIpu30BaHHOCTb) — 3TO AUMOJIbHBIA MOMEHT €IMHUIBI 00beMa, OH

onpenensiercs cootHourenneM P = YE0E, rne y — mmonextphueckas BocnpruuMumBOCTS.
BekTop snexTpuueckoil MHAYKLIUU (MM BEKTOP JJIEKTPUYECKOIO CMEIIECHUS ONpEeAeseTcs

—

seipaskeHnem D = goE+P .
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Howzpusyemocmb. I[I/IE)JIGKTPI/I‘IGCKaH NPOHUIACMOCTb 3aBUCHUT OT HOJJAPHU3YMOCTHU MOJICKYII

Bemecrea, P = BeokE. Tenzop mnonspusyemMoctu. B o0mieM ciydae IUIOJBHBIE MOMEHT
MOJIEKYJIBI HE€ COBIIAJAeT I[10 HAIpPaBJICHUIO C BHEIIHUM MAarHUTHBIM IIOJIEM, IO3TOMY

Pi = BijeoEj.

Inockuii koHOeHcamop, 3aNOoaHeHHbI OOHOPOOHLIM OudieKkmpuxom. B 3TOW cucreme

—

P

CBs3aHHbIE 3apsA]bl OYOyT TOJIBKO Ha IOBEPXHOCTH, U CYILECTBYET CBA3b =0 rme O—

MMOBCPXHOCTHAA IJIOTHOCTH CBA3AHHBIX 3apAd0B.

Teopema I'aycca 0ns Ousiekmpuxos

JUst TU3IEKTPUKOB BBITIOJIHAIOTCS CIIEAYIOLINE COOTHOLICHUS:
— —_ - g ,-
§Pds =—q', divP=—p/,
fDdS =Q, divD=p.
Ilone moueurnoeo 3apsoa 6 ousiekmpuke
3axoH KyrnoHa a1 66CKOHEYHOTO0 OAHOPOJHOTO JUAJIEKTPUKA UMEET BUJ

I_:’: 419>

3 r.
dregyr

Yenosus na epanuye pazoena 08yx ousneKmpukos 60 HeulHem dJ1eKmpuyeckKom noJe.
Ha rpanune paszmena  AWDJIEKTPUKOB  BBITIOJNHSETCS  PABEHCTBO  TaHTEHIIMATBHBIX

COCTaBJIAOIIUX BCKTOpaA E: Elt = E2t U paBCHCTBO HOPMAJIbHBIX COCTABJIAIOMIUX BEKTOPA

D: Dln = D2n . ypaBHeHI/Ie HyaCCOHa JJIT OMHOPOJHBIX JUBJICKTPUKOB UMCCT BU/JL

Vo)=L

SHCpF U CUCTCMBbI JJICKTPUYCCKUX 3apsAd0B B OUIJICKTPHUKE. 3HCpPI/I}I oJis1 B JUBJICKTPUKAX.
[InoTHOCTH OHCPTHUU JJICKTPUYCCKOIO IIOJII B AUIJICKTPUKAX OHNPCACIACTCA BBIPAXKCHUCM

W= T
Onexmpuueckuil MoK 8 NPOBOOHUKAX
[InoTHOCTH TOKa, MIIOTHOCTh TOKA M TOK CBSI3aHBI COOTHOILIEHHUEM j jas =1 VYpaBHeHue

HEPa3pbIBHOCTH (3aKOH COXPAHEHUs 3aps/a)
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a—’D+§j?:0
ot '

3axon Oma Onst niomuocmu moka. Yoenvras nposooumocmos, yoeibHoe CONpOMueieHue

MC)KI[y IIOTHOCTBIO TOKAa W HAIIPSKCHHOCTBIO 3JICKTPHUYCCKOTO IMOJIA CYHICCTBYCT JIMHEWHAas

cBs3b, ) = ot (3akoH Oma B nuddepennumanbuoit dopme). 3akoH Oma 11 OJHOPOIHOTO

IPOBOJIHHKA 3aIHChIBACTCS B BHae | = R 3akoH Jlxoyns — JleHna 3a1aeT KOIMYECTBO TEILIA,
KOTOPOE BBIAEISAETCS B IPOBOJHUKE ITPHU IPOTEKAHUU TOKA B €IMHUILY BPEMEHHU:
2
dQ U
dt R

[IpaBuabHOE ONMKMCAHWE JABMKCHUS 3apsJIOB B MPOBOJAHUKAX JACT TOJIbKO KBAHTOBAs TEOPHS.
[IpumMuTHBHAS 5SJIEKTPOHHAs TEOpUsl TMPOTEKAHMUSI TOKA Yepe3 MeEeTaul OCHOBBIBACTCA Ha
JIBIDKCHUM 3apsi/ioB KaK KJIACCMYECKHMX YAaCTUIl, HA KOTOpbIE NEHCTBYET CHJIa CO CTOPOHBI
AJICKTPUYECKOTO TOJISI i CHJIA TPEHHS CO CTOPOHBI CPE/IbI.

IIpumepsl pemenus 3agaq

3agaua 1. /[unons ¢ snektpuueckuM MomeHTOM P=50 nKi-M cB0OOAHO ycTaHaBmuBaeTcsi B

kB
OIHOPOIIHOM  DJIEKTpUYecKoM mone Hamnpsokennoctelo E =30—. Haiitu  paGory,
M

HE00XO0IMMYIO JJIsl TOBOPOTA AMIOJIA Ha yroi a=30".
Jano:
P=50nKm-m=5-10" Kn'm DrementapHas paboTa npu MOBOPOTE AUIONS HA yroi da
kB B
E=30—=3-10"— dA=M -de,
M M

a=30"° riel M =P-E-SIna - mexannueckuii MomeHT cuit, neiict-

— —

BYIONIMI HAa JUNOJb. « — yroi Mexay Bektopamu E u P, 4 =7
Taxum obpazom A=P-E-sina-da.

IIpu cBOGOIHOM MONOKEHUH TUTIOND B d1ekTprueckoM one o = 0, smaunt nonuas pa6ora
MOYET OBITh paccuuTaHa 1o ¢popmyse

a
0:

A:IP-Esina-da:—PE-cosa
0

A=-5.10"-3-10" (cos 30° —cos 0°) =2-107 1x=0,2 mx/JIx.
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Bonpocwi u 3a0anus.
1. InpneKkTpuKyY B JIEKTPOCTATUYECKOM IIOJIE.
2. [Monsipuzanus TU3IEKTPUKOB, BEKTOP MOJSPU3ALIIH.

3. CBs3p BEKTOpa MOJSAPU3ANMUA C OOBEMHOW M TMOBEPXHOCTHOW IUIOTHOCTBIO CBSI3aHHBIX
3aps0B.

4. Teopema ["aycca Ju1st TUANEKTPUKOB.

5. IloJie TOYEUHOTO 3apsaga B JUDJICKTPHUKE.

33)13‘11/1 AJIA CAMOCTOATECILHOI'O PEHICHUS

1. Toyeunslit gunonb ¢ 3nekTpudeckuM MomeHToM P = 100 nKn'm cBOOOJHO ycTaHOBWICS B
OJIHOPOJHOM 3JIEKTPUYECKOM TIOJIe HANpsHKEHHOCThI0 £ = 9 MB/m. [lumnons moBepHYIM Ha
MaJiblil YroJl ¥ MPEeoCTaBUiIN caMmomy cede. OnpenenuTh 4acToTy vV COOCTBEHHBIX KoJeOaHUi
JIUTIONS B AJICKTPUYECKOM T10JIe. MOMEHT MHEPIUHU J WIS OTHOCHUTEIBHO OCH, IMPOXOAIICH
yepe3 LEHTP JUIIOJS, paBeH 4- 1072 kr-m?,

2. lunonsb ¢ snexrpruueckuM MoMeHToM P = 100 nKin'M cB0OOOAHO YCTaHOBMIICS B OAHOPOIHOM
IEKTPUICCKOM TI0JIe HANPSHKEHHOCTRIO £ = 10 kB/M. OnpenenuTs W3MEHEHHE MTOTCHIINATBHON

sHepruu All numons mpu MoBOpoTe ero Ha yroia « = 60°.

3 Jumonb ¢ anekrpudeckuM MomeHTOM P = 100 mKimm cBoOOgHO ycTaHaBiIMBacTCs B
OJTHOPOJTHOM 3JIEKTPUUYECKOM I10Jie HampspkeHHocThlo E = 150 xB/M. Beruumcnute paboty A4,
HE00XO0IMMYIO JJIsl TOr0, YTOOBI MOBEPHYTH JUIONb Ha yrou o = 180°.

4.0npenenuTh HANpPsHKEHHOCTh E W moTeHuuman ¢ moisis, CO3JaHHOTO TOYEYHBIM JUIOJIEM B
Toukax 4 u B. Ero anexrpuuecknii momeHT p = 1 nKim, a
paccTtosiHue I' oT Touek 4 U B 1o uentpa aunons pasHo 10
cM.( CM.pHCYHOK).

A

5. Paccrostaue | mexxay 3apspamu Q= +3,2 uKn aumons pasao 12 cMm. Haiitu HanpsokeHHOCTD E
Y MOTEHIMAJ ¢ MOJsA, CO3JaHHOIO AUIMOJIEM B TOUKE, YJAJIEHHOW Ha =8 CM KaK OT MEepPBOro, TaK
Y OT BTOPOTO 3apsja.

6. J[Ba TOYEUHBIX AUIOJA C JJIEKTPUYECKHMMH MOMeHTaMH p1 = | nKn'm n p; = 4 nKir'm
HAXOJATCS Ha PacCTOSHUHU I = 2 cM Apyr oT Apyra. HaliTu cuimy ux B3aMMOAEUCTBUSI, €CIIA OCH
JIATIONIEH JIEXkKAT HAa OJHON MPSMOM.

7. JIBa TOYEYHBIX IUIONSA C DJIEKTPUUECKMMHU MoMeHTaMu p1 = 20nKn'm u p; = 50nKn-m
HaxoJsTCsS Ha paccTogHuu I = 10 ¢cM apyr oT apyra Tak, YTO MUX OCH JIeKaT Ha OJHOU MPSIMOIl.
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Brrancnuth B3aUMHYIO MNOTCHIUAJIbHYIO OHCPIUIO HHHOHCﬁ, COOTBCTCTBYIOLIYIO nux
YCTOMYMBOMY PABHOBECHIO.

8. Onpenenuth HANPSHKEHHOCTh £ W MOTEHIMAN (0 TOJs, CO3JaBa€MOT0 TOUYEUHBIM JHUIIONIEM C
3JIEKTpUYeCKUM MOMEHTOM p = 4 nKn'm Ha pacctossHun I = 10 ¢cM OT IeHTpa IUIOis, B
HalpaBJICHUH, COCTABIISIONIEM Yoyl ¢ = 60°C BEKTOPOM 3JIEKTPUIECKOTO MOMEHTA.

IIpakTuyeckoe 3ansitue 9.
Tema 3anamusa. 3aKoHbLI NOCTOSTHHOIO TOKA.
Lenv 3anamusa. VI3y4nTh 3aKOHBI IOCTOSTHHOTO TOKA

3nanusa u ymenusn, npuodpemaemvie CHYOCHHIOM 6 pe3YJlbMAme O0CE0CHUSA MeMbl,
dopmupyemovie komnemenyuu. dnekrpudeckuil Tok. Cuna toka. [ImoTHOCTh TOKA. 3akoH OMa
Uit ydactka 1ienu. ConpoTuBieHUEe MPOBOJAHUKOB. VICTOUHUKH TOKA. DIEKTPOJIBMKYIIAs CHIIa
(OHAC). 3akon Oma mns yuactka nenu, cogepxaiiero JJIC. 3akon Oma g MOJHOW LIETH.
PasperBnennsie nenu. 3akonsl Kupxroda. Pabora nu mourHoCcTh TOKa. 3akoH /xoymns - Jlenna.
TennoBoe neHCTBHUE SJIEKTPUUYECKOTO TOKA W €ro NMPUMEHEHHE B TEXHHKE. DJeMEHTapHas
KJIACCUYECKAsl TEOPHUS JICKTPOIIPOBOIHOCTH METAUIOB. ['paHUIIBI TPUMEHUMOCTH KJIACCUUECKOU
TEPUH DJICKTPONPOBOJHOCTH. KOHTaKTHBIC sBICHHS. Biiageer CrnocoOHOCTHIO MPUMCHSTH
COOTBETCTBYIOIINHN (PU3UKO-MaTEMaTHICCKHH arapar Mpy perieHn: Tpo(hecCHOHATBHBIX 3a1ad.

AKmytlﬂbHO(!mb memot. OCHOBHBIC IOHATHS M 3aKOHBI IIOCTOSIHHOTO TOKa MMPUMCHSCTCA
IMpU pCHICHUHN MHXXCHCPHBIX 3a/1a4.

T eopemuuecKas uacmeo.
Xapakmepucmuku IEeKMPUUECKO20 MOKa U yCiloeus €20 Cyui,eCmeo6anus

B SJICKTPOCTATHUKE M3Yy4aJIUCh ABJICHHA, 06YCJ'IOBJ'IGHHBI€ HCIIOJABMXXHBIMH 3apsagaMu. Ecnu

10 KaKoM-In0o NMPUYINHC BO3ZHUKACT YIOPAAOUCHHOC ABHMIKCHUC 3aPAOB U YCPE3 MOBCPXHOCTDH
MEPESHOCUTCS 3apsjl, OTIMYHBIA OT HYJS, TO roOBOPAT, YTO BOZHUKACT DJIEKTPUYECKHUI TOK.

KonnyecTBEHHON XapakTEPUCTUKOM JJIEKTPUYECKOTO TOKA CIYKHT CHJIa TOKa —
BEIWYMHA 3apsAJia, IEPEHOCUMOr0 4epe3 paccMaTpUBAEMYIO IIOBEPXHOCTb B €IMHUILY BPEMEHH.

Eciu 3a Bpems Ot uepes nosepxnocTh nepenocures 3apsaa dg, To cuiia Toka paBHa:

_da
dt

Enununedd cuibl Toka sBisercs ammep (A). 3a HampaBieHHE TOKa TNPUHUMAETCS
HallpaBJ€HUE, B KOTOPOM IIEPEMEIIAOTCSA ITOJIOKUTEIbHBIE 3apsiibl WIM HAlpaBIICHHE,

IMPOTHUBOIIOJIOKHOC HAIMPABJICHUIO IBUKCHUA OTPUHATCIIBHBIX 3apsA10B. CBOGOJIHBIC 3apsaabl,
KOTOPBIC NIEPECMECIIAIOTCA B CPCAC, HA3BIBAKOTCSA HOCUTCIIIMU TOKA.

DNEeKTPUUECKU TOK MOKET OBbITh pacIpe/ielieH HEpaBHOMEPHO MO MOBEPXHOCTH, Yepe3

KOTOPYHO OH TCUCT. bonee neranmbHO TOK MOXKHO OXapaKTCPU30BaTh C IMOMOIIBIO BCKTOpA

IIJIOTHOCTH TOKa J . HyCTb 3apsKCHHBIC YaCTULBI ABUXKXYTCA B OIMMPCACIICHHOM HAIIPaBJICHHUU CO
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ckopocTbio U.  BEKTOPOM ILIOTHOCTH TOKa | Ha3bIBAETCA BEKTOP, 10 HAIPABJIEHHIO

COBMAJAIONIUN C HAMIPABJICHUEM CKOPOCTH IMOJOKUTEIbHBIX 3apsA0B (WM MIPOTUB HAIlPaBJICHUS
CKOPOCTH OTPHIIATEIBHBIX 3apsIOB), & IO A0COJTIOTHOW BEIMYMHE PABHBIA OTHOIICHHWIO CHIIBI

toka 0l __uepes onementapuyio mmomanky 0S|, pacnonoKeHHYIO B JIaHHOW TOYKE

OpoCTpaHCTBA NECPHNCHAUKYIAPHO K HANMPABJICHUIO ABUKCHU A HOCHTGHGP'I, K €€ IIJ1o1miaju.

[
ds,

Yucao HOCHUTEICH TOKAa B SAMHUIIES 00beMa N Ha3bIBACTCS IUIOTHOCTHIO HOCHUTEICH TOKA.

3apsi OTACTEHOTO HOCUTEINS OyIeT 0003HaYaThCs € .

Eciu CBOGOI[HBIMI/I 3apsgaMi  SBJIAIOTCA, HAIPUMEP, OBJICKTPOHBI, a IMOJIOKUTCIbHBIC
3apsgabl HCIIOJABUXXHBI (BTO HUMCCT MCCTO B MeTaJ'IJ'IaX), TO INIOTHOCTh HOCHTEIICH 6VI[€T
COoBIIaaaThb C YMCJIOM CBO6OZ[HBIX SJICKTPOHOB B CAMHUIIC o0BeMa.

BeKTOp IUIOTHOCTH TOKa MOYKHO BBLIPA3UTH 4YC€PEC3 IIIOTHOCTD HOCUTEJIEH TOKa U CKOPOCTb
M X JOBUXKCHUA. KommuectBo 3apsa, IICPCHCCCHHOI'O 3a

N o BpeMs dt  uepes HekoTopylo mHOBepxXHOCTH S,
~ MEPIEeHIUKYIIPHYI0 K BeKTopy ckopoctu (puc. 20.1),

pasgo dg=n-e-u-dt-S. 3a Bpema dt mwromamky S
Ao HEePECEKYT BCe CBOOOAHBIE 3apsibl B MapalIe/euIeae ¢
ocHoBaureM S wu mmmuoit Udt. Ecnm mwromamka S

¥

i JO0CTAaTOYHO Majda, TO IINIOTHOCTb TOKa B eé nmpeaciax
MO>KHO CUHUTATh IMOCTOSTHHOM n TOoraa.

1 _dg _n-e-u-dt-S _
S Sdt S-dt

j n-e-u.

B BekropHo#i popme:

j=n-e-i

Cuna Toka 4epe3 Ipou3BOJIbHYIO IIOBEPXHOCTh

| = ]jdS
S

DNEeKTPUYECKH TOK, OOYCIIOBJICHHBIN JIBIIKCHHEM CBOOOITHBIX 3apsfoB B MPOBOJHUKAX
Pa3IMYHON MPHUPOIbI, HA3BIBAETCS TOKOM MPOBOJIUMOCTH.

CBo0oHbIE 3apsaAbl B IPOBOJHHUKE UCIBITHIBAIOT CTOJIKHOBEHHUS C aTOMaMHU IIPOBOJHHKA.
3a BpeMsi «CBOOOJHOTO Mpobera» 7 MeXIy JIBYMs CTOJKHOBEHHUSMHU 3apsii B NPOBOJHUKE
nproOpeTaeT HalPaBJICHHYIO CKOPOCTh BJIOJIb BHEIIHETO IEKTPUUECKOrO MOJIS:

. eE
U=Wr=—7
Mg

90



—

rae E HanpsykeHHOCTB AJIEKTPUYECKOro MO B MPoBoAHUKE. [lociie ouepesHOro CTOIKHOBEHUS
CKOpOCTb TepsieTcsl. 3aTeM, /10 CIENYIOLIEro CTOJIKHOBEHUS, MPOUCXOAUT HOBOE HapallBaHHE
HaIIPaBJIEHHON CKOPOCTH.

U3 BBIIEU3IIOKEHHOTO CIIEYET, YTO YCAOBUAMU CYULECHEO8AHUA MOKA SBIISICTCS:
a) Hanuune cBOOOIHBIX 3apsiIOB;

06) Hamuume »5JEKTPUYECKOTO TMOJNSI BHYTPU MPOBOAHHMKA, YTOOBI MOJJIEPKUBATH
HepeMeLIECHUE 3aps10B.

Dnexkmpoosusrcywiana cuna, HAnPAIHCEHHOCMb

Ecnm 6b1 Ha HOCHTEIIE TOKA HeﬁCTBOBaHH TOJIBKO CUJIBI SJICKTPOCTATHYCCKOI'O I1OJISA, TO ITOA
HeﬁCTBHCM OTUX CHJI ITOJIOKHTCIBHBIC HOCHUTCIU IIEPEMEIIAINCH OBl M3 MecTa C OOJIBIINM
MMOTCHIUAJIOM K MECTY C MCHBIIINM IMOTCHINAJIOM, @ OTPHULATCIbHBIC HOCUTCIIN IBUT'AJIUCH OBl B
06paTHOM HaIpaBJICHHUH. 9T0 OPpHUBEIIO OBI K BBIPABHUBAHUWIO IMOTCHIMAJIOB, U B PE3YJIBTATC TOK
@3 OPpECKpaTUjICA. Y00kl 5TOr0 HE MMPOU301LTI0, JOJDKHBI MMETHCA YHAaCTKU Ha KOTOPBIX IIEPEHOC
IMOJIOKUTCIBHBIX 3apsI0oB IIPOUCXOAUT B CTOPOHY BO3paCcTaHHA (@, T.€. IIPOTHB CHII

aieKTpocTartudeckoro moiid. IlepeHoc HocuTelled Ha 3THX ydacTKaX BO3MOXKEH JHUUIIb C
IIOMOIIBI0 CWJI HE DJIEKTPOCTATUYECKOIO IPOUCXOKJICHHsI, HAa3bIBAEMBIX CTOPOHHUMH CHIAMM.
®uznyeckas MpUPOAa CTOPOHHUX CHJI MOKET ObITh pasinyHa. Hampumep, xumuyeckas (kKak B
AKKyMYJISITOpax), MEXaHUUYEeCKasi, MarHUTHast U Apyrue.

BenyuuHa, paBHAg OTHOLICHUIO PA0OTHI CTOPOHHUX CHJ IO IIEPEHECEHUIO 3apsila K
BEJIMYMHE DTOTO 3apsaa Ha3biBaercs dnekTpoasmxkyiieit cuion (9/1C).

O/1C uzmepsieTcs B Te€X K€ eAMHUIIAX YTO U MOTEHIINA, T.€. B BoJbTax (B).

CropoHHIOIO  CUITy, JEHCTBYIOIIYIO Ha 3apsjl, MOXHO TIPEACTaBUTb B  BHJE

chop = Ecmopq , TAC Ecmop - HAIPsAXKCHHOCTH MOJIA CTOPOHHUX CHJI. PaGora CTOPOHHHX CHUJI

Haja 3apiaa0M Ha HCKOTOPOM YYaCTKE 1-2:

mop q_[ Ecmop

Pa3nenuB o0e yactu cornacHo onpenenenuto IJC Ha 3apsn, MOTyIUM:

1-2 2
emop.
€12 = _[ cmop
1
JI1st 3aMKHYTOH eI
£ = § Ecmopd

DJIC, nelicTBYIOIAsd B 3aMKHYTOH IIEIM, MOJYKET OBITH OIpelescHa KaK IMPKYIISIH
BEKTOpPa HAOPSYKEHHOCTH CTOPOHHUX CHIL
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KpoMme CTOpOHHHMX CHII Ha 3apsi AEHCTBYIOT CHIIbL dJekTpocTariyeckoro mons Fg =(QE.

PesynpTupyromas cuna, A€MCTBYIOMIAs B KaX0M TOUKE LENH Ha 3apsi]l, paBHA:

F=F+ chop = CI(E + Ecmop)
Pabora, coBepmaemas Toi cwiioi Hax 3apsaoM ( Ha ydacTke nenu 1-2, ompenensiercs
2 L 2 ~ ~ 2 L
BBIPOKEHHEM A, = CII Edl + CII Ecmopd| ) Tx. QJ Edl =q(¢, -9, ), a
1 1 1

—

q Ecmopdl =0Qé&12 , Torga pabora paBHa A12 = Q((Dl — ¢2)+ géqo.

= — N

Ao

Paznennm o6e wactu Ha (. B neBoii uactu otHOmeHne —= o6o3Haunm U, . Bennunna

YUCJICHHO paBHajd OTHOHICHHIO Da6OTI)I N J3JICKTPOCTATUYCCKHMX HW CTOPOHHHMX CHJI IIO
OEPEMCIICHUIO 3apsia/ia K BCIWMYHMHE 3TOrO 3apAaa HA3bIBACTCA IMAJACHHMEM HANPSOKCHHA HWIN

OPOCTO HAIPAXKCHHUEM HAa TaHHOM YYaCTKE IICIIN U 12 -

1, | L2

o | @, Takum o6pazom (puc. 20.2),

&
|
I

Puc. 20.2 Up=p1—@ teép

3ameruM, uto eciu Ha ydactke orcyrcrByeT DJIC, o Uqp = ¢ — @, . (st 3aMkHyTO#M
nenu Toukd | um 2 coBmajgaor, ¢ =@, u, torma Ujqp = &15.) MoxHO moKa3aTh, 4TO

U 12 — IR , TIe R- MMOJIHOC COIIPOTUBJICHUC LICTIN U TOT' la

IR=¢1 —py +&15

OT10 ypaBHEHME BBIpakaeT 3akoH Oma jurst HeogHopoaaoro yyactka nenu (¢ DC).

Knaccuueckasn JJIEKMPOHHRAA meopus 9ﬂel<mponpoeodumocmu memaiioe u ee
He0oCmamo4HOCHLb

BHYTpeHHS CTPYKTypa METAIIOB XapaKTEPU3YETCsl KPUCTAIIMYECKON pemeTkor. B y3max
KPUCTAJIMYECKON PEUIeTKH HAXOJATCS TOJOKUTENIbHBIE MOHBI, B MIPOCTPAHCTBE MEXKIY HUMHU
NPaKTUYECKH CBOOOHO JBHXKYTCS 00001IecTBIeHHbIe AeKkTpoHbl. Hemenkuit ¢pusuk I1. [pyne
IPENOI0XKUI, YTO DJIEKTPOHBI BEAYT ce0sl KaK YacTHIbl WACATbHOIO Tra3a, M HpPEeIOKUI
MCIOJIb30BATh JJIsl ONMCAHUS UX MMOBEACHUS U3BECTHbIE (OPMYJIIbI KHUHETUYECKON TE€OpUH ra3oB.

CuctemMa cBOOOAHBIX OOOOIIECTBIEHHBIX B KPUCTAJUIMYECKOW peIIeTKe 3JICKTPOHOB
Ha3bIBAETCS JICKTPOHHBIM ra3oM. B oTinuune oT MoJeKkys rasa, mpoOer KOTOpPBIX ONMpeaessics
COyJJapeHHEeM MOJIEKYJ JIPYT C IPYTOM, DICKTPOHBI CTAIKUBAIOTCS MPEHMYIIIECTBEHHO HE MEXKAY
coboif, a ¢ wuWoHaMM O0Opa3ylOIIMMH KpPUCTAIUIMYECKYIO pEIIeTKy MeTaia. OTUMU
CTOJIKHOBEHUSIMHU 0OYCIIOBJIEHO B YACTHOCTH, COIIPOTUBIEHUE METaJIIa YIEKTPHUYECKOMY TOKY.
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XaoTHYECKOE TEMIOBOE JIBMKCHHE SJICKTPOHOB B MCETalJIaX MOXKHO XapaKTCpHU30BaTb

8KT

CpeIHEN CKOPOCTBIO <V >= [—— (I KOMHATHBIX TEMIIEPATyp <U> ~103m/ c). Ilpu
7T-My

HaJIMYUKM BHCIIHETO IIOJIA OJICKTPOHBI O6J'Ia,Z[aI-OT cuie HeKOTOPOﬁ CpEeIHEH CKOPOCTHIO

HanpasjeHHoro aBmxenus U . O6braHO U ~ 10722103 m/ ¢, TO ecTh U << <U> .

Bw1600 3axonoe Oma u /Prcoyna-Jlenya uz 3nekmpoHHvlx npeocmasieHuil
3akon Oma.

Cpennuii myTh, NMPOXOIUMBIH CBOOOJHO IBIDKYIIUMHUCS D3JEKTPOHAMU MEXIY JBYMS
MIOCJIC/IOBATEIBLHBIMU _CTOJIKHOBEHUSIMA C HOHAMH PEIISTKH Ha3bIBACTCA CpPEIHEH JUTMHHOW

cBoboaHOrO TIpodera A . CpenHee BpeMsi MEKIY ABYMsI CTOJIKHOBCHHSIME 7 = — (OTPEIeIIIeTCs
L

—

CKOPOCTBIO XaO0THYCCKOI'O ,Z[BI/I)KGHI/IH). HpI/I Haguuun nons E HarmpaBJICHHAA CKOPOCTb
9JICKTPOHOB HAKaIlJIMBACTCA 3a BpPCMIA CBO6OI{HOFO HDO6€Fa U K MOMCHTY CJICAYIOLICTO
COydapCHUsA NOCTUTACT MaKCHUMaJIbHON BEITUUYMHBI:

—

_ . eEA
UmaX—WT—H;.

Cxopocts U m3mensercs 3a Bpems npobera jguneiino. ITostomy ee cpenee 3a npooder
3HAYEHHE PABHO MOJIOBUHE MAKCUMAJILHOTO 3HAUCHUS.

S eE 1
2 ™ 2 mo
[IimoTHOCTE TOKA:
- ~ n-e2. 1 -
J=n-e<li>——-=E
2mo
2
- _ n-e<-A
Kos¢dpumment nponopumonansHocTd Mexny | u E obGo3Haumm o = 2— (o -
mo

MpPOBOIUMOCTE). B pesynbprate momydnm 3akoH OMa B JIoOKanbHOW (opme (mapamerps
OTHOCSITCS K JAHHOW TOYKE CEYEHUS IIPOBOHUKA).

—
[l
Q
m

IInoTHOCTE TOKa B IMPOBOAHUKE IIPOIMOPHUOHAIIbHA HAIIPAKCHHOCTHU JJICKTPUYCCKOTO

nons E. KoadduimeHntom mpomoprroHasbHOCTH SBISETCS MPOBOAMMOCTh. (3amMeuyaHwme.

U

CpaBHMM moONyuyeHHYIO (opMyly C HM3BECTHOM I:E' [IpoBogrMOCTE ©  0OpaTHO
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IPONOPIHOHATbHA YAEIBHOMY CONpPOTHUBICHHIO p O =—. IlnotHoCTh TOKa j—g

Yo,
U I 1U
Hamnpsokennocts nons  E = T (I - nmumna nposopnuka). Torma S o1 WM
o,
U
| =——S =—, 9T0 ¥ TpeboBaIOCH.)
ol R

3akon JLxoyia — JleHna.

K konmy cBoGoaHoro mpobera 3j1€KTpOH NMPUOOPETAET NOMOIHUTEIbHYI0 KUHETHUYECKYIO
SHEPTUlo, CpeHEe 3HAaUCHHE KOTOPOU PaBHO:

2 2 72
< AEy oo M Uingy _ 8747 2
2 2mo?

eEA

(HammomamM: Uy = —).
mo

CTOJNKHYBIINCH C aTOMOM, 5JEKTPOH, IO MPEANON0KEHUI0, IOJHOCTbIO Hepeaaer
IPUOOPETEHHYIO UM DHEPTUI0 KpucTajinyeckol pemierke. CooOIIeHHas pelieTKe SHEPT sl UAET
Ha YBEJIMYEHNE BHYTPEHHEHN dHEPIUU MeTalljia, POSIBIIASCH B €M0 HarpPEBaHUU.

v
Kaxxip1it 27IeKTpOH MpeTEeprieBacT 3a CEKYHY B CpefHeM Z = z coynapenuii. O603HaUUM

YUCIIO 3JICKTPOHOB IMMPOBOAMMOCTHU B CIMHUILIC o0beMa N , TOrJaa IoJIHadA 3HCPruid, nepcaaHHasi
OJICKTPOHAMHU 34 €AMHUIY BpEMCHH B CAMHHUIIC o0beMa 6}’}16T PaBHATHCA:

2 92 2 2
e“A g2 _ne ligEz_nei

- - E2.
2mu? 2mo v A 2mo

W=n-z<A4E >=n-z-

ne?i

3Has, 4T0 O = B pe3ynbTaTe MoyiyuyuM 3akoH Jlxkoyins — JleHna B okanbHOM (opme:

W =c.E?

TennoBas MOIIHOCTh, BBIASHASIONIASCS B €IUHUIIE o0bemMa Opyu  NOpOTCKAHHUH
SJICKTPHUYCCKOI'O TOKA MPONMOPIHOHAJIbHA KBaAPATy HAIIPAKCHHOCTH ITOJIA.

) )
Ilepexonsor o u E x p n j:(azi, Ezi),HOHyIII/IMW =£(i) =p‘j2,HHH
p o p

W=p-j?

[Monyuyunu apyryio dopmy 3akona Jixoyns — Jlenna. (O0beMHasi MIOTHOCTH TEIJIOBOM
MOIIHOCTH paBHa MPOU3BEACHUIO YAEIBHOTO COITPOTUBIIEHUS HAa KBaApaT INIOTHOCTH TOKA).
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3ampyonenus Knaccuueckou 31eKmpoHHON meopuu I1eKmponpoeoOHOCIU MEemaios

Knaccudeckas Teopus cMoriia OObSICHUTH MOJyYSHHBIE paHee dKCIIEPUMEHTATLHO 3aKOHBI
Oma u Jixoyns — JleHIa, HO €CThb W CYIIECTBEHHbIE 3aTpyaHeHHs. OCHOBHBIMHU SIBIISIFOTCS
CIIEAYIOIINE:

1. TeopeTnueckoe 3HA4YCHHUC IMPOBOANMOCTH HU3MCHACTCA C TeMnepaTypoﬁ

1 1

O meop ~ _ﬁ , DKCIIEpUMEHTaJIbHAs )K€ 3aBUCUMOCTh O = ? .

2. Knaccuueckas Teopusi HE B COCTOSHUM OOBSICHHUTH TakKO€ SIBICHHE Kak
CBEPXIIPOBOINMOCTD.

NmeroTcs u apyrue 3aTpyJHEHUS U B 3TOM HEJAOCTaTOYHOCTh KJIIACCHYECKON TEOPHH.

CoBpemeHHas KBaHTOBAsi TEOPUS AJICKTPOINPOBOJUMOCTH METAJUIOB MOKA3bIBAET, YTO BCE
TPYAHOCTH KIJIACCMYECKOW TEOPUHM CBS3aHBI C TE€M, YTO MpEJACTaBICHHE 00 JJIEKTPOHAX Kak
UCATLHOM Tra3e sSBIISIETCS IPyObIM npubmmkeHueM. Ha caMmom sierne 3JeKTpoHbI BHYTPH METaslia
HE SIBJIAIOTCS] TAKUMH CBOOOJHBIMHU, KaK TO CIEAYET U3 KIACCUYECKON TEOpHUH.

B coBpeMeHHOM KBaHTOBOM TEOpPUU ITOKA3BIBACTCS, YTO IEKTPOHBI BHYTPH METAlIa, KaK U
AJIEKTPOHBI B aTOME HE MOTYT MMETh JIFOOYIO SHEPTrulo, a JIMUIb BIOJHE AUCKPETHHIC 3HAUYCHUS

SHCPIruu — SHEPTIUA 3JICKTPOHOB KBAHTYCTCA.

5. 3axkonvt Kupxzogpa

1. INepssblii 3akod Kupxroda:

Anre6panqecxaﬂ CyMMa CHJI TOKOB, CXOAAIMMXCA B Y3JI€C, paBHA HYJIIO.

Sy =0

IIpu 3TOM TOKH, UAYLIUE K Y31y, IPUHATO CUUTATh MOJOKHUTEIbHBIMU, & OT
y3J1a — OTPUIATENbHBIMU (MOKHO U HA00OPOT — 3TO HECYILIIECTBEHHO).

Puc. 20.3

3amMeTuM, 4TO y3el1 — 3TO TOUKa, e CXOAATcs TpH u Oonee Toka. Hanmpumep, ans puc. 20.3
MEPBBIN 3aKOH 3aIUIIEeTCs TaK:

|1—|2+|3 :0.

2. Bropoit 3akon Kupxroda (0H OTHOCHTCS K JIIOOOMY BBIICJICHHOMY B LIEIH 3aMKHYTOMY
KOHTYpY):

AJsreGpanyeckas cyMMa OPOU3BEAEHUI CHJI TOKOB B OTAEIbHBIX VYACTKAX OPOU3BOJILHOTO
3aMKHYTOTO KOHTYpa Ha WX CONPOTHBIEHWS (CymMMa TaJCHUN HampsDKeHUH) paBHA
anredpandeckoil cymme DJIC, NeHCTBYIOLIMX B 3TOM KOHTYDE.

2 IkRj=2 4

IIpuMepsl pelieHus 3a1a4

95



3amaua 1. Jlansr 12 smementos ¢ DJIC & =1,5 B u BHyTpeHHHM conpoTHBiIeHHeM =0,40M.
Kak HYXHO COCOUHUTH 3TH DJIEMEHTHI, YTOOBI IMOIYYUTH OT COOpaHHOW W3 HUX OaTapen
HauOOJIBIIYI0 CHJIy TOKa BO BHENIHEW 1enu, wumeromeld conporuBienue R=0,3 Owm?
OrnpeaenuTb MaKCUMAIIbHYIO CUITY TOKA |max.

n

JlaHo: E_ F-mmmm o |_E m
N=12 E_ R |_i
g—l,S B E_ |_ ________ |_i
r=0, 4 On | |

—_ F ________ |—'
R=0, 3 Om R
Imax = ?

Hpe,I[HOJ'IO)KI/IM, YTO COCIMHEHHE COCTOMUT M3 M MapauiejIbHO COCIOMHECHHBIX BETBEH IO N

MOCJICIOBATEILHO COCIMHECHHBIX DJIEMEHTOB B KaXaou (cM. puc.). OueBHJIHO, N=m-n,
[Ipu mnocnenoBatensHoM coequHeHur OJIC U BHYTPEHHEro CONPOTHUBIICHUS AJIEMEHTOB

CKIIAABbIBAOTCA; IIO3TOMY 9I[C Ka)XXJIOM BETBU gg =N ’g, a BHYTPCHHEC COIIPOTHBIICHUC

r,=n-r.
HpI/I mapajujicJibHOM COCAUMHCHUHU g CHCTCMbI paBHa g OTACIBHOI'O JJICMCHTA H

1 &1

_:Z_‘ CnenoBatenbHo, DJIC coenunenust paBHa OJIC oTnenbHOM BETBU éﬁc :éﬂg, a
r 1 I
C

r
BHYTPEHHEE CONPOTUBIICHNE COSIMHEHNs I = =2,
m

nr
TakuMm 00pa3oM, st GaTapen deMeHTOB nmMeeM &. =N-& ,u I =—.

ITo 3axony Oma 117151 3aMKHYTOH LIENU TOJIYyYUM

& n& nm& N-&

| = = = = (1)
nr .
L+R N o nr+mR n-r+mR
m
Tak kak N =M-N u N=— | To OKOHYATETHHO HOTYINM
m
N-& N& -m
=N ~ Nr+meR @
—r+mR +
m

Hccnenyem Ha skcTpemyM dyukiuio [(m), npeacrasiaeanyio Gopmynoi (2).
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4

" NZ.m N-g-(NrerzR)—Né”-m-(ZmR)
(m)_[Nr+m2R) - (Nr+m2R)2

3)

Ng(NH mZR)—ZNg.mZR B
(Nr+m2R)2 -

[TpupauuBas (3) Kk HyJ1O

HafI,I[CM MaKcHMaJIbHOE 3HaueHue M. B PE3YIbTATC MMOJTYYHUM

Nr 12-0,4 N 12
m=,—= =4y N=—="—=3.
R 0,3 m 4

Takum o0pazom:

o N& _ 1215 _75A.
nr+mR 3-0,4+4-0,3

OTBeT: coeIMHEHNE COCTOUT M3 YEThIPEX BETBEH 10 3 MOCIeA0BATEIbHO COSAMHEHHBIX
3JIEMEHTOB, MaKCHUMAaJIbHEIM TOK 7,5 A.

3apgaua 2. Ilpu cwie toka [1=3 A BO BHemHed Lenu 6arapen akKKyMyJSTOPOB BbLAEISETCS

MottHocTh P1=18 Br, mpu cune Toka l,=1 A — coorBercTtBeHHO P>=10 BTt. Onpenenuts 3C &
Y BHYTPEHHEE CONPOTHUBJICHUE I OaTapeu.

Jano:
=3 A Tak kax momuocts P =1 -U , To nanpsxenne B nepsom ciayuae
P, P,
P1=18 Br U1 =-1 aBo BTOPOM U2 =2,
l; l,
. &
I,=1 A U3 3axona Oma s 3amkHyTOM neru - | = .
R+r
P>=10 Br |3 npuBeAEHHBIX BBIIIE PABEHCTB CIECAYET
& =7
A
r=2 & =1r+U, & =1r+-=+
= L
P,
& =1,r+u, & =1r+—=
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I1r+ﬂzlzr+&:>r=M:20M,

I1 |2 |1|2(I1_|2)

u é”:llr+ﬂ:12B.

3amaua 3. I1o xene3HoMy POBOAHKKY, quamerpoM d = 0,6 MM, TedeT TOK 16 A. OnpenenuTs
CPEJIHIOI0 CKOPOCTh <U> HaIPaBJIEHHOTO JABUKEHUS AJIEKTPOHOB, CUUTAs], UYTO KOHIIEHTpAIus N

CBO60,I[HBIX OJICKTPOHOB paBHAa KOHUCHTPAIUU N’ aToMoB IMPpOBOJIHHKA.

Hano:

d=0, 6 Mm=6-10"m 2

@—)@—>

=16 A

n=n’ @ ,U

1)

rac t — BpEMsA, B TCUYCHHUEC KOTOPOIroO BCC CBO60}1HLI€ OJICKTPOHBI, HaxXOoAAMMUECA MCKIAY
ceuenusiMu 1 u 2, mpoiinas cedenne 2 (cMm. puc.), mepenecyt 3apsq Q =€- N, cozmaBas Tok

950 (0)

Q&N )

t t
IZie e — dIeMeHTapHBIi 3apsan, N — umcio 2MeKTPOHOB NPOBOIHKKA, | — ero mmuHa.
OuEeBHIHO YHCIIO FNEKTPOHOB N=n-V=n-1-S (3)
e V- 066eM, a S — momans cedeHus poBoaHMKa. ITo ycroBHio, N= N', clIe10BaTeNbHO

n:nr:NA: N, :NA',O, @)
V M/p M

m

KU
rae Na —uucio ABoraapo, p — INIOTHOCTh JKeJe3a (p 7,87-10° 3),
M

3 KT
M — monsipHast macca xenesa | M =56-107° :
MOJIb
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[Toacrasisis (4) B (3), a 3areM B (2), OKOHYATENHHO MOTYYUM

I_NA-p-|-S-e
M-t

IMt
N,pSe

OTKyZ1a | =

2
zd
[ToacraBum nomyuenHoe Beipakenue B (1), cuuras, uto S = ——,

[Toce mpeoOpazoBaHus HAlEM, YTO

4IM 4.16-56-10°°

=— = > =4,2-103%m/c =4,2 Mmm
7d°N,-p-e 3,14-(6.10—4) .6,0-10%.7,87-10°-1,6-107%

(v)

Bonpocwt u 3a0anus.

1. IloCTOSIHHBIN 3JEKTPUYECKUM TOK M €ro XapaKTepuUCTHKU. 3akoH OMa Juid ydacTka
LETH.

2. Croponnue cuibl. dnexkrpoasuxymas cuia (3C). 3akon Oma 7151 3aMKHYTOM LIETIH.
3. PabGota u momHOCTh TOKA. 3akoH [[xoy:s - Jlenna.

4. Knaccuueckas QJICKTPOHHAA TCOPpHUA SJICKTPOIIPOBOAUMOCTH MCETAJLJIOB HU €€
HEAOCTATOYHOCTH

5. O0o00menHsIi 3akoH OMma. [IpaBuna Kupxroda.
6. DIIEKTPUUECKUH TOK B METaJJIax.

3agauu QJIsl CAaMOCTOSITEIbLHOIO pelIcHUus

1. Tpu Garapen ¢ DJIC E1= 12 B, E;= 5 B u Es = 10 B u onuHakoBeIMH BHYTPEHHUMHU
COTIPOTHUBIIEHUSIMU I, paBHBIMU 1 OM, cOeAMHEHBI MEXIy 000l OJHOMMEHHBIMH IOJIOCAMH.
ComnpoTHBICHUE COEAMHUTEIBHBIX MPOBOJAOB HUYTOXKHO Mayio. Omnpenenuth CUibl TOKOB |,
UAYIIMX Yepe3 KKyt OaTapero.

2. JIBe rpymmbl U3 TpeX MOCIEA0BATENIbHO COETMHEHHBIX AJIEMEHTOB COEAMHEHBI MapajlieibHO.
OHAC E xaxnoro sneMeHTta paBHa 1,2 B, BHyTpeHHee CONpPOTHUBIIEHUE r =02 Om.
[Tonydyennas 6arapes 3aMKHyTa Ha BHelIHee conpoTtusienue R = 1,5 Om. Haiftu cuy Toka | Bo
BHEIIIHEH LIETIH.

3. BHyTpeHHee conpoTuBiIeHUE I 0aTapen akKyMmyasTopoB paBHO 3 OM. CKOJIBKO MPOIIEHTOB OT
ToyHOTO 3HaYeHus DJIC coCTaBigeT MOTPENIHOCTh, €CIU, U3MEPSIs Pa3HOCTh MOTEHIMAJIOB Ha
3akuMax OaTapeu BOJIbTMETpoM ¢ conpoTuBieHneM Rg =200 Om, npunsth ee pasHoi J1C?
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4. 3anryHTHpPOBAHHBIA ammepMmerp u3mepsier Toku cwioil 1o | = 10 A. Kakyio HaubomnbIyio
CHJIy TOKa MOYKET U3MEPUTh 3TOT amMIepMeTp Oe3 IIyHTa, eClii CONpOTUBIeHHE R, ammepmerpa
paBHo 0,02 Om u conportusienue Ry, nmryHra paBHoO 5 MOM?

5. Cua Toka B IpOBOJHHKE paBHOMEpHO HapactaeT oT lp =0 mo | = 3 A B TeueHue Bpemenu t =
10 c. Onpenenuts 3apsn Q, mpomieAmnii B IpOBOJTHUKE.

6. Hansr 12 anementoB ¢ DJIC E = 1,5 B u BHyTpennuM conpotusienueM I = 0,4 Om. Kak
HYXXHO COEIMHUTH 3TH 3JEMEHTHI, YTOOBI TOIYYUTh OT COOpAaHHOM M3 HUX OaTapen HauOOJIBIIYIO
CWIly TOKa BO BHEIIHEW Ienu, umeromeid comnporuBienne R = 0,3 Om? Onpenenutsb
MaKCUMAJIbHYIO CHITY TOKA |max.

7. OBa snementa (E1=1,2 B, ri=0,1 Om; E»=0,9 B, r,=0,3 Om) coeauHeHbl OJHOUMEHHBIMU
norocamu. CornpoTuBieHHe R coemMHUTENBHBIX TPoBOJOB paBHO 0,2 OM. OnpenenuTsb CUiIy
Toka | B memnmu.

8. OmpenenuTh CUIy TOKa KOPOTKOTO 3aMBIKaHHS HCTOYHHKA TOKA, €CIIM IPU BHEUIHEM
conporupiiennu R;=50 Om cuia toka B nienu 1;=0,2 A, a mpu R,=110 Om cuna Toka B menu
1,=0,1 A.

9. Karymka 1 ammepMeTp COeIMHEHBI TOCIE0BATENIEHO U TOJKIIOUEHBI K UCTOYHUKY TOKa. K
3aKMMaM KaTylIKU [PUCOEAMHEH BOJIbTMETp compotuBieHueM Ry=1 kOwm. Ilokazanus
amnepmerpa 1=0,5 A, Bomptmerpa U = 100 B. OmpepenuTs conmpoTHBIEHHE R KaTymiku.
CKOJIBKO TIPOLIEHTOB OT TOYHOTO 3HAYEHHS CONMPOTHBIICHHS KAaTYHNIKH COCTABUT MOTPEHIHOCTb,
€CIIM HE YYUTHIBATh COMPOTUBIICHUS BOJIbTMETpa?

10. K ucrounuky Toka ¢ D/IC E =1,5 B npucoenuummm kaTymky ¢ conporusieaneM R=0,10m.
AmriepMeTp mokasan cuiy Toka, paBHyro 11=0,5 A. Korjga x UCTOYHHKY TOKa MPUCOCTUHUIH
MOCJIEI0BATENBHO €lle OJIMH UCTOUHHUK TOKa ¢ Takoil e DJIC, To cuia Toka | B TOI ke KaTyIke
okazanach paBHoi 0,4 A. Onpenenutb BHyTPEHHHE CONPOTUBIIEHUS I1 U I IEPBOTO U BTOPOTO
MCTOYHUKOB TOKA.

11. ITo npoBoaHuKy comportuBieHMeM R = 3 OM TeyeT TOK, Cuja KOTOPOrOo BO3pacTaer.
KonmuecTBo Ternotel Q, BeIIENHMBINEECS B MPOBOAHHMKE 3a BpeMs 7 =8 ¢, paBHo 200 [[xk.
OnpenenuTbh KOJUYECTBO 3JIEKTPUYECTBA (,IPOTEKIIee 3a 3TO BpeMs MO NPOBOAHMKY. B
HaYaIbHBI MOMEHT BPEMEHH CHJIa TOKA B TIPOBOJHHUKE paBHA HYJIIO.

12. Cuna Toka B mpoBoHHKE conpoTuBieHneM R = 12 Om paBHOMepHO yObIBaeT oT lg = 5A 1o
| = 0 B teuenne Bpemenu t = 10 c. Kakoe konmuecTBO TemwioTel Q BBAEISETCS B ITOM
MIPOBOTHUKE 32 YKa3aHHBIN MPOMEXYTOK BPEMEHU?

13. Cuna Toka B mpoBogHuKe conpoTuBieHueM I = 100 Om paBHOMepHO HapacTaeT ot lp = 0 10
Imax = 10 A B Teuenne Bpemern 7=30 c. OnpeeuTh KOJIHYECTBO TEIUTOTHI Q, BBIJICTHBIIICECS 32
3TO BpeMsI B IPOBOJHUKE.

14. Tlpu cune toka I3 = 3 A Bo BHemHeil nenu 6artapen akKyMyJISITOPOB BBIIESTCS MOLIHOCTh
P, = 18 Bt, npu cune toka I, = 1 A — coorBerctBenHo P; = 10 Bt. Onpenenuts OJIC E u
BHYTpPEHHEE CONPOTUBJICHHE I' OaTapeu.

15. OOMOTKa >MEKTPUYECKOTO KHUIATUIBHHUKA HMMEeT JABe CeKIMU. Eciu BKIIOYEHa TOIBKO
nepBasi CeKIHs, TO BOJA 3aKHUIMaeT uepe3 ty = 15 MuH, ecnu ToabKo BTopas, To uepe3 tr = 30 MuH.
Yepe3 CKOMBKO MHHYT 3aKHIHUT BOJA, €CIM 00€ CEeKIWH BKIIOYUTH I10CIIEIOBATEIHHO?
[TapannensHo?
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16. K 3axumam OGatapen akkyMmynsiTopoB npucoennned Harpesarens. DJIC E Garapeu paBHa 24
B, BHyTpenHee comportuBiienne ¢ = 1 Owm. HarpeBarenb, BKIIIOYEHHBIH B II€Mb, MOTPEOIIsSET
MotHocTh P=80 Bt. Berunciuts cuity Toka | B nenu u KI1/] # narpesarens.

17. OJIC E 6arapeu pasna 20 B. Conporusiienne R BHemHe# nienu paBHo 2 Om, cuia Toka | =

4A. Haiitu KITJ[ Oarapeu. IIpu kakom 3HadeHu# BHemHero compoTuBieHus Ry KITI Oyner
paBeH 99%?

18. K Oarapee akkymynstopoB, DJIC E kortopoit paBHa 2 B u BHyTpeHHee cONpOTHUBICHHE I
paBHo 0,5 OM, npucoeguHeH NpoBOAHUK. ONpeneauTh: 1) conporusnenue R
NPOBO/IHUKA, TP KOTOPOM MOIIHOCTh, BBIAEIAEMas B HEM, MaKCHMalbHa; 2) MOILIHOCTH P,
KOTOpAst IPU ATOM BBIAETISETCS B IPOBOJHHKE.

19. BJIC Oarapeun akkymyasaropoB E =12 B, cuna Toka | KopoTkoro 3aMmbikaHusi paBHa 5 A.
Kakyro HanOoJbIIyI0 MOIIHOCTh Ppax MOXKHO MOJYYWTh BO BHEIIHEHW IIEMH, COCIUHEHHOW C
Takoi OaTapeeit?

20. Jlamriouka U peocTaT, COeIMHEHHBIE MOCIEI0BATEIbHO, MPUCOSANHEHB K UCTOYHUKY TOKA.

Hampsoxenne U Ha 3axumax stammouku paBHo 40 B, conporunenue R peocrara paBHO 10 Owm.
Buemnss nens notpebisier Mmomuocts P=120 Bt. Haiitu cuny Toka B nemnu.

21. B MeaHOM MIpPOBOJHMKE JIHHON |=2 M u 1uromanpio S momepedHoro cedenus, paBHoit 0,4
MMZ, uaer Tok. [lpu 3TOM execekyHAHO BblAenseTcss KoiuyecTBo TerioTel Q=0,35 Jlx.
Cxoubko 35ekTpoHoB N mpoxoauT 3a 1 cekyHy uepes MonepeyHoe ceYeHue ITOro mpoBogHIKA?

- 2 o
22. [InoTHOCTH TOKAa | B MEIHOM IMpOBOAHHMKE paBHa 3 A/Mm“. Haiitu HanpsbkeHHOCTh £
AIEKTPUYECKOTO TOJIS B MPOBOJHUKE.

23. TIIOTHOCTB TOKA | B ATIOMHHHEBOM TpoBoze paBHa 1 A/mm. HaifTi CpeHion cKOpocTh <v>
YIOPSA0YEHHOTO ABUKEHUSI 3JIEKTPOHOB, MIPeIoaras, YTo Y1cio

3
CBO60,I[HLIX 9JICKTPOHOB, NpcArojarasa, 4To 4ucjio CBO6OI[HBIX JJICKTPOHOB B 1 cMm® amroMUHHS
PaBHO 4YHCJIO aTOMOB.

24. OnpenennuTs CPEJHIO CKOPOCTh < 0 > YNOPSIOYEHHOTO JBHKEHUS AJIEKTPOHOB B MEAHOM
npoBoHUKE 1pH crite Toka | = 10 A u cedenun S mpoBoAHMKA, paBHOM | MM, [IpuHATH, 4TO
KQKIBIA aTOM MEAU MPUXOAUTCA [BA JIEKTPOHA IPOBOJAUMOCTH.

2
25. Cumna toka | B metayuimyeckom mpoBojHUKE paBHa 0,8 A, cedyeHne mpoBogHUKAa S= 4 MM,
[TpuHuMast, 4To B KaXJIOM KyOMYECKOM CaHTHMMETPE MeTajla COJIEPKUTCS n=22,5-10%
CBOOOJTHBIX 3JIEKTPOHOB, ONPENEIUTH CPEAHIOI0 CKOPOCTh <0> UX YIOPSIOYEHHOTO IBUKECHHUS.

26. B MmegHoM mpoBogHNKE 00BeMOM V=06 oM’ IIpU NPOXO0KJACHUU 110 HEMY IIOCTOSIHHOTO TOKa 3a
BpeMs {=1 MUH BBIIEIMIOCH KOJINYECTBO TEIIOTHl Q=216 J[. BRIYMCIUTD HANpPsKEHHOCTh £
AIEKTPUYECKOTO TOJIS B IPOBOIHUKE.

27. Meraniuueckuii MPOBOJHUK JBHXKETCI ¢ yckopeHuem a=100 m/c?, Hcnonw3ys
KJIACCUYECKYI0 TEOPHIO 3JIEKTPONPOBOAHOCTH METAIUIOB, ONPEACIUTh HANPSHKEHHOCTh E
AIIEKTPUYECKOTO TOJIS B TPOBOAHHKE.

. 4
28. Menubiii quck paguycomM R=0,5 m paBHOMepHO Bpamaercs (w=10" pan/c) OTHOCHTEIBHO
OCH, TICPIICHAWKYJISIPHONW TUIOCKOCTH JHCKa W TPOXOJAIIeH depe3 ero meHtp. Onpenenutsb
pa3HOCTh MOoTeHIHanoB U Mex 1y IIEHTPOM JIMCKA U €r0 KPAaHUMH TOYKAMH.
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29. MerayuIMYeCcKHi CTEpKEeHb JBMXKETCS BJOJb CBOEH ocu co ckopocteio 0=200 wm/c.
Onpenenutp 3apsg Q, KOTOpBI MPOTEUYET 4Yepe3 TaabBaHOMETpP, MOJIKIIOYAEMBIA K KOHIIAM
CTEPIKHS, IPU PE3KOM €ro TOPMOXKEHUH, eciu jirHa | crepkus paBHa 10 M, a conporusieHue R
Bcel 1enu (BKJIOYas 1enb rajibBaHoMeTpa) paBHO 10 MOm.

30. YaenpHas npoBoaAUMOCTh y MeTaiuia paBHa 10 MCwm/M. Berauciuth cpeanioro aauny < | >
CBOOOAHOro mpo0era 3J€KTPOHOB B METaJUIe, €CIM KOHLEHTpauus N CBOOOAHBIX 3JIEKTPOHOB

28 -3 N

paBHa 10°° M™. CpeaHIOI CKOPOCTh U XAOTHYECKOIO JABMIKEHHUS DIICKTPOHOB IPHHATH PAaBHOM
6

10° m/c.

Pa3znesa 4. MarneTusm. DJIeKTPOMATHUTHBIE KOJIEOAHUSA Y BOJIHbI

IMpakTuyeckoe 3ansaTue 10.
Tema 3anamusa. Ilonsitue 0 MarHuTHOM noJie. 3axkoH buo — CaBapa — Jlanaca.
Lenw 3anamusn. VI3yunTh OCHOBHBIC MPOSBICHUS MAarHUTHOTO TIOJISI IOCTOSIHHOTO TOKA.
Teopemuueckasn uacme.

MarauTHasi MHAYKIMS ¥ HANPSKEHHOCTH MATHUTHOIO I0JISI.

HoToxk BexkTOpa MaruuTHoii nHavkimu. Teopema [aycca niis Bektopa B

Tepmun marauTHoe nose BBen B 1845 rony anrmuiickuii pusuk M.Dapaneil, cantaBmmi,
YTO KaK IEKTPUYECKOE, TaK M MAarHUTHOE B3aUMOJEHCTBUS OCYILECTBISIOTCS IOCPEACTBOM
€AMHOI0 MaTEpUaIbHOIO MOJIS.

Hcrounukamu MAaKpOCKOIMUYCCKOTO MArHUTHOTO IOJd ABJIIFOTCA HAMArHMYCHHBIC TCJIa,
MMPOBOAHUKHU C TOKOM W ABWXKYHIHUCCA JSJICKTPUYCCKU 3apsi’KCHHBIC TCEJIa. HpI/IpOI[a OTUX
HCTOYHHUKOB C€IWMHA: MAarHuTHOC II0JIE BO3HUKACT B PE3YJILTATC ABHXCHUA 3apsSAKCHHBIX
MHKPOYaCTHULI.

MarauTHoe Moje — CHIOBOE II0JIE, HeﬁCTBYIOHICC Ha ABMXXYHIUCCA DJJICKTPUYCCKUC
3apsAbl U Ha TCIa, 06.]'[8.,7_'[21}01]_11/16 MarHUTHBIM MOMEHTOM. MarHutHoe moJje XapaKTCPU3YCTCA

BEKTOPOM MarHMTHOW MHAYKUWMU B . 3HaueHune B onpexaenseTr cuily, IEHCTBYIOUIYIO B TaHHOM
TOYKE I10JIs1 Ha ABWKYIIMICS SJIEKTPUUECKUN 3apsi/l U Ha TeJla, UMEIOINE MarHUTHBIM MOMEHT.

Bektop B MOXHO BBECTH OJIHUM H3 TPEX SKBUBAICHTHBIX CIIOCOOOB:

a) UCXOJ U3 CWJIOBOIO JEWCTBHUS MAarHUTHOTO TOJIS HAa JBIKYIIYIOCS B HEM 3apsDKEHHYIO
YacTHUIly;

0) OCHOBBIBAsICh Ha CHUJIOBOM JICUCTBMM MAarHUTHOTO TOJIS HA MaJbId AJIEMEHT MPOBOJHHUKA C
TOKOM;

B) UCXO/IS U3 CHJIOBOTO JICHCTBUS MarHUTHOTO TIOJISI HA HEOOIBIIYIO PaMKY C TOKOM.

HaHpHMep, MAarnuTHas MHAYKIHA — BEKTOpHas BEIMYUHA, MOAYJIb KOTOpOfI
OonpeaAcCIsICTCS OTHOICHUCM MaKCHMAaJIbHOM CHUIIBI Fmax , I[CﬁCTByIOH.ICfI CO CTOPOHBI MArHuT-

HOT'O TOJISl Ha YYaCTOK MPOBOJIHUKA C TOKOM, K cuiie 3Toro Toka | u mmune ygactka Al
HPOBOJHHUKA
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B = mx [B] = Tn 1)

HJ’I?I rpa(bnquKoro I/I306pa)l(eHI/I$I CTaOMOHAPHOTI'O MAIrHUTHOTO IIOJIA II0JIb3YIOTCA
METOAOM JINHUR HHAYKIHUU. JIuHusAMU MarHUTHOM HHAYKIIUHU (CI/IJIOBBIMI/I JIMHUAMHA MarHuTHOI'O
HOJ'IH) HAa3bIBAIOTCA JIMHHUH, IMIPOBCACHHBIC B MAarHUTHOM IIOJIC TaK, YTO B Ka)I(,HOﬁ TOYKE IIOJIA

KacartelbHass K JIMHAM MAarHUTHOM WHAYKIIMM COBIIAJIaeT C HAMNpaBJICHHEM BEKTOPa B
MArHMUTHON MHIYKIIUU B 3TOM TOYKE IMOJIs. JIMHUM MarHUTHON MHAYKIIUK HUTJIE HE OOPBIBAIOTCS,
T. €. He HAUYMHAIOTCSA U He KoH4aroTcs. OHM TUO0 3aMKHYTHI, TMO0 MAYT W3 OECKOHEYHOCTH Ha
0OECKOHEYHOCTb.

MarauTHoOe I10JI€ Ha3bIBACTCS OIHOPOJHBIM, €CJIIM BO BCCX €0 TOUYKAX BEKTOP MarHUTHOM
HHAYKIOUH B wumeer OJHO M TO XK€ 3HA4YCHHC. B IIPOTHUBHOM CJIy4a€ MArbmTHOC II0JIC
Ha3bIBACTCA HCOAHOPOAHBIM.

I[JI?I MAaroMuTHOro 1moJjisdl, KakKk H©W JJI1 OSJCKTPHUYCCKOro, CHpaBCIJIMB IHNPUHIUIL

Cyneprno3nuunu: MAariuTHOC TII0JIC B, CO31aBacMO€ HCECKOJIIbKUMHW HCTOYHUKAMH, PaBHO

BeKTOpHOﬁ CyMMC nojeu Bi , HOPOKAACMBIX KaKJIbIM UCTOYHUKOM B OTACJIbHOCTH:

n 2
-3, @
i=1

OTCYTCTBI/IC B MMpUPOAC MAIrHUTHBIX 3apsAA0B INPHUBOAUT K TOMY, UYTO JIMHUU MarHUTHOM

WHIYKIMY HE MMEIOT HHM Hayalla, HU KoHHa. [lodTomMy moTok Bektopa B yepe3 moOyro

3aMKHYTYIO MMOBEPXHOCTh S paBeH Hy’r0. CrenoBarensHo, Teopema ['aycca nisi Bektopa B
dbopmyupyeTcs CAeAyIOIIM 00pa3oM:

O, = § BdS =0. (@] = B6 )

Hapsiny ¢ uaaykimeir B MCIIONB3yeTCs MOHATHE HAPSHKEHHOCTH MarHUTHOTO mmonst H ,
KaK Mepbl BO3/ICHCTBHsI HA TIPOBOJHUKH C TOKOM U MarHUTHYIO CTPEJIKY (Pa3MepHOCTh €€ - A/m).

HaHp}I)KeHHOCTb H XapaKTCPU3yCT MArHUTHOC II0JIC, CO3JaBacMOC€ MAKPOCKOIMNYCCKUMU
TOKaAaMH M TMO3TOMY OIPCACIACTCA HX BCJINMYUWHAMU, KOH(i)I/Il"ypaLII/IeI\/'I B HPOCTPAHCTBE U HE

3aBHUCHUT OT CBOMCTB CpC€abl. BCKTOp HHAYKOWHW MarHUTHOT'O ITOJIA B CBsA3aH C HAIIPS)KCHHOCTBIO

—

MarHutHoro nois H cooTHommennem
B=pp,H, (4)
-7
e t, =47 -10"" I'/m — MarauTHas MOCTOSHHAS, |L — MATHUTHAS POHUI[AEMOCTD CPEJIBL.

3akoH buo — CaBapa - Jlanjiaca a5 DJIeMeHTAa TOKA.

Pacyer MAarHuTHBIX NOJIeH

Ha ocHoBanmm aHaim3a ONBITHBIX JaHHBIX TJII MAarHUTHBIX MOJIEH TMOCTOSHHBIX TOKOB OBI

ycTaHoBJIeH 3ak0H buo — CaBapa — Jlaniaca Buna:
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dIsing ()

_ Mol
dB="—17—+,

A r
rae [ — paamyc-BEeKTOp, MPOBEICHHBIA M3 DJIEMEHTA MPOBOJHUKA B PACCMATPHUBAEMYIO TOUKY
nonst; ¢ — yron mexxay Bextopamu Al u T .

Hanpasnenne Bektopa OB MoxkHO HaiiTh 1o mpaBmty MakcBenna (IpaBuily GypaBuMKa): eciu

BBUHYMBATH OypaBUMK C IIPaBOil pe3p00i 110 HAIIPABICHUIO BEKTOPA INIOTHOCTU TOKA B 3JIEMEHTE
IIPOBOJHMKA, TO HAIPABJICHUE JIBUKEHUS PYKOATKH OypaBUMKa YKa)XET HAlpaBJICHHE BEKTOPA

dB marauTHOM UHIYKIMH.
|. Macnumnoe none npsmoco moka.

Haiinem c¢ mnomompto 3axkoHa buo-CaBapa-Jlaruiaca MarHuTHoe 1oJie TNPSMOJIMHEHHOTO
npoBojHHUKa ¢ TOKOM | (pucyHok 1). IlycTs rg — paccTosiHME OT TOUKH, B KOTOPOM onpezaensercs
nose, 10 MPOBOJHMKA C TOKOM. Torma paccrosHue I oT ywactka npoBojHuka dl moxHO

BeIpa3uTh Tak: I =T / sin @, TI€ @ — Yroll MEXIy BEKTOpaMH dl u F. Jmuna dl casana ¢

YIJIOM @, 104 KOTOPBIM BHACH 3TOT Y4aCTOK IIPOBOJHUKA U3 paCCManHBaCMOﬁ TOYKU:

rd r,d
N o dl = = 0=F 6)
sing sin‘g
3 S [ToncraBum >TH 3Ha4YeHUS B hopmyiy (5)

I
Ar Iy -sin’ o Az T,
dl]_ ¢ (7)

T B cooTBeTcTBHU C MPUHIUMIIOM CYNEpHO3UINH (2) MarHUTHAS

; in2
dB:&-I r,-de-sing-sin @ _ My sin gdop

WHIYKIMS JUTS y9acTKa MpoBoaHuKka B pasHa:

J77 0 7.
B=[dB=[*.l. _H T _ |
j IM . singdg - (cosg, —cose,), (8)

0

TacC g1 U @ — YIJibl MCKAY BCKTOPOM IIJIOTHOCTHU TOKa B NPOBOJHUKE U pagnlyC-BCKTOPaAMH,
MMPOBCACHHBIMU B paCCMAaTPpHUBACMYIO TOYKY U3 HavddJla U KOHIIA Y4aCTKa ITPOBOJHUKA.

Puc.2.

Ecmu mpoBomHUK OECKOHEYHO JUIMHHBIA, TO ¢ = 0, ¢» = 7 W WHAYKIUS MarHUTHOTO
1oJIsl, KaK ciesncTBue 3akoHa  buo — CaBapa — Jlannaca, B 11000 TOYKE MPOCTPAaHCTBA

BBIUKCIISIETCS 110 MPOCTOM opMyie BUAA:
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2 gt 2l _m 1 ©)
4r ry 2mr,

I JIMHUY MarHUTHOM MHIYKUUU TOJIS MPSAMOTO TOKA MPEACTABIISIIOT
dB B  co0oii cucTteMy OXBaThIBAIOIIMX IPOBOJ KOHIEHTPHUYCCKUX

L (v

OKPY>KHOCTEH.

2. Maenumnoe none 8 yenmpe Kpy208020 NPOBOOHUKA C MOKOM.

Kak cnenyer m3 pucyHka 2, BCe 2JIEMEHTBI KPYroBOIO
IIPOBOJHMKA C TOKOM CO3/AlOT B €ro ILIEHTPE MarHUTHOE I0J€ OJAMHAKOBOI'O HAlpPAaBICHUS —

BJOJb HOPMAJM OT BUTKA. IloaToMy cioxkenue Bextopos (B MOkHO 3aMeHMTB closkeHHEM UX
Mozysieit. Tak KaK BCe 3JIEMEHTHI MPOBOJHUKA MEPICHANKYISPHBI paanyc-BeKTopy (Sing=1) u

pacCTOSIHUS BCEX DJIEMEHTOB ITPOBOJIHUKA JIO IIEHTPa KPYroBOrO TOKA OJJMHAKOBHI M paBHBI R ,
TO coriacHo (5)

ag=to . g 10
4r R?

Torna unTerpan, B34Tbli 10 KOHTYPY ITPOBOJIHHKA,

K i¥47z¥o” 47zR2§d|

Tak kak § dl = 27R., To maruuTHas MHAYKIMA B LEHTpPe KPYTOBOTO NPOBOJHHKA C TOKOM B

BaKyyMe€ paBHa

I (11)

By =ty -

3. Maznumuoe none na ocu Kpy2o8020 6UMKA ¢ MOKOM.

. Fig WHAyKIMss MarduTHOTO MOJiss  BJOJNb  OCH,
~' ¢ ff;'l?- ' NPOBEJICHHOW dYepe3 IEHTP KPYroBOro TOKa
E‘ﬁ“‘ﬁx ;f oﬁr : 5 TEPUCHNKYIIPHO  €ro  MIOCKOCTH, Oyner
— ; YMEHBIIATHCSA [0 MEPE yIAAJIEHHsA OT KPYroBOIO
o - \15 E. .: toka. Ecnu Ha ocu BeIOpats Touky M (puc. 3),
h‘«, ! TO pe3yabTUPYIOIIAs UHIYKIHS B

ompenensercss Kak cymma mnpoeknuii  dBy,
BBIPOKEHHBIX (DOPMYIIOM.

12
dezsin,BdeﬁdB:&—dl (42
r 47 3

OTKy/1a HECJI0XKHO MOJIY4UTh, UHTErpupys (16.12)
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13
BX::.éﬁLJ£§§(“ _H4 IR R (3)
A red 4r

—

Hupkyasinus BekTopa B . MaruutHoe nose cojieHOHIa U TOPOUIA

B wmensix ympouieHUss B BBIYMCICHMM MAarHUTHBIX IMOJIEH HCIOJB3YETCS Teopema o
HUPKYJIALUN  PE3yIbTHPYIONIETO BekTopa B, koropas (opMynupyeTcs Ha OCHOBaHHH
OINpeeNeHUs] TUPKYJISAUN C YY€TOM MHJIYKIUI MarHUTHBIX MOJE€H B, , CO31aBaeMbIX KaXKIbIM

u3 TokoB 110 (16.9) B coorBeTcTBUU ¢ 3akoHOM buo — CaBapa — Jlamnaca, B Buze:

§§dr:ﬂ0ilk!
k=1

rae uHgekcom "K" 0003HaYeHBbI JIMINL TOKH, OXBarbiBaeMbie KOHTypoM. CrienoBaresbHO,

(14)

TeoOpeMa: UUDKYIAUUA 6eKmopa MAZHUMHOU undykuuu B no npoUu360J1bHOMY 3AMKHYHOMY
KOHmypy paéHa tmzeﬁpauuecxoﬁ cymme moKoe, 0xeambvbleaemblx KOHmMypom, ymuoofcenuoﬁ Ha

Mo -
XapaKTepHBIM MMpUMEPOM HCIIOJIb30BAHHA TCOPEMBI O

B=0 IUPKYISIuuu B (wiu Hanpspk€HHOCTH H ; 3aKOHA TIOJIHOTO
00000000000 TOKa) JUISl TMOJY4YeHUS Pacu€THBIX (OpMyIN SBISIOTCS MOJE
OECKOHEYHO JUIMHHOTO COJIEHOUA, & TAKXKe TOPOuaa.

CosieHont — CBEPHYTHIH B COHUpalb H30JUPOBAHHBIN

I [ R a >
IMPOBOAHUK, ITIO KOTOPOMY TCHUECT IJICKTPHUYCCKUU TOK.

A D

Puc. 4.

ITone OeckoHEeUHOIrO CoJiIcHOMAAa AaKCHUaJIbHO CHUMMCTPUYHO MW MOXKCT HUMCTH JIMIIb
KOMIIOHCHTY, IIapaJUICIIbHYIO OCHU COJICHOWOA (BI/ITKI/I HaMOTaHbI O4YCHb IIJIOTHO, PHUC. 4)

Jlst omipenenernss B BHyTpH cosjieHOMa MPUMEHUM 3aKOH IMOJHOTO TOKa K KOHTYPY
AB;C1DA, B HéM N BuTKOB. IHTETpan HE paBeH HYIIO TOJIbKO Ha yyacTtke B1Cy u mosTomy

— 13

Baico -I=n-1-1- 11, (13)

U3 (13) BuaHO, 4TO MOJIe BHYTPH COJIEHOM/IA OJTHOPOJIHO M €T0 MHIYKIIMS paBHa!
B:ﬂonl,rﬂen:N/l (14)

HpOI/ISBe,Z[CHI/IC Nl Ha3bIBAE€TCS YUCIIOM aMIICPp-BUTKOB Ha METP.

B MarHuTHyr0 MHAYKLIHIO Ha OCH COJEHOMJA CHUMMETPUYHO PACIOJIOKEHHBIE BUTKH BHOCST
oJIMHaKOBbIN BKJaA. [loaToMy y KOHIIA MOMyOECKOHEYHOTO COJICHOM/IAa Ha €ro OCH MarHUTHas
MHAYKIINS paBHA MoJoBHHE 3HaueHus (16.14)

1 (15)
= E Honl.

[TpakTudecku, eciy JUIMHA COJICHOWIA 3HAYUTEIHHO OOJbIIe,
4yeM ero auametp, popmyna (14) Oyaer cipaBemyivBa JIjisi TOUYEK B
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CpenHel JacTu coieHouaa, a popmyna (15) - Ans Touek Ha ocH BOJIHM3U €ro KOHIIOB.

Topoua mnpencraBiseT co0oil MPOBOJA, HABUTHIM HAa KapKac, MMEIOMMN (OpMY paauaibHO
U30THYTOr0 HUWJIMHAPA, Y KOTOPOro BXOJHOE U BBIXOJHOE CEUEHMs COBIAJAIOT (PUC.S).

@opMyna I ONPENCIICHUS] MAarHUTHOM WMHIAYKUUU BHYTPU TOPOMJA IIOJIY4YaeTCss Ha

—

OCHOBAHHHU TCOPEMBEI O HUPKYJIIALHUU B ananoruyHeimM 06p330M, 1 UMCECT BU:

R
B=ponl-—. (16)

Puc.5.

Bre TOpOHJa MarHuTHad UHAYKIUA paBHA HYJIIO.

—

C mOMOIIBIO TEOPEMBI O IUPKYISAIMKA BEKTOpa B MOXHO pemTs u psix Apyrux 3amaad,
HarpuMep, HATH MHIYKIUIO B KOAKCHAJIBLHOM KaOelle, KOTOPBI MCHONb3yeTCs s Mepeaadn
IIOCTOSIHHOT'O TOKa. KpoMe Toro, 3TOT 3aKOH UCIOJb3YeTCs IIPU pacyeTe MArHUTHBIX LENe, rae
BBINOJIHSAET pOJIb BTOpOro npasuiia Kupxroda.

Cunia Amnepa. Cuaa Jlopenna

AMnep Ha OIIBITC YCTAHOBHJI, UYTO HA NMPOBOAHHUK C TOKOM B
MAardauTHOM I10J1€ I[eﬁCTByeT cuJjia

F =I[IB], (17)
MOJyJIb KOTOPOH ompenensiercs no popmye:
F=1-B-/-sina,

a HalpaBjJ€HHE, [0 IpPaBUIIy [PABOr0 BUHTA WIH IIPaBUILY
«J1eBo pykm» (puc. 6).

Puc.6.

Bo3HuKHOBEHHE H3TOH CHJIBI CBSI3aHO C TEM, YTO MAr"duTHOC IIOJIC ﬂeﬁCTByeT Ha

3apsOKCHHBIC YaCTHIBI, JBHXKYIIHECS B MPOBOJHUKE C HEKOTOpou ckopocthio V. Cuia,
JIEHCTBYIOIAsl Ha 3aps]l B OTOM cCilydae, Has3bIBacTCs CWJIOM JlopeHua, u ompenensercs Io

dbopmyre:
F = q[oB], (18)
a ee MOayJb
F=q-v-B-sina,

rae Ol — yroJ MeXay HalpaBJICHUSIMH CKOPOCTH YaCTULIBI U BEKTOpa MarHuTHOM HHAYKIHUU.
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MarauTHoOE 1oJie HE AEHUCTBYET Ha IMOKOSIIMICA 3apsAd U B 3TOM COCTOMUT CYILIECTBEHHOE
OTJIMYME MArHUTHOTO MOJds OT snekTpuueckoro. Cuna JlopeHna Bcerja mnepneHAMKYISpHA
CKOPOCTH YaCTHUIIbI (€€ MEePEMEIICHUIO) U TT03TOMY pabOThl HE COBEPIIAET, a, CIeI0BATENbHO, HE
U3MEHSET KHHETHYECKYIO PHEPIHIO YacTullbl. Bsipakenue nus cuisl Jlopenua (18) nossossier
OIIPE/CITNTh XapaKTep ABIKCHHUS 3apsDKCHHON wacThibl B MarutoM moie. Ipu o =90°

mv
YaCTHIA JBHXKETCA 10 OKPYKHOCTH pagauyca R = ——. Eciau yron O yIOBJIETBOPSET YCIOBUIO

0<a<90°, 1o wactuua aBmxeTCs 1O cipaiu ¢ paguycom R u marom h. Ecnu ckopocth

gactuibl V' COCTaBiIs€T yrosl OL ¢ BEKTOPOM MArHUTHOMW WMHIAYKIMH B HeomHopoaHoro
MarHuTHOTO IOJ, UHAYKLHSA KOTOPOIO BO3PAcTacT B HAIPaBICHUU ABWKCHUSA YAaCTHULBI, TO
Ruh ymenbmarorca. Ha 3ToM ocHoBaHO sBieHME (DOKYCHPOBKM 3apsUKEHHBIX 4YacTHUI[ B

MarduTHOM II0JIEC.

KoHTYp ¢ TOKOM B MArHUTHOM 110J1e. PadoTa 1mo nmepeMenieHno NPOBOJIHAKA M KOHTYPA ¢
TOKOM B MAIrHUTHOM I10JI€

Paccmompum xonmyp ¢ moxom, HAX00AWUUCSA 8 OOHOPOOHOM MACHUMHOM NOJE.
Betenum dnement kxontypa (f. Ha mero B MarutHOM Tone OymeT jAeiicTBOBaTh CHIA,
cornacHo (17), paBHas dF = ||:df : B:|. Pesynbrupyromas cuia, JeicTByIOlas Ha KOHTYP,

6yz[eT paBHa FGOMCTpHQCCKOﬁ CYMMC CUII, ﬂeﬁCTBYIOIHHX Ha OTACIIBHBIC 3JIEMCHTBI KOHTYpA4, T.C.

F I F=filar-8]=1-8fdr =0 .

B |/ "/

lji /I CnenoBarenbHO, B OJHOPOJAHOM MAarHUTHOM
F 10JIE PE3YJIbTUPYIOLIAsl CHIIA, JEMCTBYIOIAs Ha
KOHTYp C TOKOM, OyJeT paBHA HYINIO, U KOHTYp

nepeMenaTbest He OyeT.

Puc.7.

JUiist IPOCTOTHI PACCYKIEHUH BO3bMEM TIPSIMOYTOJILHBINA KOHTYD CO CTOPOHAMH «a» 1 «b»
(puc. 7). B MarHuTHOM IOJIe Ha HETO GYHeT AeHCTBOBATb BPALIAIOMIMH MOMEHT Maphl CHl F u
I03TOMy, KOHTYp OyneT Bpawarbes. Bpamarommit moment mapst cun M=F-Db-Sina ;| no
F=1-B-a, u, crnenosarensno, M=a-b-1-B-sino.. Tax xak a-0=S - nnomams
xoutypa, o M=1-B-S-Sina.. Beemem Bexrop P=1-S naseBaeMeli BekTOpOM

MATHMUTHOIO MOMeHTa KoHTypa. Ero HampaBineHue coBHajaer C  HalpaBlIEHUEM
MOJIOKUTEIBHON HOPMalM K KOHTYPY, KOTOpas OIpeleisieTcs ¢ MOMOILIBI0 MpaBWiia MpaBoro
BUHTA. Torna A Bpallarolero MOMEHTA, JEHCTBYIOIIETO HA KOHTYP ¢ TOKOM B MarHUTHOM
10Jie, MOJIYYUM BbIpayKEHUE:

M :szina:[ﬁE]_ (20)
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Ouesmano, uro M =0 npu sina=0, re. KOHTYp C TOKOM B MAarHUTHOM IIOJI€
OpUEHTHUPYETCS TaK, 4YTOOBl €ro BEKTOpP MAarHUTHOTO MOMEHTa ObLI NapajulelieH BEKTOPY
MarHUTHOM MHIYKIHH.

Paccmompum konmyp, naxooawutiicsa 6 HeoOHopooHom none. Pabota, coBepiaemasi mpu

IIOBOpPOTE KOHTYypa Ha yroi dot, ompenensercs no Gopmyne dA=M-da. C yuerom (20)
HOJTYYUM:

dA=p-B-sina-do.
[Tomnas Mmexanuueckas pabora

A:jdA:Ip-B-Sinoc-doc:—pBCOSOL. 1)

MexaHuudeckasl NOTeHI[UaIbHas OHEPIUA KOHTYpa C TOKOM B MArHUTHOM I10JIC 6y,[[eT
OIIPEACIIATHECA 3TUM KE BBIPAKCHUCM.

dw

Panee mbl mokasanu, 4To CBSA3b MEXAY CHIIOW U YHEPTUEH Fx = ——— W, CJICA0BATECIbHO, HA

KOHTYpP C TOKOM B HEOJAHOPOJHOM MarHUTHOM I10ji€ OyJeT 1elCTBOBATh CHJla
dB
F,=p-—-cosa. (22)
dx

IIpu OL<90°, Fx >0 KOHTYp BTATMBAETCS B IOJIE, IPHU o >90°, Fx <0 KOHTYp

BBITAJIKMBACTCA U3 I10JI4.

B pesynbrare mepemerieHus MPOBOJHHUKA C TOKOM HIIM KOHTypa IMPOU3BOJIbHON (OpMBI B
MarHuTHOM  TOJie  coBepmiaercs  pabota 1o
MPEOJIOJIEHUIO CHJI ToNsi.  He CIOKHO TMOTyduTh

I
(bopMyITy, ONpeAeISIONIyI0 3Ty PaboTy.
® | @1 @°

PaccMorpuM mpoBogHHMK gnauHOW f, ¢ Tokom |,
CIOCOOHBIN CBOOOJHO TMepeMemarbcss B MarHUTHOM

— i M?'_.ia-

—

. I
@ @ I ® moJie c HUHIYKIUCH B, HarpaBJIeHHON

MEePIEHIUKYISIPHO TPOBOIHUKY (pHC. §).

dx |

Puc.8.

B sToMm ciydae Ha mpoBomHHK Oymer meiictBoBath cuima Ammnepa F=B-1-/ wu npu
[IEPEMELICHUHN [TPOBOJHUKA HA PACCTOSHUE dX, Oyner coBepieHa paboTa dA=1-B-/-dx,
mo |-dx=dS, a 3JIeMEHTAPHEIH MarHUTHBIH MOTOK B - dS =d® wu torma JJIEMEHTapHas
pabora dA=1-dd. Wuterpupyss [JaHHOE BBIpaKEHHE, IOJy4YdM, UYTO pabora 1O
NepeMEeNIeHUIO IPOBOIHMKA C TOKOM B MarHUTHOM T10JI€ OyJIET ONpPeAesaThCS BhIpaKEHUEM

A=I1-AD, (23)

rae AM— MarHUTHBIN OTOK, IEPECeUEHHBIN MPOBOAHUKOM.
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IIpuMepsl pelieHus 3a1a4

3agauya 1. [lo TOHKOMY MPOBOJY, U30THYTOMY B BHUJE PaBHOCTOPOHHEIO TPEYroJbHHUKA, TEUET

—

Tok cunoii | =40A. JlimuHa cToponsl TpeyronbHuka a =30 cm. Onpenenuts MHAyKIMIO B B
TOYKE MEPECEUEHUs] BBICOT TPEYTOJIbHUKA.

Hano: MarautHyro UHAYKIUIO B Touke O HaiijieMm,

( MCTIOIIb3Ysl IPMHIMI Cyneprosuiun s 1=40 A
MarHUTHBIX MOJICH: a=30 cm=0,3Mm ciy4ae

BECh KOHTYP MOX

AKOBBIX YaCTH, MHIYKIUS KaXI0H U3 B="?

koTopeix B, B Touke O nmeer

Puc. 1. OAWNHAKOBBIC BEJIMYMHY U HAIIPABJIICHUC -

BEPTHUKAIBHO BHU3 (OIpeesieMoe o MpaBuily npaBoro BuHTa). [loatomy uuaykuus B Touke O
Oynetr paBHOU B=3B1 1 HanpaBlIEeHHOW BHU3 MEPIEHAUKYISIPHO puc 1.

Puc. 2

MarauTHyl0 MHIYKIUIO  CTOPOHBI TpPEyroJbHMKa B HailneM wucnonb3ysd ¢GopMmyny uis
WHIYKIUU, OTPE3Ka IPOBOJHUKA IIPY CUMMETPUYHOM PACIIOJIOKEHUHU €TI0 KOHIIOB OTHOCUTEIIBHO
toukn O (puc.2). TpeyroiabHUK TOKOB PAaBHOCTOPOHHMH M €r0 BBICOTHI SBISIOTCS TaKXke U

MeAMaHaMy U ouccekTpucamu. Takum odpazom,. nMeeM
. a a a 1
B=—2-c0S@n ¢o=—=30",r=—-tgp=—-—.
Yo 0 T3 PR AN
CnenoBartenbHO,
I 3 Ou |
B, =t N8 _sul B =3B, = —~° = 240 wkT.
o, & 2 27a 2ra
72'7
2/3
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3agaya 2. DIIEKTPOH JBUKETCS B OAHOPOJHOM MarHUTHOM noje ¢ nuaaykuue B = 0,03 Txa no
OKpYXHOCTH paguycoMm =10 cm. OnpeaenuTs CKOPOCTh FIEKTPOHA.

ano:

B=0,03 Tn B MarHuTHOM noJie Ha IBUXKYIIHMICS JEKTPOH JECUCTBYIOT CHIIA

r=10 cm =0,1m Jlopenua. BenuunHa 3TOM CUIiIbl paBHA

e=1,6- 10" Ku F=e-v-B-sina .

m=9110%kr |Tax kak TPAEKTOPHS IEKTPOHA — OKPYKHOCTh, TO cwiia Jlopenma ov="?

SIBIBICTCS ICHTPOCTPEMHUTEIBHOM CHIION, U yron «a = 7t/2.

CrenmoBartenbsHO,

OTtkyna nmeem L=—". (1)

ITopcTaBuB YKCICHHbBIC 3HA4YCHU, ITOJTYIUM

eBr 16-107°-3-10°-10° 16

- 5107 :10°m/c ~ 0,533 -10°m/c

D=

To ecTh CKOPOCTh U CpaBHMMA CO CKOPOCTBIO CBETA C =3-10% m/c. D10 03HauaET, UTO npu
pacyeTax Heo0XOAMMO HCIOJIb30BATh AJIEMEHTHI CHEIMAIbHON TEOPUH OTHOCUTEIBHOCTH
(CTO).

CDOpMy.]'ILI KJIaCCUYECKON MEXaHUKH IMPUMCHUMBI B CTO, €CJIM CUUTaTh, YTO Macca TCjia

m
3aBHUCHUT OT €ro CKOPOCTH II0 3aKOHY, m= ﬁ, rJie Mo - Macca MMOoKos Tejaa u ﬂ:D/C.
1-p

[ToncraBuM 311 BoipaxkeHus B (1). [Tocie HecnoxHBIX TpeoOpa3oBaHUM MOTYUYUM

L
PEIATHBUCTCKOC BBIPAXKCHUC IJI1 CKOPOCTH JJICKTPOHA l)p = —2
J1+ B

Takum 06pa3om, penITUBUCTCKOE 3HaU€HHE CKOPOCTU paBo v p,= 0, 525 10° wmre.

3amaya 3. B marnutHoM mone ¢ wunaykuumer 0,1 Tn Bpamaercs pamka, coxaepskamas 1000
BHTKOB ILIOMAbi0 150 cM? Kazblil. MakcHManbHOe O/1C, unayuupyemoe B pamke paBHO 94
B. Onpenenuts 4acToTy BpallleHUs] pAMKH.

Jano:

B=0,1Tn [1g 3akony @apanes U1 SJIEKTPOMAarHUTHON MHAYKIIUU UMEEM
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Ay

N=1000=10° &= dt @
S=150cM*=1,5-10°M*  TJe y — MOTOKOCLICIUICHHUE. éfM *=94B
w=N @,

rne @ = BS COS — MarHuTHBII MOTOK.

n==? B ycnoBusix nanHou 3amgauu & = 27-n-t, rtmen-gacrora

BpareHus: pamku. Takum oOpa3om, 3akon Dapazes (1), mocie

nporenyps! AuddepeHunpoBaHusl UMEET BUA

& =NBS 2zn-sin(2zn-t).

13 MMOJIYYCHHOI'O BBIPAKCHUA CJIICAYCT, UTO MAKCUMAJIbHOC 3HAUCHUC BHC

gmax —

NBS - 27N, Bosuuxaer koraa yron a =m/2. Otcioga umeeM

A 94
Nt = _ =10
NBS-27 10°-0,1-1,5-102.2.3,14

-1

Bonpocwt u 3a0anus.

1

[ I ~ VS B\

O o0 3 O

. MarHuTHOE MoJie U €ro OCHOBHBIE XapaKTEPUCTHKHU.

. 3axon buo - CaBapa - Jlamnaca u ero npuMeHeHue.

. 3akoH Amriepa.- B3anmoselicTBie mapauiebHbIX TOKOB.
. MaruuTHoe nosne ABmxkyIerocs 3apsana. Cuna Jlopenia.

. I[BI/I)KCHI/IC 3apAKCHHBIX YaCTUI] B MAIrHUTHOM II0JIC.

. Teopema o HUpPKyJIALUU BeKTOpa B . MarHuTHBIE MO COJIEHOUAA U TOPOUA.
. IloTok BekTOpa MarHUTHOM MHAYKIMH. Teopema ['aycca 11 MarHUTHOTO ITOJIA.
. PaboTa no nepemenieHuIo NpoBOAHUKA B MArHUTHOM TIOJIE.

. SJ'ICKTpOMaF HUTHAasA WHAYKIHA. 3akoH (Dapaz(eﬂ.

10. ITpaBuno Jlenna. Bpamenne paMku B MAarHUTHOM 1oJie. BUXpeBbie TOKH.

11. UapykTHBHOCTE KOHTYpa. CaMOMHIYKIIHSL.

12. Toxu IIpU pa3MbIKaHUH U 3aMBbIKaAHUU TCTIN.

13. BzanmHast HHIYKITUS.

14. TpancpopmaTopsl. DHEPrys MarHUTHOTO MOJISI.

15. MaruuTHble CBOMCTBa BellecTBa. /(na- 1 mapaMarHeTHKHU.

16. MarguTHoOeE I0JIE€ B BEIICCTBE.
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17. 3aK0H ITOJIHOTO TOKA.

18. deppomarHeTuKy U UX CBOMCTBA.

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

1. Paccrosuue d Mexay ABYMsl JUIMHHBIMH TapajuieIbHBIMH MPOBOJaMU paBHO 5 cm. Ilo
MPOBOJIaM B OJHOM HAIMpaBJICHUM TEKYT oAvHaKoBble TOkM cwiod | = 30 A kaxneri. Haittu
HaIPSKEHHOCTh /{ MarHUTHOTO MOJIS B TOUKE, HAXOAAIIEHCS Ha pacCTOSHUAU 1 = 4CM OT OJIHOTO
U ', =3 CM OT ApYyroro npoBoja.

2. I1o TonkoMy TIpoOBOJAILIEMY KOJIbIY paanycoM R = 15 cm teuer Tok cuiioit | = 60 A. Haiitu
MarHUTHYIO HHAYKIMIO B B Touke, paBHOYyIaIeHHON OT [IeHTpa KoJblia Ha I = 20 cm.

3. Ilo n1ByM OECKOHEYHO JJTMHHBIM MPSIMBIM MapauIeIbHBIM IMPOBOIAaM TEKYT TOKHU cuioi 11 = 20
A u l; =30 A B IpOoTHBOMOJIOKHBIX HampaBicHusAX. Paccrosuue d Mexay mpoBogaaMu paBHo 20
cM. BplunciuTh MarHuTHYO MHAYKLUIO B B TOUKE, yJAIEHHON Ha 1 = 25 cM OT NIEpBOro U Ha Iy
= 40 cM OT BTOPOTO MPOBOJIA.

4. Tlo nByM OECKOHEYHO JJIMHHBIM MapajlIeIbHBIM NPOBOJaM TEKYT TOKU cuiioi 11 =20 A u |, =
30 A B oxgHom HampaieHuu. PaccrosHue d mexny mnpoBogamu paBHO 10 cm. Beramciuts
MarHUTHYIO MHJIYKIHIO B B TOUKe, YAaJ€HHOM OT 000MX IPOBOJOB HA OJJUHAKOBOE PacCTOsHUE I
= 10cMm.

5. Ilo koHTYpYy B BUJE PaBHOCTOPOHHEro TpeyroibHUKa uaer Tok cwioi | = 40 A. lnuna a
CTOpOHBI TpeyroidpHuka paBHa 30 cm. Omnpeaenutb MarHUTHYIO HWHAYKIUIO B B TOYKe
MepPECEUYCHHS BHICOT.

6. ITo xoHTYpY B BHIE KBaapaTa uaet Tok cuioi | = 50 A. JlnuHa a ctopoHs! kBajapara pasHa 20
CM. OHpGHGJ’II/ITI) MAarouTHYIO HHAYKIIUIO B B TOouke MEpECCUCHUA I[I/Ial"OHa.TIeI\/’I.

7. Ilo TOHKOMY TIPOBOJY, M30THYTOMY B BHJIE NPSIMOYTOJbHUKA, Te4eT ToK cwior | = 60 A.
JlmuHBl  CTOPOH MpsiMOyrojbHMKa paBHbl a=30 cM u b=40 cm. OmnpeaenuTb MarHUTHYIO
VHIYKIKIO B B TOYKE Mepeceuenus JuaroHaiei.

8. Ilo 1ByM OIMHAKOBBIM KBaJpaTHBIM KOHTYpaM co cTopoHoi a=20 cM TekyT Toku cuioif | = 10
A B kaxmaoM. Onpenenuth cuily F B3auMOJEHCTBHS KOHTYpPOB, €CiH paccTosiHue 0 MexmTy
COOTBETCTBEHHBIMU CTOPOHAMHU KOHTYPOB PaBHO 2 MM.

9. [lo ABYM TOHKMM TpOBOJAM, M30THYTHIM B BHJE KOJbIa pagmycoM R = 10cM, Tekyt
onuHakoBbie TokU cuiort | = 10 A B xaxxgom. Halitu cunmy F B3aumMomeicTBUS STUX KOJIEIl, €CIIH
IUIOCKOCTH, B KOTOPBIX JIGKAT KOJIbIIA, ApaJIeIbHBI, a paccTossHue 0 MeXly LEHTpaMH KOJIeIl
paBHO 1 MM.

10. ITo Tpem npsMBIM NapaielbHbIM IPOBOJAM, HAXOAALIMMCS Ha OJIMHAKOBOM PACCTOSIHUU a =
10cMm npyr oT apyra, TeKyT oauHaKoBbie Toku cuioit | = 100 A. B nByx mpoBoiax HarpaBieHUs
TOKOB COBIAQJIAIOT. Berunciuth cuny F, melicTByrolnyro Ha oTpe3ok jiuHOM | = 1 M kaxmoro
IIPOBOJIA.

11. TTo nByM mapayuiesbHBIM MPOBOAAM UTHHOMN | = 1 M Ka)/Iblii TEKYT TOKHA OJMHAKOBOM CHJIBI.
Paccrosiaue d mexnay mpoBomamu paBHo 1 cm. Toku B3ammoneiictBytoT ¢ cuiod F = 1 MH.
Haiitu cuny Toka | B mpoBomax.
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12. Tlo aByM mapayieIbHBIM MPSIMBIM MPOBOAAM JUTMHON | = 2,5 M KaKIblid, HAXOAIIMMCS Ha
paccrosauu d = 20 cM Apyr OT Apyra, TEKYT OJWHAKOBBIC TOKK cuioil | = 1 kKA. BerauciauTsb
CUJIy B3aUMOJENCTBUS TOKOB.

13. Ipsmoit mpoBo mmuHHOM | = 10 cM, Mo koTopoMy TedeT Tok cuitoit | = 20A, HaxoauTcs B
OJIHOPOJAHOM MarHUTHOM noJie ¢ uaaykuuen B = 0,01Tn. Haiitu yron o Mexay HanpaBlIeHUIMU
BEKTOpa B M ToKa, eciii Ha npoBoJ AeictByeT cuna F = 10 mH.

14. B onnoponHoM MarHuTHOM mojie ¢ uaykiuedn B = 0,01 Tn Haxomutcs mpsMon MpoBOJ
uHou | = 8 oM, pacroyioskeHHBIN NEpIEeHANKYIAPHO JUHUAM HHAYKIMHU. [1o mpoBomy Teder
Tok cuioi | =2 A. Ilox aeicTBHEM CHIT TTOJISI TPOBOJT TIEPEMECTHIICSI Ha PACCTOSIHUE S = 5 CM.
Haiitu paboty A cun mos.

15. Conenoun uaayktuBHOCTHIO L =4 MI'H copepkut N = 600 BuTkoB. OnpeaeuTh MarHUTHBIN
noTok @, ecnu cuja Toka |, mporekaroiero mo oOMoTke, paBHa 12 A.

16. C nomouipio peoctata paBHOMEPHO YBEIMYHMBAIOT CHITy ToKa B KaTymike Ha A1=0,1 A B 1 c.
WnnykruBHocTh L karymku paBha 0,01 I'n. Haiitu cpennee 3nauenne 3/1C camounaykuuu <E
i>
1 .

IIpakTuyeckoe 3ansarue 11.
Tema 3anamus. DNEKTPOMAarHUTHOE 110J1€
Ilenw 3anamusa. VI3ydnTh N€ACTBHE MArHUTHOTI'O IIOJIS HA IBWIKYILMICS 3apsil.

3uanua u ymenusa, npuoodpemaemvie CHMYOEHMOM 6 pe3yibmame O0CE60CHUA MeMbl,
dopmupyemovie xomnemenyuu. Cuna Jlopenna. Monyne cunel  Jlopenna. JIBukeHue
3apsOKEHHBIX ~ YacTUIl B MarHUTHOM mose. Brageer  cnmocoOHOCTbIO — MPUMEHSTH
COOTBETCTBYIOINHN (PH3HKO-MaTeMaTHUYECKHH armnapar Mpy perieHny NpodecCuoHaIbHBIX 3aay.

AKmthleO(!mb memol. HeﬁCTBHe MAarduTHOTIO IIOJIA Ha HBH)KyMHﬁCH 3apssa TPpUMCHACTCA
IMpU pCHICHUHN MHXXCHCPHBIX 3a/1a4.

T eopemuuecKas uacmeo.

Cuna Jlopenna

Ha MMPOBOAHUK C TOKOM B MAroHuTHOM I10JIC HCﬁCTByeT culia AMHCpaZ
dF =idl xB. (1)
Cuia AMnepa O6yCJ’IOBJ’IeHa CYMMApHbIM HeﬁCTBHCM MAar"dmTHOTI'O I1OJIA HAa BCE

JBIKYIIMECS B IPOBOJHUKE 3apsiabl. Onpeaenum cuiy, JeHCTBYIOLIYIO HA €UHUYHBIN
JBIDKYIIHICS B MATHUTHOM TIOJIE€ 3apsijl.

Bo3bmeM 3ieMeHT JJIMHBI TPOBOIHUKA dl . 0O603maumM N - uncio 3apsKEHHBIX YACTHII,

—

JBWKYIIMXCS B JJIEMEHTE dl q - 3apsAn KakIOW 4YacThULbl, U - CPEOHIOI CKOPOCTh HX
HaIlpaBJIEHHOT 0 ABMXeHus. Toraa

idl = Ngo. )
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[ToncraBum Beipaskenue (4.46) B hopmyny st cuiiel Amnepa (4.45), nonyuum:
dF = Ngox B. 3)

3necs AF - CyMMapHasi cuia, JeHCTBYIOIIas cO CTOPOHbI MarHUTHOro mnois Ha N
HocuTeneu 3apsaa. Ha oqMHOYHBIN 3JEKTPUYECKUN 3apsii B MAarHUTHOM I10JIe JEHCTBYET CUIIa,
paBHas

.
F="" 4
TN 4)

[ToncraBuM B 3TO BeIpaxkenue popmymy (4.47), moxyanm:
F =quxB. (5)

Orta cuiia Ha3bIBaeTcs cunou Jlopenya.

CaoiictBa cuibl JlopeHna omnpenenstoTcs CBOWCTBAMU BEKTOPHOTO IPOU3BEAEHUS,

—>

MMO3TOMY OHA NCPICHAUKYJISIPHA IIJIOCKOCTH, B KOTOpOﬁ JIe)KaT BEKTOPLI U U B .

Hns monoxxkutenbHbIX 3apsinoB (Q>0) HampaBieHnue cuibl JlopeHnla coBmagaeT c

HAIIpaBJICHHEM BEKTOpHOro mpomsseneHus U X B . Ecmu sapsn wactuipr otpumarenen (<0),

—>

TO HaITpaBJICHUS BEKTOPOB F7 u U X B ITPOTHUBOIIOJIOKHBI.

Monynb cunsl JIopeHia paBeH:

F,=quBsina, (6)

—

rie @ - yron mexay Bextopamu U u B

N3 dpopmyisl (6) cieayer, 4TO MarHUTHOE T10JIE€ He JISMCTBYET Ha 3apsKEHHYIO YacTHUIly B
JBYX CIIy4dasx:

= korma yactuna nokoutes (U =0);

" KOIJIa YaCTHIIA JBUKETCS BIOJb JIMHUN MaruuTHOro noust (U || B).
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Ci

F

S

Puc.1. Bsaumnan opuenmayusn sexmopos U Byt

Tak kak cuna JlopeHna Bcerja HarpapiieHa NEPIECHANKYISIPHO BEKTOPY

CKOPOCTH, TO OHa He coBepiiaeT paboThl Hax yactuierd. CrelnoBaTelbHO, MOCTOSHHOE
MAarauMTHOC MOJIC HC U3MCHACT KUHCTUYCCKYIO DOHCPIrui0 4aCTUIbI.

I[BI/I)KCHI/IG 3apPSKCHHBIX YaCTUI B MAIHUTHOM I10J1€

—

HYCTB 3apsKCHHAA 4YaCTula BJICTACT B OJHOPOJHOC I10JIC C HHHYKHHCIZ B .

PaccmoTpum HamGosiee mpocTod citydail, KOTia CKOpOCTb YacTHIbl MEpIEeHAUKYIIpHa
BEKTOpY MarHuTHod wuHAyknuu. Ha dactumy Oyzmer ngeiictBoBath cuia  Jlopenna,
TepHeHNKYIApHas K HanpapieHuio ee apikenns. Tak kak U | B (a=n/2), To momyns cunel

JlopeHua paBeH: Fﬂ = QUB. B pesynbpTate TpaeKTOpHEW 3apsKEHHOMN

YacTHUIIbl OyIeT OKPYKHOCTb (puc.4.14).

Cuna JlopeHua coo01aeT yacTuiie HOpMalbHOE YCKOPEHHE U UTPAeT
pOJIb LIEHTPOCTPEMUTENBHOM cuibl. HopManbHOE yCKOpEHHE OmIpenessercs
Puc. 2. BBIPAKCHUEM:

a _0_2 ()
R

Trac R - paanycC OKpYKHOCTH.

3anumeM BTOpOﬁ 3aKoH HproToHa mj1s 3Toro ciryJas:

ma, =F,, (®)
NIn
mo?
——=QquB. 9
R q )

s paguyca OKpY»KHOCTH IIOJIy4UM BBIpaXKCHUE:!
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_mu

R=—-. (10)
qB
®Dopmymny (10) Takke MOKHO 3amucaTh B BUJIE:
L
R— . (11)
9
m
3aech — - YACNbHBIN 3apsi/i YACTHUIBI.
[lepron oOpateHus YaCTUIBI IO OKPYKHOCTH PABEH:
27R
T="7-—. (12)
L
[Toncrasiss B (12) BeipaxkeHue IS pagryca TPA€KTOPUU U POU3BOIS COKPAIICHUS,
MOJTYYUM:
T_ 2m . (13)
9g
m

W3 Beipaxkenuit (11) u (13) cnenyer:
"  paanyc OKPY>KHOCTH T€M MEHbIIIE, YeM OO0JIbIIIe MarHUTHAS UHTYKIIUS,

"  [Iepuon O6paH_IeHI/I$I YJaCcTUullbl B MAaroHuTHOM ITIOJIC HC 3aBUCHT OT ec CKOPOCTH, a 3aBUCUT OT
BCJIMYHHBI YACJIBHOIO 3apsaaa U OT MarHUTHOM WHAOYKIUHU I1OJIA.

H3meHseTCS MUILB HaIlpaBJICHUC CKOPOCTH, a OTO O3HAYACT, YTO 3aps’KCHHAA YaCTULla B
OOIHOPOJHOM MArHvuTHOM IIOJIC JOJDKHAa JBUIaTbCd TOYHO IIO OKPYXKHOCTH, €CJIM HCT
COCT&BH?IIOHICI;'I CKOpPOCTHU BAOJIb MAarHUTHOTO ITOJIA.

PaccmoTtpum ciydaif, Koryia CKOpOCTh YaCTHUIIBI COCTABJISIET C MAarHUTHBIM TIOJIEM YTOJ d,
OTJIUYHBINA OT 77/2.

Pa3noxxuM BEKTOp CKOPOCTH HA JBE COCTABIIAIOLIUE: MEPIECHINKYISIPHY0O MarHUTHOMY
nomo U, u mapajuieNbHyI0 MO0 o (puc.3).

— MOJI}’J'II/I OTUX COCTABJIAIOIINX PAaBHBI:

UJ_ o .
v, =v-Sina,
D
_ v, =V-COS.
< B
/ - Cuna JlopeHna oOycinoBiieHa TOJBKO
L. cocrapistomed U, u paBHa (110 MOAYJIIO):

Puc. 3. .
F, =quBsina. (14)
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3apspkeHHas yactuia OyIeT y4acTBOBATh B IBYX JBMIKECHUSX:

—

" B PaBHOMCPHOM JBHXCHHMH B HaAIIpaBJIICHUH BCKTOpaA B CO CKOPOCTBIO U” ,

—

" B JIBOKCHHMH II0 OKPYXXHOCTH B IIJIOCKOCTH, HepneH,Z[HKYHHpHOﬁ HaIIpaBJICHHUIO BEKTOpPa B,

co ckopocteio U .

B pesynbTaTe HanOXEHUS ATUX
JIBYX JIBUKEHUM TPACKTOPHUEN YaCTHIIbI
Oyzer BUHTOBas TUHUS (puc.4.).

U “) hgi) U U U U E Ornpenenum rapaMeTpbl

TPACKTOPUM 4YacTUllbl. Pannyc BUHTOBOM

Puc. 4. Bunmoesas nunusn JUHUH OyJeT paBeH:
dig (28
m m

U_[ar BI/IHTOBOI71 JIMHUH
27[ (16)
h = u”T =pCOSQt ——~—"

=y
m

PaccmotpuM ciydaid, korja 3apspkeHHasl 4acTHIA BIETAeT B HEOJHOPOJHOE MarHUTHOE
nosie. [lycTs MarHuTHas MHIYKIUS Bo3pacTaeT B HampasieHuu X (puc.3). Tornma 3apspkeHHas
qacTuIa OyAeT ABUraThCs [0 BUHTOBOM JIMHUHU, PAJANYC U IIAr KOTOPOH YMEHBILAIOTCS.

Taxum 06pa30M, 3APASNCEHHblE Yacmuybl, eremarnue 6 nOCMoOARHOe MASHUNHOE noJle,

UBMEHSIOM HANpaeieHue c80e20 08udcenus u "hasusaromes” na aunuu eéexkmopa B . Drum
CBOMCTBOM TOJIB3YIOTCSI B HEKOTOPBIX MPHOOpax, YTOOBI yAEp>KaTh MyYKH 3apsHXKEHHBIX YaCTHIL
OT pacIUIbIBaHUSI.

CymHoCTb MeTo/1a MarHUTHOMN
(hokycHupoBKH (B KPaTKOM BapHUaHTE) COCTOUT B
cienyromeM. Ecnu 4dactuma JBUKETCS TOYHO

BAOJIb JIMHUKU BCKTOpaA B , TO MarHUTHOE€ IIOJIC

O HE OKa3bhlBaeT HAa HEE HHUKAKOTO BO3ACHCTBUSL.
/ Ecnu yactuna no KakuMm-To MpUYUHAM ITOTYYUT
X COCTaBJSIOILYIO CKOPOCTH, NEPIEHAUKYIISIPHYIO
K JMHUSM TIOJIs, TO OHa BCE pPaBHO HE YHIET
JIaJIEKO B CTOPOHY OT OCHOBHOW TPACKTOPUU U

OyZeT IBUTAThCS 110 BUHTOBOM JIMHUU.
Puc.5. Jleuscenue 3aparncennoii 118

yacmuybl 6 Heodnopodnom MACHUMHOM nojie



IIpumepsl pemiennst 3axa4

3amaya 1. o-yactuia, YCKOpeHHas pa3HOCThIO moTeHuuanoB 250 B, BieraeT B OJHOpPOAHOE
MarHuTHOE nojie MHAyKuuen 25 mMTn, nepneHauKyaspHO JUHUSAM MAarHMUTHOM MHAYKLUUU U
JIBIKETCSA 110 OKpYXHOCTH. Haiinute paguyc OKpy>XKHOCTU U NIEPUOJT OOpaIEHUS O-HaCTHIIBI.

3anuiueM KpaTkoe yCIOBHE 3a/1a4H.

Jano: CHu
Pewenne:
e=1,6-10"Kn
o PaGora  anekTpuveckoro
mp=1,67-10""xy MoJisi  3aTpayuBaeTcss Ha
U=250B yBEJIUYCHHE
KMHETHYECKOU SHEpruu
B=25mTn =25-10Tn YJACTHULIBL:
a=90".
R, T-?
2 2qU
mv
o™y [2Y
2 m

B mMarnuTHOM mOJIE Ha ABMIXKYIIYIOCS 3apsDKEHHYIO YacTUIly JedcTByeT cuia JlopeHia:

Fp=qBvsina , yron 0=90° u Sina =1. Cornacho Bropomy 3axony Hetotona F; =ma,

mv?

, Tae an = R~ LUCHTPOCTPEMHTENHHOE YCKOPEHHE HACTHIIBI, JBUKYIIEHCS 10 OKPYKHOCTH

2

pamuyca R.  Tlomyuaem qBv = OKOHYATEeTBbHO  PagUuyC  OKPYKHOCTH:

m/@
RV _ m _1 /2mU
qB qB BY q

HepI/IOI[ 06paH_[eHI/ISI YaCTHUIIbI HaﬁHeM, pa3aciiiB AJIMHY OKPYXKXHOCTHU Ha CKOPOCTb YaCTHUIIbI:

mv

2m——
T 2r R~ 9B _ 27m
v v gB

3apsi a-yactuiel: (=2e=2-1,6 10°Kn = 3,2 107 ®Kn , €€ Macca
m=4m,=4-1,67-10 % kr = 6,68-10 %' xr

IIpoBenem npoBepKy pa3MEpHOCTH:
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[R]—l kxr-B 1 Kr'% A-M [kr-JIx _
= = — =
Ta V Kn (A-w) Kn H K
A-Mm A-Mm M > 2
/KT - = kr-HMm=——+VH -¢c" =M™

H-Kxn Ao H-A-c H-c

[c]: KM KT =KF'M=H c_

Ki-Tn A-c %A~M) c-H H

Hp01/13Be;[eM BBIYMCICHUA: R=

1 2.6,68-107%" - 250
25.1073 3,2.107%°

=0,13m

—27
T 2:314-6,68-10

32

-6
100 25100 20C

Otset: 0,13 M; 5,2-10°¢.

Bonpocwt u 3a0anus.

1. Cuna Jlopenua.

2. Monyns cuisl Jlopenna

3. I[BI/DKGHI/IG 3apSAKCHHBIX YaCTUI] B MAIrHUTHOM I10JIC.

1

33}13‘11/1 MJIA CAMOCTOATECJIBHOI'0 PCIICHUS

DJNIeKTPOH, YCKOPEHHBIM pa3HOCThIO TOTEHIMAIoB 3 B, nBmWxeTcs mnapauienbHO

JUIMHHOMY TIpOBOAY Ha paccTosHud 4 MM oT Hero. Kakas cuna Oyner Ha Hero
JENCTBOBATH, ECJIN MO NIPOBOJHUKY IPOIYCTUTh TOK CHIION S5A?

2.

OJNEKTPOH, YCKOPEHHBIM pa3HOCTBIO MOTEHIHAIOB 5B, IBMXKETCA NapaielbHO
JUIMHHOMY TPOBOJY Ha paccTosHuM 4 MM oT Hero. Kakoe yckopeHue mpuobperer
AJIEKTPOH, €CJIH 110 MPOBOJIHUKY IMPONYCTUTH TOK cuiioi 10A?

. HpOTOH N 3JICKTPOH, ABUTasACH C OJMHAKOBOM CKOPOCThIO, ITONMaaaroT B OAHOPOAHOC

MarHutHoe mnoisie. Bo ckoibko pa3 paanyc KpUBU3HBI TPACKTOPUHM MPOTOHA OoJIble
paaunyca KpUBU3HBI TPAEKTOPUU JIEKTPOHA?

. [IpoTOH 1 3MEKTPOH, YCKOPEHHBIE OJIMHAKOBOW Pa3HOCTHIO MOTCHIIMAJIOB, BIAJAIOT B

OJIHOPOJIHOE MarHUTHOE 1oJie. Bo CKoIbKO pa3 paanyc KpUBU3HBI TPAEKTOPUU NTPOTOHA
Oosbliie paguyca KpUBU3HBI TPACKTOPUHU DIIEKTPOHA?

ONEKTPOH, YCKOPEHHBIH pa3HOCTbIO MoTeHuuanosB 10B, Bieraer B OQHOpOIHOE
MarHMTHOE 10JI€ NEPIEHANKYISAPHO CUIOBBIM JIMHUAM. MHaykums nosae pasHa 0,01 T
Onpenenuts paanyc KpUBU3HBI TPACKTOPHH JIEKTPOHA.

DNEKTPOH BJETAET B OJHOPOJHOE MArHUTHOE TMOJI€ TMEPHEeHIUKYISIPHO CHUIOBBIM
muausaM. Uuaaykius nosns pasaa 0,001 Tn. Onpeaenuts nepuo U 4acTOTy 0OpalieHus
AJIEKTPOHA 110 OKPY>KHOCTH.
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7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

[Ipoton wu anbda-yacTuma, ABUTAICh C OAWHAKOBOM CKOPOCTHIO, MOMAAAIOT B
OJIHOPOJIHOE MarHUTHOE Mosie. Bo ckonbko pa3 pannyc KpUBHU3HBI TPACKTOPUU ajibda-
YacTHUIIBI OOJIbLIE paiuyca KPUBU3HBI TPACKTOPUU POTroHAa?

[lpoton wu anbha-dyacTuia, IBUTAACH C OJIWHAKOBOH CKOPOCTBIO, IIONAJAOT B
OJTHOPOJHOE MarHuTHOE mojie. Bo ckonbko pa3 mepuoj oOpaiieHus anbpa-
YJacTUIIBI OOJIbIIIE TIepro/Ia OOpaIeHHUs TIPOTOHA?

OJNEKTPOH, YCKOPEHHBbIM pa3HOCTbIO NOTeHuuanoB 10B, Bieraer B OJHOpPOIHOE
MarHUTHOE TMI0JI€ TaK, YTO HAaIlpaBJIE€HUE €ro CKOpOCTU cocrtaBisger yroa 30° c
HanpapjeHUEeM CWIOBBIX JUHUN. Muaykuus nosst paBHa 0,01 Ta. Onpenenuts paauyc
KPUBU3HBI TPACKTOPUHU IJIEKTPOHA.

DJIEKTPOH, YCKOPEHHBIM pa3HOCTHhIO MoTeHinuaaoB 10B, Bieraer B OJHOpOAHOE
MarHMTHOE I0JI€ MEPIEHAUKYISIPHO CUIIOBBIM JIMHUAM. MHaykuusa nons pasHa 0,01
Tin. Yemy paBHBI TAHT€HIIMAJILHOE U HOPMAJIbHOE YCKOPEHHUS 3IEKTpOHA?

[Iporon, yckopeHHblli pa3HOCTbiO nNoTeHuuanoB 1000B, Bietaer B OAHOPOAHOE
MarHMTHOE T0J€ MEPHEHAUKYISIPHO CUIOBBIM JIMHUAM. WHaykuus nons pasHa 0,01
Tn. OnpenenuTs TaHT€HIMAIBHOE U HOPMAJIbHOE YCKOPEHUE MPOTOHA.

DJEeKTPOH, YCKOPEHHBIH pa3HOCThIO mMoTeHIuanoB 10B, Bieraer B OJHOPOIHOE
MarHUTHOE TI0JI€ TaK, YTO YroJl MEX1y HallPaBICHHUEM CKOPOCTH M CUJIOBBIMH JIMHUSMU
cocraisier 30°. Mnaaykuus monst pasHa 0,01 Tin. OmnpeaenuTh TaHTCHIHAIBHOE W
HOpPMAaJIbHOE YCKOPEHUE JIEKTPOHA.

[Iporon, yckopeHHbIH pa3HOCTbIO nNoTeHuuanoB 5000B, Bietaer B OAHOPOAHOE
MarHMTHOE MOJI€ TaK, YTO YroJl MeX/1y HalpaBIeHUEM CKOPOCTU M CUJIOBBIMH JTUHUSIMU
cocraBiser 45°. Munykuusa nonst pasHa 0,005 Tin. OnpenenuTs TaHreHIHMAIbHOE W
HOpPMAaJIbHOE YCKOPEHHUE MTPOTOHA.

DJEeKTPOH, YCKOPEHHBIH pa3HOCThIO MoTeHIManoB 60 B, Bieraer B 0OAHOpPOAHOE
MarHUTHOE TI0JIE€ TaK, YTO YTOJ MEXIY HallPaBICHHEM CKOPOCTH M CUIIOBBIMH JIMHUSMHU
cocraBisier 30°. Munykuus nong paBHa 0,01 Tin. OmnpenenuTs panuyc KpUBU3HBI
TPAEKTOPUU JEKTPOHA U IIar BUHTOBOM JIMHUU, 110 KOTOPOU JABHIKETCS AJIEKTPOH.

DNEeKTPOH, YCKOPEHHBIN pa3HOCThIO NoTeHuuanoB 30B, BieTaer B MarHUTHOE moJie
coneHonga noxa yriaom 30° k ero ocu. Yncno amrep-BUTKOB cosieHona pasHo 5000.
JinHa coneHoupa 25 cM. OmpenenuTh miar BUHTOBOW TPAaeKTOPUM JJIEKTPOHA B
MarHUTHOM I10JI€ COJICHOMA.

[IpoToH BieTaeT B 0OJHOPOJHOE MAarHUTHOE TI0JI€ TAK, YTO YIOJl MEK/y HaIlpaBICHUEM
CKOPOCTH M CHJIOBBIMM JIMHMAMHU cocTaBiseT 30°. Munykums nons pasHa 0,1 To.
Onpenenuth KUHETHUYECKYHO OJHEPrUI0 IPOTOHA, €CIAM PaguyCc KpUBM3HBI €r0
TpaekTopuu 1,5 cM.

B onHopoanoe marauTHOE nosie ¢ uHayknued B =10 mTn nepneHaukynsipHO JIMHUAM
MHIYKIMM BIIETAET JJIEKTPOH ¢ KuHetmdeckoi sHepruert K = 30 3B. Omnpenenuts
paanyc KpUBU3HBI TPACKTOPUU 3JIEKTPOHA.

ONEKTPOH, YCKOPEHHBIN pa3HOCTHbIO MOTeHUManoB 71 B, Bieraer B OgHOpPOJHOE
MarHMTHOE MOJj€ TaK, YTO yYroJl MeX/1y HalpaBiIeHHUEM CKOPOCTU M CHJIOBBIMH JTUHUSIMU
cocTaBisieT 37°, U ONMUCBHIBAET cOHpaib paanuycoM 54 M. OmnpenennuTs HMHIYKIUIO
MarHMTHOI'O HOJIS M IIar BUHTOBOM JIMHUM, IT0 KOTOPOM ABMXKETCS AJIEKTPOH.
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19.0neKxTpoH, yCcKOpeHHBIH pa3HOCThIO mnoTeHuuanoB 10 B, BieraeT B oJHOpOAHOE
MarHuTHOE MO0JI€ TaK, YTO Yrojl MEXAy HallPaBJICHUEM CKOPOCTHU M CUIIOBBIMU JIMHUSAMU
cocraBisier 53°. Uunykuusa nosna paBHa 0,1 Tn. Onpenenutbs paanyc KpUBU3HBI
TPAEKTOPHUH U LIar BUHTOBOW JIMHUU, IO KOTOPOU JBUKETCS SIEKTPOH.

20.0npenenuTh KMHETUYECKYIO 3HEPIUI0 MPOTOHA, JBMIKYLIErocs IO JIyre OKPYKHOCTH
-3
paanycom 60 cM B MarHUTHOM I10J1€, UHAYKIIHUSI KOTOPOTO 210" To.

21. 3apsbkeHHasl 4yacTUla JABUXKETCS B MAarHUTHOM IOJIE MO OKPYKHOCTH CO CKOPOCTBIO
106 m/c. Unaykius marautHoro nonst 0,3 Tn. Panguyc okpyxuocTr 4 cMm. OnpenenuTtsb
3apsi/i YaCTHILIb, €CIIM U3BECTHO, UTO €€ 3Heprus paBHa 12 k3B.

22. B opHopongHoe MarHutHoe mnoje ¢ uHaykuued 0,01 Tn nepneHAMKYISpHO JTUMHUSIM
WHAYKIIMU BJIETACT 3JIEKTPOH ¢ KMHeTHu4eckoin sHepruei 30 k»B. Onpenenuts paanyc
KPUBU3HBI TPAEKTOPUU JBUIKEHUSI YACTULIBI.

23. IlpotoH u anbga-yacTULAa IOMAJAIOT B OJHOPOAHOE MAarHUTHOE II0JIe, JBHIasiCh
NEPIEeHIUKYJIAPHO JTUHUAM UHAYKUKUU. CpaBHUTH pajuyChl KpUBU3HBI UX TPACKTOPHI,
€CJI1 OHM UMEIOT OJIMHAKOBYIO SHEPIHIO.

24 .D51eKTpOH, BIIETEBIIMKA B OJHOPOJHOE MarHuTHOe Tmosie ¢ wuHAykmued 0,02 Tn
MEePIEHIUKYISIPHO HAITPABJICHUIO MAarHUTHOTO TOJIs, IBHXKETCSI B HEM IO OKPYKHOCTHU
paguycoM 2 cMm. Omnpenenutbh pa3sHOCTb MOTEHUHUAIOB, KOTOPYIO IMPOIIEN 3JIEKTPOH
nepes TeM, Kak BJIeTe] B MAarHUTHOE TI0JI€.

25. DJIeKTpOH, NPOIIEIINNA HEKOTOPYIO Pa3HOCTh IOTEHLIMAJIOB, BJIETAET B OJHOPOJHOE
MarHuTHoe noisie ¢ uHayknueit 1,5-10-2 Tn nepneHAUKYISIPHO MAarHUTHBIM CUJIOBBIM
TUHUAM. B MarHuTHOM mOJie AJIEKTPOH OIMHUCHIBAET OKPYXKHOCTH paauycoMm 114 mwm.
Onpenenuts pa3HOCTb NMOTEHIMAIOB, KOTOPYIO IPOILIEN 3JEKTPOH IEpel TeM, Kak
BJIETEJI B MAarHUTHOE I10JIE.

IIpakTnueckoe 3ansaTue 12.
Tema 3anamua. 1lepeMeHHBINA 2JIEKTPUIECKUN TOK.
Iensy 3anamusa. VI3y4uTh 3J€KTPOMAarHUTHBIE KOJIEOAHUS B IEPEMEHHOTO TOKA.

3uanusa u ymenusa, npuoodpemaemvie CHMYOEHMOM 6 pe3ybmame O0C60CHUSA MEMbl,
dopmupyemvie Komnemenyuu. DIEKTpUUECKHE KoJeOaHUS B KoJeOaTeITbHOM KOHTYpE,
muddepeHIMaTbHOE ypaBHEHHE COOCTBEHHBIX JJIEKTPUYECKMX KoJjieOaHUU. 3aTyxaromue
koneOanus. JIoOpoTHOCTh KOHTypa. BeiHyx)neHHBbIE KoyeOanus. Pezonanc. IlepemeHHBI TOK,
€T0 INPOMBIIIJICHHOC IMOJTYYCHHUEC. HepeMeHHBII\/’I TOK B HCMHU C MHAYKTHBHOCTBIO, EMKOCTBIO U
AKTUBHBIM COIIPOTUBJICHUEM, BCKTOPHAA AUarpaMma Hal'IprKeHI/Iﬁ U TOKOB. aﬂeKTpOMaFHI/ITHaH
UHAYKIMs. BuxpeBoe snexrtpuueckoe mnose. IlepBoe ypaBHeHne MakcBemna. Tok cmeleHus.
Bropoe ypaBHeHne Makcpemna. Cucrema ypaBHeHM MakcBeia. DI€KTpOMarHUTHBIE BOJIHBI.
OcHoBHBIE CBONCTBa 3JEKTPOMarHUTHBIX BOJIH. [Ilkana snekTpomarHuUTHBIX BOJH. Bnazeer
CHOCOOHOCTBIO IPUMEHSATh COOTBETCTBYIOMINN (PU3MKO-MaTeMaTHUECKUH anmapar MpH pelieHuu
npodeccuoHaIbHBIX 3aj1ay.

Axmyanbhocms mempl. DIEKTPOMArHUTHBIE KoJieOaHHMsI B KoOJIeOATEIbHOM KOHTYpeE
MPUMEHSIETCS MTPU PEIICHNH WH)XEHEPHBIX 3a/a4.
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Teopemuueckas uacme.
DJIeKTPOMArHUTHBIE KOJIe0aHUs B K0J1e0aTeJIbHOM KOHTYpe

YPaBHeHHe CBOﬁO}IHLIX He3aTyXarnmuXx rapMOHHIECCKHUX KoJIe0aHui

KosiedaTeqbHBI KOHTYP — 3TO OJJICKTPUYECKAas Ielb, COCTOAIIAs W3 BKJIFOYCHHBIX
MOCIIEIOBATEIbHO KATYIIKH WHIYKTHBHOCTHIO L, KoHmeHcaropa emkocThio C U pe3ucTropa
conportuBiicHHeM R. B uaealibHOM Ko0J1€0aTeIbHOM KOHTYpPe CUMUTAECTCS, YTO CONPOTHBIICHUE
R mpenebpexxumo mano (R=0), 4ro mo3BOJAT B HAeadbHOM KOHTYpe (puc. 18), cocrosiiem
TOJILKO W3 KATYIIKH HWHAYKTHBHOCTH ©  KOHJCHCATOpa, TIONYyYUTh He3aTyXalollue
3JIeKTPOMATHUTHBIE KOJIeGaHuS.

. .1 FegT t=dr
g 1 g b4l y )

+4
1111 _ 1Y
_ﬂ ’

Puc. 18

Jnst BO30Y>KIeHUsI B KOHTYpE KOJeOaHUI MpeaBapuUTEIbHO 3apsbKalOT KOHACHCATOP, coo0Ias
ero oOkmaakam 3apsa +(. Torna B HavanbHbI MOMEHT Bpemenu t=0  (puc. 18, a) mexnay
0OKJIaIKaMU KOHJEHCATOpa BO3HUKHET JEKTpUueckoe mose. Ecin 3aMKHYTh KOHJAEHCATOp Ha
KaTyIIKy WHIYKTHUBHOCTH, KOHJEHCATOp HA4YHET pa3pskaTrbCcs, U B KOHTYpE IOTEYEeT
BO3pacTaroIuii co BpemeHeM Tok |. Korga KoHIEHCATOp MONHOCTBIO pa3psIUTCS, SHEPIrHs
AIIEKTPUYECKOTO TOJS KOHAEHCATOpa IOJHOCTBIO NEPEUJET B DHEPrUI0 MAarHUTHOIO IOJIA
karymku (puc. 18, 6). HaumHass ¢ »TOro MOMEHTa TOK B KOHType OyneT yObIBaTh, H,
CJIeZIOBaTeNIbHO, HAaUHET ociadeBaTh MArHUTHOE I10JI€ KATYIIKH, TOTJla B HEll COrJIacHO 3aKOHY
®Papanes MHAYLUPYETCSI TOK, KOTOPBI TEUET B COOTBETCTBUHM C NpaBHUIOM JIeHIla B TOM ke
HAIpaBJIEHUU, YTO M TOK paspsAKu KoHJeHcatopa. KoHaeHcaTop HayHET mepe3apsiKaThes,
BO3HHUKHET 3JIEKTPUYECKOE IO0Je, CTpeMsiieecs OcladuTh TOK, KOTOpPbIM, B KOHIIE KOHIIOB,
o0OpaTHUTCs B HYJb, a 3aps/] Ha OOKIaJKaXx KOHICHCATOpa JTOCTUTHET Makcumyma (puc. 18, ).
Janee Te e mpoleccsl HAYHYT NMPOTEKaTh B 0OpaTHOM HarpaBieHuu (puc. 18, 2), u cucrema K
MoMmeHTy BpemeHu t=7 (7' — mepuoj kojeOaHWi) MPUIET B NEPBOHAYAILHOE COCTOSIHUE (pHC.
18, a). Ilocne 3TOrO0 HAayHETCs MOBTOPEHHE PACCMOTPEHHOTO IMKJIA Pa3psSAKUH U 3apsIKd
KOHJEHCATOpa, TO €CTh HAYHYTCS NEepUOJAMYECKHE He3aTyXawllue KoJeOaHUs BEeIUYUHBI
3apsaa ( Ha OOKJaJKax KOHJAeHcaropa, HampsbkeHuss Uc Ha KOHJeHcaTope M CHIIbI Toka |,
TEKYILIEro 4epe3 KaTymKky HHAYKTHBHOCTH. CornacHo 3akony ®apanes Hanpspbkenue Uc Ha
KOHJIEHCATOpE OIpPEAENAeTCs] CKOPOCThI0O M3MEHEHHUsl CHJIbI TOKa B KaTyIIKe WHIYKTHUBHOCTH
UJEAIHOTO KOHTYPA, TO €CTh!

di
dt

Ucs=¢&5=-L
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Ucxons u3 Ttoro, uto Uc=0/C, a I|=dg/dt, monmyyaem nuddepenunaibLnoe ypaBHeHHe
CBOOOIHBIX HE3aTYXaWIIUX FAPMOHMYECKUX KOJIe0aHWii BETMUYMHBI 3apsiaa ( Ha oOKIaaKax
KOHJIEHCaTopa:

d’q 1 d’q =
=— 1501051 —F + =0 .
dt? Lc] ez %

Permennem storo nuddepeHimanbHoro ypaBuenus spisiercst Gyukius ((t), To ecTh ypaBHeHUe
CBOOO/HBIX HE3aTyXaIIIHX rAPMOHNYECKUX KOJe0aHMii BEIMYMHBI 3apsaa ( Ha OOKIaaKax
KOHJIeHCaTopa:

q(t) = d, cos(apt + )

rae (t) — BenmumHa 3apsia Ha 0OKIaAKaX KOHAEHCATOpa B MOMEHT BPEMEHH {;

Jo — aMIuIdTyJa KosebaHui 3apsja Ha O6KJ'Ia,I[KaX KOHJACHCATOpPA,

(W, — kpyrosas (WM HUKJIMYECKAs) 4acToTa Konebanuil (g = 1/JLC );

Wy=27 [T (T —nepuoj KojacOaHHMIA, T=27JLC - ¢opmyna Tomcona);

(a)ot + (00) — ¢paza koneOaHul B MOMEHT BpeMEHHU {;

(P — nauanpnas dasza konebanuii, To ecTh (haza konedaHuit B MOMEHT BpemenH 1=0.

YpaBHeHHe CBOOOJHBIX 3aTyXAaIOIIMX FTAPMOHMYECKHUX KOJIeOaHnH.

B peanbHOM Ko0sI€0aTENbHOM KOHTYpPE YUMTBIBA€TCS, YTO, KPOME KaTyIIKH WHIYKTHUBHOCTBIO L,
KOHJIeHcaTopa eMKOCThI0 C, B IIETIH TaKKe UMEETCsl PE3UCTOP CONPOTUBIEHUEM R, OTIIMYHBIM OT
HYJIS, 4TO SBJII€TCS MPUYMHOM 3aTyXaHus KojeOaHUW B peajbHOM KoJeOaTeIbHOM KOHTYpE.
CBoOosiHBIE 3aTyxawoliMe KoJieDaHusi — KoyiedaHMs, aMIUIMTYyAa KOTOpPbIX H3-3a IOTEpPb
HHEPIUU pealbHOM KoebaTenbHON CUCTEMOH ¢ TeUeHHEM BPEMEHU YMEHbBILIACTCS.

I[J'ISI Oernu peajibHOTO K0JIe0aTeIbHOTO KOHTYpa Hallps>KCHUS Ha IMOCJIICA0BATCIIbHO BKIFOUCHHBIX
KOHACHCATOPC EMKOCTBIO Cu pe3ucTope COMPOTHUBICHUCM R ckiaawiBaroTcsa. Torga ¢ Y4eTOM
3aKOHa d)apaneﬂ AJIg O peajlbHOro KO0J1e0aTeJIbHOTO KOHTYpa MOXXHO 3aIllniCaThb:

di
U.+IR=g,=-L—,
C S dt

Trac gs — DJICKTpOABMIKYIIIAasA CHUJIa CAMOMHIAYKIIUN B KATYIIKC,

Uc — Hanpspkenue Ha konjaeHcarope (Uc =g/C);
IR — HampshKeHUs Ha pe3nucTope.

Hcxons w3 Toro, uro |=dg/dt, monmywsaem nuddepennnaibHoe ypaBHEeHHE CBOOOTHBIX
3aTyXallUX FApMOHHYECKUX KOJe0aHMI BETUUMHEI 3apsiia ( Ha oOKJIaJKaxX KOHJeHcaTopa:
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2 2
dq+qu 1 d_q+25dq

2
— +t——+t—( = U —+w;9=0,
dt2 L dt LC dt? dt = ° a
O — koo Ganuii ( O ), & 1
Trac — KOD HUIIUCHT 3aT aAHUAg KOJICOAHUU = — y = — .
g ! a oL’ T e

PemenremM mosydeHHOro auddepeHinaabHoro ypaBaenus ssisiercss Gynkuus ((t), To ecth
yYpPaBHeHHe CBOOOJHBIX 3aTyXaIOIMX FAPMOHHYECKUX Ko0JIeOaHMil BeIMYUHBI 3apsiaa ( Ha
oOKJ1aJiKax KOHJeHcaTopa:

q(t) = q,e " cos(awt + ),
rae (t) — BenuumHa 3apsijia Ha OOKJIAJAKaxX KOHAEHCATOPa B MOMEHT BPEMEHH {;

_5t o
(o€ ~ — ammmuryna 3aryxaromux konebaHuii 3apsaaa Ha 0OK/IaJKaX KOHAEHCATOpPAa B MOMEHT

BpeMeHH t ;

(o — HayaIbHas aMILIUTY/A 3aTyXaroIUX KoneOaHui 3apsiia Ha 0OKIIaaKax KOHJIEHCATOopa;

() — xkpyroBas (WU MUKJINYECKas) 4acToTa Konebanut ( @ =

(a)t + (p) — (haza 3aTyxarwImux KojJecOaHnii B MOMEHT BPEMEHH t;

@ — wavanbHas paza 3aTyxXaroIuX KoaebaHHuii.

DJIeKTPOMarHuTHbIe BOJIHBI. BekTop YMoBa-IloitnTHHIa
CormacHo Teopun MakcBemia DSJIEKTPOMarHUTHBIE IIOJIE MOTYT CYHIECTBOBAaTb B BHJE

3JIEKTPOMAarHUTHBIX BOJH, (a3oBas CKOpPOCTb U paclpoCTpaHEHHsI KOTOPBIX ONpeAemsieTcs
BBIPAKECHHUEM:

b 1 1 _C
NENTINCYTENET

Trac 80 u ﬂo — COOTBETCTBCHHO J3JICKTPHUYCCKAA U MarHuTHasA MMOCTOAHHBIC,

& U H— COOTBCTCTBCHHO 3JICKTPUYCCKAA U MarHuTHasd IMPOHUIACMOCTH CPCIHI,

¢ — cKopocTh cBera B Bakyyme ( C = —).
v €0t

B Bakyyme (¢ = 1, g = |) ckopocTh pacnpoCTpaHEHHsI JIEKTPOMATHUTHBIX BOJH COBIMAIAET CO
CKOPOCTBIO CBeTa ( ¢ ), YTO coryacyeTcs ¢ Teopueil MakcBesuia o0 ToMm,

YTO CBET NPEACTABIIACT coOoi OJICKTPOMArdHUuTHBIC BOJIHBI.
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ITo TCOpUHn Makcaeiia JICKTPOMATHUTHBLIEC BOJIHBI SABJIAIOTCA NMOMEPEIYHBIMH, TO €CTh BCK-

— —

topst E w H  manpsxemmocreit snmekTpmueckoro M MarHHTHOrO TONEH  B3aHMHO

NEPNCHAUKYJIAPHBI U JIEXKAT B IIJIOCKOCTH, HepHeH,HHKynﬂpHOﬁ BEKTOpYy U

CKOPOCTH pacipocTpaHeHus BouHbL, npudeM Bektopst £, H u U o6pasyror nmpaBosurTOBYIO
cucremy (puc. 19).

—

13 Teopur MakcBeima CIeLyeT TAKkKe, Y4TO B HIEKTPOMATHWTHOH BonHe Bektopel E u H
KOJIeOII0TCS B OAMHAKOBBIX (asax (puc. 19), To ecTh 3HaueHus HampsbkeHHocTe E u H
IIEKTPUYECKOTO U MAarHUTHOT'O MOJIEW OJHOBPEMEHHO JOCTUTAI0T MAKCUMYyMa M OJTHOBPEMEHHO
oOpainaroTcs B HyJb, IPUYEM MTHOBEHHbIE 3HaUeHUsI £ 1 H CBS3aHbI COOTHOIIEHUEM:

EcE = pouH.

YpaBHeHue NJI0CKOIi MOHOXPOMATHYECKOH 3JIeKTPOMATHUTHOM BOJIHBI (MHJIEKCHI y U Z IPU

E u H momuepkuBaroT jmmb To, uto Bektopsl E u H  manpasmens: Broms B3ammmo
NEePIEeHIUKYISIPHBIX OCEl B COOTBETCTBUU C pHC. 19):

E, = E, cos(ot —kx+¢),
H, =H,cos(wt —kx +¢),

Trae Eo 158 Ho — COOTBCTCTBCHHO aMIIJIUTY/AbL HaHpﬂ)KeHHOCTef/'I OJICKTPUYCCKOI'O U MAarHuTHOI'O
TIOJICH,

@ — Kpyropas 4acToTa BOJHbI, () = 2z lT (T — mepuox xonebaunwmii),

k — BosTHOBOE UHCIIO, k=2xlA4 ( A- JUTWHA BOJIHBI),
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@ — HauvanbHas ¢asza konebaHuii (HavambHas (aza KonebaHuil ¢ MMeeT OJMHAKOBOE 3HAYCHUE
Kak IS KoJeOaHMs IEKTPUYECKOrO, TaK M MArHUTHOTO BEKTOPOB, TaK KaK B 3JIEKTpOMAr-
HUTHOM BOJIHE 3TH KOJIeOaHUS MPOUCXOAST B OJJUHAKOBBIX (ha3ax).

JHeprusi 3JeKTPOMATHHUTHBIX BOJIH. JJCKTPOMArHUTHBIE BOJHBI  NEPEHOCAT JHEPTHIO.
OObemMHasi TJIOTHOCTh W SHEPrHU DJIEKTPOMAarHUTHOW BOJIHBI CKJIQJBIBACTCA W3 OOBEMHBIX
IJIOTHOCTENH W,, JIEKTPUYECKOrOo U W,, MarHUTHOTO MOJICH:

g,6 E* N Lot H?
2 2

VYuauteiBas BBIPAXKCHUC CBA3U MCEXAY BCIMYUMHAMU Eun H , MOXXHO IIOJY4YUTb, YTO CyMMapHasid
IJIOTHOCTH SHEPIr'UH SJICKTPUUCCKOTO U MAarHuTHOI'O MOJICH:

W= /eotte HEH .

VYMHO>XUB IJIOTHOCTh SHEpruu W Ha CKOpPOCTh 1y paciipoCTpaHCHUA BOJIHBI B CPEAC, IMOJTYyYUM
MOAYJb IJIOTHOCTU NIOTOKA SHCPIrUuun:

S=wuo=EH.

Tax kak BCKTOPbI E n H B3aMMHO TCPHCHAUKYIISIPHBI, TO IIPOU3BCACHUC EH COBIIagacT C

MOJIyJIeM BEKTOpa [E H ([E H | - Bexroproe npoussencrue sexropos E u H ). Kpome
TOTO, HAaIIpaBJIEHUE BEKTOPA [E H | coemanaer ¢ nanpasiennem pacnpocTpaHeHus BONHBIL, TO

€CTb C HapaBJICHUCM IMCPEHOCA OJHCPIruM, 4YTO IIO03BOJUJIO BBECTU BEKTOP S, paBHBIﬁ

BCKTOPHOMY MNPOU3BCACHUIO [E H , KaK BEKTOP IIOTHOCTH IIOTOKa 3J'leKTp0MaFHHTHOﬁ

JHEePruM, Ha3bIBaeMbIil BeKTOpOoM YMmoBa—IloHTHHrA:

Mogyne BeKkTOpa S pPaBEH DHEPrUM, NEPEHOCUMOMN JJIEKTPOMArHUTHOM BOJHOW 3a €JUHUILLY
BPEMEHHU 4epe3 €AMHUYHYIO IUIONIA/IKY, NMEePIEeHINKYIIPHYIO HAIpPABICHUIO PaclpOCTpaHEHUs
BOJIHBI.

IIpuMmepsI pelieHus 3aaa4

3agaua 1. KonebarenbHbI KOHTYp, COCTOSIIIMNA M3 BO3AYLIHOTO KOHJEHCATOpa C IJIaCTUHAMU

2 .
wromaapio S=100 cM” U KaTYIIKH ¢ MHAYKTHBHOCTHIO L=1 MK H, pe30HUpYyeT Ha BOJIHY UTHHOM
A=10 M. OmpenienuTh pacCTOsTHUE MEXTy TUIACTUHAMU KOHJIEHCATOpa.

Hano:
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2_1072 2
S=100 cM"=10" ™ EMKOCTB MIIOCKOTO KOHJGHCATOpa onpeaessiercs no popmyse

.S
L=1mx[E=10°TH C-= Od

_54ES
C

@)

=10 m CrenmoBartensHO, d

d="? JInHa BOJIHBI CBSI3aHA C TIEPUOJOM Kosiebanuit 7 U CKOPOCTBIO

C JOJICKTPOMArHUTHBIX BOJIH COOTHOILICHHUEM

A=cC-T. (2)
o dpopmyne Tomcona T=27LC.

Bripaszus C u3 ¢popmynsl Tomcona, ¢ yaerom (2) u (1), momyanm

dms,ec’SL 4-314°.8,85.107%(3.10° )2 .102-10°°

PE 10 =314-10°=314mm

d

3anaua 2. Pezonanc B konebaTeaTpHOM KOHTYpPE, COIEpKAIIEM KOHIEHCATOp eMKOoCThio C1 =
1 Mx®, nactymaer npu yactore vi = 400 I'm. Korpma ke mapamnenbHo konzaeHcatopy Ci
MOAKIIOYWIN €llle OANH eMKOCThI0 Cy, pe30HaHCHAsl YacTOTa CTAaHOBUTCS paBHOU vp = 100 I,

Haiitu emxocts koHaeHcaTopa Co.
Jano: Cr=1 Mx® = 10° ®; v, =400 I'g; vo= 100 'w.
Haumu: C,.

Pewenue

Pe3onanc B konebaTeIbHOM KOHTYPE HACTYIAET, KOTJja COOCTBEHHAs! YacTOTa KoJieOaHU
CTAaHOBHUTCS PABHOM YacTOT€ BBIHYKIEHHBIX KojJeOaHWH, BO30YXKTA€MbIX BHEIIHUM
nepegaTaukoM. [lpu 3TOM aMIUIMTy/a ANEKTPOMArHUTHBIX KOJIEOaHHW B KOHTYpPE CTaHOBUTCS
MakcUMaibHOW. YacToTa BBIHYKIEHHBIX KOJeOaHMI, paBHas COOCTBEHHOM  dYacToTe
KOJIe0aTeIbHOTO KOHTYpa, HAa3bIBACTCS PE30HAHCHOW YacTOTOW. Pe3oHaHcHas wacToTra Vi B

KoJIe0aTeIbHOM KOHTYpPC, COACPIKAIICM TOJIBKO OAUH KOHACHCATOP Cl, OIPEACIIACTCA (I)OpMyJ'IOfI

1

2n,/LCq '

(1,

Tomcona: v| =
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rae L — MHAYKTUBHOCTH KaTymiku KojebOarenbHoro koHTypa. Korma k konmencatopy Ci

HOKJIIOYMIN TapajuiesibHO KoHaeHcatop Cp, eMKOCTh OaTapen KOHACGHCATOPOB  CTaja paBHA
1

V) = :
2 2n\/L(C1 +C2)

C1+C,. Pe3onanchas 4acrtota Vv, NpH 3TOM paBHa:

@)

O0e 4yacTOThl Vi M Vz, a Takke eMKocTb Cp; m3BecTHbl. HensBecTHa MHIYKTUBHOCTh
kaTymku L u uckomas emkocts Cp. CieoBarenbHO, HEOOXOJUMO UCKITIOUUTh U3 ypaBHEHUH (1)
U (2) uHAYKTUBHOCTH L, Hampumep, NHOJENMUB JIEBbIE M IPaBble YacTH 3TUX YpaBHEHUN

COOTBETCTBEHHO JApyr Ha apyra. Ilocne neneHus, COKpallleHUS U YHPOIIECHUS IOIYy4aeM:

v1_2m/L(C1+C2) vi  |L(C1+Cp) [C1+Co

v2 - 2m,/LCq " vo LCq C1
2 2 2
v
Orcioma |~ | =1+ C:2; “_[v -1; Cor=(C L
Vo C1 ©Co \%) %)

3anaua B 00miem, Buje pemieHa. [IpoBeneM BBIYHCICHHS:

2

Cy =100 (@j _1|=1510%0.
100

Omeem: C;=1,5-10" ®.

Bonpocwt u 3a0anus.

1. Dnexrpuyeckue KojaebaHus B KoiaedaTeaIbHOM KOHTYpe, AuddepeHnnansHoe
ypaBHEHHE COOCTBEHHBIX DJIEKTPUUECKHUX KOJICOaHHIA.

2. 3aryxatomiue konebanus. JloOpOTHOCTs KOHTYpa. BEIHY X IeHHBIE KOTeOaHMSI.
Pe3onanc.

3. HCpCMCHHBIfI TOK, €Iro IIPOMBIIIIJICHHOC ITOJIYYCHHC.

4. HCpCMCHHBIfI TOK B I€TIH C MHAYKTUBHOCTBIO, EMKOCTBIO U AKTUBHBIM
COIIPOTUBJICHUEM, BCKTOPHAA AUarpaMma HaHp}I)KCHI/Iﬁ 1 TOKOB.

5. DrnexTpoMarHuTHas MHAYKLKSA. BUxpeBoe 31ekTpudeckoe mnoiie.
6. IlepBoe ypaBHeHne MaxkcBema. Tok cmermeHwus.

7. Btopoe ypaBHeHue Makcseia.
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8. Cucrema ypaBHeHHT MakcBea.

9. DnexkrpomarHuTHbIE BOJHBL. OCHOBHBIE CBOMCTBA 3JIEKTPOMArHUTHBIX BOJIH.
10. BonnoBoe ypaBHeHue. [lmockast aneKTpoMarHuTHast BOJIHA.

11. DHeprust 1 UMITYJIBC JIEKTPOMArHUTHOTO ToJ1s1. BekTop YMoBa - [loiiHTHHTa.
12. DxcnepuMeHTaIbHOE UCCIIE0BAHUE FIEKTPOMArHUTHBIX BOJIH.

13. IlIkana 3J1eKTpPOMarHUTHBIX BOJIH.

3agaum 11l CAMOCTOSITEILHOTO PeleHus

1. ITo o6moTke conenonaa UHAYKTUBHOCTBIO L=0,2 I'n Teuet Tok 1=10 A. OnpenenuTs I3HEPrUIO
W MarHuTHOTO 10JIs COJIECHOUA.

2. UnpyktuBHocTh L karymku (6e3 cepneunuka) paBHa 0,1 mI'H. Ilpu kakoii cune Toka |
sHeprust W marautHoro nosjst pasHa 100 mx/x?

3. Conenonn comepxxkutr N=1000 BuTkoB. Cuna Toka | B ero oOMoTke paBHa 1 A, MarHUTHBIH
noTok @ dYepe3 morepeyHoe ceyenue coieHomna paseH 0,1 mMB6. Borumcnamte snepruto W
MarHUTHOTO MOJIA.

4. Ha >xene3noe koibpio HamotaHo B oauH cinodl N=200 ButkoB. Omnpenenuts 3Hepruro W
MarHUTHOTO TOJIs, ecu npu Toke 1=2,5 A MarHuTHBbIN noTok @ B xkenese paseH 0,5 MBO.

5. Ilpu HekoTopoi cuie Toka | IUIOTHOCTH SHEPruM W MarHUTHOrO MoJisd cosieHouaa (6e3
cepaevHuka) passa 0,2 Jix/M>. Bo CKOJTBKO pa3 yBEIMYUTCS IJIOTHOCTb YHEPTUHU I0JIA IIPU TOU
e CUJIe TOKA, €CIIU COJIEHOU] OyJIeT UMETh JKEeJIe3HbIH cepeuHuK?

6. O6MoTKa TOpOHJa C HCMArHUTHBIM CEPACUYHUKOM UMCET N=10 BUTKOB Ha KaXKJIbIM CaHTUMCTP
JJIMHBI. OHpeI[eJ'II/ITB IJIOTHOCTBH DSHEPTUM W T10JIs, €CJIH 110 o0MoTKe TeueT Tok I=16 A.

7. O6MoTKa Toponaa coaepXuT N=10 BUTKOB Ha KaXAbIH CaHTUMETp ANUHBL. CepIeyHHK He
MarHuTHbIN. [Ipu kakoit cune Toka | B 0OMOTKe TIIOTHOCTh HEPTUHU W MarHUTHOTO TOJISI paBHA
1 Jox/v>?

8. Karymka maayktuBHOCThIO L=1 MI'H ¥ BO3AYIIHBI KOHAEHCATOpP, COCTOSIIMA H3 IBYX
KPYTJIBIX IIAaCTHH auameTpoM D=20 cM Kaxmas, COeIMHEHbI mHapaiiensHo. Paccrosuue d
MEXIy MiIacTHHaMu paBHO 1 cm. Ompenenuth nepuof 1 SIAEKTPUUECKUX KoJeOaHUN B TakoM
KOHTYpE.

9. Konnencarop snekrpoeMkoctbio C=500 nd coequHEH MapauielbHO C KaTYIIKOW UIMHOU
|=40cm n mommanpio S ceueHus, paBHO# 5 eM’. Karymxka cogepsxut N=1000 ButkoB. CepaeuHuk
HeMarHuTHbIN. Haliti nepuon T anekTpudeckux koneOaHUM B 3TOM KOHTYpE.

10. KonebarenbHbIi KOHTYp COCTOMT M3 KaTYMIKM MHAYKTUBHOCThIO L=20 wMxI'H wu
KOHJIeHcaTopa 31eKTpoeMKOCThi0 C = 80 H®. BenuumHa €MKOCTHM MOXKET OTKJIOHATHCS OT
yKa3aHHOTO 3Ha4yeHus Ha 2%. BbuncinTh, B Kakux mpeaenaax MOXKET U3MEHSATHCS JJTUHA BOJIHBI,
Ha KOTOPYIO PE30HUPYET KOHTYP.
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IIpakTnueckoe 3ansaTue 13.
IIpakTnyeckoe 3ansitue 13.
Tema 3anamua. I'eomeTprdeckas ONTHKA.

Heﬂb 3aHAmMuUA. I/I3y‘lI/ITB OCHOBHBIC 3aKOHBI FGOMeTqueCKOﬁ OIITHUKH.

3uanus u ymenus, npuodpemaemole CHyOeHmMOM 6 Pe3yAbmame 0C60CHUSL MEMbl,
gopmupyemovie Komnemenyuu. 3aKOH NPSIMOJIMHEHHOTO PaCIPOCTPAHEHHS CBETA B OJHOPOIHOU
cpene. OcHoBHBIE 3aKOHbI ONTUKU. [TonHOE TpakeHue. JInunzbl. @opmyiia nuH3bl. Brageer
CHOCOOHOCTBIO IPUMEHSTh COOTBETCTBYIOLINH (hHU3MKO-MaTeMaTHUECKUI anmapaT Npyu pelieHuu
npodecCHOHaIBHBIX 3aj1a4.

Axmyanvnocms mempl. OCHOBHBIE 3aKOHBI T'€OMETPUUYECKON ONTHUKH MPUMEHSETCS MPHU
pELICHUH MH)KEHEPHBIX 3a/1ay.

Teopemuueckas uacme.
3aK0oH NPSAMOJIMHEHHOI0 PacIpOCTPaHEHHUs CBeTa B OJJHOPOHOI cpeje

[TpssMOTMHENHOCTh CBETOBBIX JIyded O3Hayaer, 4yTo (opma TEHHU MpeaMeTa MpH ero
OCBELICHUU TOYEUYHBIM HMCTOYHHUKOM COOTBETCTBYET I'€OMETPUYECKON yeHmpanvHou npoexkyuu
KOHTypa mpeaMera (C LEHTpOM B UCTOYHHKE). [IpeacraBieHne o mMpSIMOJIMHEHHBIX CBETOBBIX
Jy4yax MCHOJIb3yeTCd B MHCTPYMEHTAJIbHOM ONTHUKE [Js KOHCTPYHpPOBAaHUS U pacuera
ONTUYECKUX TMpHOOPOB. B onTHYeckn HEOTHOPOAHBIX CpelJax TeoMeTpudeckas ONTHKa
JIOITYCKAeT U HENPSIMOJIMHEWHOE PACTIPOCTPAHEHHUE CBETA.

3aKOH He3aBHCHMMOCTH CBETOBBIX JIy4Yel

OneIT MOKa3bIBa€T, 4YTO CBETOBBbIE IyYKH MpPU [E€PECEUEHUH, KaK IpaBUiIO, HE
BO3MYLIAIOT Apyr apyra. IIpoum3Boaumoe OJHUM ITy4KOM [EHCTBHE HE 3aBUCUT OT HAIIMYUsA
JpYrux IydkoB. MaTeMaTH4ecKd 3TO O3HAYaeT, YTO IPU HAJIOKEHUU HECKOJIBKHX CBETOBBIX
IIy4KOB PE3YJIBTUPYIOLAsl HHTEHCUBHOCTh ITyYKOB PaBHA CyMME€ MHTEHCHBHOCTEM, KaXJ0ro U3

n
IIy4KOB | =3 |i , TO €CThb 3/lIeChb MBI IpeHeOperaeéM BOJHOBBIMU CBOMCTBaMH CBETa
i=1

(uatepdepenuueit u nudpakuueit). Kpome TOro, 3TOT 3aK0OH CTPOro CrpaBeAIuB JUIsl BaKyyMa.
Jlns cBeTOBBIX Jyuell B BEIECTBE 3aKOH HE3aBUCHUMOCTU CBETOBBIX Jy4dell CIpaBeajuB s
JIUHEUHbIX CPEJll, ONTHYECKHE CBOMCTBA KOTOPBIX HE 3aBUCAT OT MHTEHCHUBHOCTH CBETa. JTO
BBITOJHAETCS. TOYHO NMPH HEOONBIION M MPUOIMKEHHO NMPH yMEPEHHOW MHTEHCUBHOCTU CBETA.
[Tpu pacnpocTpaHEHHH CBETA BHICOKOW MHTEHCUBHOCTH B BEIIECTBE ATOT 3aKOH HapyIlIaeTcsl.

3aKoH oTpaKeHUsl CBeTa

HpI/I naacHUu1 Jiyda CBCTa Ha TIpaHULY pasacia [ABYyX CpCld, B TOYKE IMaACHUA
BOCCTAHABJIMBAKOT HOpMAJIb K TpaHULEC pa3aciia U OTCUHUTBIBAIOT YTOJI
NaJcHusA &, KaK Yrojl MEXJy MaJaroluMm Jy4OM H© HOpPMaJiblo, a yroJ

'

o a

!
OTPaXXEHU (X - KAK YroJl MEXIY OTPaKEHHBIM JIy4OM M HOpMaibio. Toraa v
3aKOH OmpadiceHuss ceéema TIACUT: Y4 NAoaiowull, 1Yy OMPANCEHHbIU U
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HOpMab K ompaxcarowel no8epxXHOCMU Jexcam 8 0OHOU NIAOCKOCMU, Npudem Y201 Naoenus
Dpagen yeiy ompaxcenuss o. = o',

3akon MpeJIOMJICHUS CBETA

Bonee crnoxHbINA 3aKOH UMEET MECTO IPU NEPEXOJE CBETA U3
OAHOM cpenbl B pyryro. [lpu majgeHun cBeTa Ha rpaHUIly pasjena
MPO3PAYHBIX CpPell C a0COMIOTHBIMH TOKA3aTEISIMH IPEIIOMIICHUS

C C
N, =— u N, =— wyacTp cBeTa OTpaKaeTCs, a YaCTh MPOXOJUT BO

v, v,

BTOpYIO  Cpeay, H3MCHASA  HaIlpaBJICHHUC  PacIpOCTPaHCHHUSI
(mpenmomtsieTcst). 31eCh ¢ — CKOPOCTh CBETa B BaKyyMe, V — CKOPOCTh
CBETa B COOTBETCTBYIOLIEH Cpese. YTIosl K HOPMaJIH, IOJ KOTOPBIM CBET PACHPOCTPAHSAETCS BO
BTOPOI cpele, HA3bIBAIOT YIJIOM TpeioMieHus f. Torna 3axkon npenomienus TIACUT: Iy
naoarwull, 1yy NPeloMIeHHbI U HOPMAlb K NpeloMIsaouell N08epXHOCMU Jiexicam 6 OOHOU
sina
- = n
sing

- OTHOCHUTENBHBIH KOX(PQHUIMEHT TMpEeNoOMIICHHUsT BTOPOH CpEeAbl OTHOCHTEIBHO IIEPBOM.

naockocmu. Yeon nadenus Uu y2cojl npejloMaeHUsl C8A3aHbl COOMHOUICHUEM Trac n21

21°

3/1ech pa3nuyaroT ABa CiIyvas:

1. Korga cBer mepexoAauT M3 ONTHYECKH MEHee IUIOTHOW Cpefibl B ONTHYECKH Oosee
mIoTHYIO cpeay (N, >N ), yroi npeaoMiaeHNsT MEHbIIIE yIria MaJcHUs < ). B atom cayuae
2 1

JI0JIs1 OTPaKEHHOW SHEPTUU CBETOBOTO JIy4a OT FPAHMIIBI pa3zelia JBYX CpeJ CHIIbHO BO3pacTaeT
Mo Mepe yBenudeHus yrina mnaaeHus. OJIHAKO Jaxe TpU O4YeHb OONBIIMX YriaX MaJeHUS,
Oomm3kux k 90°, Korma CBETOBOM JIyd MOYTH CKOJB3UT BIOJb IMOBEPXHOCTH pa3jesia IBYX Cpell,
BCE )K€ YacTh CBETOBOM SHEPIUHU MEPEXOIUT BO BTOPYIO CPELY.

2. HoBoe mHTEepecHOE SBIEHHE BO3HHKAET TOT/A, KOTJIA CBET MEPEXOMUT M3 ONTHYECKU
OoJiee TUIOTHOW Cpelbl B ONTHYECKH MEHEE TUIOTHYIO cpeny (
N, <N ). Tormga yrom npenomieHus OoJblLIE yria maaeHus (

[ > ). 3nech Takke 0 OTPAKEHHON SHEPIHH BO3PACTAET C

YBCIUMYUCHUEM YyIJla HaJCHHA, OIHAKO BO3paCTaHUC HACT II0
HHOMY 3daKOHY: Ha4uHdasd C HeKomopoco yeia nadeHuﬂ, 6CA
ceemoesasl Hepzsust ompaosicaenmcs om ZcpaHuybl pa3()eﬂa. IT10
ABJICHUC HOCHUT HA3BAHHUC NOJHO20 GHYMPEHHe2O0 OmMpadtCeHrusl.
VYron nageHus Oyp, HAYHMHAA C KOTOPOI'O BCs CBCTOBAA SHCPI'HS OTPAXACTCA OT I'paHUIbI pa3/icia,
Ha3bIBACTCA npe()eﬂbﬂsz Y2lOM NOJIHO20 6HYMPEHHe20 OmpAadsitCeHusl. 3HaUYCHUE HTOTO yria

onpenensiercs Beipakenuem:  SINQ, =N, . Tlpn nanenun nyda ¢ yriom nagenns & > &,

BCSI CBETOBAsI SHEPI'Usl OTPAKAETCS B EPBYIO CPEAY U HE MPOXOAUT BO BTOPYIO, MPETOMIEHHOTO
Jiy4da BO BTOPOM CpeJie HET.

C.TICIICTBI/IS[ U3 3AaKOHOB FeOMeTpH‘leCKOﬁ ONITHKU
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DokycHOE paccTosiHHE CHEPUIECKOTo 3epKaja

F=R/2,

rae R — paguyc KpuBHU3HBI 3epKaia.

Onrtuyeckas cuiia chepudaeckoro 3epkaia

D=1/F.

dopmyna chepruyeckoro 3epkaia

L1 1,1
F d f

rac duf- pacCcTodHuA OT IIOJIOCa 3€PKajia COOTBETCTBECHHO 0 IMPEAMCETA U I/1306pa)KGHI/I${. 3Hak
IJIFOC COOTBETCTBYCT I[ef/'ICTBI/ITeJII)HBIM BCJIMYMHA, 4 3HAK MUHYC — MHUMBIM.

Onruueckas cuja TOHKOH JIMH3EI

D:

1
F | ng R, R,/

rae F — dokycHoe paccrosiHue JIMH3BL; N; — aOCOTIOTHBIN MOKa3aTeab MpeJoMIICHHUS BEIIecTBa
JMH3BI; Ny — A0COTFOTHBIN ITOKA3aTeNb IPEIOMIICHUS OKPY/KAIOIEH CPEbI.

Panuycel Beimykibix moBepxHocted (R; u Rz) OepyTcsi co 3HaKOM ILIIOC, BOTHYTBIX — CO
3HaKOM MHHYC.

OnTudeckas cuiia ABYX TOHKHUX JIMH3, CJIOKCHHBIX BIIJIOTHYIO

D=D; +D,.

dopmylia TOHKON JIMH3BI

L1 1,1
F d f

rac duf- PACCTOAHUA OT OITHYCCKOIO HEHTpa JIMH3bI COOTBETCTBECHHO A0 HOpCcAMETa U

I/I306pa)KeHI/I$I. 3HaK MIIOC COOTBETCTBYCT JIEHCTBUTEIILHBIM BCJIMYMHA, a 3HAK MHHYC —
MHHUMBIM.

VYrnoBoe u300pakeHue JIyIbl

r=%

F

rie do — paccrosiHue Hamydirero 3penus (do = 25 cm).

Yrnosoe YBCIMUYCHUE TCJIECKOIIa B CIIy4dac, Koraa B TCJICCKOII Ha6J'IIO)IaIOT YAQJICHHBIC

F

TIPEAMETHI ==

F

2

rae F1 u Fy — pokycHble pacCTOSHUS COOTBETCTBEHHO OOBEKTHUBA U OKYJISpA.
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IIpuMepsl pelieHus 3a1a4

3agaua 1. CseroBoii yiyd mamaer moj yriaom o = 60 ° Ha \a<
IUIOCKOTIAPAUICIIbHYIO CTEKISHHYIO IUIACTHHKY ToJmuHON d = DR ;‘
cm. Ormpenenure CMemieHHe S Jiyya IUIACTHMHKOHM, €CIH ;—5‘
IUTACTUHKA TOTpy)KeHa B Boay. llokazatenu mpenoMiIcHHs 4P B\
CTEKJIa U BOJBI COOTBETCTBEHHO paBHBI N = 1,5, n; = 1,33. SRR
A O
Mano: Pemienue. /3 npsAMOYroiabHBIX TPEYrOJbHHUKOB
AOB n BOC cnenyer:
a=60°
d=10cm
0= 1,33 d .S  _co
COsS SIn(a —
S-7? Otcrona cMeleHue Jyda TUIAaCTUHKON
dsin(o — : cosasin
S:M:d sma——ﬁ . (1)
cosp cosp
ITo 3akoHy npenomiieHus
sina n, . n, sina
——=—2, sinf=—""=". (2)
sing n ,

CrnenoBaTeiabHO,
- 1 -
cos B=+1-sin* f=—/n? —n’sin’a . 3)
n2

[Toncrasiss Beipaxkenus (2) u (3) B popmyany (1), nomyuum

: n,n, cosa sin : n, sin2
S =d| sina ——2 a-a =d| sina - - 0_5 =
n,/nZ —n’sin’a 2,/nZ —nZsin’ a
~10 sin60" — —_oos8In120 ~ 267 om

2,/15° —133° sin’ 60°

10

3agauya 2. BHyTpeHHSS MOBEPXHOCTh KOHYCa MOKPBITA OTPAXKAIOIIUM CIIOEM, O0pa3yroIIuM
KOHUYECKoe 3epKaiio. Bioib ocu KOHyca BHYTpH HEro HaTsSHYTa cBeTsAwiascs HuTh. Onpenenure
MUHUMAJbHBII yrojl pacTBOpa KOHYCa Omin, P KOTOPOM JIy4d, UAYIIHME OT HUTH, OYAyT

OTPAXKATHCA OT MOBCPXHOCTU KOHYCA HEC Ooiee OQHOT'O pasa.
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a) 0)

Pemenne. Paccmorpum xox nayda (1), ucnymenHoro toukoil 4, nexameir Ha Hutu. [locie
NEPBOTO OTPAXKEHUS OT KOHWYECKON MOBEPXHOCTH B TOUKE B i1yu 1 moiier Tak, Kak eciu Obl OH
BbIILIEN U3 TOYKU A’ — MHUMOro u3obpaxenus Touku 4. Ecnu yrona pactBopa KoHyca Maj, TO
Touka A" — n3o0paxenune ToUku A OyneT nexarsb Boitie npsimoit OC (puc. a). Torga imya 1 moxer
OTpa3uThCsi B TOYKE /[’ BTOpPOW pa3 OT HMXKHEH MOBEpXHOCTH KoHyca. llpu OGombiiom yrie
pacTBOpa KoHyca Touka A’ iexuT Hke npsamoit OC (puc. 6).

Torma HU OJWH JIydY, BBIIIEANINNA W3 TOYKH A BTOPOH pa3 HE MOMAAET Ha 3epKajio. ITO
OyZIeT UMeTh MECTO, €Cliu

ZA'OL + ZAOT + ZAOC > 180 °. (1)

Ho £40C = ZAO/ = ZA'O/] = a / 2. TloacraBum BeIpakeHue s yriaoB B (1):
3(a/2)>180°.

Otcrona nony4um

Olmin = Z (2 / 3) 1800.

Olmin > 1200.
3agaya 3. Ha onTuueckoii ckambe yCTaHOBJIEHA JaMIIovKa JI (€€ MOKHO T
’
CUUTAaTh TOYCYHBIM HCTOYHUKOM CBeTa). OT naMIo4YKH OTOABUT'AOT C g g
HOCTOSIHHOM CKOPOCTBIO Vo COOMPAIOLIYIO JIMH3Y, (POKYCHOE PacCTOsHUE »L 9

KoTopoi paBHO F. B kakyio CTOpOHY, U C Kakoill CKOpPOCThIO OyaeT
JBUTAThCA H300pakeHue JI' JamMmoykd B TOT MOMEHT,

P, u KOT/Ia JINH3a OK&KeTCs OT Hee Ha paccrosHud 1,5F?
P Jlammouka Bce Bpemsi OCTaeTCsl Ha IJIaBHOW ONTUYECKOU
u OCH JIMH3HL
i t Cpennee 32 TIepHoj T d 1‘ o
9 =0 3HAYCHHE MFHOBGHHOP'I * J( o, X
MOIIHOCTH Ha3bIBAKOT AKMUBHOU —
MOWHOCbIO
1T
P== j p(t)dt.
T (13)

W3-3a Hannuusd casura a3 ¢ 3HaKW y TOKa U

HaMpsHKEHUS B JTaHHBIA MOMEHT BPEMEHU MOTYT OBITh
pasubie. [103TOMy MIHOBEHHAsI MOIIIHOCTh MOKET OBITh
OTPHUIIATEIILHON B HEKOTOPHIE JOIU TIEPHO/Ia
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MNEPCMCHHOT'O TOKA, YTO O3HAYACT BO3BPAIICHNUEC SHCPIrun U3 HCIIH UCTOYHUKY TOKA.

Ha puc.20.10 mpuBeneHs! rpadukd M3MEHEHHS MIHOBEHHON MOIHOCTH TPH Pa3THYHBIX
yriiax casura a3 Mexay KoJieOaHUsIMU HAMPSDKEHHS U TOKA.

[Tpu ¢ =0 B M000I MOMEHT BpEMEHH MOLIHOCTH [TOJIOKUTEIbHA, OHA PACXOAYETCS B LEMH
Ha COBEpLICHHE pa3IM4HBIX BHIOB paborel. Ilpu 0<@<7/2 B oTdenbHbIE MPOMEKYTKH

BPEMECHH MOIIHOCTh OTPHUIIATENbHA. DTO OOBSCHSIETCS TEM, YTO NIPU HATMYUHU B IEMH KATYIIKU
WHAYKTUBHOCTH BO3pacTaHUE TOKA MPHUBOJIUT K CO3/JaHUIO B HEW MAarHUTHOTO TOJS, KOTOpOE
oOnamaer 3amacoM H3Hepruu. lIpW yMeHbIIEHWH CHJIBI TOKA MAarHUTHOE IOJ€ HCuYe3aeT U
3amaceHHasi B HeM SHEPIHsl BO3BPAIIACTCS K UCTOYHUKY TOKa (FeHepaTopy).

AHanoTrn4YHBIN IIponecC MpoOUCXOoAuT IIpHU HAJIMYUKU B LECIIM KOHACHCATOpPA: B TCUCHHC TOH
YCTBCPTHU IIC€pHOAA, KOTAa IMPOUCXOAUT 3apdaKa KOHACHCATOpA, SHCPTHd B HCM 3allacacTcCs, a
KOoraga KOHACHCATOP pa3psiKacTCsa, OH OTAACT B LCTIb 3alIAaCCHHYIO S9HCPTHUIO.

HpI/I Q= 71 2 nmonoxxutenpHast MOIIHOCTb paBHaA OTpHHaTeHLHOﬁ MOIIHOCTH, pa60Ta TOKa

3a MepHoJi paBHA HYIIO, CIEAOBATEIbHO, CPEIHSS MOIIHOCTh Takke paBHa Hymto. [Ipu 3Tom
MEePUOIUYECKH DHEPIrusl 3aracaeTcsi B MarHUTHOM W JJICKTPUYECKOM TIOJISAX, a 3aTeM CHOBA
nepenaetcs reneparopy. [locnenuuii ciydait Bo3moskeH auib npu R=0.

IloncraBu (12) B (13) u BHIMOJAHUB MpeoOpa3OBaHUs, HaieM cpeaHee 3HAaYEHHE
MOIITHOCTH [I€PEMEHHOI0 TOKa:

P:%ImUmCOS(p=U| CoS¢ (14)

rae COS @ — xocunyc yrna casura das, KOTOPBINA Ha3BIBAETC KOIPPUYUEHMOM MOUHOCTIUL.

CDOpMy.TIa (14) IMOKAa3bIBACT, UYTO pa3BHUBacMas B LICIIU IICPEMCHHOTO TOKAa MOIITHOCTL 3aBUCUT
HC TOJIBKO OT CHUJIbI TOKAa U HAIIPAKCHHUA, HO U OT CABUT'a (1)8.3 MCKAY HAIIPAKCHHUEM U TOKOM.

Kosgppuyuenm mowmnocmu  COSQ  xapaxmepusyem nomepu swepeuu 6 yenu W,

CJIEIOBATENIbHO, SBIAECTCA BAXXHEHIIEHM TEXHUKO-DKOHOMHMYECKOM XApAaKTEPUCTHUKOW IIpH
IPOEKTUPOBAHUU 3JIEKTPOOOOPYJOBAHUS NMEPEMEHHOIO TOKa. Eciau Harpy3sku B 1M UMEIOT
OOJBIINE EMKOCTHBIE M UHAYKTUBHBIE conpoTusieHus, 10 @ #0 u COS®P moxer GbITh MHOTO

MCHBIIIC CANHUIIBI.

B stux cnywasx g mepenadud TpeOyeMoil akTMBHOM MomHOCTH P (1pH 33JaHHOM
HaNpsHKCHWH) HEOOXOMMO YBETMYMBATH CHITy TOKA, YTO IMPHBOIHWT K BBIACICHHIO B IIETH
00JIBIIOr0 KOJMMYeCcTBA TEIUIOTHI. [loaTomMy mpuxoautcs a0 yBEINYUBATh CEYEHHUE MPOBOJIOB
(R~1/S), nu6o pacnpenensTh peakTHBHbIE Harpy3ku Tak, 4to6bl COS @ Gpu1 mo Bo3MOKHOCTH

OJIMKE K €QUHULLE.

Pe3onaHnc B dJjekTpuueckux nengx. PesoHaHnc HanpsKeHU

Pe3zonancom B >neKTpUYECKON LENU HA3bIBAETCS PEXKHUM YYacTKa, COAEPIKaIlero
UHAYKTUBHBI W €MKOCTHBIM 3JIEMEHTBHI, IpU KOTOpoM yron ¢ cnaBura ¢a3 kojeOaHHA

HaNpsDKeHUs] U TOKa paBeH HYJI0. Pe30oHaHC xapakTepusyercs psiioM 0COOEHHOCTEH, KOTOphIe
00YCIIOBHJIM €ro IIMPOKOE NMPHMEHEHHE B PATMOTEXHHKE, JIEKTPOTEXHHKE, HM3MEPHTEIBbHON
TEXHUKE U IPYTUX 00JIacTAX.
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Pa3nnuaroT  HECKOJBKO  BMJIOB  PE30HAHCA:  PE30HAHC  HANpsDKEHWM  (IIpH
MOCJIEI0BATEILHOM COEIMHEHNUHU 3JIEMEHTOB), PE30HAHC TOKOB (IIpU MapajieIbHOM COeIMHEHUN
3JIEMEHTOB), PE30HAHC B MArHUTHO-CBS3aHHBIX LENAX U Jp.

Pezonanc nanpsocenuii. V3 Beipaxkenust (1) criemyer, 4To MpH IOCIEA0BATEIHHOM

coemuuennn R,L,C Tox B menmu npuo6peraer makcumansuoe 3aavenne npu wl — —— =0, 10

ectb mpu WL = ——. DTOMY yCIOBHIO YIOBIETBOPSET YaCTOTA

o, =0, =—F—. (15)

B osrom cumyuae @=0, Z=R-—>mMIiN, nangenns

HaNpsDKCHUS Ha KaTYIIKe HWHIYKTUBHOCTH M KOHJIEHCATOPE
OJIMHAKOBBI 110 BEIIMYMHE M MPOTHUBOIOJIOKHBI 10 (ase
(puc.11). Takum 0Opa3om, pH PE30HAHCE HATIPSIKECHUI

U, =U,,
U, In
U =o, LI ziLl = L| :! L =UQ,
g JLC C RVYC
(16)
rae Q — ToOpPOTHOCTH KOHTYpa.
i,
ll" liz l;m_ _________ !
R! R.’ :
[
~Uu :
|
L C |
| ‘ @ R .
— i U
Puc.12 - Puc.13

T
aK Kak J0OpOTHOCTh KojeOaTelabHbIX KOHTYPOB OOJbIlE €JUHUIBI, TO HAmpsHKeHHe, Kak Ha
KaTyIlIKe UHAYKTUBHOCTH, TaK U Ha KOHJAEHCATOpe MpeBbIlIaeT HanpsbkeHue U, mpuiiokeHHoe K
nenu. W3 Beipaskenus (16) cinenyer, 4ro J0OPOTHOCTh KOHTYpPa MOKa3bIBAET, BO CKOJIBKO pa3 Mpu
pEe30HAaHCE HANpsHKEHHE Ha PEAaKTHBHBIX »JIIEMEHTaX OOoJbllle 10 BEJIUYMHE BXOIHOTO
HaInpsKEeHHUS.
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SIBneHue pe3oHaHCa HANPSHKCHUM MCIHOJB3YETCs B PAJAUOTEXHUKE U JJIEKTPOHMKE IS
YCWJICHHS KOJICOaHWI HaNpsDKEHUS KaKOW-THO0 ONpeeIeHHOW 4acTOThl. B anekTposHepreTuke
SBJICHHE pE30HAHCAa HANpsHKEHWH HEOOXOAWMO YYMTHIBATH MPH  BBIOOpPE  M3OJSIUH
BBICOKOBOJIBTHOTO 00OPY/IOBaHUS, TAK KaK HHAYE MOXKET IPOU30UTH €€ TPOOOH.

Bonpocwt u 3a0anus.

1.

L N o g B~ w D

IlepeMeHHBIN JIEKTPUYECKUH TOK.

JleiicTByolee 3HAUEHNE IEPEMEHHOTO TOKA.
DneKTpuyYecKas LEelb ¢ Pe3UCTOPOM.
DnexTpuueckas Lelb ¢ KaTyIIKOM MHIYKTUBHOCTH.
DneKTpuyecKas Lelb ¢ KOHIEHCATOPOM.

3akoH OMa aJ1s 1eny NepeEMEHHOT0 TOKa.
MrHaoBeHHas MOITHOCTb.

Pe3onanc B QJICKTPHYCCKHUX LICIIAX. Pe3onanc HaprI)I(eHPIﬁ.

3agauu 1Jisl CAaMOCTOSITEILHOIO pelIcHUus

B cetp INEPEMCHHOTO TOKa C HeﬁCTBYIOHlHM HalpsAXKCHUCM 220 B BKIOYEHO aKTHBHOE
COIIPOTUBJICHUEC 55 Om. OHpeI[eJ'II/ITB HeﬁCTBYIOHlee U aMIUIUTYJAHOC 3HAUYCHHUEC CHUJIbL
TOKa.

HeoHnoBas nammna BKJIIOY€HA B CE€Th NEPEMEHHOTO TOKa ¢ 3()(PEeKTUBHBIM HAIpPsKEHUEM
V>=71 B u nepuonom T=(1/50)c. HaiiTu npoMeXyToKk BpEeMEHH, B TE€UEHHE KOTOPOTO
JUIMTCS BCIIBIIIKA JIAMIIBL, ¥ 4aCTOTY BCIBILIEK JIaMIIbl n. HanpsbkeHue 3aKuraHus JTaMIibl
V3=86,7B cunTaTh paBHBIM HaIPSDKEHUIO TralieHust Vr.

B LCIb MOCJICAOBATCIIBHO BKIIIOUYCHBI PE3UCTOP C CONPOTHUBICHUEM R, KOHACHCATOp C
emkocTeio C 1 KaTylnika ¢ HHAYKTUBHOCTBIO L. Ilo LTI MPOTCKaACT HepeMeHHHﬁ TOK.
Onpej:[eJmTe AMIUIMTYAbl HAIPSOHKCHUA Ha KaXXIOM M3 3JICMCHTOB LCNIK U BO BCEH OCITN.
ITo KaKOMY 3aKOHY U3MCHACTCS MPUITOKCHHOC K LICTIN HaHpH)KeHI/Ie?

IIpakTH4yeckoe 3ansTHe 14.

Tema 3anamusn. Bonnosas ontuka. UHTepdepenus u nudpakuus cBera.

lleﬂb 3aHamuA. HBy‘II/ITL OCHOBHBIC 3aKOHBI FeOMeTqueCKOﬁ OIITUKH.

3uanua u ymenus, npuodpemaemole CHyOeHmMOM 6 pe3yibmame 0C60CHUS MeMbl,
dopmupyemvie Komnemenyuu. 3aK0oH NPSIMOJIMHENHOTO PACIIPOCTPAHEHMSI CBETA B OJTHOPOAHOMN
cpene. OcHoBHBIE 3ak0HBI oNTHKHU. [TomHOe Tpaxenue. JInunszel. ®opmyna nuH3bl. Bnageer
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CIOCOOHOCTBIO MPUMEHSTH COOTBETCTBYIOLINH (PU3HKO-MaTeMaTHUECKU arnmapaT Mpu pelieHuH
po)eCCHOHAIIBHBIX 3a]1a4.

AKmyaJlbnocmb membl. OCHOBHBIE 3aKOHBI FGOMeTqueCKOﬁ OIITUKU IIPUMCHACTCA IIPpU
PEIICHUN MHXXCHEPHBIX 3a1a4.

Teopemuueckas uacme.
3aKOH NPSAMOJIMHEHHOT0 PACPOCTPAHEHUsI CBETAa B OJITHOPOJHOM cpeje

[TpsIMOTMHEHOCTh CBETOBBIX JIydel O3Hadaer, 4To (opma TEHH MpeaMeTa MpH €ro
OCBELICHUU TOYEUYHBIM HCTOYHHUKOM COOTBETCTBYET I'€OMETPUUYECKON yeHmpanvHou npoekyuu
KOHTypa mnpeaMera (C LEeHTpoM B ucTOYHMKE). [IpencraBiieHre O MpSMOIUHEHHBIX CBETOBBIX
Jydax MCHOJIB3YETCd B HWHCTPYMEHTAIBHOM ONTUKE I KOHCTPYMPOBAaHUA M pacyera
ONTUYECKUX MpHOOpOB. B onTHUecku HEOTHOPOAHBIX Cpelax TIeoMEeTpUYecKass OITHKa
JIOIyCKAaeT U HENPSIMOJIMHEWHOE PACIIPOCTPAHEHUE CBETA.

3aK0oH He3aBHCHMOCTH CBETOBBIX JIy‘IEﬁ

OmnbBIT TOKAa3bIBa€T, YTO CBETOBBIC IYYKH TMPU TIEPECEUCHUH, KaK TMPaBHIO, HE
BO3MYIIAIOT ApYyr Apyra. [Ipou3BoaumMoe OJHMM MYyYKOM JEMCTBHE HE 3aBUCUT OT HAIMYUS
JpYyruX Iy4KOB. MareMaTudyecku 3TO O03HAYAeT, YTO IPU HAJOKEHUU HECKOJIBKUX CBETOBBIX
IIYYKOB PE3YJIbTUPYIOLIAsi HHTEHCUBHOCTh IIyYKOB pPaBHA CYMME MHTEHCUBHOCTEM, KAXKIOr0 U3

n
ITy4YKOB |: Z Ii , TO €CTb 3J€Ch MbI npeHe6peraeM BOJHOBBIMM CBOMCTBAMH CBETa
i

(unTepdepenuueit u audpaxmueir). Kpome Toro, 3ToT 3aKOH CTPOro CHpaBeUIMB JUI BaKyyMa.
Jlns cBeTOBBIX Jyuell B BEIECTBE 3aKOH HE3aBUCHUMOCTU CBETOBBIX Jy4dell CIIpaBeiuB s
JIUHEUHbIX CPEll, ONTHYECKHE CBOMCTBA KOTOPBIX HE 3aBUCAT OT MHTEHCHUBHOCTH CBETa. JTO
BBINOJIHSAETCSI TOYHO MPU HEOOJBIION M NMPUOIMKEHHO IPU YMEPEHHOM MHTEHCHBHOCTH CBETA.
[Tpu pacnpocTpaHEeHUH CBETA BHICOKOW MHTEHCUBHOCTH B BEIIECTBE ATOT 3aKOH HapyILIaeTCsl.

3aKoH oTpa’keHHus cBeTa

HpI/I NnaacHuu Jiyda CBCTAa Ha TIpaHUNY pa3jcila JABYyX Cp€ld, B TOYKE IAaACHUA
BOCCTAHABJIMBAKOT HOPpMAJIb K TIpaHULEC pa3acila U OTCUUTBIBAOT YTOJ
NaJcHUusA &, KaK Yrojl MEXIy MaJaroluM Jy4OM H© HOpPMaJlblo, a yroia

'

o a

OTpaxkeHHs (' - KaK YroJ MeXIy OTPaKEHHBIM JIYH4OM U HopManbio. Torma v
3aKOH Ompax)ceHus céema TIACUT: Y4 Nao0arowull, 1y4 OMPANCEHHbIU U
HOpMAlb K Oompaxcaroujell N0GepXHOCMU 1excam 6 O0OHOU NIOCKOCMU, Hpuyem Y20l NnaoeHus
PAaseH yeny ompadiceHus . = a.'.

3aKoH nmpeJIOMJICHUS CBeTa

bonee croxxHBIA 3aKOH UMEET MECTO IPU NEPEXOAE CBETA U3
OZIHOH cpenpl B apyryro. llpu majneHun cBera Ha rpaHuily paszeina
IPO3payYHbIX Cpel ¢ A0CONIOTHBIMM TOKA3aTeNsIMU IPEIOMIICHHUS

C C

nl =" n2 =~ 4YacCTb CBCTA OTPAXKACTCsA, 4 4aCTh IPOXOAUT BO
v \'

1 2

BTOPYIO  Cpeoy, UW3MEHSS  HalpaBlICHHE  PaCIpPOCTPAHCHUS
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(mpenomisietcs). 31€Ch ¢ — CKOPOCTh CBETA B BaKyyMe, V — CKOPOCTb CBETAa B COOTBETCTBYIOILIEN

cpene. Yroia K HOpPMalH, MOJA KOTOPBIM CBET pPaclpoCTPaHsAETCsl BO BTOPOM Cpefie, Ha3bIBAIOT

yriioM npenomienus B. Torna 3akon npenomaenus TIACUT: 1YY nAOAIOWUI, 1YY NPETOMAEHHbII U

HOpMaNb K NpelomMisiouels N08epXHOCMU 1edcam 6 OOHOU NIOCKOCMU. Y201 nadeHus u y2oi
sina

sing

IPEJIOMIICHUS] BTOPOH Cpellbl OTHOCHTENBHO mepBoi. N, = —=—.

NPeNoMIeHUs CBA3AHbL COOMHOULEHUEM.: =n,, rae N, - oTHOCHUTENBHBIA KOYPOULHEHT

21°

3,[[6CB Pas3IiMiaroT aABa Clryvdas:

1. Korma cBer mepexoAaMT W3 ONTHYECKHM MEHee IUIOTHOW cpenbl B ONTHYECKH Oolee
mwioTHyto cpexy (N, > N,), yroa npenomieHus Mensire yriua nagenus (£ < « ). B atom ciydae

J0JIA OTp&)K@HHOﬁ OHEPIUuU CBETOBOTO JIy4da OT I'PpaHHUIIbI pa3Ziciia ABYX CpCA CUJIbHO BO3PACTACT
mo MEpC YBCIMYCHHA YyIJia IMaACHUA. OI[HB.KO AaXE IPU OYCHDb 0OIBIINX yriax mnaacHusd,
OIM3KHUX K 900, KOT'Jla CBETOBOI JIy4 IIOYTH CKOJIB3UT BIAOJIb IIOBCPXHOCTHU pa3iC€iia ABYX CpPCU,
BCE K€ YaCTh CBETOBOM OHEPIUU NEpexXoauT BO BTOPYIO CpCay.

2. HoBoe mHTEepecHOE SIBJICHHWE BO3HHKACT TOT/A, KOTZA CBET MEPEXOIUT M3 ONTHYCCKU
OoJsiee TUIOTHOM Cpelbl B ONTUYECKH MEHEEe IUIOTHYIO cpeay (
N, <N,). Torma yron mpenomicHus OonbLIe yria maaeHus (

[ > ). 3nech Takke NOIsE OTPaKECHHON SHEPIHU BO3PACTaeT C

YBCIMUCHUCM YyIJla IHaJACHHA, OIHAKO BO3paCTaHUC HIACT II0
HHOMY 3aKOHY: HAa4UuHdAAd C HeKomopoco yeid na()esz, 6CA
ceemoesas sHepeus ompasicaemcst on cpanuyvl pa30eﬂa. 910

ABJICHUC HOCUT HA3BAHUC NOJMHO20 6HYMPEHHECO OMPANCERUAL.
Yron maaeHusd a,p, Ha4nHasa ¢ KOTOPOIro BCA CBECTOBAS SHCPIHA OTPAXKACTCA OT IPaHULbI pa3cia,
Ha3bIBACTCA npedeﬂbubm Yeaom nOJIHO20 6HYMPEHHe2O0 OmpadsitCerHusl. 3HaUyeHHUe 3TOro yria

OIIPEEIIAETCS BEIPAKECHUEM: SinO!np =N,,. Ilpu nasenuu jydya ¢ yriom najenus & >, ,

BCSl CBETOBAsl SHEPTUSl OTPAXKAETCS B MEPBYIO CPEAY U HE MPOXOJUT BO BTOPYIO, IPEIOMIIEHHOTO
Jy4a BO BTOPOH CpeJie HET.

CaencTBusi M3 3aKOHOB reOMeTPHYECKOIl ONITUKHU
doxkycHOe paccTosHUE CHEPUUECKOro 3epKaia
F=R/2,
rae R — paguyc KpuBHU3HBI 3epKaa.
OnTuueckast cuia cheprudeckoro 3epkaia
D=1/F.

dopmyra chepruecKoro 3epkaia

L1 1,1
F d f
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rae d u f — paccTosiHMs OT MOJIOCa 3epKajia COOTBETCTBEHHO JIO MPEIMeTa M H300paKeHus. 3HaK
IUTIOC COOTBETCTBYET IEHCTBUTEIbHBIM BEJIMUNHA, @ 3HAK MUHYC — MHUMBIM.

OnTuueckas cujia TOHKOM JIMH3BI

1 n, 1 1
i -1 —+—
F (g R, R,

D=

rac F - (bOKYCHOG pacCTosIHUE JIHH3BI, N; — a0COJIFOTHBINM ITOKa3aTelb MMPECIOMIICHUA BEIICCTBA
JIMH3BI, ncp — aOCOJIIOTHBIN ITOKa3aTeb IIpCIOMIICHUSA OKPY)KaIOH_[eﬁ CpE€abl.

Pamnycel Bemykiibix moBepxHocter (Ry u Ry) O6epyTest co 3HaAKOM ILIIOC, BOTHYTBIX — CO
3HaKOM MUHYC.

OnTuueckas cuia ABYX TOHKHUX JIMH3, CJIOKEHHBIX BIUIOTHYIO
D =D; + Ds.
dopmyiia TOHKOH JIMH3BI

1 1.1
+ =4
F d f

rac duf - pacCTosdHuss OT OITHUYCCKOIo HCHTpa JIMH3blI COOTBCTCTBCHHO OO0 IIPEAMCTAa U

n300paxeHus. 3HaK IUIIOC COOTBETCTBYET JEHCTBUTENIbHBIM BEJIMYMHA, A 3HAK MUHYC —
MHHUMBIM.

VYrii0Bo€ n300paXKeHUE JIyIIbl

rie dg — paccrosiHue Hamydirero 3penus (do = 25 cm).

VYrnosoe YBCIMYCHUC TCJICCKOIIa B CJIy4dac, KOrla B TEJICCKOII Ha6J'IIO)IaIOT YAAJICHHBIC

F
IpEMETHI =—"

=

2

Tac Fl n F2 - q)OKYCHBIe pacCcTodHud COOTBCTCTBCHHO 00BEKTHBA U OKYJIsApa.

IIpuMepsl pelieHus 3aa4

3agauya 1. CgetoBoil nyu magaer mox yriom o = 60 © Ha

o
o n
IUTOCKOIMAPAUIEIbHYIO CTEKISHHYIO TUIACTHHKY TONIIHMHON d = \g - =L 10
cM. Omnpenenure cMemieHHe S Jiyda IUIACTUHKOW, eclu 3~
OoL— ~
IUTACTUHKA TOTrpy)keHa B Boay. llokazatenu mpenomieHus d B B
CTEKJIa M BOJBI COOTBETCTBEHHO paBHBI Ny = 1,5, n; = 1,33. c T~
A C
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daHo:

Pemienue. M3 npsAMOYroiabHBIX TPEYrOJbHUKOB
AOB v BOC cnenyer:

o=60°
d=10cm
n]_ = 1,33 d = - S e CO.
COS SINla —
S-? Ortcro1a cMeleHue jJyJa MIacTUHKON
dsin(x — . cosasin
S:M=d Slna——'B . @
cosp cosp
ITo 3akony npenomieHust
Ssinad n _ n, sina
—=—2, sinf=- : )
sing n n,

CrnenoBaTeiabHO,
- 1 -
cos B =+1-sin* f=—,/n? —n’sin’a . (3)
n2

[Toncrasiss Beipaxkenus (2) u (3) B popmyny (1), momyuum

: nn in : n, sin2
S =d| sing —— Zcosas_ ¢ |=d|sina- 1 0_[ =
n,/nZ —n’sin’a 2,/nZ —n?sin’ a
~ 10| sin60" — —_~=3SIN120 ~ 267 o

2,/15% —133° sin” 60°

3agauya 2. BHyTpeHHsS NMOBEPXHOCTh KOHYCa IMOKPBITA OTPAXKAIOIIMAM CIOEM, O0pa3yroIIUM
KOHMYECKOE 3epKajio. B1oib ocu KOHyca BHYTpH HETO HaTsAHYTa cBeTsALIascs HUTh. Onpenennure
MUHHMAJIbHBII YrOJ pacTBOpa KOHYCA Olmin, NPH KOTOPOM Jy4YH, MIYLIME OT HHUTH, OyIyT

OTpaXaThbCA OT MOBEPXHOCTU KOHYCA HE Ooinee OIHOT'O pasa.
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Pemenne. Paccmorpum xox nyda (1), ucmymenHoro Toukoil 4, nexamed Ha Hutu. [locne
MIEPBOTO OTPAKECHUSI OT KOHUYECKOM MMOBEPXHOCTH B Touke B iyd 1 moiiger Tak, kak eciau Obl OH
BBIIIIET U3 TOYKU A’ — MHUMOTro u3o0paxenus Touku 4. Ecnm yron pactBopa KoHyca Mai, TO
Touka A" — nzo0paxenune ToUku A OyneT nexarsb Boiiie npsimoit OC (puc. a). Torga imya 1 moxer
OTpa3uThCsA B TOUYKE /[' BTOPOH pa3 OT HUXKHEH MOBEPXHOCTH KoHyca. Ilpm Oombiom yrie
pacTBopa KoHyca Touka A’ jexut Hke npsamoit OC (puc. 6).

Torma HM OJWH Jy4, BBIIIEAUIMNA U3 TOYKH A BTOPOM pa3 HE MOMAJET Ha 3€pKajo. ITO
OyJleT UMEeTh MECTO, €CIIH

JA'ONl + ZAOJ + ZAOC > 180 °. (1)

Ho £A0C = ZAOH = ZA'OJ = o / 2. IlogcraBuM BeIpaxkeHue st yriioB B (1):
3(a/2)>180°.

Otcrozia nmosyunm

Olmin 2 1200.
3agauya 3. Ha onTudeckoii ckambe ycTaHOBIIEHA JaMroyka JI (ee MOKHO T
1
CUUTAaTh TOYCYHBIM HCTOYHHKOM CBeTa). OT JaMIOYKH OTOABUT'AOT C ‘/J ij
MOCTOSITHHOM CKOPOCTBIO Vo COOMPAIOIIYIO JIMH3Y, (POKYCHOE PACCTOSIHUE »L 0

KOTopoil paBHO F. B kakylo CTOpOHY, M C Kakod CKOPOCTbIO Oyner
JIBUTAThCS M300paxkeHwe .JI' JIaMIOYKM B TOT MOMEHT, KOrJa JIMH3a OKaXeTCs OT Hee Ha
paccrosiauu 1,5F? Jlamnouka Bce Bpemsi OCTaeTCsl Ha TJIaBHON ONTUYECKOW OCH JIMH3BI.

ral s
Jano: Pemenne. B cucreme orcuera, CBSI3aHHOW C - 4( 0 T X
d=15F JIMH30H, CKOPOCTB JIAMITIOYKH —
Vo V' = v
Vy—? [Iponuddepenuupyem Gopmyiny THH3BI
1_1.1 "
F d f’

rae d — paccTosiHUE OT MpeaMera 10 JUH3bL; f — paccTosHUS OT M300pakeHus 10 JUH3BI; F —
(boKyCcHOE pacCTOSIHUE.

d’dt  f?dL

dd
3I[CCL _d =V, — TIOJIOKUTEJIbHAsA BECIWYNHA, TaK KaK pacCTOSTHUE JO NMPEAMETA YBCINYUBACTCA.
t

Ckopoctb u3menenus f o6o3naunm U:

df f?

U=—=——v,_.
dt d? °
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U3 Beipakenus (1) naxonum f:

Fd _F-15F _,_

f = = =
d-F 15F-F

Torna
9F°v,
- =—v,.
(15F)

3Hak «MHUHYC» T'OBOPUT O TOM, 4YTO f YMCHbBIIACTCA 11O BCJIUYHHE, T.C. I/I306pa)KCHI/IC JJaMITIOYKH
ABWIKCTCA 110 HAITPABJICHUIO K JIMH3C.

CKopocTh n300pakeHus B HEMOABM)KHOM CUCTEME OTCUeTa
Vy = Uy + Vgy = -4V + Vg = —3Vo.

TakuM 00pa3oM, H300paKEHUE JIAMIIOYKH JBMIKETCS O HANPABICHUIO K JIMH3E CO
CKOpPOCThIO 3Vo.

3agaua 4. Jlyu cBera majaer moj yrjioMm oL Ha IOBEPXHOCTb CPEMbI C

nokazarejeM MPEIOMJICHHS, U3MEHSIONIEMYCs 10 3aKOHy N = Ng + Ky, & N
rme Np u K — moJoKuTeNbHBIC TOCTOSHHBIC, Y — KOOpMHATA. 0 T x

|
Onpenenure TpPaEKTOPHIO Jiyda CBETa B CPEIE. |

|
Pemenne. [lns mo0oi Touku A, nexaiieil Ha TPaeKTOPUH Jyda (CM. yr-——-- A
pHC.) MOKHO 3alHCaTh:

y B
d ctg B, 1)

rzie B — yroma npeaoMiIeHus Jiyya.
M3 3akona MMpEJIOMJICHUSA CBCTA CIICAYCT
sin/sinp =n.

Orcroga

_ _ — Jn? —sin’ a
sinf=sina/n, COSB=41-sIn" S = » : @)

[ToncraBum Beipaxenus (2) B (1):
dy +n®-sina
dx sinag
Orcrona

Sina

dx=dy ——.
An® =sina
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HHTerpupys 3T0 ypaBHEHUE, HAUJEM TPACKTOPUIO JIyda

X=Jy. SIina dy:} SIna dy=

»v/n? —sina 2,J(n, +ky)? —sina

_sina (no.+ kijr /n0'+ ky 4
K sina Sina

[Toce HECTOKHBIX TPE0OPA30BAHUNA TTOTYUHM:

X = S'”“ln[(n +ky)+/(n, +ky) —sin‘a|+C,

rae C——%In(n +4/n; —sin a)

3agauya 5. J[Be TUTOCKOBBITYKJIBIC JTMH3bI, CJIOKEHHBIC INTIOCKUMH CTOPOHAMH, 00Pa3yroT JIMH3Y C
doxycHbIM paccrosiHueM F1. Haiitu dokycHoe paccrosiaue F, TUH3BI, KOTOpasi HOTYyYUTCS, €CITU
CJIOKHUTDH OTHU JIUH3bI BBIITYKJIBIMHA CTOpOHaMI/I, a HpOCTpaHCTBO Me>1<z[y HUMMHA 3aIIOJIHUTH BOI[OI\/’I.
[Tokazarens npenomieHus crexia N1=1,66, Boas! N;=1,33.

Jano:
B niepBoM ciyyae Mbl IMeeM BOSIKOBBIMYKITYIO JIMH3Y, onTudeckas F1=10cm
CHUJIa KOTOQOM omnpeesiercs mo Gopmyrie n;=1,66
1 1 1
&, ===(n-1)| =—+=|, (1)
F R
1 R, 2
n,=1,33 rae Ry u Ry — paanycel KpUBHU3HBI BBIMYKIBIX TOBEPXHOCTEH JIMH3.
Bo BTOpOM ciydyae K IBYM IUTOCKOBBITYKIIBIM JTUH3aM Jio0aBisieTcss  Fp=?

TPEThs JIMH3a (BOILSIHa}I) C BOTHYTBIMH ITOBCPXHOCTAMU, C OTPULIATECIIb-

HBIMH pajinycamMu KpuBH3HBI R1 u Ry 1 onThueckoit cuioit

1 1
_ 1) = _
(”21 ) R R, (2

31ech Np1 = Ny/ Nj— OTHOCKUTENBHBIN TTOKA3aTeNb MPEIOMIICHUS.

o=t
=

OnTrueckas cuia CIIOKSHHBIX BIITOTHYIO JIMH3
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@22@14-@ UIn FZZEl—l_E 3)
[ToacraBum B (3) Bepakenue (2)
11 (n-1) _i_i]:i_(nz_l). 1,13
F, F R R, F, R R,
1 1(1 1 “
:——(nz—l)nl_ o — I
|:1 nl_l R1 Rz

[ToacraBum B (4) neByto yactsb (1):

n-1 __ 166-1 066

= 10= -10=20cm™m.
- N, 1,66-1,33 0,33

OTKyZa F2 =

Bonpocwt u 3a0anuas.

1. 3aKOH MPSAMOIMHEIHOIO pacpoCTPaHEHUsI CBETA B OJJHOPOJAHOMN Cpelie.
2. OCHOBHBIE 3aKOHBI ONTHKHU.

3. ITonmHOE TpaskeHue.

4. JIun3zpl. @opMyiia JIUH3BI.

3agauu aJ1sl CaMOCTOATEILHOTI0 pPeUICHUSA

1. TInockoBRINyKIIas TMH3a ¢ (OKYCHBIM paccTostHueM f = 1 M JIKHUT BBIMYKJIOH CTOPOHOW Ha
CTEKJIIHHOW MiacTuHKe. Paanyc nsaroro TeMHoro kosela HetoToHa B oTpaxkeHHOM cBete I5=1,1
MM. OnpenenuTh JUIMHY CBETOBOM BOJHBI A.

2. Ontuueckas cuna @ obwvekTuBa Teneckona pasHa 0,5 qntp. Okynsip AeWCTBYeT Kak Jyrma,
narontast ysenuuenue /1 = 10. Kakoe yBenuuenue /> naer teneckon?

3. Jlyma naer yBenuuenue /=2. BmioTHylo K Hel NpPUIOKHUIM COOUPAIOLIYIO JIMH3Y C
onrtudeckoil cuinoit @1=20 nntp. Kakoe ysenuuenue /» OyaeT 1aBaTh cOCTaBHas jyna?

4. TIpenenbl akKOMOAALIMY Ta3a OIM30PYKOTo YesloBeKa 06e3 OUKOB JIeKaT MexXAy a1 = 16 cMm u ap
= 80 cm. B oukax OH XOpOIIO BHUIMT YAaJeHHble MpeaMmeTbl. Ha KakoM MHMHHUMaJIbHOM
paccrosiuud 0 OH MOXeT Jep)KaTh KHHUTY TpU YTeHHH B oukax? CuuTaTh pPacCTOSIHUE
Hauyyiero 3peaust D=25 cm.

5. UenoBek 06e3 OYKOB YMTAET KHUTY, pacmojiaras ee mnepej coboit Ha pacctosHuu a = 12,5 cm.
Kakoli ontnueckoil cuibel @ OYKHU CIIEyeT EMY HOCUTh?

6. 'maBHOe okycHOE paccrostHue f coOuparoreli TUH3bI B Bo3ayxe paBHo 10 cm. OnpeaenuTs,
4yeMy OHO paBHO: 1) B Bozie; 2) B KOPUUYHOM Macile.
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7. KakoBO BO3MOXHOE HaMMEHbIIIEEe paccTosiHUE | MEXIy MpeaMeToM U ero AeHCTBUTEIbHBIM
U300pakeHHEM, CO3aBaeMbIM COOMpPArOIIEH JTHH30M ¢ TJaBHBIM (POKYCHBIM pacctosiHuem f =12
cm?

8. JIyd cBera mepexonuT U3 Cpelbl C MOKa3aTeaeM INPEeIoMIICHHs Np B Cpely C IOKa3aTeaeM
npesnoMieHus Np. IlokasaTe, 4TO €cCiM Yroil MEXKIAy OTPaXCHHbIM U IIPEIOMIICHHBIM H

n
2
PEJIOMJICHHBIM JIydaMH paBeH 7/2, To BeimonHsieTcs ycnosue Qg = — (6‘1 -yroJ najeHus).
1

9. Ily4yok mapajuieNIbHBIX JIy4ed MIMPUHOM a MajlaeT Ha TOJICTYIO CTEKJISHHYIO IUIACTUHY MOJ
yriioM ¢ = 60° u, nperoMIIssICh, nepexoaut B ctekio. [llupuna a nydka B Bo3ayxe paBHa 10 cm.
OmnpenenuTh mupuHy b mydka B cTekIe.

10. JIyy mamaer mox yriaoM & = 60°Ha CTEKIAHHYIO ILIaCTUHKY Toimmuor d =30 mm.
Onpenenutb 00KOBOE cMelIeHrne AX Jiyda rmociie BbIX0/a U3 MIaCTHHKH.

IIpakTHyeckoe 3ansitue 15.
Tema 3anamus. KBaHTOBas NpUPOIA U3ITYIECHUS

Ilens 3anamus. VI3yunth OCHOBBI BOJHOBOW onTuku. MHTepdepenuuto u audpakuuio
ceta. /lucnepcuio U Moyspu3aluio CBETa.

3nanua u ymenus, npuodpemaemvie CHYOeHMOM 6 pe3ynbiname O0C60EHUA MeMbl,
¢opmupyemvie Komnemenyuu.  DIEKTPOMArHUTHas npupoia cBeTa. KorepeHTHOCTh H
MOHOXPOMAaTHYHOCTh CBETOBBIX BOJH. OmTHYeckas JIMHA MYTH W ONTHYECKas Pa3HOCTh XOfa
aydeid. Pacuer wHTep(hEpeHIIMOHHOW KapTUHBI OT JBYX KOT€PEHTHBIX HCTOYHHUKOB.
WutepdepeHiiyst B TOHKUX IuleHKax. MHTepdepeHus MHOTUX BOJH. JJudpakinonHas pemerka.
Hudpakuus cBetoBbiX BOJNH. [lpuHuun [roiirenca — @penens. Metog 30H @Dpenens.
Hudpakuus PDpenenss u gudppakuus Dpaynrodepa. Audpakmus ot menun. dudpaxuus
PEHTI€HOBCKUX Jy4el Ha KpucTayuiax. EcTecTBeHHBIN U MONIIpU30BaHHBIN CBET. 3akOoH Maitoca.
[Monsapusanust cBera MNpH OTPAKEHWHM W MpPENOMICHHU. [IBOHHOE IydempenomieHHE.
Hopmanbehas n aHoManbHas JUCHEPCHH. DJEKTPOHHAs TEOpHs JWCHEepCHH cBera. PaccesHue
csera. [lormomenne cBera. CBsA3p aucnepcuu ¢ noriomeHneM. CIeKTpsl MOTJIOMEHHs U [IBEeTa
Tes. Brageer crmocoOHOCTBIO MTPUMEHSTh COOTBETCTBYIOIINH (DU3MKO-MaTeMaTHUECKUI anmapaT
IPY PEUIeHNH MPO(EeCCHOHATBHBIX 3a/1a4.

Axmyanbnocms mempl. DJIEMEHTHl BOJHOBOM ONTHUKU MPUMEHSETCS MpU PEleHUU
MHXEHEPHBIX 3ajau.

Teopemuqecmm yacmo.

HNurepdepenuus csera

B BOIHOBOI1 ONTHKE paccMaTpUBAIOTCS ONTUYECKUE SBJICHUS, B KOTOPBIX NPOSIBIISETCS
BOJIHOBAs NpUpPOAA CBeTa (HarpuMep, SBJICHUS MHTep(epeHunu, TUPpaKkLny, MOISIpU3aLUU U
mucriepcun  cBeta). CBeT mpeicTaBisieT co0OM  3JIEKTPOMAarHUTHBIE BOJIHBL, B KOTOPBIX
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COBEPINAIOT KOJICOAHUST BEKTOPHI DJICKTPUYECKOW HAINpsHKEHHOCTH FE W MarHuTHOM
HanpsbkeHHocTn  H.  Kak  moka3blBaeT  OmbBIT, (U3HOJIOTHYECKOe, (OTOXUMHUYECKOE,
(OTORIEKTPUYIECKOE M JIPYrHe CBOWCTBA CBETA BBHI3BIBAIOTCS KOJCOAHUSMHU DICKTPUUYECKOTO
BEKTODA.

B cooTBeTcTBMM ¢ 3THM, B JallbHEHIIEM, TOBOPS O CBETOBOM BEKTOpe, Oyaem
oJipa3yMeBaTh I0J] HHM BEKTOp HANpPsHKEHHOCTH OJJIeKTpudeckoro mons E. AHenenue
unmepgepenyuu céema cocmoum 8 YCUNeHUU UIU O0ciadieHuu Koiebauuil, Komopoe
APOUCXO0UmM 8 pe3yabmame CLONCEHUST O8YX UNU HECKOIbKUX BOJH C OOUHAKOBLIMU NEPUOOAMU,
PACRPOCMPAHAIOWUXCSL 8 NPOCMPAHCMEe, U 3A8UCUM OM  COOMHOWIeHUsT MedHcoy azamu
CKILAObIBAIOWUXCS KOeOAHUIL.

Heo6xonumeIM ycioBueM HMHTEPGEPEHIMH BOJIH SIBJISETCS UX KOT€PEHTHOCTh, TO €CTh
PABEHCMB0 UX YACMOm U NOCMOAHHASL 60 6pPeMeHU pasHocmb  ha3z. ITOMY YCIOBUIO
YIOBJIETBOPSIIOT TOJBKO MOHOXPOMAaTHYECKUE CBETOBBIE BOJIHBI, TO €CTh BOJIHBI OJTHOTO LIBETA.
Jl71s1 cBETOBBIX BOJIH, TakK K€ KaK U JJIs JJH0ObIX IPYTHX, CIPAaBEUIMB MPUHIUI CYIEPIIO3UILIUU, TO
€CThb PE3YJbTUPYIOIUN CBETOBOM BEKTOP ABYX BOJH, MPOXOIAIIMX 4Y€pEe3 OAHY TOUYKY, PaBEH
BEKTOPHOM CyMME CBETOBBIX BEKTOPOB KaX10i U3 BOJIH B OTJEIBHOCTH.

AMIUIUTYa pE3YJIbTHPYIOIIETO KOJICOaHUsT HAXOMUTCS IYTEM T'€OMETPHUYECKOro
CIIO)KEHUS aMIUTUTYJ HMCXOIHBIX KojeOaHWi. VYCIoBHA YCWICHHS WM OclalbJeHus
pPe3yJIbTUPYIONIETO KOJICOaHUs O0BIYHO (HOPMYITUPYIOTCS HE 4epe3 pa3HocTh (a3 Ag, a uepes
pasHocTh X0/1a BOJIH O. I3BecTHO, 4TO (pase ¢ = 7, COOTBETCTBYET MPOWICHHBIN BOJTHOBOM ITyTh,
paBHBIN MoNoBUHE KMHBI BOoIHBI A/2 (Puc.l). Toraa ycioBue MakcUMyMOB HHTep(hEpeHIINH
MOXKHO C(OPMYIHPOBAThH CIEAYIOINM 00pa3oM: MaKCHUMAIbHOE YCHUJICHHE PEe3yJIbTUPYIOIIEro
KoJIeOaHUsl HAacCTylaeT, €CIM Pa3HOCTh XOJla CBETOBBIX BOJIH PaBHA YETHOMY YMCIY IOJIYBOJH,
WIIY TIeJIOMY YHUCITy JUTWH BOJIH, TO €CTh

W
; N2

5 = 2k E = kﬂ, . . r +

(1) | INL: [Pz
i X
» N ! " * + . ,

FJ L
AHaJIOTUYHO o -
GopMymnupyeTcs ycnoBue

MUHUMYMOB: ocllabjieHue
Pe3yIAbTUPYIOIIETO

KosiebaHuss Oyzaer, eciu
Pa3HOCTh Xoza
cllaraéMbIX BOJIH paBHA
HEYETHOMY qHUCITY
HOJTYBOJIH, TO €CTh

Puc. 1.



5 =(2k +1)§, 2

rae K= 0,1,2... Ha3pIBaeTCs MOPSIKOM HHTEP(PEPESHIIMOHHOTO MAKCUMYMa WJIM MUHUMYMa.

Pemenue 3amau Ha HHTEPHEPEHINIO CBETA HA0 00s3aTEIHLHO COMPOBOXKIATH PUCYHKOM,
yKa3aTh B HeM, Kakue Jydd HHTepepupyroT. CieayeT pa3nudaTh IyTh TEOMETPHUECKUI U ITyTh
ontuyeckuil. Ecau cBeT MpOXOAUT B cpele, NMoKa3aTellb IPEIoMIIEHUsT KOTOPOM OTHOCUTEIBHO
BaKyyMa paBeH N, TO ONTHYECKas JIMHA ero MyTH S CBs3aHa ¢ reoMeTpudeckoii £ ciemyromum
COOTHOILIEHUEM

S=n/ (3)

[Ipu otpaxkeHuu iyda OT cpeisl Oojee IUIOTHOM, yeM Ta cpefa, B KOTOPOH HIET
najaoumi 1yd, gasa kojeGaHUM U3MEHseTCs Ha 77 paJuaH, TO €CTh B JIaHHOW TOYKE, TOBOPAT,
IPOUCXOIUT «IIOTEPs» MOJOBUHBI JJIMHBI BOJHBL. Hanbonee TUIMYHBIM M pacipOCTpaHEHHBIM
npUMepoM HUHTEpPEPEHIINH CBETa B NPUPOAC SBIACTCS WHTEPPEPEHINS B TOHKUX IUICHKAX:
MBUIbHBIE IY3bIPU, pajy’kKHas IUIEHKa He(TH Ha BOjE, OKCHJbI IUIGHKM Ha MeTalax U T.A.
JlomycTiM, 4TO TOHKYIO IUICHKY TOJIIUHOM O okpykaeT Bo3ayx (puc.2). Ha Hee moxa yriom o k
HOpMAaJIM MaJlaeT NapaiedbHbId MYyYOK JIy4ei, U3 KOTOPOro MOKHO BBIIEIUTH /Ba jy4ya 1 u 2
(paccMaTpuBaeTcst MHTep(depeHLns B OTpakKeHHOM M MpoxojsieM cBere). /g pasHocTH xona
9TUX JIy4el UMEIOT MECTO CIIEAYIOLINE BBIPAKECHUS:

a) B OTPaXEHHOM CBeTe: 2-0i Jyd, oTpaxkasick B Touke C OT cpeabl OoJiee MIOTHOM MIIEHKU
«repsieT» A/2, MOATOMY Pa3HOCTh X0/1a

o = 2dncosd +%:2d\/n2—sin2a+§; 4

0) B IPOXOJIALIEM K€ CBETE HU 1-bIi, HU 2-0H JIyul HE UMEIOT «IIO0TePU» A/2 1 MOATOMY

d =2dncosy =2dvn’ —sin’* « . (5)

PaccmaTpuBasi nHTEppEpeHIIMI0 CBeTa B TOHKUX IJICHKAX, Pa3jMyaloT MOJOCHl paBHOM
TonuuHbl. [lepBble HaOMIOJAIOTCS B TEX ClydyasiX, KOTJa Ha IMJIOCKONApajUIeNbHYI0, TOHKYIO
IUICHKY MaJaeT IOJA pPa3HbIMU YIJIAMU @ PACXOMAIIUMICS (WM CXOMSIIUICS) Iy4OK CBETa.
HNuTepdepeHIMOHHYI0 KapTUHY MOXKHO BHJETh Ha JKpaHe J, yCTAaHOBJIEHHOM B (hokaabHOU
MJIOCKOCTH COOMPAIOIIEH JIMH3BI.

I 2!
=

0

I1aCTUHKA

Puc. 3.
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PesynpraThl nHTEpPEPEHINN OTPAKEHHOTO CBETA B PA3JIMYHBIX TOUKAX SKpaHA 3aBHCAT
TOJBKO OT YIVIOB « MaJeHHs Ha IUIEHKY. MHTepdepeHLMOHHbIE IOJOCHI B 3TOM Clydae
Ha3bIBAIOTCSA II0JIOCAMH PAaBHOIO HAKJIOHA, TaK Kak OHM IIOJNIYy4alOTCsd B pe3yJbTare
UHTEepEpEHINH JTydeid, MagaonuX Ha IUICHKY 0/ OJHUM U TeM ke yriioM. [ pa3HbIX moJoc
yIJIbl NAJCHUS PA3JIUYHBIL.

[Tonocel paBHOM TOMIIMHBI HAOIIOJAIOTCS IPU OTPAKECHUU MAPAJUICTBHOTO MTy4YKa JTy4ye
cera (d = const) oT TOHKOW NPO3paYHON IUICHKH, TONIINHA 0 KOTOPOi HE OJIMHAKOBA B Pa3HBIX
Mmectax. OnTuyeckas pa3HOCTh X0J1a MHTEP(EPHUPYIOUINX BOJH HM3MEHSETCS MpPU Hepexojae OT
OJTHMX TOYCK Ha MMOBEPXHOCTH IUICHKH K JAPYI'MM, B COOTBETCTBHM C M3MEHEHHEM TOJIIMHBI d,
TaK YTO YCJOBUS MHTEPQEPEHIMH OAMHAKOBBl B TOYKAX, COOTBETCTBYIOIIMX OJMHAKOBBIM
3HaueHusiM d. [Ipy MpOEKTUPOBAHUM TUICHKM HAa JKPaH MOCPEICTBOM JIMH3BI TAKHM 00pa3oM,
4TOOBl Ha JKpaHE MOJIYYMUIOCh H300paKEHHE IUICHKH, MOCIETHSS OKAa3bIBACTCS MOKPHITOM
H0JIOCAMH, MTPOXOASIIMMH MO TOYKaM, COOTBETCTBYIOIIUM PaBHO# TonmuHe d mieHku (puc.2).
OTH N0JIOCH! HA3bIBAKOTCS M10J0CAMU PAaBHOM TOJILHHBI.

YacTHBIM CilydaeM I10JIOC PaBHOW TONIIMHBI SBJISAIOTCS Kosibla HeioTtona (puc.3).
[TnockoBbIMyKIast TUH3a ¢ OOJBIINM pagnycoM R KpHWBU3HBI BRITYKIIOW MTOBEPXHOCTH OOpalieHa
3TOHM MOBEPXHOCTHIO K TUIOCKOHM TUIACTHHKE M compukacaeTcs ¢ Heil B Touke 0. [lapamienbHblit
IIy4OK CBETa I1aJlaeT HOPMaJbHO HA IIJIOCKYIO ITOBEPXHOCTbH JIMH3blI U YACTUYHO OTPAXKAECTCS OT
BEPXHEH M HWKHEW MOBEPXHOCTEM BO3AYIIHOIO IIPOMEKYTKA MEXKIY JMH30M M IUIACTUHKOM.
[Ipy HanoOXKEHUM OTPAKEHHBIX BOJH BO3HUKAIOT WHTEP(EPEHIIMOHHBIE KOJblla pPaBHOU
ToNMHBL. Pamuyc K-Toro cBeToro Koiplia B OTPaXEHHOM CBeTe (MJIM TEMHOTO B IPOXO/ISIIIEM )
paBeH

H

ro=./(2k +1)%R. (6)

Paguyc K-Toro TeMHOTO KOJIbIIa B OTPAKEHHOM CBETE (MJIM CBETJIOTO B MIPOXO/ISAIIEM) paBeH
r =vkAR, (7

rae R — panuyc KpUBU3HBI JIMH3BI.

Ju¢ppaxkuus ceera. Iudpakuusa @paynrogepa. ludppakuuonnas pemerka. Jndpaxuus
PEHTreHOBCKHUX JIy4en

Hugppaxyueii nazvieaemcsa omrioHeHue ceema om NPAMOIUHEUHO20 PACNPOCMPAHEHUs. 8
00HOPOOHOU cpede, Ko20a ceem, 02ubas NPensmcmesus, 3axo0um 8 0oa1acmeb 2eoMempuyecKoll
menu. Jlndpakuus cBera Bcerga conpoBoxkaaeTcss nHTepdepeHuen mupparupoBaHHbIX JTydei.
Judpakius BO3HHMKAaET B TOM cliydae, Korga (pOHT BOJHBI HE SIBJISETCS OE3TpaHUYHBIM, a
YacTUYHO dSKpaHupoBaH. (Hampumep, BONM3HM TpaHWI HENMpPO3payHBIX WM IPO3PAYHBIX TeJ,
CKBO3b MaJible OTBepCTHsl). [[pOHNKHOBEHHE CBETOBBIX BOJH B 00JaCTh F€OMETPHUYECKON TCHU
MOYET OBITh O0BSICHEHO C MOMOIIBIO MpUHIMIA [foiireHca, COrlacHO KOTOPOMY Kaxk/1asi TOUKa,
70 KOTOPOH JO0XOAUT BOJHOBOE JBM)KEHHUE, CIYXKHUT LIEHTPOM BTOPUYHBIX BOJH. Orubaromias
ATUX BOJIH JIaeT MOJIOKEHUE (PpOHTA BOJIHBI B cleayromuii MoMeHT (puc.l). [IycTs Ha mIockyto
Iperpaay ¢ OTBEPCTUEM MalaeT MapaiedbHbIN eif PpOHT BOJHBI (puc.2).
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M ydacTKa OTKPBITOrO (POHTAa BOJIHBI CIY)XUT IIEHTPOM BTOPHYHBIX BOJH, KOTOpbHIE B
OJIHOPOJHON M M30TPOMHOU cpene OynyT cepudeckuMu. [ToCTpouB Orubaronyr0 BTOPHYHBIX
BOJIH AB, MOXHO YOCIHTBbCS B TOM, 4YTO 3a OTBEPCTHEM BOJIHA MPOHUKAET B 00JIACTh
TeOMETPHUECKOM TeHH, OTu0as Kpast perpaibl.

Puc. 1. Puc. 2.

[Ipuamun TroiireHca He JaeT HUKAKUAX CBEJICHUM 00 WHTEHCUBHOCTU BOJIH,
pacpOCTPAHSIONIUXCS B Pa3NUYHBIX HANPaBICHUSIX. OJTOT HEJOCTATOK ObUI YCTpaHEH
O®penenem. Ilocneanuii BrepBble NPEANONOXKUI, YTO BCE BTOPUYHBIE BOJIHBI SIBISIOTCA
KOT€PEHTHBIMU U MOSTOMY MOTYT MHTEp(epupoBaTh B JI000H TOUKe mpocTpaHcTBa. [IpuHIm
['toiirenca-dpeHenss MO3BOJSET PAaCCMOTPETh MHOTHME ciydau JAU(QpakiUd CBeTa W JaeT
pe3yNbTaThl, YAOBIETBOPUTEIBHO COTJIACYIOUIMECS C OMBITOM. YTOOBI MOHSATH CYThb METOa,
paspabotanHoro dpeHesnem, onpeneaTuM aMIUTUTYy CBETOBOTO KOJeOaHUs, BO30YKIaeMOTO B
Touke P ceprudeckoit BOJHOM OT McTOYHHKA S (puc.3).

Pa3obbem M300pakeHHYI0 Ha PUCYHKE BOJHOBYIO MOBEPXHOCTh Ha KOJIBIIEBBIC 30HBI,
MOCTPOCHHBIE TAK, YTO PACCTOSHUS OT KPaeB KaXKIAO0H 30HBI 10 TOUKH P oTiinyaroTes Ha A/2. O1o
30HbI ®@penens. Konebanus, npuxonsiiye B TOUKY P OT aHaJIOTMYHBIX TOYEK JIBYX COCETHUX
30H, HAXOJSTCS B MPOTUBO(A3E, TOITOMY U PE3yJIbTUPYIOLINE KoJIeOaHUsl, CO3/JaBaeMble KaXKIOU
U3 30H B II€JIOM, OYAyT Ul COCETHHUX 30H OTIMYaThes 1o (ase Ha 7. [Ipu HebombioMm uncie K
30H DpeHens wIomamy uX IPUMEPHO OJTMHAKOBBI, a BhICOTa cerMeHTa hy<< a, [ToaTomy MOKHO
JIETKO BBIBECTHU paanyc K-toii 30HbI DpeHens;

(8)

s+3}42

g+ A PaccrosiHue 6 OT 30HBI 7O TOYKM P MEUIEHHO
\vo P pacTeT ¢ pOCTOM HOMEpa 30HBI K,
\hk 3HAYUT amIuuTyaa Ay KojeOaHUs,
B030Yyk1aemMoro K-toii 30H0ii B Touke P
a4 . é MOHOTOHHO  yObIBaeT. Bcreacreue
A ~ - 3TOr0 MOXKHO HPUOJIMKEHHO CUUTATh,
Punc.3 YTO

k-1

T
W
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To ecTp ammMTya B TOYKe P paBHA IIOJIOBUHE aMIUIATYAbI LICHTPAJIbHOM 30HBL. Eciin Ha myTn
BOJIHBI TIOCTaBUTh HEMPO3PAYHOM KpaH C OTBEPCTHEM, OTKPBIBAIOIIUM TOJIBKO LICHTPAJIBHYIO
30HY, TO aMIUIUTyJa B Touke P OyneTr paBHa A, a MHTEHCUBHOCTb CBeTa OyJeT B YEThIpE pasa
OosblIe, YeM IpU OTCYTCTBUH MPETpaj MKy TOUKaMu S u P.

Ecnu e oTBepcTHe TaKOBO, YTO OTKPBIBAET JBE 30HBI DpeHess, TO aMIUTUTYAbI OT 3TUX
30H (MMPUMEPHO OJMHAKOBBIC) MPUAYT B TOUKy P B mpoTtuBodase, U B Hel OyneT HaOI0IaThCs
MHHAMYM HMHTEHCHBHOCTH CBeTa. MOXKHO 3aKJIIOYHTh, YTO, €ClU 8 OMKPbIMblll (POHM BOJIHYL
éxooum uemnoe yucio 300 Dpenens, mo HabIIOOAEMCA MUHUMYM UHMEHCUBHOCIU c8ema, ecu
K — neuemnoe, mo 6 mouxke P nabniooaemcs Makcumym UHmMeHCUSHOCMU céemd.

Pazmmuaror aBa ciydas nudpakinuu ceerta: audpaknuio DOpeHens, Wiu AUPPaAKIHIO B
CXOAIMXCs Jiydax, u audpakmuio Opaynrodepa, wiu audpakuno B nmapauielbHbIX JIydax. B
NIEPBOM Cllyyae Ha IPEISATCTBHE MajaeT cheprueckas WM IUIOCKas BOJHA, a TU(PPaKIIMOHHAS
KapTUHA HAOII0acTCs Ha dKpaHe, HaXOISIIEMCs 32 MPEMSATCTBUEM Ha KOHEUHOM PACCTOSIHUH OT
Hero. Bo BTopoMm ciydae Ha mpemsiTCTBHE MAJaeT ITUIOCKAs BOJHA, a AUQPAKIIMOHHAS KapTHHA
HaOJIF0/IaeTCsl HA AKpaHe, KOTOPBIA HAXOAUTCSA B (DOKAIBHOW TUIOCKOCTH COOHMPAIOIICH JIMH3BI,
YCTaHOBJICHHOMW Ha ITyTH MPOIIC/IIETO Yepe3 MPEIATCTBUE CBETA.

Paccmorpum gudpakmuio @Ppaynrodepa Ha mienu. IlycTe mnapaiienbHbI  My4oK
MOHOXPOMaTHYECKOI'0 CBETA MaJaeT HOPMAaJIbHO Ha HEMPO3PAUHbII 2KpaH, B KOTOPOM IIpope3aHa
y3Kas menpb mupuHor a (puc. 4). B coorBercTBuu ¢ npunnunom [ roiirena-Openens Bce TOUKU
HIeNTU SBJISIOTCS KOT€PEHTHBIMU UCTOYHUKAMH CBETa, KOJIEOIMIOMUMHUCS B OIHOH dase.

OnTrueckast pa3HoCTh Xoaa Mexay Kpataumu aydamu MC u ND, uaymumu ot 1menu B
IIPOU3BOJIBHOM HAIIPABIICHUU (0

sd=asing. (9) voimi ¢|\|L ¢

Pazo6rem mens MN Ha 30HBI ®penens, S
UMEIoIMe BHJ TOJOC, MapaiieNbHbIX pedbpy M
menu. Bce 30HBI B 3aJaHHOM HaIpaBICHUU
U3JIy4aloT CBET COBEPLIEHHO OJMHAKoBO. Ilpm
UHTEepPEPEHIIMU CBETAa OT KaX0H Mapbl COCETHUX <

-
30H aMIUIMTyZa Ppe3yIbTUPYIOIIUX KoJeOaHMit
paBHa HYNIO, TaKk KaK O3TH 30HBI BBI3BIBAIOT
KoJIeOaHHsT C OJUHAKOBBIMU aMILIUTYIaMH, HO e)

IIPOTUBOINOJIOXKHBIMU dbazamu. Pesynbrar R Puc. 4.
uHTepdepeH B TOUKEe B ompeaensercss TeM,
CKOJIBKO 30H PpeHerns yKIIaabIBaeTCs B IIEIU. ECau 4nciio 30H 4eTHOE, TO €CTh

asin g = J_er% (k=12..), (10)

TO HaOMoAaeTcs AUPPAKITMOHHBI MUHUMYM.

Ecnu uncio 301 HCYCTHOC, TO €CTh

asin ¢ = +(2k +1)% , (12)
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TO HaOmomaercss  UQPAKIMOHHBIHN

MaKCHMYM. l u l

Bennunna K  HaspiBaeTCs  MOPSIIKOM At AR R

D
Iu(paKIMOHHOTO  MakcuMyma  (Win JMN__AC
MHHHUMYMA). cp'l
MN=a
NC=6
/ )
Puc. 5.
Y, 3
[Ilupokoe pacmpocTpaHeHHE B HayKe

U TEXHUKE MOIYYWJIN JUPPAKLIUOHHBIE PEHIETKH, KOTOPbIE MPEACTABIAIOT COOOW MHOXKECTBO
meneﬁ O,Z[HHaKOBOﬁ IIAPUHBI, PasaCICHHbIX O,Z[HHaKOBOﬁ IIUPUHBI  HCIIPO3pAaYHBIMH
npomexxyTkamu. OOIIast mupruHa MPOMEXKYTKA | IIENIH HAa3bIBACTCS MOCTOSHHON (WU TIEPHOJIOM
pemieTKu), To ecth d =a + 6.

JudpaknuoHHas KapTUHA OT PELUIETKU CIOXKHEE, YEM OT OJIHOH IIeNu, IOTOMY, YTO CBET
OT pasHbIX Iejiel Taikke uHrepdpepupyer. Eciu Ha pemierky HOpMajabHO K €€ MOBEPXHOCTHU
najsiaeT CBET C JUIMHOW BOJNHBI A, TO (pUC.5) JIyyu, HIyIIHe MOA YIJIOM ( K MEpBOHAYAILHOMY
HaIlpaBJICHHUIO OT COOTBCTCTBYIOIIHUX TOYCK Ka)KIIOf/'I mIcJiu, O6JIaIIaIOT Pa3HOCTBIO X04a

o=dsin ¢.

Ecnu sma pasnocms xoda pagna yenomy Huciny OAUH 601H, MO HAOIIO0AeMcs MAKCUMYM
unmepgepenyuu. Ycuo8us 2nagHbix MaKkCUMyMOo8 OJisl peuemKu 3anucbl8aomcs 8 6Uoe

dsin o= +kA(k=0,1,2...). (12)

Kak cnenyer u3 dhopmynsl, eciiv Ha penieTKy majaaer Oemnblil CBET, TO i 00jiee KOPOTKUX BOJIH
YCIIOBUE MAaKCUMYyMa BBITIONHSETCS MPU MEHBIIUX YTIIaX.
Pazpemaroniasi criocobHocte R nudpakiimoHHON pemieTkd, TO €CTh CIIOCOOHOCTh €€
MPEJICTAaBUTh Pa3/ieJIbHO JBE CIIEKTpaibHbIe IMHUU, OTIpeenseTcs mo Gopmyre
R =kN, (13)

roe N — oOrmiee 4ncio mWTPUXOB AUDPAKIMOHHON peIeTKH, K - TOpsAaoK Au(PaKIHOHHOTO
MaKkCHMyMa.
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Jiis HabmoneHust nupakiinOHHONW KapTHHBI HEOOXOAUMO, YTOOBI TIOCTOSTHHAS PEIICTKH
ObLIa TOTO K€ TMOPSAKA, YTO M JITTMHA BOJIHBI MAJAr0IIero cBeTa. [103ToMy 1l peHTTeHOBCKOTO
U3ITy4eHUs B Ka4eCTBE NUPPAKIIMOHHBIX PEIIETOK MOKHO MCIOIB30BaTh KPUCTAILIBI, TOCKOIBKY
-12 -8
PacCTOsIHUE MEXAY aTOMaMH B KPHCTAIIAX OAHOTO MOPSIKA € Apeym, usa. (¥ 1077 — 107m).

Hugppaxyuio penmeeHo8cK020 U3MYUeHUs MONCHO PACCMAMPUBAMNb KAK pPe3yabmam e2o0
ompaoiceHuss om CuUcmemvl NAPAIENbHbIX CeMmUYamulX MNI0CKOCmel KpUcmaiid, mo ecmb
NJIOCKOCMeEl, 8 KOMOPbIX Jiedcam Y3/ibl KPUCMALIUYeCKoU peuemky. ITO OTPaKEHUE, B OTIINYHE
OT OOBIYHOTO, OCYILIECTBIICTCS JUIIb MPU TAKUX YCJIOBHSIX MAJCHUS JIydell Ha KpUCTa,
KOTOPBIE COOTBETCTBYIOT WHTEP()EPEHIIMOHHBIM MAaKCUMyMaM [UIsl JIy49ei, OTPaKCHHBIX OT
Pa3HbIX MIOCKOCTEN.

AOCOIOTHBIN TIOKa3aTellb TPEIOMJICHHS BCEX Cpel UIsi PEHTICHOBCKOTO H3TYYCHHS
OJIM30K K EAMHMIIE, MOATOMY ONTHYECKas DPAa3sHOCTh XOAa MEXIy AByMms nydamu 1' u 2,
OTpaKAIOIMUMHUCS  OT IockocTelt AA u BB paBHa (puc.6)

2 dsin 6, (14)

rae  d — MEeXIUIOCKOCTHOE PacCTOsIHUE, € - yroy CKolbXeHus. JuppakioHHbIE MaKCUMYMbI
HaOJII0al0TC B TE€X HANPABICHUAX, B KOTOPBIX BCE OTPAKEHHBIE ATOMHBIMH IJIOCKOCTSIMU
BOJIHBI OYJyT HaxXxOIUTBhCS B OJMHAKOBOHW (pase. DT HANpaABICHUS YIOBICTBOPSIOT YCIOBHUIO
Bynsga-bparros

o=2dsin d=mA, (m=1,2,3...). (15)
Hoasipusanus ceera. [[BoiiHOe JiydenpesoMJIeHHE.
Bpamelme IJIOCKOCTH IMOJIAPpHU3aAHU

OObIYHBIE UCTOYHUKH CBETa MCITYCKAIOT €CTECTBEHHBIN CBET, TO €CTh CBET, B KOTOPOM
UMEIOTCSl KOJICOAHUS CBETOBOTO BEKTOPA, COBEPIAIONINECS B CAMBIX Pa3IMIHBIX HAIPABICHUSIX,
NEePHEHIUKYISIPHBIX K 1y4y (puc.7).

E

Iy4

Puc. 7.

W3nyuenue cBeTsierocs Tena ciaraercs U3 BOJH, HCIyCKaeMbIX ero aromamu. [Ipouecc
M3JIyYEHHS] OTAEIBHOIO aToMa MPOJOJHKAETCS OKOJIO 108 ¢. 3a o10 BpEMs YCIIEBAET
00pa3oBaThCsl TOCIENOBATENILHOCT, TOpPOOB M BHAAMH (WM, Kak TOBOPAT, I[yT BOJIH),
MPOTSKEHHOCThI0 TpuMepHO 3 M. «lloracHyB», aToM 4epe3 HEKOTOPOE BpEMS «BCIIBIXMBAET»
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BHOBb. OI[HOBpeMGHHO BCIIBIXMBA€CT MHOXKCCTBO aTOMOB. BO36y)KIIaeMBIe HMU LY BOJIH,
HaJarascb Apyr Ha Jpyra, oOpa3yloT HCIYCKaeMyl0 TEJIOM CBETOBYIO BousiHYy. Ilnockocts
KOJICOAHUH JIJIs1 KKIO0T0 I[yra OpUEHTHpOBaHa ciaydaiiHo. [loaToMy B pe3yibTupyromiei BoJHE
KoJIeOaHUsl pa3IMYHBIX HAINpPaBICHUH pPaBHOBEPOATHBL. B eCTECTBEHHOM CBeTe KoleOaHus
pas3JIMYHbBIX HalpaBiIeHUI ObICTPO U OECTIOPAI0YHO CMEHSIOT APYT Apyra.

Csem, 6 komopom Hanpasenenus Koaredanull ceemosozo éekmopa E ynopsodouenvl kakum-
aubo obpazom, Hazvieaemcs noaapuzosanusvim. Ecinu koiaeOaHus CBETOBOIO BEKTOPA MPOUCXOIAT
TOJIbKO B OJIHOM IJIOCKOCTH, IPOXOJISIIEH Yepe3 Iyd, CBET Ha3bIBAETCS MIOCKO - (WX JIMHEWHO)
MOJISIPU30BAHHBIM. Y TIOPSIAOYEHHOCTh MOKET 3aKJI04aTbCid €€ U B TOM, 4TO BeKTOp E
MIOBOPAYMBAETCSI BOKPYT J1y4ya, OJHOBPEMEHHO MYJIbCUPYs IO BeauuuHe. B pesynbrare, KOHel
BekTOpa E OMHMCHIBACT WM BJUIUIC (JUTUNTUYECKU TMOJSPU30BAHHBIN CBET) WM OKPYKHOCTH
(TIOJIIPU30BAHHBIN IO KPYTY CBET). [lnockocmy, 6 komopou konediemcs ceemogou eekmop E,
Ha3vl8aemcs NJIOCKOCMbI0 KONeOaHUll, a NepneHOUKyNIApHas ell NIOCKOCMb HA3bl8aemcs
NJI0CKOCMbIO NONAPUSAYUU.

[Tnockonosspu30BaHHBI CBET MOXKHO HOJYYMTh C IOMOILIBIO PA3IMYHBIX YCTPOMCTB,
Ha3bIBAEMbIX HoJsipu3aTopaMyd. OTH  HPUOOpPBI  MPOITYCKAIOT CBOOOAHO — KoJeOaHMS,
napajuiellbHble IJIOCKOCTH, KOTOpas Ha3blBA€TCs IUIOCKOCTBIO MOJIIPU3ATOpPA, U IMOJHOCTBIO
3aJIepKUBAIOT KOJeOaHUsl, EPIEeHIUKYIISIpHbIE 3TON MI0CKOCTU. [1ospu30BaHHBIN CBET MOYKHO
MOJIyUYUTh TaKXe IMPU OTPAKEHUU OT AMAJIEKTpuka. Kak moka3piBaeT ONBIT, OTPaKEHHBIM U
IIPEJIOMJICHHBIN JIydd BCErJa YaCTUYHO MOJsipu30BaHbl. CTeneHb Moyspu3aluy 3aBUCUT OT yria
naJIeHus ¥ oKas3aTeJsl IpeOMIICHHUS.

W3yuast 310 siBaeHue, bprocrep ycTaHOBWI, YTO IpPHU ONpPEAEICHHOM 3HAUYEHUU YIia
NaJCHUs  OTPAKEHHBIM  JIyd  IOJHOCTBIO  JIMHEMHO  IOJAPU30BaH B INIOCKOCTH,
NEePNEeHIUKYIIPHON IUIOCKOCTH majeHus. llpu 3ToM oOTpakaeTcsi TOJNBKO Ta KOMIIOHEHTa
BEKTOpa HANPSDKEHHOCTH JJIEKTPUYECKOr0o TOJs, KOTOopas THapajuielbHa MOBEPXHOCTU
JUBJIEKTpUKa (YCIOBHO ATy KOMIIOHEHTY 0003HayaeM TOYKaMH, TO ecTb KojeOaHus E
MPOUCXOAT MEPIEHANKYISIPHO TUIOCKOCTH uepTeka). [IpenomMieHHbli J1yd MoJisipu30BaH JIMIIb
YaCTUYHO. YTOJI TaJeHUs, MpPU KOTOPOM OTPAXKEHHBIH JIyd TMOJTHOCTBIO TOJSPHU30BaH,
Ha3bIBaeTcs yriaoM bprocrepa (puc.8) u onpenensiercss COOTHOILIEHHEM

. n2 .
tgls - - n21’ (17)
nl
rac nj_ nu n2 — a6COJ'IIOTHI)Ie ITIOKA3aTCIIn HpeJ'IOMJ'ICHI/Ifl

cpen. Ilpu 3TOM yrom mexay OTpakeHHBIM M IPEIOMIIEHHBIM
Jydamu paBeH 90°.

JlelicTBUSl pa3iaMyHOrO THIA TOJSPU3ATOPOB OCHOBAHBI 1100
Ha 3akoHe bproctepa, nub0 Ha  s61eHuu  080IUHO20

JAYHUEenpeiomienusl, Komopoe cocmoum 6

Puc. 8.

mom, 4mo 6 onmu4ecKu aHu3omponHvlx Kpucmailax

Jayw ceema, nadaiou;uﬁ HA NOoBEpXHOoCmb Kpucmailia, pasdeaueaemcg 6 HeM Ha 08a
NnpeloMIEeHHbLX JIyUa

(puc. 9). OmuH U3 HUX IJIEKUT B TIUIOCKOCTU TMAJCHHUS,

MOAYMHSAECTCS 3aKOHAM IIPEJIOMIIEHHS CBETa M HA3bIBAETCsA e
OOBIKHOBEHHBIM JIydoM (0). BTopoil HE ymoBiEeTBOpSET 3TUM /

o
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YCIIOBUSIM U Ha3bIBAeTCS HEOOBIKHOBEHHEIM (€). [[BoifHOE JTydernperioMiIeHne CBUICTELCTBYET
0 TOM, YTO MaJarolias Ha ONTUYECKU aHU3OTPOIHBIN KPUCTAJUI CBETOBAs BOJHA BO30YXKaeT

ABC BOJIHBI, paCIIpOCTPAHAIOIMIUCCA B KPUCTAJJIC IO PA3JIMYHBIM HAIIPpABJICHUSAM. OOBIKHOBEHHAS
1 HEOOBLIKHOBEHHAs BOJIHEI JUHEHHO IMOJIAPU30BAHBI. HaHpaBJ’IeHI/IH BCKTOPOB E B 3>THX BONHAX
YCJIOBHO MOKA3bIBAKOT TOUKAMU Ha OOBIKHOBEHHOM JIy4€ U 4YCPTOUYKaMHU Ha HEOOBIKHOBEHHOM. B

OIHOOCHOM KpPHUCTAJUIC CKOPOCTH OOBIKHOBEHHOT'O Jy4da UO YUCJICHHO OJMHAKOBa II0 BCCM
HaIIpaBJICHUSAM Uo = C/ no, rame Np — TIIOKasarejib MNOPEIOMIICHUS KpuUCTallla JJId
OOBIKHOBEHHOTI'O Jy4da. COOTBGTCTBCHHO, JJIA HEOOBIKHOBEHHOTO Jy4da: Ue = C/ ne . 3HaueHus

Ne H Ue 3aBUCAT OT  HaIIPABJICHHUA

HEOOBIKHOBCHHOTO JIyda [0 OTHOIICHHIO K
ONTHUYECKOM ocH KpucTasia (a0
HalpaBJIeHUE B KPUCTAJUIE, BJOIb KOTOPOTO
HE HaOJr01aeTCs JIBOWHOE
JTy4derpesioMIIeHue). Host ayya,
pacmpoCTpaHSIONIETOCsS BIOJIb ONTHYECKOM

:Uo.

68°Y

ocu, Ne = No, U,

Puc. 10.
[Ipumepom  mossipu3anuyd  MOKET
ciyxuth npusma Hukons (puc.10). OHa BbIpe3aeTcs M3 KpHUCTaJIa MCJIAHACKOTO INMaTa, ¥ B
HOTIEPEYHOM cedeHuu umeer dopmy pomba. [To mockoctu CB kpucTamn paspe3aH U CKIESH
KaHaJICKUM 0alIb3aMOM.

OObIKHOBEHHBIN J1yd 0 MOJHOCTBIO OTPAXKACTCS OT HEro M IMOIJIONIAETCS 3a4yepHEHHOMH
noBepxHocThi0 AB. M3 mpu3mbel Hukomnsi BEIXOAUT TOJIBKO HEOOBIKHOBEHHBIH Jy4 e, KOTOPBIN
MOJSIPU30BaH B IUIOCKOCTH, MApaJUICIbHBIM TIJaBHOM IUIOCKOCTH NpHU3MBL. Ycmpoticmea,
cnyacawjue OJisl AHAIU3A CIMeneHU NOJIAPU3AYUU C8ema, Ha3bl8aIOMCs AHAIUZAMOPAMU.

Nmu moryr cinyxuth Te ke npusMbl Hukoms. Besxuii aHanm3atop MOKHO YCIOBHO
n300pasuTh B BHUJE PELIETKH, MPYThs KOTOPOHl MapajulesbHbl HaNpaBIEHUIO KojeOaHun
cBeToBOro Bektopa E, B mpoxozsieM ckBo3b Hee cBeTe (puc.11). Ecnu Ha Takyro pemerky-
aHAJIM3aTOp MaJlaeT €CTECTBEHHBIH JIyd, TO HUHTEHCUBHOCTD |, IPOXO/AIIEro CBETa HE U3BMEHUTCS
IIpH TIOBOPOTE aHAIU3ATOpA. E
DTO MPOUCXOUT BCIICJICTBUE é

E /

TOrO, 4TO B %
€CTECTBCHHOM CBETE€ HHM OJIHO /
W3 HalpaBJI€HUN IIOCKOCTH
KoJleOaHUi  He  SBJIAETCS /
npeobnagaronmuM. Ecnu  Ha
aHAJIU3aTOP MAJaeT JIMHEHHO
MOJISIPU30BAHHBIN CBET,
MOJIyYEHHBIM C  ITOMOIIBIO
MOJISIpU3aTopa W HMMEIOIIUI

UHTEHCUBHOCTb I, TO
HNHTCHCUBHOCTH CB€Ta,
HPOIIE/IIETO qepes

aHaJIN3aTop 6y,HeT 3aBHUCCTh
OT yrjia o MEXAay TJIaBHBIMH
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IUIOCKOCTSAMH TOJSpU3allMK aHanusaTopa (a — a) u nonspusaropa (P-P) (puc. 12). E, -
aMIUIMTY/1a BEKTOpa KojebaHuii cBerTa,

npoulenuiero yepe3 nossipuzarop. Ha BXxoxe B aHanmuzarop Jiyd pasjioXUTCS Ha JABa J1yud,
MOJIIPU30BaHHbIE B TJIABHOM IUIOCKOCTU aHanu3aropa (@ — a) W NEepIeHIUKYISIpHOW K Hel
IJIOCKOCTH

E1=Epsina; E;=EpC0S o
I1epBblIil J1yd OIVIOTUTCA B aHAIIU3ATOPE, BTOPOM IIPOMJET Yepe3 HEro
E,=EpcCos a.

TakuM 00pa3oM, HWHTEHCHUBHOCTb CBETa, MPOIIEAIIErO Yepe3 aHalIu3aTop W MOJSpU3aTop,
MEHSETCS B 3aBUCUMOCTH OT yIja o 110 3aKkoHy Maitoca

_ 2
la=1pcos” o (18)
Ecmm 1., - WHTEHCHBHOCTb €CTECTBEHHOTO CBETa, TO W3 TOJSAPU3ATOpPA BBIXOAUT
MIJIOCKOTOJISIPU30BAHHBINA CBET, THTEHCUBHOCTh KOTOPOT'O
I P E Iecm'

CJ'IGI[OBEITGJ'ILHO, HHTCHCHUBHOCTDB CBCTA, IMIPOIICAIICTO YCPE3 JBa I10JIsIpHU3aTOopa

la = = lom COS%ar.
2
Otkyna | o == 1, (mOMIPU3aTOPHI MapamieIbHBI) H Imin = 0 (mONSAPHU3ATOPHI
CKPEIIEHBI).

@opmynbsl TpuUBEeNEHB 0€3 y4yeTa MOTepbh HWHTEHCHMBHOCTH. HekoTopblie pacTBOPHI
(Hampumep, pacTBOp caxapa) M TBEp/ble BellecTBa (B YaCTHOCTH KBapll) 00JaJar0T CBOMCTBOM
BpalllaTh IJIOCKOCTh TMOJIIPU3ALMU TOJSPU30BAHHOTO JIyda. YTOJI ¢ TMOBOPOTa IUIOCKOCTH

TOJIAPU3AIIMH 3aBUCHT OT IyTH JTyda B 3THX BemecTBax { u koHueHTparmu pacteopa C.
Jl1 TBEpABIX BELLECTB
p=[a’. (19)
Jlnst pacTBOpOB
p=[all C, (20)

rie [ @] — ynenbHbI yroi BpaiieHus (OCTOSIHHAS BpAIllEHHs ), OKA3bIBAIOIINMN, HA KAKOW YToJI
TIOBEPHETCS TLIOCKOCTh momsipu3amun, ecin =1 u C =1(nus pactBopoB). PaszmepHocTs [ o]

3aBHCUT OT TOToO, B Kakux eauuuiax B3stel { u C B CU. [@] — pam/™ (11st TBEpAbIX BEIIECTB)
JUTSL paCTBOPOB [ @] = paa/m- (xr/m).

IIpumepsl pemenust 3aaa4
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| _—"
3agayal. Haiith anuHY BOJHBI A MOHOXPOMAaTHYECKOTO 4\% X
U3Iy4YeHus, ecid B omnbite FOHra paccrosHue mepBOro d | v
UHTEP(PEPEHIIMOHHOTO MAKCUMYyMa OT LIEHTPAJIbHOM MOJIOCHL X = |
0,05 cm. Jlanusie yctaHoBku @ =5 M, d =0,5 cm. L
I< 12}
Hano: Pemenne. PazHocTh Xo0nma mydeid, MpoUIENINIMX B TOYKY HAOIIOICHUSA
aBHA
x=0,05¢cMm P
O0="rp,—1ryq; (l)
a=5m
d 2
=1 2
2
d
r’=|x——| +a’. (3)
2
JIerko BUACTH, YTO
xd
r,—r=—=mA. (4)
a
ITo ycnoButo 3agaun m = 1, moaromy
xd
A =—=500mum.
a
h
o
N 42
9
h
B
3epkano

3agaua 2. B Touky A4 ’KpaHa OT UCTOYHUKA S; MOHOXPOMATHYECKOTO CBETa JUTMHOW BOJHBI A =
0,5 MKM IpHUXOJUT JIBa JIyya: HETIOCPEICTBEHHO OT UCTOYHMKA MEPIEeHIUKYISAPHBIA 3KpaHy JTyd
S1A u nyu S1BA, oTpakeHHBII B TOuKe B OT 3epkaia, mapamiensHoro aydy SiA. Paccrosaue |y
paBHoO 1 M, pacctosiHue h paBHO 2 Mm. Omnipenenute, yTo OyaeT HaOMIOIAThCS B TOUKE 4 dKpaHa —
YCUJIEHHE WU OCJIa0JIEHUE OCBEILICHHOCTH.
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JlaHo: Pemenne: VcTtouHuk S; W MHHUMBIM S; SBISIOTCS KOT€PEHTHBIMHU,
= 0.5 MMOATOMY Ha dKpaHe BO3HUKAET HHTep(hepeHIIMOHHAs KapTHHA. MakCuMyM
= 0,5MKM . N

i WM MUHUMYM BO3HUKA€T B TOW WJIM MHOW TOYKE JKpaHa 3aBUCUT OT
I =1m ONITUYECKOUN PAa3HOCTH X0/a O HHTeP(HEPUPYIOMIHX JIyden
h =2mm
min, max - ?

"= @

Ecmm m — LEJI0€ YETHOE YMCJIO, TO MMEEM MaKCHUMYyM, €CIM M — LEeJI0€ HEYECTHOE, TO

Onrudeckasi pa3HOCTh Xo/1a 01 OyIeT CKIabIBaThCs M3 reoMeTpudecKoi pasnoctu Iy — |j

(o6a myya UayT B BO3MyX€) U OMOJHUTEIHLHON Pa3HOCTH Al2, 00YCJIOBJICHHOW M3MEHEHHUEM
¢a3bl KoJIeOaHUI HA T TIPU OTPAXKEHHUH OT CPEIbl, ONTUYECKH OoJiee TUIOTHOM. Takum oOpa3zom

A
o= -1 +—=. 2
1T Ty, (2)

2 _ 12 2 (2h)2
Ilo Teopeme ITudaropa |, =1 + (Zh) (1, - Il):T’ TaK KaK

1

1312 =(, -1,)I, +1), toe L, + 1y = 213, 2h = 1.

[MoacrasuB 3710 BeIpakenue |, — I1 B popmyny (2), Haitnem:

2
0, = @ + i 3)
21, 2
3Has 81, MOkHO 110 hopmyie (1) HaiiT M:
(2h)” 2
2, "2 (2ny
, =— = +1
Al2 1A
Torna oKOHYATENBEHO MOTYYUM
2
m =4—+1.
11

1

Beipazum h, |; 1 A B MUKpOMETpax U BBIYUCIINM:

o g (2:10°)

1 m+1:32+1:33.

Tak Kak Ha Pa3HOCTH XOJa YKJIAJbIBACTCS HEUCTHOE YHCJIO JUTUH IOYBOJIH, TO B TOYKe A
HaOJIFOJaeTCsl MaKCUMAaJILHOE OCIa0JIEHIE OCBEIEHHOCTH.
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3agaya 3. Ha mytu omnoro nyya B MHTEep(EepeHIMOHHOH ycraHoBke FOHra crout TpyOka
mmHOM | = 2 cM ¢ IulockonmapauiebHBIMU CTEKIISTHHBIMH OCHOBAaHMSIMH W HAOJFOJACTCS
uHTep(epeHIIMOHHas KapTUHA, KOrja d5Ta TpyOka HaAmoJHEHa BO3IyXOM. 3areM TpyoOka
HAIOJIHACTCS XJIOPOM U MPH 3TOM HAOJIIOIaeTCs CMeIeHre HHTep()EepeHIIMOHHOM KapTHHBI Ha M
= 20 mnosoc. Bcs ycraHoBka moMelieHa B TEPMOCTAaT, MHOJACPKHUBAIOLINN IOCTOSHHYIO
Temmneparypy. HaGmromeHus mpom3BoasATcs co cBeToM numHuM D Hartpus (A = 5890 A).
[Tpunumast nokasarenb npenomiieHuss Bo3ayxa N = 1,000276, BeluucCIUTE IOKa3aTellb
IpeIOMIICHHUS XJIopa. B Kakylo CTOpOHY CMEIIAIOTCs MOJI0CH HHTEP(EPEHLINU TPHU HATIOTHEHUN
cocya XJiopom?

Hano: Pemienne. Jlerko poramarbcsi, 4YTO pPa3HOCTh XOAa JIy4ed IIpU
=2 eu YCUJICHUU CBETa IO OMNpEeIeNIeHHI0 paBHA MA. B nmanHom cmyuae

ONTHYeCKas pa3HOCTh Xoxa paBHa (Ngg — N)l. M3 momyueHHoro
m =20 paBEHCTBAa HAXOUM
A=5890 A (ncr—n)l =mx (1)
n; =1,000276
Ncy - ?

mA
Cl

n :n+|—. (2)

Berumcnsist, momygaem nep = 1,000865.

3agaua 4. Ha TOJCTyI0 CTEKISHHYIO IUIACTUHKY,
MOKPBITYIO OY€Hb TOHKOW TIUIEHKOH, Kod(hUIIUEHT
MpEJIOMJIEHUsT BEIIECTBa KOTOpoW paseH 1,4, mamaer

HOpPMAaJIbHO napauIenbHbIH My4OK myuyein
MOHOXpomaTHueckoro ceera (4 = 0,6 Mxm). OTpakeHHbIH
CBET MaKCHMaJIbHO ocabieH BCJIEJICTBHE ~| o {b{\/ C' Mrenka
My>ny 11 1
unTepdepenimn. OnpeaenuTe TONIUHY TUICHKH. 2> Lz B
H3~N 1
o CTCKHS{H}’—I&S[ nnacml—ma\
Hano: Pemenne. B Toukax 4 u B manaromuii 1y
SA oTpaxkaeTcss M YaCTHYHO TMPEIOMIISIETCS.
A = 06
Otpaxennsie nyun AS; u BCS; magator Ha
MKM
cobOuparomyto JUH3Y L, mepecekaroTcs B ee
n,=14
d-?

doxkyce F u uaTepdepupyroT mexay coboi.

[Tokazatenr mpenmomuienust Bo3ayxa (N; = 1,0029) menbmie moxasaresnss MPEIOMIICHUS
BemecTBa TwieHKH (N2 = 1,4), KOTOpBI B CBOIO OdYEpeh MEHBIIE IMOKa3aTeNsl MPETOMIICHUS
crexna (N3 = 1,5). B oboux cinydasx oTpakeHHE MPOUCXOAMT OT CPEIbl ONTHUYECKU Ooee
IJIOTHOM.
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CrnenoBarenbHO, HUKAKOTO U3MEHEHUs (a3bl KoJeOaHUI HU Y TOTO, HU Y APYTOro Jyda He
IIPOUCXOIMT.

5:(2k+1)%.

Kak BUHO U3 PUCYHKA, ONTHYECKAs PA3HOCTH X0/1a
0=(4AB + BC) n, — ADn;.

CrnenoBaTeibHO,
(4B + BC) n,— ADny = (2k + 1)%.
Ecnu yron nagenus i; OyJaeT yMEHbIIAThCS, TO B Ipeaese npu ip = 0 OyaeM uMeTh
5 =2dn, =(2k +1)§,

OTKYZa UCKOMas TOJIIWHA IIJICHKU

[Monaras k=0, 1, 2, 3, ..., MOJy4UM BO3MOKHBIC 3HAUCHHUS TOJIIHUHBI IJICHKH:
A 0,6
o = —— =—"—=0,11 mxm;
an, 414
31
d, =—=3d, =0,33 mxm.
4n,

3agaua S. Ilouemy nentp koiser HpioToHa, HaOMIOAAEMBIX B OTPa)KEHHOM CBETE, OOBIYHO
TEMHBIi, a B IPOXOASILIEM CBETJIbII?

Pemienne. B mpoxopsiiemM cBeTe Ha TpaHHIE CTEKJIO-BO3AyX BEKTOpP HANPSHKEHHOCTU
SJICKTPHUYCCKOTO I10JIA E ue ucnbITbIBaeT U3MEHEHUS (1)21351, a Ipu OTPAKCHHMU Ha TI'paHHULC
BO3JIyX — CTeKJI0 MeHseT ¢azy Ha 180 °, 4TO COOTBETCTBYET MPUOOPETCHHIO PA3HOCTH XOja,
paBHOI MOJIOBUHE ATUHBI BOJHEI.

3apaya 6. Ha nudpakinnoHHYIO pemieTky OT pa3psaHOM TpyOKH, HAIMOJHEHHOW TelheM,
HOpMaJbHO MaJlaeT My4oK cBera. Ha xakyro nuHuio A; (B HaHOMETpax) B CHEKTPE TPETHEro
MOPsIIKA HAKJIAABIBACTCS KpacHas JTMHUS Teus JJIMHON BOJHBEI A = 706 HM B CIIEKTpe BTOPOTO
nopsiaka?

Hano: Pemienne: VYcioBus TJIaBHBIX MAaKCMMyMOB OCBEHIEHHOCTH ISt
k=3 T ()PaKITMOHHON PEMIETKH BBITIISIUT CIEAYIONIAM 00pa3oMm:

Ky = 2 dsing, =k A;; dsing, =k,4,

A =706 aM

A=

CrnexTpanbHble JUHUM HaKJIaJbIBAIOTCS OAHA Ha APYTylo, MO3TOMY YIbl JUpaKIuu
OyAyT paBHBIMH, TO €CTh (P1 = (2. Pazfenus nepBoe ypaBHEHHE HAa BTOPOE:
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1: 1771
kziz ’

k,A

OTKy/Ia A =22
kl

HOHCTaBI/IM YUCJICHHBIC 3HAYCHU A

9
2, =270 107 _ 471

1
a

b buen

S
3apaua7. Ha wens (puc.) mmpunoit a = 0,1 MM HOpMaJIbHO 0
najsaeT napaiesIbHbINA y4OK CBETa oT L
MOHOXpOMaTH4ecKoro ucrouynnka (A=0,6mxm). Onpenenutsb
9KpaH

mmpuHy | UeHTpaspHOro MakcuMyMa B AM(PAKIMOHHON
KapTUHE, POCLUPYEMOM € MOMOIIBIO JIMH3bI, HAXOAALIEHCS

!
HEIIOCPEACTBEHHO 3a WICNBI0, HA DKpaH, OTCTOSALIMM OT |
JUH3bI Ha paccTostHuM L = 1 m.
Hano: Pemienue: ILleHTpanbHBII MakCMMyM HMHTEHCUBHOCTH CBETa 3aHMMAcT
a=0.1 00JacTh MEXAy OMMKAWIIMMH OT HEro CIpaBa M CJeBa MAaKCHMyMaMHU
=0,1 mm

’ UHTEHCUBHOCTU.  [l0ATOMYy  IIMpHHY  LEHTPAJBHOIO  MAaKCUMyMa
A=0,6MKM MHTEHCHUBHOCTH ITPUMEM PaBHOMN
L=1wm PaCCTOSIHUIO MEXY ABYMSI MUHUMyMaMHU MHTEHCUBHOCTH (puC.).
| =?

MuHuUMyMBbl HHTEHCUBHOCTH CBETA MpU AU(paKkInUy OT OAHOM LIeNHU HAOIIOJAI0TCs MO yIilaMu
¢, ONIPEACIIAEMBIMU YCIIOBUEM

asing=+kA1, (1)
rae K — nopsnok Mmuanmyma. B Harem ciuydae K = 1.

PaccTostHMe MeXIy JByMs MUHUMyMaMH Ha SKpaHe OompejeiuM 1o pucyHky: | = 2L tg ¢.
[pu mankix yrnax tge ~ Sing, torna
| = 2L sin . @)

Beipaszum sin ¢ u3 ypaBaenust (1) 1 moacTaBuM B paBeHCTBO (2):

_2Lki 2:1:1.06-10°

|
a 10

mM=12-107=12 cm.

3anaua 8. {ludpakunonnas pemerka conepkut N =200 mrpuxos Ha 1 mm. Ha perierky magaer
HOpMaJIbHO MOHOXpoMaThueckuii cBer (4 = 0,6 MxMm). MakcUMyM Kakoro HauOOJBIIETO
MopsiIKa TaeT 3Ta pemieTka’?
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Jano: Pemenue: [leproa nudpakimoHHOM pelIeTKH HaiineM 13 GOpPMYIIbI
1=0610"°wm n=1/d.

n =200 MM

Kmax — ? Orciona d =1/n=1/2-10°=05-10"wm.

Jlnis onpesesneHus yuciaa MakCUMYMOB, 1aBaeéMbIX AU(PAKIIMOHHON PELIeTKOH, BBIYMCINM
CHaYajga MaKCHMMAJIbHOE 3HAYCHUE Kmax, HCXOMS U3 TOTO, YTO MAKCUMAJIbHBIA yroJl OTKJIOHCHUS
Jaydeit pemietkoit He MoxeT npeBbimarh 90 °. [TocTosiHHas pemerku d, AIMHA BOJHBI A U Yo
OTKJIOHEHHSI @, COOTBETCTByIOIMH K-My Au(ppakqHMOHHOMY MaKCHMyMY,  CBSI3aHBI
COOTHOILIEHUEM:

dsin ¢ =Kka,
rae ¢ = 90 ° — MmakCUMaIbHBIN YTOJI OTKIIOHEHUS JTydel pemeTrkoid. OTciona

k_=dsing/A=05-10°/06-10° =83.

Yucio K 00s3aTenibHO J0JDKHO OBITH IENBIM. B TO ke BpeMsi OHO HE MOXKET MPHHSATH
3HaYeHHWe, PaBHOE 9, TaK Kak MPH TOM 3HAYCHUH SIN ¢ JOJDKEH OBITH OOJIbIIE €IUHHMIIBI, YTO
HEeBO3MOXKHO. CiienoBarenbHo, Kmax = 8.

3agaua 9. Ha mudpakmmonnyro pemerky, coaepxamyio N = 100 mTpuxoB Ha 1 MM, mamaer
HOPMaJIbHO MOHOXPOMATHYECKHUH CBET. 3puTelbHAas TpyDa CHEKTpOMETpa HaBeJIcHAa Ha
MaKCHUMYM TpeTbero nopsaka. YtoOsl HaBecTH TpyOy Ha IPYroil MaKCHMyM TOTO XK€ MOpsiIKa, ee
HYXXHO TIOBEpHYTH Ha yroi A@ = 20 °. Onpenenure AJIMHY BOJTHBI cBETa A.

MaHo: Pemenue: [lepuoa nudpakiimoHHOM pemeTky HaaeM U3 GopMyIibl
n=100 mm" n=1/d.

Ap=20° Orcrona

k=3

A-? d=1/n=1/10°=10"m.

MakcuMyMbl HTHTEHCUBHOCTH CBETa OJHOTO MOpsika npu nudpakiuuu Ha JudpakiuOHHON
pelIeTKe HAaXOAATCS Ha OJWHAKOBOM PACCTOSHHHM OT ILEHTPAIBHOIO MAakKCHMyMa H,
ClJIeZIoBaTeNIbHO, HAOIIOIAI0TCS 1O/ OIMHAKOBBIMH yTiIaMu AU(paKuu ¢

d =sin p=KkA. (1)

[To ycmoBwro 3ama4n, 4TOOBl HABECTH TPYOy Ha APYrodl MakCHMyM TOTO e IOpSIKa, ee
HYXKHO TMOBepHYTh Ha yroia A¢ = 20 °. CnenosatenbHo, yroa audpakiun ¢ = Ap [ 2 = 10 °.
Torna u3 ypaBaenus (1) AnuHa BOJIHBI CBETa paBHA
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_dsing 107 -sinl0
=T

A =0,0578-10"° ~ 580 um.

3agaua 10. Cset ¢ A = 589 HM majgaeT HOpMaIbHO Ha AU(PAKIMOHHYIO PELIETKY ¢ mepuoaom d
= 2,5 mMxM, cogepxkamryro N = 10000 mrpuxoB. Haiiaute yrioByro mupuHy Iu(pakIimoHHOTO
MaKCHUMyMa BTOPOTO MOpsJIKa.

HaHo: Pemenne: YrinoBas nucnepcus AU(pakIMOHHOW PEIIETKH,
COCTOSAILEH U3 OJJHOM LLIEeu:
A =589 um
00 k
d=2,5 Mmxm D=—= .
oA dcosé
N = 10000
k=2
AG—7? Torna yrimoBast mmpuHa IUGPAKIMOHHOTO

MaKCuMyMa, CO31aBacMoro pemeTKOﬁ, coz[epxcameﬁ N IITPHUXOB:

=[sin26?+coszt9=1]=k—/1

Nd+/1—sin® @
CBCT magacT Ha ,Z[I/I(bpaKL[I/IOHHYIO pemeTKy HOpMaHBHO. yCHOBI/Ie TJIaBHBIX MaKCI/IMYMOBZ

dsind=kA.

0=—"—
Nd cos &

Orcrona SINg = F Torma yrioBas mupuHa JUPPAKIMOHHOTO MAaKCMMyMa BTOpPOTO

nopsijika OyaeT paBHa:

kA kA

H: = .
Nd cos @ 2
a1 )

IToacTaBuM 4KCI€HHBIE 3HAUCHUS:

-9
A 2-589-10 gy
-9
10¢.25.10° 1| 2289107
25-10°

3agaya 11. C momompo audpakiuHoHHONH pemieTku ¢ mepuogoM d = 20 MKM TpeOyeTcs
paspemuth nyonet Hatpus (A1 = 589 M u Ay = 589,6 HM) B cnekTpe BTOporo nopsaka. IIpu
KAaKOM HauMEHbILIEH JJIMHE PEIIETKH 3TO BO3MOKHO?

HMano: Pemenne: Paspemaromnast cnocoOHOCT AU(PPAKIIMOHHON PpEIIETKHU:

A

d =20 mMxm R=—=KN, rae N — uncno mrpuxos pemeTku.
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A1 =589 am
A =589,6 um
k=2

-2 Uucno mTPUXOB PELIETKH MOKHO HAWTH, 3HAS JJITUHY

pemerku | u mepuon pemerkn d: N = —.

Torna R=—=k—.
il q

Orcroga HavMeEHbIIAs JUIMHA PEIIeTKHU, MPU KOTOPOH BO3MOXKHO pa3pelIuTh 1yOJeT
HATpPUS:

42
kKSA

rne A=A4,— 4, =06-10"m,a A :Lzlz =589,3-10 " m.

Torna

_di _20-10°-5893-10°°
koA 2.06-10°

| Mm=982-10"° u ~10 mm.

3apaua 12. Ilokazarenu npeaoMIeHUs KPUCTALUTMYECKOTO KBapIia JUisl CBETA C JJIMHON BOJHBI
600 M paBHbl Ng = 1,544 u ne = 1,553 nns OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO ITyueit
COOTBETCTBEHHO. B KpucTaiyie KBapiia, BBIPE3aHHOM MapaJIEIbHO ONTHYECKON OCH, MOXKHO
MOJIYYUTh MaKCUMaJIbHYIO Pa3HOCTh CKOPOCTEH OOBIKHOBEHHOTO W HEOOBIKHOBEHHOTO JTyueH,
€CIM OHM HOPMAJbHO MaJaloT Ha MOBEPXHOCTh KpHcTaia. KakoBa JomkHa OBITH TONIIMHA
KpUCTaJljja, 4TOObI Mpousolen cABUr (a3 3tux jgyded Ha 90 ©, eciam HCHONB3YyeTCsl CBET
yYKa3aHHOU JJTMHBI BOJIHBI?

Hano: Pemenue. Casur ¢a3 BeraucisieTcs no Gopmyiie

ne = 1,553 rne d — paccrosHue, mpoiaeHHoe cBetoM. [lomaras A = m /[ 2 un
Ap = 90° MIPOM3BE/IS BHIUUCIICHHUS, HAXO/IUM:

q7 d=16,7 MMm.

Bonpocwt u 3a0anus.

1.  DnexTpomMarHuTHas OpPUPOJA CBETA.
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2. KOFGpGHTHOCTL 1 MOHOXPOMATUYHOCTL CBCTOBBIX BOJIH.

3. OnTudeckas JUIMHA MTyTH U ONITUYECKAs Pa3HOCTh XO/a JTy4CH.

4. Pacuer wuHTep(depeHIIMOHHON KapTUHBI OT JIBYX KOT€PEHTHBIX HCTOYHUKOB.
WuTepdepeHius B TOHKUX TUICHKAX.

5.  HaTtepdepenunst MHOTUX BOJH. JudpakinoHHAs pEIIeTKA.

6. udpakuus ceroBsix BoiH. [Ipunmun [oiirenca — dpenens.

7.  Meron 30 Openerns.

8.  Hudpakmus Openens u qudpakuus Opayarodepa.

9. Jludpakuus OT mIe.

10.  JIudpakuus peHTT€HOBCKHUX JIyueil Ha KpUCcTaliax.

11.  EcTecTBEeHHBIN M MOJSIPU30BAHHBIN CBET.

12.  3akon Mamoca.

13.  Tlomspu3zamus cBeTa NpH OTPAXKEHUHU U IPEITOMIICHUH.

14.  [IBoiiHOe JydernperoMIeHUE.

15. HopwmanbHas v aHOMaJIbHas JUCIIEPCUU.

16.  DnektpoHHas Teopus nAucTepcHH cBeTa. PaccesHue cBera.
17.  IlornouieHue cBera.

3agauu 1JIsl CAaMOCTOSITEIbLHOIO pelIcHUus

1. Ha mputbHyt0 tuieHky (N=1,3), HaxoAdLIyrocs B BO3AyXe, MajaeT HOPMAIbHO MY4YOK Jydel
Oeroro ceera. [Ipu kakoi HauMeHbIIeH TOMMMHE O TVICHKH OTPaXKEHHBIH CBET C [UIMHOW BOJIHBI

A=0,55 MKM OKaeTcsi MAKCUMAIbHO YCHIEHHBIM B Pe3yibTaTe HHTep(epeHIuN.

2. Ilydox moHoxpomarndeckux (A=0,6 MKM) CBETOBBIX BOJIH Tamaer moj yrioM &=30° Ha
HaxOJSIIYIOCST B BO3AyXe MbUIbHYIO IuieHKY (N=1,3). [lpu kakoii HammeHbpmiedl TtoimmHe d
IUIEHKA OTpPaXEHHBIE CBETOBBIE BOJIHBI OyJIyT MaKCHUMalbHO OcialjeHbl HMHTepepeHIen?
MakcuMallbHO YCHIICHBI?

3. Ha Ttoukuii creknsiHHbIM KiuH (N =1,55) magaer HOpMajibHO MOHOXPOMATHYECKUH CBET.
JIByrpaHHBI yroa o MeXay MOBEpXHOCTSIMHU KJIMHA paBeH 2'. OnpenenwuTs JUIMHY CBETOBOM
BOJIHBI A, €CIIM PAacCTOSIHME D MeXIy coceHUMH HMHTEPPEpPCHIMOHHBIMA MaKCHMyMaMH B
OTpaXeHHOM cBeTe paBHO 0,3 MM.

4. JIByrpaHHblii yroy CTEKISHHOro KinHa paseH 0,2'. Ha KIMH HOpManbHO K €ro MOBEPXHOCTU
najaeT My4oK Jydeid MOHOXPOMAaTHUYECKOrO CBeTa ¢ UIMHOW BonHbI A=0,55 MkM. Onpenenutsb
mmpuHy b HTEphepeHIIMOHHOMN MOJIOCH.

5. Ha TOHKMI CTEKJISIHHBIM KJIMH B HAIpPaBJIEHUM HOPMAJIU K €ro IOBEPXHOCTH IHajaeT
MoHOXpomaThueckuid cBet (A=600 uM). Onpenenutb yroia 6 Mexay MOBEPXHOCTSIMH KJIUHA,
€CII pacCTOsSHUE D MeXIy CMEXHBIMH WMHTEP(EPEHIIMOHHBIMA MHHUMYMaMH B OTPa)KEHHOM
CBETE PaBHO 4 MM.
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6. B ombite HOHTa paccrosane d mexnay mensmu paBHo 0,8 mM. Ha kakom paccrosaum | ot
IIEeJIeH ClIeyeT PacloIOKHUTh SKpaH, 4To0b!I muprHa D HHTepdepeHINOHHO MOIOCH OKa3anach
paBHoit 2 MM? (A=640 HM).

7. Paccrostaue d Mexay aByms inessimu B omnbite FOHra paBuo 1 MM, paccrosuue | ot meneit 1o
sKpaHa paBHO 3 M. ONpenenuTh JUIMHY BOJHBI A, HCITyCKAeMONH UCTOYHUKOM

MOHOXPOMATHYECKOTO CBETa, €CJIM IUPUHA D mosioc nHTepdepeHiin Ha FKpaHe paBHa 1,5 MM.

8. Pacctosinue d Mexay IByMsi KOTEPEHTHBIMU MCTOYHHMKamMu cBeTa (A=500 M) paBHo 0,1 MM.
Paccrosiune b Mexay WHTEpPEpPSHIIMOHHBIME TIOJIOCAMH HA 9SKpaHe B CpeAHEH wYacTH
UHTepHEPEHIIMOHHON KapTUHBI paBHO 1 cM. OmnpenenuTh paccTosHUe | OT HMCTOYHHUKOB JI0
JKpaHa.

9 .Haiftu Bce mmmHbBl BONH BHauMmoro cBera (ot 0,76 mo 0,38 mxwm), kotopele Oymyt: 1)
MaKCHMaJbHO YCHWJIEHBI, 2) MaKCHUMaJbHO OCJA0JIEHbl MpU ONTUYECKOM pazHOCTH Xoaa A
uHTEp(EepUpyOIIMX BOJH, paBHOH 1,8 MKM.

10. Ha ToHKMH CTEKISHHBIM KIMH B HANpaBiICHUMM HOPMAdd K €ro IOBEPXHOCTH IMajaeT
MoHOXpoMaTHueckuii ceetr (A=380 HM). OmnpenenuTs yroia € MexIy MNOBEPXHOCTSIMU KIIMHA,
€CII pacCTOsSHUE D MEeXIy CMEXHbIMU UHTEP()EPEHIIMOHHBIMH MHHUMYMaMH B OTPaKCHHOM
CBETE PaBHO 6 MM.

11. Kakoe Hammenblnee 9ucio Npyjn IITPUXOB JODKHA COACPKATh MU(MPAKIIMOHHAS PEIICeTKA,
YTOOBI B CIIEKTPE 2-TO MOPSIKA MOXKHO OBLIO BUAETH Pa3JeibHO JBE JKEJITHIC JIMHUU HATPHS C
JUIMHAMH BOJH A1=589 M u 1,=589,6? KakoBa miuHa | Takoil peimeTKd, €Cau MOCTOSHHAS
pemerku d=5 MkMm?

12. IndpaxiponHas pernieTka ocBelieHa HOpMaJIbHO MaalolMM MOHOXPOMAaTHYECKUM CBETOM.
B au@pakunoHHON KapTHHE MAaKCHMyM BTOPOTO TOpsiKa OTKJIOHEH Ha yron ¢ 1 =14°, Ha
KaKOW yroJl ¢ 2 OTKJIOHEH MAKCUMYM TPEThEro nopsaka’?

13. Jludpakunonnas pemerka cojaepxkut N=200 mrpuxoB Ha | mm. Ha pemerky namaer
HOpMaJIbHO MOHOXpoMaTHueckuii cet (A =0,6 MkM). MakcuMyM Kakoro HauOOJIBIIEro MopsaKa
JIaeT 3Ta peuierka?

14. Ha nudpakiuonHyto pemerky, coaepxkamryro N=400 mtpuxoB Ha 1 MM, TagaeT HOPMAJIBHO
MoHoxpoMmaTnueckuit cetr (4 =0,6 mkm). Haiitu obmee uncio nuppakiMOHHBIX MaKCUMYMOB,
KOTOpOe JaeT 3Ta pemerka. OnpeaenuTs yroia ¢ Audpaxiii, COOTBETCTBYIONINHA MOCIEIHEMY
MaKCUMYMY.

15. Ilpu oceuieHNH AUPPAKIIMOHHON PELIETKH OEJBbIM CBETOM CHEKTPBI BTOPOI'O M TPETHETO
MOPSAKOB OTYACTH NEPEKphIBAIOT ApPYr Apyra. Ha kakylo JUIMHY BOJIHBI B CHEKTpPE BTOPOTO
nopsijika HakJaapIBaeTcs puoserosas rpanuna (A = 0,4 MKM) CIeKTpa TpeThero NopsiIKa.

16. Ha audpakuoHHYIO pelieTky, cojaepkanryro N=600 MmMTpUXOB Ha MHUJUTUMETp, IagacT
HOpManbHO Oenblif cBeT. CHEKTp MpOeHUpyeTcs MOMEIIEHHOW BOJM3HM PEUIeTKH JTUH30M Ha
skpan. OnpenenuTs MUPHUHY b criekTpa mepBoro mopsaKka Ha SKpaHe, €CIM PACCTOSHUE OT JIUH3bI
10 skpaHa L=1,2 m. 'paHuIIBl BHAUMOTO CIIEKTPA Ay, = 780HM, A¢= 400 HM.

17. CKONBKO ITPUXOB Ha KK MUJUTUMETP COJACPKHUT NU(PAKIIMOHHAS PEIIeTKa, eCIIU MPH
HaOJFOZICHUU B MOHOXpOMaTHIeCKOM cBeTe(A=0,6MKM), MaKCHMyM IISTOTO TOPSIIKA OTKIOHEH
Ha yron ¢=18°7
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18. Ha menp mupunoit a=0,1 MM magaer HOpMaTbHO MOHOXPOMATUYECKH CBET (A=05
MKM). 3a IIeIbI0 TTOMEIIeHa COOMparoIias JTMH3a, B (DOKAIBHON TJIIOCKOCTH KOTOPOW HaXOJUTCS
skpas. Uto Oyner HabIIOgaTHCS HA SKpaHE, €CIH YTo ¢ Audpakiuu pased: 1) 177; 2) 437,

19. Ha y3kyro menp najaeT HOpMajabHO MOHOXPOMATUYECKHH CBET. YTOJ ¢ OTKJIOHEHMs IIy4YKOB
CBETa, COOTBETCTBYIOLIMX BTOPOH CBETJION IU(PPAKIMOHHON mosioce, paBeH 1°. CKOIbKUM
JUIMHAM BOJIH [Ia/IaOLIET0 CBETa PaBHA MIMPHHA IIEIH?

20. Ha mens mmpunoii 0,05 MM magaeT HOpMaIbHO MOHOXpOMaTHdeckuii cBeT  (A=0,6 MKMm).
Onpenenuts yroil ¢ Mexay MepBOHaYaIbHBIM HAlpaBJICHUEM MyYyKa CBETa U HAIpaBJICHUEM Ha
YETBEPTYIO TEMHYIO JU(PPAKIIMOHHYIO MOJOCY.

21. Ilnockasi cBeTOBasi BOJHA IaJacT HOPMalIbHO Ha jauadparMy ¢ KpyriisIM oTBepcTHeM. B
pesynbraTte TudpakIud B HEKOTOPBIX TOYKAX OCH OTBEPCTHUS, HAXOJSIIMXCS Ha PACCTOSHUSX D
OT €ro LEeHTpa, HaOIIoIaITCa MaKCUMyMbl HHTeHCHBHOCTH. 1) [Momyunts Bun Gynkuuu b=f (r,
A, N), rae r-paguyc oTBepcTHsi; A - JUIMHA BOJHBI, N-4uciIo 30H DpeHess, OTKPhIBAEMBIX IS
JAHHOW TOYKU OcH oTBepcTHs. 2) CrenaTh TO e caMoe JUIsl TOYEK OCH OTBEPCTHS, B KOTOPBIX
HaOJIF0JAF0TCS MUHMMYMbI HHTEHCHBHOCTH.

22. TlocpennHe MeXTy TOYECYHBIM HUCTOYHHMKOM MOHOXPOMATHYECKOTO CBETA /=550 HM n
OKpPaHOM HaxoJuTcs aAuadparmMa C KpyrasIM — oTBepcTueM. JludpaknmoHHAas KapTHHA
HaOJr0MaeTCcsl Ha SKpaHe, PacIoNOKEHHOM Ha PAacCTOSHUU 5 M OT McTouHuKa. Omnpenenute
pamuyc OTBEpCTHSI, MPH KOTOPOM IEHTP AU(PAKIUOHHBIX KOJIEI, HAOII0IaeMbIX Ha JKpaHe,
Oyner HanboJiee TEMHBIM.

23. Ilydok cBeTa, UAyUIUH B BO3/yXe, MAaJaeT Ha IOBEPXHOCTh KUJIKOCTH MO YIJIOM & =54°.
OrnpenenuTth yroji npeloMIICHHS & Iy4Ka, €CJIM OTPaKCHHBIN My4YOK MOJTHOCTHIO MOJISIPU30BaH.

24. Ha kakoi yrJIOBOW BBICOTE ¢ HaJ TOPU30HTOM JOJKHO HaxoauTbcs ConHIE, 4TOOBI
COJIHEYHBIN CBET, OTPAKEHHBIN OT OBEPXHOCTHU BO/JIbI, OBLI MOTHOCTHIO MOJSPU30BaH?

25. Yron Bprocrepa & npu NajeHuy CBETA U3 BO3LyXa Ha KPUCTAI KAMEHHOM COJU paBeH 57°.
OnpenenuTs CKOPOCTH CBETA B 3TOM KPUCTAJLIE.

IIpakTuyeckoe 3ansaTue 16.

Tema 3anamun. Monenu atoma Tomcona u Pesepdopna. Teopus atoma Bojgopoaa mo
bopy

Ilens 3anamusn. Teopus atroma Bogopoza 1o bopy.

3Hanua u ymenus, npuodpemaemvie CHMYOEHMOM 6 pe3yibmame O0C60CHUA MeMbl,
dopmupyemovie komnemenyuu. 3aKOHBI TETUIOBOTO M3iydeHHs. 3akoH Credana-bombrmana.
®dotorpdext. YpapHeHue DitHmITelHA A1 BHENTHeTo Gororddexra. JaBnenue crera. dpdext
KomnTona. Brnageer cnocoOHOCTRIO MPUMEHSATh COOTBETCTBYIOIIMM (DHM3UKO-MaTeMaTHUYECKUA
anmapar Ipu peleHuu IpoPeCCHOHATBHBIX 3a/1a4.

Axmyanvnocms mempl. DIEMEHTbl KBAHTOBOM TEOpUM  MPUMEHSETCS MPH PEIIeHUun
HaYYHBIX 3aja4.

Teopemuqecmm yacmes.
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3aKOHBI TENJI0BOI0 HU3JTYyYCHUA

Tennosvim UslydyeHuem Ha3ovledront 3JEeKmpomMacHUmMHoOe usiyderue, 603HUKdaruee 3a
cuem 6HympeHH€1;Z JHeEpcUuUu usiyuyarvweco meia u 3aeuciuiee moJbKo ont memnepamypsl U
ONMUYECKUX Cceolcmse >mo2o0 mend. TennoBoe HU3JTy4YCHUC — CIUHCTBCHHOC MU3JIYUCHUC,
crocooHoe HaxXOJUThCA B TCPMOJUHAMHUYCCKOM PAaBHOBECHHU C BEIIECTBOM (paBHOBCCHOC).

KoyimuecTBEHHON XapaKTEpUCTUKOW TEIUIOBOTO M3JIYYEHUS CIYKUT JIHEPreTHYeCKast
CBETUMOCTh (M3JIy4aTeabHOCTh) R7 — MOIIHOCTH U3Ty4YyeHHs aOCOJIIOTHO YEPHOIO Tena ¢
€MHUIBI TUIOLIAIM MOBEPXHOCTU TeJla BO BCEM HHTEpBaje 4acToT (IJIMH BOJH) oT O 10 o.
CrexkTpalibHOM XapaKTePUCTUKOW TEIJIOBOTO M3IyYEHUs] Tejla SBJISIETCS CHEKTpaibHas
IUIOTHOCTh SHEPreTHYECKONH CBETUMOCTHU (CHEKTpaibHas MIOTHOCTh W3IY4aTeIbHOCTH) [y1 —
SHEPTUsl AJICKTPOMATHUTHOTO W3JIYYCHHs, HUCITYCKAaeMOr0 3a €IWHUILY BPEMEHU C €IUHHUIIBI
IUTOMIA/TY TOBEPXHOCTH TeJIa B MHTEPBAJIC YacTOT OT V 70 V + dv.

Pacnipenenenuie sHepruM M3Iy4eHHs] aOCONIOTHO YEPHOrO Tejla B 3aBUCUMOCTH OT
4acTOThl U TEMIIEpaTypbl MPHUBEACHO

r
Ha puc. 1. T

/T4>T3 >T, =T

Bennmumna — m3my4atenbHOCTH
MOKET OBITh paccuuTaHa IO 3aKOHY
Credana-bonbrimana Av

Puc. 1.

Rr = oT%, (1)

rae o - nocrosiHHas Credana-bonbumana, 7 — abcomoTHas Temmeparypa. Eciau B3sATh Ha
rpaduke eTMHUYHBIA UHTEPBAJI YaCTOTHI AV, TO IUIOIIAIb 3aITPUXOBAHHOIO YYacTKa OMpPENeIUT
BEJIMUMHY CIIEKTPAIbHOMN TUIOTHOCTH U31y4aTeIbHOCTH.

MakcuMallbHOE 3HAYEHUE CIEKTPAJIbHOM IUIOTHOCTH M3JIY4aTEIbHOCTH OMNpPEAeIIsieTCs
3akoHoM BuHa

(rv,T)max = CTE, (2)
TAC ¢ — BTOpas MOCTOAHHAs Buna.

[Ipu yBenuueHuu TeMIepaTypbl aOCOJIIOTHO YEpPHOrO Tejla 4YacToTa, Ha KOTOPYIO
IPUXOJUTCS MAKCUMyM CIIEKTPaJIbHON IUIOTHOCTH H3J1y4aTeIbHOCTH, CMEIIAETCS B CTOPOHY
Oosnee BBICOKMX 4acTOT. JliMHA BONHBI Amax, COOTBETCTBYIOIIA MAaKCHMaJIbHOMY 3HAu€HUIO
U3ITy4aTeNIbHOCTH, 00paTHO MPOMOPIMOHATIbHA €0 TeMIlepaType (3aKoH cMmelleHus Buna)

6
}“max :?’
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TJ€ 6 — IepBas MoCTosiHHas Buna.

KBanToBas runore3a u ¢popmyJia [liianka. @oToHbl

Hatp Teopernyeckoe OOOCHOBaHHME CHEKTPAIbHBIM 3aKOHOMEPHOCTSIM  TEIJIOBOTO
u3ydyeHus: abCoNOTHO 4YepHoro tena yaanoch M. [lmanky. [ng sTtoro emy NpUILIOCH
OTKa3aTbCs OT YCTAHOBHBILETOCS TIIOJOKEHUS KJIACCUYECKOH (HU3UKH, COTJIACHO KOTOPOMY
SHEPrus 000 CUCTEMBI MOXET U3MEHSITHCSI HEIIPEPBIBHO, TO €CTh, MOXKET MPUHUMATH JTIOOBIC
CKOJIb YTOHbIE ONu3Kue 3HaueHUs. M.I1nank 6b1068UHYI KBAHMOBYIO 2UNOMESY, 3AKTIOUAIOUVIOCS
8 MOM, YMO JHep2usi AMOMOE-OCYULIAMOPOE MONCEM USMEHAMbCA OUCKPEMHO, NOPYUAMU,
NPONOPYUOHATLHBIMU HEKOMOPOU 2JIeMEHMAPHOU NOPYUU — KEAHMY IHEPSUU

C
—hy=h< 3
gvi (3)

rae h — mocrostuaas Ilnanka.

Hcnonw3yss crarucTUyecKMe METOAbl M TMPEACTABICHUS O KBAaHTOBOM XapakTepe
TerI0BOTO M3nydenus, M.ILtank BeIBen popmymy

3 2v° hyv
r-v,T - 2 hvikT _ (4)

KOTOpasi COIVIaCYeTCsl € HKCIEPUMEHTAIbHBIMU JAHHBIMU IO PACHpEAeSCHUI0O SHEpruu B
CHEKTpaxX M3JIy4eHHUs aOCONIOTHO YEPHOTO TeJla BO BCEM HMHTEpBaje 4acToT OT 0 70 o U mpH
pasnuyHbIX TeMmmeparypax. Kpome toro, ¢dopmyna M.Ilnanka comepkutr B ceOe 3aKOHBI
TEIUIOBOTO U3IY4YECHHUs], & TAKXKE IT03BOJISET BBIYMCINTD MIOCTOSIHHBIE B 3THUX 3aKOHAX.

OWHIITENH, co3JaBas KBAaHTOBYIO TEOPHMIO CBETa, MPEANOJIOKHI, YTO HE TOJbKO
U3Jy4YEeHUE CBETa, HO U €ro pacnpoCTpaHEHUE MPOMCXOJUT B BHJIE MOTOKA CBETOBBIX KBAHTOB-
doToHOB. Maccy GOoTOHA MOXKHO HaiiTH H3 COOTHOIICHHS Mc” = hv

hv h
m=—-=—, 5
c® cA ®)
a UMITyJbC poToHA
h h
=m-C=——-C=—. 6
p -~ ) (6)

Buemnuii porodpdexr

Henenue 6vlpbl8aHUs INEKMPOHO8 C NOBEPXHOCMU MEMAllo8 C8emosbiM HNOMOKOM
Hazvieaemcs. 6HewHUM ¢omospgexmom. Ilpu B3auMOIEUCTBUM KBAaHTOB cBeTa ((HOTOHOB) ¢
METaJUIAMH BBITIOJIHSAETCS COOTHOLIEHUE, KOTOPOE HA3bIBAETCSl YpaBHEHUEM DUHILITEHHA

2
m
hy = A +—Umax , ©)
BblX 2
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2
MUmax

e Agux — paboTa BhIXOAA AJIEKTPOHOB U3 METalla, T - MakCUMaJbHasg KUHETHYECKAas

3HEprust (OTOIEKTPOHOB, BEUICTAIOIINX U3 METaJIa.

Ecnu sHeprus manaromiero poToHa MHOTO MEHBIIIE dHEPTUU TTOKOs 3JekTpoHa Ey = 0,51
M>5B, TO KHHETUYECKYIO SHEPTUI0 MOKHO PACCUMTATH IO KJIACCUIECKOU (hopMyIie, TO eCTh

2
mo
K= —2 . (8)
Ecnu >xe sHeprusi KBaHTa CBeTa, MaJalolIero Ha MeTall CpaBHMMAa Wiu Oonblie Ep, TO Ui
BBIUMCIICHHUSI KWUHETHYECKOW dSHeprud Ey,y (OTOINEKTPOHOB CJeIyeT BOCHOIB30BATHCS
PESITUBUCTCKOM popMyItoi

1|, (9)
)

2
1€ Moc™ — 3HEPIrus MOKOS SJICKTPOHA.

Ecni  cKOpocTh BbIpBaHHbIX 13 Meramia osnektponoB U =0, 1o osmeprus ¢orona

C
&= hVK = h/l_’ a Vx WIN A, COOTBETCTBYET KpacHO# rpanuiie ¢otodddexra ams qaHHOTO
K
METaJIa, TO €CTh Ay, — Ma MAKCUMANbHAS ONUHA BOTHbL POMOHA, NPU KOMOPOU HAYUHAEMCs OJis
0anHo20 memanna homosghghexm.

JlaBiaenue cBera

CoBpeMeHHbIE KBAHTOBBIE NPEACTABIEHUS O CBOWCTBAX CBETA CYLIECTBEHHO OTINYAOTCS
OT HBIOTOHOBCKOM KOPIYCKYJISIPHON Teopuu cBeTa. C KBaHTOBOM TOUKU 3PEHHUs JaBJICHUE CBETA
Ha TOBEPXHOCTh Kakoro-mmbo Tena OOYyCIOBIEHO TEM, YTO TMpPU COYAApEHUU C ITOU
MOBEPXHOCTBIO KaX/Ibli (POTOH mepesaeT eif CBOi MMITYyJIbC.

OtpakeHne cBeTa OT MOBEPXHOCTH Tella CIEAyeT PacCMaTPHUBATh KAaK CIOKHBIN MpoIiecc
«repensnyyeHus» (HOTOHOB — MAJAIOUINI (OTOH MOTJIOIIAETCS MOBEPXHOCTHIO, @ 3aTEM BHOBb
U3JTY4aeTcsl €10 ¢ MPOTUBOIOIOKHBIM HANPaBJICHUEM UMIYIbCOB. [Ipu 3TOM naBieHue cBeTa Ha
OTPaXKAIOIIYIO0 TTOBEPXHOCTh JOJIKHO OBITh TAKHM JK€, KAKUM OHO OBIJIO B TOM CITydae, €CJIH Obl
(OTOHBI «3€pKAIIBHO OTPAKAIUCH» OT MOBEPXHOCTHU MOI00HO aOCOJIFOTHO YIPYTHM LIapUKaM.

Benununna cBeToBOrO AaBieHus onpenensercs GopMyioi
P=w(l+p), (10)

rie o = E,/c — o0bemMHass IUIOTHOCTb SHeprum usnydeHus (E, — sHeprusi Bcex (OTOHOB,
NAJA0IIKX HA €JUHMILY IOBEPXHOCTU B €AMHUIY BpeMeHH, C — CKOPOCTh CBETA B BaKyyMe); PO -
KOA((UIIMEHT OTPaKEHUS CBETa OT MOBEPXHOCTH TeJa.

171



dddext Komnrona

KBaHTOBBIC CBOCTBA cBeTa NMPOSBIIAIOTCS B 3 dexre KomnTona, KOTOpLIN 3akmiouaemcs
8 YNpY20M paccesHuu KOPOMKOBOIHOB020 3NIEKMPOMASHUMHO20 U3LYYEHUs (DEeHM2eHOBCKO20 U
J-U3NYUeHUs) Ha c860O0O0HBIX UNU CIAOOCBAZAHHBIX DJIEKMPOHAX eUjeCmed, CONPOBONCOAIOUIeMCS
yeenuyenuem OnuHwl 601Hbl AA. Bemmunna AA onpenensiercs ¢popmynoit Komnrona

- 2 9
Al =A"-A1=22 sin S (11)
rac ﬂ - JUIMHa BOJIHBI IMaJaroIlero MU3JIYy4YCHU, ﬂ/- JAJIMHa BOJIHBI PACCEAHHOI'O U3JIY4YCHM, 0 -
YroJ pacCeaHusa pCHTTCHOBCKOI'O KBAaHTA, ﬂc — KOMIITOHOBCKas AJIMHA BOJIHBI, /IC =, ﬂc =
m,C
0

2,426 M (M — Macca MOKos 3JISKTPOHA).

O6bsacuenne »sddexkra KomnroHa wmoxeT OBITh JaHO Ha OCHOBE KBAHTOBBIX
MPEJCTaBICHU O TPUPOJE CBETa, KaK pe3yjbTaT YINPYroro CTOJIKHOBEHUS PEHTIC€HOBCKHX
($OTOHOB €O CBOOOJHBIMHU 3JIEKTPOHAMH BelecTBa. B mpouecce cronkHoBeHHs (POTOH mepeaaet
3JIEKTPOHY YacTh CBOMX SHEPTUU M UMITYJIbCAa B COOTBETCTBUU C 3aKOHAMH UX COXpPaHEHUSI.

IlpuMepsl pereHnst 3a1a4

3agauya 1. JlivHa BOJHBI, HAa KOTOPYIO MPUXOJUTCS MAaKCUMYM CHEKTPaJbHOW IIOTHOCTU
SHEPreTUYeCKOM CBETUMOCTH aOCONIOTHO YepHOro Tena Amax = 0,6 Mkm. Omnpenenure: 1)
HHEPreTUUECKYI0 CBETUMOCTh ATOro Tena Ry; 2) CHeKTpajdbHYyI0 MIOTHOCTh SHEPreTHYeCKON
CBETMMOCTH I',,7 WIH I, T, PACCUMTAHHYIO HA 1 HM BOJM3H Amax B CIEKTPE U3IyUEHUsI aOCOIIOTHO
YEepHOro Teja.

Jano: Pemenue. CornacHo 3akoHy cMmeleHust BuHa, JyiniHa BOTHBI, Ha
KOTOPYIO MPUXOAUTCS MAKCUMYM SHEPreTUYECKON CBETUMOCTH,

Amax = 0,6 MKM
00paTHO MPOMOPIMOHATIFHA TEMIIepaType

6=2,910°Km
Ao = o
< Bm max =
c¢=1,23-10 SR
m” - K OTCIOIa
Bm
0=567-10° —— =2 _
m” - K ﬂ'max

A=1am=10"m

Ry =? MiT= ?

a DJHepreTuveckass CBETUMOCTh Ryt ompenmensercs 3akoHom Credana-bombiiMaHa, TO €CTb,
MPOMOPIMOHANIEHA YeTBEPTON CTETIEHH a0COTIOTHON TEMIIEPATyPhI
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R =ocT’ =0 6

max

.(29-10°

Lo |~ 33MBT ',

R, =567-10

MakcuMyM CHEKTpaIbHOU INIOTHOCTH SHEPTETUYECKON CBETUMOCTH, COTJIaCHO 3aKOHY BuHa,
IIPONOPLUOHAJIEH IISITON CTENIEHH TEMIIEPATYPBI

5

6
r,=cT’=c —
| A

max

Ho mb1 momyunmm I, B uHTEpBasie AuH BoidH AA’= 1 M (eguHnunbii naTepBan B CU). Tak kak

1 am B 10° pa3 Menbie, T0 U (I;T)max, TPUXOASAIIAACS HA AL =1 BM BOIU3HU A max, BO
CTONBKO e pa3 Oyzmer MeHbine. Takum o00paszom, HUCKOMOE 3HA4YCHHE ONPEICTUTCS
BBIPOKECHHUEM:
5
6
C -
) =2
AT mac 100
-3
2910

(I’/.L‘T )max =1,23-10 10° =38-10°Bm [ m* - um = 38xBm | m* - um

7

Wtak, cnekTpanbHas IUIOTHOCTh 3HEPreTHYECKOM CBETHMMOCTH, MPUXOIALIASACS HAa HHTEpBAI
JUTIH BOJIH AA = 1 HM BOIHM3U Amax paBHa 38 KBT/M>HM.

3anaua 2. PackaneHHas MeTajuiMyeckas HoBepxHocTh S = 10 oM U3Iy4aeT B 1 MuUH 3Hepruro £
= 4.10* Jix. Temnepartypa nosepxnoctu 7 = 2500 K. Haiigure OTHOLIEHHE SHEPreTHYECKHX
CBETHMOCTEH 3TOM MOBEPXHOCTU U a0COIIOTHO YEPHOIO TeJIa IPU JaHHOU TeMIepaType.

Jano:
) 4 o Pemenune. Mckomas Bemmumuaa N = ,tneR,m R . —
S=10eMm =10-10" ™ wm.
t=1 v =60 ¢ DHEPreTUYECKasi CBETHMOCTh METAJIMUECKOW MOBEPXHOCTH U
YepHOrO Teja, COOTBETCTBEHHO, 1o 3akoHy Credana-
E=4.10" Jx Bonenmana
T=2500K Rur. = oT* = 5,67-10%.2500*=2,21-10° Br/m°.
5 DHeprus, u3aydaeMasi pacKaJeHHOW METAJUTMYECKOM
c=5,67-10 5 2
m° - K MOBEPXHOCTHIO, paBHa £ = R, 1-S. Orcrona
n="7?

2

R = F
t-S
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4-10° o Bm

s T A~ An3 0,67 -1 >
60-10 M
) R, 0,67 -10°
Haiinem oTHOIIEHHE =N, N=——"0= 0,3.
Rym. 2,21-10

3amava 3. Bo CKOJIBKO pa3 yBENWYHUTCSI MOITHOCTh M3Iy4EHHs YEpHOTo Teja, €CIM MaKCUMyM
SHEPTUU U3TYYEHUS CMECTUTCS OT KPACHOM TpaHUIbl BUJMMOTO CIIEKTpa K €ro (puoJETOBOU
rpanuue?

ano: Pemenune. CornacHo 3akoHy cmelleHuss Buna, nnuHa BONHBIL, Ha
=076 KOTOPYIO TPHUXOIUTCS MaKCUMyM  SHEPreTHMYECKOW CBETUMOCTH,
= MKM
oo 00paTHO MPONOPIMOHATIbHA TeMIIepaType
Ap = 0,38 MKkM
Ni/Ng - ?

A =£,0Tcmna T =i, de :i_
T A /’Ld)

MouHocTs n3nyuenus paua N = RS.

4
B coorBerctBun ¢ 3akoHoM Credana — boasumana R = oT", nns temneparyp T, u Ty

MeeM: N =oT'Swu N, =oT (; S. Torma 170¢ OTHOIIIEHHE paBHO
N, (T} (A :(@)Llﬁ
N T, Ay 0,38

3agaya 4. Ha muaTuHOBYIO IUIACTMHKY NajaeT yiabTpaduosieroBoe usnydenue. Jlns
npekpameHus Gorodddexta HyKHO TNPHIOKUTH 3alepkuBaromiee Hampspkenue U = 3,7 B.
Ecin miaTMHOBYIO TUIACTUHKY 3aMEHUTH IUIACTUHKOM M3 APYroro MeTaja, TO 3aJepKUBaIOLIEe
HanpspKeHHe HYXHO yBenn4uuTh 10 Uy = 6 B. Onpenenure paboTy BeIxoa (B 3JE€KTPOHBOJIBTAX )
U3 BTOPOr0 MeTaJlja.

Jano: Pemenne. CornacHo ypaBHeHuIo DifHmTelHa 11 dorodddekra,
Ui=37B uMeeM
1= 9
2
U,=6B mov
? hy=A +—2
A41=635B 2
h = 6,62-10° - YroObl  3azmep’kaTb  BBUICTAIOIIME  AJIEKTPOHBL, HEOOXOAUMO
NPUJIOKHTH 3ajiep KuBaroliee Hanpshkenne Us.
Ag =?
2
mo
eUl = 1 y
2
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rae e © M —3apsj (o MOAYIIO) U Macca 3JIEKTPOHa.

Takum oOpazom,

hv = A; +eU;. (1)

Amnanoruynoe BBIPAXKCHUC 3AIMUIICM IJId IIJIACTUHKU U3 BTOPOI'O MCTAJLJIa

hv = A, + eU,. (2)

[Tpupasusiem (1) u (2)

A1 +eU;=A, +els
A=A +eU;—-eU, =4, - E(Uz - U1)
A;=10,1.10% — 1,6 -10%°(6-3,7)= 6,42-10™"° JIx

_6,42.107"7

T 16109 8.

4,

3anaua 5. OGnyueHue TUTUEBOTO (POTOKATOIA MPOU3BOIUTCS (PUOJIETOBBIMY JIydyaMH, JJIMHA
BOJIHBI KOTOPBIX paBHa 0,4 MkM. Omnpesienure CKOpocTb (POTONEKTPOHOB, €CIIU JUTMHA BOJIHBI
KpacHO# rpanutbl poroddpdexra st autus paBHa 0,52 MKM.

Jano:
A=0,4 MKkM
A = 0,52 MKM

v-?

Torna

V_\/2-6,63-1O3“-3-108(5,2—4)-107

Pemenne. CornacHo ypaBHeHUo DitHmTeiHa a1 Gpotordpdexra
sHeprus Gorona Eg=hc/A pacxomyercs Ha paboTy BbIX0/1a JJIEKTPOHA
A=nhc/ Jx 1 coolleHre 3JEKTPOHY KHHETHUYECKO# dHepruu K.

2
he_he . k=mv_he he
PR 2 1 2

K K

o |[re_heY2 _ [ne(2 -
A A )m m\ A4 )

~5.10°u/ c.

91-10*.52-4.10™"

3agaya 6. OmnpenenuTe MakCHUMalbHYIO CKOPOCTb AJIEKTPOHA, BBIPBAHHOIO C IOBEPXHOCTHU
MeTaJula y-KBaHTOM ¢ 3Hepruen 1,53 MaB.

Jano:

E,=1,53 MaB

Pemenue. ITo popmyne Ditnmmreitna 1 porosddexra

E,~A+K. Pabora BbIXOAa D5JIEKTPOHA M3 MeETalla COCTABIISAET
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Vinax - ? BEJIMYMHY TIOPAAKA EIMHHMII DIIEKTPOHBOJLT, YTO MHOIO MEHBIIE
METasJIeKTPOHBOJIBT, CJIEA0BATENLHO MEHBIIEH
BEIMYMHON MOXHO mpeHebpeus. Torma E, = K. Tak kak dHeprus raMMa-KBaHTa IIPEBBILIACT
2
sHepruro mokost onmektpoHa E,=m,C°=0511M»dB, rto kunernueckas dHeprus

(bOTOBJ'ICKTpOHa AO0JIKHA paCCUUTBIBATHECA AJIA PEIATUBUCTCKOTO Cirydas.

2
K=-_TC —m,.’ =
Torna
E Y 0511 Y
v=c |l-| ——| =3.10° 1-| ———— | =28-10°w/c.
K+E, 153+ 0,511

3agaua 7. Onpepenure Cuily CBETOBOIO JAaBJIEHHUS COJHEYHBIX Jy4ell MEepreHIUKYISIPHBIX
MOBEpXHOCTU Ha T1omaas 100 M® , ecin KodpumeHT orpaxkeHus uydeid paBeH 0,2 u
conueunas mocrosiaHas 1,4-10° Br/m?. (ConHe4HOH MOCTOSHHOM HAa3bIBAETCsl BEJIMYMHA, paBHAs
MOBEPXHOCTHOM IJIOTHOCTH TMOTOKa »HEepruu u3nydeHus CoiHIA BHE 3eMHOI aTtmocdepsl Ha
cpenHeM pacctossHud oT 3emun 10 ConHIa).

I[aHOZ Pemerme. CI/IJ'Ia CBC€TOBOI'O JaBJICHUSA F Ha HOBCpXHOCTL paBHa
S _ 100 2 HpOI/I3BeI[eHI/IIO CBC€TOBOI'O JaBJICHUA P Ha 11omaab S HOBCpXHOCTI/I F =
M PS.
p=0.2 N
CBCTOBOC JABJICHUC MOXET 6LITB HauACHO I10 (I)opMyne
Bm E(l1+ E-S(1+
E=1410"— P= M Torma uckomas cmia F = (—'0) ,
ul C c
M
c=3108=
C
F=?
1,4-10°.100-1,2 B
F= ~56-107 H .

3.108

3agaya 8. Ha 3adepHeHHYIO NMOBEPXHOCTh HOPMAJIBHO MAaJa€T MOHOXPOMATHYECKUH CBET C

JUTHHO BoiTHBI 0,65 MKM, Tipom3Bozs nasierne 5-10° ITa. Onpeenure KOHIEHTPALHIO GOTOHOB
2

BOJIM3H MMOBEPXHOCTH U YUCIIO (DOTOHOB, MalatoIMX Ha muiomanas 1 m“ B 1 c.

Hano: Pemenue: /laBiieHne cBeTa Mpu HOPMAJIBHOM MAJICHUH Ha TOBEPXHOCTh
¢ kK03 durrieHTOM OTpaXKeHus p BeIUKCIsIeTCs 0 Gopmyie P=w(1l+p),
rae @ — oObeMHas IJIOTHOCTb SHEPIUH, KOTOpas CBA3aHa C MOIHOM
P=510%11a |2Heprueil (ocBemeHHOCTbIO) FEp majzaromMx (HOTOHOB Ha EJUHUILY
IUIOIIAAN TOBEPXHOCTU B €IMHUILY BPEMEHH COOTHOILIEHUEM w=Ep/c.

A=0,65 Mkm

S=1m
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Ng, N-?

C y4eTrom TOro, 4To JUIs 3a4epHEHHON MOBEPXHOCTH KOA(PPHUIMEHT OTPAKEHUS p PaBEH
Hymo noxyduM (opmyiy st nasienus ceera B Buge P =@ =E /C. O6vemnas mnornocts

SHEPIHH paBHA MIPOM3BEACHUIO KOHIICHTpAIMKU (OTOHOB Ny Ha PHEPTUIO0 OAHOrO (hoToHA E1, 0=
noE1= nghc/A, otkyna
_ ol B PA B 5.10°-65-10"

0 = ) e = 16- 10° w3,
hc hc 663-107-3-10

Yucao (1)OTOHOB, nagaromyx Ha CAMHULIY IUIOIIaJAU IMOBCPXHOCTU B CAMHHUIY BPECMCHU,
PaBHO OTHOLICHHUIO SHCPFCTHHCCKOﬁ OCBCIICHHOCTH Eo K S9HCPIruu OJHOT'O q)OTOHa El:

B, _PA_

n=—2 nc=16-10°-3-10° =48-10% \2c ™,
E. h °

1

3agauya 9. B senennun KomnTona sHeprus magaromero (otoHa E pacmpenensercs MOpPOBHY
MEXIy pPAacCesiHHBIM (DOTOHOM U 3JIEKTPOHOM OTHauu. Yroi paccesHust €= n/2. Haiigute
SHEPIUI0 U UMITYJILC PACCESTHHOTO (hOTOHA.

Hano: Pemenue. DHeprus manaromiero GporoHa onpeaensercss Gopmyoin
- C
me = 9,110 kr E= hz, rae A - JIMHA BONHBI Majaromero (GoToHa. DHeprus
0=mnl2
E=h< A
E/E/= 2 paccestHHOTO (hOTOHA = PrA rae - JUIMHA BOJIHBI
h=6,62-10% Jic-c paccestHHOTO Ha 3JekTpoHe ¢oroHa. [lo ycnoButo 3amaun £ = E' =
’ 2, Torma
¢ =310 m/c
E’,P'=?
AMA=2, A=A12. (1)

[To ¢opmyne KomnroHa wu3MeHeHHE JUIMHBI BOJIHBI ()OTOHA MPH PACCEIHUU BBIpaKaeTCs
bopmynoit

h
A'—A=—-I(1-co0s8), 2
e ) @
yuuthiBas (1), umeem
ﬂ’—izl(l—cose),
2 mgc
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NI

OTKyJa

A" h

2 =~ (1-cos@

2 mec( cos0).
2h

A'=""(1-co0s0).
mec( cos0)

[ToncraBisiss Belpaxkenue (3) B Qopmyny s DHEPrHH paccestHHOro (oToHa, MoJydyaeM

OKOHYAaTCJIbHO
hc_ heme — mgc’
A 2h(l-cos@) 2(1-cosé)’
=31 16
g o 21079107 4y 90 ke =026 MoB.
T
2. (1 —Cos ]

2

Jlns  ompejeieHHss  HMMITyJIbCa  PacCesTHHOro  ()OTOHA  BOCHOJB3YEMCS  CIIECIYIOIIMMHU

COOOpaKCHUSAMU.

Oneprus ¢poToHa £'= My, & a umIynsc Gorona p = my, ¢, Torna

_E

p’ :
c

Hmnynbce paccessHHOro poToHa paBeH

, 4110

p = 2.10° =118-10"% ke-m/c.

3apauya 10. PoTOH C UMITYIHCOM 5,44-10% kr-m/c 6bLI paccesiH Ha CBOOOJHOM DJJIEKTPOHE Ha
yroa 30° B pezynbTare 3¢ dpexra Komnrona. Onpenenure UMIyibe paccesHHOro (OTOHA.

Jano:

p1=5,44-10% kr-m/c

Pemenne. HNmnynasc ¢GotoHOB p1=h/A1; P2=h/A;, oTKyna
A1=hlp;, A,=h/p,. I3menenue nmHbl BOJIHBI AL mipu 3¢ dexre
Komnrona paBHo

6=30°
p2-?
h h h h
A=2, - A =—(1-c0s8), um — ——=—/(1-cosH).
me p, b mc
OTcroma
) pyMyC  544.10%%.91.10°0 3008 o9
p, = = 5% 31 5 =43-10 KT - M/C.
p1(l-cosf)+myc 544.107%2.0134+91-10°1.3.10
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3agaya 11. ®oton c »sHeprueir 0,51 M»>sB B pe3ynpraTe KOMITOHOBCKOI'O paccesHUs
oTKJIOHWIcH Ha yron 180°. Omnpegenure A0M0 SHEPrUM B MPOLEHTAX, OCTABIIYIOCS Yy
paccessHHOTO (hOTOHA.

Jano: Pemenmne. Ilo 3akony coxpanenus suepruu Ei; = E>+E,, rtne Ep —
9Heprusi Hanetaromero (GoToHa, E; — 3Heprus paccesHHOro (poToHa,
E, — sHEprust 3eKTpoHa. DHEPrHsl HAICTAIOIETO AIEKTPOHA paBHA Ej
6= 180° =hc/i,, orcroma A1 = hc/Ey, rne A1 — JuIMHA BOJHBI HAJIETAOILErO

E1=0,51 MaB

B (dhoToHa. AHATTIOTUYHO
o/ By -

A2=hc/E;. I3MeHeHue JIMHbI BOJHBI IPU KOMIITOHOBCKOM PAaCcCEsTHUH PaBHO
M=ly—A1 = ic(l- COS@),
e Ac = h/mgc =2,43-10%m — KOMITOHOBCKAS UTMHA BOJHEL JJIEKTPOHA.

Torma AL = A¢2, orcioma A, = A4 + AL = A1 + 2l¢ U, CleOBaTeIbHO, JHEPTHUS
paccestHHOTO (DOTOHA paBHA

~ hc hc
* A +24. helE +24.°
A ee noins
—34 8
E__he __ 663107 -3-10 —033=33%
E, hc+E -24. 663-10™-3-10°+051-107-2-243-10

Bonpocwi u 3a0anus.
1. KBanToBas npupoja U3Iy4eHHs. 3aKOHbI TEINIOBOTO U3JIyUYEHUS.
2.  Kganroas runoresa u popmyna IInanka. @OTOHBI.
3. ®oroaddexr.
4. Macca, sHeprust 1 UMIyJbC (PoTOHA.
5

Hasnenue ceeta. dpdexr Komnrona.

3agaum a5l CAaMOCTOATEIBHOIO peIcHUus

1. Kpacnas rpanuna ¢dotoadpdexra mns umuka Ap=310 HM. OmnpeaenuT MaKCUMATbHYIO
KMHETUYECKYIO PHEPTHIO Tyax (POTOITEKTPOHOB B DNIEKTPOH—BOJBTAX, €CIIM HA IUHK Ma/aeT CBET

¢ UMHOU BOJHBI A =200 HM.

2. BenencTBue M3MeHEHUsT TEMIEpaTypbl aOCOTIOTHO YEPHOTO Tela MaKCUMYM CIEKTpPaTbHOU
wIOTHOCTH (R) T)max cMecTmiics ¢ Ay =24 mxm  Ha A= 0,8 mMxMm. Kak U BO CKOJBKO pa3
M3MEHWJIACh PHEPreTudeckass CBETUMOCTh R, Tela W MakcHuMallbHasi CHEKTpajibHasl MIOTHOCTh
SHEPreTUYECKON CBETUMOCTU?
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3. Ilpu yBenuueHUM TEPMOJUHAMHYECKON TeMIleparypbl 1 4YEpHOro Teja B JiBa pas3a JIMHA
BOJIHBI Am, Ha KOTOPYIO TNPUXOAUTCS MaKCUMYM CHEKTPaJbHOM IMJIOTHOCTH SHEPreTH4YeCcKOn
cBeTUMOCTU (R), T)max, YMeHbImIach Ha AA=400 uM. OnpenenuTh HAYaIbHYI0 M KOHCYHYIO
temnepatypbl 71 u T5.

4. DTanoH eAVHUIBI CUJIbI CBETa — KaHJENa — IMPEJACTABISET COOOM MOJHBIN (M3Tydaromuii
BOJIHBI BCEX JUIMH) U3JIy4aTelib, MOBEPXHOCTh KOTOPOIO IUIONIA b

S = 0,5305 Mm? umeer temneparypy t 3arBepaeBanus miaTuHbl, paBHyo 1063 °C. Onpenenutsb
MOULIHOCTb P HU31ydaress.

5. MakcumaibHas CleKTpalibHas IUIOTHOCTh 3HepreTudeckoi cetumocTH (R; T) max  IEPHOTO

Tema pasHa 4,16-10"" Br/m?. Ha KaKyio JUTHHY BOJNHEI Ay OHA IIPOXOIUTCSA?

6. Temneparypa uepHoro Ttena paBHa 2 kK. Omnpenenuts: 1) CnexkTpaibHylO IUIOTHOCTh
dHEepreTudeckoi cserumoctd (I 1) mis amuHbl BoMHBI A =600 HM; 2) DHEpreTHyecKyro
CBETUMOCTH R; B mHTepBajsie 1juH BOJH OT A3 =590 HM 110 A2 = 610 HM. [IpuHATE, 4TO CpeaHss
CHEKTpaJibHasl IUIOTHOCTh SHEPreTHYEeCKOM CBETUMOCTHM Tejla B 3TOM MHTEpBaJle paBHA
3HAUEHUIO, HAIEHHOMY It BOJIHBI A= 600 HM.

7. OnpenenuTs MAaKCUMAIBHYIO CKOPOCTh Vmax  (DOTO3JIEKTPOHOB, BBUIETAIONIUX U3 METaJIa MpU
o0my4yeHun ero y - hoToHamu ¢ 3Hepruei £=1,82 M»aB.

8. MakcuManbHasi CKOPOCTb Vmax (POTOAIEKTPOHOB, BBUIETAIONINX U3 METaJla MPU O0TydYEeHHH €ro
y-poTonamu, paBaa 291 Mwm /C. Onipenenuts 3HEPruio € HOTOHOB.

9. OnpenenuTh MAKCUMAIBHYIO CKOPOCTh Vimax  (DOTO3JIEKTPOHOB, BBUIETAIONIUX U3 METaJIa MpU
o0mydeHuu ero y - doToHamu ¢ sHeprueit £=1,53 M»aB.

10. OnpenenuTh MaKCUMAIBHYIO CKOPOCTh Vmax (DOTORJIEKTPOHOB, BBIIETAIONIUX U3 METAlIa MO/
JIEUCTBUEM ) - U3JTyUeHUs C JUTMHOU BOJHBI A=0,3HM.

11. OnpenenuTs AIWHY BOJHBI A yIbTPadUOIECTOBOTO U3ITYUSHUS, MTa/Ial0IIET0 Ha TOBEPXHOCTh

o o 7 o
HEKOTOPOTro MeTaJljia, TPH MAaKCUMAJIBHOW CKOPOCTH (hOTOZIEKTPOHOB, paBHOM 10 M/c. PaboToit
BBIXO/Ia AJIEKTPOHOB U3 MeTajlia IpeHeopeyb.

12. Ha nMHKOBYIO TUTACTHHY I1aJJa€T MOHOXPOMATHYECKHH CBET ¢ ATMHOW BOJMHBI A = 220 HM.
OnpeaenuTb MaKCUMAIIBHYIO CKOPOCTb Vmax (POTORIIEKTPOHOB.

13. s mpexpamenust Gororddexra, BHI3BBAHHOTO OO0JTyYeHHUEM YIbTPa(UOJIETOBBIM CBETOM
IUTATUHOBOM TIACTMHKM, HY>KHO TMPHIIOKUTH 33JIePKHUBAIOIIYI0 pa3HOCTh nmoTeHuuanoB U, = 3,7
B. Ecny ninaTHHOBYIO MJIACTUHKY 3aMEHUTH IPYroM IJIACTUHKOM, TO 3aJ1€P>KUBAIOIIYI0 PA3HOCTh
MOTEHITMAIIOB TPHUAETCS YBEeNW4YuTh 10 6 B. Ompenenuts paboTy A BBIXOJA AJIEKTPOHOB C
IIOBEPXHOCTHU ITOU IUIACTUHKH.

14. Ha noBepxHOCTb JUTHS MajaeT MoHoXpoMmaTtudeckuit cBeT (A =310 um). UToObI IpeKkpaTuTh
HMHCCHUIO 3JIEKTPOHOB, HYXHO MPHJIOXKHUTH 33JEPKUBAIOLIYI0 pPa3HOCTh MoTeHuuanoB U He
menee 1,7 B. Onpenenuts paboTy BbIxoaa A.

15. Kakas nons sHeprun (oTOHA U3pacXo0BaHA HAa PabOTy BHIPHIBaHUS (POTODIEKTPOHA, €CIU
KpacHas rpanuna Qorospdexra Ay =307 HM M MakCUMalbHas KHMHETHYECKas 3HEPTus 7Tmax
dortornexkTpoHa paBHa 1 3B?
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16. Byner num wnHaOmonatbecst ¢orodddexr, ecnu Ha TMOBEPXHOCTh cepedpa HaIlpaBHUTh
yibTpaduoseToBoe U3aydeHue ¢ JNIMHON BOIHBI A =300 HM.

17. Onpenenuts 3Hepruro £, Mmaccy M U UMIyasc P (OTOHA, KOTOPOMY COOTBETCTBYET JJIMHA
BostHBI A = 380 HM ((uoseToBas rpaHUIla BUIUMOTO CIIEKTPA).

18. OnpenenuTh IIMHY BOJMHBI A, Maccy M U uMmmyiasc P ¢ortona c sueprueit & =1 M»oB.
CpaBHUTB Maccy 3Toro (OToOHa ¢ MacCOi MOKOALIEToCs JIEKTPOHA.

19. Onpenenuth IMHY BOJHBI A (DOTOHA, MMITYJILC KOTOPOTO PAaBEH HMMIIYJIbCY DJIEKTPOHA,
00Jagaromero ckopocTpio V =10" m/c.

20. Onpenenuts JJIMHY BOJTHBI A ()OTOHA, Macca KOTOPOTO paBHA Macce MOKOos: 1) aneKkTpoHa; 2)
POTOHA.

21. [aBnenue p MoHOXpomaruueckoro ceera (A =600 HM) Ha 4YEepHYIO IOBEPXHOCTH

PAcCIIONIOKEHHYIO MEPIEeHANKYISIpHO NagatouM aydam, paBHo 0,1 mxIla. Onpenenuts uncino N
2

(G oTOHOB, MagaroNKX 3a Bpems =1 ¢ Ha MOBEPXHOCTH IUIOMAILI0 S=1 cM

22. CnytHuk B ¢dopMe Iapa JBUKETCS BOKPYr 3eMJIM Ha TaKoW BBICOTE, YTO MOTJIOIIEHUEM
COJTHEYHOTO CcBeTa B aTrMmocdepe MOoKHO mpeneOpeusb. Juamerp cnytauka d = 40 m. 3Has
conHeunyo moctosiHuyo C=1,4 kJ[/M*C U IPUHAMAs, 9TO OBEPXHOCTh CIIyTHUKA IIOJTHOCTHIO
OTpakaeT CBET, ONPENIeIUTh CUITY AaBlIeHUsI F COJTHEUHOro CBeTa HA CIYTHUK.

23. OmpenenuTh MOBEPXHOCTHYIO IUIOTHOCTh | MOTOKA SHEPruM H3JIy4eHHUs, MaJAOLIero Ha
3€pKaJIbHYIO0 NTOBEPXHOCTb, €CIIM CBETOBOE JIaBJICHUE P IPU NEPHEHIUKYIAPHOM MAJCHUU JTyden
paBHo 10 mkIIa.

24. ®otoH c sHeprueit ¢ =0,4 MaB paccesics non yrinom 6 = 90° Ha cBOOOAHOM 3JIEKTPOHE.
OnpeaenuTb SHEPTHIO & PACCETHHOTO (POTOHA U KHHETHUYECKYIO SHEPIUIo 1 3JIEKTPOHA OTAAYH.

25. OmpenenuTs UMIYJIbC p 3JeKTpoHa oTnadn npu 3¢dexkre Komnrona, ecnm ¢oToH C
SHEPTUeH, paBHON SHEPTHH MTOKOS AJIEKTPOHA, OBLT paccesiH Ha yroi 6 = 180°.

26. Kakas monst sHepruu Qorona npu s¢dexkre KomnToHa mpuxoguTcs Ha 3JIEKTPOH OTIAyH,
eciu (GOTOH mperepnen paccesnue Ha yroin 6 =180°?7 Dueprus ¢ (oToHa 10 paccessHUs paBHA
0,255 M»B.

27. ®oton c¢ sHeprueir ¢ = 0,25 M»sB paccesncs Ha CBOOOJHOM 3JEKTpOHE. DHEprus &

paccestHHOrO (hoToHa paBHa 0,2 M3B. Onpenenuts yron paccesHus 6.

28. Yron paccessaus 0 ¢otona paseH 90°. Yron ornaun ¢ snextpoHa paseH 30°. OnpenenuTsb
SHEPruIo ¢ majaarouero GoTroHa.

29. ®oroH (4 = 1 mM) paccesiicss Ha cBOOOIHOM 3ekTpore moA yriom 6 = 90°. Kakyro momto
cBoel sHepruu (HOTOH mepenan dSAEKTPoHy?

30. JInuHa BonHBI A (pOoTOHA paBHA KOMIOTOHOBCKOHM JJIMHE BOJIHBI A d3JeKTpoHa. Onpenenurthb
DHEPTUIO € W UMNYJLC p GOTOHA.

Pa3pnen 6. JiieMeHTHI KBAHTOBOM MEXaHUKH U siiepHON pu3nKu

IIpakTyeckoe 3ansaTue 17.
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Tema 3anamus. OcCHOBBI GU3NKU aTOMHOTO s/Ipa.
Ilens 3anamusn. V13y4nTh BOIIPOCHI KBAHTOBOW TEOPUU U3IIyUEHUS.

3nanua u ymenusa, npuobpemaemvie CHMYOCHmMOM 8 pe3ylbmame O0CEOCHUS MeMbl,
dopmupyemoie komnemenyuu. Monemu atoma Tomcona u Pesepdopna. JluneituaTsiii criekTp
atoma Bogopona. llocrynarel bopa. Cnekrp aroma Bojgopoaa no bopy. I'mnoresa ne bpoiis.
KoprnyckynisipHO-BOJIHOBOM  Tyaiu3M. CooTHomenue HeomnpeaeneHHocTe [ 'eizendepra.
VpaBuenue Ulpenunrepa. BrageeT MmMocOOHOCTBIO HPUMEHSTH COOTBETCTBYIOUIMHA (hHU3HKO-
MaTeMaTHYECKUH armapar Mpu peieHur npodhecCHOHATBHBIX 3a/1a4.

Axmyanvnocms mempl. IIEMEHTbl KBAaHTOBOMEXAaHUUYECKON TEOPUM IPUMEHSETCS MpU
pelIeHNN HAay4YHBIX 3a7a4.

T eopemuuecKasn 4acmeo.

Ha ocHOBaHWU ONBITOB MO PACCESHUIO —4aCTULl TOHKUMHU METaTHYecKUMH (osibramu .
Pezepdoprom Obi1a nipeasiokeHa sigepHasi Mmojiens aroma. CoriiacHO 3TOM MOJIENH, B Ipe aToMa
COCPENOTOYEH BECh MOJIOKUTEIbHBIA 3aps]l U IMPAKTHYECKHM BCS Macca aroma. JIuHeiHble
pasMepsl slipa paBHBI 10™-10" m, BOKpPYT siZjpa B 00JIaCTU C JTUHEHHBIMU pa3Mepamu 1070 M
JBUKYTCSL AJIEKTPOHBI, Macca KOTOPBIX COCTaBJSET JIMIIb BECbMa Majlyl0 JOJI0 Macchl sJpa.
Snepnas monens atoma Pesepdopaa BHENIHE 0O4eHh HATIOMUHAET COTHEYHYIO CHCTEMY: B IICHTPE
cuctembl Haxoautcs «CoONHIE» — SIAPO, U BOKPYT HEro Mo OpOUTaM JBHIKYTCS «ILTAHETBI» —
A51eKTpOHbI. [103TOMY 1aHHYIO MOJIENIb YAaCTO HA3bIBAIOT IJIAHETAPHOM.

OnbeITHI OKA3BIBAIOT, YTO aTOMY CBOMCTBEHHA MCKJIIOUUTENBbHAS YCTOMYMBOCTD, OJHAKO
YCTOMYMBOCTh aTOMa HE MOXKET OBITh COTJIACOBAHA C KIACCHYECKUM HCTOJIKOBAHHUEM SCPHON
MOJIeTH. DJIEKTPOH, ABIKYIIMNCA YCKOPEHHO IO OpOWUTE BOKPYT sjpa, JOJKEH H3JIydaTh
AJIEKTPOMAarHUTHBIE BOJHBI. JTO M3JIyueHHE (M CBS3aHHas C HUM IOTEPs] DJIEKTPOHOM €ro
SHEpPruM) JODKHO IPOUCXOJIUTh HempepbiBHO. [lo3TOMy, Ha OCHOBaHMHM KJIACCHYECKHX
NPEJICTAaBICHUM, DJIEKTPOH HE MOXKET YJep)KaTbCsi Ha OpOMTe, a [OJKEH [0 CIUpalu
npubimxarecs K sapy. OTcrofa cienyer, 4To aTOM 332 OYeHb KOPOTKOE BpeMsl MIPEKPATUT CBOE
CYIIIECTBOBaHHE, KPOME TOTO, U3Iy4eHHE aTOMa JOHKHO MMETh HENpepbIBHBIN criekTp. OHaKo
OOLIMPHBIN 3KCHEPUMEHTANbHBIA MaTepuan YKa3blBa€T Ha CTAOMJIBHOCTb M Ha JUCKPETHBIN
(TMHEeWYaThIif) CIEeKTp aTOMOB, YTO HAXOAMTCA B TNPSAMOM IPOTUBOPEUYHUU C KIIACCHUECKUM
HCTOJIKOBaHUEM Mojenu atoMma Pesepdopaa.

IlepBas mombITKa IOCTPOEHUS HEKIACCUYECKOM TEOPUM aToMa, KOTOpas B HACTOALLEE
BpeMsl MPEACTABIISET TOJIBKO UCTOPUUECKUN MHTepec, Obula npennpunsta H. bopoM. B ocHose
OTOM TEOpUH JIeKana HIes CBA3aTh B EAMHOE ILEJI0€ DMIMPUYECKHE 3aKOHOMEPHOCTHU
JUHEHYaThIX CHEKTPOB, SACPHYI0 Mojaeidb aTtoMa Pesepdopra M KBAaHTOBBIM XapakTep
NOTJIOIIEHUST M W3JIy4YeHus cBera. B Teopunm bopa coxpaHsuloch oOnuMcaHuUE IOBEINCHUS
JJIEKTPOHOB B aTOME€ IPU IHMOMOIIM 3aKOHOB Kiaccuueckodl ¢usuku. OJHAKO KiacCHYecKHe
3aKOHBl €My TPUIUIOCH JONOJHUTh HEKOTOPHIMH OTPAaHHYEHUSIMH, KOTOpbIe OBLIH
chopMyIHPOBaHbI B BUJIE MOCTYIATOB, (PU3UUYECKUN CMBICT KOTOPHIX HE MOT OBITh OOBSICHEH B
paMKax MPUMEHAEMON TEOPHH.

Teopus  bopa  mnpumeHuma K aromy BOJIOPOJIa M TaKk  Ha3bIBa€MbIM
BOJIOPOJIONIOIOOHBIM aTOMaM, COCTOSIIIMX M3 sApa € 3apsjaoM Z€ U OJHOrO 3JIEKTPOHa,
BpAIAIOIErocsl BOKPYT sJipa Ha BHELIHEW opouTe.
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[TepBeiii moctynat bopa (mOCTynaT cTalMOHAPHBIX COCTOSHHM (OpOWT)) 3aKitoyaeTcs B
CIIEAYIOLIEM: CYWeCmeyIom HeKOmopble COCMOAHUS JNIEKMPOHA 8 Amome, HAX005Ch 8 KOMOpPbiX
OH He U3yuaem 3Hepeuul.

Bropoit mnocrymar bopa (mpaBuimo KBaHTOBaHMSI OpOMT) YTBEp)KIAeT, YTO 6
CMAYUOHAPHOM COCMOSHUU AMOMA IJIeKMPOH, 08U2AACL NO KPY20BOlL OpOUume, 00INCEH UMemb
K8AHMOBAHHbIE 3HAYEHUS MOMEHMA UMNYIbCA, YOO0BIeMBOPsIouUe yClo8Uio

Lo = mvury = nfi | (1)

rae N — psia HaTypaibHbIX yucen (N =1, 2, 3, ...), M — macca 3JeKTpOoHa, V — ero CKOpocCTb, I —
paanyc ero OpoUTHI.

Tperuit noctynar bopa (mpaBuiio 4acToT) YCTaHABIUBAET, YTO NPU nepexooe 3eKmMpOoHa
U3 00H020 CIMAYUOHAPHO2O COCMOAHUL 8 Opye0e UCNYCKAemcs Ul NO2Louaemcs 0OUH K8aHm
9Hepauu 6 sude homona

Enl _En2 - hV (2)

rae £y u Epp — SHEpPruM 3JICKTPOHA B JIBYX CTAIIMOHAPHBIX COCTOSIHHUSX, V — 9acToTa ()OTOHA.
[Tpu Eny < Enp mpoucxomut m3nydenue ¢potoHa, npu Eny > Ey — ero morsorieHwue.

bopoesckaa modenv amoma 600opooa
Uro0bl MONYy4YUTh cOIJIacHe C pe3yibTaTaMu HabOmoaeHuil, bop mnpennonoxun, 4ro
3JIEKTPOH B aTOME BOAOPOJA JIBUXKETCS TOJIBKO 10 TEM KPYrOBbIM OpOWUTaM, Al KOTOPBIX €ro
MOMEHT UMITyJIbCa

M =mur=n#, n=123,..., (3)

rae N — KBAHTOBBIE YMCIA, M — Macca JJIEKTPOHa, U - €ro CKOpoCTb, I' - paguyc OpOUTHL
(Paccyxnenusi, kotopsle puBenu bopa k 3ToMy NpennonoKeHHI0 Mbl OITYCTHM. )

C HOMOIIBIO TOTO NPAGUNA KEAHMOBAHYA MOKHO HANTH PaJMyChl KPYTOBBIX CTAIIMOHAPHBIX
OpOMT BOJOPOAA U BOJOPOJONOAOOHBIX CHCTEM: HOHOB aTOMOB C OJJHMM OCTABIIMMCS JIEKTPOHOM
(H, He', Li * 7, ...) u cooTBeTcTBylomme UM >Heprum. IlycTh 3apsj sapa BOIOPOIONOJOOHOM
CHCTEMBI paBeH €. Macca sfpa 3HAUMTETBHO OOJNBIIE MACCHI DIEKTPOHA, TOITOMY SAPO IMPH
JBMKEHHM DIIEKTPOHA MOKHO CUMTATh HenoaBwkHBIM. Crenys Bopy, GyaeM mpeamosaraThb, uTo
5JIEKTPOH JIBUKETCS BOKPYT s/Ipa 10 OKPYXKHOCTH pajuyca I.

Cornacho 2-My 3akoHy HeroToHa
m—=—-—, 4)

Pemmas coBmectHO (3) 1 (4), MOXKHO HAMTH painyChl AJIEKTPOHHBIX OPOUT U UX CKOPOCTU HA 3TUX
opburax:

o, ze’1
rn=——=n%v, =—=

T ©

Taxkum oOpa3oM, paauyc nepBoit (Onmxaiineld K saApy) OpOUTHI SJIEKTPOHA B aTOMe BOAOPoAa (ero

0003Ha4aI0T 00BIYHO ) U HA3BIBAIOT nepebim Boposckum paduycom)
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2
r, = i > =5,29um (6)

me

BHyTpeHHsIsT PHEprusi aromMa CKJIaJIbIBACTCS M3 KHHETHYECKOW HHEPIUU DSJICKTPOHA (SIpo
MOJIATaf0T HEMOJBIIKHBIM) U TMOTEHIIMAIBHON SHEPTrUM B3aWMOACUCTBHUS IEKTpoHA ¢ sapom. C
yaeToM (5) mosydum:

2 2 2,4
mo; Ze mZe" 1
E = +| - = @)
2 2
2 r 2h° n

n

IIpu nepexozne aroma Bogopoaa (Z =1) U3 COCTOSAHUA #; B COCTOSIHME /1, H3IydaeTcs (pOTOH
ho=E, —E, =—"—| > -~ |. )

Toraa yactoTa UCIYIIEHHOTO CBETa paBHA

me*( 1 1
o | w2 | ©)

n, n

UYro cootBercTBYyeT 00001IeHHOI popmyne banpmepa, ecnu moctosHHas Punbepra ompenensercs

4

me

s

Pacuer mo oTol dopmyne XOpoIIo corjiacyercs C OSKCIEPUMEHTAIBHO OIpeaeIeHHBIM
3HAUYCHUCM.

(10)

Cxema »>HepreTMyeckMx YypoBHEHM (pa3pelIeHHBIX 3HAuU€HUM SHEPruM) aroma BOAOpOJa
npuBesneHa Ha puc.l. Tam ke moka3zaHbl BO3MOXKHbBIE MIEPEXO/Ibl, COIPOBOXKAAIOIINECS U3TyUYEHUEM
(OTOHOB OIpeICIEHHOM YaCTOTHI.

7

E

/////////7

CcBOOOAHBIH 2IEKTPOH

T n— o
Es=-0853B(n=4)
1 E3z=-1,53B (n=3)
Yy e =
< —FE>=-3,43B (n=2)
cepusi
Banemepa
1 2
—— E\=-13.63B(n=1)
cepus
Jlalimana
Puc.1.

CneKmpaﬂbele 3AKOHOMepHOCmU

W3ydeHne CHEKTPOB U3MYUYEHUS CHITpANO OOJNBIIYIO POJIb B MO3HAHWU CTPOCHHSI aTOMOB. B
MEPBYIO OYEPEllb 3TO KAcaeTCs CIEKTPOB, OOYCIOBICHHBIX H3IyUYEHHUEM HEB3aUMOJICHCTBYIOIINX
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JIpYr C JPYrOM aTOMOB. DTHU CIIEKTPbI COCTOSIT M3 OTHEJIBHBIX Y3KUX CHEKTPAJIBHBIX JIMHUM, U HUX
Ha3bIBAIOT JINHEHYATBIMHU.

Hanuume MHOTMX CHEKTpaJbHBIX JUHUN YKa3bIBa€T Ha CIOXXHOCTb BHYTPEHHETO CTPOEHUS
atoma. M3ydyeHne aTOMHBIX CIIEKTPOB MOCIYXHWJIO KIIOYOM K IO3HAHUIO BHYTPEHHEH CTPYKTYpbI
atomoB. [Ipexxae Bcero, OBLIO 3aMEYEHO, UTO CIEKTPAJIbHBIC JIMHUM PACHOJOXKEHBI He
OecropsiIouHo, a 00pa3yloT cepuu JIMHUK. M3ydas NTUHEHYaThId CIIEKTP amomapHo2o 8000pood,
banemep (1885) ycTaHOBUI HEKOTOPYIO 3aKOHOMEPHOCTh. JIJIs YacTH JUHUK COOTBETCTBYIOIIHNE UM
9aCTOTHI MOKHO B COBPEMEHHBIX 0003HAUEHUSX MPEICTABUTH TAK:

1 1
w=R >~ n=34,5,.., (11)
2 n
e @ — IMUKINYECKas 4acTOTa, COOTBETCTBYIOMIAS KAXKIOW CIIEKTPATIbHON JTUHUU (@ = 27rC/ﬂ,), R —

MOCTOSTHHAS, Ha3bIBaeMasi nocmosiniol Puobepeaa:
R=2,07-10%c™ (12)

®opmyny (11) HaseBaroT Gopmynoit harvmepa, a COOTBETCTBYIONIYIO 656 486 434 A,uM
CEepUI0 CIEKTPaNbHBIX JMHUM — cepuei bambmepa (puc.2). OCHOBHBIC
JIMHUHU DTOH CCpUH HAXOOATCA B BI/I[[HMOﬁ YacCTH CIICKTpa.

H, Hy, H,
JlaypHelMe HCCael0BaHus CIIEKTpa aTOMapHOro BOJOPO1a Puc.2.
IIOKA3aJIM, YTO UMEETCs €Ie HECKOJIBKO CEpHUH.
B yneTpadmoneToBoii yactu ciekrpa — cepus Jlatimana:
1 1
o=R ==} n=234,.., (13)
1° n
a B MH(paKpacHOU YacTH crekTpa — cepus lIlawena:
1 1
o=R 3—2——2 ; n=4,5,6,..., (14)
n

" Tak gajce.

Bce aTu cepun MOKHO IPECTaBUTh B BUAE 0000weHHolU popmynsl baremepa:

1 1
o=R ———| 15
ng n? (13)

rac I’lo - HOCTOAHHOC IJI1 K&DKI[OI‘/'I CCPUU YUCIIO: Ng = 1 AJi1 Cepuun ﬂaﬁMaHa, Ng = 2 IJIL Ceprun
Eajleepa UT. AO. HpI/I 3aaHHOM Ng YKUCIo N NPUHHUMACT BCC LICIIOYUCIICHHBIC 3HAUCHUA, HAYUHAA C
ng + 1.

MakcumanbHOM THHE BOJHBI cepun Jlaumarna (13) oTBewaer N = 2, 310 Amaxe =
2rncl oy = 8Mc/3R = 121,6 HM. COOTBETCTBYIOUIYIO CIEKTPAJbHYIO JIMHUIO HAa3bIBAIOT
PE30HAaHCHOM JIMHUEN BOIOPOJA.
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. . 2
C pocTOM N 4YacToTa JIMHHI B KaXJIOH CEpUM CTPEMHTCS K IpeienbHoMy 3HaueHuio R/ NG,

KOTOpPO€ Ha3blBAIOT IpaHulleil cepuu (puc.2). 3a rpaHMLed cepuM CHEKTp HE oOpmIBaercs, a
CTAHOBUTCS CIUIOIIHBIM. JTO OpucCynie HE TOJIBKO BCEM CCpHAM BOAOPOAA, HO M aTOMaM APYIrux
3JIEMEHTOB.

Takum 00pa3zom, MHTEpecytolas Hac cepusi bajabMmepa 3akiroueHa B CHEKTPAIbHOM MHTEpBAJIC

oT 365 HM g0 656 HM, T. €. IEUCTBUTEIILHO, BCE OCHOBHBIC JIMHUU €€ PACMOJIOKEHBI B BHANMOI
00J1aCcTH CreKTpa.

I'mnoresa ne bpoiiiasa. Kopnycky/isipHo-BoJIHOBOH AyaJIin3m

MaTepun

CymiecTBOBaHUE BOJHOBBIX U KOPIYCKYJISIPHBIX CBOUCTB Y (PU3MUECKUX OOBEKTOB OBLIO
cHayasla 0OHapyKEHO B CBETOBBIX sIBJIeHUAX. OnTHYecKkue BJIeHUs (Hanpumep, MHTepdepeHuus
U JTUQPPaKIKs), KOTOPbIE OOBSICHSUINCh HA OCHOBE BOJHOBOM (3JIEKTPOMAarHUTHON) TEOPUH, ObLIN
B OCHOBHOM SBJIEHMSI PACHpPOCTPAaHEHHUS CBE€Ta M B3aUMOJEHUCTBUSA CBETOBOW BOJHBI C
MaKpOCKONMYECKMMH TENaMU: JHMH3aMM, NPU3MaMH, AU(DPAKIUOHHBIMU pELIETKAMU U T. .
OpHako B HEKOTOPHIX sBIeHHsIX (Hampumep, Kommron-3¢dext u ¢doroaddexr), TeueHue
KOTOpBIX ONpENENsIeTCs B3aUMOJEHCTBUEM CBETa C MHKPOCKOIIMYECKUMHU OOBEKTaMU —
OTJENBHBIMU  3apsDKEHHBIMH  YacTUIIAMK, aTOMaMHM WM MOJIEKyJaMH, OOHapyXHBaeTcs
pacxoXaeHue MeXJy MpeAcKa3aHUsIMU BOJHOBOW TEOpUM U pe3yiabTaTaMHU HAOMIONEHUH U
U3MEPECHUM.

B 1924 r., JIyn ne bpoiinp BeIcKa3all TUIIOTE3Y, UTO KOPIYCKYJISIPHO-BOJIHOBOM yalln3M
(IBOMCTBEHHOCTh, T.€. OJHOBPEMEHHOE HaJMYHE KOPIYCKYJSPHBIX U BOJHOBBIX CBOWCTB),
JIOJDKEH OBITh PAcIpOCTPaHEH HE TOJBKO Ha CBETOBBIE YACTUIBI — (DOTOHBI, HO M HA YACTHILIBI
BEILECTBA: DJIEKTPOHBI, IPOTOHBI, ATOMBI U T.[I.

CooTHolIeHUE JJIMHBI BOJITHBI (I)OTOHa )\.(1) C €ro UMIyJIbCOM P(i)

h

7\.(1): Fqb (16)

ne bpoite 00600111, TPEANnoNoKXHUB, YTO OHO HMMEET YHHMBEpCAJIbHBIH XapakTep Ui JIIOOBIX
BOJIHOBBIX IIPOIIECCOB, CBA3AHHBIX C YaCTHULIAMH, O0JIaJAalOUIMHU UMITYJIbCOM P:

h=" (17)

re A — JyIiHa BOJIHBI A¢ bpoiins mist yactuiibl, h — mocrosinnas [lnanka.

MMnynpc 4acTHUILIBI MOKHO OIPEAEIUTh, €CIIM M3BECTHA €€ KUHeTHueckas sHeprus K.
CBs13b UMIyJIbCa C KUHETUYECKOM dHEpruen pasiinyHa JUIsl HEpEeIsITUBUCTCKOIrO ciydast (Koraa
KMHETHYecKasi SHEeprusl YaCTHIIbl MHOTO MEHBIIIE €€ SHEPIuu MoKos Eg) U 17 pesITUBUCTCKOTO
ciyuas (korma K > Ep).

B HepenaTuBuCTCKOM citydae P = 4 ZmoK , TOoraa
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h
1=—
\2m K ' (18)

Tae Mo — Macca NOKOs 4YaCTHULIBI.

|
B pensituBrcTckoM ciaydae P = —+4/ K (2E0 +K ) , TOT1a
C

1 - hc
JKQE, +K)

(19)

2
rae Ep=mgC” - aHeprust mokos 4acTUlilbl, ¢ — CKOPOCTh CBETA.

OnbITHl TOKa3aJM, YTO JABOMCTBEHHOCTh MPUCYIA HE TOJBKO MOJIEBOH (hopMe MaTepuu
(HampuMep, AIIEKTPOMArHUTHAs BOJIHA — (DOTOH), HO M BEUIECTBEHHOU (hopMe, T.€. BOIHOBBIMHU
(Hapsily ¢ KOPITYCKYJISIPHBIMH) CBOMCTBaMHU 00J1a/Ial0T TaK)Ke YACTHUIIBI BEIIECTBA — JJIEKTPOHBI,
IIPOTOHBI, HEUTPOHBI, aTOMBbI, MOJIEKYJbl KU T.A. IloaTOMYy B Hacrosiiee Bpems TOBOPAT O
KOPIIyCKYJIAPHO-BOJIHOBOM JyaJIi3M€e MaTEPHH.

Ypasuenne llpeaunrepa

[Tpu onmicanuy SBJICHUH, B KOTOPBIX YYaCTBYIOT MHUKPOCKOIIMYECKHUE YACTUIIBI BEIECTBA
— DJIEKTPOHBI, IPOTOHBI, HEUTPOHBI U JIp., HA OCHOBE MPECTABICHUN U 3aKOHOB KJIACCUYECKOU
¢u3uKn (MEXaHUKH, IEKTPOJMHAMUKH, BOJIHOBOW ONTHKH W T.A.) BCTPETHIINCH 3aTPYyAHEHUS,
OKa3aBIIUECs HEMPeOAOTUMBIMU. [ 00BsICHEHUST HOBBIX sBJICHHH (hoTodpdekt, mudpaxius
DIIEKTPOHOB M JPYTUX YACTHIl U T.JA.) TOTPEOOBAIMCH HOBBIE MPEICTABICHHS, KOTOPHIE HE
VKJIQIbIBAIUCh B paMKH KJIacCHYECKOW (U3MKU, SBHO TMPOTHBOPEUUIIM €€ OCHOBHBIM
TIOJIOKECHHSIM.

Co BpeMeHeM OTAEIbHBIE PAa3pO3HEHHbIE MPEANONOKEHHUsI M TUIOTE3bl, BO3HUKIINE B
pa3IUYHBIX O00JIaCTAX AaTOMHOM (U3MKM, OBUIM CBsA3aHBl MEXAY COOOH U TpHUBEIU K
(bopMHpOBaHHUIO €IMHON (PU3NYECKON TeOpUH, MOTYUHUBILIEH Ha3BaHWE KBAHTOBON (PU3MKH.

Baxxneimmmu cBOMCTBaMU KBAHTOBBIX OOBEKTOB SIBJISIOTCS CIICYIOIIHE:

1) cymiecTBOBaHME Y YaCTHI[ KOPIMYCKYJISIPHBIX M BOJHOBBIX CBONCTB, HEOTICTMMBIX JPYT OT

JIpyra 1 HECBOJMMBIX JPYT K JIPYTY;

2) cymecTBOBaHUE Y (PU3NYECKUX CHCTEM TUCKPETHOIO CHEKTpa YCTOMYMBBIX COCTOSHUH, YTO
clelyeT, HalpuMep, U3 TUCKPETHOrO CIIEKTpa U3JIyuYeHUs: aTOMOB.

KopnyckynspHele CBOMCTBa 3aKJIIOYAIOTCA B TOM, 4YTO KaXJIas YacTULA HMeEEeT
HEKOTOPYIO COCPEIOTOYEHHYIO B MaJoM OOBbeME PHEPrui0 M HUMITYJBLC; MPH B3aUMOAECHCTBUU
YaCTHI] MEX]ly cO00i cOOII0IAaI0TCS 3aKOHBI COXPAHEHUS U UMITYJIbCA.

BonHoBbIE cBOiICTBa 3aKiIIOYalOTCS B TOM, YTO TPAEKTOPUS YaCTHUIBI OINpEAeseTcs
HEKOTOPOM CBS3aHHOM C HEW BOJIHOM, pacIpoCTpaHEHUE KOTOPOH IOAYMHEHO IIPUHIUILY
['folireHca u Ay KOTOPOM coOMrOfaeTcss MpUHIMN cyneprno3unui. OIHAKO 3TO yTBEPKICHUE
TpeOyeT pacmupoBKH, KakoBa TMPHPOJAa HSTUX BOJH, Kakas (U3MYecKas BeIUYHHA
XapaKTepu3yeT 3TH BOJIHBI U W3MEHSETCS B COOTBETCTBUU C BOJHOBBIM YpaBHEHHEM, KaKuUM
00pa3oM IMOBEAECHUE YACTULBI CBA3aHO CO 3HAYCHUSMHU 3TOW BEIMYMHBI B PA3JIMYHBIX TOUKaX
MIPOCTPAHCTBA, T.€. KaK B3aMMOJEHCTBYIOT MeXAy cCOo00i «BOJHA» M «4YacTHUIa». 3aMETUM, 4TO
JUIS OJTHOM M3 YacTHll — (POTOHA — YacToTa KoseOaHUi CBsi3aHa C YHEpruel, a JUIMHA BOJIHBI — C
UMITYJIbCOM YaCTHIIBI.

OpHako 1 DJIEKTPOHOB, NPOTOHOB, HEMTPOHOB M JPYIMX YacTHUI[ BOJHBI, KOTOPBIE
ObLIM OBl OTBETCTBEHHBI 3a AM(PPAKIMIO U B TOXKE BpPEMsl JOCTYMHBI HEMOCPEICTBEHHOMY
M3YYEHUIO MPHU TTOMOIIHA COOTBETCTBYIONICH (hU3MUECKOM ammaparypsl, He oOHapyskeHbl. OTcrona

187



CJIEZIyeT, 4TO BOJHBI Jie Bpoiiss (BOJIHBI YacTUIl) UMEIOT CTIEHU(pUUECKYI0O KBAHTOBYIO IIPHPOLLY,
HE UMEIOLIYIO aHAJIOTMH B KJIACCUYECKOH (pU3HKe.

Jlyis onucaHusi BOJHOBBIX CBOMCTB KBAaHTOBBIX YaCTHUI[ BBEAEM HEKOTOPYIO ()YHKITUIO
¥Y(x,y,z,t), Ha3pIBAEMYI BOJHOBOW (QyHKImerd (wiu ncu-pynkmueit). Bomael ne  bpoitns
HOJYYHITH CBO€OOpa3HOE CTaTHCTUYECKOE (BEPOATHOCTHOE) UCTONKOBaHUE. DU3MUECKUI CMBICIT

2
uMmeeT He cama pynkuus ¥, a kBaapar ee Moayis. Bemnmuuna ‘T‘ MMEET CMBICH IIJIOTHOCTH

BEPOATHOCTHU

d :
=l (20)

N3 (20) crmemyer: BEpOSTHOCTh dw TOrO, YTO YacTHIA HAXOIUTCS B dieMeHTe oOvema dV ,

2
IPOINOPIMOHAIbHA ‘SU‘ U 2eMeHTy oobema dV.

W3 BbIIECKAa3aHHOTO CIEAYeT, YTO B KBAHTOBOW (U3MKE BO3HUKACT BasKHEHIIIAS
npoOjieMa — OTBICKAaHUE TAKOTO YpaBHEHHUS ABUKEHUS KBAHTOBBIX YACTHUIl, KOTOPOE SIBUIIOCH OBI
TEM JK€, YEM SBIISIETCS ypaBHEHUE JBUKeHUs HploToHa 1151 Kitlaccuyeckor Mexanuku. [Ipu stom
HUCKOMOE YypaBHEHHE JIOJDKHO OBITh ypaBHEHHWEM OTHOCHTENbHO O(yHKIMU ¥(X,),zt). D10
ypaBHEHUE ObLIO HaiieHo B 1926 r. 9. llpeauHrepoM U UMEET CIACAYIOMIUA BU:

2 . OY¥
——AY¥Y +U(X, Y,z ¥ =1/h—.
om, (X,y ) ot (21)

3nech i = h/2r — nocrostunas Jupaka, U(X,Y,z,t) — moTeHIaabHast SHEPTHsI YACTUIBI B CHIIOBOM

o o .
ToJIe, T/I€ YaCTULa ABUXKETCS, A = Pl + 37 +— - omeparop Jlamnaca, | — MHUMas IMHHIIA.
x y A

N3-3a mpucyrctBust B ypaBHeHMH (21) MHUMON eAMHUIBI BOJIHOBBIE (GyHKUMU ¥,
YIIOBJIETBOPSIOLINE ITOMY YPaBHEHMIO, Bcerja KoMIuieKCcHbl. [loatomy camu 3TH QyHKIUU HE
HaOmroaeMbl. MI3MepuMBbl TOIBKO KBAaHTOBOMEXAHMUYECKHE BEPOSTHOCTH, BCEIJa COJAEpIKallue
¢yHk1M ¥ B MPOU3BEAECHUAX COBMECTHO C KOMIUIEKCHO CONPSKEHHBIMU UM BEJIMUYMHAMH.

VYpaBuenue (21) cnipaBeanauBo A7 Jr000H 4acTUIBI, IBHXKYILEHCS CO CKOPOCThIO V<<C.
B penstuBuctckoil obnactu aBukeHus: npu v~C ypaBHeHue lllpeaunrepa 3amensiercst 6onee
CJIOHBIM ypaBHeHUEM Jlupaxa.

VYpaBHenue (21) Ha3bIBalOT HECTALMOHAPHBIM (BpeMeHHBbIM) ypaBHeHueM lllpenunrepa,
00 OHO COJEPXKHT MPOU3BOAHYIO OT QyHKIMH ¥ 1o BpeMeHHu. OfHAKO Ui OOJBIIOTO YMCIA
bu3nyecKuX SIBICHUN, MPOUCXOASIINX B MHUKPOMHpE, HampuMep, JUIsl ONMUCAHHS MOBEICHUS
AJIEKTPOHOB B aTOME, B PSJE CIIy4aeB Ba)KHO HAaXOIUTh CTAllMOHAPHBIE PELICHUS ypaBHEHUS
[penunrepa, He cojaepKalue BpPEeMEHHU. B 3TOM ypaBHEHUHM [OJKHA OBITh MCKIIIOYEHA
3aBUCUMOCTD ¥ OT BpEMEHH.

CraununonapHoe ypaBHenue [llpennnrepa oObIYHO 3aIMCHIBAIOT B (hopme

2m
AW+h—20(E—U)l//=0. (22)

3nech E — nonHas sHeprus yactuipl, ¥ = ¥(x,y,z).

VYpaBHeHne (22) sBisIeTCS BaXHEHIITUM COOTHOIICHHUEM HEPEIATHBUCTCKONW KBAaHTOBOM
($u3uKH, UTPAIOLIM OCHOBHYIO POJIb B aTOMHOM (PH3HUKE.
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CooTHomenue HeonpeaeaenHocrei I'eiizendepra

du3nuecKkue BeTMYMHBI HUKOTAAa HE MOTYT ObITh H3MEepeHbl a0COMIOTHO TO4YHO. Beerna
eCThb HekoTopas ommOka wu3MepeHuid. OmmOka Ha3bIBaeTCS TAKXKE HETOYHOCTBIO WU
HCOMPCACIICHHOCTBIO, IPUICM HOCJ’IGI[HI/Iﬁ TCPMUH HUCIOJB3YCTCA IMPCUMYIICCTBCHHO TOJIBKO B
KBaHTOBOU (pH3UKe.

B kmaccuyeckoil ¢usnke He OBUIO NPUHIUMNHAIBHBIX OTPAHMYEHUN HA TOYHOCTH
u3MepeHuii. CyuTanoch, YTO MPH JOCTAaTOYHO COBEPIICHHOW ammaparype BCE BEIUYHHBI,
XapakTepusymIinue (QU3HUYECKYI0 CHCTEMY, MOTYT OBIThb HM3MEpPEHBl CO CKOJb YrOJHOU
TOYHOCTBIO. DTOT B3TJISIA TMOATBEPIKAAICS BCEMH OIBITHBIMU (paKTaMH MaKPOCKOIMUYECKOM
¢usuku. Ho, kKak BBISICHHIOCH, JUII MHKPOCKOITMYECKHX CHCTEM HEOTPAHUYCHHOE IOBBIMICHUE
TOYHOCTH M3MEPEHUN MMEET MECTO HE Bceraa. B psije cilydaeB CyIIECTBYIOT NPUHIUITHATIBHbIC
OTpaHWYCHUS] HA TOYHOCTh W3MEPCHUS (PU3NYCCKUX BEIMYMH. OTH OrPAHUYCHHUS HE
OTIPE/ICIISIOTCS  COBEPIICHCTBOM HW3MEPHUTEIBHON TexHUKHA. Kaxjaoe u3 HHUX  SBISETCS
(dyHIaMEeHTAILHBIM CBOMCTBOM MaTepuu. HO NpOosIBIIGHUE 3TUX CBOMCTB CYIIECTBEHHBI TOJIBKO B
MUKPOCKOIIMYECKUX CHUCTeMaX. [IpUHIMNUANIBHBIE OTPAaHWUYCHHUS HA TOYHOCTh H3MEpPEHUs
(U3HYECKUX BEIIMYUH HA3bIBAIOTCS COOTHONICHHUSMH HEOIpeIeIeHHOCTeH. Brieprle oM ObLTH
chopmynupoBanbl B 1927 1. B. I'eiizen0eprom.

Haubonee BaxHBIMU SIBJISIFOTCS IBa COOTHOILIEHUSI HEOIIPEIETIEHHOCTEH.

HepBoe OrpaHu4rMBacT TOYHOCTb OJHOBPECMCHHOI'O HU3MCPCHHA KOOpJAWHAT YaCTHULbl U
COOTBCTCTBCHHBIX KOMIIOHCHT €€ UMITYJIbCA. OTH COOTHONIEHUS BBITJIAOAT TaK:

AxAP. = h
AVAP, = h (23)

AzAP. > h.

BTOpOC COOTHOHICHUC YCTAHABJIMBACT NPCACTT TOUHOCTU U3MCPCHUA DHCPIUHU 3a JTaHHBIN
MMPOMCEIKYTOK BPEMCHHU. Ono umeeT BUJ

AIAE = A (24)

Trac At — JJIUTCIIbHOCTD U3MCPCHUA SHECPIrUuu, a AE —ce HCEONPCACIICHHOCTD.

CootHomienust (23) o3HayaroT, YTO €CJIHM, HAPUMEpP, MECTOIOJIOKEHHUE YaCTULIBI T10
KOOPJMHATHON OCH X U3BECTHO C TOYHOCTBHIO AX, TO B TOT K€ MOMEHT BPEMEHU X KOMIIOHEHTY
HUMITYJIbCA YaCTHUI[BI MOKHO M3MEPHUTh TOJNBKO ¢ TOYHOCThIO APy = /i/AX . CornacHo (24) ans
M3MEpPEHHS SHEPTUU C TOUHOCThIO 10 A E HeoOxomumo Bpemsi, He MeHbIee 4eM A t = i/A E .
Otnuuue 7 OT HyJS UCKITI0YAaeT oOpalleHrue B HyJIb HEOMPEIECICHHOCTEH B UMITYJIbCE M SHEPTUU
mpu 3amaHHbiX A X u A t . Tonbpko mepexon K Kiaccudeckou (usuke, nmpu KotopoM /i— 0,
CHUMAET OTPAaHUYCHUS HA TOYHOCTh U3MEPEHUIA.

CooTHoOIIeHHS HEOTIPEIEICHHOCTEH SABISAIOTCA CIIEACTBHEM OOBEKTUBHO CYIIECTBYIOLIEH
JIBOWCTBEHHOCTH YaCTHIl MUKPOMHpPA — HAINYMS Y HUX KOPITYCKYJISPHBIX U BOJHOBBIX CBOWCTB.
OTH COOTHOUICHUS CBHIETENBCTBYIOT 00 OOBEKTHBHO CYIIECTBYIOIIMX OrPaHUYEHHUSIX B
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BO3MOXXHOCTH ONHCAHUS TOBEIEHUS MHKPOOOBEKTOB C TOMOIIBIO, HAPUMEp, KIACCHYECKHX
MOHSATHH KOOPAMHAT M WUMIYJIbCOB. B YacTHOCTH, 3TH COOTHOIICHUS HMCKITIOYAIOT JBM)KCHUC
KBAHTOBBIX YaCTHUIL IT1O TpaeKTOpI/ISIM, T.K. OJIA CYH_IGCTBOBaHI/ISI TpaeKTOpI/II/I Tpe6yeTc;1, I-ITO6I:I
OJIHOBPEMEHHO MOXHO OBLJIO TOYHO 33/1aTh X M Vy (T.e. Py ) . Ho uMeHHO 3T0 u 3amperiaercs
COOTHOIIICHUEM HEOIPEICIICHHOCTCH.

IIpumepsl pemenus 3agaq

3apaua 1. [lomyuuts dopmyny [uid paauycoB OpOMT 3JIEKTpOHAa B aTOME BOJOpOJa U
BBIYUCIIUTH PAJANYC MEPBOM OpOUTHI (TIEPBBIA OOPOBCKUI paaNyC), @ TAKIKE CKOPOCTH JIEKTPOHA
Ha 3TOH opoure.

Pemenue.
N3 nepsoro nocrynara bopa umeem
h
mor=n—,
2r

rae M —macca 3JICKTpOHa, V - €ro CKOpoCTh, I —pagnyc 0p6I/ITLI, h — nocrsaunas ITnanxka.

Jnist mepBoii opoutel N=1, u mo3Tomy mor = 2— . Q)
T

Cuna KYJIOHOBCOTI'O IPUTSIKCHUA SJICKTPOH-AAPO ABJIACTCA HCHTpOCTpGMHTCJIBHOfI CI/IJIOfl,
MMO3TOMY U3 BTOPOT'O 3aKOHA Hrrotona umeeMm
2 2 2
1 e mo 2 1l e
— = nin m" =———, (2)
Arg, 1 r Arg, 1

TJIe e — 3apsi]] AIEKTPOHA.

Pemas coBmectHo ypaBHenust (1) u (2), Haiinem

_&h’ _4-314-885-10%1,05-10*

L - P =529-10Mwm
xme 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

3agaua 2. DJNEKTPOH, HAYATBHOM CKOPOCTBIO KOTOPOTO MOXHO TpeHeOpedb, MpoIIeln
YCKOPSIIOIIYIO pa3HOCTh moTeHnuanos U. Haiitu anuny BonHbl ne Bpoiinsg A 1u1s 1ByX cliydaes:
1) U; =51 B;2) U, =510 xB.

Jano: Pemenne. PaGoTa cunm 2IEKTPUYECKOTO TIONSA paBHA HM3MEHEHHIO
KHHETUYECKOU DHEPTUU DIICKTPOHA

U;=51B P P
A=AK=K;- K;.3necy A = eU, a AK = K> = K, tak kak K;= 0,

U, =510 B
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Ay, Ao =7 TO ecTb K = eU.

Tenepp HEOOXOAUMO ONPEACTUTh XapakTep ABMKEHUS JJIEKTPOHA, HEPENSTUBUCTCKUN WIN
PENATUBUCTCKUI

Eo=moc?=9,1-10°"(3-10%)% = 8,19-10™ JIx = 0,51 M>B.

B mepBom cnywae K; = eU; = 1,6:10%%51 = 8,16:108 Hx = 51 »B. Bo BTrOpoM cnydae
Kr=eU,=1,6-10"-5,1-10°=8,16-10"1x=~51-10%B=0,51M>B.

CrnenmoBarenbHO: B TiepBoM ciiydae K « Ep — HEPEISATUBUCTCKOE JABMKECHHE JICKTPOHA U
€ro JIJTMHY BOJIHBI Jie bpoiiis 41 Heobxoaumo paccuuThiBaTh 1Mo hopmysie (3), BO BTOpOM ciiydae
K, = Ey — pensaTUBUACTCKOE IBUKEHUE U A7 pPACCUUTHIBACTCS 110 hopmyiie (4).

[IpuHuMas BO BHUMaHUE TO, 4yTO Kj = 0,51-10'4 M>B =10 Ey, a K> = Ey, paccuutaem A1
nu 22.

a1 = h _ h _10? hc _
= — — —
J2mK, \/2 Eg 10°E, J2 E,

> —34 8
_10%6,62-10 31410 —1.71-107° 20 = 17 Lrana.
V2 -8,19-10

B hc B hc B hc B
JK,QE, +K,) +JE,E,+E, ~3E,

2

_6,62-107%-3-10°

—12
\/g 819.10 =1,40-10 "~ ¢ = 1,407

2 . .7
3agaua 3. BomnoBas ¢QyHKIMs Y (x)= \/T Sl n(T X)  ONMMCHIBAET OCHOBHOE COCTOSHHE
YaCTHIBI B OECKOHEYHO ITTyOOKOM MPAMOYTOJILHOM SIUKE

mpuHON |. BBIYMCIUTE BEPOSITHOCTh HAXOXKICHUS YacTuilpl B MasioM uHTepBane Al = 0,011 B

. [ Al [ Al

nByx ciaydasx: 1) Boausu crerku (0 < x< Al); B cpeaneli yacTu suuka ( 5 — Y <x< 5 + Y 2)
JlaHo: Pemenne. BeposTHOCTH TOTO, UTO YacTUIla OyJIeT OOHapyKeHa B

uHTEepBasie UX, CoriacHo CooTHOMmECHHIO (5) 3amuirercs B BUae: dw
(x)= \E sin[z xj = |S”|2 dV. B nmepBom ciyuae BEPOSITHOCTh ~ Haiercs

I I WHTETPUPOBAHUEM B TIpeJieNiax OT

Al =001
w-?
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0,01/

) 7T
0 10 0,01l: @ :7 _[51n2 7x dx -
0

3HaK MOJyJs OMyIIeH, T.K. Y- GyHKIUsS, B JaHHOM cllyyae, He

aBiseTcss KoMIiekcHoi. Tak kak x u3MeHnsercs B unrepsaie (0 Al Al | x
<x<0,01l) u,
CIIE/IOBATEIILHO, mx [ | << 1, cmopaBemuMBO — NPUOJIMIKCHHOE  PaBEHCTBO
2
. (T
sSin I_ X |= T X | . C yderom 3T0r0 HCKOMAsi BEPOATHOCTH IIPHMET BHII
2 2 3 0,011 2
0,011
20 7T 277" X 27 6 6
o, =T Zx]dx= 2 =22 10°=66-10".

I o Ul 1° 3 3

(¢}

Bo BTOpOM ciydae MOXXHO OOOWTHCH 03 MHTErPUPOBAaHUS, TaK KaK KBagpaT MOMYJ
BOJHOBOW (yHKIMHM BOJIM3M €€ MakcMMyMa B 3amaHHOM MaioMm wuHTepBasie (Al = 0,01l )
IPaKTUYeCKH He u3MeHseTcs. lckoMash BEpOsSTHOCTH BO BTOPOM Cilydae OIpPEACNSCTCS
BBIPQKCHUEM

2

w, =7 L] ax = Zsin?( Z ] 2
’ 2 |

sin®| =~ = |4l = =-1*-.0,01 = 0,02.
1 2 I

W3 cpaBHEHHS BUIHO, 4YTO @1 << @7 W, CJIEJIOBATEIbHO, YACTUIIA C HAUOOIBIICH BEPOSTHOCTHIO
HaXOJIUTCS B CpEHEN YaCcTH SIIIIHKA.

3agauya 4. Kunermueckas sHepruss K 2JI€KTpOHa B aTOME BOJOPOAA COCTABISIET BEIUYUHY
nopsaka 10 5B. Mcnonb3yss COOTHOLIEHHE HEONPEAEIEHHOCTEH, OLICHUTh MHWHHMAJIbHBIC
pa3Mepsl aToMa.

Hano: Pemenne. Jnis  pemieHHs — BOCHOJIB3YyeMCS ~ COOTHOLIEHHEM
K=105B HeomnpeneneHHocted  (8) AX'APy > A . W3  cooTHoueHUs
=105 o
HEOIPEeIEHHOCTEN CIIeyeT, UYTO YeM TOUHee ONnpeaeseTcs

I-?

MMOJIOKCHUEC YaCTHULIbI B MPOCTPAHCTBC, TCM Ooiee HCOMPCACIICHHBIM CTAaHOBUTCA HMITYJILC, a,
CJICOOBATCIIbHO, U DHCPIUA YaCTUIIBI. HyCTB aTOM HMEET JIMHCHHEIC pasMEpPhbL |, TOraa 3JICKTPOH
aToMa 6y,Z[eT HaxXOJUTbBCAd TAC-TO B IMPCAciIax obOmactu ¢ HCEOMPCACIICHHOCTBIO Ax = |/2.
CooTHolIeHUE HeOHpCﬂCHCHHOCTeﬁ MOZKHO 3allMCaThb B 3TOM CJIy4ac B BUIC:

-APX = 7z,

27

LN
2
= — .
AP,

OTKy/a |
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dusnyeckas pa3yMHas HEOIpENEIeHHOCTh ummynbca APy , Bo BcskoMm ciydae, He
JIOJDKHA TIPEBBINIATh 3HAYEHUs caMoro ummyibsca Py , To ectb APy < Py . Ummynbc P, cBsizaH C

KMHETUYECKOM 3Heprueil K COOTHOIIEHUEM Px = 2m0K .

3amenum APy Ha P, (takas 3amena He yBenuuut l). Tlepexozst OT HepaBeHCTBA K PaBEHCTRY,
MOJIy4YUM

2h 2-1,05-107*

l pr— pr
J2myK  \2.91.107"-1,6-107"%

min

=1,24-10"" m = 124nm.

3anaua 5. Kakoil KWHETHYECKOW dHEpruei J0HKeH 001a1aTh MPOTOH, YTOOBI JJIMHA BOJIHBI JIe
Bpoiinst mpoToHa A5 paBHSIIACH €r0 KOMITOHOBCKOH JITTUHE BOJTHBI Ac?

JlaHo: Pemenne. JlnuHa BomHbl A€ bpoiias M KOMITOHOBCKAs [IJIMHA BOJIHBI

ﬂE:ﬂC

OTpeeIIsAtoTCs 10 hopmynam: As = h/p, Ac = himgc.

I/IMHYJ'IBC ABUIXXYIICTOCH ITPOTOHA

2

2
Y, ve 1
1- —, » CII€JI0BAaTENbHO — = E Kunernueckast sHeprust nporona K = E — Ej,
C C
mOC2 2
rne E = ———, - [10JIHAas SHEPIHs IPOTOHa, Eo = mMoC” — ero sHeprus noxos.
Y
OKOHYATEIHLHO
1
K=E,| ———-1|=E,[V2-1)=

V1-v2/c?
=167-10%.9.10" -041=6,23-10" Ix = 389 M>B.

3agaua 6. CpeqHee BpeMst )KM3HU aTOMa B BO30YKJIC€HHOM COCTOSHUM paBHO 12 HC. Beruucnure
MUHUMAJIBHYIO HEOTPEAeIEHHOCTD ITMHBI BOJIHBI A = 0,12 MKM H3JIy4eHHs MPU TEpexojie aToMa
B OCHOBHO€E COCTOSIHHE.
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Jano: Pemenne. OHeprus U3JIy4aeMoro ¢dorona E=hc/A.
[Tpomuddepenmupyem E 1o A:

At =12 e
12 ﬂZ
AL-7

N3 cootHomeHus HeompeneneHHOCTed [eifsenOepra uii SHEPrUM W BPEMEHHU

AEAt > — Boipasum AE. AE =———, 3nece AE n At - HeONpPENETEHHOCTh SHEPIHH M
2r 27t

BpPEMEHU.

IIpupaBHsieM BoIpakeHUs 11 AE:

A 27Nt
OTKy/1a
ya 12%-107™

=6,4-10"m.

2‘ = =
2rcAt  6,28-3-10°-12-10°°

3agaya 7. DIEKTPOH HAXOIUTCS B OJHOMEPHOW MOTEHUUAIBHON sIME ¢ OECKOHEUHO BBICOKUMU
crenkamu. Iupuna smer | = 1 uM. Omnpeaenute HAUMEHBIIYIO PA3HOCTh SHEPTETHUECKHUX
YPOBHEM 3JIEKTPOHA.

Jano: Pemenne. DHeprus snekrtpoHa E,, Haxojsmierocss B NMOTEHUUAIBHOW siMe
MIMPHUHOH |, Ha N-M SHEPreTHUECKOM YpOBHE Onpeaessercs mno popmyie

_ h’ 2
o= -n°.
8ml

PazHoctb AE;, n+1 DHEPTHUii 37€KTpOHA Ha coceAHUX N U (N+1)-M ypoBHSIX paBHA

E

2

h
AEmH:8mv(2n+1)

OueBunHo, uto AE Oyzner MuHUManbHa mpu N = 1.

3.-6,63°-10°% .
min = 8.91.10 .10 =18-10" Ix =115B.

Bonpocwt u 3a0anus.
1.  Mogenu atoma Tomcona u Pesepdopaa.

2. JluHeWuaThIil CIIEKTP aTOMa BOJOPO/A.
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ITocrynars! bopa.
CnexTp atoma Bojopoza no bopy.
I'mnotesa ne bpoitnsa. KopnyckynsipHO-BOJIHOBOW JTyau3M.

CootHomieHue HeomnpeaeneHHocTel 1 elizendepra

N o o b~ w

VYpasnenue Ipeaunrepa.

3agaum AJ1sl CAMOCTOSITEILHOI0 peleHust

1. BeruncnuTh panuychel I U 3 BTOPOM U TpEThel OpOUT B aTOME BOJIOPO/IA.
2. OmpenenuTb CKOPOCTh 0 AJIEKTPOHA HA BTOPOI OpOUTE aToMa BOJIOPO/a.
3. Onpenenuth 4acTOTy 0OpallieHus 3JIEKTPOHA Ha BTOPOM OpOHUTe aToMa BOAOPO/a.

4. Onpenenuth MNOTEHUMANbHYIO [/, KUHETHYEeCKyl0 7 U TONHYIO E SHeprum 3JeKTpoHa,
HaXOoJALIErocs Ha epBOi opOUTE aToOMa BOJOPOJA.

5. OnpenenuTh JUIMHY BOJIHBI A, COOTBETCTBYIOIIYIO TPEThEH CIIEKTPATbHOW JIMHUU B CEPUU
banbmepa.

6. HaiitTn HanOoNbIIyI0 Amax 1 HAUMEHBIIYIO Amin [UTMHBI BOJIH B TIEPBOW MH(pPaKpacHO# cepuu
criekTpa Bojopoaa (cepuu Ilamena).

7. BeraucnuTh SHEpruio ¢ (HOToHA, UCITYCKAEMOT0 TIPH MIEPEX0/Ie IIEKTPOHA B aTOME BOJOPOJIa C
TPETHETO SHEPreTUUECKOI0 YPOBHS Ha MEPBBIM.

8. OnpenennuTs HAUMEHBIIYIO €min U HAUOOJBIIYIO Emax IHEPrHM (POTOHA B yIbTpa(HOIETOBOI
cepuu crieKTpa Bojaoposa (cepun Jlaiimana).

9. ATomapHBIif BOJOpO/I, BO30YKIEHHBIN CBETOM ONPEIEICHHOM JJIMHBI BOJIHBIL, IPU NIEPEX0JIE B
OCHOBHOE COCTOSTHUE HCIYCKAaeT TOJbKO TPHU CHEKTpajbHble JUHUU. ONpenenuTh AJIUHBI BOJIH
JTUX JIMHUU U yKa3aTh, KAKUM CEpUSM OHU IIPUHAIJIEKAT.

10. ®oton ¢ sHeprueit ¢ = 16,5 3B BbIOWI 2JIEKTPOH U3 HEBO30YXKJICHHOTO aroMa BOJOPO/IA.
Kakyto ckopocTs U OyAeT UMeTh AJIEKTPOH BJAJH OT siipa aroma?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue oucyunIuHbl

5.1 Ilepeuenv o0cHOB8HOU U OONONHUMENbHOU JUMEPAMYPLl, HEOOXOOUMOU 0N
0CBOCHUA OUCUUNIUHDI

5.1.2 Ilepeuens ocnosnoil iumepamypol:
1. ®usuka g BY30B: MEXaHUWKa W MOJIEKyJsipHas (usuka [DneKkTpoHHBIH pecypc]:
yueonnk / B.A. Hukepos. - Mocksa: M3gatenbcko-ToproBasi kopropamus «Jlamkos u K,
2017. - 136 «c. : Tabm., rpad., cxem. - ISBN 978-5-394-00691-3;-URL:
http://biblioclub.ru/index.php?page=book&id=450772
2. TamuneikoBa-bymkesuy, .. ®uszuka: B 2 4. / N.W. TauuisikoBa-bymkesuu. — 2-e u3n.,
ucnp. — MuHck : Beimiimas mkona, 2014, — Y. 1. Mexanuka. MonekynsipHas gusuka u
TEPMOAMHAMMKA. DJIEKTPUUECTBO U MarHeTusM. — 304 c. : ui., cxeM. — Pexxum gocrymna: no
noxnucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732
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3. TambikoBa-bymkesuy, .U, ®uszuka: B 2 u. / .M. TanusikoBa-bymkesuu. — 2-e u3n.,
uctp. — Munck: Beimmitmias mikona, 2014, — Y. 2. Onruka. KBanTtoBas ¢usuka. CTpoeHue 1
¢usnueckue cpBoiicTBa BemecTBa. — 232 c. : WL, cXem., Tabin. — Pexxum pocryma: mo
noamucke. — URL: http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuenv oonoanumenvHoii 1umepanmypol:
1. Jlekumm 10 y4yeOHOW  gucturuimHe «OCHOBBI  TEOPETHYECKOH  (DUBHKH».
DneKTpouHaMUKa. [DNeKTpoHHBIA pecype]: ydeOHoe mocobue / E.M. Kyxapp. —
DJIEKTPOH. TEKCTOBBIE JaHHble. — Bosrorpaa: Bonrorpaiackuii rocyaapcCTBEHHBIN
colManbHO-TIearornueckuii  yausepeurer, 2017. — 57 c¢. — 2227-8397. — Pexum
nocrtyna: http://www.iprbookshop.ru/70731.html
2. Hukepos, B.A. ®usuka: coBpemennsiii kypc / B.A. HukepoB. — 2-e u3a. — Mocksa :
N3patenscko-toproas koprnopanusi «lamkoB u K°», 2016. — 452 c. : w1 — Pexum
nocryma: o nmoanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

5.2 Ilepeuenv yuedHO-MemoOouyeckozo obecneueHus CcamoCmoameabHou padomul
odyuarowuxcsa no oucyuniune

1. Meroauueckue peKOMEHAALMU [JIsl MOATOTOBKU K MPAKTUYECKUM 3aHATHUSIM IO
mucruminae «duznkay.

2. Metonuueckre PEeKOMEHAAIMHU ISl TIOJTOTOBKM K JIA0OPATOPHBIM 3aHATHSIM 10
JucuuIInHe «Ou3nkay.

3. Meroauueckue peKOMEH/IalluH [0 OPTaHU3aIMH CAMOCTOSTEIbLHOM pabOThI CTYICHTOB

0 JUCHUILTHHE «DU3uKa».

5.3 Ilepeuenv  pecypcoé  uUHDOPMAUUOHHO-MENECKOMMYHUKAUUOHHOU  cemu
Humepnem, neo0xo0umvix 011 0C60eHU OUCUUNTUHDL
1. http://www.biblioclub.ru -OBC "YHuBepcuterckas Ou0OnImnoTeka oHaiH"

2. http://www.iprbookshop.ru/ - Dnexkrponno- 6ubnuoreunas cucrema IPRbooks
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MUHMCTEPCTBO HAYKH 1 BBICILIEI'O OBPA3OBAHMS POCCUMCKOU ®EJIEPALIMNA
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE YUPEX/IE-
HUE BBICIHEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIBHBIN YHUBEPCUTET

[Taruropckuii uacTuTyT (prmmuar) CKOY

MeToanyeckue yKazaHus

10 BHITIOJTHEHUIO JIAOOPaTOPHBIX paboT
no guctuminHe «@U3NKA» aiis cTy1eHTOB HanpaBiieHUs IOATOTOBKU
08.03.01 CrpoutensctBo, CTPOUTENHCTBO 3/IaHUHN U COOPYKEHUI
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4.9
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412

4.13

414
4.15
4.16
4.17

5.1

5.2

Conepxanue

Beenenue

e v 3a1aun N3y4SHHS TUCIUTUTHHBI
O6opynoBaH#e U MaTepUAIIBI
HaumenoBanne 1ab0paTopHbIX paboT
Coneprxanue 1a00paToOpHBIX padboT

JlaGopaTopHas pabora Ne 1. O6pabGoTka pe3ynbTaTOB (U3HUYECKOTO IKCIIEPH-
MeHTa. M3ydeHne ABIKEHHs TeJia OPOLICHHOTO MOJT YIJIOM K TOPH30HTY
JlaboparopHast padora Ne 2. M3y4yeHre 3aKOHOB TUHAMHUKHU ITOCTYMATEIBHOTO H
BpaIIaTeIbHOTO ABMKCHHIA C TIOMOIIBIO MalTMHBI ATBY/1a

JlabopaTtopHas pabota Ne3. OnpeneneHrue CKOPOCTH TMOJIETA MYJIH C TTOMOIIBIO
(bU3NIECKOTO MasTHUKA

JlaboparopHas s pabora Ned. Onpenenenue nepuoaa Kojiedbanuii GU3HIECKOTO
MasiTHUKA

JIaGoparopnas padora Ne5. Onpeznenenue ko3 HUeHTa BHYTPEHHETO TPEHUS
KHUJKOCTH METOJIOM Tajaromiero mapuka (meton Crokca).

JlaGoparopnass  pabora  Ne6.  OmpeneneHue  OTHOUICHHS  yJEIbHBIX
TEIUIOEMKOCTEH BO3/yXa METOIOM auabaTHUECKOTO PACIIHPEHHS
JIaboparopHas pabota Ne7. M3yueHue 31eKTPOCTATHUECKOTO TMOJIS .

JlabopaTtopHas padota Ne§. 3mepenre conpoTUBIEHUS C TOMOIIBIO MOCTa Y UT-
CTOHA

JlaboparopHas pabota Ne9. VMccnenoBaHue 31EKTPUUECKON M MOCTOSTHHOTO
TOKa

JlaboparopHast pabora Nel(. M3yueHue ssBneHUS SJ€KTPOMArHUTHON MHTYKITHH.

JlabopaTtopHas pabota Nel 1. Onpenenenne ropu30HTAILHON COCTABIISIOIICH
WHAYKIIUM MarHUTHOTO TOJIst 3eMITN

JIaGoparophas pabota Nel2. HccnenoBanue konebaHui B MPOCTOM KosieOaTeb-
HOM KOHTYpe

JIaGoparopHas pabora Nel3. M3mepeHue JJIMHBI CBETOBOM BOJIHBI C TIOMOILBIO
TU(PPaKIUOHHON PEIIETKH.

JIaGoparophas pabota Nel4. M3yuenue BHemHero potorddexra.

JlabopaTtopHas pabota Nel5. M3yueHne sHEpTeTUUECKOTro CIIEKTPa AIEKTPOHOB.
JlabopaTtopHas pab6ota Nel6. M3ydeHne KOCMUYECKOTO U3ITYICHHUSI.
JIaGoparopnas pabota Nel7. IlpoBepka 3akona Maitoca.
Y4ebHo-MeTo1nuecKkoe U MH(GOpMaIIMOHHOE 00ecTieueHUe TUCIUTUTUHBL
[lepeyeHb OCHOBHOI U IOTIOHUTENILHON JINTEPATYpPbl, HEOOXOAUMOM 1151 OCBOE-
HUS AUCUUTUIMHBI

[lepeueHb yueOHO-METOIUYECKOTO 00ECTIEUEHHS CAMOCTOSITENIbHOM paboThl 00Y-

YaroUIuXCA I10 JUCIHUIIIINHE

Crp.



5.3  Ilepeudens pecypcoB HHGDOPMAITMOHHO-TEIEKOMMYHUKAIITMOHHON ceTn HTepHeT,

HeO6XOI[I/IMBIX JJIs1 OCBOCHUS AUCHUIIIIMHBI



Bsenenue

JlaGopaTopHble 3aHATHSA CO3AAI0T ONTUMAJIbHbIE JTUAAKTUYECKHE YCIIOBHS AJIS AEATeNb-
HOCTHOTO OCBOCHMSI CTYIEHTaMH COJAEP>KAHHUS U METOMOJIOTMM M3y4aeMOH AMCLHUIIIMHBL «Du-
3MKay, UCIIOJIb30BAHUE CIIEIMAIBHOTO Ja00pPaTOPHOro 00OpYyNOBaHUS U TEXHUYECKUX CPEICTB.
JIaGopaTopHbIe 3aHATHS 3aHUMAIOT NIPEUMYIIECTBEHHOE MECTO NP MU3Y4EHUH 00LIenpodeccuo-
HAJIBHBIX U NPO(eCcCHOHAIBHBIX TUCUUIUIMH. JIabopaTOpHbIe 3aHATHS MIPOBOJATCS C LIEIBIO BbI-
pabOTKM NIPAKTUYECKUX YMEHUN U IPUOOPETEHUS HABBIKOB B PELICHUH 3a/1a4, OTPa0OTKH yIIpaK-
HEHUU, BBIIIOJIHEHUH YEPTEKEU, IPOU3BOJCTBE PACUETOB U T.II.

Llenbio 1abOpaTOPHBIX 3aHATHH SABIAETCS (HOPMUPOBAHHME MPAKTUUYECKUX YMEHHH — MpPO-
(beccnoHaIbHBIX (BBIIOIHSATH ONpe/e€HHbIE IeHCTBUSA, ONepalii, HEOOXOJUMbIE B MOCIEAYIO-
eM B Mpo(hecCHOHAIBHON IS TETFHOCTH) WM YYeOHBIX, HEOOXOAMMBIX B MOCIEAYIOIEH yueo-
HOM JIEATEIBHOCTH 110 001EenpoecCHOHATBHBIM U IPO(PECCHOHATBHBIM TUCIUILTHHAM.

bubnuorpaduyecknii CIMCOK COAEPIKUT CBEACHUS O CIIPAaBOYHOM JIUTEpaType U JOMOIHU-

TCJIBHBIX U3JaHUAX, HCO6XO,I[I/IMLIX JJIA er'IY6J'IeHHOFO HU3YUCHUA OTHCIIbHBIX BOIIPOCOB.



1. Henw u 3a0auu uzyuenun oucyuniunsl

Lenbro ocBoeHMs qUCHUIUTHHBI «Du3nKa» aBiseTcst GOpMUPOBAHKE Y CTYICHTOB KOMIIE-

TEHIMHA TO3BOJISIOIINI BEIPA0OTATh HABBIKK (PU3MUYECKHX MCCIeI0BaHUN B cpepax akajaeMuye-
CKOM, IpoecCHOHATBHOIN 1 00IIEHAyYHON JeSTETbHOCTH.

3amauy OCBOEHUS JUCLUIIIAHEL:

— H3YYCHHC 3aKOHOB OKPYXXKAIOMIECTO MHUpPa B UX B3aUMOCBA3U,

— OBJaACHHC (byH,HaMeHTaJIBHBIMI/I IMpuHOUIIaM U MCTOJaMH PCHICHUSA HAYYHO-TCXHHYCCKUX

3a/1a4;

— (opMupOBaHHE HABBIKOB 110 MPUMEHEHUIO MOJIOKEHUH (DyHJaMEHTAIBHOM (DPU3UKHU K TPaMOT-

HOMY HAYYHOMY aHAJIU3Y chyauHﬁ, C KOTOPBIMH MHIKCHECPY MMPUXOAUTCA CTAJIKUBATLCS IIPU
CO31aHHMH HOBBIX TeXHOHOFHﬁ;

— OCBOCHHUEC OCHOBHBIX (1)I/IBI/II-IGCKI/IX TGOpI/If/'I, IMMO3BOAIOMIUX OIMUCATh SABJICHUSA B IIPUPOIAC, U

npeaciioB IPUMCHUMOCTHU 3TUX TGOpI/Iﬁ AJI pCHICHUA COBPEMCHHBIX W IICPCIICKTUBHBIX TCX-

HOJIOTHYCCKHX 3aJa4.

2. Odopyoosanue u mamepual

JlaGopatopusiii ctens «Ckambs XKykoBckoro». JJaboparopHslit crena «Mammna AtByaay. Jla-
6oparopHbIii cren «MasTHUK MakcBesuia». Habop neMoHcTpaninoHHbli «MexaHndeckue siBie-
Hus». Habop nabopaTtopHblil «MexaHuka» (paclIiupeHHbIN).

Bechl TexHUUeCKHEe HACTOIBHBIE C Pa3HOBECAMH JIEMOHCTpalMOoHHbIH. Habop nemoHcTpanmon-
HBIN «/[uHamMuKa BpamaTenbHOro ABMKEeHUsD». Tpyoka Hetorona. Habop nemoHcTpaliioHHbIH
«["a30BbI€ 3aKOHBI M CBOMCTBA HACHIIIEHHBIX M1apoB». Habop nemoHcTpannoHHbli «Monekymsp-
Has (U3MKa U TEIUIOBbIe ABJIeHU». Habop 1eMoHCTpanmoHHbIN «3BYKOBbIE KOJIEOaHUs U
BoJIHBI). Ha®op nemoHcTpaonHblil «/{nHaMuka BpamareiabHoro IBuxkeHus». Habop nemon-
CTpauroHHBIN «I'a30BbIe 3aKOHBI U CBOMCTBA HACKIILIEHHBIX MapoBy. Habop qeMOHCTpalinOHHBIN
«MonekynspHas GU3MKa U TEIJIOBbIE SIBICHUSD.

KommekT yue6HO#I Mebenu.

3. Haumenosanue npakmuyeckux paoom

Ne Temsbr N3 Hux npaktuye-
HanmenoBanue TeM JUCHUIIIMHBL, UX KPATKOE Ob6beMm
JTUCIH- CKasl MOJIFOTOBKA,
coJiepKaHue 4acoB
TIJIMHBI 4acoB
1 cemectp
JlabopaTopnas padoraNe 1. O6paboTka pe-
3yJIbTaTOB (PU3NYECKOTO dKcrepuMenTa. U3y-
1 YeHHEe JBUKEHH TeJa OPOLIEHHOIO MO/ YIIIOM

K TOPU30HTY.
N3y4unth MeTO/1bI KOIMYECTBEHHOT O U Tpadu-
YECKOI'0 IIPEICTABJICHUS] DKCIIEPUCMEHTAIbHBIX




pe3ynbTaToB. [IoaTBEpAUTE HA OIBITE CIIPABE-
JUBOCTh (POPMYJI KHHEMATUKH.

JlaGoparopuasi paboraNe 2 3yuenue 3ako-
HOB JMHAMHWKHU IMMOCTYNATCILHOI'O ABUKCHUS C
MIOMOIIBIO0 MAIIMHBI ATBYZA.

[IpoBepka 3aKOHOB MOCTYIATENBHOTO JBHXKE-
HUS C IOMOIIBIO MalTMHbI ATBYJIA.

JlabopaTopuas padoraNe 3. Onpenenenue
CKOPOCTH TI0JIEeTA ITYJIU C TOMOIIbIO (pr3mye-
CKOTO MasiTHHKA.

Hayuutbcst onpenensate CKOPOCTh MoJIeTa MmyJTu
C TIOMOIIBI0 (PH3UIECKOTO MAsITHUKA.

1,5

JlaGoparopHas padora Ne 4. Onpenenenue
nepuoja Kojiebanuii (GU3MIECKOTO MasTHHUKA.
Omnpenenenue CKOPOCTH IMOJIETA IMYJIH C TTOMO-
11610 GU3UYECKOTO MASTHUKA.

JlabopaTopHas padora Ne 5. Onpenenenue
KO3 pHUIHMeHTa BHYTPEHHETO TPEHUS JKUIKO-
CTH METO/IOM Ta/Ia0IIEero Mapuka (MeTo
Crokca).

[To3HAaKOMUTBCS ¢ METOJIOM U3MEPEHUS BSI3KO-
CTH KUJIKOW CPEJIbI.

JlabopaTopHas padora Ne 6. Onpenenenue
OTHOIICHHMS YICIbHBIX TEIIIOEMKOCTEH
BO3/IyXa METO/IOM aInabaTHYECKOTO
pacIIupeHHsL.

N3yunTh ra3oBbie 3aKOHBI, IEPBBII 3aKOH Tep-
MOJIMHAMHKH U TIOHATHE TertoéMkocTH. Onpe-
JICTTUTh OTHOIIICHUE TETIOEMKOCTEH BO3/1yXa
[IPH TTOCTOSIHHOM JIaBJICHUH U TIOCTOSHHOM
oowseme (kordpdunuent Ilyaccona) B ycnoBusix,
OJIM3KHUX K HOPMaJIbHBIM.

JlabopaTopnasi padora Ne 7. 13yuenue smek-
TPOCTATUYECKOTO MOJISL.

N3ydeHue aneKTpoCTaTUYECKOTO MOJIs; 0=
CTPOCHUC DKBHUITIOTCHINAJIbHBIX HOBGpXHOCTCfI
TOJIS.

JlaGopaTopHnas padora Ne 8. Mzmepenue
COIPOTUBIIEHUS C TIOMOIIBI0 MOCTa Y UTCTOHA.
[enbto pabOTHI SBISETCS U3YUSHHE METOA U3-
MEpPEHHUSI COMPOTUBIICHUS TPOBOJHUKOB C T10-
MOIIIBIO MOCTOBOM CXEMBI M OIIPE/ICIICHHE
yIIeIBHOTO COTMPOTHUBIICHUSI MaTepuana mpo-
BOJHHKA.

JlabopaTopHas padora Ne 9. MccnenoBanue
AIEKTPUIECKOM IETH MMOCTOSTHHOTO TOKA.
N3yueHune 3aBUCUMOCTH CHIIBI TOKA, HaMpsHKe-
HUS, TOTHOM MOIe3HOM MOITHOCTH M K.II.JI. MC-
TOYHUKA OT CONPOTUBJICHUS! HATPY3KH.

1,5

Hroro 3a 1 cemectp:

2 cemecTp




10

JlaGoparopuas padora Ne 10. 13yuenue sB-
JICHUA DJICKTpoMar HUTHOU WHAYKIUH.
N3ydenue aneKTpuyecKux TOKOB BO3HUKAIO-
IuX MIpu ABJICHUU I—)JICKTpOMaFHI/ITHOﬁ HHOYK-
017058

11

JlabopaTopHas padora Ne 11. Onpenenenue
TOPU30HTAIILHOM COCTABIISAIONIEH MHIYKIIUU
MarHUTHOTO TOJISI 3eMJIH.

Onpenenenre ropu30HTAIBHON COCTaBIIAIOIIEH
WHIYKIIMM MAarHUTHOTO TOJIst 3eMJTH.

1,5

12

JlaGoparopuasi padora Ne 12. VccnenoBanue
KosiebaHui B KoJieOaTeTbHOM KOHTYPE.
N3ydenue 3aTyxaromux IeKTPUIECKUX KoJie-
OaHmii KojeOaTeTbHOM KOHTYPE.

1,5

13

JlabopaTopuas padora Ne 13. Onpenenenue
YACIBHOIO 3apsiia dJEKTPOHA METOJIOM MarHe-
TPOHA.

N3yuenne nBUKEHNH 3apsA10B B dJIEKTpUYe-
CKHX M MarHUTHBIX NOJIAX, U3MEPEHUE yIEb-
HOT'O 3apsiJ1a IEKTPOHA.

14

JlaGoparopuasi pabora Ne 14. lizmepenue
JUTMHBI CBETOBOM BOJIHBI C TOMOIIBIO TU(PPAK-
LIMOHHOM PeIIETKHU.

[To3nakomMuTCH ¢ sBIIeHUEM nU(pakiuy cBETa
B MapaJuIeTbHBIX JIydax Iu(paKkinoOHHON pe-
IIETKHU.

15

JlabopaTopnas padora Ne 15. IIpoBepka 3a-
KoHa Mauroca.
[TpoBepuTh BBINIONIHEHKE 3aKOHA Maioca.

16

JlabopaTopHnas padora Ne 16. zyuenue
BHeIHero gorosgdexra.

OmnpeneneHne CKOPOCTH TOJIETA YU C TIOMO-
11bI0 (PU3MUECKOT0 MAsITHUKA.

17

JlabGopaTopuas padora Ne 17. Uzyuenue
HHEPTETHUECKOTO CIIEKTPa AIEKTPOHOB.
Omnpenenenne AIHMHBI TPoOera 3JIeMEeHTapHBIX
4acTHUIl B BO3JIyXe MpU aTMoc(hepHOM JaBiie-
HHUHU U OIIPCACIICHUC MaKCHUMaJILHOU SHEPTrUn
0eTa-4acTUIl IPH MOMOIIY METO/A MOTIIOIIe-
HUA.

Hroro 3a 2 cemecTp

Hrtoro




4. Cooepotcanue nabopamopusix padom

JlabopaTopnasi padora Ne 1

Tema pabomer. O6padoTKa pe3yabTaTOB PU3NUECKOTr0 IKcNiepuMenTa. U3yyeHue 1Bu-
JKeHHs TeJia, OPOLIEHHOT0 MO/l YIJIOM K TOPU30HTY.

Ienv pabomui. VI3yunth METO/bI KOJINYECTBEHHOTO U IpaUIECcKOro MpeacTaBIeH s dKC-
NEPUCMEHTANIbHBIX pe3yabTaToB. [IonTBEpAUTH Ha OMBITE CIIPaBeIMBOCTD (HOPMYJT KUHEMATHKH.

Teopemuuecxaﬂ uacmo.

Knaccupukauus norpemHocTei

HctuHHOE 3HaueHWe (DU3MUECKON BETMYMHBI aOCONIOTHO TOYHO OINPEACTUTH HENb3S.
[Tpu u3MepeHusIX GU3NYECKUX BEIUYUH O] IEHCTBUEM CaMBIX Pa3HOOOPA3HBIX MPUYUH BO3HU-
Kal0T nocpewnocmu U3MepeHnid. Bece morpentHocTu npuHATO pasAeisaTh Ha cucmemamuyeckue,
cyyatinvie u npomaxu (OUIOKM).

Cucmemamuueckotl Ha3bIBAIOT TAKYIO IOTPELIHOCTb, KOTOPAasi OCTAETCS OCTOSIHHON MU
3aKOHOMEPHO HU3MEHsIeTCS NP MOBTOPHBIX M3MEPEHUSIX OJHOM U TOH ke BelMuuuHBL. Takue mo-
TPEIIHOCTH IMOSBIISIOTCS BCICACTBUE HEUCIPABHOCTH MPUOOPOB, HETOYHOCTH METO/Ia CCIIeI0BA-
HUSl, KaKUX-JTHO0O0 YIYIIEHUH SKCIIEPUMEHTATOPa, @ TAaKKe MPU UCIIOJIb30BAHUHU ISl BEIYMCICHUN
HETOYHBIX 3aBUCUMOCTEH (PopMyIT), KOHCTAHT | T.1.

Cayuatinoti Ha3bIBAECTCSI MOTPEIIHOCTh, KOTOpasi BBI3BIBAECTCA JIEUCTBUEM HE IMOAAI0-
HIUXCsT KOHTPOJIFO MHOTOYHCIICHHBIX, HE3aBUCUMBIX JIPYT OT Apyra (hakTopoB. 3HAUCHUE CITydai-
HOM MOTPENIHOCTH KOJIeOIeTCsl OT OAHOTO U3MEPEHHsI K PYroMy, UTO JeJiaeT HEBO3MOXKHBIM TOY-
HOE IPEJICKa3aHNe Pe3yIbTaTa B KaKJIOM OTJEIbHOM U3MepeHuu. OTHaKO IPU PACCMOTPEHUU T10-
BTOPHBIX U3MEPEHUI 00HAPYKUBACTCSI XapaKTepHasi 3aKOHOMEPHOCTh Pe3yJIbTaTOB, UX OIpeje-
JIEHHAs YCTOWYUBOCTh, KOTOpast U CIYXKUT OCHOBOM ISl MATEMAaTHUYECKOM 00paOOTKU OMBITHBIX
JTAHHBIX, BBIYMCIICHHS] CIIyYalHbIX TTOTPEIIHOCTEN.

IIpomaxom unu owubKoli Ha3bIBAIOT TaKyIO MOTPEIIHOCTh U3MEPEHUs, KOTOpasi OKa3bl-
BAETCS 3HAYUTENHHO OOJIBIIIE 0XKHMIaeMOM MPHU JaHHBIX ycnoBusaX. Ommbka 00s13aTeNbHO T0KHA
OBITH UCKITFOUCHA U3 PE3YJIbTATOB U3MEPEHUH.

Onpenenenue NOrpemHOCTel NP NPSMBIX U3MePeHUAX

Ipsmvimy Ha3BIBAIOT TaKHe U3MEPEHUSs, MPU KOTOPBIX (U3NYecKass BEIHMUYUHA HU3MEpsi-
€TCS HETIOCPEICTBEHHO MTPH MOMOIIY TPUO0pa.

[TycTh X — neHCTBUTENbHOE 3HAYCHHE M3MEPSIEMOM BEIMUYMHBI, a X1 — MOKa3aHUs MpH-
6opa. AGCOIOTHOM TTOTPENTHOCTHIO HA3BIBACTCS BEIMUUHA

|Ax] =x, =, (1)

TouHOCTH HU3MCPCHUSA XaPAKTCPUIYCTCA OTHOLLICHUCM a0COJIFOTHOU MOrpeIIHOCTHU K Jeii-
CTBUTCIIbBHOMY 3HAUYCHUTIO H3MepHeMOﬁ BCIIMYHHBI

e =M

X

(2)

9TO OTHOIICHNE HA3BIBACTCS OMHOCUMEIbHOU nocpeutHocnvio U BbIPpaXKacTCs B IIPOLCH-
Tax.



[TorpemHnocty, fonyckaemMble IpU MPSIMbIX U3MEPEHUSX, HEPEAKO Ha3bIBAIOTCA npubop-
HbIMU, TaK KaK 00YCJIOBJIEHBI KJIACCOM TOYHOCTH PUOOPA, KOTOPBIN YKa3bIBaeTCs TMOO Ha CaMOM
npubope, 1160 B nacrnopre. B tex cinyuasx, koraa Ha npudbope Kiacc TOYHOCTH He yKa3aH, abco-
JFOTHAS MOTPEIIHOCTD IPUHUMAETCS] pPABHOW TIOJIOBUHE LIEHBI JACTICHHUS.

Crny4aiiHble IOTPELIHOCTH UMEIOT CTATUCTHUECKUI XapakTep, UX MareMaTudyeckas oopa-
00TKa MPOU3BOAMTCS C TOMOIIBIO TEOpUH BeposTHOCTel. [Ipr MHOrOKpaTHOM M3MEpEHUH paBHO-
BEPOSITHO MOJIYYUTh PE3YJIbTAT KaK OOJIBLIMM, TAK U MEHBIINH, YeM HCTUHHOE 3HaUCHHE U3Mepsi-
€MOM BEIMYMHBI.

[TycTh mpoBeieHO N U3MEPEHUH BEIUYMHBI X M B PE3yJIbTaTe MOJIy4€HO N 3HAUYEHUI: X1,
X2, ...Xn . Bennuuna

X+x +...+x zxi
n i=1

=1 2 = (3)
) . —

Ha3BIBACTCS CPEOHUM apugmemuyecKkum 3HAYCHUEM, SBISETCS XOPOLIMM IPUOIMKEHUEM K HC-
THUHHOMY 3HAYEHUIO U3MEPSAEMOM BEIUYMHBI U, KaK IPABUIIO, UCIIOJIB3YETCS KaK OKOHYATEIIbHBII
UTOT CEpUU U3MEPEHUH.

PaccMOTprUM HECKOJIBKO OCHOBHBIX ATAIlOB YIPOIIEHHOW MaTeMaTHYeCKOH 00paboTKh
PE3yJIbTaTOB U3MEPEHUH.

1. Haxogum cpenHee apudmMeTndeckoe 3HaUeHUE U3MEPSIeMOM BETMUUHBI {(x).

2. Berancisiem abCOTIOTHBIE MTOTPEITHOCTH PE3YIIbTATOB OTACIBHBIX H3MEPEHHIA
x| =[x =] (i=12...n) @
AOCOI0THAs OrPEUIHOCTh UMEET Pa3MEPHOCTh U3MEPSAEMOM BETMUYMHBI U XapaKTepH-

3YyCT Ka4CCTBO OTACIBbHBIX HSMCPCHHﬁ.

3. BorumciisieM CpeiHio0 abCOMOTHYIO MTOTPEITHOCTh
n

2|
|<Ax)|=|Ax1|+|Ax2|+"'+|Axn| e @

n n

4. BeruucnseM OTHOCHUTCIIbBHYIO IIOTPCITHOCTDH

Ax
€= u -100%. 3
X
5. 3anuceIBaeM OKOHYATENbHEIN pesynsrar X = (X) £ (Ax) . @)

Onpenenenne NOrpemHOCTe NPM KOCBEHHBIX H3MEPEHUSAX

B GonbinHCTBE ciay4aeB NMpH NPOBEACHUH (PU3NYECKUX HKCIIEPUMEHTOB HCCIEayeMast
(bu3nyeckas BEIMYMHA HE MOXKET OBITh U3MEPEHA HEMOCPEICTBEHHO, AJIS €€ ONpe/IeeHus Tpedy-
€TCs U3MEPUTH P APYTUX BEIUYHH, @ ICKOMYIO HAaliTH, TOJCTaBUB HaliJIeHHbIE 3HaUeHUs B (hop-
MYy, BBIpaXarollyl0 3aBUCUMOCTbh HCKOMO BETUUHUHBI OT HEMTOCPEACTBEHHO U3MEPSIEMbIX BEJH-
4yuH. Takne n3MepeHHs Ha3bIBalOT KOCBEHHBIMH.

Jns onipenieneHns NOrPEIHOCTEN KOCBEHHBIX U3MEPEHHU MOKHO BOCTIONIB30BaThCs (pop-
MyJiamMu JudepeHIpoBanus, T.K. (OPMYIBI MOTPEUTHOCTEN MOyYatoOTCsl B TOM K€ MpUOInxKe-
HUH, 4TO U GopMmynsl 11 auddepenunana yHkuuu. Bo MHorux ciydasx, korma ¢opmyna



ynoOHa ais JorapuMHUpOBaHUs, OKa3bIBaeTCsl Oojiee yaoOHOW (opmysia OTHOCHTEIBHON TIO-

_ dx
rpemHocTd. OTHOCUTENbHAS MOTPEIIHOCTh €=__, HO d('” X)=— U, CIENOBATEIBLHO,

A(In x) = A
X

X

X

Hnave roBopsi, OTHOCUTENBHYIO MOTPEHIHOCTh MOXHO PacCUUTaTh, €CIIU B3SITh qudde-
pEeHIMAN HATypaJIbHOTO Joraprudma, ornpenesonii 3aBUCHMOCTh TaHHOW BEJIMYHUHBI OT U3MeE-
psembix BennuuH. Hanbomnee yacto BeTpeuaroniuecs: GopMyJibl IpUBEACHbI B Ta0nuie 1.

Tabmuua 1.

Maremarnueckas onepanus

AOGcouoTHAs MOTPEUTHOCTD

OtHOocHUTEIbLHAS IMOrpCIHOCTb

Xty Ax+Ay AX + Ay
X+Y
Xy Ax+Ay AX + Ay
X=y
Xy yAX+xAy AX N Ay
X Yy
Xyz yzAX+xzAy+xyAz AX Ay Az
4+ 4+
X Yy z
x/y yAX — XAy g + ﬂ
y? Xy
X" nx"* - Ax o AX
X
n/x 1 1, 1 Ax
o XN AX n x
X AX AX
1+ X (1+ %)’ x(1+X)
e e AX AX
Inx AX AX
X xInx
sin x COS XAX Cctgx - AX
COS X sSin XAX tgx - AX
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tgx AX 2AX
cos? x sin 2x
ctgx AX 2AX
sin? x sin 2x

N3yyeHue 1BUKEeHNS TeJia, OPOLLIEHHOTO MO/ YIJIOM K TOPU30HTY

Tero, GpoIIEHHOE IO/ YIJIOM (¢ K TOPU3OHTY C HaYaJbHOM CKOPOCTBIO /g, OyIET JBHU-

raTbCs 0 KPUBOJIMHEHHON TPACKTOPHH , B JTFOOOH TOUKE KOTOPOI BEKTOP CKOPOCTH MOXKET OBITH
Pa3JIo’KeH Ha JIBE€ COCTABIISIOLINE — TOPU3OHTAIbHYIO U BEPTUKAJIbHYIO (puUC.1).

v

Vi \p)

Voh

1
1
1
1
1
i
1
i Vih
|
1
1
1
1
1
1

Punc.1.

HpOCKHI/II/I 9TUX BEKTOPOB HA OCU KOOPJAUHAT, HAYAJIO KOTOPBIX BLI6paHO B TOYKE 6p008.'
HUs, paBHBI:

Ly =Vg - Cosa
Ly =g - Sina — gt @

HpI/I 9TOM I'OpHU30HTAJIbHAsA COCTABJIAIOIIASA CKOPOCTH HE 6y21€T MCHATHCA C TCUHCHHUEM BpPEC-
MEHH, T. K. YCKOpeHHEe CBOOOJHOIO NaJE€HUS HE HMMEET TOPU30HTAIbHON COCTaBISIOLIEH, a
HalpaBJIEHHO BEPTUKAJIbHO BHU3. BepTuKanbHas coCTaBiAONIasi CKOPOCTH OyIeT MEHSATHCS 10
3aKOHY paBHOIIEPEMEHHOT0 JIBU’KEHUS C YCKOpEeHHeM a = (.
W3MeHeHne KoopAMHAT Tella UMEET BUL.

X =vg -Cosa, t
2

TpaexTopus Tena, OPOIIEHHOTO MOJI YIJIOM K TOPU30HTY, MPEICTaBIIsAeT coO0i mapadoy.
B BepmmHe 3T0ii napabosibl BEpTUKAIbHASI COCTABIIAIONIAs CKOPOCTH paBHA HyIII0. B Touke mase-
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HUS CKOPOCTB TeJla paBHA 110 a0COJTIOTHOM BEJIMUMHE CKOPOCTH TeJa B TOUKE OpOCaHMsI, a HaIpaB-
JICHWE €€ COCTaBIIAET TOT XK€ YTOJ, 4TO U B TOUKE OpocaHus. ITO CIEeIyeT U3 CUMMETPHUH Iapa-
0O0JIBI ¥ UMEET MECTO B OTCYTCTBUE COIPOTHUBIICHHS BO3/TyXa.
HauanpHyto ckopocTh Tena ,0poIIeHHOr0 Mo/ YIJIOM K TOPH30HTY MOYKHO OTIPEICIHUTD U3
ypaBHeHus (1).
O

v,=
Cosa -t

0 ©)
I'ne € - nanbHOCTH NOJIETA - U3MEHEHUE MOJI0KEHUS Teja Mo OcH X.

Bpems nonera MO>XHO OIpenenuTh U3 ypaBHeHHUd (2). B HauBbICIIEH TOUKE TPAEKTOPHUU
JBYDKEHUS Tella CKopocTh Vy=0. Bpems, cooTBeTcTByMOIIEE 3TOMY MOMEHTY, COCTABIISAET I10JIO-
BHHY BCET0 BPEMEHHU II0JIETA TEJa, TOTAA

2
OTCIOJIa BpeMs [oJIeTa Teja
t= 2vq -Sina . (4)
g
[Moacrasiss (4) B (3) nonyuum
()

OcHOBHOH 3a7auell MEXaHUKU SIBJISIETCS ONPEENICHUE MOJIO0XKEHHS Tela B IPOCTPAHCTBE B
1100011 MOMEHT BpeMeHHU. 3Hasi KOOPAWHATHI TeJla BCEr1a MOKHO HalTH €ro CKOPOCTH U yCKOpe-
HUS (M0 ONpeeIeHUI0 3TUX BeaudnH). OCHOBHBIMM 3aKOHAMH, CBSA3BIBAIOIIMMU 3TH BEJIMYHHBI,
CHJIBI U MacCy TeJa SIBJISIIOTCS 3aKoHbl HBIOTOHA M 3aKOHBI COXPAaHEHHS.

Oobopyoosanue u mamepuanol.

¥YcTaHoBKa, cocTosas U3 NPYKUHHOTO MUCTOJIETA C IIAPUKOM U JINHEHUKH.

Ykazanusn no mexnuke dezonacnocmau.

1. K BbmonHeHuo 1a00paTopHbIX padOT AOMYCKAIOTCS CTYAECHTHI, U3Y4HBIINE TPaBUiIa TEX-
HUKHU 0€30MacCHOCTH.
2. JlaGopatopHbie pabOTHI MOTYT MTPOBOIUTHCS TOJBKO IO PYKOBOJICTBOM U HaOJIIOICHUEM
npernojiaBarers.
3. Pacnonaraiite mpubopsl, MaTepualbl, 000pyJ0BaHNE HA paboyeM MECTe B TIOPS/IKE, yKa-
3aHHOM IIPEIOoJIaBaTeIeM.
4. llpu BbINONHEHUHU 1a0OPATOPHBIX pabOT C MPUMEHEHHUEM TOJIETOB OAITMCTUYECKUX Tel
HE CJeyeT HaXOIMThCs B 00JIACTH MOJIETa Tela.
He nepxxute Ha paboyem croiie IpeaMeThl, He TpeOyroIUecs AJis BbIMOIHEHUS 3a/1aHus.
6. Ilepex TeM, Kak MPHUCTYNUTH K pabOTe TIIATEIBHO M3Y4YHUTE €€ ONMUCAHUE, YACHUTE X0
BBITIOJTHEHUS paOOTHI.

o

3aoanus.

1. Ompenenute B3BemMBaHuEeM Maccy Iapuka M. Beiaucinute OTHOCUTENBHYIO MOTPEI-
HOCTh Maccel M.

2. 3akpenuTe MUCTOJET Ha BHICOTE h noxa yrimom Ol . Beruucnure oTHOCUTEIBHBIC TMO-

TPELIHOCTH BBICOTHI h u yrima O .
3. PactanyB npyxuHy nucrosnera Ha X CM, ONpEAETUTe 110 JUHAMOMETPY CHILY F . Bur-
YHCIINTE OTHOCHTENbHBIE TTorpemHocTd X u F .
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4. BeicTpenuTe 5-7 pa3 npu OMHUX U Tex ke 3HaueHnsx X u F . TIpu xaxmoM BeIcTpene
U3MepsiTe NalbHOCTh MOJETa S . Boumcnure OTHOCHUTEJIbHYIO MOTPEIIHOCTh HEMOCPEICTBEH-

HOT'O U3MEPEHUs JATbHOCTH S )
5. Bemuucnure:

a) K03 HUIMEHT KECTKOCTH MPYKUHBI MUCTOJIETA K;

0) Ha4YaNbHYIO CKOPOCTH IOJIETa apuKa L ;

B) BEPTUKAIBHYIO COCTABIISIOLIYIO HAYaJIbHOI CKOPOCTH U | ;
I') BEPTHKAJIBHYIO COCTABILIONIYI0 KOHCYHOH CKOPOCTH L ;

1) TOPM30HTAIbHYIO COCTaBJIAIOILYI0 HA4aabHOM CKOpOCTH U ;

€) TOPU30HTAIIbHYIO COCTABIIAIOUIYIO KOHEYHOM CKOPOCTH U .
6. Brpluucnure AaTBbHOCTH IOJIETA 110 M CPABHUTE CO 3HAUCHUEM, MOJYYCHHBIM B IIYHKTE 4.

-
7. BrlunciauTe u3MeHEeHHE HMITYJIbCA HIapUuKa 3a BpEMs I10JICTa ‘Ap ‘ Breraucaure CUlly,

M3MEHHUBILYIO UMITYJIbC IIIAPUKA 32 BpEMsI I10JIETA.
8. CpaBHUTE 3HaUCHMSI TOTEHLUAIBHOM SHEPTUH CKATON NIPYKUHBI, HAYaJIbHON KHHETHYe-
CKOM SHEPIHH IIapUKa U KOHEYHOM SHEPruy IIapuKa.
Cooeporcanue omuema.
Otyet no nabopaTopHbIM padoTaM JAOKHBI COACPIKATH:
- TUTYJIbHBIN JIUCT;
- 11eJ1b paboTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIIPEIEIICHU, TOHATHI, (opMyT;
- OCHOBHOE 000pY/ZI0BaHUE, CXEMa YCTAHOBKU;
- OIIMCAHME I10 MYHKTaM BBIIIOJIHEHHOU paboThl;
- pe3yJbTaThl U3MEPEHUH U pacyeToB (TaldnuIbl, rpapuKn);
- OLIEHKA MTOIPEUTHOCTEN;
- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI 110 pe3yJIbTaTaM BBIIIOJHEHHOM paboThl, 1aTa, MOAMHUCH.

Konmponsnwvie 6onpochwi.
1. CdopmynupyiiTe IPUHIUT CYNIEPIIO3UIINHU ABIKEHUH. [ 1e oH mpumensieTcs?

2. BeiBenuTe ypaBHEHHE IS OMPEICICHUS MOJIeTa apuKa, OpoleHHOTo Mo yriioM Ol K
TOPHM30HTY C HaYaJbHON CKOPOCTHIO U, .

3. BriBenuTe MaKCUMAIIbHYIO BBICOTY MO IbeMa MapHKa, OPOIICHHOTO o] yriioM Ol K TOo-
PHM30HTY C HaYaJIbHOU CKOPOCTHIO V) .

4. BeiBeauTe ypaBHEHHUE IaJIbHOCTHU MOJIETA IapUKa, OpomieHHoro noj yriom Ol K ropu-
30HTY C HaYaJbHOH CKOPOCTHIO U, .

5. Tlon xakum yriom Hajgo OPOCHTH TeJO, YTOObI JaTBHOCTH MOJIeTa OblIa MaKCUMaJIbHA?
ITpu xakoMm yrie OpocaHus BbICOTa IOJIETA PaBHA €0 JaJIbHOCTHU?

JlaGopaTopHasi pa6oTa Ne 2

Tema paoomel. N3yuyeHue 3aKOHOB IMHAMHUKHU MOCTYNATEIbHOI0 JBUKEHUS € MOMO-
b0 MAIIMHBI ATBY1a
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Ilenv pabomet. 11poBepka 3aKOHOB MOCTYIATEIHHOTO JABHKEHUS C TIOMOIIBIO MAITUHBI AT-
ByJA.

Teopemuqecmm yacmos.

ITocTynaTenbHbIM JIBUKEHUEM HA3bIBAIOT JABMXKCHUE, IIPU KOTOPOM Jto0ast JIMHUS, IPOBe-
JICHHas B TeJle, OCTAeTCsl NapajsiebHON camoi cebe. [Ipy TakoM ABMIKEHMM TPAEKTOPUH, CKO-
POCTb U YCKOPEHHsI TOUYEK Tella coBmagaroT. CienoBaTenabHO, JBUKEHUE TeJla MOXKHO 3aMEHUTh
JBI)KEHUEM €0 OJHOM TOUKH. Yaiie Bcero, BRIOUPAIOT IBHKEHHE IICHTPA TSHKECTH Tela.

OcHOBHOE ypaBHEHME [TOCTYNATENBHOTO IBUKEHUS, (BTOpOil 3akoH HploTOHA) MMeeT BUL:

m-d=) F
rae m— macca, é — YCKOpPCHHE T€IIa, Z IE - CymMMa Cull, ﬂeﬁCTByIOHlHX Ha TCIO.

BpaH.[aTeJ'IBHBIM ABWIKCHUEM HA3bIBAKOT ABUKCHUC, ITPU KOTOPOM TOYKHU TCJIa ABUKYTCH 11O
OKPY?KHOCTAM, HCHTPLI KOTOPBIX JICKAT Ha O,Z[HOI71 HpﬂMOﬁ, Ha3bIBaEMOM OChIO BpalllCHUAA. OcHOB-
HOC YPAaBHCHHUC BPAIIATCIbHOI'O ABUKCHUA (BTOpOﬁ 3aKOH HBIOTOHa) HUMCCT BU:

l-€=Y M,
2 o
I'ne | =M T - MOMEHT MHEPLIUA MATEPUAILHON TOYKHA, MOMEHT MHEPLUMU Bpallarolile-

rocs Teja, paBeH CyMME MOMEHTOB MHEPLMHU BCEX MAaT€pPUAIbHBIX TOYEK ATOro Tena: | = Z l;

Z M - cymMMa MOMEHTOB CHJI, JEHCTBYIOIIUX Ha TeJI0. MOMEHT CuIibl — BEJIMYMHA paBHas Mpo-

U3BEJICHUIO MOJIYJISL CHJIBI Ha IJIe40 3TOM cuibl. [l1edom cuiibl Ha3bIBAOT KpaTyaiiliee paccTos -
HUE OT OCH (LIEHTpPa) BpAIIEHUs 10 JTUHUU ACUCTBUS CUJIBI.

Mammna AtByaa (puc.l) npeacrasiser coboi 6iok paauyca R, uepe3 KOTOpbIN Nmepexu-
HyTa HUTb C Ipy3aMU mi U m2. Ecnu m 2> m1i, mo, yuumvieas, umo Humo Hepacnisiocuma, gpy3el Bpuoym
6 OBUDICEHIE C OOUHAKOBLIM YCKOpeHUeM A. Bok 6y0em epayambcs ¢ y2i06viM YCKopeHuem & , oYK Ha €20 06o0e
0y0ym umems maHeeHYUHOE YCKOPEHUe PagHoe YCKOPEHUIO 2pV308. Y pasHeHus OsudiceHus 2py306 U OlIoKa,
NPUHUMASHANPABIIeHUe 08UNCEHUs O ocu ocuX, OyOymumems 8Uo:

Tl_ml'g:ml'a 1)
Tz_mz'g:mz'a 2)
TZ-R—TI-R—Mmpzl-S €)

ToeT,uT, - cumi namsicerus numu cresa u cnpasa.om onoka, M, - moverm cul mperus, y2iogoe

YycKopeHue € = % :
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PucyHOK 1- MalllMHa ATEYIA.

Onucanue ycTaHOBKH, BHIBOJ pacuyeTHbIX Gopmya

OO0muii BUJ yCTaHOBKH MpuBENEH Ha pucyHke 2. Ha BepTukanbHOU cTolike 1 pacmoo-
YKEHBI TPH KPOHIITEWHA: HIKHHN 2, CpeaHU 3, BepXHUH 4.

Ha BepxHeMm kpoHiTeiine 4 kpenurcst 0JI0K, 4Yepe3 KOTOPbI EpEKUHYTa HUTh C TPy3aMHU
5, OIMHAKOBOM Macchl. BHM3y HAaXOIUTCS 2JIEKTPOMArHUT, KOTOPBIN MPH M0Ja4e Ha HETO Harpsi-
KEHUS YACPKHUBAET CUCTEMY C I'Py3aMU B HEMIOJBUKHOM COCTOSTHUH.

Ha BeprukanbHoii cTolike 1 ykperuieHa caHTUMeTpoBasi JIMHEHKa &8, 1o KOTOpo orpeje-
JSAI0T HavyajlbHOE M KOHEUHOE IIOJIOKEHHME IPY30B, a, CIEJOBATEIbHO, W IPONICHHBIA IYTh.
HavanbHoe mosoxxeHue onpenesnsioT BU3yalbHO MO HUKHEMY Cpe3y Ipy3a, KOHEUHOE - 110 WH-
JeKCy (KpacHasi MeTKa) CPeIHEr0 KpPOHILTEHHA.

Cekynnomep ¢ uudpoBoil MHAMKALMEH BpEeMEHHM 3aKperuiéH Ha OCHOBaHMM INpHOOpa.
[Tpunumn pabotel npubopa 3akitouaeTcs B ciaeayronieM. Korja Ha KOHIAX HUTHU BHUCST TPY3bl
onnHakoBo# maccsl m1 =100 r, cucteMa HaxoIUTCs B paBHOBeCHH. Eciiv Ha OUH U3 Ipy30B 1O-
JIOXKUTH TEPErpy30K Maccoid Am, (mz = mi+ Am) cucrema BBIXOJUT U3 PABHOBECHUS M JIBHIKETCS
paBHOycKopeHHO. Macca 61oka paBHa 102 rpamma, paanyc 6110Ka paBeH 7 M, MOMEHT UHEPIIUH
O5l0Ka paBeH IMOJIOBMHE MPOM3BEACHUS MacChl €ro W KBajpaTa ero pajuyca (Kak CIUIOIIHOTO
JTUCKA).

IIpn paBHOYCKOPEHHOM ABM)KEHHH YCKOPEHHE IPY30B MOXHO HAaWTH M3 U3BECTHOIO CO-
OTHOIICHUS

gt*

. . 2
S=h - myrs, npolaCHHBII Ipy3amHu,
t - BpeMs UX JBMKEHMsI. DKCIEPUMEHTAIbHOE 3HAUEHUE YCKOPEHHs HAWJIEM 4epe3 N3BECTHBIN

yTh ¥ BpeMs: A = 2'%

S
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[Ipu npoBeneHUU OMbITA C OJHUMH 3HAYEHHUSIMH MPOUIEHHOTO MYTH S U U Macchl MEPErpy3Ku
Am1 U3 IEpBBIX JBYX YpaBHEHUIN CUCTEMbI MOXKHO ONPEAEIUTD CUJIbI HATSKEHUSI HUTEH:

Ti=m;-(a+g)
T,=mz-(a+g)
3Hast CHITbI HATSDKCHHSI TPETHETO YPABHEHHSI MOKHO HAMTH MOMEHT CHII TPEHHUSI:
M,,=(T,-T,)-R-1-¢
OMnbBIT ¢ OMHUMH MEPErpy3KaMu MPOBECTH s ABYX 3HadeHuit S (0,6 M u 0,8 m).

CpaBHUTH 3HAYEHUS CUJI HATIPSHKEHUSI © MOMEHTBI CUJT TPEHUS IJ1s1 3TUX JIBYX CEpUi MOMEHTA.
Oobopyooeanue u mamepuaisl.

Mainna ATBy/a, 371€KTPOMarHuT, CeKyHI0Mep, Ha0Op Meperpys3os.

Ykazanua no mexnuke o6ezonacnocmu.

1. K BbInOJIHEHHUIO JJAOOPATOPHBIX PAOOT IOMYCKAIOTCA CTYAIEHTH, N3Y4UBIINE IPaBUIIA TEX-
HUKU O€30M1aCHOCTH.

2. JlaGopatopHble pabOThl MOTYT ITPOBOJUTHCS TOJIBKO IO PYKOBOJCTBOM U HaOIIOA€HUEM
npernoaaBaress.

3. Pacnonaraiite npu6opsl, MaTepuaibl, 000pyJO0BaHUE Ha paboyeM MecCTe B Ops/IKe, yKa-

3aHHOM IIPEIoJIaBaTeIeM.

He nepxxute Ha paboyem croiie IpeaMeThl, He TPeOyIOIUECs AJIs BBINOIHEHUS 3a/1aHus.

5. IIposBAATH OCTOPOKHOCTH M aKKypaTHOCTb IPU HENOCPEACTBEHHON paboTe C rpysamy,
NPYKWHAMH U HHBIMH HEOOXOAUMBIMU JJIs1 paOOTHI IPUCTIOCOOICHUSIMH.

6. Ilepex TeM, Kak MPUCTYNUTh K pabOTe TIIATEIBHO M3Y4YHUTE €€ ONMHUCAHUE, YACHUTE XO[
BBITIOJIHEHUS pa0OTHI.

3aoanus.

&

1. BxitouuTb B ceTh HIHYP MUTaHUS IprOOpa.

2. TlepemecTuTh HUTH C Ipy3aMHM TakK, YTOOBI IPaBBIN IPy3 3aHsUT BEPXHEE MOJI0KEHHUE.

3. BKIIOYUTH AIIEKTPOMATHUT, YACPKUBAIOIINI CUCTEMY B ITOJIOKEHUH MTOKOS.

4. TlonouThk Ha MpPaBbIi Ipy3 OJUH U3 MEPETPY3KOB. Y CTAHOBUThH CPEAHUNM KPOHIUTEHH Ha
ormertke N1 = 0,6 M, wiu 0,8 M. BKIFOYHTH CEKYHIOMEP OJHOBPEMEHHO C BBIKIIIOUECHUEM
JJIEKTPOMArHUTA.

3anucaTh MO MOKa3aHUsIM CEKYHIOMEepa BpeMsi IBUKEHUS TPy3a.
[TOBTOPUTH OMBIT C BHIOPAHHBIM MEPETPY3KOM HE MEHEE IMATH pas.

[TOBTOPUTH OIIBIT IIPH JAPYTOii BBICOTE. N, .

o Noo

OHpe,I[eJ'II/ITB 10 pe3yJibTaTaM OIIbITa CPEAHEC 3HAYCHNEC BPCMCHU tcp " pacCUYUTAaTh 110 (bOp-
MYIJIC 3HAYCHUC YCKOPCHHUHL.
9. BBIYMCINTE CHIIBI HATSKEHUS HUTEH X MOMEHT CHJIBI TPCHUH.
10. ITo maHHBIM OIBITA C OJJHUM 3HAYCHHEM S BBIYUCIIATh KHHETHUECKYIO SHEPTHIO TPY30B B
KOHEUHBIM MOMEHT I[BI/I)KCHI/I% 2 .9 2
(m+m)v: (m+m)a-t° (m+m)-2-S
— 1 2 — 1 2 — 1 2
“ 2 2 t?

11. BEIYUCIUTh KHHETHYECKYIO SHEPTHIO OJI0Ka

1o m-RPV mv m-S?

K = =
oD 2.2.R? 4 t?

12. BpIYHCIUTH H3MEHEHHE OTCHIINATBHON SHEPTHH TPY30B
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All=m-g-S

13.  HaiiTu 3HaueHNe BBIPAKECHUS AT=(K, +K;)

14.  OOBSICHHUTH MOJIYUCHHBIA PE3yIbTAT.

5 k 8
\ ?/_— 1
- —"\ 7
Q—Eij o
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=~
=036
B = e o

Puc. 2. O6uwmii Bua SKCIepUMEHTAIBHON YCTaHOBKH

Cooepocanue omuema.

Otuet 1o 1abopaTOpPHBIM paboTaM JOJKHBI COAEPIKATH!

- TUTYJIbHBIN JIUCT;

- 11eJ1b paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICIICHUN, TOHATUH, POpMYII;
- OCHOBHOE 000py/I0BaHUE, CXEMa YCTaHOBKH;

- OMMCaHUe M0 MYHKTaM BBITIOJHEHHON pabOThI;

- pe3yJbTaThl U3MEPEHUH U pacyeToB (TadnuIbl, TpapuKn);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI 110 pE3YJIbTaTaM BBIMOJIHEHHON pa0oThl, JaTa, MOIMKCH.
Konmponvnwvie sonpochwi.

1. TaiiTe onpeneneHne MOCTYNATEIbHOTO IBUKEHUS TBEPOTO Tea.

2. Uto Takoe MaTepHuaibHas TOYKa U a0COIFOTHO TBEP0E TEIJIO?

3. OOBSICHHUTE, UTO TAKOE CHCTEMa OTcYeTa?

4.Hepe‘-II/ICJ'II/ITe H 00BSCHUTE OCHOBHBIE KHHEMATHYECKHE XAPAKTCPUCTHUKU MMOCTYIIATCIIb-

HOTO JABUKECHUS.

5. Chopmynupyiite nepsblii 3akoH HproToHa.

6. [aiiTe onpeaeneHust MacChl M UMITyJIbCa Tela.
7.Chopmynupyiite BTopoii 3akoH HproToHa.
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8. Uro Takoe paBHOJAEHCTBYIOMIAs cUia?

9. O6bsacHuTe Tperuii 3akoH HproToHa.

10. Hate ompenenenue cuil ynpyroctu. UYto Takoe ynpyras aedopmarus ?

11. Ha yem ocHOBBIBaeTCs BBIBOJ] pacueTHBIX (POPMYII B JaHHOUW J1TabopaToOpHOM padboTe?

JlaGopaTopHas padora Ne 3

Tema padbomer. OnipenesieHne CKOPOCTH MOJIETA MYJIH € IOMOIIBI0 (PM3UYECKOT0 MASIT-
HHUKA.

Llenv pabomel. HayuuTbes onpenesiTh CKOPOCTh MOJIETa MYJIH € MOMOIIBI0 (PU3UYECKOTO
MasITHUKA.

Teopemuqecmm yacmo.

Ouznyeckuil MasSTHUK cOcTOUT U3 yiosurens ("A" Ha puc.l) B BUae IMIMHIPA, 3aMI0THEH-
HOT'O IUTACTUYHBIM MaTepUalIoM, KOTOPBIH 3aKpeIlIeH Ha CTEPKHE, CIIOCOOHOM CBOOOJIHO, C OUEHb
MaJIbIM TPEHHEM, KauaTbCs BMECTE C YJIOBUTEJIEM BOKPYT HemoJBuxkHOU ocu. Ha pucynke 1 sta
ochb BparieHus (Touka "O") nepneHAUKYIsIpHA K IIJIOCKOCTU PUCYHKA.

BricTpen npon3BoauTcs U3 MHEBMAaTHYECKOTO MHUCTOJIETa, YCTAHOBJICHHOTO TaK, YTOOBI BEK-
TOp CKOPOCTH IyJIX OBbLT HAIIPABIEH TOPU30HTAIBHO TI0 MPSMOH, MPOXOAAIICH Yepe3 HEHTP LHu-
JUHJpPA C IJIACTWIIMHOM U NepHeHANKYIspHO ocu BpauieHus: O. Ilyns, 3acTpeBas B I1aCTHIIMHE,

TEpsIeT CBOIO HAYAJIBHYIO CKOPOCTh U OJJHOBPEMEHHO COOOIIAET MasiTHUKY HEKOTOPBIM MOMEHT
UMITYJIbCA.

ITo 3aBCPUICHUHN HCYHIPYTIOI'o yaAapa MasdTHUK OTKIIOHACTCA OT BepTI/IKaHLHOﬁ ymany OC Ha

HeKOTOpHﬁ MaKCUMaJIbHBIN yroiJ (P , KOTOpBIfI HU3MEPACTCA TPAHCIIOPTUPOM — 110 MAaKCHMaAJIb-
HOMY CMCHICHHIO YKAa3aTCIsd, JKCCTKO 3aKPCIIVICHHOI'O Ha CTCPIKHE.

st TByX MOMEHTOB BPEMEHHU, JIO yJapa, U Mocje HEYIPYyroro yuapa (mox "ymapom"
MBI MTOAPa3yMEBAEM OTHOCUTENHLHO OBICTPHIN MPOIIecC TOPMOKEHHUS MyNU B TUIACTUIINHE) MOXKHO
IMPUMCHHUTH 3aKOH COXPAaHCHWA MOMCHTA UMITYJIbCa:
2
moa = (I + ma“)o, (1)
rae M- macca mynu, U — CKOpOCTb MyJIM JI0 YAapa, d— PAacCTOSHUE OT OCH JI0 TOYKH yaapa mynu, |

— MOMCHT HMHCPIUHN MAATHHUKA IIOCJIC ylapa. BTOpBIM YJICHOM B CKOOKax B (1) MOKHO IIPCHC-

Opeub JaneKo He Bceraa (IS Halllero ciaydas BaM HeoOXOJUMO Ha OCHOBaHWU M3MEPEHU MmoKa-
3aTh (MJIM ONIPOBEPTHYTH) BO3MOXKHOCTh TAKOT'O YIIPOIIEHUS).

Puc. 1
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Puc.1. ®usuueckuii MasiTHUK

[Tpu Heynpyrom ypape 3aKOH COXpaHEHHS] MEXaHUYECKON SHEPIuu HE BBIIOJIHAETCS, OJHAKO, K
IIPOLIECCY KauyaHUsl MasTHHUKA, Mbl MOKEM IIPUMEHMTH 3aKOH COXpaHeHus sHepruu. Hemocpen-
CTBEHHO TOCJIE y/apa MasTHUK BMECTE C 3aceBlIeil B HeM mylielt Oyzer, kak Mbl Buaenu u3 (1),

UMEThb YTTIOBYIO CKOPOCTb, paBHYI0 (g . CliegoBaTesbHO, OH OyJEeT UMETh U COOTBETCTBYIOIINNA

eil 3armac KWHETUYECKON YHEPTUH, KOTOPBIH 3aT€M B MOMEHT HauOOJIbIIET0 OTKIOHEHUS (M MTHO-
BEHHOM OCTaHOBKM MAasTHHKA) IPEBPATUTCS B OTEHIIUAJIbHYIO S3HEPTUIO:

(I + ma?)w?
Ek = 5 g (2)
E=(|V| +mﬁ9h 3)
\ )

E,= E,, cienoarensHo

(I + ma*)w; :(I\/I i\ h
5 L +Mm |Jg (4)

rac M — macca 0aJIUCTHYSCKOTO MasTHHKA, h — BBICOTAa MAKCHUMAJIbHOT'O IIOAHATHUA €TI0 LCHTPA
2
MacCC B TOYKEC OCTaHOBKH, g = 9,81 M/c” — YCKOPCHUC CBO6OI[H01"O MMaJiCHHA Ha HIUPOTE

r. [Iaturopcka, | — paccrosuue ot ocu BpameHus 10 HeHTpa Macc MasTHuKa (6e3 mymn). [lo-
CPEICTBOM OaTaHCHPOBKH HMCIOJIB3YEMOTO B JaHHOW paboTe (U3MUECKOro MasTHHKA YAAIoCh
YCTQHOBUTB, YTO LIEHTP MACC MAsITHUKA MIOYTH COBMAIAET C TOUKON KPEIUIEHUS CTEPXKHSI C LIUIINH-
npom (. B na puc. 1). Takum o6paszom, pacctosuue | npunumaercs paBubiM qmnne cTepxus OB.

Bropoe (marnoe) ciaraemMoe B BBIPXEHUU [T MOTEHIIMATBHON sHeprud (3) pononHu-
TEJIbHO YYUTBIBAET, YTO LEHTP Macc MyJIHM B OOIIEM cllyyae HE COBIMAJAET C IIEHTPOM Macc MasiT-
HUKA.

=2
W3 puc.2 BUIHO, YTO h=1-1 COSp = I(l_ COS(P) = 2lsin » , rae | — paccrosmne or
2
ocu Bpamienus O 10 neHrpa macc Masitauka C. MTak, Mbl MOTy4YniIn ypaBHEHHE
1 a a .
E(ma2+l)oq)2 :\(mI—+M\|gh=2‘(m—+M\‘glsm29. ()

S
Takum o6pa3zom, Ha ocHoBaHuM ypaBHeHui (1) u (5) momyyaem ocHOBHYIO pabouyro ¢op-
MYy 5 [ 3 A\
(ma“+1)ym +M gl
P 4 Lt
v =2sin4 " : (6)
ma
Bce BenuuuHbl, BXOAsMe B BbhIpaxeHHe (6), MOTYT OBITH ONpECTICHBI AKCIICPUMEH-
TaJIbHO.

Oobopyoosanue u mamepuaiol.
VYcraHoBka, cocrosiias U3 (pU3NUECKOro MasTHHKA, MOABEIICHHOTO HA TOPU30HTAIBHOMN
OCH ¥ TPAHCIIOPTHPA, THEBMATHYECKUI TTUCTOJIET, APOTHUK.
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Ykazanua no mexnuxe 6ezonacnocmu.
1. K BeImonaHeHUto 1a00paTOPHBIX PAabOT TOMYCKAIOTCS CTYACHTHI, H3YYHBIIINE MPABUIIA TEX-
HHUKHU 0€30IaCHOCTH.
2. JlaGoparopHbie pabOTHl MOTYT ITPOBOJIUTHCS TOJBKO IO PYKOBOACTBOM M HAOJIIOACHUEM
MPErno/1aBaTe’is.
3. Pacmonaraiite mpubopsl, MaTepuaibl, 000pyI0BaHHE HAa pabodeM MeCTe B TOPSIJIKE, YKa-
3aHHOM IIpeToaBaTeIeM.
4. Tlpu BeIMOTHEHUH JTAOOPATOPHBIX PAOOT C MPUMEHEHUEM ITOJIETOB OAJNIUCTUYECKHUX TEI
HE CIIeyeT HaXOJUTHCS B 00JIACTH MOJIETa TeNa.
He nepxwute Ha pabodem cToe MpeaMEThI, He TPEOYIOIUECs I BHITOTHEHUS 3a/1aHHUs.
[lepen Tem, Kak MPUCTYMUTh K pabOTe TIIATEILHO MU3YUUTE €€ OMHCAaHUE, YSICHUTE XOJI
BBITIOJTHEHHS paOOTHI.

oo

3aoanus.
Macca umnunapa-ynosuteias My = 91 r. Jlunelinas MIOTHOCTL CTEPIKHS, MAcca, IPUX0-

JAIIAsACs Ha €IUHUIY JUIMHBL: |L =1,97 r/cm, Torna nonHas macca crepxkus My = W -1 . Cnemo-
BaTeJIbHO, Macca MasTHuka M = My + M,. PaccTosiHue - @ OT OCH BpamieHus 0 TOYKH yaapa

MU3MEPSAIOT MUJUIMMETPOBOM JIMHENKOM. [ToN0KeHne 1IeHTpa Macc MasTHUKA COOTBETCTBYET TOUKE
COCIMHEHUS YJIOBUTENS U CTEpkHs. JUIMHY CTep:KHS | ONPEACISIIOT KaK PacCTOSAHUE OT TOYKH
MO/BECA JI0 TOUYKH COCTMHEHUSI YIOBUTEISA U TPYOKH.
1. OnpenesieHHe MOMEHTA HHEPUHMH 0ATTMCTHYECKOT0 MAITHUKA
MomeHT uHepuu GU3NIEeCKOro MasiTHUKA HaXOIAT T10 MEPUOY €ro KauaHUil, paBHOMY

I
T=2n |—F!, 4)
Mgl
(BETMYMHBI M ul y>Ke OTpeIeNeHbI).
OO6parute BHUMaHHE, YTO IS JOCTATOYHO HAJEKHOTO M3MEPEHMsI TIepro/ia KaYaHUN Mbl
JIOJKHBI 00€CTIEYUTh BBITIOJIHEHUE CIEAYIOIINX YCIOBHMA:

— aMIUTUTY/Jla Ka4yaHUW JTOJDKHA OBITh JIOCTATOYHO Majia, YTOOBI MOXHO OBLIO TpEHe-
Opedb ee BIUSHUEM Ha MEPHOJ] KaYaHUIA;

— HYXHO IIPOCIIEUTH 32 OTCYTCTBUEM KAaYaHWK MAasATHHUKA IIO IPYrod OpTOrOHAIBHOU
ocu (WM JO0XKAAThCA UX MOJIHOTO 3aTyXaHUs, €CIM OHU MO KaKUM-TTUOO MpUYUHAM
BO3HUKIIN);

— TepuoJ KayaHWi Ha/l0 OMpenenuTh Kak cpenHee 3a 20—30 kauaHuii, 4TOOBI yMEHbB-
IIUTH TOTPEITHOCTD U3MEPEHHS BPEMEHU CEKYHIOMEPOM.

MoOMeHT HHEPIUHU BRIYHCISIETCS, UcXos u3 (7), Kak

MgIT?
T 4n?

Teopernueckoe 3HaUeHNE MOMEHTA MHEPIIMM MOKHO HAWTH KaK CyMMY MOMEHTa HHEPLUH
CTEPKHSI OTHOCUTENIBHO OCU BPALIEHU S, IEPIEHIUKYIIIPHON CTEPHKHIO U IMTPOXOASAIIECH Yepe3 OITMH

I (8)

1 .
3 ero KOHIOB Iem = Jm »a% 1 MOMEHT MHEPIIUH yIOBHUTENs, KOTOPHIHA (B CBSA3H C JOCTATOYHO

OOJBIIMM PACCTOSIHUEM JI0 OCHU BpAIllEHHs) MOXKHO NPUHATH 32 MaTepUalIbHYIO TOUKY, TOT/a
lyn, = Mqa?, a TEOPETUYECKOE 3HAYEHHE MOMEHTA MHEPLHMHU OAIIMCTUYECKOTO MAassTHHKA

1
Imeop = Iecm t Iyn= "M g2 4 ; g2, 9)
. 3 2 1
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|!meop—11
PaccuuTarh MOrpeHOCTh U3MEHEHUS. § = —2%— . 100%,

meop
2. OnpenesieHne CKOPOCTH MOJIETA MYJIH

Macca kax10i mysiu onpeenseM B3BeIIMBaHUEM. JTO MOKHO CZeIaTh I0TOMY, 4TO Jiora-
pUPMHUUECKUI TEKPEMEHT 3aTyXaHUs 3THUX KojeOaHMM BechbMa Mall M MX aMIUIUTY/AA JJOBOJIBHO
JIOJITO OCTAETCs IOYTH ITOCTOSHHOM (TONBITaTECh SKCIIEPUMEHTAIILHO OLIEHUTh BEJIMYUHY JIEKpe-
MeHTal).

1) M3mepuTh B3BEmMBaHHEM Maccy Myiid. OLEHUTh HOTPEUIHOCTD ONPEICIICHUS MAaCChI.

2) Ipoussectu BbICTpesl. OTMETUTh MAaKCUMalbHbIH yroys Ol OTKIOHEHHs YKa3aTessl Mo
TpaHcnopTtupy. M3mepenue yria oTkiioHeHuss Ol HaJleKHee IPOU3BOAUTh HE TOJIBKO 110 aMILIU-
TyJi€ OTKJIOHEHUS] MasiTHUKA MPH NIEPBOM KayaHUH, HO U M0 pa3Maxy ero KoJeOaHui, AISIuXcs
HEKOTOpOE BpeMs 1ocie yaapa (Ipy 3TOM I0JIE3HO IPUMEHATh U YCPEAHEHHUE OTEIbHBIX OTCUE-
TOB). BbIcTpen mpou3BOAUTH TOJIBKO MO HENOJBWKHOMY IMUIMHIpPY. IloBTOpUTH OombIT 5 pas.
HaiiTu cpeanee 3HaueHue yria OTKJIOHEHHS U TOTPEIIHOCTh U3MEPEHUS yIIa.

3) BerumcianTh 3HaUCHNUE CKOPOCTH ToJieTa My 1o popmyie (6). BEIYUCIUTh MOrpenHoCTb
OIIpEIENIEHUs] CKOPOCTH I10JIETA IYJIN.

4) 3anucaTh OKOHYATEIbHBIN pe3yibraT. Caenars BHIBO/L.

Cooeporcanue omuema.

Otuer 1o 1a00paTOPHBIM paboTaM JAOJKHBI COEPIKATH!

- TUTYJIbHBIN JIUCT;

- 11eJIb PaboTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIIPEIEIICHU, TOHATHH, (hopMyT,
- OCHOBHOE 000pY/ZI0BaHHUE, CXEMa YCTAHOBKU;

- OTIMCaHUe 0 MyHKTaM BBITIOJTHEHHOW pabOThI;

- pe3yJabTaThl U3MEpPEHHUH U pacyeToB (TaOIULbl, FpaduKn);

- OLIEHKa ITOIPEIIHOCTEM;

- OTBETHI HA KOHTPOJIbHBIE BONIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBITOJHEHHON padoThI, 1aTa, MOIIHCH.

Konmponwsnwie éonpocuwi.
1. Kak omnpenensercss KHHETHUYECKasi SHEPTUs NIPH MOCTyNaTeabHOM ABrkeHuu? [lpu Bpa-
IaTeIbHOM JIBUKEHUN?
2. OOBsicHHUTE, TTOYEMY TIPH HEYIPYTOM yJape He BBITIOJIHIECTCS 3aKOH COXPAHEHUS MeXa-
HUYECKON SHEPIUHU.

3. CchopmynupyiiTe U 3aIUIINTE 3aKOH COXPAaHEHHs] UMITyJbca JUIs HEYNPYroro B3auMo-
JICUCTBHS TYJU ¥ (PU3UUECKOTO MasiTHUKA (00BSICHUTE BBIBOI (hopmyJbl (1)).
Coopmynupyiite Teopemy Ll Teitnepa.

5. Urto takoe MoMeHT mHepuuu? Kak ompenensieTrcs MOMEHT MHEPLUU CTEPKHS OTHOCH-
TEJILHO OCH, IIPOXOMSIIEH Yepe3 OJUH €r0 KOHIOB.
6. BeiBectu hopmyiy (6).

&

JlaGopaTopHas padora Ne 4
Tema padbomer. OnipenesieHue nNepuoaa KoJedanuii pusnuecKoro MasiTHUKA
Henwv pabomsr. OnipenenieHue CKOPOCTH TIOJIETA MYJTH ¢ TTOMOIIBIO (PU3MUECKOTO MAasSTHHKA.

Teopemuuecmm uacmeo.
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Duszuyeckum MasmHUKoM Ha3bIBaeTCs TBCPAOC TCJIO, COBCPIIAOIICC v

KOJIeOaHMsI OTHOCHTENILHO HEMOABHKHON OCH O] ICHCTBUEM CHIIBI TSIKE- 1";4 H..-;.

cru (puc.1). 4'_'-‘1.;}»‘-. "«,‘1 ;
DTa 0Ch SABJISIETCSA TOPU3OHTAIBHON, U OHA HE TIPOXOJIUT Yepe3 IEHTP \"‘-.__Ll'-x

Macc Teja (Takas OCh Ha3bIBAETCS OChIO KayaHWS MasTHHKA). [Ipu Mabix M, Bﬂj‘"

yrilax OTKJIOHEHHs OT ITOJIOKCHHUS PABHOBECHS M B OTCYTCTBHE CHJI COIIPO- | *{,\‘1 Y

THBJICHUS JBHKEHHE MAsSTHUKA OMMCHIBACTCS YPAaBHCHUEM | «.‘\}lf

Puc.1. ! 1"‘-.__

1¢p =-mgld )

| — MOMEHT MHepLUHU MasTHUKA OTHOCUTEIBHO OCH KOJeOaHuH,

M — Macca MasiTHUKA, Puc. 1
| — paccTosiHUE OT OCH 10 IICHTpa Macc.

[Tepuon konebaHuit onpeaessieTcsi COOTHOIEHUEM

I
T=2n }— (2)
mgl
q)I/I?;I/I‘IeCKOMy MasATHHUKY MOKCT OBITH IIOCTABJIEH B COOTBETCTBHE MAaTEMaTUYECKUNA MasiT-
HUK, I/IMGI-OI.I.II/II71 TOT K€ IICPUO

T=2n L (3)
g
L- JJIMHA MaTEMATHYCCKOI'O MasiTHHUKA (HpI/IBCILCHHafl JUJIMHA (1)I/I3I/I‘-ICCKOFO Ma?[THI/IKa).
JnmHa MaTeMaTuuecKoro MasiTHUKA, IEPHO/] KoJieOaHU KOTOPOTO PaBeH MepUoAy KoJe-
Oanuii pu3rUecKoro MasiTHUKA, Ha3bIBACTCS MPUBEAEHHON IIMHON (U3NYECKOTO MAasSTHUKA

L= (4)

ml

B nanHoit pabote puznyeckuit MaSTHUK MPENCTABISIET COOO0M CTaIbHOM cTepikeHb (puc. 1).
Ha crepxHe npocBepieHsl 0TBepcTUsIMU Ha paccTostHuM 10 cm pyr ot apyra. CTepkeHb MoBe-
HIMBAIOT Ha WTHIps O. BeiOupast oTBEpCTHE Ha CTEPIKHE, MOXKHO PETYJINPOBATh PACCTOSHUE OT
TOYKH TOofIBEca cTepkHs O 1o 1eHTpa macc crepxkHsa C, Hanpumep, Ha puc. 1 paccrosuue OC
paBHo 40 cu. LlenTp macc C OTHOPOTHOTO CTEPIKHS HAXOAUTCS MTOCEPETNHE CTEPHKHSL.

Eciit cTepkeHb OTKIIOHHTB OT TI0JI0XKeHns paBHoBecHs Ha yroi 3° + 5°, To oH Gyier coBep-
m1aTh KojieObaHus OMM3KUe K rapMOHUYECKUM. BpeMs konebanuit u3mepsieTcs CeKyHIOMEPOM.
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Puec. 1. Mawem
“usrnecyuil Moy

[Tepuon xonebanuii PU3NIECKOT0 WIM MATEMAaTHYECKOTO MAaATHHKA B OOILIEM CIIydae 3aBH-
CUT OT aMIUIUTY/IbI KoJeOanuii MasTHuKA. Ho eciu yron oTKIOHEHHs MasTHHKA @ < 5°, To ¢ X0-
poIeii TOYHOCTHIO MOXHO MPeHeOpedb 3aBUCUMOCTRIO MEPHOJIa OT aMIUTATY/IBI U IPHOIMIKEHHO
CUMTATh, YTO MASITHUK COBEPILAET FAPMOHUYECKUE KOJICOAHMSI.

[Tepuon xonebanuii (pU3NUECKOTO MAITHUKA ONpeaensercs mo hopmyse

L
g
,
rae L — npuBeneHHas AnuHa GU3NYECKOro MasiTHUKA.
Ilpusedennas onuna GU3NYECKOr0 MAasTHUKA PaBHA JIJTMHE MAaTEMaTHYECKOTO MasiTHUKA,
MMEIOLIET0 TaKOM e MeproJ KojiedaHui KaK y JaHHOTO (PU3MYECKOT0 MasiTHHUKA.

[IpuBenennas qprHa GU3MUECKOTO MasiTHUKA omnpenensiercs Gopmyioi

L=

md ,
rae: J — MOMEHT WHEPIMU MasiTHUKA OTHOCUTENBHO TOUKH nojaBeca O,
m — Macca MasaTHUKA,
d- paccTostHUE OT TOYKH nojiBeca O 10 1ieHTpa Macc MasitHuka C.
Teopema IImeinnepa. Momenm unepyuu J mena omuocumenbHoO NPOU3BOIbHOL OCU PAGEH
cymme MomeHma unepyuu Jo mena OMHOCUMENbHO OCU, NPOBEOEHHOU Yepe3 YeHmp Macc meid

napannienvbHo OaHHOU OCU, U Npouzsedenusi Maccyl M mena Ha keaopam paccmosnus d meocdy
OMUMU OCAMU:

T=2n

J:J0+md2

B nanHoit mabopatopHOit paboTe MOMEHT WHEPIIUHU CTEPIKHS OTHOCUTEIBHO OCH KadaHusi O
BeIumcisieTcs mo teopeme llteiinepa. st 0MHOPOIHOTO CTEP)KHS MOMEHT MHEPLUU OTHOCH-
TEJIbHO LIEHTPA MacC CTEPKHA (COBMAIAET C LIEHTPOM CTEPHKHS)

J="ml?
0 12

rae | — nvHa cTepikHs, M — Macca CTEPXKHSL.
Takum o6pazom

. m(l* +12d?)
d2 12

1
J=Jg+md2=—_ml* [
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[TpuBenenHas niuHa GU3NYECKOr0 MasTHUKA B JaHHOW JTabopaTopHO paboTe ornpenens-
ercs o popmyiie:

J  m(?*+12d%) 12 +12d?
md 12md 12d

Torma nepuon konebanwii GPU3NIECKOTr0 MasITHUKA B IAHHOW JTa0OpaTOpHOI paboTe ompe-
nensiercsi mo popmyie:

(5)

2 2
T=2n ﬂ (6)
12dg

Oobopyoosanue u mamepuanvl. YCTaHOBKA JIJISl MCCIICIOBAHUS KOJeOaHUN (PU3MUECKOTO
MasiTHUKA, JINHEHKa, CEKyHJIOMEp.

Ykazanusa no mexnuke d6ezonacnocmu.

1. K BbimonaHeHM0 1a00paTOpHBIX PadOT AONMYCKAKOTCS CTYAEHThI, U3yUUBIIUE [IPAaBUIIA TEX-
HUKHU 0€30I1aCHOCTH.

2. JlaGopatopHbie pabOTHI MOTYT ITPOBOIUTHCS TOJIBKO MO PYKOBOJICTBOM U HAOIIOICHUEM
npenojaBarers.

3. Pacnonaraiite npu6opsl, MaTepuaiisl, 000pyI0BaHHE Ha paboyeM MecTe B MOpsIKe, yKa-
3aHHOM IIPEIoJIaBaTeIeM.

4. He nepxute Ha paboueM CTOJIE PEAMETHI, HE TPEOYIOLIUECs IS BHIITOJIHEHUS 3aJaHusl.

5. Ilepen Tem, Kak NpPUCTYNHUTh K paboTe TLIATENBHO U3y4UTE €€ ONHCaHHE, YSICHUTE XOJ
BBITIOJIHEHUS pa0OTHI.

3aoanus.

1. [MoaBemMBarOT MAasITHUK HA INTHIPb MEPBBIM OTBEPCTHEM. IJTO 3HAYUT YTO PACCTOSHUE
OC =d1=40 cm.

OTKIJIOHSAIOT MasiTHUK Ha MaJblil yroJl OKOJIO 30:5%y ornyckatoT. [Ipu nomomm cexyHao-
mepa usmepsttot Bpemst ti (1 = 1, 2, 3) mis N=30 nonubIx konebanuii. i3MepeHus: HOBTOPSIOT N =
3 pasza.

Brruucnsior cpeHee 3HaUCHUE BPEMEHU

L
<t>=-1=
[Tepuon onpenemnsitoT mo hopmyse
<t>
Tu3w =
i N

2. TToBEMMBAIOT MASITHUK HA IITHIPh BTOPBIM, TPETHHM U YE€TBEPTHIM OTBEPCTHSIMH TI0 OUe-
pe/r ¥ TIOBTOPSIIOT U3MEPEHHsT MyHKTA 1.

[Tpu sTom d2 = 30 cm, d3 = 20 cm, da = 10 cm.

Jmuna crepxas | =1 m.

JlanHble U3MEpEHUI 3aHECTU B TAOIHILY
Tabnuua 1.
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d <t> Tusm L Tpacu
M c C M c
0,4
0,3
0,2
0,1

3. BoIUUCIISAIOT IpUBEACHHBIC JUTMHBI (PU3NYECKOro MasiTHHUKA s Beex d
12 +12d?
L=
12d
4. BeIYHCHSIOT IEPUOIBI KOJIEOaHHH (PH3HMUECKOT0 MassTHUKA JJIs1 BCEX 3HAUCHHI TPUBEICH-
HOM IJTMHBI (PU3NUECKOT0 MAsITHUKA

L
T =2 |[—

pacu
g

= f(L) upacuethoro T = f(L) B

pacu

5. IloctpouTs rpaduku eproia U3MEPEeHHOro T

usm

3aBUCUMOCTH OT IIPUBEACHHOM JUIUHBI L.
6. CpaBHUTH U3MEPEHHBIEC U pAaCUETHBIC 3HAYCHHS NIEPUOJIOB KOJICOAHHIA.
CraenaTb BBIBOJ O XapaKTepe 3aBUCUMOCTH Ieproia KojaeOaHuil (pru3nyeckoro MasiTHUKa OT

IIPUBEJICHHOM JIJINHBI.
Cooepocanue omuema.

Otyet no 1abopaTopHbIM paboTaM JOKHBI COACPIKATH:

- TUTYJIbHBIN JIUCT;

- 11eTb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEIEIICHUN, TOHATUH, POpMYII;

- OCHOBHOE 000pY/Z0BaHHUE, CXEMa YCTaHOBKU;

- OIIMCaHMeE IO MYHKTaM BBIITOJIHEHHOU paboThI;

- pe3yJabTaThl U3MEPEHHUH U pacyeToB (TabIuLbl, rpaduKn);

- OLIEHKA MTOIPEUTHOCTEN;

- OTBETBI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBO/IbI 110 pe3yJIbTaTaM BBIIIOJHEHHOM padoThl, 1aTa, HOIIHCH.

Konmponwsnuvie éonpocowi.

JaiiTe onpeneneHne rapMOHUYECKUX KOJIEOaHUH.

Yo Ha3bIBAETCS MATEMATUIECKUM MAITHUKOM?

Yro Ha3bIBaeTCs NMPUBEIEHHON ITMHOM (PU3NYECKOro MasTHUKA?

Chopmymupyiite Teopemy llITeiinepa.

Brisect popmyny nepuoja koiaedanuii Gu3NUECKOro MasiTHUKA.

o~ E

JlaGopaTopHas paGora Ne 5

Tema padbomur. Onpenesienne k03¢pGuureHTa BHYTPEHHEr0 TPEHHUS KMIKOCTH METO-
aoM nagapuero mapuka (meroa Crokca).

Ilenv pabompi. [103HaKOMHUTBCSI C METOZOM U3MEPEHUS BA3KOCTH KUJIKOU CPEBI.

Teopemuuecmm uacmeo.
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BsizkocTh (BHYTPpEHHee TPeHHe) — 3TO CBOMCTBO pEAIbHBIX )KUIKOCTEN 0Ka3bIBATh COIPO-
THUBJIEHUE NIEPEMEILICHUIO OJHOM YaCTH KUIKOCTU OTHOCUTENBHO Apyroi. [Ipu nepememienuu oa-
HUX CJIOEB PEAJIbHOM JKUJIKOCTH OTHOCHUTENIBHO APYIMX BO3HUKAIOT CHJIBI BHYTPEHHETO TPEHHS,
HaIpaBJIEHHBIE 110 KacaTeJIbHOM K MOBEPXHOCTH CJIOEB. JleMCTBHE 3TUX CUIJI IIPOSBISETCS B TOM,
YTO CO CTOPOHBI CJIOf, IBHXKYIIErocs ObICTpee, Ha CJIOW, ABMXKYLIUIICS MeAJIeHHee, AeUCTBYET
yckopsitomasi cuia. Co CTOPOHBI ke CJIOs, ABMKYILIEroCs MEIJICHHEW, Ha CJIOW, JBHXKYIIUMUCS
ObIcTpee, AeUCTBYET TOPMO3SIIIas CUIIA.

Cuna BHyTpeHHero TpeHusi F tem Gombiie, yueM Oosbllie paccMaTpruBaeMas IUIOIIAIb 110-
BEPXHOCTH CJIOEB S, ¥ 3aBUCHUT OT TOT'O, HACKOJIBKO OBICTPO MEHS-
€TCS1 CKOPOCTh TEUEHHUSI KUJKOCTHU MPU EPEXOAE OT €0 K CIO0.
Ha pucynke npencrasiieHsl 1Ba CJIOS, OTCTOSIIME APYT OT APyra
Ha paccTOSIHUU Ax W JBHUXKYILIHMECS CO CKOpPOCTSMU v1 U v2. [Ipu
3TOM 01— 2= Av. HampaBiieHue, B KOTOPOM OTCUUTBIBA€TCS pac-

_ CTOSIHHE MEKJy CIIOSMH, HepHEeHOUKYAAPHO CKOPOCTH TECUCHUS
y cioeB. Bennunna Av/AX noka3biBaeT, Kak ObICTPO MEHSETCS CKO-
z POCTb IIPU NIEPEXOE OT CJIOS K CJIOK0 B HANPABIECHUH X, MEPIICH-
JMKYJISIPHOM HAIPaBJICHUIO IBUKCHUS CJIOEB, U HA3bIBACTCS TPAIMEHTOM CKOpocTH. Takum 00-
pazoM, MO>KHO CYUTaTh, UYTO MOJ1YJIb CUJIbI BHYTPEHHETO TPEHUS PABEH:

Av
F =n——S, 1
nAx @)

X

ax

rzae K03 puureHT MponopIMOHATEHOCTH 7, 3aBUCSIIUN OT MPHPOJIBI KHUIKOCTH, HA3bIBACTCS AH-
HAMHMYeCKOH BA3KOCTBHIO (WK IPOCTO BA3ZKOCTHIO).

Enununa Bszkoctn — mackagab-cekynaa (Ila-c): 1 [la-c paBen auHaAMUYECKON BSI3KOCTU
Cpelbl, B KOTOPOM MpH JIAMUHAPHOM (TJ1aIKOM) T€UEHUU U TPAIMEHTE CKOPOCTU C MOYyJIEM, paB-
HbIM 1 M/c Ha 1 M, Bo3HHMKaeT cuia BHyTpeHHero TpeHust B 1 H nHa 1 M IIOBEPXHOCTU KACAHMS
CJIOEB (1 TTa-c=1 H-C/Mz). [Ipumensiercs Takxxe BHecucteMHas equuuna — myas (I1): 111a-c
=101

YeM Gosbliie BI3KOCTb, TEM CUIIbHEE )KUJIKOCTh OTIMYACTCS OT UJealbHOM, U TeM OoJiblIne
CWJIBI BHYTPEHHETO TPEHUS B HEHl BO3HMKAIOT. BSA3KOCTh 3aBUCUT OT TeMIlepaTypbl, IpUYEM Xa-
paKTep 3TOM 3aBUCUMOCTH JUIS )KUJIKOCTEN U Ta30B pasziauydeH. /I )KUIKOCTEN # ¢ yBEIMUEHUEM
TEMIEPATypbl YMEHBILIAETCS, y Ta30B, HAOOOPOT, YBEIMUMUBAETCS, YTO YKa3bIBaE€T Ha Pa3JINYUE B
HUX MEXaHW3MOB BHYTPEHHEro TpeHHud. Tak, TuHaMH4YecKas BSI3KOCTb BOJBI YMEHBIIAETCS OT
1,792-10 % II o 0,284-10 > I (r.e. B 6,3 pa3a) IpH yBEIHUCHHH TEMIIEPATYPHI OT 0 °C 1o 100 °C,
a'y BO3/lyXa B 3TOM € JIMara3oHe BA3KOCTh yBenuuupaercs ot 1,709 107411 o 2,175- 1074 I1.

Cy1ecTByeT ABa pesknMa T€UEHMsI KUAKOcTeN. TeueHne Ha3bpIBaeTCs JIAMHHAPHBIM (CJ10-
HUCTBIM), €CJIH BJIOJIb MMOTOKA KaX bl BBIICIICHHBIN TOHKUN CJI0M CKOJIB3UT OTHOCUTEIBHO COCEI-
HUX, HE IEPEMEUINBASCH C HUMH, U TYpOYJeHTHBIM (BUXPEBBIM), €CJIH BA0Jb IIOTOKA IIPOUCXO-
JTUT UHTEHCUBHOE BUXPEoOpa30BaHUE U IIepeMEIINBaHKEe KUAKOCTHU (Taza).

JlaMuHapHO€E TeueHHE )KMIKOCTU HAOMI0aeTCs NPy HEOOJBIINX CKOPOCTAX €€ JIBUKEHUS.
BHeuHuii cioi )KUIKOCTH, TPUMBIKAIONIUI K MOBEPXHOCTU TPYOBI, B KOTOPOH OHA TEYeT, U3-3a
CHJI MOJIEKYJIIPHOTO CLIEINIEHUS IPUJIMIIAET K HEW M OCTAeTCsl HEMOABMKHBIM. CKOpOCTH mocie-
IYIOIIKX CJIOEB TeM OOJIbIlIe, 4eM OOJIbIIE X PACCTOSHUE JI0 TOBEPXHOCTH TPYOBI, 1 HANOOIbIIIEH
CKOPOCTBIO 00J1aJaeT CJIOH, ABMKYILIHICS BJJOJIb OCH TPYOBI.

[Ipu TypOyneHTHOM T€UEHUH YaCTUILIBI )KUAKOCTH MPUOOPETAIOT COCTABIISAIONINE CKOPOCTEH,
NEPIEHUKYIIIPHBIE TEYEHHIO, IO3TOMY OHM MOTYT NEPEXOAUTH U3 OJHOIO ciiosl B Apyroi. Cko-
POCTh YaCTHI] KUJIKOCTH OBICTPO BO3pPACTAET MO MEpEe yIaJeHHs OT MOBEPXHOCTU TPYObI, 3aTeM
W3MEHSETCS JI0BOJBHO HE3HAYMTENbHO. Tak KaKk 4acTUIb] )KUIKOCTH NEPEXOIAT U3 OJTHOTO CIIOS
B JPYroil, TO UX CKOPOCTHU B Pa3IMUYHBIX CJIOSX Majo oTiuyaroTcs. M3-3a OonblIoro rpagueHTa
CKOpOCTEH y MOBEpXHOCTEN TPyObl 0OBIYHO POMCXOIUT 00pa30BaHUE BUXPEH.
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[Tpoduis ycpenHEeHHON CKOPOCTH TIPH TYPOYJIICHTHOM TEYCHHH B TPYOax OTIMYAeTCs OT Ta-
pabonuueckoro npoduis npu JJaMUHAPHOM TeUEHHH 0oJiee OBICTPBIM BO3pacTaHHUEM CKOPOCTH Y
CTEHOK TPYOBl U MEHbIIIEH KPUBU3HON B IIEHTPAIbHON YaCTH TEUCHUSI.

Anrnumiickuil yuenslii O. PeiiHonbic (1842—1912) ycraHoBuII, 4TO XapakTep TEUEHUS 3a-
BUCHUT OT Oe3pa3MepHOIl BETUUHMHBI, Ha3bIBaeMo uuciom PeitHonpaca:

_PP)d
T @

1€  p — IUVIOTHOCTb KUJIKOCTH;
<L)> — CpeAHsIsl 0 CEUYEHUIO TPYObI CKOPOCTb JKUJKOCTH;

d — xapakTepHbIil THHEHHBIN pa3Mep, HAIPUMED AUAMETP TPYObI;
n — JUHaAMHUYCCKasA BA3KOCTDb XUJIKOCTH.
OtHorreHue V = 71/p Ha3bIBaCTCs KHHEMATHYECKOi BA3KOCTBIO, 103TOMY (2) MOKHO TIpe/icTa-
BUTH CJ'IGI[YI—OI_I_[I/IM 06pa30Mi
{o)d
Re =

= ©)

A%

[Mpu manbix 3HaueHusx yncia Peiinonpaca (Re < 1000) HaGmrogaeTcs TaMUHAPHOE TEUCHUE,
nepexoj OT JaMHUHApHOTO TeueHHs K TypOyineHTHoMY mpoucxomut B obmnactu 1000 < Re < 2000,
a npu Re = 2300 (g rmaaxux TpyO) Teuenue typOyneHTHoe. Ecnu uncno Pelinonbaca onuHa-
KOBO, TO PEXKHM TCUCHHSI Pa3IMYHbBIX KHUIKOCTEH (ra30B) B TpyOax pa3HbIX CCUCHHIA OJIMHAKOB.

Teopust MeTO1a M ONUCAHUE YCTAHOBKH
Bsi3kocTh MposBIISIeTCss IPU IBUYKEHUM HE TOJIBKO KHJIKOCTH IO COCYAaM, HO M Tel B
KUIKOCTH. [Ipy HEOOIBIINX CKOPOCTSIX B COOTBETCTBUU C ypaBHeHHEeM Hpl0TOHA criia compo-
THUBJICHHS JBWKYIIEMYCS TNy TPOMOPIIMOHAIBHA BI3KOCTH YKUAKOCTH, CKOPOCTH JBIKEHHUS
TeJIa ¥ 3aBUCHUT OT pa3MepoB Tena. Tak Kak HEBO3MOXKHO YKa3aTh OOIYI0 (OPMYITY AJISl CHIIBI
COIIPOTHUBIICHUS, TO OTPAHUYMMCSI PACCMOTPEHUEM YaCTHOTO CITy4Jasl.

HaubGonee nmpoctoit popmoii Tena siBnsercs chepa. s chepuueckoro Tena (Mapuk) 3aBu-
CHUMOCTH CHJIBI COTIPOTHBIICHHUS TIPU €T0 JBM)KEHUHU B COCYZIE C KUAKOCTBHIO OT IEPEUUCICHHBIX
BhIIIE (PAKTOPOB BBIpaXKaeTcs 3akonom Cmokca:

F,, =6mnro, (4)
roer — paanycC mapukKa;
D — CKOpOCTI) JOBUXXCHUAA.

OTOT 3aKOH MOJIYYEH B IPEANOJI0KEHNN, UTO CTEHKHU COCY/la HE BIMAIOT Ha IBUJKEHUE Tea.
[Mpu mageHun mapuka B BI3Ko# cpene (puc. 3) Ha HEro IEHCTBYIOT TPH CHIIBL:

® CHJIa TSDKECTH MQ = % pTT r3g ;

3
e BBITAIIKUBaIOIIad (apxumenosa) F, =m_.g = % ParTr g,
TJIE Mx — Macca BBITECHEHHOM IapOM KHJIKOCTH; px — €€ TUIOTHOCTD;
e Frp — cuna conpoTUBIIEHUS, BblUUCIsAeMas 1o Gopmyie (4).
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IIpu monagaHuy mapuka B BSI3KYIO KHJAKOCTb €r0 CKOPOCTh YMEHbIIaeTcsd. Tak Kak cuia
COTPOTUBIIEHUS MPSMO MPOMOPIIMOHATbHA CKOPOCTH, TO U OHA OyAEeT YMEHBIIAThCS 10 TeX MOp,
MOKa JIBI)KEHUE He CTaHeT paBHOMEpHBIM. B aToM ciyyae:

mg+F,+F,,=0. (5)
A B ckansipHO# (hopMe IpH MOJICTAHOBKE COOTBETCTBYIOIIMX BhIpaXKe-
c Hui u1s e, hopmyda (5) OyaeT uMeTh BUIT
™
4 3 4 3 _
3P 1" —3Pxr g —6nnrug =0, (6)
"8 rre Vg — CKOPOCTh PABHOMEPHOTO JIBIKEHHUSI (TTaieHus1) apuka. 13
(6) mony4yaeM BeIpaskeHHUE )15 TUHAMHYCCKOW BI3KOCTH:
2
n=2(P P, rg. )
9 Vg
®opmyna (7) cripaBeyiuBa 15 IBH)KECHHS IIAPUKA HE TOJIBKO B JKHUJI-
KOCTH, HO | B Ta3e.
Puc.2. DKcIepUMEHTaIbHAsl YCTAHOBKA COCTOUT M3 CTEKJISTHHOTO IIH-

JIMHApa, 3alI0OJJHCHHOI'O INTMICPUHOM. Ha MUJIMHAPEC HAHCCCHLI JIBC T'OPU30HTAJIbHBIC MCTKHU (HpO'

BOJIOUHBIE KOIIBIIA), PACTIONOKEHHBIE APYT OT JApyra Ha paccrosHum | (BepxHsas MeTka momkHa
OBITh HIKE YPOBHS MIIHIIEpUHA Ha 5 — 8 cM.). BA3KOCTh IIMIIeprHa 3aBUCUT OT TEMIIEPATYPHI Clie-
IyIoIuM o0pa3om:

T,°C 3 18 21
i, 11 42,20 10,69 7,78
v, eM°/c 33,40 8,48 8,18

Qobopyoosanue u mamepuanol.

CTeKJIIHHBIN TWINHAD, 3al0JHEHHBIN NIMLIEPUHOM, CEKYHIOMED, MUHLET, [APUKU, MUK-
POMETpP WM OTCUETHBIN MUKPOCKOII.

Ykazanua no mexnuxe 6ezonacnocmu.

1. K BemmonHeHHI0 1a00PaTOPHBIX PA0OT AOMYCKAIOTCS CTYICHTHI, M3YUMBIIUE MTPaBUIA TEX-
HUKU O€30MaCHOCTH.

2. JlaGopatopHble pabOThl MOTYT ITPOBOJUTHCS TOJIBKO MO PYKOBOJCTBOM U HaOII0I€HUEM
nperno/iaBaTers.

3. Pacmonaraiite mpuOOpsI, MaTepualibl, 000pPYJI0BaHHE HA pabodeM MeCTe B MOPSJIKE, yKa-

3aHHOM IPEIoJIaBaTeIeM.

He nepxure Ha pabouem cTojie MpeaMeThl, He TpeOyroIuecs AJs BBIMOTHEHUS 3a/1aHus.

5. Tlepex teM, Kak MPHUCTYNUTH K padoTe TIIATEIBHO M3Y4YHUTE €€ ONMUCAHUE, YSACHUTE XO[
BBITIOJTHCHUS paOOTHI.

B
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3aoanus.

1. H3mepuB auaMeTp HIApHKa, OIMYCTHTH HIAPHK B )KUIKOCTh KaK MOXKHO OJIM)Ke K OCH ITH-
JUHJPA.

2. BKIIOYHTH CEKyHAOMEDP B MOMEHT MPOXOXKACHHUS IAPUKOM BEPXHEH METKH.

3. BBIKITIOYNTH CEKYHIOMEP B MOMEHT ITPOXOKACHHS IAPUKOM HIKHEH METKH.
4. TloBTOpHTH OMBIT HECKOJILKO (7 — 9) pa3. Beruucauts cpeanee Bpems tep, 32 KOTOpOE I11a-
PHK [TPOXOIUT MEKIY JBYMSI METKAMH.

5. Usmeputs paccrosuue | mexay meTkamm.
6. BbrumcauTh CKOPOCTH TMaJCHUS MAPUKOB L 0 = I/tcp.
7. TloacraBuTh 3HaYECHUE CKOPOCTH B hopmyity (7), BEIYMCIHUTE BSI3KOCTh TIIHIIEPUHA.
8. PesynbTaThl U3MEpeHUIt 3aHeCTH B TaOIUITYy 1.
Tabmuna 1.
t1,c |t2,Cc |t3Cc|WsC|t5,C|ts,C|t7,C|ts,C|to,C|Tp C| T, M Vo, L m n,
Mm/c ITa-c
Ipumeuanue: IJIOTHOCTH cBHHIA p = 11,350 r/em®

IUIOTHOCTB TIHICPHHA px = 1,264 r/em’.

Cooepircanue omuema.

Otyet no nabopaTopHbIM paboTaM JAOKHBI COACPIKATH:

- TUTYJbHBIN JIHCT;

- 11eNb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpEeJICHUH, TOHATHH, hopmyT;
- OCHOBHOE 000pY/IOBaHHE, CXeMa YCTaHOBKH;

- OTIMCaHME MO MYHKTaM BBITIOJHEHHON paboThI;

- pe3yJbTaThl U3MEPEHUN U pacyeToB (TaOnuIIbl, FpaUKn);

- OLIEHKA MOTPEIIHOCTEH;

- OTBETHI HA KOHTPOJILHBIE BOIIPOCHI;

- BBIBO/IBI 110 Pe3yJIbTaTaM BBIOJHEHHOM paboTHI, 1aTa, HOIHCh.

KOHmpOﬂbele 60RPOCHbl.

g rwbdE

Uro Takoe BHyTpeHHee TpeHue?
OT yero 3aBUCUT cUjla BHYTPEHHETO TPEHUs?
Kaxk 3anucsiBaercst popmyna HeroToHa Jj1s1 BHYTPEHHETO TPEHUS?

UTo moka3bIBaeT rpaIM€HT CKOPOCTU? B Kakux eanuHUIax OH u3MepsieTcs?

OT 4dero 3aBUCUT CUJIa TPEHUSI NIPH IBUKEHUH TeJl IapooOpa3Hoil popMbl B BA3KOI

cpene?

Kakue cunbr ,[[eﬁCTBYIOT Ha MMaJaroluii B BIA3KOM Cpeac MapruK U KaKOB XapaKTEPp ABUKC-

HUA mapuka’?
B kakux equHHUIIaX U3MEPSIOT BA3KOCTH? OT 4ero oHa 3aBUCHUT?

JlabopaTopnasi pa6ora Ne 6

Tema pabomei. OnpeneneHue OTHOLIEHUS! yAeJIbHBIX TeNJIOEMKOCTell BO31yXa MeTo-
JA0M aguadaTHYECKOro pacliupeHusl.
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Lenv pabompl. I3yduth ra30BbI€ 3aKOHBI, IEPBBIM 3aKOH TEPMOAMHAMUKU U TTOHSATHUE TET-
noéMkoctu. OnpeenuTh OTHOIICHNE TETUIOEMKOCTEH BO3TyXa MPU MOCTOSHHOM JIABJICHHUH U T10-
cTosTHHOM oO0BbeMe (Koaddunment [lyaccoHa) B ycaoBuUsAX, OJU3KUX K HOPMaJIbHBIM.

Teopemuuecxa;z uacmeo.

OnBIT MOKa3bIBAET, YTO KOJIMYECTBO TEIUIOTH Q, HEOOX0AMMOE AJIs HarpeBaHUs MacChl OJ1-
HOPOJIHOT'O BEILECTBA OT TemnepaTypsl 71 10 72, IpONOPLUOHAIBHO Macce BEIIECTBA U U3MEHE-
HUIO TEMIIEPaTypPhI:

Q=cm(T, -Ty), (1)
rjie C - yaeabHas TEII0OEMKOCTh BemectBa. 13 dopmyisl (1) cieayer
c= Q . 2)

m(T2 —le

Yoenvnoii mennoemkocmoio HazpIBaeTCs KOJINYECTBO TEIIOTHI, HEOOXOAMMOE JIJIsl Harpe-
[

ke K

Kpome ynenbHOI TEmI0EeMKOCTH BELIECTBA MCIOJIb3YEeTCS MOJSIpHAs TEIIO0EMKOCTh c
Monapuoii menjioemkocmso Ha3bIBaCTCS KOJUIESCTBO TEIUIOTHI, HEOOXOUMOE ISl HArPEBAHMS
1 mons BemectBa Ha 1 K. U3 onpenenenust yaenbHOM TEMIIOEMKOCTH CIIEAYET, UTO OHA CBSI3aHa C
MOJISIPHOM COOTHOIIIEHUEM

Banu Bemectsa Maccoii 1 krua 1 K. B «CHU» [c]=l

c™ =Mc 3)

rne M - mossipHas Mmacca BeuiectBa. B «CH» enuHuMIa m3mMepeHwust [(M]=1_ Hoxc
Mmonw - K
CocTtosiHHE Ta3a MOKET ObITh 0XapaKTEPU30BaHO TPEMsI TapaMeTpaMu: 1aBlieHUuEM [, 00b-
emoM V u Temmieparypoii T. YpaBHEHHE, CBA3BIBAIOIIEE 3TH BEIIMYUHBI, HA3bIBACTCS YPAGHEHUEM
cocmoanua 2aza. J{ng ciyyas WeaqbHOrO ra3a ypaBHEHHEM COCTOSHUS SIBIISICTCS ypaeHenue
Menoeneesa-Knaneipona
m
PV =__RT, (4)
M
rae R - yauBepcanbHas ra3oBasi HIOCTOSTHHASL.
BennumHa TEII0€MKOCTH Ta30B 3aBHCUT OT YCJIOBHI HarpeBaHus. BeISCHUM 3Ty 3aBUCH-
MOCTb, BOCIIOJIb30BAaBLINCh YPAaBHEHUEM COCTOSHUS (4) U nepevim Hauanom mepmoouHamuKu,
KOTOPO€ MOXHO CHOPMYIUPOBATH CIECIYIONTUM 00pa30oM: KOJUYECTBO TEIUIOTHI 0, epejaHHOe
CHCTEMe, 3aTPaurBacTCs Ha yBeIMUYeHUe ee BHyTpeHHe# sHepruu dU u Ha paboTy d4, coBepiiae-
MYIO0 CUCTEMOM TPOTHB BHEITHUX CHIT
00 =dU + 0A. (5)
[To ompeneneHunto TeII0eMKOCTh paBHA
0Q dU oJA
“Car Tar T

W3 ypaBHeHwus (6) BUIHO, YTO TEIJIOEMKOCTh MOYKET UMETh PAa3JIMYHbIC 3HAYCHUS B 3aBU-
CHMOCTH OT CII0COOOB HarpeBaHUs ra3a, Tak Kak OJHOMY M TOMY ke 3HaueHHto dT mMoryrt coot-
BETCTBOBaTh pa3nuuHbie 3HadeHus dU u dA.

dnemenmapnan pavoma vneanpHoro rasa pasa dA = pdV. Buympennssn snepzus 2aza

(6)

paBHa: ]
I m
U=__"RT, (7)
2M
m -
1€ — - KOJIMYECTBO MOJIeH ra3a, | - Yiclio CTereHen CBOOO/IBL.
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Yucnom cmeneneii c60000b1 MOJIEKYIbI Ta3a HAa3bIBAETCS YMCIO HE3aBUCHUMBIX KOOPIH-
HAT, ONPEIEIISIIONIUX MOJ0KEHUE MOJIEKYJIbl B TPOCTPAHCTBE.

[Ipu nBUXKEHUU TOYKHU IO MPSMOM JIMHUMU JUIS OLEHKU €€ MOJIOKEHUS HAJ0 3HATh OJHY
KOOPJMHATY, TO €CTh TOUYKAa UMEET OJHY CTCIICHb CBOOOIbI. ECITM TOUYKA ABMKETCS IO TUIOCKOCTH,
ee MOJIOKEHUE XapaKTepUu3yeTcsl AByMs KOOpJAMHATaMH, TO €CTh TOYKa 00JiafjaeT JBYMs CTerie-
HsMU cBOOOIBI. [ToMoskeHre MaTepralibHOM TOYKH B TIPOCTPAHCTBE OMPEIEISICTCS TPEeMsT KOOPIH-
HaTaMu (TpH CTETIEHH CBOOOIbI).

Mounekynbl, KOTOPBIE COCTOSIT U3 OAHOIO aTOMa, CUUTAIOTCA MAaTepHaIbHBIMU TOYKAMU U
UMEIOT YUCIIO CTerieHel cB000 bl | =3. TakuMu SBIISIOTCSI MOJICKYJIBI aproHa, renus u ap. [Byx-
atromHble Mousiekysbl  (Hz, N2 u p.) 06sanaroT 4ucioM crerneHei cBoooapl | = 5; OHU UMEIOT
TPH CTENIEHU CBOOO/IBI OCTYMATEIHHOTO JBHKECHHS BIOIb ocell X, Y, Z U 1B CTETICHH CBOOO/TBI
BpareHus: BOKpyr ocet X u Z (pucyHok 1, a). Bpamenuem Bokpyr ocu Y MOXKHO IIpeHeOpeyb,
TaK Kak MOMEHT MHEPIIMU MOJIEKYJIbl OTHOCUTEILHO 3TOM OCH OYeHb Masl. MOJIEKYIIbl, COCTOSIIINE
U3 Tpex U 0ojee KeCTKO CBA3aHHBIX aTOMOB, HE JIKAIIMX Ha OJHOU MpsiMoil (pucyHOK 1, 0),
UMEIOT YUCIIO CTENeHeH CBOOOMBI | = 6: TPU CTENEHU CBOOOJBI MOCTYIATEILHOTO JIBUYKCHHS U
TPH CcTeneHu cBO0O bl BpalieHus BOKpyr oceit X, Y, Z. CToNbKO ke cTeneHeil cBo00 bl UMEIOT U
JIpyrue MHOTOATOMHBIE MOJICKYJIBI.

47 A7
oO—/——©O X X
>

Y / Y /
a Puc.9P1 6

PucyHok 1 —Ywucno cteneHen cBoboabl  MOJIEKYN

B o6mem ciaydae | - K09 QUIHEHT, paBHBIIl CyMMe YHCIIa TOCTYNATeNbHbBIX (inocm), Bpa-
maTenbHbIX (lspay) U YABOCHHOTO YHCIa KOJICOATENBHBIX (ixores) CTEHNEHEH CBOOOJBI MOJIEKYIIbI
rasa:

I = lnoem + lepay + 2lkone

~ . M
Ha pucyHke 2 mokasaHa 3aBHCHMOCTb MousipHO# Terutoémkoctn C,° Bomopona (Hz) ot

TEMIICPATYpPhI, U3 KOTOpOfI CJICAYCT, YTO TCIINIOEMKOCTDb PCAJIbHOI'O I'a3a HE 3aBUCUT OT TEMIICpa-

N NSTRN]
X =

N[
=

0 T

PucyHok 2 — 3aBUCHMOCTH MOJIIPHOM TEIUIOEMKOCTH OT TEM-
repaTypsl raza
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TYpBI TOJILKO B ONpEJEICHHBIX TEMIIEpaTypHbIX HHTepBanax. [Ipu 3Trom B unTepBane 1-1" Heol-
XOJMMO YYHUTBIBATH TOJIBKO MOCTYIATEIbHBIE CcTereHr cBo00 bl (i=3); B mHTEpBaje 2-2' - MOCTy-
narejabHbIC M BpamareabHbie (1I=5); B mHTepBaje 3-3' - mocTynaTebHble, BpallaTeIbHbIE U KOJIe-
Oarenbubie (1I=6). OnucanHas 3aBUCHMOCTD TCIDIOEMKOCTH PEaJIbHOTO T'a3a OT TEMIIEPaTyphl 00y-
CJIOBJICHA KBAaHTOBOW MPHUPOJION MOJEKYNI U OOBSICHSIETCS B COOTBETCTBYIOLIUX pasjenax Kypca
bu3uKu.

TemmnepaTypsl, Bblllle KOTOPHIX HEOOXOAUMO YUUTHIBATh TEMIIEPATYPHYIO 3aBUCUMOCTh
BKJIQJIOB B TEIJIOEMKOCTH BpAIATEIbHOTO MU KOJIEOATENBHOTO ABMKECHHS MOJICKYII, TOTYUHIIH
Ha3BaHUE 8pawiamenbHoll XapaKmepucmuieckoil u KonlebamenvHoll  Xapakme-
pucmuyeckoi memnepamypsl COOTBETCTBEHHO. 3HAUCHHS 3THUX XapaKTEPUCTHUECKUX TEMIIE-
patyp [Uisl BOJOpO/ia, a30Ta U KUCIopo/ia puBeieHb! B Tadnule 1.

BpaiarensHas u konebarenbHas XapakTepUCTUUECKHE TeMITePaTyphl
HEKOTOPBIX Ta30B

Tabnuna 1
I'a3 Xapakrepucruueckas remneparypa, K
BpalliaTenbHast Konebarenbnas
H> 85,4 6100
N2 2,86 3340
O2 2,07 2230

W3 npuBeNeHHBIX JAHHBIX CIEAYET, UTO MPHU TEMIEepaTypax, OJU3KUX K HOPMaJIbHOM, pe-
AJIBHBIC IBYXATOMHBIC I'a3bl MOKHO pacCMaTprUBaTh KakK HI[G&HBHLIﬁ ra3, MOJICKYJIbI KOTOpPOTO 00-
JaJIal0T TOJIBKO MOCTYNATEIbHBIMU U BPALIATEIbHBIMU CTETIEHIMHU CBOOO/IBI.

PaCCMOTpI/IM OCHOBHBIC TPOUECCCHI, MPOTCKAOINUC B UACATIBHOM Ia3¢ Ipu USMCHCHUH TCM-
NepaTyphbl, KOT1a KOJNYECTBO BEIIECTBA [a3a OCTAETCs HEU3MEHHBIM U PaBHO OHOMY MO.I10. Ko-
JINYECTBO TCIIJIOTHI, HGO6XOI[I/IMO€ AJId Harpe€BaHug OJHOTO MOJIF ra3a Ha lK, pPaBHO MOJ'ISIpHOﬁ
TEIIOEMKOCTH.

H3oxopuwit npoyecc. Ilponecc Ha3pIBaeTCs U30XOPHBIM, €CIIM 00BEM Tea IPU U3MEHE-
HHUU TEMIIEPATyphl OCTACTCS MOCTOSHHBIM, T.e. V=CONnst u m=const. B atom ciyuae dV = 0. Cie-
J0BaTCJIbHO, U dA = 0, T.C. TIPHU 3TOM BCi MMOJABOAMMAA K rady TCIUIOTa UACT HA YBCIUMYCHUEC €TI0
BHYTpeHHeH sHeprun. Torna u3 ypasHeHuit (6) u (7) cieayer, 4To MOJISpHas TEIUIOEMKOCTh Tasa
IIPU [IOCTOSIHHOM 00beMe paBHA

cM _du =lR.

VST 2 (8)

H3zo6apnsuii npoyecc. lpouecc, NpoTeKarmUi MPU MOCTOSIHHOM JaBJeHUU P = CONst u
m=const, Ha3biBaeTcs n300apHbIM. J{J1s1 3TOTO Cityuast hopmya (6) mepenuieTcs B BUIE:

du dv
cM=""+p_. 9)
T dT
43 YpaBHCHHA Ira30BOr0 COCTOAHUA (4) IJIL OAHOI'O MOJIA MOJTydaceM:
pdV + Vdp = RdT. (10)
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Ho p = const u dp = 0. Cnenosarensho, pdV = RAT . [Toactasisist 3T0 BhIpakeHUE
B ypaBHeHHe (9), moaydnm

CM:'+2R.. (11)
P 2
N3 ypauenutii (8) u (11) cnexyer, 4to
c/=c)) "R . (12)

[locnennee ypaBHeHUEe Ha3bIBAIOT ypasnenuem Maiiepa.
H3zomepmuueckuit npoyecc. V130TepMrUUECKUM IIPOLIECCOM Ha3bIBa€TCA MPOLECC, IPOTE-
KAOIHIA IIPH TOCTOSIHHOM TeMmeparype T=const u m=const. B stom ciygae dT = 0u dQ =dA

, TO €CTh BHYTPEHHSISI SHEPTUsl T'a3a OCTaeTCs MOCTOSHHOM U BCe MOJBOIUMOE TEILIO PACXOIyeTCs
Ha padory.

Aouabamuueckuit npoyecc. lIponecc, nporexaromuii 6€3 TermIo000MeHa C OKPYKaKOIICH
cpenou, Ha3bIBaeTcs aanadbarnyeckuM. [lepBoe Havasio TepMOAMHAMUKH ISl TAKOTO Iporiiecca Oy-
net umeth Bua: dQ = 0, dU + dA =0, dA = -dU, to ecTh npu aguabaTHueCKOM Ipoiiecce paboTta
COBEPINAETCS Ta30M TOJIBKO 3a CUET U3MEHEHHUSI 3araca BHYTPEHHEH SHEPTIHH.

BriBenem ypaBHeHue anquabaruyeckoro npoiecca. [Ipu aqnabarnyeckoM paciiupeHuu pa-

6oTa coBepiaeTcs 3a cuet yobutu BuyTpennei sueprun dA = -dU. HodA=pdvVu dU = C)'dT

, BHAYHT
pdv = -C.' dT. (13)
Pasnenus ypasuenue (10) Ha (13) u yunrtsiBas (12), monyuum
Vv M M
1+ dp G —MCV =X @:_ydl, (14)
p dV C, p \Y
Cp
rae Y = —; Ha3bIBaeTCA noKazamenem aouadamol v ko3 uyuenmom Iyaccona. nre-

\
rpUpys U TOTEeHIMPYs ypaBHenue (14), monyuum ypaenenue Ilyaccona (ypaBHeHue aqnadbaTuye-
CKOTO TpoIiecca):

pV" = const. (15)
C yuerom (8) u (11) xoapdurnuent [Tyaccona paBex
P i+2

: (16)

Cy I
Ota GopmyIia cripaBeIMBa Kak JUIsl OTHOIIEHUS! MOJIIPHBIX, TaK U YEJIbHBIX TEIJIOEMKOCTEH ra-
30B.

Bo3ayx siBisieTcss B OCHOBHOM CMECBIO IByXaTOMHBIX I'a30B: a30Ta U kuciopoja. [loatomy
€ro MOYKHO paccMaTpUBaTh B LIEJIOM KaK JBYXaTOMHBIM ra3. CoBnajeHue HKCIEPUMEHTAIbHO
HalJICHHOTO 3Ha4YeHUs KO3 PUIIMEHTa y ¢ paCCUUTAHHBIM 110 Gopmysne (16) mist IByXaTOMHOTO
UJEAIBHOTO Ia3a MOXKET CIYKUTh KPUTEPUEM IPUMEHUMOCTU TEOPUH UI€ATIBHOTO ra3a AJis Olu-
CaHMs pealbHbIX Ta30B.

QOobopyoosanue u mamepuanol.
[Tpennaraemsiii MeTo1 onpeeneHus koddduimenta [lyaccona y ocHoOBaH Ha MPUMEHEHHUH YpaB-
HEHUHU anadaTHIecKoro ¥ H30XOPHOTO MPOIECCOB U 3akoHa boins-Mapuorra.
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YCcTaHOBKA COCTOUT U3 CTEKJISTHHOTO OaJIoHa A, CO€IMHEHHOTO C BOASTHBIM MaHOMETPOM
B u Hacocom (pucynok 3). [TocpenctBoM kpana JI 6amioH MOKET ObITh COSTUHEH ¢ aTMOC(hepoi.
[TycTh B HAYaTBHOM COCTOSIHUM JTABJICHUE BO3yXa B OaJUIOHE paBHO atMocdepHoMy. Eciu
3aKpBITh KPaH | C MOMOIIBIO HAacOca HaKavaTh B 0aJUIOH HEKOTOPOE KOJIMYECTBO BO3/yXa, TO JaB-
JeHre B OaJNTIOHE TOBBICUTCS; HO €CJIM 3TO MOBBIIICHUE OBUIO MPOU3BEICHO JIOCTATOYHO OBICTPO,
TO CTOJIOMK BOJIbI B MAHOMETPE HE Cpa3y 3aiiMEeT OKOHYATEIHHOE MMOJIOKECHHE, TaK KaK IIPH CxKa-
THU BO3/yXa TeMIepaTypa ero noBbicutcs. OKoOHYaTeIbHAS PA3HOCTh YPOBHEH BOJIbI B KOJICHAX
MaHoMmeTpa H ycTaHOBUTCS TOJIBKO TOT/IA, KOTJa TEMIIEpaTypa BO3AyXa BHYTPH OaJJIOHA CpaBHSI-
eTcst, 6Jaroaps TEIIONPOBOAHOCTH CTCHOK, C KOMHATHOW TEMITEpaTypon
O0o03HaunM uepe3 71 KOMHATHYIO TEMIIEpaTypy U 4epe3 pi - JaBJICHUE ra3a BHYTPH CO-
CyJa, COOTBETCTBYIOIIEE MMOoKa3zaHuio MaHomeTpa H. OueBuaHO, YTO JaBlieHUE, YCTAHOBHBILICECS
B OayutoHe, OyaeT Oonblne aTMochepHOro Ha BemuuuHy A p1 = pgH:

10

- f
£

O

O

]

I

= —

H(h)

L
I

Pucynok 3 — Cxema yCTaHOBKH
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pr=po+dpr (17)
IJie po - aTMOC(EpHOE J1aBe-
nue. [lapamerpsl 71 u p1 xa-
PaKTepU3YIOT COCTOSHUE dJIe-
MeHTa oobema V1 rasza, KOTo-
pO€ MBI Ha30BEM TIEPBBIM CO-
cTostHueM rasa (Touyka 1 Ha
P3V3Ty pucynke 4).

Ecnu Tenepps Ha KOpOT-
KO€ BpeMsl OTKPBITh KpaH, TO
BO3JIyX B OayutoHE OyneT pac-

P=P, 21 PoVaTs MIAPATBCA  anabaTUYecKH,
IIOKa JaBJICHUE €ro He cliela-

O s TCS PaBHBIM aTM HOM
' e v eTcs pa aTMocepHOMY

po; IPU 3TOM OH OXJIaJUTCS
1o Temneparypsl 72. Ito Oy-
PucyHoK 4 — [lnarpamma rasoBoro npouecca JIET BTOPOE COCTOSHHUE Ia3a C
napamerpamu 72, V2 u p2=po
(Touka 2 Ha pUCYHKE 4).
Ecnu cpa3y B MOMEHT JOCTH>KEHHS BTOPOI'O COCTOSIHMSI ra3a CHOBA 3aKPbITh KPaH, TO JAaB-
JieHUe BHYTpH OajyioHa HauHET BO3pacTaTh BCIEACTBHE TOTO, YTO OXJIAMBLINIICS IpU paclliupe-
Huu (mporecc 1-2) Bo3ayx B OalJIOHE CTAHET CHOBA HarpeBaThes. Bo3pactaHue qaBiieHus npekpa-
TUTCS, KOTJ]a TeMIIepaTypa Bo3ayxa B OaiioHe CpaBHSAETCS ¢ KOMHATHON Temmieparypoi 71. O6o-
3HA4YMM JaBJICHHE BO3/yXa B OalJIOHE B 3TOT MOMEHT Yepe3 p3 U COOTBETCTBYIOIEE ITOKA3aHUE
MaHoMeTpa - yepe3 h. Ito Oyner Tpetbe coctosiHue raza: 71, p3u V3 (Touka 3 Ha pucyHke 4) .
JlaBneHue B 3TOM COCTOSTHHM PaBHO
P3 = po +Aps, (A ps=pgh) (18)
[Tepexon OT BTOPOro cOCTOSIHUSA (ITOCIIE 3aKPBITUS KpaHa) K TPETbEMY IMPOUCXOTUT Oe3
U3MEHEeHUs 00beMa, TO €CTh U30XOPHO.
3anuinemM ypaBHEHHUsI, CBSA3bIBAIOIINE MapaMeTphl BO3/yXa B PA3HBIX COCTOSHHUSAX:

npouecc 1 — 2 (aguabara) pl\/1 p 2V2 , (19)
nporecc 2 — 3 (U30Xx0pa) V2 = V3, (20)
kpuBas 1 — 3 (u3otepma)  piVi = p3Vs. (21)
B ypaBuenue Ilyaccona (19) Ha ocHOBaHMM paBEeHCTBA (20) HOJICTaBI/IM V3 BMecTo Va: 22)
p 22
1
W3 ypaBHeHus uzotepmsal (21) Beipazum 00bEM Va:
v =Py, (23)
3 1
Ps
[MonyyenHoe 3Hauenue V3 moacraBuM B ypaBHenue [Tyaccona (22):
Y
pV'=p ( \1 (24)
11
k ps )
[TpencraBum Beipaxkenue (24) B Buzue:
pVY—ppWYp (25)
211 3

CoxkpaTus 06e yacty Ha V' , IepeHecs P1 BIpaBo, a Pz P3' BIEBO U MOMEHSB JIEBYIO 1

IMpaByro 4aCTH MECTaMH, IOJTYUHUM:

q4:pjp; (26)
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IToMHOkUM IIpaByIO 4acTb HA pip; (OoT4ero paBeHCTBO HE HAPYLIMTCS) U CIIENAEM CO-
2 M2

OTBGTCTBYIOIJ_[I/IC Hp€O6pa30BaHI/ISI, 06’b€,£[I/IHI/IB llJIeHbf C OI[I/IIfaKOBBIM OCHOBAHHUCM CTCIICHU.
Y= — Y- YRV (27)
p p-"p'p .
1 2 3 2
Ilogenmum HA P 2y—1 JICBYIO M MPaByl 4acTH YpaBHCHMS, MOJYUYHM:
Y
()" (P,
L—l J =[] (28)
P, \ Py )

[TpencraBum maBieHus: raza B OayuioHe B TOUKax 2, 1 u 3 COOTBETCTBEHHO KakK

p2= po, (29)
p1=po+ Apa, (30)
P3 = po+Aps, (31)

e Po— JAaBJICHUE OKPYKAMOIICH CPeIbl, TO €CTh aTMOC(hepHOE AaBieHue, AP1 U AP3— IaBJeHUE,
HPOMOPIMOHATIBHOE PAa3HOCTH YPOBHEW JKUIKOCTH B MaHOMETPE B COCTOSHMAX | M 3 cooTBeT-
CTBEHHO.

[Moacrarus (29), (30), (31) B ypaBuenue (28), momydunm

122 [ ] -
L P ) L Po)

Pa3noxxuB 00e 4acTu MOITYYEHHOI'O BBIPAXKEHUS B Psii IO MAJIOMY IIapaMeTpy U OrpaHu-
YUBIIKUCH IEPBBIMU JIBYMs YJI€HAMU psija (B CUIY MaJOCTH BTOPBIX ClIaraéMbIX B JIEBOM U IPaBOii
4acTsiX), MOIYy4UM

A A
1+ (y-1) 2P =14y 2P (33)
Po Po
Beipazum u3 ypasaenus (33) koapdurment [Tyaccona:
A
y=— P (34)
Ap, — Aps

Ecnu yuects, uro Ap1 = pgH, a Aps = pgh, To ostyanm pabouyto Gpopmyiy s onpee-
nenus ko3dduuuenta [Tyaccona:

H
= 35
V= (35)

Ykazanua no mexnuke 6ezonacnocmu.

1. K BBINOJIHEHHUIO 1TAOOPATOPHBIX PAOOT IOMYCKAIOTCA CTYI€HTHI, N3YUHBIIHNE TPAaBUIIA TE€X-
HUKU O€30MaCHOCTH.

2. JlaGopatopHble pabOThI MOTYT ITPOBOAUTHCS TOJIBKO MO PYKOBOJCTBOM U HAOIIOACHUEM
Tperno/iaBaTers.

3. Pacnonaraiite npubopsl, MaTepuaibl, 000pyJOBaHUE Ha paboyeM MecTe B OpsIKe, yKa-

3aHHOM TIPEIOoJIaBaTeIIeM.

He nepxwurte Ha pabouyem cTojie MpeaMeThl, He TpeOyronuecs Al BBITOTHEHUS 3aJaHUs.

5. Tlepen TeM, kKak MPHUCTYNUTH K pabOTe TIIATEIFHO M3YYHTE €€ OMUCAHWE, YSICHUTE X0
BBITTOJIHEHUS pabOTHI.

&
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3aoanus.

1. ITpu momonu kpana /I coeqnHUTL 6aJIIIOH ¢ aTMOchepoil. 3aKphITh KpaH.

2. Hakayatb B 0aJJTIOH BO3/IyX Tak, 4YTOOBI pa3HOCTh YPOBHEW BOJBI B KOJIEHAX MAHOMETpa
cocraBuna 20-25 cM. (4-5 060pOTOB pydKH HacocCa)

3. Beoxats 1,5-2 MUHYTBI, YTOOBI BO31IyX B OaJUIOHE OXJIaIUIICs 10 KOMHATHOM TemIepa-
TYpBI M YPOBHH BOZBI B MAHOMETpE MEpecTaiu nepemeniarbes. [lomydeHHoe cocTosHuE COOTBET-
CTBYeT Touke 1 Ha pucyHke 4.

4. 3anucath B TaOIUILy 2 BBICOTY ypOBHEH BojbI Ny 1 hyp B KONIeHax maHomeTpa. Omnpene-
auTh H :

H=|h,—h,

5. OTKpBITH KpaH Tak, YTOOBI BO3yX B OaJUIOHE OBbUT COGAMHEH C aTMOC(EpOii, 1 OBICTPO
€ro 3aKphITh B MOMEHT, KOT/Ia YPOBHH JKUIKOCTH B 000MX KOJIEHaX MaHOMeTpa cpaBHsAOTCs. [1pu
ITOM JIaBJICHUE BO3/1yXa B OAIJIOHE CTAHET PABHBIM aTMOC(HEPHOMY Po — ITO COCTOSIHUE, COOTBET-
CTBYIOILIEE TOYKE 2 HA PUCYHKE 4.

6. Bepkmarh, 9TOOBI BO3IYyX B OAJUTOHE TIOCIIE aiMadaTHOTO PACIIMPEHUS HATPEIICs, U €ro
TeMIepaTypa MpuOIM3MIACh K KOMHATHOM TemmepaType. [Ipu 3ToM naBineHue B 6aJUIOHE ITOBHI-
CHUTCSI ¥ BHOBb ITOSIBUTCS Pa3HOCTh YPOBHEW KHUIKOCTH B MaHoMmeTpe. Korna ypoBHM nepecTaHyT
nepeMemiaTeCA, CACjaaTb HOBBIA OTCYET IMOKa3aHUH YCTAaHOBUBIINXCA ypOBHefI B KOJICHaxX MaHO-

! o
merpa h! u h,,. Onpenenuts pasHocts ypoBHeii h.
7. IIpn momomu kpana JI coequHuTh 0aJIoH ¢ aTMochepoii.

8. OnbIT TOBTOPHUTH HE MeHee 5 pa3 1o myHKTaM 1-7 (110 yKa3aHHWIO TPeroaBaTes).
9. Paccuutars o opmyiie (35) yi 1715 KaXKIOTO OMBITA POBEACHHON CEPUU U3MEPEHHIA.

10. Haiitu cpennee apudmerrueckoe (y) .

11. BBIYUCIUTH MONYIIUPUHY JOBEPUTEIBHOTO HHTEpBaIa Ay, KaK JUIsl CEPUU MPSMBIX U3-
MEpEHUM.

12. Pe3ynbrat npencraButh B Buze y=(y) = 4y, a = 0,95.

13. BeiBoz caenaTh U3 CpaBHEHHS SKCIIEPHUMEHTAIBHO TOJTYYEHHOTO 3HAa4eHUs Kod(phu-
ruenTa [lyaccona u paccuntanHoro 1o gpopmyrie (16) yepes crerneHn cBOOOIBI MOJIEKYJ BO3AyXa.

Tabnuiia pe3ynbTaToB U3MEPEHUMN
Tabmuia 2

Neo ha,Mm |, mM | HomM | Y v h;qp M | MM Vi <y > Ayi

gl B W DN

Cooeporcanue omuema.

OT4et no 1a00paTOPHBIM pabOTaM JTOJKHBI COAEPHKATH:

- TUTYJBHBIN JIUCT;

- 1€ paboTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIPE/ICIICHU, TOHATHH, (hopMyT,
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- OCHOBHOE 000pYZOBaHHUE, CXeMa YCTAaHOBKH;

- OIMCAHME IO MMYHKTaM BBIITOJIHEHHOW paboThI;

- pe3yabTaThl U3MEPEHHI U pacdyeToB (TabJIuIIbl, TpadUKH);

- OLIEHKa IIOIPEIHOCTEM;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI;

- BBIBO/JIBI 110 PE3YJIbTaTaM BBIITOIHEHHOH padOThI, aTa, MOIHICh.

Konumponwvnusie gonpocut.

1.YT10 Takoe uaeaabHbIN ra3?

2.3anumuTe ypaBHEHHE COCTOSIHUA UEaIbHOrO0 ras3a. /laiite onpeneneHue BeIUYnH, BXO-
JISIUX B HETO.

3.UTo Ha3bIBAaeTCS YMCIIOM CTENEeHEeH cBOOObI cucTeMbl? KakoBO YMCIIO CTENEHEH CBO-
00/bI OJIHO-, ABYX- U MHOTOAaTOMHON MoJieKyJbl? Uem 00yCIIOBIEHO pa3jinyle Yucila CTeNeHen
CBOOOBI AJISl Pa3HBIX MOJEKYI?

4.Yt0 Takoe BHYTpeHHss 3Heprus? Kak HaliTH BHYTPEHHIOI SHEPrHIO WCAIbHOTO ras3a?

5.HazoBute criocoObl u3MeHeHus: BHyTpeHHel aHeprun. Kak paccuntars paboTy ujeanb-
HOTO raza?

6. ChopmynupyiiTe nepBoe Ha4ajao TePMOJAUHAMUKH.

7.J1aiiTe onpeneseHusl TEMIOEMKOCTH CUCTEMBI, YJIEIbHOM U MOJIAPHOW TEINIOEMKOCTEM.

8.JlaliTe onpeneneHust K30TEPMUIECKOMY, H300apHOMY, H30XOPHOMY M aI1a0aTHUYECKOMY
ra3oBbIM IpoIleccaM, IPOAHATUZUPYHTE UX C MOMOIIIBIO IIEPBOT0 Havajga TepMoauHaMuku. [1pu-
BeJUTe rpaUKu COOTBETCTBYIOUINX U30IMPOIIECCOB.

9.3anumute GOpPMYIIbI TSI MOJISIPHBIX TEIUIOEMKOCTEH HUeanbHOro raza. O0bsicHUTE, T10-
YeMy TeIJIOEMKOCTh T'a3a MPH MOCTOSHHOM JIaBlIEHUH OOJIbIIIE, YEM MPHU MOCTOSTHHOM 00BEeMe.

10. Beipasure kodddunuent [lyaccona gepes yuciio creneHei CBo00 bl MOJICKYJIBI.

11. Tloctpoiite TpaduK MPOIECCOB, MPOUCXOA[IINX C BO3IYXOM IIPH BBITIOJHEHUU JIaH-
HOU paboThI U OOBSICHUTE €TO.

JlaGopaTopHasi pa6ora Ne 7

Tema padbomor. U3yueHue 31eKTPOCTATHYECKOTO MOJISI

Lenv padomwr. VI3yueHue 351€KTPOCTATUYECKOTO MOJS; TOCTPOCHUE IKBUITOTEHIIMAIBHBIX
MOBEPXHOCTEN MOJIA.

Teopemuqecmm uacmae.

M3BecTHO, 4TO BOKPYT JIFOOOT0 3apsiAa UITH 3apsDKEHHOT'O Tella CYLIECTBYET 3IEKTPUIECKOe
nosie. B 3ToM 1nosie Ha BHECEHHBIN B HETO JIPYTOM 3apsA JEUCTBYET KYJIOHOBCKas CUia. JIEKTPH-
YeCKOE T0JI€ XapaKTepU3yeTcsd B KaX10M TOUKE BEJIMUYMHAMU: CHIIOBOM — BEKTOPOM 3JIEKTpHUYE-
CKOIf HANpsKeHHOCTH E , 1 sHepreTnyeckoii — CKaTApHOi BEMMUMHOM — TOTEHIHATOM ¢,

HanpsikeHHOCTBIO AJIEKTPUYECKOro MOoJIs Ha3bIBaeTcs (hr3MUecKasi BETMYMHA, YHCIEHHO

paBHasd U COBHAAROIIAA IO HAIPABJICHUIO C cHIoMi F, ,HCfICTBYIOH.[CfI CO CTOpPOHBI IIOJIA Ha
€IMHUYHBIN ITOJIOKUTEIIbHBIN TOUCUHBIN 3apsan qo , HOMEIIICHHBIN B paccMaTpruBaACMYIO TOYKY:

E-F 0
do

HOTCHHI/I&]’IOM SJICKTPHUYECKOTO IIOJIA B )IaHHOI\/'I TOYKE HA3bIBACTCA CKaJldpHasd BCIWYMWHA,
YHUCJICHHO paBHAasA HOTeHHI/IaIII)HOI\/’I OHEPIrUun U CAVMHUYHOT'O MMOJOXUTEIIBHOTO TOYCUHOT'O 3apdaaa

(,, HIOMEIIEHHOI'0 B 3TY TOYKY
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¢=_ 2)
s
HOTeHHI/IaH " HAIIPSPKCHHOCTD 3JICKTPHUYCCKOI'O IT0JIA CBA3aHbl COOTHOLICHUEM
E =-grado 3)

HamomHuM, 4TO TIpagueHTOM J1000H CKangpHOW BeIUYUHBI () Ha3bIBAIOT BEKTOP,
HaIpaBJIEHUE KOTOPOTO COBHAJAET C HAIlpaBJIeHUEM OBICTPEHIIEro yBelIuueHus! BEIMYHHbL (P , a
MOJyJdb PpaBE€H M3MEHEHUIO () IpU INEPEMELICHMHM HAa CIUHMIY JUIMHBI B HAIIPABJICHUH
ObicTpeiimero u3smenenus (. 3Hak «MuUHYC» B opmyiie (3) HOKa3bIBAET, YTO HAIIPSKEHHOCTh

nons E HarpaBjieHa B CTOPOHY YOBIBaHHMsI IOTEHITHAIA.

Hanpasienue BekTOpa HampsHKEHHOCTH DJIEKTPUYECKOrO TMOJS B KaXJ0M TOYKE MO U
pacmpenenieHue MOTCHIMAJIOB TOJSI MOXHO  CIelaTh OCOOCHHO  HATJSAHBIM, ©CIH
BOCIIOJIb30BAThCSl TOHATUSIMU O CHUJIOBBIX JIMHUSIX U O MOBEPXHOCTSX PaBHOIO MOTEHIMAJA, TaK
HAa3bIBAEMbIX SKBUIIOTCHIIMAIBHBIX TOBEPXHOCTSIX.

CWIOBBIMU JIMHUSIMU HA3bIBAIOTCS JIMHUM, KAacaTeJIbHbIE B KaXJO0M TOYKE KOTOPBIX
ONPEACNISIOT HAIPABJICHUE BEKTOPOB HAIPSIKEHHOCTEH JJIEKTpUYecKoro mnois. Yucno xe
CUJIOBBIX JIMHUH MPOXOASIIMX 4Yepe3 E€AUHULY IUIOLIAA¥, HOPMAJIbHOM K 3TUM JIMHHSM,
ONpEAEIISiET BEJIMYMHY BEKTOPA HAIPSKEHHOCTH 3JIEKTPUUYECKOTO TOJIS B LIEHTPE 3TOM IIOLIAAH.
JIluHMKM  HANpSYKEHHOCTH  AJIEKTPUYECKOrO TOJIA HE3aMKHYThl, OHM HAUYMHAKOTCA U3
MOJIOKUTENBHOTO 3apsia U 3aKaHUYUBAKOTCS HA OTOPUILIATEILHOM 3apsie.

['eomeTpuyeckoe MECTO TOYEK IEKTPUIECKOTO MOJIsI, TOTEHIIMAbI KOTOPBIX OJJMHAKOBHI,
HAa3bIBACTCS SKBUIIOTCHIIMAIIBHON TTOBEPXHOCTHIO. DKBUIIOTCHIIMAIbHBIE TTOBEPXHOCTH MTPOBOJIAT
TakuM 00pa3oM, YTO Pa3HOCTh MOTEHIIUAIOB JJIS IBYX COCEIHUX MMOBEPXHOCTEW BCIOly OJIHA U Ta
)Ke. DTO TO3BOJISIET IO TYCTOTE SKBUIMOTCHIMAIBHBIX IOBEPXHOCTEH CYIUTh O BEIUYMHE
HaNpsHKEHHOCTH TTOJIS.

BexkTopbl HANPsKEHHOCTH AIEKTPUYECKOTO TOJIS U, CIEA0BATENBHO, CUIOBBIE TUHUH OIS
HOPMaJIbHBI K SKBUIOTEHIIMAJIBLHBIM TOBEpXHOCTAM. Ha puc.l cuiioBbie TMHUM HEKOTOPOTO MO
MPOBEJICHBI CILTONTHOM JIMHUEHN, & SKBUITOTEHIIMATIBHBIE TOBEPXHOCTU-IITPUXOBOM.

~ \

7N\ g=const __

puc. 1

I/ISBGCTHO, YTO SKCIEPHUMEHTAIBHOC U TCOPETUUCCKOC M3YUCHUC paCIPECACIICHUA IMOTCHIMUAIOB
SJICKTPHUYCCKOTO ITOJIA POIIC, YEM OIIPCACIICHUC HaHpHX(CHHOCTeﬁ I10JIA. HOE)TOMy B JaHHOM pa-
oote OKCIICPUMCEHTAJIIBHO OIMPEACIIACTCA paCp€ACICHUC ITOTCHIUAIOB 3JICKTPOCTATHYECKOTO, T.C.
HC U3MCHAIOMICTOCA CO BPCMCHEM JJICKTPUUYCCKOI'O ITOJIA. CumnoBble TUHAU HN3y4acMoOro I10JId
MOXHO IMOCTPOUTH IMOTOM, KaK KPHUBBIC, OPTOTOHAJIBHBIC K SKCIICPUMCHTAJILHO HalJICHHBIM T10-
BCPXHOCTAM PaBHOI'O IOTCHIHUAJIA.
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PacripenencHue MOTEHIIUATIOB AJIEKTPOCTATUIECKOTO MOJISI MOKHO M3y4aTh METOIOM 30HJIOB, 3a-
KIIIOYaromeMcesd B CICAYIOMICM: B HCCICAYCMYIO TOYKY ITOJISI BBOAHUTCS HOHOHHHTCHBHLIﬁ JJICK-
TPOJ — 30H/I, YCTPOCHHBIH TaK, YTOObI OH MHHUMAJIHLHO HAPYIIAJl CBOUM IMPUCYTCTBUEM UCCIICTY-
€MOe€ I10JI€ U IPUHUMAJI IIOTEHLIAAJI TOM TOYKHU 1107151, B KOTOPYIO OH oMelleH. [Ipu 3Tux ycnoBusx
HOKa3aHus Mpubopa, ¢ KOTOPBHIM 30H COCAUHACTCS TPOBOJAHUKOM, OYIYT JaBaTh MPABHIbHYIO
KapTUHY pacIpeIeICHUs MOTSHIIMAIOB B CCIECIyEMOM II0JIE.

C0XHOCTH pabOThI C 30HIAMH M, BOOOIIE, TPYTHOCTH DJICKTPOCTATUICCKUX U3MEPEHUH MTPUBEIIH
K pa3paboTKe 0cO00r0 METO/Ia U3YUEHHS JEKTPOCTATHUCCKHUX MOJIeH — MyTeM HCKYCCTBEHHOT'O
BOCIIPOU3BCACHHUA UX CTPYKTYPBI B IPOBOAAIINX CPpEAaAX, IO KOTOPBIM ITPOITYCKACTCA HOCTOSIHHBIN
TOK. TakuM TyTeM MpsSIMOe M3YYEHHE JICKTPOCTATHUECKOTO IMOJIS 3aMCHSETCS M3yYEHHEM €ro
TOYHOU 1 OoJiee yI0OHOW MOJIETH.

OnucaHHBIH METOJ MCCIIE0BAaHMS, KOTOPbIH HA3bIBACTCS MOICIMPOBAHHEM 3JICKTPOCTATHYEC-
CKOI'0 1oJis1, UMCCT HIHUPOKOC MPUMCHCHHC Ha ITPAKTUKC. 9T10T MCTO IIOJIC3CH IJId U3Y4YCHUS
CITOYKHBIX JIEKTPOCTATHUYCCKUX MOJIEH, TOUHBIA pacyeT KOTOPBIX 3aTPYIHUTEICH H3-3a CJI0XKHO-
CTH IPaHUYHBIX YCIOBUI (MHOTOAJIEKTPOIHBIE PAJNOIAMIIBI, SJIEKTPOCTATHIECKUE JINH3BI, (HOTO-
9JIEKTPOHHBIE YMHOXKUTEIH U T.]1.).

Qobopyoosanue u mamepuanol.
CrennasnbHasi yCTaHOBKA; ralbBAHOMETP; UCTOUYHUK TOKA.

Ykazanusn no mexnuke dezonacnocmu.
1. K BbINOJIHEHHUIO JJAOOPATOPHBIX PAOOT IOMYCKAIOTCA CTYAEHTH, N3Y4UBIINE IPAaBUIIA TEX-
HUKHU 0€30I1aCHOCTH.
2. JlaGopatopHble pabOThl MOTYT ITPOBOJUTHCS TOJIBKO IO PYKOBOJCTBOM U HaOIIOA€HUEM
IIPENO1aBaTEIIs.
3. Pacnonaraiite npu6opsl, MaTepuaiibl, 000pyJO0BaHUE Ha paboyeM MecTe B Ops/IKe, yKa-
3aHHOM IIPENoAaBaTEIEM.
He nepxxute Ha paboyem croiie IpeaMeTsl, He TpeOyroIuecs AJis BbIMOIHEHUS 3a/1aHusl.
5. Ilepen TeMm, Kak IpUCTYNUTHh K pabOTe TIIATENIbHO M3Y4YUTE €€ OMHCAHHE, YSICHUTE XOJ
BBITOJIHEHUS pabOTBHI.
3aoanus.
1. IIpoBepuTh cxemy IKCIEPUMEHTAIbHONW YCTaHOBKH.
2. Bxurounts Beinpsimutens B ceth 220 B.
3. YCTaHOBUTH JBMKOK PEOXOpJibl Ha pacTosHUU 8-10 cM OT OJHOTO M3 KJIEMM PEOXOPIBL.
OmnpenenuTh NOTSHIIUA IBUKKA 110 popmysie (4).
4. Tlepememiass 30HJ BpAaLICHHEM pYy4YeK KOOPJIMHATHUKA, HAXOJUThb TAaKHE TOYKH, IS
KOTOpPBIX TOK TajbBaHOMETpa paBeH HymMo. KolW4yecTBO 3TUX TOYEK MAOHKHO OBITh
JOCTATOYHO JUIs TOCTPOCHHS JIMHUU O3KBUIOTECHIMAIBHOW mnoBepxHOCTH (7-10 Toduek).
KoopauHatsl TOYeK OTCUMTHIBATH MO JIMHEWKaM KOOPIMHATHUKA.
5. Hanectn Ha MMJUIMMETpPOBYIO OyMmMary HalJeHHble TOYKM M COCIUHHUTH UX IJIABHON
muaner. Ha nuaun Hanmycath ero IoTeHIIHall.
6. V3MeHUB 1oJI0’KeHNE PEOXOP/Ibl TOBTOPHUTH 1.4, 5. 4KCI0 MOBTOPEHMH ombITa 4-5 pas.
7. Wcnonb3ys HallIeHHbIE JTMHUH 3KBUIIOTEHIIUATIBHBIX TIOBEPXHOCTEH, TOCTPOUTH CUIIOBBIE
auHuM nons. Ilpm 3TOM Hajgo MMETh B BHJY, YTO B TOYKaxX IEPECCUYCHUs JIMHUU
SKBOIOTEHIIMAJIBHBIX MMOBEPXHOCTEN U CUJIOBBIE JIMHUH JOJDKHBI OBITH HOPMAJBHBI JIPYT K
ApYTY.
Cxema dKCTIepUMEHTAIBHOW YCTAaHOBKH MTPEICTaBIIeHa Ha pHC. 2.

B

40



Puc. 2

Omna npezcrapisieT coO0i MOCTOBYIO CXEMY, COCTOSIYI0 U3 3JeKkTpoaoB A u C, moise
MEXIy KOTOPBIMU M3y4daeTcs, peoxopsl P, Hynb-ranbeBaHomerpa G, COEIMHEHHOTO C 30H/IOM Z,
YW UCTOYHMKA NUTaHUs — BblpsaMurens B. Hampsbkenue Ha anexktponsl A m C mopaercs c
peoxopasl P, moakntoueHHOM Ha Beixo Beinpsamutesiss B. Cpenoi, mo3BoJisiole MoaeIupoBaTh
AIEKTPOCTATUYECKOE TMOJIe, CIY>KUT TOKOMPOBOsAIIas Oymara, KOHTYpbl KOTOPOM MOKa3aHbl Ha
puc. 2 ITPUXOBBIMU JTUHUSMH.

[IpuHimn paGoThl yCTAaHOBKM MOXHO MOHSATh W3 cienyromiero. [lepememas IBHKOK
pEOXOopIbl, ITOMY JIBHKKY MOXHO NPUAABATh PA3JIMYHBbIE 3HAYCHHS NMOTEHIHAIA OTHOCUTEIBHO
3J1eKTpooB. Hannuue miam OTCyTCTBUE TOKA B LIENH 3aBUCUT IIPU 3TOM OT TOrO, B KAKOM TOYKE
MOJISl HaXOAUTCA 30HA. EcCiiM OH HaXOIWUTCS B TaKOM TOYKE IOJSA, MOTEHLIHATI KOTOPOW paBeH
MOTEHIMATy, YCTaHOBJIEHHOMY Ha JBWXKE PEOXOpIbl, TO TOKAa B LENU TabBAHOMETpAa HE
Oyner.I'eoMeTpruyeckoe MECTO TOUEK TOJISI, UTIsl KOTOPBIX TOK B IIEMH rajbBaHOMETpa OyIeT paBeH
HYJI0, 00pa3yeT 3KBUIIOTEHIIMATIBHYIO MOBEPXHOCTh B HMccaeayeMoM mode. [loteHnuan ¢ »Toi
MOBEPXHOCTU OTHOCUTEIBHO 31eKTpoaa C MOXKHO HAaWTH KaK

n
o=3Y (4)
rae U — HanpspkeHue Ha BbIXofe BoImpsimutens, N — 4ucio nelneHuid MIKanbl peoxXopsl, N —
JIETICHHE IIKaJbl, HA KOTOPBIA YCTAHOBIICH IBUKOK.

YcraHoBka cHaOkeHa  CHENHANbHBIM  MPUCIOCOONIEHHEM —  KOOPAMHATHUKOM,
MO3BOJISIFOIIMM BpAIIEHUEM PYYEK KOOPAMHATHHKA NEPEMENIAaTh 30HJ, a TAKXKE€ OTCUUTHIBATH
KOOPAMHATHI HAWIEHHBIX TOYEK SKBUIIOTEHIUAIIBHOW IIOBEPXHOCTH.

Cooepocanue omuema.

Otuer 1o 1a0opaTOpPHBIM paboTaM JOJKHBI COEPIKATH!

- TUTYJbHBIN JIHUCT;

- 11eJ1b paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpEIeJICHUH, MOHATHH, hopmyT,;
- OCHOBHOE 000py/I0BaHUE, CXEMa YCTaHOBKH;

- OTMCaHUE M0 MYHKTaM BBITIOJHEHHOW pabOThI;

- pe3yNbTaThl U3MEPEHHH U pacyeToB (TalOiuIbl, rpaQuKn);

- OLIEHKA MOrPELIHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI 110 pE3yJIbTaTaM BBIIIOJHEHHOM padoThl, 1aTa, MOIIHCH.

KOHmpOJleble 60RPOChHbl.

1. KaknMu BenmunHaMu XapakTepHU3yeTcs IeKTpudeckoe nmose? Jlaiite onpeneneHue 3Tux
BEJIMYMH U HAIUIIUTE €AUHULIBI UX U3MEPEHUS.

2. KakoBa cBs3b MCXKAY HANPSA)KECHHOCTBIO U IMOTCHIUAIOM J3JICKTPOCTATHUYECCKOT'O I10JISA B
00IIeM Cllyyae U B CIy4ae OJHOPOAHOTO Mos?

3. Kaxumu moasstusamMn MOJIB3YIOTCA JJIA HArJIAAHOI'O IPEACTABIICHUS SJICKTPUICCKOT'O moJist?
4, HapHCyﬁTe CHUJIOBBIC JIMHUU U S3KBUIIOTCHIUAJIBHBIC MOBCPXHOCTU IMOJIA TOYCUHOTO

3apsija, IByX pa3HOMMEHHBIX 3aps0B.
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5. Kakue skcriepuMeHTaIbHBIE METOJbI UCHOJB3YIOT JUIS M3YYCHHUS 3JIEKTPOCTATHICCKOTO
moJIst?

JlaGopaTopnas pa6ora Ne 8
Tema pabomel. U3mepenne cONPOTHUBIJIEHNS C IOMOIIbIO MOCTA YUTCTOHA.

Heﬂb paﬁombt. HCJ'IBI-O pa6OTBI ABJICTCA M3YUCHUC METOJAa M3MCPEHUSA COIIPOTHUBIICHUA
IMPOBOAHUKOB C INOMOUIBIO MOCTOBOM CXEMbI U OnpeaAcCIICHUEC YACIbHOTO COMPOTUBJICHUA MATC-
puajia IpOBOJAHHKA.

Teopemuuecxaﬂ uacmo.

dnekmpoconpomuenenue nposoOHUKa — 3TO CKalsipHas (pu3nyeckasi BEIMUMHA, XapaKTe-
pHU3yIOIIas €ro 3JEKTPOIpPOBOAsIINe cBoicTBa. CONMpPOTHBIEHWE MPOBOJAHUKA 3aBUCUT OT €0
(dopMBI, pa3MepOB U AIIEKTPOMOBOSIINX CBOMCTB MaTepralia, 13 KOTOPOro U3rOTOBIICH MPOBOJ-
HUK. B mpocreiiniem ciiydae 0AHOPOJHOTO MPOBOJAHUKA C MOCTOSHHBIM MONEPEYHBIM CEYEHUEM,
COIIPOTHUBIICHUE MTPOBOIHUKA OMPEIEIISETCS CIECTYIOIIM 00pa3oMm:

R:p—DS, (1)

Irac p — YACJIBbHOC CONPOTHUBJIICHUC MATCpHala NPOBOJAHUKA, D — IUIMHA IIPOBOJHUKA,

S — mIomaak ero NONEePeYHOro CEUYCHHUSI.
13 popmybl (1) MOKHO BBIPA3UTh YIEIbHOE CONPOTHBIICHHUE:

,_RS, @)
0
OTKyJa BHJIHO, YTO YJEJIBHOE CONPOTUBIICHHE YHMCIEHHO PaBHO CONPOTHUBIIECHUIO IIPOBOJHMKA
€AVMHUYHON JJIMHBI, UMEIOLIETO IIJIOLIAa/1b MONIEPEUYHOr0 CEYEHNUs, PaBHYIO €ANHMIIE IUTomanu. B
cucreme CU ynenbHOE cONpOTUBIEHUE U3MEPSIOT B oMMeTpax (Om-Mm).
OnHUM U3 METOI0B U3MEPEHUSI CONIPOTUBIICHHUS SIBISETCSI METOA MOCTAa Y UTCTOHA.

Moct YurcToHa npeaHa3HadyeH Uil U3MEPEHUsl CONPOTHBIICHUM.
OH cocTout u3 ABYX pe3uctopoB Riu Rz, 4yBcTBUTENBHOTO rajibBaHO-
metpa G, ABYX pe3UCTOPOB — ATaIOHHOTO R> 1 Hem3BecTHOTO Rx (prc.1).
PaccMmoTpum cxeMy mpu yCIIOBUH, 9TO TI0 yaacTKy ED Tok He mpoTekaer.
3amkHéM kitod K, Torga no ygactky AB nmotedér Tok U B0k HEero Oy-
JIeT HaOJII01aThCs MaICHUE TTOTEHIMaa OT BEJTUYHHBI PA (B Touke A) 110
BEJIMUYUHBI @y (B Touke B). B menu AEB noiinet Tok |3 u Oyner Habmro-
JaThCS TIAJICHUE MOTEHIIUANa OT @A 10 @k (Ha pe3uctope Rx) u oT @k
1o @B (Ha pe3ucrope Ro).

OueBHIHO, TIOTEHIIMAT B TOYKE € UMeeT 3HaueHue OE mpomexy-

TOYHOE MEX1y 3HaueHusMU QA u ¢B. [loaToMy moabopom pe3ucTopos
R1, R2 u R» Bcerga MokHO JTOOHTBCS, TOTO YTO B TOYke D IoTeHIHANI
¢D Oyzner pasen norenumany OE: ¢D=¢E. Eciu mexny Toukamu D u E
BKITIOYCH TajbBaHOMeTp G, TO B 9TOM ClTydae TOK Yepe3 Hero He TIOHIET,
T.K.

¢e-@p=0.
Takoe mooKeHHE HA3bIBAETCS paBHOBECHEM MOCTA. [IoKa)keM, 4TO yCIOBHE PaBHOBECHS
OTIPEIENSIETCS] COOTHOMICHHEM:
R«_ Ry

R R, ®
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JleficTBUTENLHO, HA OCHOBAaHUH BTOPOTO 3akoHa Kupxroda as 1ro060ro 3aMKHYTOTO KOH-
Typa CyMMa NaJcHUHN HAINPSHKEHUN paBHA CYMME JIEKTPOJABIKYILUX CHII, JEBCTBYIOIIUX B 3TOM
KOHTYpe:

h m
ZIiRi :ZEi (2)

3anuieM 3ty ypaBHeHus A kKoHTypoB AED u BED npu paBHOBecuu mocta , T. €. IpH
OTCYTCTBMHM TOKa Ha ydacTke ED.

Ile _IZ R1:0
|1R3 - I 2 RZ :O
W3 3TuX ypaBHEHHH JIETKO MoJydyaeM cooTHorneHue (1).
R
Otkyna: Ry =R, R—l 3)
2

3nas, uto R1=270 Om, R2=47,6 Om u nonbupas R», Haiinem Rx.

Oobopyoosanue u mamepuanol.
Moct YutcToHna, Habop CONMPOTUBIICHUI, Mara3uH CONPOTUBJICHHA, TAIbBAHOMETD, UCTOY-
HUK MTOCTOSTHHOTO TOKA.

Ykazanusa no mexnuke 6e3onacnocmu.

1. K BBINOJIHEHHUIO IAOOPATOPHBIX PAOOT IOMYCKAOTCS CTYACHTHI, N3YYHBIINE TPABUIIA TEX-

HUKHU 0€3011aCHOCTH.

2. JlaGopatopHbie pabOTHI MOTYT ITPOBOIUTHCS TOJBKO IO PYKOBOJICTBOM U HaOJIIOICHUEM

npernojiaBarers.

3. [Ilpwu BeIMONTHEHUH Ta00PATOPHBIX pabOT CTYIEHTAM 3alpenIaeTcs:

- BKJIIOYATh CXEMBI 0] HaNpsKeHHeM 03 IPOBEPKU MPETIo1aBaTels;

- IPUKACAThCS K HE3AMMUIIEHHBIM M30JISIIHEH YacTsIM CXEMbI, HAXOISAIMXCS O] HAIpsI-
KEHUEM;

- OTIPEJIENIATH HAJTMUUE HANPSDHKSHHS Ha DJIEMEHTAaX [ENH IPY TTOMOIIH MANBIEB; IPOBEPKA
HAJINYMS HAPsOHKEHUs TPOM3BOIUTCS TOJBKO C TOMOIIBIO BOJIETMETPA U B IPUCYTCTBUHM IIpe-
10IaBaTes;

- BKJIIOYATh PYOUJIbHUKH, HAKUMATh KHOIIKH, IPUKACATHCS K JIEKTPUUIECKOMY 000py10-
BaHMIO, HE OTHOCSIIEMYCS K JJaHHOU JJabopaTopHO paboTe 6e3 BeomMa IMperoiaBaTers;

- IPOU3BOAUTS 10 X0y BBITTOJIHEHHS paOOThI NEPEKIIOUYEHHUS B CXEME, HE 00eCTOUUB €€;

- OpocaTh COeIMHUTENFHBIE IIPOBO/IA Ha TTOJT M HA UCCIIEAYEMYIO YCTAaHOBKY;

- KJIaCTh Ha pabouuii CTOJ MOCTOPOHHUE MPEIMETHI;

- BXOJIUTH B J1aOOpaTOPHIO B BEpXHEHN OJICK]IE;

4. Tlepe BKIIOYEHUEM CXEMBbI 0053aTeIbHO MPEIYIPEUTh YIeHOB Opuraasl: «OcTopokHO!
Bxnrogaro!».

5. Ilpu HamM4UuMU B cXeMe KOH/IEHCAaTOPHBIX OaTapeil, Heo0X0AUMO MOCIIE OTKIIOUEHHS MUTa-
HUS UX Pa3psIUTh MO HAOIIOTHEMEM TTPETo1aBaTellsl.

6. IIpu oOHapykeHHH KaKuX — MO0 HEHCIIPABHOCTEH, MCUE3HOBEHUS HANIPSDKEHUS B CETH, a
TaKXe TPU HECYACTHOM clTydae, HEMEIJICHHO PEKPATUTh PadoTy, OTKIIIOUYUTH YCTAHOBKY OT
AIIEKTPOIUTAHUS U COOOLIUTH MPETOIaBaTEeIO.

7. IlToMHUTB, YTO TIPU OTKITFOYECHHUH IIETICH ITOCTOSHHOTO TOKa C HHIYKTHBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE MOBBIIICHHE HATPSKESHHUS.
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8. CTyzmeHThl, HapyIIUBLINE MpaBUIa TEXHUKM O€30IaCHOCTH, HE JIOIYCKAOTCs K JalbHEN-
et pabote B 1a00paTOpPUU M NMPHUBIIEKAIOTCS K OTBETCTBEHHOCTH.
3aoanus.
1. CoOpats cxemy (puc. 1).
2. IlogoOpaTh Ha Mara3uHe CONPOTUBIIEHUH TaKOe CONPOTHBIIEHHE R IpH KOTOPOM TOK ye-
pe3 raJlbBaHOMETp PaBeH HYJIIO.
3. Boruuciuts Rx1 o gpopmyse (3).
4. T1oBTOpUTH U3MEPEHHUS AJIsl BTOPOro CONpOTUBIEeHUs RX2, u as Tperbero RXs.
5. M3MepuTh CONPOTUBIICHUS MPH MOCIEI0BATEIBHOM U MapalIeIbHOM COCMHEHUH Rx1,
RX2 1 RX3 1 npoBepsitoT GopMyIibl )15 IOCIEA0BATENBHOIO U MAPaJUIEIbHOI0 COEJMHEHNUS COPO-
THBJICHUH:
1 1 1 1
R,,.. =RX T RX, T RXg; =—+ +
Rnapa/l. RXl RXZ RX3
6. Onpenenuts MOTPeuIHOCTh U3MEPEHUIA.
7. 3anucarh OKOHYATEJIbHBIA PE3yJIbTaT.

Cooeporcanue omuema.

Otuet 1o 1a00paTOPHBIM pabOTaM JIOJKHBI COAEPHKATD:

- TUTYJIbHBIH JIUCT;

- [IeJTh paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICIICHU, TOHATUH, POpMYI;
- OCHOBHOE 000pYZ0OBaHUE, CXeMa YCTAHOBKU;

- OIIMCAHME IO MYHKTaM BBIIIOJIHEHHOU paboThI;

- pe3yJIbTaThl U3MEPEHHI U pacueToB (TabIuIbl, rpadukm);

- OLICHKA MOTPEIIHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBO/IbI 110 pe3yJIbTaTaM BBIIIOJHEHHOM padoThl, 1aTa, MOIIHCH.

Konmponwnuvie eonpocui.

1. Chopmynuposars 3axkoH OMa.

2. Coopmynuposats npasuiia Kupxroda.

3. BeiBecTH yclioBHS paBHOBECHS MOCTa UCTIONB3YS mpasuia Kupxroda.

4. VI3MeHHTCS JIM YCIIOBHE PaBHOBECHUS MOCTA, €CJIM I'aJIbBAHOMETP U KICTOUHUK TOKA ITOMe-
HATb MecTaMu?

5. Kak onpenensiercst yenpHOe CONMPOTUBIECHUE?

JlaGopaTopHasi pa6ora Ne 9
Tema pabomui. UcciienoBanue 3JIeKTPUYECKOH LeNH MOCTOSSHHOTO TOKA.

Ilens pabomer. V3ydenne 3aBUCUMOCTH CUIIbI TOKA, HAIPSYKEHUS, IOJTHOW ITOJIE3HON MO~
HOCTH U K.II.JI. ICTOYHHMKA OT COIIPOTUBIIEHUS HArPY3KH.

Teopemuqecmm yacmo.

Jlro6as anexTpuyeckas Lerb COCTOUT U3 UCTOYHHUKA U MOTPEOUTEINSE SHEPTUH, a TAKXKE pa3-
JIMYHBIX PETYIUPOBOYHBIX YCTPOHUCTB U U3MEPUTEIBHBIX TPHOOPOB.
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\ 4
>

Puc.1.

Ik3

v

Puc.2.

Ha puc. 1 npencrasiiena npocTeifias 1enb, COCTOSAIIAs U3 HCTOYHUKA IOCTOSTHHOTO TOKa €
O/1C E u BHYTpEeHHUM CONPOTUBJICHUEM I W Harpy304Horo peocrara R . [ u3mMepeHust CHTbI
TOKa W HaNpsDKEHHS Ha Harpy3Ke B IIeTb BKIIOUeHbI amnepmerp A u BonbTMerp V . B Takoii nenu
CHUJIa TOKA, HAaIlpsDKEHHE Ha Harpy3Ke, MOJIHAs U M0JIe3Hasi MOLUTHOCTH OKa3bIBalOTCS 3aBUCUMBIMU
OT BEeJIMYMHBI Harpy3ku. Cuia Toka, HalpuMmep, yObIBaeT C pOCTOM CONPOTUBIICHUS Harpy3ku B
COOTBETCTBUH C U3BECTHBIM 3aKOHOM OMa.

1
= 1
R+r @

OueBuIHO, HANOOJIBIINI TOK OyAET B cilydae KOPOTKOTO 3amblkaHus, T.e. mpu R=0. Ero

E
BEIMYMHA |z = (puc. 2).
r

U3 (1) nerko momyyaem

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

rae Ugr = IR n U, = Ir - nanenus nanpsxenus (1m pocTo HaNpsKeHHs) HA BHEITHEM

Y BHYTPEHHHUM Y4acCTKax IIeH COOTBETCTBEHHO.
[Tpunumast Bo BHUMaHue 3akoH Oma (1), momyyaem u3 (2) 3aBucumoctb HanpspkeHus Ur ot
COINPOTUBIIEHUS Harpy3ku R:
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E r_

E
U, =
" R+ 1+i' (3)
R

OTCIO,Z[a BHUHO, YTO C POCTOM COITPOTHUBIICHHA HArpy3KH HAIIPSXKCHHUE HA HeH BO3pacTacT,

ACUMITTOTHYECKU MTPUOIIKasch k Benmmunne DJ]C npu R—> o (puc. 2).
[Tpu MPOX0XKACHUU IMEKTPHUUECKOTO TOKA B LIS IPOUCXOTUT BBIIEICHUE TOTHON MOIIIHO-
CTH
P=IE, (4)
[P 3TOM MOIIIHOCTb, BBIIEIsIeMasi Ha Harpy3Ke
PR = | UR , (5)
ABJISIETCS IIOJIE3HON MOIIHOCTBIO.
W3 (4) BUIHO, YTO TIOJTHASE MOIITHOCTh, pa3BUBacMasi UICTOYHUKOM, 3aBHCHUT OT COIIPOTHBIIE-
HUsI HAarpy3ku R Tak ke kak u cuna Toka | = | (R) . OHa MakcuManbHas PH KOPOTKOM 3aMbIKa-
uun (R=0)
E 2
P =l BE=—, (6)

HO B 3TOM CJIy4ae BBIAEISETCS B CAMOM HCTOYHHMKE M OKAa3bIBAECTCS OECIIOJIE3HOW, a 3a4acTylo
BpPEIHOM, BBI3BIBAs BBIXOJl HCTOYHUKA U3 CTPOSI. C poctoM R mojHas MOLIHOCTH YOBIBAET,

CTPEeMsICh K HYJIIO IIPU R — o (puc. 3).
3aBUCHMOCTH TOJIC3HOIM MOIIHOCTH, BBIJICISICMOI Ha Harpy3ke, oT R ompenensiercs: Bbipa-
KEHHEM

2
P.=1U, = I’R= == =R @)
(R+r)
Ananus seipaskenus (7) mokasbisaet, uto 3asucumocth Py = Pg(R) momxna nmers mak-
cHUMyM, Tak kak Py =0 B npenenpHbIX ciaydasx: npu kopotkom 3ambikanuu (R=0) mmpu R — o0

Haiinem 3nHauenue Rp, mpu KOTOpoM mosie3Has MOITHOCTh, OTOMpaemMasi OT UICTOYHHUKa, Oy-

net Haubombias. [y aroro nmpoauddepennupyem hopmyny (7) u mpupaBHsIEM MTPOU3BOIHYIO
HYJIIO

APy _ o (R+DIR+N-2R] _
dR (R+r)*

Orcrona HaxoauM, 4yTo PR — MakcuMalibHa Ipu Rg = I, T.€. KOT/1a CONPOTUBIIEHNE HarPy3KH

(8)

pPaBHO BHYTPEHHEMY CONPOTUBICHHUIO UCTOYHUKA (puc.3). Ilpu 3ToM HampshkeHHe Ha Harpyske

pasHo nonosure DJIC, T.e. Uy = ’ a CUJIa TOKA — ITOJIOBUHE CHJIBI TOKA KOPOTKOT'O 3aMbIKaHHs
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Pr

v

Puc.3.

ITone3nas MOIITHOCTB, B 9TOM CJIy4ac, COCTABJIACT YCTBECPTh MOIIHOCTH KOPOTKOI'O 3aMbIKa-

HHSL.
OTHOIIEHUE TT0JIE3HOW MOIIHOCTH KO BCEH MOIIHOCTH, Pa3BUBAEMON UCTOYHUKOM B IIEIIH,

onpezenseT Ko3QPUIMEHT N0Je3HOT0 NeHCTBUS (K.I1.J.) 1| MCTOYHHKA.
_Pr U, U, R

— 9

P IE E R+r ©
U3 stoit dopmynbl crienyer, yTo 1 OyneT TeM Ooiiblie, 4eM OOJbIIE€ CONpPOTUBICHHE
Harpy3ku R.Tlpu R=0 mn =0 uacumnrornyecku crpemurcsa k =1 npu R —>oo. [Ipu R=r

, T.€. IPH MaKCUMaJIbHOW MOJIE3HON MOIIHOCTH K.II.JI. HCTOYHHKA 1] = _, T.€. cocTaBiseT 50%.
2

HMeHHO ucceaoBaHne 3TUX 3aKOHOMEPHOCTEN sBIseTCs 1enbio padboTsl. Heobxonumo mo-
JY4UTh DKCIIEPUMEHTAIBHEIE 3aBUCUMOCTU CHJIBI TOKA | , HanpshkeHust U, , ToJHON P 1 moes-
HOM PR, a Tak € K.ILJ. | OT BEJIMYMHBI CONPOTUBJICHUS HATPY3KH.

Qobopyooeanue u mamepuanol.

W CTOYHHUK ITOCTOSSHHOTO TOKa, pe€oCTaT AJid HCKYCCTBECHHOT'O YBCIIMYCHUA BHYTPEHHETO CO-
MMPOTUBJICHUSA UCTOYHUKA, HAT py30‘-IHBII‘/JI pPeoCTaT MUJIJINAMIICPMETP, BOJIBTMETP.

Ykazanusn no mexnuke dezonacnocmau.
1. K BbmonHeHH0 1a00paTopHbIX padOT JOMYCKAIOTCS CTYACHTHI, U3Y4HBILKE MPaBUiIa TeX-
HUKHU 0€301acHOCTH.
2. JlaGopatopHbIe pabOTHI MOTYT MTPOBOIUTHCS TOJBKO IO PYKOBOJICTBOM U HAOJIIOICHUEM
npernojiaBarers.
3. [Ilpwu BeIMONTHEHUH Ta00OPATOPHBIX padOT CTYICHTaM 3alpeniaeTcs:
- BKJIIOYATh CXEMBI T10J] HapsKeHHeM 0e3 IPOBEPKH MPEToaaBaTes;
- IPUKACATHCS K HE3AIUIIEHHBIM H30JISIIIAEH YacTIM CXEMbl, HaXOJISAIMXCS O] HaIPsi-
KEHUEM;
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- OTIPECIIATh HATMYIKME HAIIPSDKCHUS Ha 3JICMEHTAaX [N MPY TTOMOIIH MABIIEB; TPOBEPKa
HaJIN4us HaHpﬂ)KeHHH HpOI/I?)BOI[I/ITCSI TOJIBKO C ITIOMOIIIBIO BOHBTMeTpa U B HpI/ICYTCTBI/II/I npe-
[10J1aBaTEIS;

- BKIIIOYATh PYOMJIBHUKH, HAKUMATh KHOTIKH, IPUKACATHCS K SJEKTPHUIECKOMY 000py/I0-
BaHHI0, HE OTHOCAIIEMYCS K JIaHHOM J1a00paTopHOit paboTe 0e3 BeoMa Mpero1aBaTeis;

- MPOM3BOJIUTH 110 X0y BBIMOJTHEHHS PaOOTHI IEPEKIIIOUEHUS B CXeMe, HEe 00eCTOYMB e¢;

- OpocaTh COeAMHUTENBHBIC TPOBO/IA HA TOJ U HA HCCIISNYEMYIO YCTAaHOBKY;

- KJIacTh Ha pabOYHid CTOJI TOCTOPOHHUE TIPEIMETHI;

- BXOAWTH B 1a00paTOpPHIO B BEPXHEH OJICKIE;

4. Tlepen BKIIOYCHHEM CXEMbI 0053aTeIbHO MPEAYIPEIUTh WICHOB OpHuraapl: «OcTOpoxKHO!
Bkirouaro!».

5. [Ipu HaTM4YKMK B cXeMe KOHJICHCATOPHBIX OaTapeid, He0OX0UMO OCIIe OTKIIIOUCHUS ITUTa-
HUS UX Pa3psAUTh N0 HAOIIOAHEUEM IIpenoaBaTels.

6. [Ipu 0OHapy>KEHUH KaKUX — JUOO0 HEUCIIPABHOCTEH, NCUC3HOBCHHMSI HAMIPSKCHHSI B CETH, a
TaK)Ke MPH HECYACTHOM Cllydae, HEMEJICHHO MPEKPATUTh padOTy, OTKIIOUUTh YCTAHOBKY OT
9JIEKTPOIUTAHMS U COOOIIUTH IPEIOIaBaTEeIo.

7. HOMHI/ITB, qToO HpI/I OTKJIHOYCHUU HeHefI IIOCTOAHHOI'O TOKA C I/IHIIYKTI/IBHOCTBIO BO3MOXHO
KpPaTKOBPEMEHHOE PE3KO0E MOBBIIICHHE HAITPSKCHHUS.

8. CTyneHThl, HAPYIIUBIINE MMPABUIIA TEXHUKH OC30TIACHOCTH, HE JIOMYCKAIOTCS K JaJIbHEH -
1iei padoTe B 1a00OPaTOPHH U IPUBIICKAIOTCS K OTBETCTBCHHOCTH.

3aoanus.

Pabouas cxema nzobOpaxeHna Ha puc. 4. B kauecTBe UCTOUHHUKA MOTYT MCIOJIB30BAaThCS aK-
KyMYJISITOPbI WJIU BBIIPSIMUTEINb, JAIOIINE HANPSHKEHNE BETMYMHON HECKOJIbKO BOJIBT. BHYTpeH-
Hee CONPOTUBJICHHE TAKUX UCTOYHUKOB, KaK IIPaBUIIO, MAJIO - OpsAAKa AecaTbiX Jojeit Oma. Ilo-
3TOMY, KaK CIIEAYeT U3 BBILIEU3JI0KEHHOT'0, 7Sl HOCTPOCHUS I'pa)uKOB UCKOMBIX 3aBUCUMOCTEH
Harpy304HbIi peocTar R ToXe 10JIKeH HUMETh CONTPOTUBIICHHE OpsAKa AecAThIX aonei Oma. [1o-
JOOHBIE PEOCTaThI SBJIAIOTCS YHUKAIbHBIMU. [103TOMY BHYTpEeHHEE COITPOTHBIIEHUE UCTOYHHKA B
JaHHOW pab0Te UCKYCCTBEHHO YBEIMYMUBAETCS MIyTEM MOCIEA0BATEIBHOTO BKIFOUEHNUS JOMOJIHU-
TENFHOTO peocTata I, UMEIOUIEr0 BEeIMYMHY HECKOJNBKUX aecsiTkoB OmoB. [Ipu 3ToM co0-
CTBEHHBIM BHYTPEHHUM COINPOTHUBIEHUEM I MCTOYHHMKA MOXHO MpeHEeOpeyb.

N3 cxemsl (puc.4) cienyer, 4To BHyTPEHHEE CONPOTUBICHNE MUJTHAMIIEPMETPA U BOJIBT-
METpa COCTAaBJISIIOT C COPOTUBIIEHUEM Harpy304HOro peocrara efuHoe 1enoe. Takum obpazom,
JIEBYIO YaCTh CXEMBbI CJIeIyeT paccMaTpUBaTh KaK HCTOYHHK, a TIPABYIO KaK Harpys3Ky.

NcTOUHMK mA

%,

\ 4

rl

Puc. 4.
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1. Cobpats pabouyto cxemy (puc.4). BeisicHUTE mapaMeTpbl MPUOOPOB. J[BIKKH PEOCTATOB
YCTQHOBUTH B MOJIO)KEHUE HAaUOOJIBIIETO 3HAYCHHS CONTPOTUBIICHUSI.

2. Ilocne mpoBepkH CXeMbl IIperoaaBaTeaeM WK J1a0OpaHTOM BKIIOYUTH UCTOYHHK MUTA-
HUsl. OTCUNTATh IOKAa3aHUs IPUOOPOB U 3aHECTH B TAOJHILY.

3. Jlanee, yMeHbIIass cCONpOTHUBIICHHE HArpy3ku R, cHATh 8-10 3HaveHmit Toka B nenu [ u
HanpspkeHus URr. IlocnenHss Touka JOHKHA COOTBETCTBOBATh KOPOTKOMY 3aMblKaHMIO. [Ipu aTomM
TOK JIOJDKEH PaBHATHCS lxs, @ HApsHKEHUE TOKHO 0OpaTUThCS B HYJb. BBIKIIOUUTH CXeMY.

4. OmnpenenuB LEHbI JAEJIEHUN HA KCIIOJIb30BAHHBIX INpEAeIaX U3MEpPEHUM amrepMeTpa U
BOJIFTMETPA BHIYUCIIUTH M 3aHECTH B TAOJIHILy 3HAYCHUS TOKA B aMIlepaxX U HAMPSKEHUSI B BOJIbTAX.

5. PaznenuB mosiydeHHbIE 3HAYEHMsI HAINPSDKEHMSI Ha COOTBETCTBYIOIME 3HAYEHUS TOKa
paccuuTaTh U 3aHECTU B TAaOJIUILy COIPOTUBIIEHUE HArpy3ku R

Tabmauua 1.

R= R P=IE PrelUr | _ Pe

I P

N I Ur

6. Benmuunny D/1C E cinenyer cunraTh W3BECTHOM, OO0 M3MEpUTH 3HaYeHue E npu oTkIIo-
YEHHOW Harpyske.

7. ITo hopmynam (4,5,9) paccunrarh 3HaYCHHS MOJIE3HON PR, 0IHO# P MoOIIHOCTH U K.11.11.
T , COOTBETCTBYIOIINE HAJEHHBIM BeJIMUrHaM R.

8. Ilo nony4yeHHbIM 3Ha4eHUAM noctpouts kpuBele | = I(R), U, =U, (R) Ha o1HOM rpa-
¢uxe u P=P(R), Pr= Pr(R) u n =n (R) Ha apyrom.

9. OT™MeTuTh Ha IEpBOM rpaduKke conpoTuBIeHHE Ro=r , MpH KOTOPOM TOK M HaNpPsKEHHE
COCTaBIISIFOT, COOTBETCTBEHHO, ITOJIOBUHY TOKa KOPOTKOro 3ambikanus |, u nonosuny E. Ha Bro-

poM rpaduke HallTH R, = r mo MakcumyMmy 3aBUCUMOCTH P, = P, (R) . CpaBHUTH MeX1y co00i
9T 3HaueHus Ro. [IpuMmepHOE paBeHCTBO MEXAY STUMU JABYMs 3HaUeHUsIMU Ro siBisiercs kpu-

TE€pPUEM NPaBUIIBHOCTH BBIIIOJIHEHHBIX U3MepeHUi. Ecin Takoro paBeHCTBa HET, U3MEPEHUS Clle-
JyeT Ipo/ieNaTh BHOBb.

Cooeporcanue omuema.

OT4et no 1a00paTOPHBIM pabOTaM JTOJKHBI COAEPHKATh:

- TUTYJIbHBIN JIUCT;

- 11eJIb paboTHI;

- KOHCITEKT OCHOBHBIX 3aKOHOB, ONIPE/ICIICHU, IOHATHH, POPMYIT;
- OCHOBHOE 000pYy/IOBaHHUE, CXEMa YCTAaHOBKH;

- OITUCAHME IO IYHKTaM BBIITOJIHEHHOW pabOThI;

- pe3yNnbTaThl U3MEPEHHH U pacyeToB (TaOIHIIbI, TPaPUKN);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOIILHBIE BOMIPOCHI;

- BBIBOJIBI 110 PE3YJIbTaTaM BBIMIOJTHEHHON paOOTHhI, AaTa, MOIHUCH.

Konmponwnuie eonpocui.
1. Yro takoe DJIC?
2. 3anumute 3aKkoH OMa B 000011eHHOM (hopMe U 1711 3aMKHYTOH e .
3. IIpoBennTe maremarnueckoe uccnenoBanne pyakmmii U, (R) u |(R).

4. JlaiiTe onpenencHue MOIIHOCTH 3IEKTPUYECKOTO TOKA.

49



5. [IpoBeauTe uccnenoBaHNe 3aBUCUMOCTH P, =P:(R) .
6. Urto Takoe K.I1.J. ©ICTOYHHKA?

JlaGopaTopnas padora Ne 10
Tema padomor. U3yyeHue siBjIeHUs 3J1eKTPOMATHUTHON WHIYKIVH.

Lleny padbomei. VI3yueHne 31eKTPUUYECKUX TOKOB BO3HUKAIOIINX MIPU SIBJICHUU 3JIEKTpOMar-
HUTHOW UHAYKIWH.

Teopemuuecxa;z uacmeo.

MaruuTHbIi MOTOK 4Yepe3 IJIOCKYI0 MOBEPXHOCTh — 3TO CKajsipHas (Qu3nveckasl Beu-
YMHA, YUCJICHHO paBHAas MPOU3BEICHUIO MO/ MarHUTHOM MHAYKIMH Ha TUIOLIAJb MOBEPXHO-
CTH, OTPAaHUYEHHON KOHTYpPOM, U Ha KOCUHYC yIjia MEXAYy HOPMaJbIO K IOBEPXHOCTH U MarHuT-
HOM mHaykuuen 17 oxtadps 1831 rona anrnuiickuil yuenbsiii Maiikn ®@apajeil OTKpbLUI sIBIEHUE
3JIEKTPOMATHUTHON MHAYKIMH.

SIBjieHrEeM 3JIEKTPOMATHUTHOM MHAYKIMHM HA3bIBACTCS SIBJICHWE BOZHUKHOBEHUS TOKA B
3aMKHYTOM KOHTYp€ IIPU U3MEHEHUH MarHUTHOTO IOTOKA, IPOHU3BIBAOIIETO 3TOT KOHTYp. A 10-
Jy4YEHHBIN TaKUM CTIOCOOOM TOK, HAa3bIBACTCSI HHAYKIIMOHHBIM.

3aKO0H 3JIEKTPOMATHMTHON MHAYKIMHU: CPEIHEE 3HAUCHUE AIICKTPOJABUKYILEH CUIIbl UH-
JTYKIIUWA B TIPOBOJSIIIIEM KOHTYPE MPOMOPIHOHAIBEHO CKOPOCTH M3MEHEHHSI MAarHUTHOTO TIOTOKA
4yepe3 NOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM.

Benmuuuna u nanpasnenune 91C nHAYKIIIU

PaccMoTpuM Temeph, KakOBBI OyAyT BEIMYMHA M HAMPABICHUEC MHIYKTHPOBAHHOW B MPO-
BojHuKe DJIC.

Bennuuna 9/IC MHIYKUIMY 3aBUCUT OT KOJIMYECTBA CHJIOBBIX JIMHUM TOJISA, IEPECEKAOIINX
MIPOBOJIHUK B €IMHUILY BPDEMEHH, T. €. OT CKOPOCTHU JBUKEHHUS IMPOBOJIHUKA B TIOJIE.

Bennuuna unaykrupoanHod DJ{C HaxoauTCs B MPSMOM 3aBUCUMOCTH OT CKOPOCTH JIBH-
JKEHUS MPOBOJIHUKA B MAarHUTHOM TIOJIE.

Bennuuna naaykrupoanHoit 9/{C 3aBUCUT TakKe M OT AJIMHBI TOM YaCTU IPOBOIHUKA, KO-
TOpast ePeCeKaeTCs CUIOBBIMU JIMHUSAMU 1OJIs1. Yem Ooibiasi 4acTh MPOBOJHUKA TIEPECEKACTCS
CWJIOBBIMH JIMHUSIMH TI0JIs1, TeM Oonbinas DJIC nnaykTupyercs B mpoBoAHuke. M, HakoHell, ueM
CHUJIbHEE MarHUTHOE TO0JIe, T. €. YeM OOJIbIIe ero HHAYKIHS, TeM Oosbinas J[C BO3HUKAET B MPo-
BOJHUKE, IIEPECEKAIOIIEM 3TO TOJIE.

Wrak, Benmunnaa 3/]C mHAYKIMHN, BOZHUKAIONIEH B TPOBOIHUKE MIPH €r0 JBMKEHUU B Mar-
HUTHOM M0JI€, MPSAMO NPONOPLMOHATbHA UHAYKIIMH MAarHUTHOTO TIOJISL, JJINHE TPOBOJIHUKA U CKO-
POCTH €ro IepeMeIIeHHS.

3aBuUCHMOCTH 3Ta BhIpaxkaercst popmyinoii E = Blv,

rne E — 3/1C unnykuuu; B — marauTHas uHaykius; | — qyirHa npoBOJHUKA; V — CKO-
pPOCTb IBM>KEHHS IPOBOTHUKA.

Cnenyer TBEpJI0 MOMHUTh, UYTO B IPOBOJHUKE, TEPEMEIIAIOIIEMCS] B MATHUTHOM moJie, D /[C
WHIYKIUYA BO3HUKAET TOJBKO B TOM CJIy4yae, €CJIM 3TOT MPOBOJHUK MEPECEKAECTCS MArHUTHBIMU
CHJIOBBIMH JIMHUSIMU TI0J1s1. ECu Jke MpOBOHUK TIEpeMeIaeTcst B0JIb CUIIOBBIX JIMHUN TIOJIA, T.
€. He MepPEeCceKaeT, a Kak Obl CKOJB3UT 1Mo HUM, To HuKakoil DJIC B Hem He uHayktupyercs. [lo-
ATOMY IIpUBECHHAs BhIIIE (popMyIia cripaBeyiBa TOJIBKO B TOM ClTydae, KOT/1a MMPOBOIHUK Tepe-
MEUIAeTCs NEPHEHANKYIISIPHO MAarHUTHBIM CHJIOBBIM JIMHUSIM TIOJIA.

Hanpasnenue unnykrupoBanHoit /]C (a Takxke ¥ Toka B MPOBOJAHUKE) 3aBUCUT OT TOT'O, B
KaKyl0 CTOPOHY JIBMXKETCSI IPOBOJHUK. /{7151 onpeneneHus HanpaBieHus uHaykTupoBanHoit 3/1C
CYILIECTBYET IIPaBUJIO MPABON PYKH.
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Ecnu nepxxatp 1ajoHb IPaBOM pyKH Tak, YTOObI B HE€ BXOIMIM MarHUTHbIE CUJIOBbIE JTMHUU
TOJIsI, & OTOTHYTHIN OONBINON Mayel yka3blBala Obl HAllpaBJICHHUE IBIYKEHUS ITPOBOJHHUKA, TO BBI-
TSHYTBIC YETHIPE MaJIblla YKAXKYT HallpaBJIeHUE AeicTBUS MHAYKTUpOoBaHHOU DJIC u HanmpaBieHue
TOKa B IIPOBOJIHUKE.

[Ipu nBMKEHWU BHYTPH KaTYyIIKU MOCTOSIHHOTO Maruuta B Hel unayktupyetcsa DJ1C 3a cuet
TOTO, YTO MAarHUTHBIA MOTOK MarHuTa MepecekaeT BUTKU KATYIIKH, T. €. TOYHO TaK ke, Kak 3TO
OBLIO IPU JBUKEHHUH MPSMOJIUHEITHOTO MPOBOAHHUKA B IOJI€ MarHUTA.

Ecnu mMarHuT omyckaTh B KaTyImIKy MEIJICHHO, TO Bo3HuKaromias B Hed DJIC Oyaer
HACTOJIBKO MaJia, 4TO CTpeJika Mprudopa MOXKET JJake He OTKIOHUThCS. Ecin ke, Hao0opoT, mMar-
HUT OBICTPO BBECTH B KATYIIKY, TO OTKJIOHEHUE CTPEJIKH Oy/eT O0NbIInM. 3HaYUT, BETUYUHA UH-
nykrupyemoit DJIC, a cienoBareiabHO, U CHIIa TOKA B KAaTYIIKE 3aBUCAT OT CKOPOCTU JIBUKECHUS
MarHura, T. €. OT TOTO, HACKOJbKO ObICTPO CHJIOBBIC JTMHUU IOJISI IEPECEKAIOT BUTKU KaTYIIKU.
Ecnu Tenepb moouepeiHO BBOJAUTH B KAaTYIIKY C OJUHAKOBOM CKOPOCTBIO CHAYaJla CUJIBHBIN Mar-
HUT, a 3aTeM CJIa0Bblid, TO MOXHO 3aMETHUTh, YTO MPH CUIBHOM MarHuTe CTpesika mpubopa Oyaer
OTKJIOHSTHCS HA OOJBIIMKM yroj. 3HauuT, BennunHa uHaykrupyemout DJIC, a ciemoBaTenbHO, U
CHJIa TOKA B KaTYyILKE 3aBUCAT OT BEJIMYMHBI MAarHUTHOT'O [TIOTOKA MarHuTa.

U, HakoHell, ecay BBOAUTH C OAMHAKOBOW CKOPOCTBHIO OJMH U TOT K€ MAarHUT CHayaja B
KaTYIIKy C OOJBIINM YUCIIOM BHTKOB, a 3aT€M CO 3HAYUTEJIBHO MEHBIIUM, TO B IEPBOM Cllydae
CTpeJKa Npubopa OTKIOHUTCS Ha OOJIBLIMI yroJl, 4eM BO BTOPOM. 3HAUUT, BEJIMYMHA UHYKTUPY-
emoit DJIC, a cienoBarenbHO, U CHJIA TOKA B KaTYILKE 3aBUCAT OT YKCJIAa €€ BUTKOB. Te ke pe3yib-
TaThl MOKHO IOJIY4YHUTb, €CIIM BMECTO [TOCTOSSHHOTO MarHUTa MPUMEHSTh 3JIEKTPOMArHmT.

Hanpanenue 9/]C nHIYKIIMKU B KaTyIIKE 3aBUCUT OT HAIIPaBJICHUs IEPEMEILIEHUS] MarHUTA.
O ToMm, kak omnpenenars HampasieHue DJ|C MHIYKIUU, TOBOPUT 3aKOH, YCTaHOBJIEHHBIN J. X.
Jlenuem.

3axoH JleHua Ju1s AIeKTpOMarHuTHOM MHAYKUMU: Besikoe n3aMeHeHrne MarHuTHOro moToKa
BHYTPH KaTYIIKU COMPOBOKIAeTcs BO3HUKHOBeHUEM B Hel DJ]C MHAYKINU, TPUYEM YyeM ObICT-
pee U3MEHsSIeTCSI MAarHUTHBIA TTOTOK, MPOHU3BIBAIOIINK KaTyliky, TeM Oonbmas J/C B Hell uH-
TYKTUPYETCS.

Ecnu katymka, B kotopoit co3gana /1C MHAYKIMY, 3aMKHYTa Ha BHEIIHIOKO LEMb, TO 10
BUTKAaM €€ MJIeT NHIYKIIMOHHBIM TOK, CO3JAI0UINI BOKPYT MPOBOJIHNKA MarHUTHOE TOJI€, B CHIIY
4ero Karylika mpeBpaiaercs B cojeHoua. Ilomydaercs Takum oOpa3oM, 4TO HM3MEHSIOLIEecs
BHEIIHEE MarHUTHOE T10JIE BBI3BIBAET B KaTyIIKE MHAYKIMOHHBIA TOK, KOTOPOH, B CBOIO O4Yepeb,
CO3/a€T BOKPYT KaTyLIKHA CBOE MAarHUTHOE I0JIe — T10JI€ TOKA.

Nzyuas 3to sBnenue, J. X. JIeHI] ycTaHOBUII 3aKOH, ONPEAEIAIONIMI HalpaBiIeHue NHAYK-
LIMOHHOTO TOKAa B KaTyIIKe, a cliefoBaTenbHo, U HanpaieHue DJC nnaykuun. 3/C nunaykumm,
BO3HHUKAIOIIAs B KaTYyUIKE MPU U3MEHEHUHM B HEM MAarHUTHOTO MOTOKA, CO3JaeT B KaTYIIKE TOK
TAaKOT0 HaIpaBJIE€HUs, IPU KOTOPOM MAarHUTHBIA MOTOK KaTyIIKHU, CO3JaHHBIM 3TUM TOKOM, IIpe-
MATCTBYET U3MEHEHHUIO TIOCTOPOHHEr0 MarHUTHOTO MOTOKA.

3akoH JleHna crpaBeIuB I BCEX CIy4aeB MHAYKTUPOBAHMS TOKA B IPOBOJHUKAX, HE3a-
BHUCUMO OT (pOpMBI MPOBOJTHUKOB M OT TOTO, KAKUM CIIOCOOOM TOCTUTAETCS N3MEHEHHUE BHEIIHETO
MarHUTHOTO TOJIA.

Benmyuuna 5.1.c. MHAyKIHU € ONPENENSAETCS 3aKOHOM DJIEKTPOMArHUTHOW MHIYKIIMU

@apages: 3.4.C. DACKTPOMAarHUTHON MHAYKIUU € , B 3aMKHYTOM IPOBOJSIIEM KOHTYpE YHC-

uno !

JICHHO paBHa U IIPOTHUBOIIOJJIOXKHA I10 3HAKY CKOPOCTH U3MCHCHUA MArHUTHOI'O ITIOTOKA @ CKBO3b
HOBerHOCTB, OrpaHquHHy}O 3TUM KOHTypOM

do

gum) dt (1)

3HaKk MUHYC B (OpMYJIe COOTBETCTBYET npasuty Jlenya: pu BCIKOM U3MEHEHUU MarHUT-

HOTI'0 ITOTOKa CKBO3b IMMOBCPXHOCTH, OTPAHUYCHHYIO 3aMKHYTBIM KOHTYPOM, B ITOCJICIHEM BO3HU -

KaeT HHHyKHI/IOHHBIﬁ TOK TAKOT'O HaHpaBJ'IeHI/ISI, qTO0 €ro CO6CTBeHHoe MAarHuTHOC I10JIC HpOTI/IBO'
ﬂeﬁCTByeT U3MCHCHUIO MAarHUTHOI'O ITOTOKA, BBI3BABIIICTO HHZ[yKHHOHHBIﬁ TOK.
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Puc. 1.

[IpnunHa BOZBHMKHOBEHUSI MHAYKIIMOHHOTO TOKa B HEMOJIBU’)KHOM KOHTYpPE COIIACHO TE€O0-
pHUH dJIeKTpoMarHeTusma MakcBesia COCTOUMT B TOM, YTO IPU U3MEHEHUH MAarHUTHOTO MOJI BO3-
HUKAaEeT BUXPEBOE IEKTPUUECKOE IOJIE, T.€. JIEKTPUUECKOE MOJI€ C 3aMKHYTBIMU CUJIOBBIMHU JI-
HusMu. [log gelicTBrEeM 3TOTO TOJIsE CBOOOIHBIE 3apsiIbl KOHTYpPA MEePEMEIatoTcs, T.€, B KOHTYpe
BO3HMKAET IEKTPUUECKUI TOK, HA3bIBAEMbII MHAYKIIMOHHBIM TOKOM.

[TycTh miocKkuii 3aMKHYTBINA MPOBOJSIINN KOHTYP L HaX0IUTCs B OTHOPOHOM MarHUTHOM
nose ¢ uHayKkiuei B (puc. 1). Torma MarHuTHBIN TOTOK @ (IIOTOK BEKTOpa MArHUTHON MHTYKITUH )
4yepe3 MOBEPXHOCTh, OTPAHUYCHHYIO KOHTYpPOM L, onpenensieTcs: BelpakeHueM

@ =BScosa, (2)
rjae S — MmoIaab NOBEPXHOCTU, OTPAaHUUYEHHON KOHTYpoM L, OU — yron Mexxay HarpaBieHHEM
CUJIOBBIX JINHUH (HaIllpaBJI€HUEM BEKTOpa M HOpMalbio I K MOBEPXHOCTH, OTPAHUYEHHON KOHTY-
pom).

[TycTh MarHuTHOE MOJI€ CO3/IAeTCs MIMHIPUUECKON KAaTYIIKON (COIIEHOUIOM), IO KOTO-
pOM MPOTEKAET NEPEMEHHBIN JIEKTPUUECKUI TOK

| =1 cosot (3)

rac | o — aMIUIMTYJHOC 3HAaYCHHUC TOKA, () — IMKJIMYECKas YacToTa ToKa (0 = 27[\/ ;’V —uacroTa

TOKa.
Torna MarHuTHas MHAYKIMA B 10l BHYTPHY KaTYIIKH U BOJU3U €€ TOPLIOB paBHA
B =pp,nl
i ¢ yuetom (3)
B = pnp,nlg cosmt 4)

e M — Mar"duTHas IMpoOHUIACMOCTb CCPACUHUKA KAaTYIIKHU; !""0 — MAar"HuTHasg MOCTOsIHHAaA; N —

YHCII0 BUTKOB KaTYIIKH Ha eAnHHUIe AIuHbI. [ToncraBuB Beipaskenue (4) B popmyny (2), Haxomum
MarHUTHBII MOTOK Yepe3 KOHTYP, PaCIOJIOKEHHbIN BOIN3H TOpLa KaTyLIKN

@ = up,onlyS coso cosmt
OTCI-OI[a CKOPOCTb U3BMCHCHMU Mc?gil/ITHOFO IIOTOKa paBHa,

=—pp nl S cosa. sin wt (5)
dt 0 0
Takum 06p330M, CKOPOCTb MBMCHCHHA MAarHuTHOI'O IMOTOKa IMPOIMOpIHHOHAJIbHA aMIIUTYIHOMY

3HAYEHHIO TOKa B Katyiuke |, u kocunycy yrima OL . [Toxcrasus Beipaxkenue (5) B popmyiy (1),
TOJTy9aeM

g,,, = CI, cosa (6)
rre C =—-ppnSosinot .
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3aBHCHMOCTb 3.]1.C. SIeKTPOMArHMTHON HHAYKIUA €, oT | u COSOL (ImpumepHbIi Buj
n300pakeH Ha puc.2.

Oobopyoosanue u mamepuanol.

. Muummnamnepmerp.

. Maruwur.

. Karymka-MoTOK.

. UcTtouHuK TOKA.

. Peocrar.

Kitrou.

. Karymika ot anexkrpomaramra.
. CoequHUTENBHBIE IPOBOA.

ONOUTAWNE

Ykazanus no mexunuke 6ezonacnocmu.
1. K BemonHeHH0 1a60paTOPHBIX PadOT AOMYCKAIOTCS CTYIEHTHI, H3YUMBIIUE ITPaBUIA TEX-

HUKU O€30MaCHOCTH.

2. JlabGopatopHble pabOThl MOTYT MIPOBOAUTHCS TOIBKO MO PYKOBOJCTBOM M HAOIIOICHUEM
npernoaaBaress.
3. Ilpu BeImoaHEHHH Ta00PATOPHBIX PAOOT CTYAECHTAM 3alpeniaeTcs:

- BKJIIOUATh CXEMBI IO/ HAMIPsKEHUEM 0€3 IPOBEPKH MPETO01aBaTels;

- MPUKAcaThCsl K HE3AIMUIIEHHBIM U30JSAIUEN YacTsIM CXEMbl, HaXOSAIIUXCS O] HAIpsi-
JKEHUEM;

- OTIPEACNATh HATMYNE HAMIPSKEHUS Ha AJIEMEHTaX LEeTH MPUIIOMOIIN MaJbIIEeB; MPOBEpKa
HAIUYUS HAIPSHKEHUS TIPOU3BOAUTCS TOJBKO C TIOMOIIBIO BOJBTMETPA U B IPUCYTCTBHUH TIpe-
10/1aBaTes;

- ipu paboTe Ha 1abopaTOPHOM YCTAaHOBKE MPUKACATHCS OJJHOBPEMEHHO CTEH, paIuaTOPOB
CHUCTEMBI OTOTUICHUS U APYTUX METAJUIMUECKHUX MPEIMETOB;

- BKIIIOUaTh PYyOMJIBHUKH, HAXKUMATh KHOTIKH, IPUKACATHCA K DIEKTPHIECKOMY 000pya0-
BaHMIO, HE OTHOCSIIIEMYCS K JaHHOU JJabopaTopHO paboTe Oe3 BeomMa MperoiaBaTers;

- MPOU3BOAUTH TI0 XO/Ty BHITIOJTHEHHS paOOTHI IEPEKITIOUEHUS B CXeME, He 00EeCTOUYHB e€;

- OpocaTh COeMHUTENbHBIE TPOBO/IA HA MOJ U HA UCCIIENYEMYIO YCTAaHOBKY;

- 3aMEHSTh CTOPEBIINE MPEIOXPAHUTENN HA padOUYUX IIUTAX MPH BKIIOUEHHBIX PyOUITHHU-
Kax;

- KJIacTh Ha paboumii CTON MOCTOPOHHUE TIPEIMETHL;

- BXOJIUTH B 1aOOPaTOPHIO B BEpXHEHN OJICKIIE;

- KypeHHe U 38KUTaHHE OTHS.

4. Tlepen BKIIIOUEHHUEM CXEMBI 0053aTE€IIbHO MPEAYNPEaUTh YiIeHOB Opurasl: «OCTOPOKHO!
Bxmrouaro!».

5. [Ipu Hannuuu B cxeMme KOHJEHCATOPHbBIX OaTapeil, HE0OXO0AMMO IOCIIe OTKIIIOUEHUS TUTa-
HUS UX Pa3psIUTh MO HAOIIOJHEHEM MTPeTojaBaTells.
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6. [Ipu oOHapy)XeHUHU KaKuX — JTMOO HEUCIIPABHOCTEH, NICUE3HOBEHHUS HAMPSHKEHUS B CETH, a
TaKXe MPU HECYaCTHOM cllydae, HEMEIJICHHO PEKPaTUTh padoTy, OTKIIOUYUTH YCTAHOBKY OT
AJIEKTPOITUTAHUS ¥ COOOIIUTH MPETIOIaBaTEIIO.

7. HOMHI/ITL, 4TO IpH OTKIIIOYCHUU I_ICHCI\/‘I MOCTOAHHOI'O TOKAa ¢ MHAYKTUBHOCTBIO BO3MOKHO
KpPaTKOBPEMEHHOE PE3KOE TIOBBIIICHUE HATIPSKCHUS.

8. CTyneHThI, HAPYIIMBIIUE MTPABHUJIA TEXHUKU 0€30ITaCHOCTH, HE JIOMYCKAIOTCS K JTAbHEH -
nieit pabote B 1abOpaToOpuu U MPUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3adanus.

OxcnepuMeHT 1

Haunem naboparopayto padboty co cbopa ycranoBkH. UT0OBI cOOpaTh cxemy, KOTOPYIO MBI
OyzeM MCHoJb30BaTh B J1aOOPAaTOPHON paboTe, MPUCOSAMHUM MOTOK-KATYIIKY K MHJUIAAMIICP-
METPY U MCIIOJIb3YeM MarHuT, KOTOPBIN Oy1eM MPUOJIMKATh WK YIAIATh OT KaTyiiku. OIHOBpe-
MEHHO C 3TUM MBI JIOJDKHBI BCIIOMHHUTB, YTO OyJET MPOUCXOIUTH, KOTJa OYAET MOSBISATHCS WH-
JYKIIMOHHBIN TOK.

mA

Puc. 1. Okcniepument 1

[Togymaiite Hag TeM, Kak OOBSICHUTH HAOIIOaeMoe HaMu siBlieHne. Kakum oOpa3zom BiusieT
MAarHUTHBIM MIOTOK HA TO, YTO MBI BUJIUM, B YACTHOCTHU ITPOUCXOKICHUE DIEKTPUUECKOTO TOKA.
J71s1 5TOTO MOCMOTPUTE HA BCIOMOTATENIbHBIN PUCYHOK.

OOpatuTe BHUMaHUE, YTO JTUHUU MArHUTHOW MHIYKIIUU BBIXOJASAT U3 CEBEPHOTO MOIIOCA,
BXOJSIT B F0KHBIN MOtOC. [Ipy 3TOM KOJIMYECTBO 3TUX JIMHHM, UX TYCTOTa pa3jnyHa Ha Pa3HbIX
yuacTkax marauta. OOpaTute BHUMaHUE, YTO HAMpPaBICHUE WHIYKIIMH MAarHUTHOTO TOJIS TOXeE
M3MEHSIETCS OT TOYKHU K Touke. [1oaToMy MOXKHO CKa3aTh, YTO M3MEHEHHEe MATHUTHOI0 MOTOKA
NMPUBOIAUT K TOMY, YTO B 3aMKHYTOM IPOBOJHHMKE BO3HMKAET YIEKTPUYECKUH TOK, HO
TOJILKO NPH ABUKEHUU MArHUTA, CJIeA0BATEIbHO, U3MEHACTCH MATHUTHBIH MOTOK, MPOHM-
3bIBAIOLIMI IJIOIIAAb, OTPAHMYCHHYI0 BUTKAMH 3TOH KATYIIKH.

DKcrepuMeHT 2

Crnenyrommii 3Tan HaIEro UCCIIEI0BAaHUS JIEKTPOMAarHUTHON MHIYKIIMM CBSA3aH C OIpe-
JICJICHNEM HANIPaBJICHNs HHAYKIHMOHHOIO0 ToKa. O HanpaBiIeHUU UHIYKIIMOHHOIO TOKAa MBI MO-
KEM CYIUTh IO TOMY, B KAKYIO CTOPOHY OTKJIOHSIETCSI CTpeIKa MUUIMaMnepMmerpa. Bocnonb3y-
eMcst yrooOpa3HbIM MarHUTOM U YBUJUM, UTO MPH MPUOIMKEHUN MarHUTa CTPEJIKa OTKIIOHUTCS
B OJIHY CTOpOHY. Eciii Teneps MarHuT IBUrath B IPYryr0 CTOPOHY, CTPEJIKA OTKJIIOHUTCS B APYTYIO
CTOpOHY. B pe3syibrare nmpoBeIeHHOrO SKCIIEPUMEHTa Mbl MOKEM CKa3aTh, YTO OT HAIIPaBJICHUS
JIBUYKEHUSI MarHATA 3aBUCUT U HAIIPABJIICHUE UHAYKIMOHHOTO TOKa. OTMETHM U TO, 4TO OT MOJIKOCA
MarHuTa TOKE€ 3aBUCUT HalpaBJICHUE UHYKIIMOHHOTO TOKA.

OO6paTtuTe BHUMaHKE, YTO BETMYNHA WHIYKIIMOHHOTO TOKA 3aBUCUT OT CKOPOCTH IepeMe-
LICHUS MarHUTa, a BMECTE C TEM U OT CKOPOCTH U3MEHEHMSI MAarHUTHOIO ITIOTOKA.
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Bropas gacte Hamelr mabopaTopHOi pabOThI CBsi3aHa OyNEeT ¢ APYTHM 3KCIIEPUMEHTOM.
[TocMOTpHM Ha CXeMy 3TOTO IKCTIEPUMEHTA B 00CYIMM, YTO MBI OyJIeM TeTeph J1eaTh.

K Knioy
Y

@ % [F

—i|i|s
* MCTOYHUK TOKa

Peocrar

Puc. 2. DkcriepumenT 2

Bo BTOpOI1 cxeMe B MPUHIUIIE HUYETO HE U3MEHMUIIOCHh OTHOCUTEIIBHO U3MEPEHUS UHIYK-
LHHUOHHOTO TOKa. TOT k€ caMblii MUJUIMAMIIEPMETP, IIPUCOECAMHEHHBIN K MOTKY KaTymku. Ocra-
eTCs BCE, KakK ObLIO B TIEpBOM citydae. Ho Teneph M3MEeHEHNEe MAarHUTHOTO ITOTOKA MBI OYZIeM TI0-
Jy4aTh HE 3a CYET JABUKEHUS MOCTOSIHHOTO MarHMTa, a 3a CYeT M3MEHEHHUsI CUJIBI TOKA BO BTOPOM
KaTyILKE.

B nepBoii yactu Oynem uccienoBaTh HAIMYME MHIYKIIMOHHOTO TOKA MPHU 3aMBIKAaHUH U
pa3mbikaHuu 1enu. Mtak, mepsas 4acTh KCIEPUMEHTA: MbI 3aMbIkaeM Kiitod. OOpaTuTe BHUMA-
HUE, TOK HApacTaeT B LIEIH, CTPEJIKa OTKJIOHUIIACHh B OJIHY CTOPOHY, HO 0OpaTUTe BHUMaHHE, CEil-
4ac KII0Y 3aMKHYT, @ 3JIEKTPUYECKOr0 TOKa MIUJUTHAMIIEPMETP HE MOKa3biBaeT. [[eno B ToM, 4TO
HET U3MEHEHHS] MarHUTHOTO MOTOKA, MBI YK€ 00 3TOM roBopuiiu. Eciu Teneps K04 pa3MbIKaTh,
TO MIWIJTMAMIIEPMETP MOKAXKET, YTO HANTPABIICHUE TOKA U3MEHHIIOCH.

Bo BTOpOM 3KCIEpUMEHTE MBI IPOCHEAUM, KaK BO3HUKAET MHAYKIIMOHHBIN TOK, KOT/1a Me-
HSAETCS DIEKTPUUECKUN TOK BO BTOPOM LIEMH.

Crnenyromasi 4acTh OMbITa OYJET 3aKJIIOYAThCS B TOM, YTOOBI MIPOCIEINTh, KaK OyJIeT u3-
MEHSTHCS UHAYKIIMOHHBIN TOK, €CJIM MEHSATh BEJIMYMHY TOKA B LIETH 3a CYET peocTara. Brl 3HaeTe,
YTO €CJIM MBI U3MEHSAEM 3JIEKTPUUECKOE CONPOTUBIICHHE B LEMH, TO, cleays 3akoHy Oma, y Hac
OyJleT MEHSTHCS U DJIEKTPUUECKUH TOK. Pa3 M3MEHSIeTCsl DIeKTPUIECKU TOK, OyAeT U3MEHSThCS
MAarHuTHOE 1oJie. B MOMEHT IepeMelleHtsl CKOJIB3AIEero KOHTAaKTa peoCcTaTa U3MEHSETCS MarHuT-
HOE TI0JIE, YTO MPUBOJUT K MOSIBJICHUIO UHIYKIIMOHHOTO TOKA.

Ne Cnoco0 momnyye- | I B Bm AD®M
ONbITA | HUSI MHAYKIU-
OHHOIO TOKA

1 BHecenue B ka- — «— +
TYHIKY CeBep-
HOT'0 MOJII0CA
MAardmrTa
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2 Ynanenue u3 — — -
KATYIIKH ceBep-
HOI'0 MOJII0CA
MArHHTA

3 BHecenmue B ka- — — +
TYHIKY I0KHOT0
MOJII0CA Mar-
HHUTA

4 Ynanenune u3 — — -
KATYIIKH 103K-
HOI'0 MOJII0CA
MArHUTA

Cooepircanue omuema.

Otyet no 1abopaTopHbIM padoTaM JAOKHBI COACPIKATH:

- TUTYJIbHBIH JIUCT;

- [IeJTh paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICIICHUI, TOHATUH, GOpMYI;
- OCHOBHOE 000pYZOBaHHUE, CXeMa YCTAHOBKH;

- OIIMCAHHE IO MYHKTaM BBIIIOJIHEHHOU paboThI;

- pe3yJbTaThl U3MEPEHUH U pacyeToB (TabnuLIbl, rpaduKn);

- OIICHKA MOTPEeIIHOCTEH;

- OTBETHI HAa KOHTPOJIbHBIE BOTIPOCHI;

- BBIBO/IbI 110 pe3yJIbTaTaM BBIIIOJHEHHOM padoThl, 1aTa, MOIIHCH.

Konumponwsnusie gonpocht.

B dem 3akiroyaercs sIBJIEHHUE 3JIEKTPOMArHUTHOM MHTYKIIMU?

Kaxo#l TOK Ha3bIBalOT HHAYKIIUOHHBIM?

CdopmynupyiiTe 3aK0H dIIeKTpoMarHuTHOM nHAYKInK. Kakoit ¢opmymnoii oH onucsiBaeTcs?
Kak ¢popmymnupyercs npasuio Jlenna?

KaxoBa cBsA3p npaBuiia JIeHa ¢ 3akOHOM COXpaHEHUs SHEPTUH?

arOdDE

JlaGopaTopnas paGora Ne 11
Tema padomsi. OnpenesieHne roOpU3OHTAIBLHOM COCTABJISIIONIEH WHAYKIUM MATHUT-
HOT0 noJisi 3emJin.
Ilens pabomer. OnipenienieHue rOPU30HTAIBHONW COCTABIISIONICH MHIYKIIMM MarHUTHOTO
noJist 3eMJIu.

Teopemuqecmm yacmo.

3eMJIs B LIEJIOM IPECTABISET COOOM OrpOMHBIN 11apoBoit MarHuT. [loaTomy B 11060i1 TOUKE
IIPOCTPAHCTBA, OKPY’KAOLIEro 3€MIII0, U Ha €€ TIOBEPXHOCTH CYIIECTBYET MarHUTHOE MOJIE, CUIIO-
BbI€ JINHUU KOTOPOTo n300paxxeHsl Ha pucyHke 1. [Ipu 3ToM ceBepHBI MarHUTHBINA momoc N
HaXOJUTCsI BOJIM3HU 10:KHOT0 reorpaduueckoro FO 1 Hao6opoT. Ha skBaTope MarHuTHbIE CUIIOBbIE
JIMHUY HaIIPaBJIEHbl TOPU30HTAIIBHO, 4 HA MOJKCAX - BEPTUKAIBHO.
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B ocranbHbIX TOYKAX 36MHON IMOBEPXHOCTH MHAYKLUS MarHUTHOTO IOJIS HANIPABJICHA 0N
HEKOTOPBIM YIJIOM K INIOCKOCTH 3€MJIH, T.€. UMEET U FOPU30HTAIbHYIO Bs 1 BepTHKanbHyO Bs
COCTAaBJISIOLIHE.

Puc.1.

HanpaBneHnue ropu3oHTaIbHOM COCTaBIAIOLIECH TPUHUMAETCS 3a HAIIPAaBJI€HHE MarHUTHOT'O
MepuAMaHa, T.K. B 3TOM HallpaBJICHUM yCTaHABIMBACTCS CTPEJIKa KOMIIaca, BPALIAIOLIasics B ro-
PU3OHTANIBHOM M10cKOCTH. Llenblo HacTosel paboThI SIBISETCS N3MEPEHUE BETMUMHBI TOPU30H-
TaJbHOW COCTAaBISAIOLICH MHIYKIUM MArHUTHOIO IOJIA 3€MJIM C IOMOIIBIO TaHI'€HC-TaJIbBAHO-
MeTpa. TaHreHc-TabBaHOMETP MPEACTABIAET cO00I BEPTHKAIBHO PACIOIOKEHHBIE N KPYTOBBIX
BUTKOB pajuyca R, o KOTOpbIM IpomycKaeTcs MOCTOSHHBIN Tok cuiioi 1. B nentpe 3toit coso-
KY[IHOCTU BUTKOB (KOPOTKOW KaTYIIKH) IoMeuiaercst komnac. [Ipu oTCyTCTBUM TOKa B BUTKax
MarHuTHas CTpeJIKa KoMIaca yCTaHOBUTCS 110

/N
e € 90

Puc. 2.

MarHUTHOMY Mepuauany. [Ipu nmpomyckaHuu TOKa MO BUTKaM CTpeNKa MOBEPHETCS Ha He-
KOTOPBIN yroJ 0, T.K. TENEeph Ha HEE€ TOMUMO TOPU30HTAIBHONW COCTABJISIONIEH MATHUTHOTO TOJIS
3emun OyJeT NEHCTBOBATH €II€ MAarHUTHOE TOJIe, Co3/jaBaeMoe TOKOM | B n BuTkax. Eciu BuTKH
COPUEHTHPOBATH TaK YTOOBI MX TUIOCKOCTH COBMAAAJH C TNIOCKOCThEO MATHUTHOTO MEPUIUAHA, TO
Ha CTpeNKy OyAyT JAeMCTBOBATH JIBa B3aWMHO TEPICHAUKYISPHBIX TOJIs: Toyie 3emun B3 u mome

Toka By (puc.2). . . .
Crpenka KoMIaca YCTaHOBUTCS B HAlPaBJICHUH PAaBHOACHCTBYIOIIEH THX MOJEH, BIOJb

B =B, +B;, r.e. mo nuaronanu napannenorpamma, croponamu kotoporo 6yayt Bou Bz, Cwm.

pHc.2, Ha KOTOPOM 1/1306pa>1<eH0 CCYCHUC BUTKOB C TOKOM, OPUCHTUPOBAHHBIX BAOJb MArHUTHOT'O
0

MepHUInaHa, TOPH30HTATBbHOM TI0CKoCThI0. U3 puc. 2 cineayer, uto tgou = _— OTKy/Ia
3
By
B;= 1)
tga
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Ho |

Tak kak MHIYKIMS MarHUTHOTO TI0JIs B LIEHTPE KPYroBoro Toka B |~ ﬁ, TO B IIEHTpe N
Holn
BUTKOB O4YEBHJIHO = 2
A 0~ R (2)
b, In
[MoacraBus (2) B (1) monyuum B,=—— 3)
2R -tga

Ota (dopMyIa UCIONIb3YeTCsl B HACTOSALIEH paboTe Ui ONBITHOTO OINpEAeIeHHs] TOPU30H-
TaJbHOM cocTaBisionIed MarHuTHOTO ot 3emin. Popmyna (3) 3anucana B cucreme CU, mno-
sTomy B3 nmonyuurcs B Teciax.

DNeKTpUYecKasi CXeMa YCTaHOBKH JUIsl u3MepeHus B3 cocTOUT U3 TaHreHc-raabBaHOMETpa
G, ucrounuka toka & ,peocrara R m amnepmerpa A 1S peryIMpOBKY ¥ U3MEPEHHsI TOKa (puc.3).

B cxeme ucnonn3yercsa nepexitodarens 1 s u3mMeHeHus HarpaBieHUsS TOKa, IPOXOIs-
LIET0 Yepe3 TaHT'€HC-TaIbBAHOMETD.

Puc. 3
Qobopyooeanue u mamepuabl.
TaHreHc-rajabBaHOMETp, aMIIEPMETP, PEOCTAT, HICTOUHUK TOKA.
Ykazanus no mexnuke dezonacnocmu.
1. K BBIIOJHEHHUIO TAOOPATOPHBIX PAOOT IOMYCKAOTCS CTYAEHTHI, N3YYHBIIHE TIPABUIIA TEX-

HUKHU 0€30MacHOCTH.

2. JlaGopatopHbie pabOTHI MOTYT ITPOBOAUTHCS TOJBKO TI0J] PYKOBOJICTBOM U HAOIIOACHUEM
npernojiaBarers.
3. [Ilpwu BeIMONTHEHUH Ta00OPATOPHBIX padOT CTYICHTaM 3alpeniaeTcs:

- BKJIIOYATh CXEMBI T10] HANpsKEHHEM 0€3 IPOBEPKH MPETIo1aBaTels;

- IPUKACaThCs K HE3AMUIICHHBIM M30JISIIHEH YacTsIM CXEMBbI, HAXOISAIIIMXCS MO HAIIPsI-
KEHUEM;

- OTIpE/ICIISITh HAIMYKE HANPSHKCHUS Ha AJIEMEHTAX IIeTH PUTIOMOIIH TTaJbIIeB; MPOBEPKa
HAJINYMS HAPSOHKEHUS IPOU3BOIUTCS TOIBKO C IOMOIIBIO BOJBTMETPA U B IPUCYTCTBHUHU TIpe-
0/1aBaTes;

- ipu paboTe Ha 1abopaTOPHOM YyCTaHOBKE MPUKACATHCSI OTHOBPEMEHHO CTEH, paIuaTOPOB
CHCTEMBI OTOTUICHHSI U IPYTHX METAJUTUYECKUX MPEIMETOB;

- BKJIIOYATh PYOMJIbHUKH, HAKUMATh KHOIIKH, IPUKACATHCS K AIIEKTPUYECKOMY 000pYI0-
BaHMIO, HE OTHOCSIIEMYCS K JaHHOU JJabopaTopHO paboTe Oe3 BeomMa MpernoiaBaTers;

- IPOU3BOAUTE 10 XO/Ty BBITTOJIHEHHS paOOThI MEPEKIIIOUYECHUS B CXEME, He 00eCTOUUB e€;
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- OpocaTh COeMHUTENbHBIE TPOBOIA HA MOJ U HA UCCIIEyeMYIO YCTAaHOBKY;

- 3aMEHSTH CTOPEBIIIHE MPEAOXPAHUTEH Ha pa0OUUX MIUTAX MPU BKIFOYEHHBIX PyOHUITHHU-
Kax;

- KJIaCTh Ha pabOYuii CTOJ MOCTOPOHHHUE MIPEIMETHI;

- BXOAMTH B 1a00paTOpHIO B BEPXHEH OJICKIE;

- KypeHHe U 3aKUTaHUE OTHS.

4. Tlepen BKITIOYCHHEM CXEMBI 0053aTeILHO MPEAYIPEIUTh YWICHOB OpUrasl: «OCTOPOKHO!
Bxniroyato!».

5. Ilpu HanmM4uM B cXeMe KOH/IEHCATOPHBIX OaTapeil, He00X0AUMO MMOCIIE OTKITFOUEHHS MHUTa-
HUS UX Pa3psLIUTh MO HAOIIOAHEHEM IIpernojaBaTels.

6. Ilpu oOHapy>keHHH KaKuX — JINOO HEHCIIPABHOCTEH, HCUE3HOBEHUS HAMPSHKEHUS B CETH, a
TaK)Ke MPU HECUACTHOM cllyyae, HEMEJIEHHO MPEeKPaTUTh padoTy, OTKIIIOUUTh YCTAHOBKY OT
AIIEKTPOMUTAHUS M COOOLIUTH MPETOIaBaATEIO.

7. [ToMHUTD, YTO TP OTKIIFOYSHHUH LIeTIeH TOCTOSSHHOTO TOKA C HHIYKTUBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE TIOBBIIICHHE HATIPSIKCHUSI.

8. CTyneHThl, HAPYIIUBIINE MPaBUIa TEXHUKH 0€30MacHOCTH, HE JIOMYCKAIOTCS K JalbHEM-
et paboTe B J1a0OpaTOPUH U MPUBJICKAIOTCA K OTBETCTBEHHOCTH.

3aoanus.

1. CobupatoT 31eKTpHUUECKYIO IIenb 0 cXeMe puc.3

2. [loBopauuBasi TaHTE€HC- TalbBAaHOMETp, YCTAHABIMBAIOT €ro IJIOCKOCTh B IJIOCKOCTH
MarHUTHOTO MEpPHIMaHa, TaK YTOOBI MATHUTHAS CTPENIKa YCTaHOBWIIACh B HanpaBienuu 0°-180°.

3. YcranaBnuBas JBMXKKOM peocTaTa 3a/JaHHYI0 BEJTMYMHY TOKa (3a/laeTcsl IperoaaBare-
JIeM) U3MEPUTH YTOJI OTKJIOHEHHS] MArHUTHOW CTPEIIKH OL1.

4. He u3MeHsisi BeIMUMHY TOKA MIOMEHSTH Nepekimouarenem [1 HanpaBieHne Toka Ha mpo-
_ (oq +ap)

aa—

5. I1oBTOpUTH U3MEPEHNUS 01 U 02 TP HECKOJIBKHX JIPYTUX 3a/laHHBIX 3HAYEHUAX TOKA.
6. IloacraBisist mocnenoBaTeIbHO W3MEPEHHBIE COOTBETCTBYIOLIME 3HAYeHMs Toka |i u

yCpeIHECHHbIC 3HaueHUs yrina o B Gopmyiny (3) Haiith 3Hauenus Bs. ( Bennunnsl N u R ykaszans

TUBOIOJI0XKHOE. OTCUMTATH HOBBIN YroJl OTKIIOHEHHs! CTPENKH 02. Boraucnurs o,

Ha TaHT€HC-TAIbBAHOMETPE).
7. Bce pe3yiabTaThl H3MEPEHUI U BRIYUCICHUN 3aHECTH B Ta0II. 1
Tabmn.1

1(A) 0.1 o, | %, tgo., | Bs AB | 6B

(cp)

8. OueHuTh MOTPEIIHOCTh MPOBEIEHHOT0 U3MepeHus B3 u pe3ynbTaThl 3aHeCTH B Ta0I. 1
9. 3anmcark pe3ynbTaT B BUIC
B; = Bs, = ABs,

Cooepicanue omuema.

Otuet o 1abopaTOpPHBIM paboTaM JOJKHBI COAEPIKATH!

- TUTYJIbHBIH JIUCT;

- 1€ paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEeJICHU, NOHATHI, (opMyT;

- OCHOBHOE 000pYZOBaHHUE, CXeMa YCTAaHOBKU;
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- OMMCAHUE 10 MYHKTaM BBIIIOJTHEHHOW pabOThI;
- pe3yJbTaThl U3MEPEHHI U pacyeToB (TaOIUIbl, rpaduKu);
- OLICHKA IOIPEeIIHOCTEH;
- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBO/JIbI 110 pE€3yJIbTaTaM BBIIIOJHEHHOM padoThl, AaTa, HOIIHCH.
Konmponvuwvie éonpochwi.
1. Kakoii B nMeeT MarauTHOE Iojie 3eMitn?
2. B ueMm 3akirodaeTcs uiest U3MEPEHUs: TOPU30HTATIBHON COCTAaBIIAIOLIEH HHAYKI[MHY Mar-
HUTHOTO 10J1 3emin?
3. Kak ycTpoeH TaHreHc-rajibBaHOMeTp?
4. BeiBemute hopMyny MHIYyKIMK Bo, B IEHTpEe KPyroBOro BUTKA C TOKOM.
5. IloueMy MIOCKOCTh TaHT€HC-TAJIbBAHOMETPA CJIEAYET OPUEHTHPOBATH B HAIIPABIICHUU
MarHuTHOTO MepHuanaHa?

JlabopaTopHas padora Ne 12

Tema pabomer. Ucciienopanue Ko1e0aHNH B K0JIe0aTeJIbHOM KOHTYype

Leny pabomsr. V3yuenue 3aTyXamnmx 3JIEKTPUICCKUX KOJIeOaHUN KOJIeOaTeIbHOM KOH-
Type.

Teopemultecmm yacmo.

[Ipoctoii KonedaTeIbHbIN KOHTYP COCTOUT U3 MOCIICIOBATEIBHO CO-EIMHEHHBIX 3JICMEHTOB:
emkocT C, MHIYKTUBHOCTH L ¥ aKkTUBHOTO compoTuBieHus R

Cpenu pa3auYHBIX IEKTPUICCKUX SBICHUI OOJIBIION WHTEPEC MPEICTABIISIFOT JICKTPH-
YecKHe KoJieOaHusl, TPU KOTOPBIX HEKOTOPBIE IEKTPUUCCKUE BEIIMYMHBI, TAKHE KaK MOTEHIIMA
CHWJIa TOKA, WJTH 3apsiJl U3MEHSIOTCS BO BpeMeH!. OTHUM U3 TPOCTEHIIINX HCTOYHUKOB TTOJTYYCHUS
AIIEKTPUYECKUX KOJIeOaHUM SBISETCS dJICKTPUUECKUN KOIeOaTEeNbHbII KOHTYP.

Paccmotpum mpoctoit konebarenbHbId KOHTYp, COCTOSIINNA U3 TIOCTIEI0BATENBHO COEIH-
HEHHBIX KoHJeHcaTopa C, nuHIyKTUBHOCTH L, pesuctopa R u xmoua K (puc.1, a). Eciu konnen-
caTop 3apsAIuTh, a 3aTeM 3aMKHYTh KItou (puc.1,0), TO KOHIEHCATOp HAUYMHAET pa3psbkarbes. B
ICTTH TIOSBJISICTCS BO3PACTAIOMIHH TOK I, B KQTYIIKEe HHIYKTHBHOCTH — COOTBETCTBYIOIIIEE MATHUT-
HOE TIOJIE.

K K K
-
L L
L C C
+ + . — .
—— C ——— 1 ——— 1
= = +
R
K R
a) 0) B)

Puc.1.
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Tok pa3psiia KOHIEHCaTOpa i, MpoTeKas Yepe3 KaTyIky, mopoxaact B Heit JIC camouH-
nykiun. Bo3aukaromas 3 /]C caMonHAYKIIMK 3aMeIIIeT pa3psii KOHICHCATOpPa, a OCIe TOT0, Kak
KOHJEHCATOp MOJHOCTHIO pazpsaautcs IJC camonHayKIIMKU, HA000POT, HAYMHAET MOAEP>KUBAThH
TOK B TIPEKHEM HAINPABJICHUU.

B pe3ynbpTaTe 5TOr0 KOHIEHCATOP MEpe3apsAUTCA, MOCIEe Yero MpoIecc MOBTOPUTCS, HO
JBIDKEHUE 3apsAA0B Oy/IeT MPOUCXOAUTh B IPOTUBOIIOJIOKHOM HalpaBiIeHuH (puc.2,B).

[TepBoHavanbHasl SHEPTUS AIEKTPUUYECKOTO TOJISI 3apsKEHHOr0 KOHJIEHCATOpa BO BpeMs
€ro paszpsjia nepexouT B YHEPrHUI0 MarHUTHOTO Mo KaTymku. [Ipu nepesapsiae KoHaeHcaTopa
MIPOUCXOIUT OOPATHBIN IMEPEX 01 FHEPTUU MATHUTHOTO MOJISL KATYIITKUA B SHEPTHIO DJIEKTPUIECKOTO
noJisi KoHjeHcaropa. B uneanbHOM KojebaTeabHOM KOHTYpE CONMpoTHBIeHHE R paBHO HYNIO U
BO3ZHUKIIIUE AJIEKTpUUECKUE KoseOanus OynyT nezamyxarwuumu (puc. 2,a).

B peanbHOM Kone6aTensHOM KOHTYpE R OTJIIMYHO OT HYJIsI, TO3TOMY MPU MPOTEKAHUH TOKA
yepe3 HEero MpOMCXOAUT BblAeNeHue Temia. BeneacTsue 3Toro o01uii 3amnac SHEPruu B KOHTYpe
YMEHBIIIAETCs, U KoneOanus 3amyxarom (puc.2,0).

C yBenuueHuem conpoTusieHust R ckopocTh 3aTyxaHus KoJeOaHul yBeInuuBaeTcs (puc.
2,B), a IPU IOCTATOYHO OOJIBIIOM 3HaYeHHH R KonebaHus BooOIe He BO3HUKAIOT - HAOM01aeTCst
anepuoouyeckuil pa3psia KoHjaencaropa (puc. 2,r).

ConpoTuBieHre KOHTYpa, IPH KOTOPOM KoJieOaTeIbHbIA MPOIECC MEePEXOAUT B arepuo-
JTMYCCKUH, HAa3bIBACTCS KpUTHISCKUM (Rip).

PAAA . Tpa
AN

AN t t

Puc. 2.

Haiiem ypaBHEHHE, OMUCHIBAIOIIECE 3aTyXAOIINE dJICKTPUUCCKHE KOJCOaHuUsI B KOHTYpE.
B COOTBETCTBHH C 3aKOHOM COXPAaHCHHUS SHEPTUH YObLIb SHEPTUH KOHICHCATOPA TIPH €T0 Pa3psiie
—dWc pacxoyercs Ha yBelHYeHHE SHEPTUH MarHUTHOTO 110J1st Karyriku dWL 1 BbIIeTIeHHUE TeTa
dQ B compoTuBneHnu R:

—dwWec =dW.L +dQ, 1)

e We — oHeprus KoHICHCaTopa, \p/ . = q2 / 2C,

W\ — 5Heprust MarHUTHOTO IOJIS KaTymkH, \\/, = Li2 /2.
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3nech ( — 3apsa KOHICHCATOpa B TaHHBI MOMEHT BPEMEHH, | — CHJIa TOKAa B KOHTYpE B
3TOT K€ MOMCHT.

KonnuecTBo Teria, BhIACISIONIEECs B IPOBOIHUKE 3a Bpemst dt:

d _ 2
Q=I"Rdt
Hcrnonb3ys 3T COOTHOLIEHUS, n%eo6pa?yeM XpaBHeHI/Ie (2):
2

.2

—d|J=d|L'-n3R-m=o’

\2C |\ ZL
1 L .. . .2
—20dg+—-2i-di+i“R -dt=0
2C 2

94q+L-i-di+i*R -dt=0 )
C
Tax Kax j =dg/dt 4 dg =idt,
TO BhIpaXkeHHUE (2) MOXKHO MpeoOpa3oBaTh K BHIY
Edq + Ld_qdi +iR -dg =0-
C dt

COKpaTI/IB Ha dq " UCTI0JIb3Ysl COOTHOILICHUE
di d>2
i q

dt dt?
nojy4yaeM cieayoriee auddepeHnnanbHO¢ ypagHEHHE:
4 Rdg a @3)
72 + — e —— + _
dt® "L dt | 0

B sTom YpaBHCHHHU CACIIACM CICAYIONINEC 3aMCHBI:

R

R_o3, 4)
L B
1 _ 2, (5)
Lc @0
rae B — KodpPUIUENT 3aTyXaHus, o — COOCTBEHHAs YacTOTa KOHTYpA.
Torna
2
d°q 4 d_q 2
daz 2P ot +®,0 =0 (6)

Juddepennmanpaoe ypaBaeHue (6) umeet (ipu f < o 0) clieayroliee pelieHue:

t
d = g,.e P . coS(mt+a) (7)

rac

(8)

Jo ¥ 0. — HEKOTOPBIE MMOCTOSIHHBIE, COOTBETCTBYIOIINE HAYaIbHOM aMILTUTY/IE U HAYalIbHOM
¢aze xoseOaHus.
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Beipaxkenue (11.7) ecTh ypaBHEHHE 3aTyXalOIMNUX JICKTPUUYECCKUX KOJICOAHWHU, ITUKIAYE-
CKad 4aCTOTa KOTOPLIX paBHA (0, 4 aMIUINTYJd 3KCITIOHCHIIMAJIbLHO y6I:IBaCT C TCYCHHUCM BPCMCHU

(puc. 3).
[Tepuon 3TuX KOJICOAHNUIA:

2n 21 9)
T = =
© + _ RZ
LC 4.2
q
- .
T
\"~_  a»T
e
X/__ _ __\-A
o
- T
-~
-

P

Puc. 3.
Jlnis manbix 3HaYeHui R momydynm
_ 21 =21 . (10)
To JLC
(0]

0

B cootBercTBHM ¢ ypaBHeHHEM (9) npu yBEJIMYEHUH CONPOTHUBIIEHUSI KOHTYpa R, mepuoj
KosiebaHui OyaeT, CTpeMsCh K OECKOHEUHOCTH MpU

B = wo. (11)

JTO 03HAYAET, YTO KOJIEOATEIBHBII MPOIIECC TIEPEXOIUT B arleproandeckuii. Mcmnomp3ys
ypaBueHus (4) u (5) u3 Beipaxkenus (11) MOXHO MONTYYUTh 3HAUEHUE KPUTHUYECKOTO COMTPOTHBIIC-
HUS:

L. (12)

Jis XapakTepUCTUKH 3aTyXaHHs KoJeOaHUH 4acTo IMOJIb3YIOTCA Jlocapugmuueckum oe-
Kpemenmom 3amyxanus d u 00opomuocmoio Q.
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Jlorapudmuueckuil TeKpeMeHT 3aTyXaHHsI PaBeH HaTypalbHOMY Jiorapu(My OTHOIICHHUS
aMIUTATY/]] KOJIeOaHUi, COOTBETCTBYIOIIHUX JBYM MOMEHTaM BPEMEHH, OTITHYAIOLTIMCS Ha IEPHO/;:

5 - I AN (13)
Al+T)

3necs A — aMIUTHTY/Ia KOJIeOaH i BEJIMIMHBI 3apsi/a, TOKa WK Hanpsukenus (puc. 3). c-
10J163ys ypaBHenue (7), Hoaydum

—Bt
5=In_d€" g
goe—B T) p

Jlnst Hebonpmx 3HaYeHH R, ¢ yaetom ypaBuenuit (4) u (10), morapudmudeckuii nexpe-
MEHT 3aTyXaHHUsI MOKHO ONPE/IETUTh Yepe3 napaMeTpbl KOHTYpa:

S:RRE' (14)

[Tycth T — Bpems penakcaluu, B TeUeHHE KOTOPOTo aMILTUTY/a KOJIeOaHU yMEHbIIIaeTcs
B € = 2.7 pa3, Ne — uncio kojnebaHuil COBEPILIEHHBIX 3a BpeMs peiakcaiuu. Torna MoxXHO JIerko
JI0OKa3aTh, 4TO

1 (15)
Ne

o =

JobpoTHOoCTh Q mpezcTaBisieT co00i YMHOKEHHOE Ha 27T oTHOIieHue sHepruu W(t) B naH-
HBIIf MOMEHT BpEeMEHH t, K JHEPIHH, TepIeMOii 3a nepuoa Koiaeoanus T:

W(t)
W(t) —W(t + T)

: (16)

Q=2m

Ecnu B HauanbHBIH MOMEHT BpeMeHH (t = 0) sHeprust KOHTypa COCTOUT U3 SHEPTHHU 3apsi-
JKEHHOI'0 KOHJIEHCATOpa, TO

W(t)=38 . (17)
(1) o

DHeprust KOHTypa 4yepe3 BpeMsi, paBHOE TIEPHOTY, YMEHBIIUTCSA B COOTBETCTBHH C YMEHb-
LIMBIIUMCS 3apSAI0OM:

(a e PTy (18)
__ 0 :
W(t+T) = 5C
[MoncraBuB Beipaxkenus (17) u (18) B ypaBuenue (16), momxyunm
27 27 (19)

1-e2BT 1-e729
3BeCTHO COOTHOLIEHHE € X ~ 1+X , BBIMOMHSIOMEecs 171 MaJIbIX 3HAYEHHH X: (X << 1).

C yuerom 3toro Beipaxenue (19) ynpocrures:

(20)

(®)
I
o 13
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JIoOpOTHOCTH MO’KHO BBIPAa3UTh U Yepe3 MmapaMeTpbl KOHTypa, NpuMeHUB Gopmyiy (14):

_1 /L. (21)
Q= R\/;

U3 ypaHenwmii (20) u (15) cienyer Ttakxke, 4To TOOPOTHOCTH MPOMOPIIMOHATHHA YUCTY
Kose0aHui B KOHTYpE, COBEPIIUBIINXCS 3a BPEMS pellakcallid, B TEUEHUE KOTOPOTO aMILTUTY/a
YMEHbILIAETCs B € pa3:

Q:TCNe.

B paac ciydacB KoJieOaTeIbHbIH IIpoHecC MOXKHO HCCIEA0BATh, U3y4dyasd B3aMMO3aBUCH-
MOCTb MCKAY HAIIPAKCHHUEM U U TOKOM 1B KOHTYPC.

['paduk, n300pakaromuii 3Ty 3aBUCUMOCTh, Ha3biBaeTcs (ha3oBoit kpuBoid. CocTOsIHUE KO-
ne0aTenbHON CUCTEMBI JUIs JIF000T0 MOMEHTA BPEMEHHU U300pa3uTCsl TOUKOM Ha 3TOM KpuBoil (puc.
4).

YpaBHeHHe (1)330B01>i KpHBOﬁ MOKHO IIOJIYYUTH, UCIIOJIb3Y 3aBUCUMOCTH TOKa U HAIIPA-
JKCHUA OT BpCMCHHU.

W13 Beipakenust (7) u cootHomenus u=q/C ciemyer, 94To

u=%eBleos(wt +a)-
C

Cnenaem 3ameHy U,=q /C , ¥ IOJIy4UM 3aBHCHUMOCTb HAIIPsDKEHHsI Ha KOHJEHCATOpe
0
OT BPEMEHU:

u=U -e Ptcos(ot+a) (22)

0

Trac U0 — HauanbHas Pa3HOCTL ITOTCHIINAJIOB.

3 YpaBHCHUA (7) MOKHO OIIPEACIUTD U 3aBUCUMOCTb TOKA B KOHTYPE OT BpCMCHU

i—da_d [q e Pleos(wt +a) | =
dt dtl ° |

=g,e~ P[-w -sin(mt +a) —B - cos(wt +a)].
Jnis manbIx 3aTyxaHuil B << o, Toraa
i=—q 0-e P lsin(ot+a)

O603naunM lo = Qo e, Toraa | = —|O e*Bt sin(@t +a), TO €CTh

i=1ePcos(ot+o +2)- (23)
0 2

CpaBuuB BeipaxkeHus (22) u (23), MOKHO YBUIIETb, UTO KOJICOAHHS CHIIBI TOKA OTIIEPESIKAFOT
o ¢aze Ha TCA KoJieOaHMsT HANPsDKEHHS Ha KOHJIEHCATOPE.
[TpeoOpasyem Boipaxenus (22) u (23) ciemyrommm o0pa3om:
Y- Pleos(ot+a):
Uo
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- == e‘Btsin((ot+oc)-
lo

Ecnu Bo3BecTH 3TH ypaBHEHMsI B KBaJpaT U CIOXKHUTb, TO MOIY4YUM ypaBHEeHUE (Pa30Boif
KPUBOM:

[\ P=e-28t. (24)

) \Uo)

B cayuae Hesaryxaromux konebanuit ( R = 0, B = 0) dha3oBas kpuBas umeer GopmMy 3J1-
murnca (puc. 4,a). J{ns peanpHoro koutypa (R # 0, R < Rkp) dazoBas kpuBas mpeacTapiseT co0oii
CKPYUYHUBAIOLTYIOCS CIIUPAJIh, IPUYEM OOJIBIIIEMY COMPOTUBICHUIO KOHTYpPa COOTBETCTBYET OOJIb-
niee 3aryxanue (puc. 4,6 u puc.4,B).

[Tpu aneprognyecKoM KoeOaHuH, KOT1a COIPOTUBIICHHE KOHTYPA O0JIbIIIEe KPUTUISCKOTO
(R > Rxp), dazoBas kpuBast BRIPOXKIACTCS B JTMHUIO, H300paKEHHYIO Ha pHC. 4,T.

) | o
T +T
1 ) )

)

TIe+T)

D
]

NN

Puc.4.

Oobopyoosanue u mamepuanol.
JlabopaTopHasi yCTaHOBKa COCTOHMT M3 OCIHuIorpada M CTeHa, COIASpXKAIIero JBe Ka-
TYLIKH UHIYKTUBHOCTH, IBA KOHEHCATOPA, Mara3uH CONPOTUBIICHUN 1 T€HEPaTOpP UMITYJIbCOB.
['enepatop BeIpaOaTHIBAET KOPOTKHE ITOJIOKUTEIBHBIE UMIYIBCHI, B PE3yJIbTaTe STOTO
KOHJIEHCATOp KOJIEOATEIbHOT0 KOHTYPa NEPUOIUUECKU OTY4aeT HEKOTOPBIN 3JIEKTPUYECKHUIA 3a-
psa. B mpoMexyTkax BpeMEHH MEKIY UMITYJIbCaMHU B KOHTYpE OYIyT COBEPIIAThCS 3aTyXaroIIne
kosiebanus. ['paguku 3TuX KonebaHuil MOXHO OyaeT HaOmOIaTh Ha 3KpaHe ociuuiorpada u,
nanee, Mo HUM ONPEAeTsATh MEePHO, JIoTapu(GMUIeCKHid JEKPEMEHT 3aTyXaHHs, JOOPOTHOCTH,
KPUTUYECKOE CONPOTHUBIICHHE.
HeoOxomuMeIe 17151 pacueToB TapaMeTphl SJIEMEHTOB KOHTYPa yKa3aHbl Ha CTEH/IE.
Ykazanusn no mexnuke d6ezonacnocmu.
1. K BBIOTHEHHIO Ta00PATOPHBIX pabOT JOMYCKAIOTCS CTYIEHTHI, N3YYHBIIHE IPAaBUIA TEX-
HUKHU 0€30MacHOCTH.
2. JlaGopatopHbie pabOTHI MOTYT MPOBOAUTHCS TOJBKO TIOJI PYKOBOJCTBOM M HAOIIOACHUEM
npernoaBaTers.
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3. Ilpwu BeImosmHEeHNHU Ta00OPATOPHBIX PaOOT CTYIEHTAM 3alPeIIaeTCs:

- BKJIFOYATh CXEMBI O] HanpsbKeHHueM 0e3 MPOBEPKHU MPero1aBaTers;

- IPUKACAThCS K HE3AMMIIEHHBIM M30JISIIMENH YacTIM CXEMbl, HAXOAAIIUXCS MO/ Hampsi-
KEHHUEM;

- OTIpEIeIIATh HAJIMYKe HAMPSDKEHUS Ha SJIeMEHTaXx LNy MNPy MOMOIIM NalbLIEB; TPOBEpPKa
HATMYUS HAPSHKEHUS TIPOU3BOAUTCS TOJIBKO C TIOMOIIBIO BOJLTMETPA U B IPUCYTCTBUH IIpeE-
110/1aBaTes;

- ipu paboTe Ha JIabopaTOPHOM YCTaHOBKE MPUKACATHCS OJJHOBPEMEHHO CTEH, paiaTOPOB
CUCTEMBI OTOTUICHUS U JAPYTUX METAUTNICCKUX MPEIMETOB;

-BKJIIOYATh PYOMJIBHUKH, HAKUMATh KHOIIKH, TPUKACAThCS K JIEKTPUIECKOMY 000pyI0Ba-
HUIO, HE OTHOCAIIEMYCS K JaHHOU JJabopaTopHO paboTe Oe3 BeaoMa IperoaaBarers;

- MPOU3BOAUTH 10 XOJIy BBIMOJIHEHHS pabOThI IEPEKIIIOUEHUS B CXeMeE, He 00eCTOUYUB e€;

- OpocaTh COeAMHUTENFHBIC IIPOBOA HA MOJI M HA UCCIIEAYEMYIO YCTAaHOBKY;

- 3aMEHSATh CTOPEBIINE MPEAOXPAHUTEIH Ha pabOYUX IIUTAX MPU BKIIOUEHHBIX pyOUIbHU-
Kax;

- KJIacTh Ha pabouuii CTOJ MOCTOPOHHUE TPEIMETHI;

- BXOAMTH B 1a00paTOpUIO B BEPXHEN OJIEKIIE;

- KypUTbh U 32)KUTaTh OT'OHb.

4. Tlepen BKITIOYCHUEM CXEMBbI 0053aTEIBHO MPEAYIPEIUTh WICHOB Opuraabl: «OcTopoxHO!
Bxnroyato!».

5. IIpu paboTe Ha ycTaHOBKaX, B KOTOPBIX MOKET HAOIIOIAaThCSI Pe30HAHC, COOII0IAaTh 0CO-
OyI0 OCTOPOXKHOCTb.

6. [Ipu HanM4MUK B CXeMe KOHJICHCATOPHBIX OaTapei, HEOOXOAMMO MOCIIE OTKITIOUCHUS TTHTA-
HUS UX Pa3psLIUTh MO HAOIIOACHUEM MIpernojaBaTels.

7. IIpu oOHaApyKEHUU KaKUX — TMOO0 HEUCTIPABHOCTCH, NCUC3HOBCHHS HAMPSIKCHUS B CETH, a
TaK)Ke MPU HECUACTHOM cllyyae, HEMEAJIEHHO MPEKPaTUTh paboTy, OTKIIOYUTh YCTAHOBKY OT
AIIEKTPOTUTAHUS U COOOILTUTH MPENOIaBATEINIO.

8. [ToMHHTB, YTO TIPH OTKIFOYCHHUH IIETIeH TOCTOSTHHOTO TOKA C HHIYKTUBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOe MOBBIIICHUE HAIPSHKEHHUS.

9. CtyneHTsl, HAPYIMIUBIIUE MMPABUIIA TEXHUKH OE30MMaCHOCTH, HE JIOMYCKAIOTCS K JalIbHEH -
nreit pabote B 1abopaTopuu U MPUBIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.
1. Cobpatb cxemy cornacHo puc. 5. ConpoTuBieHne Marasuaa Ru clienars paBHbIM HYJIIO.
NHAYKTUBHOCTh M EMKOCTh KOHTYpPa BHIOpaTh MPOM3BOJILHO, BHECTH UX MapaMeTpsl B Tadn. 11.1.

o C L
FrEHEPATOP —
Cr ]
Ru Bx. Y
’—_O
Puc. 5.

2. Brurounts ocuminiorpad, mporpets ero B Tedenne 1-2 munyt. Pyukoit “@oxyc” xo-
pouIo cpOKyCHpPOBATH JIy4, YTOOBI YMEHBIIUTh OLIMOKY U3MEPEHUH.
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3. Bximtounts reneparop. C MOMOIIBIO pydeK YIIPaBICHHS pa3BepTKOi ociuiorpada 1o-
OWTHCS HETIOABMKHOM KapTHUHBI KOJIEOAHUN TaK, 9TOOBI 00ECTIEUUTh JOCTATOYHO TOYHOE U3Mepe-
HUE BPEMEHHBIX HHTEPBAJIOB U aMIUIUTY/l KOJeOaHUH.

4. C nmoMOIIIbIO MOTYYEHHON OCIIIIIOIPAMMBbI, aHAJIOTHYHOU PUC. 3, U3MEPHUTD MEPHOJ] KO-
nebanuit To mpy MUHUMAaILHOM CONPOTHUBIIEHUU KOHTYpa, T.€. pu Rm = 0, pe3ynbTaT BHECTHU B
TabJ. 1 B MUJUIMCEKYHAX.

J1J1st IOBBITIICHHUSI TOYHOCTH MOYKHO M3MEPUTH MPOMEKYTOK BPEMEHHU, COOTBETCTBYIOIIHIA
HECKOJIbKUM IepuojiaM Kosie0aHuil, pa3e/IuTh €ro Ha YUCIIO NepUuoIoB U, TAKUM 00pa3oM, orpe-
JEJUTh JJIATETHHOCTH OJTHOTO MEePHOIA.

5. YBenuuuBas COnpoTUBICHHE MarazuHa Rw, mpocieanTs 3a BO3pacTaHueM CKOPOCTH 3a-
TyXaHUs KOJIeOaHUH U OTPEAeITUTh KPUTHIECKOE CONPOTUBIICHUE KOHTYPa, COOTBETCTBYIOIIICE Tie-
pexoay OT MEepHUOJUYECKHX KOoJeOaHUN K aneprHogUYecKuM (T.e. Mepexoay OCUMIUIOrPaMMBbI OT
puc. 2,B K puc. 2,r):

R = RL+ R,

rae RL— coOcTBeHHOE COMPOTHBIICHHE KATYIIKA HHAYKTUBHOCTH. [lonydeHHOE 3HaUCHHE
Rip BHECTH B TaOII. 1.

6. YMeHbpmuTh conpoTuBiieHre Rv, Hanpumep, BIBoe OT Rkp. B KOHTYpe BHOBb BOBHUKHYT
3aTyxaroliue nepuoandeckue Kouedanus. OnpeaeauTs Nepruo 1 3THX Kojebanuii T u BMecTe ¢ 10-
JYYCHHBIM 3HaueHHEeM comnpoTuBiicHus KoHTypa (R = RL+ Rm) 3anectu B Tabn. 1. Yoenuthes B
pasnuuunu nepuoaoB kojedanuit Tou T, COOTBETCTBYIOIIUX Pa3IMYHBIM 3HAUCHHSIM COTTPOTUBIIC-
HUS KOHTYpA.

Tabmuma 1.

Ne [C,mMx® |L,m[H R, Om | To, Mc Rip,OM |RM,OM | R, OM T, mc

w N

7. TIoBTOpUTH U3MEPEHHS 110 MyHKTaM 4 — 6 Tpu pasa [uis pa3nuyHbix KomOuHanuii L u C

8. [lnsa BeIOpaHHBIX 3HaueHUH emkocTH C, mHAyKTHBHOCTH L, conporuBnenus RL u mos-
HOTO CONPOTHBIICHUS KOHTYpa R, BHECEHHBIX B Tabi. 1, BRIYUCIUTH U 3aHECTH B Ta0JI. 2 TEOPETH-
YeCKHe 3HAYCHUS:

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

Rip — o gpopmyie (12); 5 — no popmyae (14),

Q — o ¢popmyste (20).

Tabmwnia 2.
No To, Mmc T, Mmc Rip, OM 5 Q
1
2
3
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9. lnst mpou3BosbHbIX 3HaueHuid L u C ucciienoBaTh 3aBUCHMOCTD JIOTapU(PMUUECKOTO
JIEKPEMEHTA 3aTyXaHHUs OT COIPOTHBIICHUS KOHTYpa. Y BEIUUMBasi COPOTHUBIIEHUE KOHTYpA C TO-
MOIIbI0 MarazuHa COnpoTUBIeHUH R, nameputh aMrmmuTyasl A1 U A2, KOTOpbIe COOTBETCTBYIOT
MOMEHTaM BPEMEHH, OTJIMYAIOIIUMCS Ha niepuo (puc. 3).

Pesynbrarel uamMepenuii BHecTH B Tabm. 3. [loacunrars SKCiepuMeHTAIbHBIC 3HAYSHUS JI0-
rapuMuuecKoro JeKpeMeHTa 3aTyxaHus 0> o ¢opmyse (13), mo dopmyine (14) — ero Teoperu-
YeCKHe 3HAYCHUS Or.

Tabnuna 3

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

o B~ W N

10. [nst naGronenust Gpa3oBbIX KPUBBIX COOpATh CXeMy 1o puc. 6.

= Bxoa Y
C L
I
FEHEPATOP —
= Bxop X
e
Em
1 Kopnyc
Puc. 6.

[Tpu 3ToM Ha Bxox X MMOJAETCs CUTHAJI C CONPOTUBIEHUS Ry, KOTOpPBII HaxonuTcs B daze
¢ ToKoM B KoHTYype. Ha Bxon Y monaercs curnai, Haxosmuiics B ¢aze ¢ HanpsbkeHueMm. Habmo-
nast (ha3oBble KpHUBBIE I PA3IMYHbIX COMPOTHBIEHUN KOHTYpa, MOXHO HCCIIEIOBATh BIMSHHE
3aryxaHus Ha ¢popMy (a30BOi KPUBON M YTOUHUTH 3HAUEHHE KPUTHUYECKOTO COMTPOTUBIICHUS JUIS
JTAHHBIX 3HAYE€HUI eMKOCTH U HHIYKTUBHOCTH (pHcC.4,T).

C momotipio (ha30BBIX KPUBBIX MOYKHO MIPOBECTH Takxke U3MepeHus mo 1.9 (puc. 4,0).

11. JInst onHOBpEMEHHOr0 HAOIIOICHUS OCIIMILIOrPaMM KOJIeOaHHH TOKA M HAIPSKCHHS
U Ollpe/iesIeHHs c/IBUTa (a3 MEXLy HUMU coOpaTh CXeMY B COOTBETCTBHUH C pUC. 7.
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Bxoa Y

“ 1 KaHan
C L

I

rEHEPATOP — Bxoa Y

2 kaHan
I

Rm
1 Kopnyc
Puc. 7.

Ha Bxozp1 Y mepBoro u BTOporo KaHajaoB ocuuiuiorpada nogaroTcs CUTHAIBI, TPONOPIIH-
OHaJIbHBIC HAIPSDKEHUIO M TOKY B KOHTYpe. YOeAuThCs B HATMYUH cIIBUTA (a3 ITHX KoieOaHuH,
OLICHUTbH BEJIMYUHY STOTO CIIBUTA.

Cooepircanue omuema.

OTyueTno nabopaTopHbLMpaboTaMOONXKHBL COL

epXarThb:

- TUTYJIbHBIN JIUCT;

- 11eJ1b PaboTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIIPEIEIICHU, TOHATHIH, (opMyT,
- OCHOBHOE 000pYyI0BaHUE, CXEMa YCTAaHOBKH;

- OTIMCaHUE 0 MyHKTaM BBITIOJTHEHHOW paOOThI;

- pe3yNbTaThl U3MEPEHHM U pacyeToB (TaOIuIIbl, TpaQuKN);

- OIICHKA MOTPEITHOCTEMH;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI 110 pe3yJIbTaTaM BBIIIOJHEHHOM paboThl, 1aTa, MOAIMHUCH.

Konmponvnwvie éonpocni.

1. Paccka3zatb 00 3JEKTPUYECKUX KOJIEOAHUIX B KOHTYpE.

. JlaTh onpeieneHre aMILTUTY/Ibl, YaCTOTHI, (ha3bl, Hepruoia KojaeOaHH.

3. Kakoii nporecc Ha3piBaeTcs anepuoandeckium? YTo Takoe KpUTUIecKoe conpoTuBiieHne? Boi-
BecTH ypaBHeHHe (12).

4. Kakue nmpeBpalieHusi SHEpruu UMEIOT MECTO MPHU MEPUOIUYECKOM U allepHUOIUIECKOM IpoIieC-
cax?

5. Kakue popmynbl OMMCHIBAIOT 3HEPTUIO 3JIEKTPUUECKOIO OISl KOHAEHCATOpa U SHEPTUI0 Mar-
HUTHOTO T0JIs1 KaTYIIKH.

6. BeiBecTH ypaBHEHHE 3aTYXaIOIIUX MIEKTPUUECKUX KOJICOAHHIH.

7. Yro Takoe gorapupMuyUecKuil AeKkpeMeHT 3aTyXxaHus? OO0bsICHUTD €ro PU3NUECKUI CMBICI, BbI-
BecTH ypaBHeHHe (15).

8. IlosicHuTh (pu3MUecKuit CMbICT T0OPOTHOCTH KOHTYpa. BriBecTH ypasuenue (20).

9. Uto HazwiBaeTcs (azoBoi KpuBoi? [1oyunTh ypaBHEHHE 3TOI KPUBOI.

10. BeiBectu ypaBHeHue (7), npuMeHUB 3ak0oH OMa 17151 HEOJTHOPOTHOM 3aMKHYTOM IIETTH.

11. KakoBa BenuuuHa cipura (a3 Mexay KojaeOaHUsIMHU TOKa M HANPSKEHHs B H1€aIbHOM KoJe-
6arenbHOM KOHTYpe? Kak MO’KHO M3MEPUTH €€ B PEAIbHBIX YCIOBUX?

12. Paccka3zaTh 0 MPaKTHYECKOM MPUMEHEHUH KOJIe0aTeThbHOTO KOHTYpa B TEXHUKE.

N

JlabopaTopnasi pa6ora Ne 13

Tema pabomsl. Onpenenenne yaeJabHOT0 3apsiia 3JIEKTPOHA METOOM MarHeTPOHA
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H €Jlb paﬂom bl. U3YYCHUC I[BI/DKCHI/Iﬁ 3apsAa0B B DJICKTPUYCCKUX U MArHUTHBIX ITOJISAX, U3ME-
PCHUC YACITBHOI'O 3apsJia 3JICKTPOHA.

Teopemuqecmm uacmo.

VenpHbIM 3apsS0M YacTHUIbI Ha3bIBAIOT OTHOIIEHUE ee 3apsana Q k macce m. Mmenno
YACIBHBIM 3apsI0M %/m onuckBaeTCs rIABHBIM 00pa3oM MOBEACHUE YACTHIIBI B AJICKTPUICCKUX
Y1 MarHUTHBIX MOJISX.

B Hacrosimeit pabote onpenenseTcss yaeabHbIN 3apsa HanOoJiee 4acTo BCTPEUaroehcs B
MPaKTUKE YaCTHUIBI-3JIEKTPOHA METOJIOM MarHeTpoHa. MarHeTpoH- 3JeKTPOHHBIN pUOOp, B KO-
TOPOM IOTOK 3JICKTPOHOB OJJTHOBPEMEHHO YIPABJACTCS B3aUMHO - MEPHEHIUKYJISIPHBIMHU AJIEK-
TPUYECKUM U MAarHUTHBIM MOJISIMU. B COBpeMEHHOM TEXHUKE MarHeTpOH UCIIOIb3YEeTCs JJIsl TeHe-
PUPOBAaHMSI CBEPXKOPOTKHUX SJIEKTPOMArHUTHBIX BOJIH Hampumep B paauosiokanuu, CBU- Tex-
HHKE.

B naGopaTopHoii paboTe B KauecTBe MarHeTPOHA MCIOJIB3YETCs JBYXAJIEKTPOIHAS JIaMIIa C
HWIMHAPUYECKUM aHOJOM A U MPSAMOJIMHENHBIM KaToaoM K, pacnoioxeHHbIM Ha OCH aHO1a, T10-
MEIIeHHas B aKCUAIbHOE (HAIPaBJIEHHOE BJIOJIb OCHU aHOJIa) MATHUTHOE T0JIe C UHAYKIHeH B, co-

3JJaHHOE JIOCTATOYHO JAJIUHHBIM cojieHou1oM C puc.l DieKTpoHbI UCITyCKa-
A A @  ©Mbl€ PAaCKaJIEHHBIM KaTOI0M IOJ JEHCTBUEM JIEKTPUYECKOTO MO Pa3HO-
CTBIO MOTEHIMAIIOB MEXY KaTOAOM U aHOJOM IPHU OTCYTCTBUM MAarHUTHOIO
MOJISL ABMOKYTCS 110 paJaIbHBIM TPAEeKTOpUsIM (puc.2a).

>=|¢._- ' e

2

B=0 Bkr>B>0 B=Bkp
B> Bkp

Puc.2

Kak u3BecTHO pa3HOCTh MOTEHIIMAIOB YUCIEHHO paBHAa padoTe MO MEePeHOCY eIMHUYHOTO
3apsiaa U3 OAHOM TOYKH MOJIS B Ipyryro. B taHHOM citydae pa3HOCTH TOTEHIIMAJIOB, paBHAasi aHO/-
HOMY HanpspkeHuto Ua, COBEPIIAET MEPEHOC OT KaToAa K aHOly AJIeKTpoHa 3apsaom Q=e=1,610
¥ Kn. U Bemonusiemast JIeKTpHUecKuM noseM pabora A=eUA ueT Ha COOOIIEHUE DIEKTPOHY
KMHETUYECKOU DHEPIUH, paBHOU mv?/o.

mvV 2
2

CrenoBareiabHO eUa=

Otcrona ckopocTh V 3JeKTpOHa JOCTUTIIETO aHoa Oy1eT paBHOM



v=[-u, (1)

Crnenyer 3aMeTUTh, YTO 3JEKTPUYECKOE I0JE€ MEXKAY aHOJOM MU KaTOAOM PE3KO HEOIHO-
poaHo. I'ycToTa CUIOBBIX JIMHUH, a ClIe0BATENbHO, U HAPSXKEHHOCTh Nojs E, BOMM3M KaTona
MHOrO OOJIbIlIe YeM B CpeAHel W mpuaHoAHOH obnactu (puc.2a). IIockonbKy HanpsXKEHHOCTD
€CTh I'paJIMEHT MOTEHIMaja, TO €CTh paBHA M3MEHEHMIO MOTEHIMaja Ha €JUHULE PACCTOSHUS
BJI0JIb CUJIOBOM JIMHUHU, aHOAHOE HanpsbkeHre UA pacipellesieHO B IPOCTPAHCTBE MEXKy aHOIOM
U KaToJIoM HepaBHOMepHO. OCHOBHAs 4acTh €ro MajaeT Ha MPUKATOAHOM Y4acTKE CHUJIOBBIX JIH-
Hull. Mneanusupys, MOKHO CUMTaTh, YTO BCE aHOJHOE HAIPSDKEHUE MaJaeT Ha OYEHb MalloM
y4JacTKe BOJM3U KaToJla, Ha KOTOPOM U IPOMCXOJUT Pa3roH 3JIEKTPOHOB, a Jajiblie, T.€. PaKTH-
YEeCKH Ha BCEM CBOEM ITyTH OT aHOJA K KaTOAY, MIEKTPOHBI IBUKYTCS C IPAKTUUECKH [TOCTOSHHOM
IO BEIMYMHE CKOPOCTHI0. DTa CKOPOCTH | orpeaesiercs mo dpopmyse (1).

Ecnu 1o JuInHHOMY COJIEHOMY NTPOITYCTUTh TOK CUIIOH I, TO BHYTpH €ro co34acTcst OHO-
POJHOE MarHUTHOE I0JIE C MHAYKIHEH

N

B=uuoT|C )

rJie |\ -MarHuTHasl MPOHHUIIAEMOCTDb Cpejibl (B maHHOM cirydae p =1); u 0=4n 10-7 T'a/m —

MarayTHas nocrostuHast; N- uncio ButkoB cojeronaa (N=2000); | - nayna coneHonz[?I
aK U3BECTHO, HA JJIEKTPOH, JIBIDKYIIUKCS B MAarHUTHOM 110J1¢ JICUCTBYET cuiia JlopeHia

F=¢[V 5] 3)
Tak Kak B CHJTy KOHCTPYKIIUM MAaTHETPOHA BEKTOPELY u B OPTOTOHAJIbHBIE, TO BEJIHYHHA
cuibl Jlopenna Oyzaer paBHa
F =eVB, 4)
a ee HampasJieHHe F onpeensercst U3 BEKTOPHOTO mpou3BeaeHust (3) HiIu 1Mo npaBuily JeBOM
PYKH C YYETOM OTPHUIATEIHHOTO 3HaKa 3apsna aekTpoHa (puc.26). U3 dhopmynsr Jlopenma (3)
CJeyeT, YTO MarHUTHOE I0JI€ B OTJIMYKE OT HJIEKTPUUECKOTO JEHCTBYET TONBKO HA JBUKYILYIOCS
yactuny: pu V=0, F=0. Kpeme Toro 3710 nelictBue He MPUBOIUT K U3MEHEHUIO BETUYHHBI CKO-
poctu yactuilpl. JledCTBUTENBHO 3iieMeHTapHas pabota cuibl Jlopenia dAA pasaa dAA=Fdr
COSaL , TIE Ol- YTOJI MEX Ty IepeMerieHneM yacTuiibl dr u cuisl F. I3 BeKTOPHOTO IPOHM3BEACHUS

(3) cnenyer, uro FLV, crnenosarensro FLAr (T.x. V = %E- ) u coso=0. 3uayut, paboTa CHIIBI

mv?2

2

€TCs1 HEM3MEHHOI U €€ CKOPOCTB M0 BeJMYnHE MOcTOssHHON (V=CONSt) TakiuM 00pa3oM MarHUTHOE
I0JI€ HE YCKOPSIeT YaCTHIIbI (HE U3MEHSET BETMYMHBI UX CKOPOCTH), @ TOJIbKO UCKPHBIISET UX Tpa-
exropuro. Cuia JlopeHna sSBiIseTcs CUIOW HEHTPOCTPEMUTENBHOM, U 10 BTOPOMY 3akoHY Hbro-
TOHA UMEEM

Jlopennia dAA paBHa HyI10, T.€. B MATHUTHOM T10J1€ KHHETUYECKAsi SHEPTHs YaCTUIIbI ocra-

F-evB=mV /r (5)
IJi€ - pajiiyC KPMBU3HBI TPAEKTOPHH YaCTHIIBI (JIEKTPOHA).
\
U3 (5) a1 r moayaum r= . (6)
“.B
m

Kak BuzmHO u3 ¢popmyisl (6) B OTHOPOJAHOM OPTOTOHATHHOM MarHUTHOM Tose (B=const)
TPaeKTOPHUS YaCTHUIIbI- OKPYXKHOCTh (r=const). [Ipu 3Tom yureHo, yTo V=CONSt, T.K. MarHUTHOE
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I10JIC BJICKTPOHBI HE YCKOPACT, 4 TCOMETPUS DJICKTPUUCCKOT'O IMOJIsA B JAHHOM MarH€TPOHE IMO3BO-
JCT CYUTATh UX CKOPOCTH NPAKTHUYCCKU HCU3MCHHBIMU Ha OoJIbIIIEH YacTu IIyTU OT aHOJA K Ka-
TOO4Y, O YEM ITHMCAJIOCH BBIIIC.

C pocTOM MHAYKIIMM MarHUTHOTO NoJisi B paauychl TpaeKTOpPHM 3JIEKTPOHOB YMEHbIIA-
I0TCS U NPU HEKOTOPOM 3HaueHuM B=Bkp (kpuTHueckoe) OHM CTaHyT paBHBIMU I1OJIOBUHHBIMU
paccTosSHUS MEX]Ly aHOJOM U KaToJIOM (pHcC. 2 B)

r=(Ry—R)/2 (7

B sTOM Cityuae 35eKTpOHBI IEpeCTanyT JOCTUTaTh aHO/IA U OYAYT 10 OKPYKHOCTH BO3Bpa-

maThes K karoay. [1pu 3ToM aHomHBIH TOK |A JTaMIThL, TPOTTOPIMOHAIEHBIA KOJTHYECTBY JIEKTPO-

HOB, IOCTUTAIONINX aHOJI B €IUHHILY BPEMEHH, PE3KO YMEHbBIIIACTCS

I & TEOpeTHYeCKu 10 HyJs (KpuBas (a) Ha puc.3). [Ipu manpHelem

YBEIMYCHUU HHAYKIIMU MarHuTHOTO 1103151 (B>BKp) 2511ekTpoHEI Oy-

IyT Kpyde 3aBOPAuMBaTh K KaTOIy, a aHOJHBIA TOK OCTAHETCS PaB-

HbIM HYIIO (puc.2). HabmrogeHune ckaukooOpa3HOTO yMEHBIICHUS

AHOJTHOTO TOKA MAarHETPOHA B 3aBUCHUMOCTH OT BEJTUYHHBI MarHUT-

HOTO TIOJISI JISKUT B OCHOBE HMCIIOJIb3YEMOT'O METOJIa OTPEICICHHUS

» YICIBHOTO 3apsja 31eKTpoHa. PacuetHas popmyna 1t e/m jerko

MOJTy4aeTCss M3 BBIPAXKEHUS I paauyca KpuBusHbl (6), eciu

Puc. 3 y4€ECTb €ro KpUTHIECKO€e 3Ha4ueHue (7) ¥ BBIPA3UTh CKOPOCTD DJIEK-
TpoHOB U3 Ghopmyisl (1)

e
R —-R Y 2-U, e 8u
A K _ _ V' m Otkyna momyunm: — ~ _ S A
2 eq i m BKP(RA - RK)Z
m ¥ m

Beipaast Bxp u3 popmyiisl (2) OKOHUATEIBHO HAMIEM, 4TO

e U ( | ’
m:K—ZA, rae K =2| W (8)
|1<p k““oN(RA_RK))

Yepes lxp 0603HaU€HO 3HAUEHUE TOKa cojieHouaa IC cooTBeTcTBYyrOLIEe MHAYKIMH B=Bxp.
Koaddumment K 3aBUCHT TOTBKO OT KOHCTPYKIIMOHHBIX JAHHBIX MarHETPOHA.

Taxum 06pazom, JUIst ONpeaesieH sl yeIbHOTO 3aps/ia SJIEKTpOHa METOIOM MarHeTpoHa, J10-
CTaTOYHO CHATh 3aBUCUMOCTH aHOJHOTO ToKa JiaMmibl |A oT Toka B conieHouAe |C, Tak Ha3bIBAEMYIO
cOpocoByIo xapakTepucTuky. OueBuaHO, popma rpaduka 3Tol 3aBUCUMOCTH JI0JKHA OBITH aHa-
noruunoii kpusoit A= f(B), npencrasienHoi Ha puc.3. Mcrmonb3ys Moay4eHHY0 KPUBYIO, Ha HEl
MOYKHO HaiiTu 3HaueHue Ikp, a 3areM no ¢popmysie (8) BBIYUCIUTD e/m.

Ha puc.3 npexacrasnena uaeanuzupoBaHHas (a) 1 npaktuyeckasi(0) cOpocoBble XapakTepu-
ctuku. Ha mocneaneit, cragaromuii yaacTok 00J1ee pa3MBITBIA. ITO 00BSICHIETCS KaK Pa3IunIHOTO
poJZia HECOBEPILIEHCTBAMHU KOHCTPYKIMU MarHeTpoHa. CroJla OTHOCATCA HE TOYHAs KOAKCHalb-
HOCTh aHOJ[a W KaToJla, He CTPOTasi OJHOPOJHOCTh MarHUTHOTO TIOJISI BHYTPH COJICHOHIA M JIp.
Oco00 HYKHO OTMETUTH TEIJIOBOM pa3dpoc HavalIbHBIX CKOPOCTEN JIEKTPOHOB, BHUICTAIOIIUX C
MOBEPXHOCTH KaTOJ1a, MPUBOISIIHNNA K Pa3MBITHIO KPUBOH. B CBS3H C 3TUM 3aTpyAHSETCS] OTCYET
cOpOCOBOTO, T.€. KPUTUYECKOTO 3HAUEHUsI HaMarHuuuBaroiero Toka Ikp. [lo-Bunumomy, Han6o-
Jiee YIOBJIETBOPSIONIEMY TEOPUH, CIIEAYET CUUTATh TO 3HaUeHHE Ic, MpH KOTOpOM HaOIro1aeTCst
HanOonbIIee u3mMeHenue [A.

CxeMa 3KCIIEPUMEHTAJbHOH YCTAHOBKH
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Pabouas cxema nokaszana Ha puc.4. OCHOBY €€ COCTaBJISIET dJIeKTpoHHAas Jiamma JI, mome-
mennast B conenous C.

puc.4

[ToctosinHOE aHOHOE HamnpskeHrne UA CHUMAETCsl ¢ yHUBEPCAIbHOTO HCTOUYHUKA TUTAHUS
(YUII-2), perynupyercs MOTEHIMOMETPOM R, pyKosiTka KOTOPOIO pacrojiaraercs Ha IaHelu
YUII-2 u u3mepsiercss BONbTMETpOM V. AHOAHBIN TOK U3MepsieTcs MuuMaMinepmerpom mA. Ha
nanesnn YUII umerores Takke KIeMMbl, ¢ KOTOPBIX CHUMAETCsl HalpsbkeHue 2 B, npegHazHaveH-
Hasl 11 TUTaHUs HaKajla HUTU KaTo/a.

Hamarunuusarommiics conenoun C nuraercs ot Beimpsimutesst B b5-7. Tok conenouna
peryaupyercsi pydkaMu Ha aHEIH BBIIPSAMUTENS U Oosiee I1aBHO peocTaToM R.

Nzmepsiercs IC amnepmerpom A.

Oobopyoosanue u mamepuanol.

MarunetpoHn - anekrpuueckas ygamna 21[2C (muom), pacmonokeHHass BHYTPU COJICHOUIA.
YHuBepcanbHblii ucTouHUK nutanus (YUII-2), seimpsmutens b5-7 ¢ perynupyembIM Harpsbke-
HUEM, BOJIBTMETP, aMIIEPMETP, MIJITTHAMIIEPMETP, PEOCTAT.

Ykazanus no mexnuke dezonacnocmu.

1. K BbINOJIHEHHUIO 1TAOOPATOPHBIX PAOOT JIOMYCKAIOTCA CTYI€HTH, N3Y4UBIINE PaBUIIa TE€X-
HUKU O€30MaCHOCTH.
2. JlaGopatopHble pabOThl MOTYT ITPOBOJUTHCS TOJIBKO MO PYKOBOJICTBOM U HaOIIOI€HUEM
npernoaaBaress.
3. Pacnonaraiite npu6opsl, MaTepuaiibsl, 000pyI0BaHNE Ha paboyeM MecTe B MOpsAKe, yKa-
3aHHOM IIPEToaBaTeseM.
He nepxwure Ha pabouem cTojie MpeaMeThl, He TpeOyrouuecs A BBITOTHEHHS 3aJaHUs.
5. Ilepen Tem, Kak MPUCTYNHUTHh K paboOTe TIIATENIbHO M3Y4YHUTE €€ OMHCAHHE, YSICHUTE XOJ
BBITTOJIHEHUS pabOTBHI.

3adanus.

1.Co0Opatb cxemy (puc.4). Ilpu 3TOM peryasTopsl BEIXOJHOTO aHOAHOTO Hanpspkenus: Y UT1-
2 u Bempssmutens b5-7 ycraHoBUTH Ha HyJieBoe 3HaueHHe. CxeMy He BKIIFOYATh JI0 IPOBEPKU €€
npernojiaBaTesaeM Wi J1a00paHTOM.

2. TTocrne BKITIOYEHUST CXEMBI ITOJIOKAATH 2-3 MUHYTHI, IIOKa IMTPOTPEETCs KaTO MarHeTPOHa.

3. Ilo 3amanuto npenojaBaTelis YCTAHOBUTH BEIMYMHY aHOJIHOTO HanpskeHus UA u 3anu-
caTh ee B OT4YeT 1o paboTe.

4. TTognepxxuBas Bce Bpemst UA cTporo noctossHHbIM (0COOEHHO B KPUTUUECKUN MOMEHT)
MOCJIeI0BATENbHO YBETUYMBAsi HAMarHUUMBAIOIUN TOK cosieHonaa Ic cHATh cOpOCcoByIO Xapak-
tepuctuky IA=IA(Ic). Pe3ynbraTsl u3mMepeHus 3anucaTh B TAOIUILY.

&
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I(A)
Ia(mA)

WuTepBanbl u3mMeHeHHs lc 1 4nCiIO U3MepeHuil mogoopaTh caMOCTOSTENIbHO, OoJiee TIiia-
TEIBHO U3MEPSSt KPUTHUECKUN yIaCTOK.
5.IToctputh rpaduk cOpOCOBON XapaKTEPUCTUKH MarHETPOHA.
6.01npenenuTh N0 HeMy KPUTHYECKOE 3HaYeHUE lxp ¥ 3amucaTh €ro B OTYET.
7.3anucarh B OTUYET KOHCTPYKTHBHBIC JAHHBIE MarHeTPOHA!
grcio BUTKOB coneHouga N=2000, panunyc katona Rk = 0,1cm u anoga Ra=0,95¢cm. U3zme-
pUTh U 3anMcaTh JIUHY cojieHoua |.
8.Pacuurars 110 Gopmyie (8) Benmuuuny kodpduimenta K u onpenenuts 3nauenue */m mius
JJIEKTPOHA.
9.CpaBHUTH MOJYYEHHOE 3HAYEHUE */m ¢ TAGIMYHBIM U BBIPA3UTh PA3HUILY B IIPOLIEHTAX.
Cooepicanue omuema.
Otyet no 1abopaTopHbIM padoTaM JAOKHBI COACPIKATH:
- TUTYJIbHBIN JIUCT;
- 11eJ1b paboTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIIPEEIICHU, TOHATHH, (opMyT,
- OCHOBHOE 000pYyI0BaHUE, CXEMa YCTAaHOBKH;
- OITMCAHME IO YHKTaM BBIITOJIHEHHOW PaboTHI;
- pe3yNbTaThl U3MEPEHHH U pacyeToB (TaOIHIIbl, TpaQuKN);
- OLIEHKa ITOIPEIHOCTEM;
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI 110 PE3yJIbTaTaM BBIIIOJHEHHON padoThI, 1aTa, MOIHCH.

Konmponvnuvie éonpocowi.
1.YTo Ha3bIBaeTCs YACIbHBIM 3apsIOM YaCTHII?
2.Kak nmeficTByeT 2JIEKTpHUECKOE T0JI€ Ha 3apsDKCHHYIO YacTUILy?
3.Kak nmelicTByeT MarHUTHOE TOJI€ Ha HAXOSAIIYIOCS B HEM YacTHUILy?
4.KakoBO yCTpOWCTBO UCIIOIB3YEMOT0 B paboTe MarHeTpoHa?
5.Kaxk ABHKYTCSI 3JI€KTPOHBI B MarHeTpoHe?
6.Pacckaxute 0 KpUTHYECKOM peKUME pabOThl MarHeTpoHa?
7.Kakue naeanusanuu BBOASTCS IPU pACCMOTPEHUH JBUKESHHUSI JJIEKTPOHOB B MarHeTpoHe?
8.BriBectr pabouyto hopmymy (8).

JlabopaTopnasi padora Ne 14

Tema padomer. U3Mepenne 1TMHBI CBETOBOM BOJIHBI C MOMOIIbIO 1M (PaKIIMOHHOI pe-
IETKU

Ilens padomui. 1.I103HaKOMUTCS C SIBIIEHUEM JU(PPAKIUU CBETA B MapauIeIbHbBIX JTydax Tu-
(paKLIMOHHOH peleTKH.

2.01npenenuTs AIUHY CBETOBOW BOJIHBI C TOMOLIBIO TU(PPAKIIMOHHON PELIETKH.

[TpubGopbl W TNPUHAIIEKHOCTH: YCTAHOBKA C WCTOYHHKOM CBETA, IIENbI0 U JU(paK-
UOHHOW PEIIETKOM.

Teopemuqecmm yacmo.

1. Tudpakuus ceera.
Judpakunei cBeta Ha3pIBaeTCS OrMOaHNE CBETOBBIMHI BOJTHAMHU BCTPEUHBIX MPEHSATCTBHUM.
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B 6onee mmpokom cmeiciie nudpakiipeld cBeTa Ha3bIBACTCS COBOKYIHOCTH SIBJICHHM, 00Y-
CJIOBJICHHBIX BOJIHOBBIMH CBOWCTBAaMU CBETa U HAOJIIO/Ia€MBIX MPHU €TI0 PACTIPOCTPAHCHHUH B CPe/Ie
C PE3KO BBIPAKEHHBIMU HEOTHOPOJHOCTSIMH (OTBEPCTHS B HENPO3PAYHBIX IKpaHaX, PaHUIIbI He-
NPO3PAYHBIX TEJ U T.J.). SIBIeHNE TU(PPAKIUH YKAa3bIBACT Ha HAPYIIEHUE 3aKOHOB F€OMETPUIECKOM

onTuky. SIBienne TuppaKIE HAGMIOMACTCS HA PACCTOSHUM U oT mpemsTcTBus [ ~ D? / 4\, ;e D
- INHEWHBIE pa3MePhl MPEIATCTBUS, A - JTHHA BOJIHBI (YCIIOBHE HAOIIOICHUS TUDPAKITIH).

st perenust nupakMOHHBIX 33]a4 - OTHICKAHHE PACIpe/IesIeHHs Ha SKpaHe MHTEHCUBHO-
CTH CBETOBOM BOJIHBI, paCIIPOCTPAHSIOLIEHCS B Cpelie C MPENATCTBUAMU, - IPUMEHSIIOTCS PUOIIH-
JKEHHBIE METO/Ibl, OCHOBaHHbIE Ha NpuHIMMNax I roiirenca u ['roiirenca - @penens.

[Tpunnun [roiirenca’, kaxmas Touka S1,S2,...,Sn dpoHTa BoHBI AB SIBISETCS HCTOYHUKOM

HOBBIX, BTOPUYHBIX BOJIH. HoBO€ mosoxenue ¢pponta BoaHsl Al B1 uepes Bpems At MPEJCTaBIISIET
c000i1 orudarolyro MNOBEpXHOCTh BTOPUUHBIX BOJH (puc.l).

S/

A Punc.1

[Tpunuun [toiirenca sBnsercs 4ucto reomerpudeckuM. OH MO3BOJSET, HAIPUMEP, 00BSIC-
HUTH PABEHCTBO YIJIOB MaJeHUs 1 U OTpakeHus i' Ha moBepxHocTH MN cpeabl mpu OTpakeHUU
ceera (puc.2). Paznocts xoma CB nyueit AA2 u BB2 co3maer takoii gppont DB oTpakennoi
BOJIHBI, YTO U3 MPsIMOYroybHbIX TpeyroibHukoB ADB u ACB (AD=CB) cienyer paBeHCTBO: i=1'
(puc.2). Takxe MOKHO OOBSICHUTD 3aKOH MPETOMIICHUSI.

[Mpuntun [Nolirenca-dpenens: Bce BTOpUYHbIe HCTOUHUKH S1, S2 ...Sn, pacnonoxeHHbIe Ha
MOBEPXHOCTU (PpOHTA BOJIH, KOTEPEHTHBI MEX 1y cOO0H. AMIITUTYa U a3a BOJIHBI B JIF000 TOuke
M npocTpaHCTBa - 3TO pe3y/bTaT HHTEP(HEPEHIIUHN BOJIH, U3JTy4aeMbIX BTOPHUYHBIMU HCTOYHUKAMH

(puc. 3).

[Ipssmonunelinoe pacrpocTpaHeHHue ay4da SM, HCITYLIIEHHOIO
UCTOYHUKOM S B OJHOPOAHOW  cpele, OOBSICHSACTCS  MPUHITUTIOM T'roiirenca-
®penens. Bee Bropuunbie MIOJIHBI, U3J1y4aeMble BTOPUYHBIMU HCTOYHUKAMH, HAXOJISIIU-

MUCS Ha MOBEpXHOCTU (poHTa BOJIHBI AB, racstcs B pe3ynbrare uHTepdepeHIK, KpOME BOIH OT
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UCTOYHUKOB, PacloIOKEHHBIX Ha MaJIOM y4acTKe CepuuecKoro cerMeHra ab, nepneHauKysp-
Horo K SM (puc.3). CBeT pacnpocTpaHsieTcsl BAOJIb Y3KOr0O KOHYCa C OY€Hb MaJIbIM OCHOBAHUEM,
T.€. IPAaKTUYECKU IPIMOIUHENHO.

B psane nudpakunoHHBIX 3a/1a4, 00JIaJa0IIUX 0CEBOM CUMMETPHEH, pacueT HHTep(hepEeHITUH
BTOPUYHBIX BOJIH MOXET OBbITh CHJIBHO YIIPOIIEH C NOMOILBIO HAIJIAJHOIO T€OMETPUYECKOIO Me-
TOJIa pa3bueHus (pOHTA BOJHBI HA KOJIBLIEBBIE YUaCTKH, Ha3biBaeMble 30HaMu Ppenens. Pazoue-
HHUE Ha 30HBI [IPOU3BOAUTCS TaK, YTOObI ONTHYECKAs PA3HOCTb XO0Ja OT CXOJCTBEHHBIX I'DAHUI]
(BHyT}ieHHHx WINM BHEIIHUX) K101 Iapbl COCEHUX 30H 10 paccMaTpuBaeMoi Touku M paBHS-

nacp - BTOpI/ILIHBIe BOJIHBI OT CXOACTBCHHBIX TOUCK ABYX COCCAHUX 30H IIPUXOJAT B TOUKY M B

MPOTUBOMOJIOKHBIX ()a3ax U B3AUMHO OCIAONSIOT APYT Apyra Mpu HAJI0KEHUH.

ez

é *2%
] E;\;

s RRY
A

L a \Wk\ Ab !

\ /-7 SoHZ

~C-7 3OHZ
T-8 JoHa
/-5 GorZ

Puc. 4

Ha puc. 4 mokaszano nmocrpoenue 30H @peHens B cirydae chepruuecKoi BOIHBI BO30YKIaeMOn
HUCTOYHHKOM S.

Tak kak a u b » A, To ipu He cutkoM O6osbioM K mtomanu nepssix K 300 @penens oauHa-
KOBBI:

:ﬂ:-abk

5,=S5,=..5
T K a+b

B clydgac IINIOCKOI'O BOJTHOBOT'O (1)pOHTa
51 = 52 = ...Sk=TC b)\.

Paznuuatot nBa ciaydas nudpaxuuu. Ecian uctounuk cBera u Touka HabmoaeHus P pacnosno-
JKEHBI OT MPEMATCTBUA HACTOJIBKO JAJIEKO, YTO JIY4H, ITaJAl0IIKNE HAa IPENATCTBUE, U JIy4H, UAYLIUE
B TOUKy P 00pa3yroT mpakTuyecku mnapajuieibHble IMyYkd, TOBOpAT o audpakuuu dpayHrodepa
WK 0 TU(paKuy B MapaljIeNbHbIX JydaX. B mpoTUBHOM ciiydae roBopsT o nudpakunu Openens,
T.e. nu¢pakuueint OpeHenst Ha3bIBalOT Takue TU(GPAKIMOHHbBIE 3a7a4l, B KOTOPBIX HEJb3s MpeHe-
Operarb KpUBU3HOW BOJIHOBBIX TOBEPXHOCTEH Maarouieil u qudparupoBaBiieil BOJIH.

2. [ludpaxuus cBeta Ha miend. udpakiuuonHas pemeTka.

ITycTs Ha HENMpO3pauHsbIi 3kpaH E, B KoTopoM npope3ana y3kas mens BC, umeromas nocro-
sHHyto mupuHy b=BC u mnuny L»b, nagaer nepneHIuMKyIsSpHO K 9KpaHy IMyYOK MapajuledbHbIX
JTydeld MOHOXPOMATHIECKOTO CBeTa (puc 5).
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Ha sxpane 3, ynaneHHOM OT mIeny Ha paccTostHuu 1, Oyner HaOnromaThes siBieHue nudpax-
uu. Eciiu Obl 3TOTO sIBJICHUS HE OBLIO, TO HAa 3KpaHe D, YCTAaHOBJICHHOM B (DOKaTIbHOM MIOCKOCTH
cobuparomieit a3 MJI, B Touke FO riaaBHOTO (hoKyca TUH3BI MOTYYHIIOCH OBl H300paskeHUE HC-
TOyHMKa cBeTa. [Ipu nudpakuun Ha y3Koil 1ienn Ha 3KpaHe HabIoAaeTcss MHTepepeHIInOHHAs
KapTHHA: MOCJEI0BaTeIbHOCTh PAa3MbIThIX M300pak€HUN HMCTOUHUKA CBETA, PA3/ICJICHHBIX TEM-
HbIMU ITpoMexyTkamu. B Touke F Ha skpaHe cobuparoTcs Bce mapajuiesbHble Jy4H, MaJaroliue
Ha JIMH3Y T0J yriioM ¢ (yron audpakmun) K ontrudeckoit ocu OF(0 nuH3BI, MepreHIUKYIIPHON K
(bpOHTY BOJHBI.

Tak xak BTopu4HbIe (UKTUBHBIE HCTOYHUKH QpoHTa BoH BC TOYEUHBIE, TO ()POHTHI BOJIH,
U3J1y4aeMbIX UMU cheprueckue, a Cie0BaTeNIbHO, AU(parupoBaHHbIEC TyYH UAYT BO BCEX HalpaBs-
neHusx. Beibepem Te, KOTOpbIe UAYT MO YIVIOM (@ K HallpaBlIeHUIO najaromux gydyeil. [lagas na
JUH3Y 3TU JIy4d coOMparoTcs B OJHOW Touke F¢ (okaabHOM MIOCKOCTH.

MBelIciieHHO pa300beM 1Ieb Ha YyY4acTKH, KpailHhe TOYKH KOTOPBIX MOCBHUIAIOT JIY4H C pa3Ho-

CTBIO X0/1a ~ .BoaTtoMm CJIydac BCC JIy4H, TOCIIAHHBIC IICPBBIM YUACTKOM 6yIIYT MorameHsbl J1ydaMu

BTOPOI'0 y4acTKa, JIy4d TPEThero - JiyuaMH 4yeTBepToro u T.4. CienoBaTenabHoO, €CIU YUCII0 yJacT-
A
KOB pa30UEeHHUs YETHOE, T.€. eciu O =2Mm ; , To B Touke F@ Oyaer TeMHO (MUHUMYM OCBELIEHHO-

ctu). Ecan jxe umncno y4acTkoB pa3OueHust HeueTHoe, To Touka Fo Oyaer ocseieHa (MakcuMym
OCBEILIEHHOCTH).

Takum oOpas3om, ycuseHue cera (IuppakIMOHHbIE MAKCUMYMBbI) IPU TUPPAKIIUN HA Y3KOU
1€ HabII0JaeTcs MO yIiIaMu @, YAOBJIETBOPSIOLIMMH YCIOBUIO

bsing =(2m+1) 2 ,(m=0,1,2,3....).
2

VYcnosue ocnabnenus csera (IudpakinoHHbIE MUHUMYMBI).

bsing = ZmL ,(m=0,.2,...).
2

Yucao M Ha3kIBaeTCS MMOPAAKOM }II/I(i)paKHI/IOHHOFO MakKCuMyMma HJIM MUHHUMYMa. Bennumna

6=CD= b sing npezacraBiser co00il ONTHUECKYIO Pa3HOCTh X0J1a MEXAY KpaitHumu ydamu CN
u BM, unynmimu ot menu noj yriaom ¢ (puc.5). B nanpasiennn ¢=0 HabarogaeTcst caMblii MUHTEH-
CUBHBIN LIEHTpaJIbHBIM MaKCUMYM HyJIeBOro nopsiaka. B Touke Fo Bcerna Habntogaercs ycuieHue
CBETa, HE3aBUCUMO OT 3HAYCHMS JJIMHBI BOJIHBI A.

[Tpu HaAOJIFOIEHUN nudpakiu Ha LIeIn B oeioMm CBETE
UHTEepEepeHIIMOHHAs KapTHHA Ha SKpaHe OKa3bIBAETCs OKpalleHHoW. B
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TU(PPaKIITOHHOM MaKCHUMyMe KaKI0ro oOpsAIKa (m=const) Onmxe K
[EHTPAJIbHOMY,  HEOKpAIIEHHOMY  MaKCUMyMY  OKa3bIBalOTCA JU(PPAKIMOHHBIE MAaKCH-
MyMBbI C MEHBIIUMU JJIMHAMH BOJIH.

JudpakunoHHON PemIeTKON B ONTHUKE HA3bIBAETCS COBOKYITHOCTD OOJIBILIOTO YUCIA MPEsT-
CTBUH U OTBEPCTHM, COCPEJOTOUYECHHBIX B OTPAaHUYEHHOM IPOCTPAHCTBE, HA KOTOPBIX MPOUCXOJUT
IuQpakLus CBeTa.

[Tpocreiinielt TUQpPaKIMOHHON PEIIETKON sIBJIsIeTCsS cucTeMa U3 N OJTMHAKOBBIX Mapajuieib-
HBIX 1LIeJIel B IJIOCKOM HENPO3payHOM 3KpaHe IIMPUMBI b Kaxias, paclol0oKEeHHBIX Ha PaBHBIX
HENPO3pavyHbIX IPOMEXYTKax a Apyr oT apyra (puc. 6).

Benmunna d=b+a Ha3piBaeTcs MOCTOSHHON TU(DPAKIHUOHHON PELICTKH.

14
—
g
Puc.6

[To npunuumny I'toitrenca-dpenens kaxaas Wenlb SBISETCS HCTOYHUKOM KOTE€PEHTHBIX BOJIH,
CrocoOHBIX UHTEp(hEepupoBaTh ApyT ¢ ApyroM. Ecim Ha AUQPaKIIMOHHYIO PEIIETKY MEPICHINKY -
JSIPHO K HeH majaeT my4yoK HapasieldbHbIX Tydell cBeTa, TO MO/ YIJIOM Iudpakiuy ¢ Ha dKpaHe O,
PacmosoKeHHOM B (POKaIbHOM IUIOCKOCTH JIMH3BI, Oy/ieT HAaOII01aThCsl CUCTEMA TU(DPAKIIMOHHBIX
MaKCHMyMOB MUHHMYMOB, TIOJTyd€HHasl B pe3yibTare HHTep(EepEeHIINHN CBeTa OT Pa3IMYHBIX IIle-
Jen.

[TycTh mpu majgeHuu TIOCKOM MOHOXPOMATHYECKOH BOJIHBI Ha AU(PPAKIIMOHHYIO PELIETKY
Ty4ud, TuparupoBaHHBIC HA OJHOM IMIENH JAIOT B TOYKE F@ MakCMMyM OCBEIIEHHOCTH. DTO eIle
HE 3HAYMT, 4yTO B ToUKe Fp OyaeT MakcuMyM OCBEIIIEHHOCTH, TaK KaK Y4 MOCIAHHBIE 3TOH MIETBI0
MOTYT OBITh MOTAIIEHBI JTy4YOM OT COCEIHEH, WK Ha000pOT ycuieHbl. Eciin ycuseHsl, To B TOUKE
Fo 6yner Gomnblast OCBEIIEHHOCTh, YeM OT OAHOM mienu. Torna, yauThiBasi yCIOBHE YCUIICHHS BOJIH
pu UHTEp(EpPEHIINU, TJIABHBIE MAKCUMYMBI NPpU AUGPaKIIUKA HA PEIIeTKe HAOMIOJAI0TCs MO/ yT-
JaMU (@ YAOBIIETBOPSIOIIUMH YCIOBHUIO

dsin ¢ =k,
rae k= 0,1,2,3 Ha3piBaeTCs MOPSIKOM TTIaBHOTO MakcuMyma. Bennunna 6 = DK = dsing sBnsieTcs
ONTHUYECKON Pa3HOCThIO X04a MEXKY CXOACTBEHHBbIMH JiydaMu BM u DN, uaymumu oT COCeTHUX
mieneit (puc.6).

['maBHBIE MUHUMYMBI Ha TU(PPAKITMOHHON pPeIIeTKe HAOII0JAI0TCS TTO/] TAKUMH yTIIaMu ( JTH-
dbpakum, 7151 KOTOPBIX CBET OT PA3HBIX YacTeW Ka)KIOW IENH MOJHOCTHIO TaCUTCS B HA OJHOM
1 (S0 051

b sin =mA, (m=0, 1,2,3,...).

Tak Kak eciii HU O[HA U3 IIEJIeH He TOChIJIAET Jydeld B ’TOM HAIIPABJICHUH TO B COOTBETCTBY-
IOIEH TOUKe Ha dKpaHe Oy/ieT TEeMHOTA.

[Tpu HaGmrogeHNM AUQPPAKIIMA B HEMOHOXPOMATHYECKOM CBETE BCE TJIABHBIE MAaKCHUMYyMBbI,
KpOME LIEHTPAIbHOTO HYJIEBOTO MAaKCUMYyMa, OKpalleHbl. C yBeTMYEHUEM JITTUHBI BOJIHBI IJIABHBIE
MaKCHUMYyMBbI BHYTPH JIaHHOTO TTOPSIIKA PACTIONATAOTCS 10 OOJIBIIMMH YTIIaMU OT IIEHTPATBHOTO.
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PanyxHas nosjocka, coaepariasi CeMb LIBETOB OT (PUOJIETOBOTO 10 KPACHOTO (CUUTAETCS OT LIEH-
TPaJIbHOTO MAaKCUMyMa), Ha3bIBaeTCs AU(PPaKIIMOHHBIM crieKTpoM. JnpakinoHHas pemerka sB-
JSETCSI OAHUM U3 IIPOCTEHIINX JOCTATOYHO TOYHBIX YCTPOMCTB ISl U3MEPEHHUS JUIMH BOJIH.

Teopusi MeTO1a U ONICAHUE YCTAHOBKH.

PaccMoTpuM 0ZIMH 13 METOAOB OIpEeIeHHs] ATUHBI CBETION BOJIHBI IIPHU MOMOIIU JUdpaK-
IMOHHOU pemieTku. Ha onTryeckoi ckambe (WM CIIeNUAIbHON pelke) YKperuisieTcs: TuppaKkIoH-
Has penieTka P 1 nmepneHIuKyIsipHO OCH MOJIBM>KHAS MUJUTUMETpoBast TuHeiika AB ¢ mensio 1.
Jlenenus TMHENKH, IEIb U IITPUXU PELIETKU paclioylaratoT napajiesbHo apyr apyra. llens ocse-
IaeTCs UCTOYHUKOM S U paccMaTpUBAETCs uepe3 pelieTky riaa3om (puc. 7). Ha nunelike npoeuu-
PYIOTCSI U300pakeHUs! TIIaBHBIX MAaKCUMYMOB M U3MepseTcs: paccrosiaue 1k Mexxay MakcuMymom
1-ro nopsaka 1 MAaKCUMYMOM HYJIEBOI'O OPsAJKA (T.€. OT IIEJIN)

Xona nydeit nocie AMPPaKIMOHHON PEIIETKH COOTBETCTBYET X0y Jiyuel Ha puc. 6. OT uc-
TOYHMKA CBETa S yepe3 MUPOKYIO 1IeNb B JMHEeHKe AB npoxoauT my4ok 6esoro cBeTa u rnomnajaet
CHavaJia Ha TU(PAKIMOHHYIO PEIIETKY, a 3aTeM B IJ1a3 HaOmonaTens. Jlydan, naymme mapauieabHo
IJIABHOW OINTHYECKOW OCH XpycTalMKa AalT B (poKyce LeHTpaiabHbIH (HysaeBoH) makcumyM Fo
OCBEILIEHHOCTH OEJIbIM CBETOM.

Jlyun, coznaromiye B HEKOTOPOM TOUKE ceTYaTKH F MakCHMyM OCBELIEHHOCTH KaKUM-IH00
1BeTOM (Harpumep, (UOJIETOBBIM) MAJal0T Ha XpyCTaduk moj yrioMm ¢. CienoBaTrenbHO, OHU
BUIHBI KaK Obl BEIXOAAUIMMHU U3 TOUKH D, 1M0JI0)KeHNE KOTOPOH OIpeaesisieTcs Mo HIKale JINHEHKH
AB.

Takum oO6pa3om postb JiH3bL JI (CM. puc. 6) BBIONHSIET XPYCTAIHK TJ1a3a, KOTOPbIi (HOKYCH-
pyeT napajuleNbHbIe Jy4H, MOJIy4YeHHbIE B pe3yibTaTte audpakuuu (Harnpumep, ayad M u N) Ha
ceTyaToil 0060104UKe IJ1a3a (Urparoliel posib FIKPaHa).

VYcnoBrue MakcCUMyMa OCBEIIEHHOCTH UMEET BH/I.

dsing = kA 1)
W3 pucyHka BUJHO, 4TO
sing = 2
H?+0°
CnenoBatenbHO
dr
Ah="r——" 3
77 ©)
Tax, xak H » |, To
== @)
kH

QOobopyoosanue u mamepuanol.
YcTaHOBKa ¢ HMCTOYHHUKOM CBETa, MIETBIO U AU(PPAKIIMOHHON PEIIeTKOM.

Ykazanua no mexnuxe 6ezonacnocmu.
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1. K BbimoaHeHHI0 1a00paTOpHBIX PadOT AOMYCKAIOTCS CTYIEHTHI, M3YUHBIIUE TPaBUIA TEX-
HUKU OE€30MMaCHOCTH.
2. Jlaboparopuble pabOThl MOTYT IPOBOAUTHCS TOJIBKO MO/ PYKOBOJCTBOM U HAOJIOICHUEM
pernoaaBaress.
3. Pacnomnaraiite npubopsl, MaTepualibl, 000pyJ0BaHHE HA paboueM MecTe B MOPAJIKE, yKa-
3aHHOM IIPENOAABATEIIEM.
He nepxwurte Ha pabouyem cTojie MPeaMEThI, He TpeOyomuecs A1 BBITOTHEHHS 3aJaHUS.
[lepen Tem, Kak MPUCTYNUTh K paboTe TIIATENLHO M3Yy4UTE €€ OMHCaHUE, YICHUTE XOJl
BBITIOJIHEHUS pa0OTHI.
3adanus.
OnpenenuTs MaKCUMaJIbHBIE TIOPSIIOK CIIEKTPa HAOII0JaeMOT0 B JAaHHOH padoTe, yUUThIBas
yt0o d=0.01 Mm.
1. YcranoButh nuHeliky AB Ha 3agannoMm pacctossiuun H ot audpaxiponnoit pemerku (H >
300 MmM). BKTIOYNTE HCTOYHHUK CBETA S |, TJISAIS Yepe3 MU(PpaKIMOHHYIO PEIIeTKY HE IeIb, Ipo-
BECTHU HaOIIOCHHUE TUPPAKITUOHHOTO CIICKTPA.
2. Onpenenenne monoxenue |K st cunei, 3eneHo# 1 KpacHO# JIMHUK CJIEBa U CIIpaBa s
1-ro 1 2-T0 MOPSAIKOB CIIEKTPOB.
Pe3ynbrarel 3aHecTH B TaONIHUILy.
3.ITo hopmyie (4) BBIYKCIUTD JUTHHBI BOJH YKA3aHHBIX JTHHHU.
4. Yka3aTh U OIICHUTh OCHOBHBIE MOTPEUIHOCTH JAHHOTO METOJa U3MEPEHHs, a TaKXKe IO-
IPEUTHOCTD, JIOIYCKAEMYIO IIPH HCIIOJIb30BaHUH (HOPMYIIHI (4), a HE (3)

o &

PE3VJIbTATBI USMEPEHHUN.
d=0,01 mm H= (Mm)
[Topsmox Tk(vm)
cuekTpa K — — —
PuoseToBbIM 3eneHsli KpacHsrii
JIEBBIN IIpaBbIil JIEBBIN IIpaBbIil JIEBBII IIpaBbIil

Cooeporcanue omuema.

Ot4et no 1a00paTOPHBIM pabOTaM JTOJKHBI COAEPIKATH:

- TUTYJBHBIN JIUCT;

- 11eJ1b PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONIPEIEICHUI, TOHATUH, POPMYI;
- OCHOBHOE 000pYZI0OBaHHUE, CXeMa YCTaHOBKH;

- OMMCaHMeE IO MYHKTaM BBIITOJIHEHHOW paboThI;

- pe3yNnbTaThl U3MEPEHHH U pacyeToB (TaOIHIIbl, TPaPUKN);

- OIIEHKA MOTPEITHOCTEMH;

- OTBETHI HA KOHTPOIBHBIE BOMPOCHL;

- BBIBOJIbI 11O PE3yJibTaTaM BBIIIOJTHEHHOMN pa6OTBI, JaTta, moANucCh.

KOHmpo.leHble 60npocaol.
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Uro HazbIBaeTcs AU pakuoHHOro cBeTa? KakoBbl yclioBUS HAOMIOAEHUS 3TOTO SBJICHUSI.
Cdhopmynuposats npunImn [ olireHca.
Cdopmynuposats npuniui [ 'oiireaca-dpenens.

4. OOBSCHUTH C UCIIOJI30BaHWEM IpHUHIHUIA [ toiireHca- @peHens 3aKoH MPSIMOJIMHEHHOTO
pacupoCTpaHEHHUs CBETA.

5. Uro takoe «30HbI Openens». Kak onpenenstoTcs mIonaan nepBbix K 30H?

6. UYro takoe audpakiuonHas pemierka? OnpenenuTs yeaoBus TudpaKkiiiy Ha PEemeTKe.

7. BeiBectu popmyiy (4).

WL

JlabopaTopnasi padora Ne 15
Tema padoomeuwl. IlpoBepka 3akona MaJjoca
Lens pabomoi. [IpoBepuTh BRINOIHEHUE 3aK0HA Maitoca.
Teopemuueckas uacme.

Kak u3BecTHO, MI0CKast 3EKTPOMAarHuTHas CBETOBAsI BOJIHA SIBJIACTCS MONEPEYHON U MPE.-
CTaBJISIET PaCHpOCTPaHEHUE B3aMMHO MEPICHIUKYISIPHBIX KOleOaHUI: BEKTOpa HAMPSKEHHOCTH
anekTpuueckoro nojist E u BekTopa HanpsbkeHHOCTH MarHuTHOTO HOtst H (puc. 1a). Kak nmokassiBaet
OTIBIT, (hr3HOIOrHIecKoe, poToxuMudeckoe, POTOINEKTPUIECKOE U JPYrue NeHCTBUS CBETA BbI3bI-
BaIOTCSI B OCHOBHOM KOJICOQHHSIMU 3JIEKTPUIECKOTO BeKTOpa. BekTop E Ha3bIiBaeTcs CBETOBBIM BEK-
TOPOM, U BCE PACCYKAECHUS Mbl OTPaHUYUM PAaCCMOTPEHHUEM 3TOro Bekropa. Haimmune Bexropa H
IIOIPa3yMeBacTCsl.

pucl.

CBeToBOi1 My4OK, B KOTOPOM pa3IMyHbIEe HanpaBieHus BekTopa E B monepeuHoil Kk Hampas-
JICHUIO paclpOCTPAaHEHUs BOJIHBI MIJIOCKOCTH PaBHOBEPOSITHBI, HA3bIBAETCSI €CTECTBEHHBIM (pHC. 1
0)

CBer, B KOTOPOM HampaBlieHUs! KoJieOaHUI BEKTOpa YMOPsI0YEHbl KaKUM-TTHO0 00pa3oM U
HOJUYHHSIOTCS HEKOTOPOH 3aKOHOMEPHOCTH, Ha3bIBAETCsl MONIAPU30BaHHBIM. Eciu koneGaHus Bek-
TOpa MOT'YT COBEPIIATHCS JIUIIb B OJTHOM OIPEIEICHHOM HAMPABICHUH, TO CBET HA3bIBACTCS JIN-
HEMHO MJIH MJIOCKOMOJISIPU30BaHHBIM (pHUC. 2a).

Ecnu xe konebanus Bektopa E coBepiiatoTcsi Tak, 4TO €ro KOHEI OMUCHIBAET KPYT WIIH AJI-
JIMIIC, TO CBET HAa3bIBAETCSI COOTBETCTBEHHO MOJISIPU30BAHHBIM 110 KPYyTy (pUC. 20) WK 3IUTUIITHYE-
CKH TTOJISIpU30BaHHBIM (puc.2B). [Ipu MuHEWHON MOMSIpU3aK IITIOCKOCTh, COAepIKaIas JIyd U BeK-
Top E, Ha3bIBaeTCs MI0CKOCTHIO KOJIEOAHUMN, TN TUIOCKOCTHIO MOJISPU3ALIMH BOTHBI.
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Puc 2.

I[J'IH IMOJIYYCHUA JIMHENHO MOJIAPU30BAHHOI'O CBCTA IIPUMC-

HSIIOTCS CHEIHAIbHBIC ONTUYECKUE MPUCIIOCOOICHUS- TTOISPU3ATOPHI.
[T1nockocTh KonebaHuil AIEKTPUIECKOro 'BEKTOpa B BOJIHE, IIPO-
meauen J) yepes IMOJSIPU3aTOpP, HA3BIBAETCs IUIOCKOCTBIO IMOJIAPU3ATOpA.
Hns MOJIyYeHUSI  IUIOCKOIOJISIPU30BAHHOTO  CBETA  HCIOJIb3YIOT
HECKOJIBKO CITIOCOOOB.
a) OTtpaxxeHue cBeTa OT HOBEPXHOCTU AUIIEKTPUKOB.

OTpakeHHBI OT AMAJIEKTPUKA CBET BCErJa YaCTUYHO ToJispu3oBaH. Ha pucynke depHbie
TOYKH COOTBETCTBYIOT KOJIeOaHUAM BeKTOpa E meprneHauKyIsipHbIM MJIOCKOCTH MaCHHS, a CTpe-
JIOYKH - KojeOaHusaM B 1uiockoctu najeHus (Puc.3). Crenenp monspu3anuy OTPaKeHHOTO JIyda
3aBUCHUT OT OTHOCHUTEJIBHOTO MOKa3aTess npeinoMieHus nl2 u ot yria nagenus o. Ilpu nagenun
ny4a E na mmockocts MN nox yriiom bproctepa ab oTpaskeHHbIN Jyd E | MOTHOCTHIO MOJISIPU30BaH.

[Tpenomnennsii 1yd E1 monspuzoBan yactuuHo. COOTHOIIEHUE thLB = n21 HA3BIBAETCS 3aKO-

HoM bprocrepa. IlnockocTs koiebaHuit 37EKTPUUECKOTO BEKTOPA B OTPAXKEHHOM CBETE NIEPIICH U~
KYyJISIpHA IUIOCKOCTH MaJIeHUS.

£ £

%

Ey

Puc.3

0) [IpenomiieHue cBeTa B CTOIE CTEKISHHBIX MIIACTUH (cTona CToseToBa).

[TockonbKy OTpa)KeHHBIM OT AMANEKTPUUECKON IUIACTUHKM CBET YaCTHUYHO (MM JlaXke MoJ-
HOCTI)I-O) IIOJIAPU30BaH, HpOXOI[fIIIII/II\/JI CBCT TAKKC YaCTUYHO IOJAPHUI3YCTCA U CTAHOBUTCA CMC-
HIaHHBIM cBeToM. [IpenMyliecTBeHHbIE KOJIEOaHUS SJIEKTPUUIECKOTO BEKTOPA B MPOLIE/IIEM CBETE
OyIyT coBepIIaThCS B IMJIOCKOCTHU MajeHus. MakcuMalnbHasi, HO HE MOJIHAsl CTENEHb MOJIIpU3aluu
IIPOXOJAIIETO CBETAa AOCTUTAETCA MPHU MaJeHuu nox yriiom bprocrepa. Jlns yBenuueHus creneHu
MNoJsIpu3alMy MpoxXoAsalero CBETa HMCIHOJB3YIOT CTONY CTCKIAHHBIX IJIACTHUHOK (CTOHy Croie-
TOBA), PacMOJIOKEHHBIX M0J] yriioM bprocTtepa k nmaznaronieMy csety. B aTom ciydyae MOKHO 1oiTy-
YUTh MPAKTUYCCKU ITOJTHOCTBIO HO.]'I?IpI/ISOBaHHIﬂﬁ HpOXOHHH_[I/IfI CBCT, TaK KaK KaXXI0€ OTpaXCHUC
ocnalsieT MponyuieHHble KojeOaHusl, MePIeHIUKYIISIPHbIE IUIOCKOCTH MaAeHUs B ONPEACICHHOM
OTHOUICHUH.

B) [Ipenomienue cBera B IBOSIKOTIPETOMIISIOMINX KPUCTAIUIAX.

HexoTopsie kpuctamibl (MCIaHACKHUH MINaT, KBapl, CI0Aa U JIp.), a TAK)Ke HEKOTOPbIE U30-
TPOIHBIE BellecTBa (IO JeHCTBUEM MEXaHWYECKHX Harpy30K WM 3JEKTPUYECKUX MoJiei) obna-
JTAt0T CBOMCTBOM JIBOMHOTO JIydenperaomiieHus. [IpenoMisasce B TaKOM KpHUCTaJlIe, CBETOBOM Jyd
pa3fensercs Ha JABa JMHEWHO MOJSIPU30BaHHBIX JIyda CO B3aUMHO NEPIEHIUKYJIIPHBIMU HAlpaB-
neHussMu konebanuii. OAMH U3 Ty4yeil Ha3bIBaeTcsl OOBIKHOBEHHBIM U 0003HavyaeTcs OyKBOM 0. a
BTOpOM -HEOOBIKHOBEHHBIH 1 0003HayaeTcsi OykBoii €. OOBIKHOBEHHBIH JIy4 YIOBJIETBOPSET 00bIU-
HOMY 3aKOHY IPEJIOMIICHHS U JIEKUT B OJTHOM INIOCKOCTH € MAJIAOIIMM JIy4OM U HOpMaibko. Jlius
HEOOBIKHOBEHHOTO JIydya OTHOHICHUEC CHUHYCOB YyI'JIa MaJICHUS U yTJIa MPCJIOMIICHUA HC OCTACTCA 110~
CTOSIHHBIM TPU U3MEHEHUHU YTJIa a/ICHUs.
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Kpome Toro, HeOOBIKHOBEHHBIH JTy4, KaK MPaBUIIO, HE JICKUT B INIOCKOCTU MAaJACHUS U OTKJIO-
HseTcs oT Jayda O naxe npu HOPMAJIbHOM NafeHUH cBeTa. OTKIIOHSS OJMH U3 JIy4e B CTOPOHY,
MOKHO TOJYYHUTh IJIOCKOIOJIAPU30BaHHBIA Jy4. Tak ycTpoeHa, Hampumep mpusMa Hukouns
(puc.4). [IBe ecTeCTBEeHHbIE IPaHU KPHCTaJIa UCIAHICKOTO IIIAaTa CPEe3aroTCsl TaK, YTOOBI YMEHb-
IIUTh YTOJl MEKly TOBEPXHOCTAMHM 10 68°.

3aTeM KpHUCTaJUl paclWJIMBAETCA HA JIBE YacTH no miockoctd BD nox yrimom 90° k HOBbIM
rpansM. [Tociie moMMPOBKM MOBEPXHOCTH PACIiia CKIECUBAIOTCS KaHAJCKUM Oaib3aMOM, UMEIO-
MM [T0Ka3aTesb NPeJOMIICHHS N, YAOBIETBOPSAIOMINN YCIOBHIO Ne<N<No, TJ€ N0 U Ne - TOKa3aTeNN
MPETIOMIICHUS UCJIaHICKOTO MITIaTa JIJIsl OOBIKHOBEHHOTO ¥ HEOOBIKHOBEHHOI'O JTy4a.

[Tagast mox yriaom, Oosbllie IpeaebHOro, Ha MI0CKOCTh BD, 0OBIKHOBEHHBIH JTy4 IpeTeprie-
BaeT TMOJHOEC BHYTPEHHEE OTPAKCHHE HA T'PaHUIIE MMaT - Oanb3aM. HeoOBIKHOBEHHBIN Jyd, st
KOTOPOT'0, BHIXOJIUT U3 NMPU3MBbI HHHeﬁHOBHOHHpHSOBaHHBIM.

Puc.4

r) [Tornomenue cBeTa B TMXPOMUYECKHUX TUIACTUHKAX.

Y HEKOTOPBIX JBOSKOMPETOMIISIONINX KPUCTAILIOB (HaIpUMep. TypMainHa) K03 uimeHTo!
HOTJIONIEHUS CBETA JUISA JIBYX B3aHMMHO MEPIICHIUKYISPHBIX NOISPHU30BAHHBIX JIyUeH OTINYAOTCS
HACTOJIBKO CHJIBHO, YTO YK€ IPH HEOOJBIION TONIIMHE KPUCTAIJIA OJJMH U3 JTy4eil TracuTCs Mpak-
TUYECKU MOJHOCTBIO M M3 KpPHUCTAJJa BBIXOAUT JMHEHHO MOJISPU3MPOBAHHBINA My4OK CBETa. DTO
SIBJICHHE HAa3bIBACTCSA NUXPOM3MOM. B Hacrosmiee BpeMs IUXPOMYECKHE TUIACTHHKH H3TOTOB-
JSIFOT B BUJIE TOHKHX IJICHOK - MOJIIPOMIOB, UMEIOIINX IIUPOKOe MpuMeHeHue. B 6obInHCTBe
CJIy4aeB OHHM COCTOSIT U3 MHOXKECTBA MaJICHbKHX (ToimuHON 10 0,3 MM) mapayuieTbHO OPHEHTHPO-
BaHHBIX KPUCTAJIOB CEPHOKUCIIOTO HOANCTOrO XUHUHA-TepanaTuTa, HaXoAIUXCsl BHYTPH CBS3Y-
IOIIEH CpelIbl - MPO3PAYHOU TIIEHKH.

Jlns uccnenoBaHusl XapakTepa M CTENEHHU MMOJIAPU3allU CBETa MPHUMEHSIOT YCTPOMCTBa,
Ha3bIBa€MbIC aHATM3aTOPaMU. B KaduecTBe aHAIM3aTOPOB UCIIOIB3YIOT TOKE YCTPOUCTBA, KOTOPHIE
CIIy’KaT JUIsl TOJTyYeHUs JTMHEHHO-TIOISPU3NPOBAHHOTO CBETA (II0JIIPU3aTOPBI).

[TycTh Ha MONAPU3ATOP MAAAET IUIOCKOMOJSPU30BAHHBIN CBET aMIUIUTYIbI Ao U MHTEHCHB-
HocThIO [0 (Puc. 5). CkBO3b MONSIpH3aTOp MPOMAET COCTABIISIONIAs KOJNICOAHUS ¢ aMILTUTYH0H A
=Aocosa , TIE O - YTOJI MEXIY TNIOCKOCTBIO KOJIeOaHUH MMaJaroiiero cBeTa 1 MIIOCKOCTHIO TOJISPH-
3aTopa. A Tak Kak MHTEHCHBHOCTb CBETa MPONOPLUUOHAIbHA KBAJPaTy €ro aMILIUTY/Abl, TO UHTEH-
CUBHOCTD IPOLIEIIETr0 CBETa onpeensercs BoipaxkenueM I=locos a.

DTO0 COOTHOIIIEHNE HOCUT Ha3BaHWE 3aKOHA Mairoca.

HAOCKOCTh NOAAPHAATOP

Ay
A, cosa

A, sina

Puc. 5
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[TocTaBMM Ha TTyTH €CTECTBEHHOTO Jiy4a mosisspuszatop P u ananmuzarop A (puc.6). 13 noms-
pus3aTtopa BBIﬁHCT HJIOCKOHOJIHpI/I3OBaHHBII>'I CBCT, HHTCHCUBHOCTL KOTOPOTO COCTABUT IIOJIOBUHY
MHTEHCUBHOCTH €CTECTBEHHOro cBeTa, T.e. [1= lo /2. CormnacHo 3akoHy Maitoca U3 aHaiau3aTopa
BBIMJIET CBET MHTEHCUBHOCTHIO: |2=11c0s20a (T1e a yroy Mexay miIoCKOCTIMU MOJISIpU3aToOpa U aHa-
nu3atopa). Takum oOpa3oM, HHTEHCUBHOCTh CBETA, MPOLIEAIIETO Yepe3 MOIsIpU3aTop U aHalnu3a-

TOp paBHa 12= _2I ,cos?ar .

Puc.6 A

Onucanue yCTAaHOBKH.

B HacTosmeit pabote 1uist MOTy4eHUs U UCCIIEI0BaHMs IMHEHHOTO MOJISIPU30BAaHHOTO CBETa
IPUMEHSIOT Nojspouasl. OHM U3rOTaBIMBAIOTCSA U3 OYEHb MEJIKHUX KPUCTAJUIOB TypMalvHa WU
reparnaTuTa, HAHECEHHbIX Ha LIEJUTYJIOMAHYIO IUIeHKY. ONTHYECKHEe OCH KPUCTAUIOB CIELMATIbHBIM
00pa3oM OPUEHTUPYIOT B OAHOM HalpaBieHUH. KpucTaisl TypMaalHa IPOMYCKAIOT CBET TOJIBKO
C OIIPEJIEIEHHON OpUEHTALUEll CBETOBOIO BEKTOPA U MOYTH IOJHOCTHIO MOIJIOLAIOT BCE MEPIEH-
JUKYJISIPHBIE COCTaBJISIIOLIME CBETOBOIO BEKTOpPAa K HANpaBICHMIO OCH KpucTaiia. Cxema ycra-
HOBKM IpuBeieHa Ha Puc 7.

Bo

mA

b

P

-
-~

Puc. 7

CBeT OT UCTOYHMKA CBETA S MPOXOIUT YE€PE3 HEMOABWKHBIN nosspuszarop P. Ananuzarop
A 3aKpelieH BO BpalllaloleMCsl IUCKE. YTOJ MOBOpOTa aHaIU3aTopa M3MEpsieTcs IO IIKaje
JIMCKa, pa3neneHHoi Ha 360 nenenuid. [Ipoiias nmonsipuzaTop U aHAIM3aTOP, CBET MA/IA€T HA BEH-
TUIBHBIA QoToaneMeHT B (conneunslit snement). [Ipu He odeHb OOJBIIMX OCBEUIEHHOCTAX
cuita GoTOTOKA MPONOPLHOHAIbHA CBETOBOMY MOTOKY. Bennunna oToToka usmepsieTcss MUKPO-
amnepMeTrpoM. Mexy noJspu3aToOpoM M aHaJIM3aTOPOM MMEETCS KaMepa, B KOTOPYK) MOXKHO
MoMeIIaTh 00pasIpl Il HAOMIOAEHUS SBICHHUS (OTOYNMPYTrOCTH W UHTEPHEPEHIINU TOISIPU30-
BAHHBIX JIY4YEH.

Oobopyoosanue u mamepuaiol.

1. YcranoBka ams npoBepku 3akoHa Maitoca. 2. Mcrounuk csera. 3. Mukpoammepmerp.

Ykazanus no mexnuke dezonacnocmu.
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1. K BbimoaHeHHI0 1a00paTOpHBIX PadOT AOMYCKAIOTCS CTYIEHTHI, M3YUHBIIUE TPaBUIA TEX-

HUKHA 0E€30MaCHOCTH.

2. JlaboparopHble pabOThl MOTYT IPOBOAUTHCS TOIBKO MO PYKOBOJCTBOM M HAOIIOACHUEM

npenoaaBaTeiisi.

3. Pacnomnaraiite npubopsl, MaTepualibl, 000pyJ0BaHHE HAa paboueM MecCTe B MOpsIJIKe, yKa-

3aHHOM IIPCTIOAAaBaATCIICM.

o &

BBITIOJIHEHUS pa0OTHI.
3adanus.
1. BKJIIOUNTh UCTOYHHK CBETA.

He nepxwurte Ha pabouyem cTojie MPeaMEThI, He TpeOyomuecs A1 BBITOTHEHHS 3aJaHUS.
[lepen Tem, Kak MPUCTYNUTh K paboTe TIIATENHLHO M3Yy4UTE €€ OMHCaHUE, YSICHUTE XOJI

2.Bpamas ananmu3aTtop, 100UTHCS MAaKCUMAIILHOTO OTOpOCa CTPENIKH MUKpoamiiepmerpa (A
MOJKET OBITH ClielyeT JoOuBaThcs MUHUMANBLHOTO? [Touemy? Uemy paBeH yroi B 3ToM cirydae?).
3.3anuchIBalOT IOKA3aHUsI MEKPOAMIIEPMETpPa U B IajIbHEHUIIIEM, TIOBOpAaYHBasi aHAJIN3ATOpP,

yepe3 10 rpamycoB 3ammCHIBaIOT COOTBETCTBYIOIINE 3HAYEHUE TOKA.

4. Kaxum O6p&30M 110 NOJYUYCHHBIM JAHHBIM MOKHO Y6eI[I/ITbCH B IIPABHJIbHOCTHU 3aKOHA

Mamnroca? Kakue rpadku U3 HIKE TIEPEUUCICHHBIX CIIEAYET MOCTPOUTH JIJISl IPOBEPKH 3aKOHA?

(BBIOOp apryMEHTHUPOBATH)

J=u@.L=wa)%:fm§@

I=f(¢).2=A(p), !0 o o
5. IlocTpouTs rpaduk 3aBUCHMOCTH.
6. Cnenarpb BBIBOJI.
Pe3yabTarsl n3mMepeHmii.

o | cosa cos2a

Cooeporcanue omuema.

Otuet 1o 1abopaTOPHBIM paboTaM JOJKHBI COAEPIKATH!

- TUTYJbHBIN JIHUCT;

- 11eJ1b paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpEIeJICHUH, MOHATHH, hopmyT,;
- OCHOBHOE 000pYZ0OBaHHUE, CXeMa YCTAHOBKH;

- OMMCaHUE M0 MYHKTaM BBIIIOJHEHHOM padoThI;

- pe3yJabTaThl U3MEpPEHHI U pacyeToB (TabIULbl, FpaduKn);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI;

- BBIBOJIBI 110 PE3YJIbTaTaM BBITOJHEHHON pabOTHI, 1aTa, O/ IIHCH.

KOHmPOJ'leble 60npocaol.
Yro MpEACTABJISACT U3 ce0s1 cBeTOBAs BOJIHA?
Kakue JIENCTBUS OKa3bIBaeT cBet? Enarozlap;l 4yeMy 3TO BO3MOXKHO?

OnuiuTe BUABI TOJSAPU3ALIIH.
[lepeuncnure ciocoObl MOTYYEHHS MOJISIPU30BAHHOTO CBETA.
Cdopmynupyiite 3akoH Martoca.

NoakowhE

BeT chopMyIHpyiTe).

UYro Takoe nossgpusanusa? Kakoi cBeT Ha3bIBAOT ecTecTBEHHBIM? [losspu3oBaHHbIM?

. Kakwue nannpie B paboTe MO3BOMISAIOT YOSIUTCS B CIIPABEIIIMBOCTH 3aKoH Maitoca ? (0T-
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Jladoparopnasi pabora Ne 16
Tema padomoi. U3yyenue BHemHero gporo3ddexra
Ilen» padompr. OnpenienieHre CKOPOCTH MOJIETA ITyJIN C IOMOLIBIO (PU3NUECKOTO MasITHUKA.

Teopemuuecxaﬂ uacmo.

PaznuuaroT Tpu Buga dpotodrddexra:

Buewnum gomosgpgpexmom Ha3bIBaeTCS BBIPHIBAHHE OJEKTPOHOB U3 BELIECTBA O[T
JICUCTBUEM  DJICKTPOMArHUTHOTO w3iydeHus. Boemnuii  QoTtodddext Habmomaercs
MIPEUMYIIIECTBEHHO B TIPOBOJIHUKAX.

[Ipu euympennem ghomosghghexme 3MEKTPOHBI MO/ ICHCTBHEM CBETA TEPSIFOT CBSA3b CO CBOUMHU
aTOMaMH U MOJICKYJIaMH, HO OCTArOTCsI BHYTpH BeriecTBa. Takoi Bua GoTorddexTa BO3MOKEH
TOJILKO B TIOJTYTIPOBOTHUKAX.

Benumunonwiii pomosgpghexm 3akiodaeTcs B BOSHUKHOBEHHH (DOTO-3.1.C. TIPH OCBEIICHHH
KOHTAKTa JIBYX Pa3HbIX IMOJIYIIPOBOJHUKOB HJIM IMOJYIPOBOJHUKA M MeTauia 0e3 Haludus

BHEIIHETO 3JIEKTPUUECKOT0 MOJIS.

B nanHoii paboTe A u3ydeHHs 3aKOHOMEPHOCTEH 6HewHe2o ¢ho-
mo3gghexma UCTIONB3YIOT BaKYYMHBIN QoTodsiemerT. OH MpeacTaBiseT
co00i1 CTEeKISTHHBIA OTKaYaHHBIA cepuyecKuil OaoH, B IIEHTPE KOTO-
pOTO PacmoioKeH aHOI A B BUJI€ KOJIbIIa Wi TiacTUHKHU (puc.l). Yacte
BHYTpPEHHEH MOBEPXHOCTH OasIoHa MOKPHITA TOHKHM CJIOEM MeTallja,
KOTOPBIH CITy>)KUT ¢pomokamooom. Ha puc.1. n300pakeHa MpUHIMITAAIIb-
Hasl CXeMa, C MOMOIIBI0 KOTOPOH uccienyercs BHEMHUN (HoTodhdexT.
Mexny aHOZOM U KaTOJOM HCTOYHMK TOKa CO3/1a€T 3JIEKTPUUECKOE
nosie. Tak Kak ayeKTpuueckas LEelb Pa3OMKHYTa, TO MPU OTCYTCTBUHU
CBETa AIIEKTPUUYECKHI TOK Yepe3 GoToaneMeHT He uneT. [Ipu ocBemenuun
KaTO/1a CBET BBIPHIBAET U3 HETO AIEKTPOHBI, KOTOPBIE IO IEHCTBUEM CHI
AIIEKTPUYECKOTO MO ABMXKYTCS K aHOAy. B 1ienu nosiBisiercs 3aeKTpu-
YeCKUH TOK, HazbIBaeMbIil gomomokom. Cuna GoToToKa H3MeEpseTcs
rampBaHoMeTpoM G, HampspkeHHe Mexay aHonoMm A u gortokarogom K
— BoJbTMeTpoM V. M3MeHss HalpsiKeHHe ¢ TOMOIIbIO TOTEHIIMOMETpa
P, HaxoasT 3aBUCUMOCTB CHIIBI (DOTOTOKA OT HANPSKEHUS] — BOJIBTaM-

MIEPHYIO XapaKTEPUCTHUKY.

I#%

Ha puc. 2 u3o0paxkeHa BoJbTaMIIepHAsl XapaKTePUCTHKA BaKYy-
ymHOTO (hoTodnementa. [Ipu U = 0 (Mex Ty KaTo10M U aHOJIOM
L, 7|7 AIIEKTPUYECKOTO TOJISt HET) crita JOTOTOKA BCE PaBHO HE paBHA

| HYJII0. DTO 00YCJIOBJIEHO TEM, YTO 3JIEKTPOHBI, BBIPBAaHHBIE CBE-
| TOM M3 KaTo/a, UMEIT HEKOTOPYI0 HadallbHYI0 cKopocTh V (a

| 3HAYUT, U KHHCTUYCCKYTO aHeprmo) 1 9aCTb U3 HUX MOXET J0-
CTUTAaThb aHOdA U IPU OTCYTCTBHUU DJICKTPHUYICCKOI'O ITOJIA.
|

T, 0 U Ecnu yBenuuuBarth HaNpsUKEHHE MEKY KAaTOIOM H aHO-

H JoM (TIoaBasi OTpHUILIATEIbHBIM MOTEHIIMAT Ha KAaTO/l, @ Ha aHO]
— MOJIOKUTENbHBIN), Oy/leT yBEeIMYUBAThCA CHJIA TOKA. DTO
OOBSICHSETCS] TEM, UTO TEMePhb AEKTPOHBI, KoTopbie mpu U = 0
HE JOCTUTaJM aHoja, MOJA JEHCTBUEM CHJI AJIEKTPUYECKOTO

=y

MOJIA IIPUTATHUBAKOTCA K aHOAY.

)4 & rpaq)mca BUJHO, YTO HIpHU HCKOTOPOM 3HAUCHUH U= U,, Cculia (bOTOTOKa JOCTHUTacT

HanOOJIBIIIEr0 3HAUEH U, OJTYYHMBILIEr0 Ha3BaHUE TOKa HachleHus |y, JanpHeiimee yBenuuenue
HaAIPsDKEHUS YK€ HE BBI3BIBAET POCTA CUJIBI TOKA. DTO 3HAYMT, YTO BCE BJIEKTPOHBI, BHIPBAaHHbBIE
CBETOM M3 KaToJ1a, JOCTUTAIOT aHoja. Eciu 3a edunuyy épemenu cBET BBIpBIBaET U3 (hOTOKATOA
N 3JIEKTPOHOB, TO TOK HACKHIILEHUS OYIET paBeH
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l,.=e-n, 1)

I7ie € — 3apsij1 AIIEKTPOHA.

Ecnu moMeHsTh NOJSPHOCTD 3JEKTPOHOB, TO €CTh M0/aTh Ha KATO/ HOJOXKHUTEIbHBIA I0-
TEHIIMAJ, a HA aHOJA — OTPUIATEIbHBIN, TO DJIEKTPUUYECKOE T0Je OyJeT TOPMO3UTh IBUKECHUE
3JICKTPOHOB OT KaToja K aHoAy. 3a cueT paboThl cuil AnekTpuieckoro nois (Ag = eU) kunernue-
CKasi SHEPTUs IBUKYIIUXCS SJICKTPOHOB OyeT yMeHbIIaThes. Eciiu nepBoHavanbHas KWHETHYE-
ckas sHeprus nekrpona W, Oyner Oomnbire pabotsl snexTpudeckoro noist (W,>Ag), 3IeKTpOHbI
OyayT nocturath aHona, B nenu oyaer uaru Tok. [Ipu W,< eU anexTpoHsl aHO/1a HE JOCTHTHYT U
TOK IpekpaTuTcs. Haumenplee HanpsiKeHue, Mpyu KOTOPOM IpeKpamaercs GoTOTOK, Ha3bIBACTCS
3a1ePKUBAIOIIIUM.

[Tpu U = U, naxxe cample OBICTpPBIC AJIEKTPOHBI, UMEIOIINE MAKCHMAaJIbHYIO CKOPOCTb, HE
JOCTUTAIOT aHo/1a. B aTuX ycioBusix

mv?2

eU, = ™. (2)
2

Taxum 006pazom, u3mepsist Ha onbITe Uz, MOKHO BEIYMCIUTh MAKCUMAJIbHYIO KHHETHIECKYIO YHEP-
T'HIO JIEKTPOHOB, BBUIETAIONIUX U3 KAaTOJA.
Qobopyoosanue u mamepuanol.

[Tpu n3yuennn 3akoHOMepHOCTEH PoTodrdhdekra B paboTe NCHOIB3YeTCsl BAKYYMHBIH (pOTO-
3JIEMEHT, IPUHIUNHAIbHAS CXEMa BKJIIOUEHHSI KOTOPOIO B 3JICKTPUYECKYIO 1IeTIb IPUBEICHA Ha
puc. 4.

1. ®orosnement @, ceeropunbTp CP 1 UCTOUHUK CBETa (CIIEKTpaabHast pTyTHas jamma) JI mo-
MeEILEHBbI B 3aKPBIThIH KOHTelHep. CBeT oT JiaMIbl, IpoxoAs yepe3 ceeTopuibTp CP, cTaHOBUTCS
MOHOXPOMAaTHYECKUM H, Majast Ha KaToJl oTorneMenTa, Bei3biBaeT porodddext. Mukpoamrep-
MeTp MA n3MepsieT cuily (OTOTOKa, a BOIbTMETP V — HanpspkeHue Ha GOTOIIEMEHTE.

2. YCTaHOBKa COCTOMT M3 O0BEKTa MCCIEIOBAHUS M YCTPOWCTBA H3MEPUTEIHHOTO, BHITOIHEH-
HBIX B BUJI€ KOHCTPYKTUBHO 3aKOHYEHHBIX U3/ENil, yCTaHABIMBAaEMBbIX Ha Ja0OPATOPHOM CTOJIE
Y COCIMHSIEMBIX MEXIy COO0M KabemeM.

3. OOBEKT uccieoBaHUsl KOHCTPYKTHBHO BBIIIOJHEH B BUAE COOPHOTO KOpIyca, B KOTOPOM
YCTAHOBJICHBI OCBETUTENH (CIIEKTpalibHAs PTYTHAS JIaMIa) C HCTOYHUKOM TTHTaHUs, OJIOK HHTEP-
depennnoHHbIX cBeTOGUIbTPOB Nel (A=407 mxm), No2 (A=435 mxm), Ne3 (A=546 mkm), Ned
(A=578 MKM) U YCTPOHCTBO peryaupoBKH ocBeneHHocTH. [Tooxenne "'0" 6i1oka cBeTOGUIBTPOB
COOTBETCTBYET IPOXOXKJEHUIO cBeTa 0e3 CBETO(YUIBTPOB U MOKET MPUMEHATHCS JJIs CHATHS UH-
TerpajbHbIX BOJIbTAMIIEPHBIX U JTIOKCAMIIEPHBIX XapaKTEPUCTHK, a MOJI0KEHHE ''D" - EpEeKpbIBAET
JaMITy ¥ MCTIOJIb3YyeTCs JUIsl yCTaHOBKM Houd. K Kopmycy ¢ moMoIIbio KpOHIITEHHA PUKPETIIeH
YCUJIUTENh (POTOTOKA, Ha BEPXHIOI KPBIIIKY KOTOPOTO YCTAaHABIMBAIOTCS CMEHHBIE (POTOTIpHEM-
HUKH ¢ GpoTornementamu @-8 u @-13. [Ipu ycTraHoBKE POTONPHUEMHUKOB UX TPUEMHOE OKHO COB-
MEIIAETCS C BBIXOAHBIM OKHOM OCBETHUTENS M 3aKPBIBAIOT TIPU TIOMOIIH OJICHIBI.

Ha nepenneii manenu o0beKTa MCCIIEOBAHUS HAXOAATCS CETEBON BBIKIIIOYATENb C MHJIMKA-
TOpOM BKJIIOYeHMs ceTu. Ha 3amHelt maHenn oObeKTa MCCIeI0BaHUS PACIIONIOKEHBI KIeMMa 3a-
3eMJICHHUS, JIeprKaTellu MpeloXpaHnuTeNell 1 ceTeBo MIHYp ¢ BIIIKOH. Ha 60koBo# cTeHke pacrio-
JIO’KEHO BBIXOJIHOE OKHO OCBETHUTENISI H YCTPOWCTBA JUISI CMEHBI MHTEP(PEPEHIIMOHHBIX CBETODIITh-
TPOB U PETYIUPOBKHU OCBEIIEHHOCTH. Ha GOKOBBIX MOBEPXHOCTAX yCHIUTENS (POTOTOKA PACHOIO-
’KEHBI COCTMHUTEIHHBIN ITHYP C Pa3beMOM JUTS TTOKIIOYCHHST 00BEKTa UCCIIEAOBAHMS K YCTPOii-
CTBY U3MEPUTEILHOMY U peryistopsl 6ananca yeunutens [ PYBO u TOUHO.

OOBeKT HceIeI0BaHus C TOMOIIBIO CETEBOTO MIHYpa noakirodaetcs k cetn 220 B, 50 I'm.

4. YcTpoicTBO M3MEPUTENBHOE BBINOJHEHO B BUJE KOHCTPYKTUBHO 3aKOHUYEHHOTO u3zaeius. B
HEM TIPUMEHEHA OTHOKPHUCTaJIbHAsI MHUKPO - DBM C COOTBETCTBYIOIMIMMHU JOTOIHUTEIHHBIMH
YCTPOHCTBaMH, TO3BOJISTIOIIMMHE [TPOU3BOIUTH U3MEPEHHE TOKA (POTOIIEMEHTA, YCTaHOBICHHOTO
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B 00BEKTE UCCIICIOBAHUS, YCTAaHABINBATh U U3MEPATH MUTAIOIINE HANPSKEHHS Ha (POTOAIEMEHTE,
a TaKXXe OCYIIECTBISTh (PYHKIIMH YIIPABICHUS YCTAaHOBKOH (YCTaHOBKA PEKHMOB MPSMOTO HITU
o0paTHOro U3MepeHus u T.1.). B cocTaB ycTpoiicTBa U3MEPUTENHHOIO BXOJAT TAK:KE UCTOUYHUKU
€ro MUTaHUA.

Ha nepenneit manenu ycTpoicTBa U3MEPUTEIBHOTO Pa3MELLEHbI CAEAYIOIINE OPraHbl YIPABICHUS
u unaukanuu: kaorka [IPAAMAS - OBPATHAS ¢ cooTBETCTBYIOIMMHI UHAUKATOPAMH - IIPEIHA-
3HAYCHA I BKJIIOYCHHS MPSIMOTO WM OOpPaTHOrO0 PEXKHMMOB M3MEpeHHs; kKHomku "+", "-" m
CBPOC - npenHazHa4YeHbI 1S PETYIUPOBKU HAMPSHKCHHS HA POTOIEMEHTE U ero cOpoca B HOJIb,
UHAUKATOPBI B 11 MKA - peHa3HavyeHbl 171 MHIMKAlUY 3HaYeHU BeJTMUMH HanpsKeHus Ha ¢o-
TO3JeMeHTe U (OTOTOKa B mporecce padoTel. Ha 3anHeil manenu ycTpoilcTBa M3MEPUTEIBHOTO
pacnosioxxensl Bbikitouatenb CETD, knemma 3azemiieHus, AepKaTelnd IpelaoXpaHuTenei (3a-
KPBITHI IPEAOXPAHUTEIBHOM CKOOOI1), CETEeBOM MIHYP C BUJIKOW U pa3beM Ui MOJKIIOUYEHUS 00b-
€KTa UCCIIEOBAHUA .

Y CTpoiCTBO M3MEPHUTEIBHOE C ITOMOIIBIO0 CETEBOT0 MHYypa nmoaktovaeTcs k cetu 220 B, 50 I,
5. IlpuHuun aecTBHsI yCTAHOBKM OCHOBAH HA U3MEPEHUHU TOKA yepe3 (OTOAIEMEHT MPH U3Me-
HEHUU NOJIIPHOCTH U BEJIMYUHBI IPUIIOKEHHOTO K HEMY HAIPSKEHUS U U3MEHEHHMS CIIEKTpallb-
HOTO COCTaBa M BEIMYMHBI OCBEIIEHHOCTH KaTo1a )OTOIIEMEHTA.

6. B mpoiiecce BbIOMHEHUS Ta0OPATOPHBIX PAa0OT CHUMAIOTCS 3aBUCUMOCTH TOKa uepe3 (oTo-
AJIEMEHT OT MPHJIOKEHHOTO K HeMY HampspkeHus. [Ipu 5ToM MeHsIeTCsl TOJIIPHOCTh HAIPSKEHUS
(T.e. pa3eNbHO CHUMAIOTCS MpsiMasi U 0OpaTHasi BETBU BOJIbTAMIIEPHOM XapaKTepUCTUKHU (POTO-
ayieMeHTa). XapaKTePUCTUKU CHUMAIOTCS MPHU PA3IMYHBIX 3HAUCHUSIX OCBEIIICHHOCTHU U MPU U3Me-
HEHUM UIMHBI BOJIHBI ocBelleHus: porosnemenTa. [lo pe3ynbratam nu3mMepeHuil cTposaTcs ceMen-
CTBa BOJIbTAMIIEPHBIX XapaKTEPUCTUK M, UCIOJb3Ysl COOTBETCTBYIOIIME METO/bI pacuera, 4Hc-
JIEHHO OLICHUBAETCs 3HaueHue nocTosHHou [1nanka.

Ykazanusn no mexnuke dezonacnocmau.

1. K BBIIOJTHEHHUIO TAOOPATOPHBIX PAOOT IOMYCKAOTCS CTYIEHTHI, N3YYHBIIHE TIPABUIIA TEX-
HUKHU 0€30MacCHOCTH.

2. JlaGopatopHbie pabOTHI MOTYT MTPOBOAUTHCS TOJBKO IO PyKOBOJICTBOM U HAOIIOACHUEM
npernojiaBarers.

3. Pacnomnaraiite mpubopsl, MaTepualibl, 000pyJO0BaHNE HA paboyeM MECTe B TIOPS/IKe, yKa-

3aHHOM IIPEIOoJIaBaTeIeM.

He nepxxute Ha paboyem croiie IpeaMeThl, He TpeOyroIMecs AJis BBIMOIHEHUS 3a/1aHus.

5. Ilepen Tem, Kak MPUCTYNHUTh K paboTe TUIATENBHO M3y4yUTE €€ ONUCaHHe, YSICHUTE XOJ
BBITIOJIHEHHS paOOTHI.

&

3aoanus.

ITocTpoeHnne BoJIbTAMIIEPHOM XapaKTEPUCTUKH (POTOIIEeMEHTA.
1. VYcraHoBute Ha 00BEKT HccienoBaHUS (GOTONPUEMHUK C UCCIENyeMbIM (POTOIIEMEHTOM U
3aJIBUHBTE OJICH/y OCBETUTEIIS B OKHO (POTOIIEMEHTA.
2. TlopkmoynTe ceTEBBIC MHYPHI YCTPOUCTBA N3MEPHUTEIHHOTO U 00BEKTA UCCIICIOBAHHS K CETH
Y BKJIFOUHTE YCTPOICTBO n3MepurtenpHoe BeikmodareneM CETD Ha ero 3annei nanenu. [Ipu atom
noikeH 3aropethest uHaukatopel OBPATHA S, B u MKA yctpoiicTBa uameputensuoro. Ha nnnu-
Karope B MOIKHBI yCTaHOBUTHCS HYIH (JOIYCKAaeTCsl MHANKALMS 0 3HAaUYEHUs 2 MIIQJIIEro pas3-
psaa). [Tocne 5 MunytHoro nporpesa pyukamu Y CTAHOBKA HVYJIS Ha o0bexTe nccienoBaHus
YCTaHOBUTH HYJIEBOE 3HAUYEHUE HAa MHUKATOPE MKA yCTPONWCTBAa U3MEPUTEIIBHOTO.
3. Brirounte 00bekT nccienoBanus BeikimodaresieM CETD Ha ero nmepenneii manenu. [Ipu sTom
noskeH 3aroperbest unaukarop CETb o6bekTa uccnenoBanusi.
4. JlaTb namre OCBETHUTENS IPOrpeThes B TeUueHUe 15 MUH.
5. C nomoipsto kHonku [TPSIMA S - OBPATHA S BEIOpaTh HEOOXOMMBII PEKUM U3MEPEHHUS.
6. YcranoButs cBeropmisTp Nel moBopoToM aucka 6moka CD.
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7. V3menss 3nadeHus HanpspkeHus yepes 0,5 B ¢ momomisto kHomok "'+ u U CUUTHIBAS IIOKA-
3aHus (OTOTOKA C MHAMKATOpa "MKA" MOMyynTe AaHHBIEC JAJISl TIOCTPOCHUS BOJIbTAMIIEPHOH Xa-
PaKTEPUCTUKH.

8. YcranaBiuBas AMCK cO CBETOPMIBTPaMU B NOJ0KeHHE "5" ¥ poBepsisi yCTaHOBKY HYJISI TOKA
IIPU HYJICBOM 3HAUEHUU HAINPSKEHUS], TOBTOPUTE ACUCTBHUSA MO MII. S...7 HACTOSIIEro pa3jena Jis
npyrux cBetopuibTpoB (CO2-CD4).

ITpumeuanue 1: [Tpy HEOOXOAMMOCTH € IOMOIIBIO IOBOPOTA KOJIBLA, PACIIOJI0KEHHOI'O Ha BbI-
XOJTHOM OKHE 00BEKTa UCCIEAOBAHUS MOKHO U3MEHSTh OCBELIEHHOCTh (hOTORIEMEHTA.
[Tpumeuanue 2: [Ipu onpeneneHNH 3auparoIero HanpsHKeHus (HOTodIeMeHTa HE0OX0JMMO HY-
JIeBOE 3HAYEHHUE TOKA CUMTHIBAThH MPU YMEHBIIECHUH HAMPSKEHUSI OT HYJIEBOI'O 3HAYEHUS /10 3HA-
YEeHMsI 3alMPAIOLLETro HapsKEHUs, a He Hao0opoT. He pekomenayeTcs Takke yCTaHaBIMBATh
3HaYEHHUE HAIPSHKEHUS HUXKE 3aITUPAIOILIETO.

9. Ilo okoH4YaHWUH PaOOTHl HEOOXOAMMO OTKJIIOYUTH MHUTAHUE YCTAHOBKU BBIKIIOYATEISIMH
CETb (na 3aaHe# maHenu yCcTpoHCTBa H3MEPUTEIILHOTO U TIEPEIHEH MaHeIn 00beKTa HCClieI0Ba-
HUS1) U OTKJIFOUUTH CETEBbIE BUJIKM YCTPOMCTBA U3MEPUTENIBHOTO U 00BEKTA UCCIEA0BAHUS OT -
TaroIlel CETH.

10. Pexwum pabOThI yCTaHOBKH NMPEPHIBUCTHIN - Uepe3 Kaxable 45 MUHYT

paboTh! epephiB Ha 15-20 MuH.

[To naHHBIM TaOMIBI 1 TOCTPOUTH BOJIBTAMIIEPHYIO XapaKTEPUCTUKY, TO €CTh Ipa)uK 3aBUCH-
MocTH cuitbl (poToToka | (abciucca) ot Hanpsbkenus Ha poroaniemente U (opaunara).

Tabnuna 1
Onpeodenenue pabomol 8b1X00a INEKMPOHA, KPACHOU 2PAHUYbL Pomodpgexma u noCmosHHOU
Iinanka

Co Y,
Nl 2

- |, mxA
Co Y,
N2 D

h |, mxA
Co Y,
Ne3 B

- |, mxA
Co Y,
N4 B

- |, mxA

1. C nomousto kHomku [TPSAIMAS - OBPATHA I BeiOpats pesxxum uzmepenust ObPATHAS (ne
JieJlaeM yCTaHOBKY HYJISl KaK B IepBOM yacTu paboThl!).

2. V3MeHss 3HaUEHMS HAIPSHKEHUS C TOMOIIBIO KHOMOK "'+ 1 "'-" ycTaHOBUTH MOKA3aHUs UH]U-
katopa ¢ororoka "MKA" paBHbIM 0. 3aHECTH TOTYYEHHOE 3HAUCHHE 33/IePKUBAIOIIETO HATIPSI-
xeHus Uz B Tabnuity 2.

3. ToBToputh myHKTH! 1 11 2 17151 Ipyrux cBETOOUIBTPOB.

4. Tlo momy4eHHBIM SKCIIEpUMEHTATBHBIM 3HaueHwsiM U3z paccunTats:
d) KHHETHYECKYIO DHEPTHIO (POTOIIEKTPOHOB! Wk =e-Us
b) pabory BbIXO/1@ DIEKTPOHOB: A= h-c e.U
C) KpacHyo rpanuily poTodhdekra: BELX A 3

L

max
BbIX
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Ta0muua 2

WK Acoix
Ne i/ [, MKM Us, B ) 191 [Jmax, MKM
10" 107k e
C
5. Tlo noiay4eHHBIM AaHHBIM HOCTPOUTH Ipaduk 3aBucuMoctd Uz oTv,Tae V. = —.
A
6. Hcronb3ys nonydeHHbId rpaguk, BIAUCIuTh 110 hopmyie 1oL _ AU, _ n Y OLICHUTH T10-

Av e
IPEIHOCTh U3MEPEHUM.
Cooeporcanue omuema.
Otyet no 1abopaTopHbIM padoTaM JAOKHBI COACPIKATH:
- TUTYJIbHBIH JIUCT;
- [1e7b paboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICICHU, TOHATUH, POpMYI;
- OCHOBHOE 000pYZOBaHHUE, CXeMa YCTAHOBKH;
- OITMCAHHME IO MYHKTaM BBIIIOJIHEHHOU paboThI;
- pe3yJIbTaThl U3MEPEHUM U pacyeToB (TadnuLbl, rpapuKn);
- OIICHKA MOTPEITHOCTEH;
- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI 110 PE3YJIbTaTaM BBIMOJIHEHHON pa0oThI, AaTa, MOIHUCH.

Konmponwnuie eonpocui.

Yro HazbiBaeTcs GpoTorppexrom? Kakue ObiBaroT Buabl poTosppexra?

B gem 3akmrouarorcs 3aKoHbI poTodppexra?

Kak cBsi3aHbl yIMHA BOJIHBI M YacToTa poToHa?

Kakas umeHHO oco6eHHOCTh (oT03(pPekTa He MOKET ObITh OOBSICHEHA C TOUKH 3PEHUS
BOJIHOBOM T€OpHUH CBETa?

3anumure 1 00BbSICHUTE ypaBHEHHe DHHIITeNHHA Ui hoTodddekTa.

Yro HazbpIBaeTCs KpacHOU rpanuiet potosddexra 1 OT 4ero oHa 3aBUCHUT?

OT 4ero 3aBUCUT MaKCUMallbHasi KHHETHYECKasi SHEPTrHst (POTOAIEKTPOHOB?

Hapucyiite u 00bsicHUTE BOJIBTAMIIEPHYIO XapaKTEPUCTUKY GoTodPdeKTa.

Ha uem ocHoBaH crioco0 onpezaeneHus: KpacHoU rpaHullsl potodddexra B JaHHOH paboTe?

NS

©CoNo O

JladopaTopnas padora Ne 17

Tema pa6omel. U3yueHue SJHEPreTHYECKOTO CMEKTPA YJIEKTPOHOB

Ilens padomur. Onpenenenre JJIMHBI Tpo0era 31eMEeHTapHbIX YaCTHI] B BO31yXe IIPU aTMO-
chepHOM J1aBJIEHUH U OIpe/ielIeHe MaKCUMaIbHON 3HEeprun 0era-4acTull Mpu MOMOIIK METoAa
MOTJIOUICHMSL.

Teopemuuecmm uacmeo.
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SIBneHue paauoakTUBHOCTH ObLI0 00Hapyx)eHo bekkepenem (1890 r.). On 3ameTw1, 4TO He-
KOTOpBIC BEIIECTBA, COAEPIKAIINE YpaH, 00Jagar0T 3aMe4aTeIbHOM 0COOEHHOCTHIO CaMOIPOU3-
BOJIBHO, 0€3 BCSAKOT'O BHEIITHETO BO3/ACUCTBUSA, U3Ty4aTh JIy4H, CIIOCOOHBIE MPOXOAUTH CKBO3b He-
MpO3payvHble JJI1 BUAUMOIO CBETa BEIIECTBA.

PagnoakTrBHOE M3Ty4YeHHE ObIBAET TpeX BUIOB: Ol -Ty4H, B -Iydu B Y -TTydu.

Ol -7Ty4r IPEACTaBISAIOT MTOTOK sIep TeIMEBBIX ATOMOB, WJIW, UHBIMH CJIOBaMU, TIOTOK I'eJIHe-
BBIX HOHOB C 3apsiioM +2e.

ToxecTBeHHOCTh Ol -lIy4ell ¢ MOTOKOM TIEJIHMEBBIX slep '
ObLJ1a yCTAaHOBJIEHA C TOMOIIBIO CIIEAYIOLIETO OIbITa, IPOU3BEICH- ; l i
Horo Conau.

Cocya A (puc. 1) ¢ TOMOIIBIO TOHKOW CTEKJISIHHOM Mepero-
ponku G paznemsuics Ha e yactu B u C. B wactu B [Tomemnanoch ~ ;
PaznoaKTUBHOE BEIIECTBO F, ¢
usnydaromiee OL -myuu. [leperopoaka G nmogdupanachk Takou TOJ- v
HIMHBI, 4TOOBI Ol -Ty4yd MOTJIM MPOXOJUTh CKBO3b Hee. [pyras
yacTh 3Toro cocyna C coenunsuiachk yepe3 kpaH K ¢ BakyyMHbIM
HacOCOM, ¥ B 3TOH 4acTs CO34aBajoCh JOCTAaTOYHO CUJIBHOE pa3-
pexeHue.

B tpy6ke H, coenunennoii ¢ cocynom C, momemnianucek aB8a snekrpona D, E, ¢ momoribio
KOTOPBIX MOXHO OBLITO BBI3BATh pa3pss B TpyOke H. Bakyym B cocyne C co3aaBaicst CTOIb BBICO-
KHi1, 4TO npu npuioxkeHuu K D u E pa3HOCTH NOTEHLIMAIOB B HECKOJIBKO COTEH BOJIBT 3JIEKTPHU-
yeckuil paspsn He Bo3HuKal. [locime oTkauku cocyn A oTcoenuHsics oT Hacoca. Cmycrts He-
CKOJIBKO JHEU, OJHAKO, TIOCJIE IPUIIOKEHHUS pa3HOCTH MOTeHIIMaioB Mex 1y D u E Bo3Hukan smnex-
TPUYECKUU pa3psill, HHTCHCUBHOCTh KOTOPOTO C TEUEHUEM BPEMEHH BO3pacTalia.

Caer, uCXOsIIMIA TP pa3psae U3 Tpyoku H, ObuT mpoaHamTu3upoBaH ¢ MOMOIIBIO CIIEKTPO-
rpada. Okasanock, 4TO CIIEKTP 3TOTO H3ITYICHUS B TOYHOCTH COBIIAJIACT CO CIIEKTPOM H3ITydeHHUS,
BO3HUKAIOIIUM TIPU SIEKTPUUYECKOM paspsijie B ra3000pa3HOM TelIUU.

B tpy6ke H renus He Obu10, HO clojia u3 B npoHukanu Ol -4acTHIIbI, U3Ty4aeMble paJu0aK-
TUBHBIM TipenapaTtoM. [TockonbKy B pe3yibTaTe TaKOro MPOHUKHOBEHUS B TpyOke C MOSBUIUCH
aTOMBI TeJHs, TO, CJEA0BATENIbHO, Ol -HaCTUIIBI U SIBJISIOTCS TelIMeM, MpaB/ia, HE aTOMaMHu, a siji-
pamu renust. Sapa renus (O -4aCTHIIBI) 3aXBAThIBAIOT U3 OKPYXKAIOIIEH Cpeibl 2 SIEKTPOHA U Tpe-
BpaIIalOTCs B KHOPMaJIbHBIE» aTOMBI renusi. tak, Ol -4acTULIbI SIBISIOTCA SIApaMu aTOMOB TeJTusl.

XapakTepHOU BETMUMHON WX SBISETCS dHEPTUsi. DJHeprus Ol -4acTHI] BEIHKa — MOPsAKa He-
CKOJIbKUX MUJUIMOHOB 3JIEKTPOHBOJIBT. PaznuuHble paalioakTUBHBIE BEIIECTBA U3y4al0T Ol -ua-

CTHUILIbI PA3JIMYHON SHEPIrUH, HO Bce Ol -4aCTHIbl, U3JIyUCHHbIE JaHHBIM PAJUOAKTUBHBIM Bellle-
CTBOM, UMEIOT BIIOJIHE OMPEJIETICHHYIO SHEPTHIO.

& Z
V4 (S
Z
Puc.1 OnbiT Coaan

| [

B -JIYYU ABJIIFOTCA IIOTOKOM OTPHULATCIIBHO 3aps’KECHHBIX YaCTHLI. 3HaK - (MI/IHYC) npu 6yKBe

e
B MMOAYCPKUBACT, YTO 3TH YaCTHULIBI HECYT OTpI/ILIaTeJ'ILHHﬁ 3apsan. OtHomieHne E AT HAX OKa-

3aJ10Ch B TOUHOCTHU TaKHUM K€, KaK U JUJIS DJIEKTPOHOB. B -JIy4Yd SIBJISIFOTCS B JEHUCTBUTEIBHOCTH
MMOTOKOM 3JIEKTPOHOB. OTin4mne B -JIy4ei OT OOBIYHBIX KaTOIHBIX JTy4dei HE Ka4eCTBEHHOE, a KO-
JINYECTBEHHOE. DHEPTHUSI JIEKTPOHOB
B -JIy4el 3HAQUYUTENBHO MPEBOCXOJMUT DHEPTUI0 KAaTOAHBIX Jy4ed M MMEET BEIUYUHY IMOpsJIKa
MWJIJIMOHA 3JIEKTPOHBOJIBT.

Y -JIy4H, HE OTKJIOHAEMbIE HU MATHUTHBIM, HU DJIEKTPUYECKUM I10JIEM, HE HECYT DIIEKTPHUYE-
ckoro 3apszaa. Ilo csoelt npupoze Y -ay4u aHaJIOTUYHBI PEHTTEHOBLIM JIy4aM, HO OTJIMYAOTCS OT
HHUX OOJIbIIIEH BEIUYHHON KBAHTOB.
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Kak yxe yka3pIBaJIoCh, paJl0aKTUBHOE U3Ty4eHHE MPOU3BOAUT CUIbHOE HOHU3UPYIOIIEE U
(oToOXUMHUECKOE IEHCTBHE U TI0 3TOMY ACUCTBUIO MOXKET OBITh perUcTpupyeMo. Tak Kak OTAeIb-
HbIE YACTHUI[BI, BXOISIINE B COCTAB PAJMOAKTHBHOTO M3TydeHns (OL -4acThIbl, [3 -gacTripl, Y -
KBaHTHI), 00J1a/1a10T OOJIBIION SHEPTUEH, TOPSAIKA MIJIJTMOHA AJIEKTPOHBOJIBT, TO MPEACTABIAETCS
BO3MOXKHOCTh HAOJIIOJIaTh M PETUCTPUPOBATH HE TOJIBKO PAAMOAKTHBHOE M3IIyUYEHHE B LIEJIOM, HO
U OTJEJIbHBIC YACTHIIbI, BXOSIINE B COCTAB 3TOTO U3JIyUEHUS.

Haubosee gacto a1t perucTpanuy U HaOIIOJCHUS OTACIBHBIX OBICTPBIX YaCTHUI] TPUMEHSIOT
TPHU METO/IA:

a) Kamepa Buibcona. B rmaBe VI Obut yka3zaHn npuHIUIT 1eHCTBHs KaMephbl BuiabcoHa u 1o-
kazabl pororpadum myreit Ol -gactui. Kamepa Bunibcona npurosa u Juist HAOTIOACHUS TTyTel
[ -uactu. 3HaunTenBPHOE YCOBEPIICHCTBOBAHIE B METO KaMephl BuibcoHa 610 BHECEHO 1.
B. CkoGenbLbIHBIM.

Cko0enbLbIH ToMecTHI Kamepy Bunbcona B MaruuTHoe nojie. MarHuTHOE 1oJjie HICKPUBIISET
Tpaextopuio [} -wactuin. B ciyuae, koraa [3 -uacTuiia gBIKeTCS IEPICHANKYISPHO CHIIOBBIM JIH-
HUSM OJHOPOJHOIO MAarHUTHOTO HOJSI, €€ TPAaeKTOpUEH SABIIAETCS  OKPYXKHOCTh paauyca

_mcu
eH

rac u - CKOPOCTb 4YaCTHIIbI, H - HaMNpsPKCHHOCTbL MArHUTHOT'O IT0JIA, e - 3apAl 3JICKTpOHA, C -
CKOpOCTh cBeTa. B kamepe BuibcoHa, moMenieHHoi B MAarHUTHOM I10J1€, TPEKU 3JIEKTPOHOB MpeE/I-
CTaBIISIIOT 4YacTU OKpyXHocTed. [lo BenmumHe panmyca 3TOW OKPYKHOCTH MOXKHO ONpPENEIUTh
CKOPOCTb 3JIEKTPOHA.

6) Cueruuk ['eiirepa-Mrosuiepa. CyliecTBYIOT JiBa BAPMAHTA CYETYMKOB: CUETUHUK C OCTPUEM
(cuetunk I'eiirepa) u cuetumnk ¢ HUTHIO (cueTuuk I'elirepa-Mrosiepa).

Cuerunk ¢ HUTHIO (puc.2) npeacrasiseT LMHAP C, IO OCH KOTOPOro HaTsHyTa HUTh AB -
TOHKasg MCTAJUIMYCCKAA IPOBOJIOKA. Hwute B QJICKTPUYCCKOM OTHOLICHUHU U30JIUPYCTCA OT KOpITyCa
cueryrka C. CYeTYMK HAMOJHAIOT ra30M IpU HEOOJIBIIOM JIaBIECHUH.

=]

£

X
& JCUNLIEARO

Puc.2 Cxema ycTpoiicTBa cYEeTUMKA
lenrepa-Mtionnepa

Q

i

.

Mex a1y HUTBIO U IIMITMHIPUYECKHM KOPITYCOM CUETUHKa C MOMOIIbIo Oatapen E nim cnenu-
AJIIBHOTO BBIMPSAMUTEIBHOIO YCTPOUCTBA CO3/AAI0T JIEKTPUUECKOE MOJIe

Takoro HanpsKeHUs, IPU KOTOPOM B CUETUMKE MOYKET pa3BUBATHCS KOPOHHBIN pa3psa. Ko-
POHHBII pa3psii HAUHET Pa3BUBATHCS, €CIM B IPOCTPAHCTBE MEXK/LY HUTHIO U KOPITYCOM OKa)KyTCsI
3apshKeHHbIE YacTUIbl. [103TOMYy KOpOHHBIN pa3psi] BOSHUKAET B CYETUMKE BCAKHUN pa3, KOrja B
HEro IIPOHMKHET HOHU3UpYIoIIas yacTuna-snextpon win & -uacruna. Takas yacTuia, IBUrasch
BHYTPHU CUETYMKa, IPOU3BOAUT MOHU3AIIMIO ra3a, BCIEACTBUE YEro U BO3ZHHWKAET KOPOHHBIN pa3-
psn. [locnenoBarebHO C HUTBIO CUETYMKA MOJKITIOYAETCsl CONMPOTUBIIeHNE R, BeMnUnHy KOTOpPOTro
MOIOUPAIOT TakK, YTOOBI MPU Pa3BUTHH KOPOHHOTO pa3psia Ha 3TOM CONPOTUBICHUH BO3HUKAJIO
JIOCTaTOYHOE TaJeHHE MOoTeHIuana. Eciy 370 majeHue MOoTeHIMala OKaXKEeTCsl JOCTaTOYHBIM
(OKOJIO COTHU BOJIBT), TO BO3HUKIINH B CUETYNKE KOPOHHBIN pa3ps] MpepBeTCs.
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[To Bo3HMKIIEMY B cueTuuke ['eiirepa UMIynbCcy TOKa U CYAST O TOM, YTO 4Yepe3 CUETUHK
Mpoliyia HOHU3UPYIoIas yactuua. Hama nmpoMBIIIEHHOCTh BBIITYCKAET TaK HAa3bIBa€MbIe yCTa-
HOBKU THNAa «by», copepxaiiye annapatypy, HeOOX0IUMYIO IJIsl TUTaHUS CYETUUKOB, YCUITUTEb,
C MOMOIIIBIO KOTOPOT'0 UMITYJIBC TOKA B CYETUUKE YCUIMBACTCS J10 TAKOM BETUYUHBIL, UTO IPUBOIUT
B JICHCTBUE pelie HymepaTopa, IpeIHa3HaYeHHOro ISl OTCYeTa YKcia BO3HUKIIUX B CUETUHKE
[eiirepa ummynbcoB. s Toro 4To0bl cuetunk ['eirepa «cpabotam», HOHU3UPYIOIIAs YacTUIA
JOJI’KHA MPOHUKHYTh BHYTPh €r0 - MPOUTH 4Yepe3 CTeHKU. Eciau u3inydeHue morjiomnaercs CTeH-
KaMU CUETYHKA, TO IPUMEHSIOT JIJIsl PETUCTPALIUU TAKUX YaCTHII JINOO OYSHb TOHKHE CTCHKH, JTHOO
CHelalIbHbIE TOHKHUE OKOLIKH.

B TopueBbIX cueTuYMKax HUTh 3aMEHsETCs U0l A. B nepeqHeit cTeHKe CYeTUYHKa JeIaeTcs
otBepcTue B, 3akpriBaeMoe Goibroi Hy)KHOM TONIIUHEI (puc. 3).

Cuerunku I'efirepa NpUMEHSIOTCA M JUIA CYeTa Y -KBAHTOB, ) -KBAHTHI BBI3BIBAIOT B CTCH-
Kax cueTyuka (oTodNeKTpudeckuil 3¢ (exT mim KoMnToH-3¢¢dexT. BeIpBaHHBIE U3 CTEHOK CUET-
yrKka (OTO- U KOMOTOH-3JIEKTPOHBI M BO3OYKJIAIOT pa3psi/i B CUETUUKE.

u|:|.|r’_r_|
e |_ A E—a

X URTPOMETIDY
LR JOLAUREND

Puc.3 Cxema TopieBoro cyeT4mka.

B) Meton TosncTociaoiHON (OTOIMIIACTUHKUA. METO/ TOJICTOCIOWHBIX (POTOTUIACTHHOK OBLI
pa3paboran MpicoBckuM ¥ JK1aHOBBIM. MMM M3TOTOBIISIINCH ClIENUAbHBIE (POTOIIACTUHKHU C
yToJIIEeHHBIM clioeM GoToamynbeuu (50—300 MK).Ol -4acTHIIBI TPH ABUKEHHH B TAKOM CJIO€ BbI-
3BIBAIOT pa3jiokeHHe OPOMUCTOro cepedpa TOJNBKO B TEX 3€pHAaX, Yepe3 KOTOpPble OHHU MPOILIH.
[Tocne nposiBneHus TaKOM MJIACTUHKY B HEH BOZHUKAIOT «IOPOXKKH» U3 OCaAMBIIErocs cepedpa,
XOpoIIo BUAMMBIE B MUKpockone. Kaxnas takas JOpoXKa npejacTasiseT coOoil cien JBUras-
mieiicst yactuupl. [1o BenmuunHe npodera Ol -4acTUIBI MOXKHO ONPEAETUTH €€ SHEPTHIO.

ToncTocnoliHble (OTOMIACTUHKY MPUTOAHBI IJIsl PETUCTPAllUU HE TOJNbKO Ol -Jydel, HO U
JPYTUX CUJIBHO MOHM3HUPYIOIIMX YaCTHI] - IPOTOHOB, AEUTPOHOB. B HacTosIee BpeMsi U3roTOB-
JSIFOTCS. M Takue (POTOIUIACTUHKH, B KOTOPBIX MOYKHO OOHApy>KUBaTh CJIE€Ibl YAaCTULl HE CTOJIb
CHJIbHO MOHU3HPYIOIINX, B YACTHOCTH, 3JIEKTPOHOB OOJIBILION SHEPTUU.

Qobopyoosanue u mamepuanol.

B pabote ucnone3yercs ToproBblii cueTuuk I eiirepa-Mrosiepa. Vccnenyemslii paanoax-
TUBHBIA UCTOYHUK B TE€PMETUYECKON KarcyJie pa3MelleH Ha Jepkaresie, CBOOOHO MepeMelaro-
IIEMCS 10 CKaMbe OTHOCHUTENBHO cUeTYHKa. J{J1s u3MepeHus: pacCTOSIHUS MEXKAY CUETYHMKOM H 00-
pa3loM Ha CKaMb€ YCTaHOBJIEHA M3MEpUTENIbHAs JIMHEHKa, a Ha Jep)karene oOpa3lia HaHECeHa
pucka. [Tornoturenem Gera-yacTuil SBiIseTCs HAOOP TOHKUX ATIOMHHUEBBIX IJIACTHH, TTOMEIIEH-
HBIX Ha CIIEHAJIBbHOM JeprxkaTene. ToNMHA KaXK10M IJIaCTHUHBI YKa3aHa Ha KOJIbLIE JIep KaTelis.

Ykazanusn no mexnuke d6ezonacnocmau.

1. K BBIIOJTHEHHUIO TAOOPATOPHBIX PAOOT IOMTYCKAOTCS CTYIEHTHI, N3YYHBIIHE TIPABUIIA TEX-
HUKHU 0€301acHOCTH.

2. JlaGopatopHbIe pabOTHI MOTYT MTPOBOIUTHCS TOJBKO IO PYKOBOJICTBOM U HAOJIIOICHUEM
npernojiaBarers.

3. Pacmonaraiite mpubOpsI, MaTepualibl, 000PYJI0BaHHE HA pabodeM MeCTe B MTOPSJIKE, yKa-
3aHHOM IPEIOJIaBaTeIeM.

4. He nepxute Ha pabodeM CTOJIC MPEAMETHI, He TPEOYIONTUECs Il BHITOTHEHUS 3a/IaHUS.
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5. Ilepen Tem, kak MPUCTYNUTh K paboTe TIIATEIHHO M3Yy4YUTE €€ OMUCAHUE, YSICHUTE XOJ
BBITIOJTHEHUS pAOOTHI.
3aoanus.

1. BxmrounTs nprOOpsl yCTAaHOBKH U 1aTh UM MPOTrpeThest B TeueHue 10 MuH.
2. YCTaHOBUTH HA CUETUMKE pabouee HANPSHKEHUE U ONPECIIUTh «(POH» CUETUHKA.

3. ITomecTuTsh B IOMUK» I/ICCJ'IeI[yeMHﬁ HCTOYHHUK 66Ta'I/I3J'IyLIeHI/I5[ " OIIpCACINTE Ha4Yallb-
HYXO HHTCHCUBHOCTDH 6eTa-I/I3JIyT-IeHI/I$I IIpU OTCYTCTBUH IIOTJIOTUTCIIA.

HcTousi Bera - yacTiy
Habop anoM4HMeRkIX NNACTHH I'\,
0P AAIHINHERLA 1) \
e — TopuonsiA ceTyix MeArepa-Mionnepa "‘.
\“. Bnok muTeHmA cueTIHRe "\
\
\
= \
\
Enu.a = © 006
i @ @
“

4. I/ICHOJII)SYSI Ha6op AJIIOMHHHUEBBIX IJIACTHH, CHATHh 3aBUCHUMOCTHh HHTCHCUBHOCTHU Oera-us-
HH.

JIYUYCHUs OT TOJIIINHBI d mornorurens. HOCTpOI/ITL MO0 MOJIYUYCHHBIM NaHHBIM KPUBYIO ITOIJIOLIC-

5. B nemsix Gojee TOYHOTO OIpeeIeH s MAKCHMAIBHOTO Ipobera Ryue skcTpamosmsmmio
HEOOXO0MMO MPOM3BECTH O TPadUKy KPHUBOI MOTIIOMICHHUS (IT0 OCH OPIMHAT OTKJIAIBIBAIOT 3HA-
yenus Inl, a mo ocu abceruce — d).

6. Mcronb3ys dopmyiny (8) u HaitleHHOE MyTeM SKCTPATONAMH 3HadeHue R, , Ompese-
JIMThH BEIMYNHY MaKCUMAJIbHOH SHEPTHH OeTa-4acTHII.
7. O1leHUTH NOTPELIHOCTh PE3YJIbTATOB.

CHsaTHE 3aBUCUMOCTH HHTEHCHBHOCTH IJEMCHTAPHBIX YaCTHUIl OT PACCTOAHMUSA 10 UC-
TOYHHUKA U3JIYyICHUSA

1. BkiItouuTh YCTAaHOBKY B CETh YCTAaHOBUTH BpeMs peructpanuu 10 cekyHz.

3. YcraHOBHTH HaYallbHOE paccTostHre R MeX Ty CIIMHTHILISIIMOHHBIM SKPaHOM U TIperapa-
TOM, COOTBETCTBYIOIIIEE HYJIEBOM TOUKE IIKAJIBL.

Ha4aJbHOro paccrosiHus R.

4. Vcnonp3ysl yCTaHOBKY, OINpPENEINTh UHTEHCUBHOCTD | 3IeMEHTapHbIX YacTHIL JUIs
HUs NHTEHCUBHOCTH.

5. VBenmuuuTh paccTosTHUE MEXY dSKpaHoM U mpernaparoMm Ha 0,5 cM 1 moBTOpUTH M3Mepe-
6. [Ipomomxkast yBenmmumBath pacctossHus R yepe3 0,5 cM, MOBTOPSTh N3MEPEHUSI HHTEHCHB-
HOCTH 3JIEMEHTAapHBIX YacTHUI] 110 BCeW JAJTMHE JIMHEHKU Tpuodopa.

7. I1o mosy4eHHBIM TaHHBIM IOCTPOUTH Tpaduk 3aBucumoctu | = f (R) u onpenenuts cpea-
Huil mpober Ro, sxcTpanonupoBanubiii R» 1 mapametp pazopoca s.
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8. I[Iponuddepennuposas rpadudecku moaydeHnyio kpusyio | = f (R) onpenenuts cpeaumii

npober Ro kak abcunccy MakCUMyMa KPUBOIA: R =y (R)

9. OeHUTH MOTPEIIHOCTH PE3YIBTATOB.
Cooeporcanue omuema.
Otuer 1o 1a00paTOPHBIM pabOTaM JIOJKHBI COEPHKATD:
- TUTYJIbHBIH JIUCT;
- [1eJTh paboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICIICHUN, TOHATUH, POPMYI;
- OCHOBHOE 000pYZOBaHUE, CXEMa YCTAHOBKH;
- OIIMCaHMeE IO MYHKTaM BBIITOJIHEHHOU paboThI;
- pe3yNbTaThl U3MEPEHHI U pacyeToB (TaOIHIIbI, TPaUKN);
- OIICHKA MOTPEITHOCTEH;
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI 110 PE3YJIbTaTaM BBIMOJIHEHHON paboThI, AaTa, MOIHUCH.

Konumponwsnusie gonpocot.

Yrto Takoe paiu0aKTUBHOCTH? BUIbI paAi0OaKTUBHOIO U3JIYUYEHHUS.

dusnueckas npupona O -, 3 - ¥ y - U3ILy4YEHU.

MeTtoabl peructpauu paiuoakTUBHBIX U3JTyUYECHUM.

Onucatsb paboty cuerunka [ eiirepa-Mroiepa.

CdopmynupoBaTh npaBuia paaluoaKTUBHOTO U3ITYYCHHUS.

3anucath GhopMyny paauoOaKTUBHOTO pacnazia. [louemy kimaccuueckuit MeTos He 00BscC-
HSET npupoay Ol -pacnana?

Ornucarp Ol -pacnaj] ¢ TO3UILIUNA KBAHTOBOM MEXaHUKH.

Onwucare 3 -pacnaj] ¢ HO3UIUH KBAHTOBOW MEXaHHKH.

ouhkwnE

o~

9. B yem 3akir09aeTcsi METOJI OTIPEIEIICHUS UTHHBI CBOOOIHOTO MTpobera IeMeHTapHO! Ya-
CTHUIIBI B TaHHOU paboTe?

10. 3anucarte dpopmyimy Ieitrepa.

11. B yeMm 3aKit04aeTcsi METO ONPEACTICHHS SHEPTHH IIEMEHTAPHBIX YaCTHUI (METO/] TIOTJIO-
ieHust)?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue OucCyunIuUHbl

5.1 Ilepeuenv ocHo6HOIl U OONOIHUMENbHOI TUMEPAMYPbL, HEOOXO0OUMOTL 01 0C80e-
HUA OUCUUNTIUHBL
5.1.2 Ilepeuensv ocnosnoli tumepamypel:

1. ®usuka 11g By30B: MEXaHHUKA M MOJIEKyIsipHas Pu3nka [ DIEKTPOHHBINA pecypc]: yuaeo-
Huk / B.A. Hukepos. - Mocksa : M3naTenscko-Topropas koproparus «Jlamkos u K°», 2017. -
136 c. : TaoII., rpad., CXEM. - ISBN 978-5-394-00691-3;-URL:
http://biblioclub.ru/index.php?page=book&id=450772

2. TanbikoBa-bymkeswny, U.W. ®usuka : B 2 u. / .W. TanusikoBa-bymkeBuy. — 2-e u3 .,
uctp. — MuHck : Bemmiimas mkona, 2014, — Y. 1. Mexanuka. MonekynspHast Gu3nKa U TepMO-
TUHAMUKA. DJIEKTpUYecTBO U MarHeTH3M. — 304 c. : uiL., cxeMm. — PexxumM nocTymna: mo moAmucKe.
— URL: http://biblioclub.ru/index.php?page=book&id=235732
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3. TameikoBa-bymkesuy, .M. ®usuka : B 2 4. / N.W. TamsikoBa-bymikesuy. — 2-e u3.,
ucnp. — Munck : Beimiimas mkona, 2014. — Y. 2. Ontuka. KBantoas ¢pusuka. Ctpoenue u du-
3MYECKHE CBOMCTBaA BemiecTBa. — 232 C. : WI., cXeM., Taba. — Pexxum joctyna: 1mo moamucke. —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuenv oonornumenvHou 1umepamypol:

1. Jlexuuu no yueOHON auctuminHe «OCHOBBI TEOPETHUYECKON (PU3UKU». DIIEKTPOAMHA-
MUKa. [DneKkTpoHHbIN pecypce] : yuebnoe nmocodbue / E.M. Kyxapb. — DneKTpoH. TEKCTOBBIE JaH-
Hble. — Bourorpaza: Boarorpaackuii rocy1apCTBEHHBIN COLUMAIBHO-TIEAATOTMYECKUI YHUBEPCH-
tet, 2017. — 57 ¢. — 2227-8397. — Pexxum nocryma: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®u3suka: coBpemennsiii kypc / B.A. HukepoB. — 2-e¢ u3a. — Mocksa :
N3 paTenscko-toprosas kopropanus «Jlamkos u K°», 2016. — 452 c. : wi. — Pexxum goctymna: 1o
noanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

5.2 Ilepeuens yueoHo-memoouueckozo 00ecneueHus camocmoamenbHol paoomot 0oy-
uarnuwuxcs no OUCYUNIUHE

1. Meroanueckue peKOMEHAAIMH IJIs1 TOATOTOBKU K MPAKTUYECKUM 3aHATHSAM 1O TUCIIH-
mMHe «DPu3uKa.

2. Metoandeckne peKOMEHIAINH [T TOATOTOBKH K JIA0OPATOPHBIM 3aHATHSIM 110 JUCIIH-
miMHe «DPu3uKa.

3. Meroanueckre peKOMEHIAINH 110 OpTraHU3aIllii CaMOCTOSITEIILHOW pa0OThI CTYICHTOB
1o AucHUIUInHE «DU3nKay.

5.3 lIepeuens pecypcos unghopmayuonno-menekommynukayuonnoi cemu Hnmepnem,
HeoOX00uUMbIX 01 0CB0EHUSA OUCHUNIUHBL

1. http://www.biblioclub.ru -OBC "YHuuBepcurerckas OubinoTeka oHaiH"

2. http://www.iprbookshop.ru/ - Dnekrponno- 6ubimoreunas cucrema IPRbooks

3. http://e.lanbooks.com - DnekTporHO-O0MOIHMOTEUHAs cucTema JlaHb
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YYPEXIAEHUE BBICILIETI'O ObPA3OBAHNMA
«CEBEPO-KABKA3CKUI ®EJIEPAJIBHBIN YHUBEPCUTET

[Taruropckuii uacTuTyT (prmmuar) CKOY

MeToanyeckue yKazaHus

110 OpPTraHHU3aIH CAMOCTOSTEILHON pabOThl 00yJYatOIHXCS
no pucuuiuinae «@U3MKA»
JUISL CTYZIGHTOB HalPaBJICHHSI IOATOTOBKH
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Conepxanue

Beenenue

OO0mast XapaKTEpPUCTHKA CaMOCTOSITCIIBHOW paboThl 00ydaroImmerocs
n3ydeHuu gucuuiuinabl «OU3NKA»

[Tnan-rpaduk BHITOIHEHUSI CAMOCTOSTEIBLHOM PabOTHI

KoHTpoIbHBIE TOYKU U BHJIBI OTYETHOCTH IO HUM

Meroanueckue peKOMEHAAIMH 10 U3YYEHUIO TEOPETUUECKOTO
Marepuaia

Crrcok peKOMEHIyeMOil IuTepaTyphl.
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Beenenune

CamocrosrenbHas paboTa — IaHupyemas yuyeOHasi, yueOHO-UCCle0BaTeIbCKas, HAy4HO-
UCCIIeIOBaTeNbCKasi paboTa CTyICHTOB, BBIIIOJIHAEMAast BO BHEAYAUTOPHOE (ayJUTOPHOE) BpEMSI 110
3aJJaHUI0O ¥ TIPU METOJIUYECKOM PYKOBOJACTBE MpENoJaBareisi, HO 0e3 ero HemoCpeICTBEHHOTO
yuyacTus (MpU YaCTUYHOM HETIOCPEICTBEHHOM YYaCTUH MPEIo1aBaTesl, OCTABIIAIONIEM BEAYLYIO
POJIb 32 pabOTOMN CTY/ICHTOB).

CamocTtosTenpHas padota cTyneHTOB B BY3e sBisercs BaXHBIM BHAOM Y4eOHOW H
Hay4HOU JEeATEIbHOCTH CTYICHTA.

Benymas nenp opranmzanuu u ocymectBienus CPC nmomkHa coOBHNaAaTh € IENBIO
o0OyueHus CTy/IeHTa — IOJITOTOBKOM OakanaBpa ¢ BeiciuM oOpazoBanuem. [1pu opranuzanuu CPC
BOXHBIM M HEOOXOAWMBIM YCIIOBHEM CTAHOBSTCS (POPMHUPOBAHUE YMEHHSI CaMOCTOSTEIbHOM
paboThI 15l MPHOOPETEHNsT 3HAHH, HABBIKOB 1 BO3MOKHOCTH OpPTraHU3aIMy y4eOHOM U HAyIHOM
JESITEIbHOCTH.

Llenbto caMoCTOATENBHOM PabOTHI CTYJEHTOB SIBIISETCS OBIaZeHHe (PyHIaMEHTaIbHBIMU
3HAHUSIMH, TTPO(ECCUOHATHHBIMA YMEHUSMHU M HABBIKAMU JICATEIHBHOCTH IO MPOQIIIIO, OIBITOM
TBOPUYECKOH, HCCIeA0BaTeNbCKON nearenbHocTH. (CaMocTosTenbHas paboTa  CTYIEHTOB
CIOCOOCTBYET Ppa3BUTHIO CAMOCTOATEIBHOCTH, OTBETCTBEHHOCTHM U OPraHM30BAHHOCTH,

TBOPYCCKOT'O MOAXO0Ja K pCIHICHUIO Hp06J'IeM yqe6Hor0 )51 HpO(l)eCCI/IOHaJ'ILHOFO YPOBH:.



O01mas xapakTepucTHKAa CAMOCTOSITEJIbHON PAa00THI 00y4al0IIerocsi Npu U3y4eHHH

JUCHMILIMHBI «PU3nKa»

CamocrosTenpHas padoTa - IulaHupyeMasi yaeOHasi, yaeOHO-HCCIIeJ0BaTeNbCcKast, HAyYHO-
UCCIIeIOBaTeNbCKasi paboTa CTyICHTOB, BBIIIOJIHAEMAast BO BHEAYAUTOPHOE (ayJTUTOPHOE) BpEMSI 110
3aJJaHUI0 M IIPU METOJUYECKOM PYKOBOJACTBE IpENojaBatelis, HO 0e3 ero HemocpeiCTBEHHOrO
y4yacTus (IIpU YaCTUYHOM HEMOCPEICTBEHHOM Y4aCTHH IIPEIo1aBaTels, OCTABISAIOIIEM BEYILYIO
POJIb 32 pabOTOMU CTY/IEHTOB).

CamocTtosTenpHas padota cTyneHTOB B BY3e sBisercs BaXKHBIM BUAOM YYEeOHOU H
HaY4HOH JesTenbHOCTH cTyneHTa. CamocTosdTenbHas paboTa CTY/AEHTOB UIPAeT 3HAYMTEIbHYIO
pOJIb B peHTHHIOBOI TexHoJ0ruu o0yueHus. B cBsi3u ¢ 3TuMm, oOyuenue B BY3e Biitouaer B ce0st
JIBE, TIPAKTUYECKH OJMHAKOBBIE IO 00BEMY M B3aMMOBIMSHHUIO YacTU — Mporecca oOydeHus u
nporecca camooOyueHus. [loatomy CPC nomkHa crath 3Q¢hEeKTUBHONH U IelieHanpaBIeHHON
paboToii cTyneHTa.

K coBpemeHHOMY crienManucTy 0OLIECTBO NPEABSBISAET JOCTATOYHO IIUPOKUI IlepeueHb
TpeOOBaHUH, Cpelr KOTOPHIX HEMAIOBAKHOE 3HAYCHHWE MMEET HAMYHME Y BBITYCKHHUKOB
OTIpEJICIEHHBIX CIIOCOOHOCTEN U YMEHUS CAMOCTOSITENILHO TOOBIBATH 3HAHUS M3 PA3ITHIHBIX

UCTOYHUKOB, CUCTEMAaTU3UPOBATh MOJYYEHHYI0 MH(POPMALUIO, AaBaTh OLIEHKY KOHKPETHOMN
¢unancoBol cutyanuu. PopMHUpPOBaHKE TAKOTO YMEHMS MPOUCXOIUT B TEUECHHE BCETO MEPHOAA
00y4YeHHs Yepe3 yJacThe CTYICHTOB B MPAKTUYECCKHUX 3aHATHSX, BRITIOJTHEHUE KOHTPOIBHBIX
3aJJaHWi U TECTOB, HAIMCAHNWE KYPCOBBIX M BBIMYCKHBIX KBATH()UKAIMOHHBIX padoT. [Ipu sTom
caMmocCTosiTeNIbHas paboTa CTYIEHTOB UI'PAET PEIIAIOIIYIO POJIb B X0/I€ BCEro yueOHOro mpoiiecca.
Benymas nens opranuzauuu u ocymectieHuss CPC nomkHa cOBIaAaTh C IEIBIO
o0y4deHusl CTyJeHTa — MOJArOTOBKOM crienuanucra U 0akajgaBpa ¢ BbICIIUM oOpa3oBaHueM. [Ipu
opranuzaiuu CPC BaXHBIM UM HEOOXOJUMBIM YCIOBHUEM CTAaHOBSTCS (POPMUPOBAHUE YMEHHS
CaMOCTOSITENIbHONW paboThl Ul MPUOOPETEHUs! 3HAaHUH, HABBIKOB M BO3MOYKHOCTH OpraHU3alMu
yueOHOI 1 HAyYHOU JESITeTbHOCTH.

DopMBI CaMOCTOATENBHOM paboThI CTYIEHTOB pa3HO00pa3Hbl. B cooTBeTcTBHM € paboueit
POTPAMMOM TUCIUIUTHHBI TPEAYCMOTPEHBI CIEIYIOIINE BHUABI CAMOCTOSTEIFHOW pabOTHI
CTY/CHTA!

- CAaMOCTOATENIbHOE N3YUYEHHUE JTUTEPATypHI;

- CaMOCTOSTEIbHOE PELICHUE 33/1a4;

- BBIMIOJIHEHUE KYPCOBOT'O IIPOEKTA.

Ilenv camocmosamenvHo2o u3yueHus aumMepamypvbl — CaMOCTOSTEIBHOE OBJIAJCHHE

3HaHUAMHU, OIIBITOM I/ICCJIGI[OBaTeHBCKOﬁ ACATCIIBHOCTH.



3aoauamu caMOCTOSTETLHOTO U3YUEHHUSI TUTEPATYPHI SBIISIOTCS:

o yIiyOJIEHHUE U pacIIMPEHUE TEOPETUUCCKUX 3HAHUI;

. (dbopMUpPOBaHHUE YMEHHIA UCIIOJIB30BATh HOPMATHUBHYIO, MIPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAIUIO U CHelHaIbHYI0 JTUTepaTypy;

o pa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTEN U AKTUBHOCTHU CTYACHTOB.

Llenv camocmoamenvnozo pewienus 3a0ay - OBIAJICHUE NPOPECCUOHATBLHBIMU
YMEHHSIMHA M HaBBIKaMU JICATEIHHOCTH TI0 TPOMUITIO OYayIIel eI TeIbHOCTH.

3aoauamu caMOCTOATEIHLHOTO PEIICHUS 3314 SBIISIOTCSA:

o CUCTeMaTH3alMsl W 3aKpelUieHHEe IMOJYYCHHBIX TEOPETUUYECKUX 3HAHUM U
MPAKTUYECKUX YMEHUH CTYACHTOB;

. (dbopMHUpPOBAHHME CAMOCTOSITEILHOCTH MBILUICHUS, CIOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAaMOpPEaTu3alliu;

o pa3BUTHE UCCIIEIOBATEIHLCKIUX YMEHUMH.

Llenvio camocmoamenvrnozo 6vbINONHEHUA KIHMPOALHOU pPAdOmbl 10 HUCLUIUIMHE
SBIIICTCSL OBJaJieHue (DyHIAMEHTATbHBIMH 3HAHUSAMHU, NPO(PECCHOHAIBHBIMA yMCHUSIMH U
HABBIKaAMH JIEITEILHOCTH 110 TPOMUITIO, OTIBITOM TBOPUECKOH, UCCIIEIOBATENBCKOM e TEIbHOCTH.

3adauamu JAHHOTO BUJA CAMOCTOSITEIIbHON pabOThI CTYI€HTA SBJISIOTCS:

. cUCTEMaTu3alusi M 3aKpeIUIeHUE TMOJYyUYEHHBIX TEOPETHUYECKUX 3HaHUU |
MPaKTUYECKUX YMEHHUH CTYJIEHTOB;

o yrayOieHne U pacliupeHne TEOPETUUECKUX 3HAHMIA;

. dbopMUpOBaHNE YMEHHI UCIIOJIB30BaTh HOPMATHUBHYIO, MPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAIMIO U CTICIIMATIBHYIO JTUTEPATYPY;

o pa3BUTHE MO3HABATEIBHBIX CIOCOOHOCTEHN U aKTUBHOCTU CTYJEHTOB: TBOPUYECKON
WHULIUATUBBI, CAMOCTOATENIBHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

. ($hopMHUpPOBAHKE CAMOCTOSITETLHOCTH MBIIUICHHS, CIOCOOHOCTEH K CaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpealln3aluu;

o Pa3BUTHE UCCIICIOBATEIHCKUX YMECHHUI;

. UCIONIb30BaHWE  MaTepuanga, COOpaHHOTO ¥ TOJYYEeHHOTO B XOJe
CaMOCTOSITENILHBIX 3aHSATHI Ha CEMUHApax, HA MPAKTUYECKUX M JTa00paTOPHBIX 3aHATHSAX, MPU

HalMCaHUM KypCOBOU pabOTHI.



B pesynbrare

OCBOCHHA

NUCHUIIIINHEI

bopmupyoTCs

CIICAYIOIIUNA IepedYeHb

INIAaHUPYEMBIX PE3YJILTAaTOB O6yLIeHI/I$I 110 AMCHUIIIIMHE, COOTHECEHHBIX C IIJIaHUPYEMBIMU

pe3yJibTaTaMi OCBOEHHS 00pa30BaTeIbHOM IPOrPaMMBI:

Kon, popmynuposka
KOMITETCHIIUHT

Kox, popmynuposka
WHJIMKaTopa

[Tnanupyemble pe3yiabTaThl
0o0ydeHUs IO TUCITUTLINHE
(Monyimo),
XapaKTePU3YIOIIHE TAITBI
dbopMHUpOBaHUS
KOMIIETECHLIMI, UHIMKATOPOB

OIIK-1 CnocobeH pemath
3a1a4u MpoQecCHOHATBHON
JeATEILHOCTH Ha OCHOBE
UCIIOJIb30BAHUS
TEOPETHUECKHUX U
IMPAKTUICCKUX OCHOB
€CTECTBEHHBIX M TEXHHYECKUX
HayK, a TaK¥Ke
MaTeMaTH4eCcKOoro anmapara

NJI-5 OIIK-1
JleMOHCTpHUpYET NOHUMaHUE
bu3nUecKux sIBICHUN U
YMEET PUMEHSITh
bu3nueckre 3aKOHbI
MEXaHUKH, MOJIEKYJISIPHON
bu3uKU, TEPMOAMHAMUKHY,
AIIEKTPUYECTBA U MarHeTU3Ma
JUISl PELIeHUs] TUIIOBBIX
3ajady;

NJ1-6 OIIK-1
JleMoHCTpUpYET 3HAHUE
AJIEMEHTAPHBIX OCHOB
OITHUKH, KBAHTOBOM
MEXaHWKH U aTOMHOM
bu3uKu.

3HaeT OCHOBHbIE (PU3UUECKHE
SIBJICHUS ¥ 3aKOHBI MEXaHHKH,
AIEKTPOTEXHUKH,
TEIUIOTEXHHUKH, OTITUKU
AIepHON (PUBUKHU U UX
MaTEeMaTHUYECKOE OIMCAHUE;
METO/IbI aHaMH3a PUBNYECKUX
SIBIICHUI B TEXHUYECKUX
YCTPOMCTBAX U CHCTEMAX;
Meroas! pemenus
MPAKTUYECKUX 3a7a4
UCCIIEIOBaHUS U
MOJIETTUPOBaHUs (PU3HUUECKUX
Y XUMHYECKUX SIBJICHUN U
MPOLIECCOB B CBOEH
MPEIMETHOM 00JIaCTH.

YMeeT NpuUMeHsTh
(bu3HUYEeCKre 3aKOHBI
MEXaHHUKH, MOJIEKYISIPHON
(bu3NKH, TEPMOAMHAMUKH,
3JIEKTPUYECTBA U MarHETU3Ma
IUTSL pEICHNUS] THITOBBIX 3a]1a4.
Brnaneer 3HanusiMu
(bUBUYECKUX SIBJICHUH,
DIIEMEHTAPHBIX OCHOB
ONTHUKH, KBAaHTOBOM
MEXaHUKH U aTOMHOMN
bu3uKu.




Ilnan-rpaguk BHINOJHEHUS] CAMOCTOSITEIbHOM PadoThI

Konpr

OObeM yacoB, B TOM YHUCIIS

CpencrtBa u KonrtaktHas
peann3yemMbIX Bun nesrenbHOCTH TeXHONOLIH pabota ¢
KOMIICTCHITUH, CTYAECHTOB CPC Bceero

HWHIUKaTOpa(oB) OHCHIKH P eg;eﬂ;BaT
1 cemectp
CaMocCTOsTEIbHOE
n3ydeHue aurepatypsl | KoHcmekr 73,89 8,21 82,1
1o TemaMm Nel-9
Honroroka k Komcmexr | 0,135 0,015 0,15
JCKIUSIM
OIIK-1 IlonroroBka x PewmenHas
N J1-50mk-1 MPaKTUYECKUM 0,54 0,06 0,6
3a7a4a
N 1-60mk-1 3aHATHIM
IloxroroBska k
1a00paTOPHBIM OT4YeT 0,81 0,09 0,9
3aHATHIM
KonTtponsHas pabora Peuennas 9 1 10
3a7a4a
Hroro 3a 1 cemectp: 84,375 9,375 93,75
2 cemecTp
CaMocCTOSTEIIFHOC
u3ydenue aurepatypsl | KoHcmekr 73,89 8,21 82,1
mo temam Nel(-17
Honroroska k Komcmekr | 0,135 0,015 0,15
JICKITUSIM
OIIK-1 IToaroroBka x Pewmenmas
NJI-50mk-1 MIPaKTHYECKUM 0,54 0,06 0,6
3aJa4a
NJ1-60rmk-1 3aHSITHIIM
IloaroroBka K
nabopaTopHBIM OTYeT 0,81 0,09 0,9
3aHATHSIM
KonTtponsHas pabora Pernennas 9 1 10
3a7a4a
Hroro 3a 2 cemectp: 84,375 9,375 93,75
Hroro: 168,75 18,75 187,5




MeToanuyecKkue PEKOMEHIAIUHA 10 U3YUYCHHUIO TCOPETHYECCKOI0 MaTepuajaa

CamocrosiTenbHas paboTa CTyAE€HTAa HAUYMHAETCAd C BHUMATEIBHOTO O3HAKOMIICHHUS C
coJiepsKaHueM yuyeOHOro Kypca.

N3ydeHne KaxxJ10i TEMbI CIENyeT HAUMHATh C BHUMATEIBHOIO O3HAKOMIIEHUS! C HAOOpOM
BONPOCOB. OHM OPUEHTHUPYIOT CTYAEHTA, MOKA3BbIBAIOT, YTO OH JOJDKCH 3HATh 110 JAHHOM TEMe.
Bomnpockl Tembl Kak Obl HAKJIQABIBAIOTCS. HA COOTBETCTBYIOILYIO IVIaBYy H30paHHOrO y4eOHUKA WU
yueOHoro mocobus. B urore qO0mKHO OBITH SICHBIM, KaKHE BOMPOCH TEMBI yU4EOHOTO Kypca H ¢
KaKoi TiIyOMHOM pacKphITl B KOHKPETHOM y4eOHOM MaTepHale, a Kakue BOOOIIEe OMYIIEHBI.
Tpebyercs TBOpUECKOE OTHOIIEHUE U K CAMOMY COJEPKAHUIO JUCLUIUINHBL.

Bomnpocsl, cocraBiustomue ee coaepxkanue, 001aJatoT pa3Hoil cTeneHbo BaxXHOCTU. EcTh
BOIPOCHI, BBINOJHSIOMNE (DYHKIUIO JOTMYECKOW CBSA3KM COJEp)KAaHUS TEMbl M BCEro Kypca,
MMEIOTCSl BOIPOCHI OIUCATEILHOTO WIN Pa3bsCHUTEIBHOIO XapaKTepa, a TAKKEe UCTOPUUYECKOIO
JKCKypca B 00JacTh M3yyaeMoill TUCHMILIMHBL. Bce 3TH BONpOCH HE COCTaBISAIOT CYTH IOHS-
TUIHOI0, KOHLENTYaJIbHOTO COJEP’KaHHUsI TEMbl, HO HEOOXOMMBI JJIsl LIeIOCTHOI'O BOCIIPUSATHS
U3y4aeMbIX TPOoOIIEM.

W3yyaemas IHCHMINIMHA MMEET CBOM KaTerOpUaJIbHO-IIOHATHHHBIN amnmapar. Haydnsle
HOHATUS — 3TO Ta 0a3za, Ha KOTOPOM CTpouTcs Kaxjaass Hayka. [IoHATUS — y3lI0BbIE, OMIOPHBIE
INYHKTHl KaK HAy4YHOTO, TaK U Y4eOHOIO MO3HaHUs, JOTMYECKUE CTYNEHH JBID)KEHUS B yuebe OT
IIPOCTOTO K CJIOKHOMY, OT SIBJIEHUS K CYITHOCTHU. be3 ICHOTro moHMMaHus NOHATUH yueba KpaliHe
3aTpyaHSETCS, a COJIep KaHue MPUOOPETEHHBIX 3HAHUI CTaHOBUTCS TYCKJIBIM, PACIUIBIBYATHIM.

CTyneHT JOKEH IMOHMMATh, YTO CAMOCTOATEIBHOE OBJIAJECHUE 3HAHUSAMH SBISIETCA
TJIAaBHBIM, OTIpeJIeNIIONIMM. BhIcias 1mkosa co3/1aeT i 3TOro He0OX0JUMbIE YCIIOBHS, IOMOTaeT
Oynymemy BBICOKOKBAJIN(PUIIMPOBAHHOMY CHEIHAIIUCTY OBJIAJIETh TEXHOJIOTHEH
CaMOCTOSITENIbHOTO MPON3BOCTBA 3HAHUM.

B camocTosTenbHOM paboTe CTyaeHTaM MNpPUXOJUTCS HCIOJIb30BaTh JIMTEPATYPY
pPa3IMYHBIX BHUJOB: MEPBOMCTOYHUKH, MOHOTrpaduH, HaydHble COOPHHKH, XpECTOMAaTHH,
yueOHUKH, y4yeOHble mocoOus, *KypHaibl U 1p. M3ydeHue Kypca mpeanojaraeT 3HaKOMCTBO
CTYJIEHTOB C OOJBUIMM OOBEMOM HAyyHOM M Y4eOHOU JMTEepaTyphbl, YTO, B CBOIO OYepelb,
MOPOX/IaeT HEOOXOJUMOCTh BBIPAOOTKM Y HHMX pPAlMOHAIBHO-KPUTHUECKOTO IMOAXO0Ja K
M3Yy4aeMbIM HCTOUYHUKAM.

YToObl HE «yTOHYTH» B OTPOMHOM OOBEME PEKOMEHJOBAHHBIX €My [UIsl HM3y4YeHHS
HUCTOYHUKOB, CTYJEHT, MPEXKIE BCEro, JOJDKEH HAayuyUThCS MPaBWIBHO UX 4YMTaTh. [IpaBuibHOE
YTEHWE PEKOMEH/IOBAHHbBIX HCTOYHUKOB IPEIIOIAraeT Cl€0BAHNE HECKOJIBKUM HECIOXKHBIM, HO

BC€CbMa IOJIC3HBIM IIpaBUJIaM.



[TpenBapuTENbHBIN MPOCMOTP KHHUTH BKIIOYACT O3HAKOMIICHHE C THTYJIBHBIM JIHCTOM
KHWUTH, aHHOTallUed, NpeAucIoBUEM, OrjaBieHueM. [lpu O3HAKOMIIEHMH C OTIJIaBJICHHEM
HE0OXOIMMO BBIJICJIUTD pa3felibl, I1aBbl, Haparpadsl, MpeICTaBIsAIONINE 71 Bac HHTEpeC, Oerio
UX TIPOCMOTPETh, HAWTH MECTa, OTHOCAIIMEcS K TeMe (ab3aipl, CTpaHWilbl, maparpadsl), u
MO3HAKOMHTHCSI C HUMU B OOIIHUX YepTax.

Hayunble u3ganus cCOpoBOXKIAI0TCA Pa3TUYHBIMU BCIIOMOTaTeIbHBIMU MaTepralaMu —
HAyYHBIM aIllapaToM, MO3TOMY BaKHO 3HATh, M3 KAKUX OCHOBHBIX AJICMEHTOB OH COCTOHT, KAKOBBI
ero pyHKIuH.

3HAaKOMCTBO C KHHTIOH JIydllle BCErO0 HAYMHATh C W3YYEHUS AHHOTAIMM — KPaTKOM
XapaKTePUCTUKU KHUTH, PACKPBIBAIOIICH ee cofepiKaHue, UICHHYI0, TEeMAaTHUECKYIO 1 JKaHPOBYIO
HAIPaBICHHOCTh, CBEACHHWS 00 aBTOpe, HAa3HAUYCHHWE W JPYrHe OCOOCHHOCTH. AHHOTAIIWS
MOMOTAET COCTABUTH MPEIBAPUTEIILHOE MHEHUE O KHUTE.

['myGxe MOHATH CoiepKaHNE KHUTH MO3BOJISIIOT BCTYIUTEIbHAS CTaThs, B KOTOPOI aeTcs
OIICHKA COJEp KaHMsI KHHUTH, 3aTparuBacMoi B Heil MpoOiIeMaTuKu, COepKUTCs HHPopMaIus o
JKU3HCHHOW W TBOPYECKOH Omorpaduu aBTOpa, BBICKA3BIBAIOTCS IOJEMHUYECKHC 3aMCYaHWS,
Pa3bACHSIOTCS OTACIBHBIC TOJOXKEHUS KHHTH, JAIOTCI KOMMEHTApuU W T.J1. BoT modemy
3HaKOMCTBO C BCTYIHUTENIbHOM CTaThell MpPeCTaBIsAETCS OUYeHb BAXKHBIM: OHO TIOMOTAeT CTYACHTY
COPUEHTHPOBATHCS B TEKCTE pabOThI, OOpaTUTh BHHUMAaHHE Ha ee Haubolyiee LIEHHbIE U Ba)KHbIC
pa3aelbl.

To¥l ke 1enu colecTBYeT 3HAKOMCTBO C OTJIABJICHUEM, TPEAUCIOBUEM, MOCIECIOBUEM.
BecbMma TONIE3HBIMH DJIEMEHTAaMH HAYYHOTO armapaTa SBISIOTCS CHOCKH, KOMMEHTapHH,
TaOIuUIBL, TPaQUKH, CIUCKU IUTEpaTypbl. OHU HE TOIBKO WILTIOCTPUPYIOT OTAETbHBIC TOJI0KEHUS
KHHUTH WM CTaThbU, HO ¥ CaMU 10 ceOe SBISAIOTCS JOMOJHUTEIHHBIM UCTOYHHUKOM HMH(OpMAaILIUN
JUTSL 9UTATETIS.

Ecnu unrarens 3amHTepecoBalia Kakasi-TO BBICKA3aHHAs aBTOPOM MBICIb, HE HaIlIeIIas
MOJPOOHOTO OCBEIIEHUS B JIaHHOM HCTOYHHKE, OH MOXET OOpaTUThCi K TEKCTy MCTOYHHKA,
YIIOMHUHAEMOT0 B CHOCKE, TU0O K UCTOYHUKY, KOTOPBIA OH MOXKET HAUTHU B CITUCKE JIUTEPATYPHI,
PEKOMEHIOBAaHHON aBTOPOM JIsI CAMOCTOSTEITLHOTO U3YUCHHUSI.

CymiecTByeT HeCKOJIBKO (pOpM BeIeHUS 3amuceit:

— 1aH (MPOCTON W pa3BEepHYTHIN) — Hanbosiee KpaTkas opma 3anmmucu MpOYUTaHHOTO,
MpEJCTaBISIIoNIasl coO0Ol TMepeueHb BOMPOCOB, PACCMATPUBAEMBIX B KHHIE WM CTaThe.
PazBepHyThIli mIaH mpeactaBisieT co0oil  Oolee MOAPOOHYIO 3aMHMCh MPOYUTAHHOTO, C
JeTaTN3aliel OTACTBHBIX TIOJI0KEHUH U BBIBOJIOB, C BBIITUCKOH ITUTAT, CTATUCTHYECKUX JTAHHBIX
U T.0. Pa3BepHyTHIH TUTaH — HEOIECHUMBIA ITOMOIIHUK IMPH BBICTYIUICHHH C JOKJIAJIOM Ha

KOHKPETHYIO TeMY Ha CEMHHAape, KOH(pEPEHIINH;



— TCE3UCbl — KPAaTKO C(bOpMyJII/IpOBaHHI:Ie IIOJIOKCHUA, OCHOBHBIC ITOJOXCHUA KHHIU,
crathi. Kak mpaBuiIo, Te3UCHl COCTABIIAIOTCS MOCE MPEABAPUTEIFHOTO 3HAKOMCTBA C TEKCTOM
MCTOYHHKA, TIPH €TO MOBTOPHOM NpoYTeHHH. OHM MOMOTAIOT 3allOMHUTH M CHCTEMaTH3UPOBAThH
UHOPMALIHIO.

CocraBieHrEe KOHCIIEKTOB

bBonbiryto poip B yCBOGHHWHM M MOBTOPEHHH INPOHAEHHOTO Marepualia UrpaeT XOPOUINH
KOHCIICKT, COI[Cp)KaH_[I/Iﬁ OCHOBHBIC UACU TPOYUTAHHOT'O B y‘-Ie6HI/IK€ " YCJIbIIIAHHOI'O B JICKIIUH.
Koncnekt — 3710, 10 cy1iecTBy, HAOPOCOK, pa3BEPHYTHIH IJIaH CBA3HOTO paccKasa 1o OCHOBHBIM
BOITPOCAM TEMBI.

B Kkakoii-To Mepe KOHCIEKT paccuuTaH (B 3aBUCHMOCTH OT HHAMBUAYaJbHBIX
OCOOEHHOCTEH CTy/IEHTa) HE TOJIbKO Ha HMHTEJUIEKTYaJIbHYIO U HSMOLMOHAJIBbHYI, HO U Ha
3pUTENBHYIO0 MaMsTh, MPUYEM TEKCT KOHCIIEKTa HEPEIKO acCOIMUPYETCS €mle U C TEKCTOM
y4eOHMKa WM 3alHChI0 JeKnuu. [loaToMy Jierde 3aloMHHAETCsl COJEp)KaHHE KOHCIIEKTOB,
HaIlMCaHHBIX Pa300p4MBO, C MOAYCPKUBAHUEM HJIHM BBIICICHHEM Pa3psIKON KIFOUEBBIX CIOB U
¢pas.

CaMoCTOSTENbHO H3YYEHHBIE TEMbl MPEIOCTABISIIOTCA MpernojgaBareaio B (opme
KOHCIIEKTa, TI0 KOTOPOMY IPOUCXOIUT codecenoBanne. TeopeTnueckne TeMbl Kypca (OTIeIbHbIC

BOHpOCLI), BBIHOCHUMBIC Ha CAMOCTOATCIIbHOC U3YUCHUC, ITPCACTABIICHBI HUXKC.
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CnHcok peKoMeHAyeMOMH JIUTepaTypbl

Ilepeuenv ocnognoll TUmMeEpamypol:
1. ImutpueBa E.W. ®uznka [DnekTpoHHBIN pecypce] : yaebHnoe mocobue / E.W. Jimurpuena. —
2-e u3]. — DIIEKTPOH. TeKCTOBBIC AanHble. — Caparos: A [1u Op Meaua, 2019. — 143 c. —

978-5-4486-0445-4. — Pexxum noctyna: http://www.iprbookshop.ru/79822.html

2. Hukepos, B.A. ®usuka: coBpeMeHHbIN Kypc : yueOHuk / B.A. Hukepos. - 2-e u3a. - Mockasa :
N3narenscko-Toprosas koproparus «Jlamkos u K°», 2016. - 452 c. : . - ISBN 978-5-394-
02349-1 ; To xe [DnexTponnslii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=453287

Ilepeuens oononnumenvHoll TUmMepamypbol:

1. PomanoBa, B.B. ®usuka: npumepsl pelieHus 3aaad : yauedbHoe nmocodue / B.B.
Pomanoga. - Munck : PUIIO, 2017. - 348 c. : cxem., Tabin. - bubauorp. B kH. - ISBN 978-985-
503-737-9 ; To xe [DnexTponHsIii pecypce]. - URL:
http://biblioclub.ru/index.php?page=book&id=487974

Ilepeuens pecypcos ungopmayuonno-meneKoOMmMyHuKkayuonnou cemu «Mnmepnemy

1. http://www.biblioclub.ru -OBC "VuuBepcurerckas 6ubanorexa oHmaiy"

2. http://www.iprbookshop.ru/ - Daexkrporno- 6ubauoTeunas cuctema IPRbooks

3. http://elibrary.ru/ - eLIBRARY.RU - HAVYYHAS DJIEKTPOHHAS
BUBJIMOTEKA
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MUHMCTEPCTBO HAYKH 1 BBICILIEI'O OBPA3OBAHMS POCCUNCKOM ®EJIEPALIVNA
OEJIEPAJIBHOE I'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE
YYPEXIAEHUE BBICIIET'O ObPA3OBAHNMA
«CEBEPO-KABKA3CKUI ®EJIEPAJIBHBIN YHUBEPCUTET»

[Tsaturopckuit uuctutyT (punman) CKOY

MeToauveckue ykazaHus

0 BBIMOJHEHHIO KOHTPOJIBHOH paboThI
no mucuumnae «O@U3UKA» st cTyIeHTOB HallpaBiIeHUs TOrOTOBKH
08.03.01 CrpoutensctBo, CTPOUTENBCTBO 3AHUN U COOPYKEHUI



Conepxanue

No Crp.
n/n
Beenenue
1. Lenp 1 3a7a4u U3yICHUS TUCITUTUIAHBI
2. | ObopynoBanue 1 MaTepHAIIBI
3. | HaumeHoBaHue KOHTPOJIBHBIX padoT
4, CHIHCOK KOHTPOJIBHBIX paboT
5.1 | [lepeueHb OCHOBHOW W OTOJHUTEIBLHON JUTEPATYPhl, HEOOXOIUMOW ISt

OCBOCHUA JUCHUIIIINHBI




BBenenue

Kontponbnas pabora co3ga€r onNTUMalbHBIE JAUJAAKTHYECKUE  YCIOBUSA A
ACATCIIBHOCTHOI'O OCBOCHUA CTYACHTAMH COACPKaHUA U MCTOAOJIOTUA H3y‘-IEl€M0fI JUCHUITIIMHBI
«®Pu3uka». KoHTponbHbIE pabOThl MPOBOAATCA C LEJbIO BBIPAOOTKM HMPAKTUYECKUX YMEHUH U
IpUOOpETEHNs] HAaBBIKOB B PEILEHUM 3aJay, OTPAOOTKU YNPaKHEHUH, BBIIOJHEHUU YepTEXeH,
IIPOU3BOJCTBE PACUETOB U T.II.

Llenpt0 KOHTPOJBHBIX paboOT sBiETCS (OPMHUPOBAHUE TPAKTUUYECKUX YMEHUH —
npopeCCHOHATBHBIX (BBIIOJIHATH OINpENeNEHHbIE JEHCTBUSA, OIepalud, HEoOXOIuMble B
HOCEAYIOWEM B Mpo(ecCHOHAIBHOM AEATENIbHOCTH) WM Y4eOHBIX, HEOOXOIUMBIX B
HOCTEqyome y4eOHOl NesTeNbHOCTH MO 00menpodeccHoHaNbHBIM 1 TPO(ECCHOHATBHBIM
JUCHUITJIMHAM.

bubnuorpaduyecknii CIUCOK COAEPXKUT CBEAECHUS O CIPABOYHON JMTEpaType M

JOITOJIHUTCIIbHBIX U3JaHUAX, H606XO,I[I/IMBIX JI er'IY6J'IeHHOFO HU3YUCHUSA OTACIBbHBIX BOIIPOCOB.



1. Henw u 3a0auu uszyuenun oucyuniunl

Llenbio ocBoeHMs AUCHUIUTHHBI «DU3nKa» SBIsIeTCs (OPMUPOBAHHE y CTYIEHTOB
KOMITETEHIINI TTO3BOJISIOMNI BBIPpa0OTaTh HABBIKK (PU3MUECKUX UCCIIETOBAaHMA B chepax
aKaJgeMUIecKoi, TpodeCCHOHATBHON U OOIICHAYYHOH JesSTEIBHOCTH.
3agaun OCBOCHUS JUCIUIIIHHBL:

— M3YYCHHUE 3aKOHOB OKPYKAIOIIETO MUPA B MX B3aUMOCBSI3H;

— oBiageHHe (yHIAMEHTAIBHBIMU MPUHIMIIAMH U METOJAMH PEIICHUS HayYHO-TEXHUYECKUX
3ajay;

— (QopMmupoBaHHE HABBIKOB IO NPUMEHEHHUIO TMOJOXKEHUH (yHIaMEHTAIbHONH (QHU3UKH K
rpaMOTHOMY HAay4yHOMY aHalM3y CHUTyalud, C KOTOPBIMH WHXXEHEPY HPUXOIUTCS
CTaJIKMBATHCS MIPU CO3AaHUH HOBBIX TEXHOJIOTHH;

— OCBOCHHEC OCHOBHBIX (1)I/I3I/I‘-I€CKI/IX TGOprI, MO3BOJIOIIUX OIIMCATh ABJICHHUA B IIPUPOAC, U
npeaciioB NpUMCHHUMOCTH 3THX TCOpI/Iﬁ AJid pelICHHA COBPEMCHHBIX M IHEPCICKTHBHBIX
TCXHOJIOTHMYCCKHX 3aaa4.

JIist olCHUBAaHUS KOHTPOJBHON padOThI CTYACHT JOJDKEH BBITOJIHHUTH 2
3aJIayy: 110 MOCJICAHEH IUpPE CTYICHUYSCKOro OMIeTa M TOCISTHS [H(pa
cTyneHndeckoro ommera +10.

A TaKXe MPUBECTH OTBETHI HA BOIPOCHI

3aKOHBI NOCTOSIHHOTO TOKA.

Henw 3anamusn. VI3y4uTh 3aKOHBI IOCTOSTHHOTO TOKA

3uanuna u ymenus, npuodpemaemoie cCmyO0eHmom 6 pe3yiomame 0C60CHU
memol, opmupyemvie Komnemenyuu. Inexrpuueckuid Tok. Cumiia TOKa.
[ImoTtHOCTH TOKA. 3akoH Oma 1y ydactka nenu. ConpoTUBIECHHUE MPOBOJIHUKOB.
Nctounuku Toka. Dnektpoasrkyias cuia (3/1C). 3akon Oma s yyacTka LenH,
coaepxkamiero IJC. 3akon Oma i1 oHOM 1enu. Pa3BeTBiIeHHbIE LENH. 3aKOHBI
Kupxroga. Pabota n momnocts ToKa. 3akoH J[>xoyis - Jlenua. TemoBoe neiictBue
AIEKTPUYECKOT0 TOKA U €r0 MPUMEHEHUE B TEXHUKE. DJIEMEHTApHAs KJIaCCHYECKas
TEOPUs IEKTPOINPOBOAHOCTH METAIJIOB. [ paHUIBI TPUMEHUMOCTH KIJIACCHYECKOM
TEpUU DJIEKTPONpoBOAHOCTH. KoHTakTHBIC sBIeHUS. Biameer cmocoOHOCTHIO
MPUMEHSITh COOTBETCTBYIOIINN (DU3MKO-MAaTEMAaTHUECKUN anmapar MpHu pPelIeHUU
npodecCuOHANbHBIX 3a/1a4.

AKmyaJleOC”’lb memobl. OCHOBHBIC MOHSATHS M 3aKOHBI MOCTOSHHOI'O TOKa
IMPHUMCHSACTCS IIPU PCIICHUN MHXKCHCPHBIX 3a1a4.

Teopemuttecmm yacmo.

Xapakmepucmuku IIEKMPUUECKO20 MOKaA U yCjiosun e2o CyuieCmeoeanus

B »anekrpocraTtnke N3yqaJIMCh SBJICHUS, O6YCJ'IOBJ'IGHHBIG HCTIOABHUXXHBIMH
3apAagaMHu. Ecimm nmo xakoi-mmn6o IMPUYNHC BO3HHUKACT YIOPAAOYCHHOC IBHIKCHHUC
3apsiJIOB U YEPE3 NOBEPXHOCTh IEPEHOCUTCS 3apsid, OTJIMYHBINA OT HYJIA, TO TOBOPAT,
YTO BO3HUKACT DJICKTPUUECKUM TOK.




KomuuecTBeHHOM XapaKTepHCTHKOﬁ QJICKTPUYCCKOT'O TOKA CIIYKUT CHUJId TOKA
— BCJAMYHMHA 3apsdajaad, IICPCHOCHMMOI'O 4YCpPE3 pacCMATpHUBACMVIO ITOBCPXHOCTH B

eauHully BpemeHu. Ecin 3a Bpems dt yepe3 moBEpXHOCTh MEPEHOCUTCS 3apsiy dg ,

TO CHJIa TOKa paBHaA:

Enununedt cunsl Toka sBhsiercss ammep (A). 3a  HampaBlieHHME ToOKa
MPUHUMAETCSl HAMpPABJICHUE, B KOTOPOM TMEPEMEIIAIOTCS MOJOKUTEIbHBIE 3apsiibl
WJIM HaIpaBJICHUE, MPOTUBOIMOJI0KHOE HAMPaBICHUIO JABWXKEHUSI OTPUILIATEIBHBIX
3apsanoB. CBOOOJHBIE 3apsifibl, KOTOPhIE MEPEMEIAOTCS B Cpelie, Ha3bIBAIOTCS

HOCHUTCIXIMU TOKA.

DJEKTpUYECKUH TOK MOXKET OBITh paclpeielicH HEPaBHOMEPHO 10
MIOBEPXHOCTH, 4Yepe3 KOTOPYKd OH TedeT. boiee HOeTalbHO TOK MOKHO

OXapaKTCPHU30BaTh C IIOMOIIBIO BCKTOPA INJIOTHOCTH TOKa J . HYCTB 3aPSAKCHHBIC
YaCcTUIIbl ABMXXYTCA B OIIPCACICHHOM HaIIpaBJIICHHHU CO CKOPOCTHIO U. BGKTO[}OM

-

INIOTHOCTH TOKaA J Ha3bIBACTCA BCKTOP, IIO HAIPABICHHIO COBHaI[aIOHII/Iﬁ C

HaIpPaBJIICHUEM CKOPOCTU TMOJIOKHUTEIBHBIX 3apsl0B (WKW MPOTHUB HaIpaBICHUS
CKOPOCTH OTPHUIIATETBHBIX 3apsJioB), a IO a0COJNIOTHOW BEJIWYMHE pPABHBIN
OTHOUIEHUIO CHJIbI TOKa dl yepe3 IeMEeHTApHYIO IUIOMAJKY dS | , pacloI0KEHHYIO

B ﬂaHHOﬁ TOYKC MNPOCTPAHCTBA TICPIICHAMKYIAPHO K HAIIPABJICHHUIO ABHMXKCHUSA

HOCHUTENEN, K €€ TUIONIAJIH.

.l
J ds;
Yuciio HOCUTENIEM TOKAa B €OUHHUIE O0OBEMa N HA3BIBACTCS INIOTHOCTBLIO
HOCHUTEJICH TOKa. 3aps/l OTACIBHOTO HOCUTEIS OyAeT 0003HAYaThCs €.
Ecomu  cBoOomHbIMU  3apsgaMu  SIBISIOTCSA, HampuMeEp, JJICKTPOHBI, a
MIOJIOKUTEIbHBIC 3apsibl HEMOJBIIKHBI (3TO HMMEET MECTO B METaliax), TO
INIOTHOCTHb HOCHTEJIEH OVJIET COBIAJAThL C YHMCJIOM CBOOOJIHBIX DJIEKTPOHOB B

eaInHHIlE 00hEMA.

BCKTOp INIOTHOCTH TOKa MOKHO BbIPA3HUTH

# 4yepe3 MIOTHOCTh HOCUTENIEH TOKa M CKOPOCTh MX
AN 5 nBwkeHus. KonnuecTBo 3apsia, mepeHeceHHOTo 3a
E N Bpems dt uepe3 HEKOTOpYH MOBEPXHOCTH S
i_{ Sy NEPHEHIUKYJIAPHYIO K BEKTOPY CKOPOCTH (pHC.
;S 20.1), paBHo dg=n-e-u-dt-S. 3a Bpems dt
- > IUIOMIAAKY S MEepeceKyT Bce CBOOOIHBIC 3apsiabl B

MapaJuIeJIeNIe/Ie ¢ OCHOBAHUEM S U JUIMHOW udt .
Ecnu miomaaka S 10CTaTOYHO Maja, TO IIIOTHOCTh



TOkKa B €€ Ipeaenax  MOXKHO  CUMATATb  IIOCTOSSHHOM WM TOTrna:
I _dg n-e-u-dt-S
S sdt S.dt
B BekTopHo#t hopme:

] n-e-u.

Cuna Toka 4yepe3 IpOU3BOJIBHYIO IIOBEPXHOCTh

| =] jds
S

DNEeKTpUUYECKUN TOK, OOYCIIOBJIGHHBIM JBM)KEHHEM CBOOOJHBIX 3apsjioB B
IIPOBOJHUKAX PA3IM4YHON IPUPOBI, HA3bIBAETCS TOKOM IPOBOJIMMOCTH.
CBoOoaHbIE 3apsA/Ibl B POBOJIHUKE UCIBITHIBAIOT CTOJIKHOBEHUS C aTOMAaMHU
IIPOBOJHUKA. 3a BpeMsI «CBOOOAHOIro Mpoldera» T MeXIy ABYMs CTOJKHOBEHUSIMU
3aps] B IPOBOJHUKE MPUOOpPETAET HAPABIECHHYIO CKOPOCTh B/IOJIb BHEITHETO

DJIEKTPUYECKOT'O ITI0JIA: -
eE
u=wr = T
Mo
roe

C
E HaAIpAXKCHHOCTH 3JICKTPHUYCCKOI'O II0JIA B IIPOBOJHHUKE. ITocne O4UCcpCaHOTO
CTOJJKHOBCHHA CKOPOCTbL TCPACTCA. 3aT€M, J0 CIICAYyIomcro CTOJKHOBCHUA,

IIPOMCXOIUT HOBOE HapallliBaHKUE HAIPABICHHON CKOPOCTH.

W3 BBIMIEHU3IIOKEHHOTO CIIEYET, UYTO YCAO0BUAMU CYULECHBOGAHUA HIOKA
SIBIISIETCS:

a) Hamuune cBOOOIHBIX 3apsIIOB;

0) Hanuuue 37eKTpruiecKoro noJjis BHyTPH MIPOBOAHUKA, YTOOBI ITOAACPKUBATh
MIepeMeEIICHHE 3aps/I0B.

Dnekmpoosurcywiasn cuia, HanPANCeHHOCHb

Ecnu Ob1 Ha HOCUTEH TOKA JEHCTBOBAIM TOJBKO CHIIBI DJICKTPOCTATHYECKOTO
TIOJISI, TO TIOJ JEHCTBUEM ATHUX CHJI MOJOKUTEIHHBIE HOCUTEIH TIEPEMEIIAINCH OBl
U3 Mecta ¢ OONBIIMM TOTCHIIMAJIOM K MECTYy C MEHBIIUM ITOTEHIIHAJIOM, a
OTpHUIATEIbHBIC HOCUTEIN JIBUTAIMCH ObI B 0OPATHOM HaIlpaBIICHUH. DTO IPHUBEJIO
OBl K BBIDAaBHUBAHUIO MOTEHIIMAJIOB, M B PE3VILTATE TOK OBl IIpekpaTmwicsa. YToObl
TOTO HE TPOW3ONUIO, JOJKHBI HMMEThCS YYacTKM Ha KOTOPBIX IEPEHOC

IMMOJIOKUTCIIBHBIX 3apAJ0B ITPOUCXOJUT B CTOPOHY BO3pACTaAHUA ¢ , T.C. IPOTUB CHUJI
QJICKTPOCTATHYCCKOT'O IT0JIA. HCpCHOC HOCHUTEJIEH Ha JTHUX Y4aCcTKax BO3MOKCH
JUIpb C IIOMOIIBIO CHUJI HC JJICKTPOCTATHYCCKOI'O INMPOUCXOKIACHHUS, HA3bIBACMbIX

CTOPOHHUMHM cusiaMu. Pu3ndeckasi Ipupoia CTOPOHHUX CUJI MOKET OBITh pa3inyHa.
Hampumep, xumudeckas (Kak B aKKyMyJsTOpax), MEXaHUYECKasl, MarHUTHas W

JIpyTHE.




BenuuuHa, paBHass OTHOIICHUIO Da6OTI>I CTOPOHHUX CHJI 110 NTEPEHECCHUIO
3apsjia K BEIWYMHE 3TOr0 3apsiia Ha3bIBACTCS SICKTPOABIDKYILCH CUION (SI[C)

OJ1C u3mepsieTcs B T€X K€ €AMHUIAX YTO U MOTEHIIUA, T.€. B BosibTax (B).
CTOpOHHIOIO CHITy, JEHCTBYIOLIYIO Ha 3apsjl, MOXXHO MpPEJACTaBUTh B BHJIEC

- -

Femop = Ecmopd, THE Ecmop - HaOpsXKEHHOCThb MOJIs CTOPOHHUX cui. PaGora

CTOPOHHHUX CHUJI HAJ 3apAJ0M Ha HCKOTOPOM YYACTKC 1-2:

Acmop = QI Ecmopdl
1

Pa3nenuB 06e yactu cornacHo onpenenenuto J/1C Ha 3aps, HOTydnMm:

1-2
€120 = _ACM 1Ecm0pd|
1

JIns1 3aMKHYTOM LIETIN:

DJIC, nmelicTBYIONIAs B 3aMKHYTOM IIENH, MOXKET OBITH OIpEeieHa KaK

LUPKYJISIMUSA BEKTOPA HANPSYKEHHOCTH CTOPOHHUX CHJL.
Kpome cTopoHHMX CuIT Ha 3apsi]] AEUCTBYIOT CUJIbI 3IEKTPOCTATUYECKOTO MOJIS

Fg =qgE . PesyapTupylonias cuia, ACWCTBYIOMIAs B KaXIOM TOYKE LEMH HA 3aps,
paBHa:

|; = EE +|3cm0p = q(é + écmop)

Pabora, coBepiraemasi 3TOM CHJIOM HaJ 3apsaoM ( Ha ydacTke menu 1-2,

N - 2. 5

OIpenenseTcs BeipakenneM Aqp — qj Edl +q I Eemopdl - T-K. qj Edl =d(¢p1—¢2)
1 1 1

2 >

,a QI Ecmopdl = (€12 , Torma paboTa paBHa A, = CI(([)l — 2 ) + Q€12 .
1

Ao
Paznennm o6e yacTu Ha (. B 11eBoIi 4acTH OTHOIICHHE —— 00o3HaumMM Uy, .
q

BeJ'II/I‘II/IHa, YHCJICHHO paBHas1 OTHOIICHUIO Da6OTBI U JJICKTPOCTATHYCCKUX U1
CTOPOHHHUX CHJI ITO MNCPEMCIICHHNIO 3apiad K BCINMYMHC 3TOr'0 3apsiagaa Ha3bIBACTCA
NaaCHUCM HAIIPSOKCHUA MM IPOCTO HAIIPSKCHHUCM Ha

=
1, Ol L2
| JaHHOM yd4acTke 1enu Uq,.

|
® Taxmm obpasom (puc. 20.2),

Uip =01 —92 +€17

Puc. 20.2



3ameTtuM, 4to eciu Ha yyactke oTcyTcTByeT DJC, To0 Uy =1 —¢,. (s

3aMKHYTOH Iy TOYKKA 1 ¥ 2 coBmamaroT, ¢; =@, U, Toraa Ui, = €12.) MoxHO

nokaszartk, uto U1p = IR rie R- nmonnoe conporusienue nenu u Toraa

IR=0¢1 02 +&12

910 YPAaBHCHHEC BbIPAXKACT 3aKOH Oma AJI1 HCOJHOPOAHOI'O y4aCcTKa IICIIN ( C

21C).

Knaccuueckas snekmpounnan meopus 31eKmponpoeooumMocmu Memaniiog
U ee HeOOCMamoyHoOCmp

BHyTpeHHSAS CTpyKTypa METaJJIOB XapaKTEpU3yeTcs KpUCTANIMYEeCKOU
penieTkoi. B y3nax kpucTaianueckoi pereTky HaxoaATCs MOJI0KUTENbHbIE HOHBI;
B TPOCTPAHCTBE  MEXKIYy HHUMH  MPAKTHYECKH  CBOOOAHO  JBIIKYTCS
00001ecTBIIeHHbIE 3eKTpoHbl. Hemeukuit ¢pusuk I1. [pyne npeanonoxus, 4to
AJIEKTPOHBI BEAYT c€0s1 KaK YaCTUIIbl HACATBHOTO ra3a, U NPeJUI0KHII UCTI0Ib30BAaTh
JUISL OIIMCAHUS UX MTOBEACHUS U3BECTHBIE ()OPMYJIIbI KHHETUYECKOUN TEOPUH Tra30B.

Cucrema CcBOOOJHBIX OOOOIIECTBICHHBIX B KPUCTAJUIMUYECKOW pEIIETKE
3JIEKTPOHOB HA3bIBAETCS JIEKTPOHHBIM ra3oM. B oTiimune ot Moseky:n rasa, mpoder
KOTOPBIX OMNpENEINsICS COYJapeHHeM MOJIEKYJl Jpyr C JApYroM, 3JIEKTPOHBI
CTAJIKMBAIOTCS NMPEUMYIIECTBEHHO HE MEXJy COOOH, a ¢ MoHaMH 00pa3yroluMHU
KPUCTAJUTMYECKYIO PELIETKY MeTana. OJTUMHU CTOJKHOBEHHSAMU OOYCIIOBJIECHO B
YaCTHOCTH, COMPOTHUBIICHUE METAIIIa SJICKTPUIECKOMY TOKY.

XaoTUYECKOE TCIJIOBOE JIBMIKCHHE QJICKTPOHOB B MCTAJUIaX MOKHO

. / 8kT
XapaKTepU30BaTh CPEIHEN CKOPOCTBIO <L >= (17151 KOMHATHBIX TEMIIEPATYP
T -Mg

(V) ~10°m/c). Tlpn HaMMUMM BHEIUHETO IIONA DJIEKTPOHBI OONAJAIOT elle

HEKOTOPOW CpeHEH CKOPOCThIO HAMpaBJICHHOrO JABWXEHUs U. OObIYHO

U~10"2 =103 m/ ¢, TO ecTh U << <o>

Bvi600 3akonoe Oma u /[ncoyna-Jlenya uz 3nekmpoHHbiX npeocmasieHuil

3akoH Oma.

Cpennuil myTh, MPOXOJUMBII CBOOOJHO ABMXYLIUMUCS AJIEKTPOHAMU MEXIY
JBYMsI TIOCJIEIOBATEIbHBIMU CTOJKHOBEHUSIMU C MOHAMHU PEIIETKH HA3bIBAECTCS
cpelHel JUIMHHOW cBoOoaHOro mpobera A . CpenHee BpeMs MEXIY ABYMs

CTOJIKHOBCHHAMM T = ; (ompezenseTcsi CKOPOCThIO Xa0THUECKOTO ABMKeHwMs ). [Tpu

HaIu4uy 1mojisi E HampaBJICHHAA CKOPOCTH 3JICKTPOHOB HAKAIIJIMBACTCA 34 BPEMA




CBO6OI[HOFO HDO6€F3 U K MOMCHTY CICAYIOLICIO COYAApPCHUA OOCTUTACT

MaKCHMaHBHOﬁ BCIIMYHHELI: - 7\’
Unax = WT B eE—
—“—mvo-:

CKOpOCTI) U U3MCHACTCA 3a BpEMsA np06era JIMHEMHO. HO3TOMy €C CPCAHCC 3a
HpO6CF 3HA4YCHUC PABHO HOJIOBgIHC;![éK'eI/IMaJ_H)HOFd\SHaLICHI/I}I.

-

u Umax 1 eE—

2 2 mvo
ImoTHOCTH TOKA: )
- -  ne-A”
j=n-e-<uU>=
J E ,
2mvo n-e--A

Ko puimenT mponopuuoHanbHOCTH MEXAY | U E 0003HaYMM G = R T—
L

(o - mpoBomumocTh). B pesynbraTe mosyunm 3akoH Oma B JIoKaJibHOW (hopMme
(mapameTpbl OTHOCATCS K JAHHON TOYKE CEYEHUS MPOBOHUKA).

-

j=o-E

I[InotHOCTL TOKa B IIPOBOJHUKC IIPOIMOPLHHOHAJIBHA HAIIPAKCHHOCTHU

SJIICKTPHUYCCKOI'0 IIOJIA E . KOB(I)(bI/II_[I/ICHTOM IMPOIMIOPHUOHAJIBHOCTH  ABJIACTCA

U
TIPOBOAMMOCTb. (3aMeuanne. CpaBHIM TOTydeHHYIO0 GOpMYITy ¢ H3BecTHOH | = R

[IpoBOIMMOCT, G OOpaTHO MPOMOPLUUOHAIBHA YAECIBHOMY CONPOTUBJICHUIO P

¢ =_. IlmotHOCTh TOKA j b Hanpsokenrocts mons E=— (I - niomaHA
p S I
nposoxauka). Torma | _ 1U jumn | = U_S = U_, 4TO U TPeGOBAIOCH. )
S pl p-l R

3akoH Jxoyns — JleHna.
K koHIly cBOOOAHOTO MpobOera 3JeKTPOH MPUOOPETAET JOMOJIHUTEIHHYIO
KHHETHYECKYIO SHEPTHIO0, CpeIHEee 3HAUEHNE KOTOPOH PaBHO:

2 22
M-Upax — €A 2

<AE, >=
K 2mu 2

eEA

mvu

CTOJIKHYBIIUCh C aTOMOM, OJJIEKTPOH, IO HPEINOJ0KEHUIO, IOJIHOCTBIO
nepeaeT NPUOOPETEHHYIO UM DHEPIUI0 KpHucTamndeckon penerke. CooOuieHHast
pELIETKE SHEPTUS UAET HA YBEJINYEHUE BHYTPEHHEW SHEPTUH METAILIA, IPOSBISACH

B €T'O HAaIrpCBAaHHH.

(Hammomuaum: Umax =




L
KaK1p1ii 2JIEKTPOH MPETEPIIEBAET 3a CEKYHIY B CpeiHeM 2= N COYyJIapEHUM.

O003HaYMM YHCIIO MJIEKTPOHOB MPOBOJUMOCTHU B €IMHULIE 00bEMA N, TOTJA [OJIHAs
DHEprus, MepelaHHas JIeKTPOHAMU 32 SIMHUILY BpEMEHU B eIMHUIIC 00beMa OyeT
PaBHATHCA:

2)2 ne’A A v ne\
W=nz<AE s=pn.;. o~ g?=— " _"E?2-__"EZ
omu 2 2mv v A 2mv
2
ne“a
3Hasi, 4T0 © = o B pe3yJibpTare MNoiaydyuMm 3akoH J[xoyma — Jlenna B
L

JoKanbHOU (hopme:

W =c -E?

TermnoBass MOIIHOCTb, BBIICISIOIIASACI B CIMHUIIC o0BbeMa IIpH ITPOTCKAHNN
JICKTPHUYCCKOI'O TOKA IIPOIIOPIIMOHAJIbHA KBAAPATY HAIIPAKCHHOCTH I10JI4.

1 1( .\2 .
Ilepexogsorc u Exp u j:(c =, E=é),H0HY‘H/IMW=_(1\1 =p-j?, wm

p ch)

W=p-j?

[Tonyunnu apyryro dbopmy 3akona Jhkoyns — Jlenna. (O6beMHas TIIOTHOCTh
TEIJIOBOM MOIITHOCTH paBHA MPOU3BEJICHUIO YIEIbHOTO CONPOTUBIICHUS Ha KBaIpaT
IJIOTHOCTH TOKA).

3ampyonenusn Knaccuueckoil 3J1eKmpoOHHO meopuu IN1eKmponpoeooOHOCmU
Memannoe
Krmaccuyeckast — Teopus  cMOryia  OOBSICHUTh  TOJIyYCHHBIC  paHee
AKCTIIEPUMEHTAIbHO 3aK0HBI Oma m Jxkoyis — JIeHIa, HO €CTh M CYIIECTBCHHBIC
3arpynHeHusi. OCHOBHBIMU SIBJISIFOTCS CJIEIYIONTHE:
1. Teopernyeckoe 3HaYECHUE MPOBOJUMOCTH HM3MEHSIETCS C TeMIEpaTypoiu

1

1
o ~ BKCHepI/IMeHTaHBHaﬂ KC 3aBUCHUMOCTh G = __.
meer T T

2. Knaccuueckas TCOpHUA HC B COCTOSAHHHU OOBACHUTL TAaKOE SIBJIEHHE Kak
CBCPXIIPOBOIMMOCTD.

NwmeroTcst u Ipyrue 3aTpyAHEHUS U B 3TOM HEIOCTATOYHOCTh KJIACCUYECKOU
TEOPUH.

CoBpeMeHHass  KBAaHTOBas _ TEOpUS  AJICKTPONPOBOJAMMOCTH  METAJUIOB
MOKA3bIBAE€T, YTO BCE TPYIHOCTH KJIACCUUYECKOW TEOPUU CBSI3aHBI C TEM, YTO
IPEJCTABICHUE 00 0JJIEKTPOHAX KaK UACATbHOM Ta3e SBJISETCS IPYObIM
npubamkeHueM. Ha camom Jiesnie aieKTpoHbl BHYTPU METaJlJIa HE SBJISIIOTCS] TAKUMHU
CBOOOJIHBIMHM, KaK 3TO CIEAYET U3 KJIaCCUYECKON TEOPHH.




B COBpCMCHHOfI KBAaHTOBOU TCOPHUHU IIOKA3bIBACTCsA, YTO JJICKTPOHBI BHYTPH
MCTAJllIa, KaK W 3JICKTPOHBI B ATOMC HC MOI'YT HMCTb J'IIO6YIO OHCPIruro, a JIMIIb
BIIOJTHE JUMCKPCTHBIC 3HAYCHUSA SJHCPIUH — SHCPI'UA 3JICKTPOHOB KBAHTYCTCA.

5. 3akonwt Kupxzeogha

1. IlepssbIii 3akon Kupxroda:

Anrebpanueckas CyMMa CHJI TOKOB, CXOJSIIMXCS B y3J€, paBHA
HYJIIO.

D=0

[Ipy »>TOM TOKHM, WHIyIIHEe K Y3y, MPUHATO CYHTATh
Puc. 20.3 TOJOXHTEIbHBIMH, a OT Yy3JIa — OTPUIATCIbHBIMH (MOXHO U
HAa00OPOT — 3TO HECYIIICCTBEHHO).

3aMeTuM, YTO y3€el — 3TO TOYKa, I/Ie CXOAATCs Tpu U Ooisiee Toka. Hampumep,

115t puc. 20.3 nepBhIi 3aKOH 3alUIIETCS TaK:
|1 — |2 + |3 =0.

2. Bropoii 3akod Kupxroda (oH 0THOCUTCS K J1'000OMY BBIJEICHHOMY B LIETH
3aMKHYTOMY KOHTYpPY):

Anrebpanyeckas cyMMa MPOW3BEJACHUN CHUJ TOKOB B OTAEJBHBIX yYacTKax
IIPOU3BOJIBHOIO 3aMKHYTOIO KOHTYypa Ha WX COOPOTUBIEHUSA (CyMMa MaJcHUM
HaIpspKeHui ) paBHa anreopanyeckoi cymme IJ1C, NeHCTBYIOINX B 3TOM KOHTYDE.

2Ry =g

IIpumepsl peuieHus 3aaa4

3agauva 1. Jlansl 12 snementoB ¢ 3/IC E =1,5 B 1 BHyTpeHHUM CONPOTUBIIEHUEM
r=0,40m. Kak Hy>KHO CO€IMHUTD 3TU 3JIEMEHTBI, YTOOBI OJTYYUTh OT COOpaHHOMN U3
HUX OaTapen HanOOJIBIIIYIO CUITY TOKA BO BHELITHEH IeMH, UMEIOIIEH CONTPOTUBIICHHUE
R=0,3 OM? OmnpeneanTs MaKCUMAJIBHYIO CHITY TOKA |max.

JlaHo: L |
N=12 m
E =158 I I
r=0,4 Om
R=0, 3 Om ! !




max — -

[Ipennonoxkum, 4TO COEAMHEHNE COCTOUT U3 M MapajlieIbHO COEIUHEHHBIX
BETBEH MO N MOCIEIO0BATEIbHO COCIUHEHHBIX 3JIEMEHTOB B KaXJIOM (CM. pHC.).
OueBunno, N =m-n , Ilpu nocnegoBateabHOM coequHeHrr JJ1C u BHYTpEHHETO

COIMPOTHUBJICHUSA 3JICMCHTOB CKJIAABIBAIOTCA; IIO3TOMY QI[C K&)K,ZIOI\/'I BCTBHU EB =N
, @ BHYTPEHHEC COIIPOTUBIICHHUE Iz =N-T.

[Tpu napannensHoM coequHeHuu E  cuctembl paBHa E  otnensHOro snemenra

m 1
H—l — Y 7. CnenoBarenbHo, DJIC coenunenus paBHa DJIC oTaeiabHONW BETBU

r

B

E. =E;, a BHyTpeHHEE CONPOTUBIEHUE COeqUHEHnsT I =— .

om nr
Takum o6pazom, s 6atapeu 3yieMeHTOB UMeeME. =n-E , u rc :E.
1o 3axony Oma g 3aMKHYTOM LIENU NOJIyYUM
= ¢ nE nmE  N-E (1)
nr .
rc+R MM p nr+mR n-r+mR
m
N
Tak kak N=m-n ¥ N=_ 10 okoHYATENLHO MONYYUM
m
| = NN'E _NE .m 2)
N mR Nr+m°R
m

Hccnenyem Ha akcTpeMyM pynkmuio 1(m), npeacraBieHnyio popMyioit (2).

I,(m):(M \’: N -E .(Nr+m2R)—N-E -m'(sz) (3)

kNr+m2RJ (NrerzR)2

NE (Nr+m’R)-2NE -mR
=0
2 2
(Nr+m?R)
HaliIeM MakCUMaJIbHOE 3HaueHue M. B pesynbrare nosyyum

N 12
m:\/Nr: 12.04 _, , n="-°-3
R 0,3 m 4

[MpupasuuBas (3) K HyJIO




Takum obpazom:
| ___NE 12-1,5
™ nr+mR 3.0,4+4-0,3
OTBeT: COeIMHEHUE COCTOUT U3 YEThIPEX BETBEU IO 3 MOCIIEeI0BATEIIHLHO
COEIUHEHHBIX JIEMEHTOB, MAKCUMAIBHBIN TOK 7,5 A.

=75A.

3apaua 2. [Ipu cune Toka ;=3 A Bo BHemIHeHd Ienu Oartapen aKKyMyJISATOPOB
BEIZICIISIETCSI MOITHOCTEL P1=18 BT, ipu cune Toka I,=1 A — cootBercTBeHHO P,=10
Bt. Onpenenute 3/IC E u BHyTpeHHEe conpoTHUBIICHHE I' OaTtapeu.

JaHo:

,=3 A Tak kak momHocTh P =1 -U , To HanpsbkeHue B IEPBOM cliydae
U = Py U=12
P,=18 Bt = — asopropom U =_°
I, l,
. E
,=1 A N3 3akona OMa 1151 3aMKHYTOM 11enu - | = .
R+r
P,=10Bt | W3 npuBeneHHBIX BBIIIE PABEHCTB CIIECIYET
E =7
P1
r="7° E =Ir+U E =Ir+
1 1 1 I_
= p!
E=1r+U E=lr+ 2
2 2 2 —
P P 2
|1l'+ 1=|2I’+ *=r=_Pl,-Bl, =20wm,
T L 1T (1 =1)
1 2 121 2

3amaua 3. [1o xxene3HoMy MPOBOJHHKY, qraMeTpom d = 0,6 MM, TeueT Tok 16 A.
OnpenenuTs CPeTHIOK CKOPOCTh <U> HaIIPaBJIEHHOTO JIBKEHHUSI SJIEKTPOHOB,

CUMTas, YTO KOHILICHTpauus N CBO60}1HBIX QJICKTPOHOB paBHA KOHICHTPAIUN n’
aTOMOB IIPOBOJHHMKA.

JlaHo:
d=0, 6 MmM=6-10"m

1=16 A o> ox 2

—_— !
n=n 6

o S Bk




CpCI[H}I}I CKOpPOCTD YIIOPATOUYCHHOI'O ABHUKCHHUA 3JICKTPOHOB

(v)=1

t

1)

rae t — BpCMs, B TCUCHHUC KOTOPOI0 BCC CBO60I[HBIC QJICKTPOHBI, HAXOOAIIHCCA

MEXITy ceueHusIMU 1 u 2, nmpoias ceuenue 2 (CM. puc.), mepeHecyt 3apsag Q=e- N,
CO3/J1aBasi TOK CHUJION

| = 9 = ﬂ (2)
t t

IJIe e — 3JIEMEHTapHBIN 3apsaa, N — YuCIIo 3JICKTPOHOB MPOBOIHUKA, | — ero jmuHa.
O4eBHUIHO YUCIIO JIEKTPOHOB N=nV=n-l-S
3)
rae V- o0beM, a S — miomasas ceueHus npoBogauka. [lo ycinosuro, n=n’,
CJIE€JIOBATEIILHO

n:n':NA No  Np-p ()

Vm B M /p B M KF\
rae Na — aucio ABoraapo, p — INIOTHOCTH XKeje3a | p=17,87 .10° 3 )

o Y\ )

M — MonsipHas Macca kenesa ‘M =56-10" MOJIb -
\ J

[Toncrasnss (4) B (3), a 3arem B (2), OKOHYATEIHHO MOJTYUUM

| = N,-p-1-S-e
M -t
IMt
OTKyJa | =——.
N, pSe
nd?
[ToxcTaBuM MoaydeHHOE BeIpaxkenue B (1), cumras, uro S = T,
[Tocne mpeoOpazoBaHus HailieM, 4TO
41M 4.16-56-10°° S -

42N > 4,2 10 m/c 4,2vm
mdNa-P-® 314.(6-10*) -6,0-10%.7,87-10°-1,6-10"°

Bonpocel u 3a0anus.
1. IToCTOSIHHBIN ANEKTPUUYECKUI TOK U €r0 XapaKTepUCTUKH. 3akoH OMa 1ist
y4acTKa L.

2. Croponnue cwibl. Dnektpoasuxkyias cuwia (3C). 3akon Oma s
3aMKHYTOM LIETIN.

3. Pabota u MmoutHocTh TOKa. 3akoH [xoys - JIenna.



4. Knaccuyeckasi 3JIEKTpOHHAsL TEOPHUs AIEKTPONPOBOIUMOCTH METAJIOB U €€
HEJ0CTaTOYHOCTh
5. O600menHsI# 3akoH Oma. [IpaBuma Kupxroda.
6. DnexTpuueckuii TOk B MeTayuiax. OOBICHUTH KakK MPOTEKAET TOK B
MeTasuIax
3agaum VI CaMOCTOATEJIBHOI0 PellIeHHs

1. Tpu OGarapen ¢ DJIC E;= 12 B, E;= 5 B u E; = 10 B u oguHakoBbeIMU
BHYTPEHHUMHU COMPOTHUBIICHUSIMHU I, paBHBIMU 1 OM, CO€IMHEHBI MEXIY COOOM
OJTHOUMEHHbIMU  ToocaMu.  COINpPOTHUBIIEHHE COEIUHUTEIBHBIX IMPOBOJOB
HUYTOXXHO Mauio. ONpenenuTs CUITbl TOKOB |, HIymux uyepes3 Kaxayro 6arapero.

2. JIBe rpymnmbl U3 TPEX MOCJIEAOBATEIbHO COSAUHEHHBIX 3JIEMEHTOB COCAMHEHBI
napayienbHo. JIC E kaxnoro snemenTa paBHa 1,2 B, BHyTpeHHee COpOTUBIICHHUE
r = 0,2 Owm. [lonyuyennas Oatapes 3aMKHyTa Ha BHeIIHee conpoTtuieHne R = 1,5
Owm. Haiitu cuty Toka | Bo BHEIIIHEH LIETIH.

3. BHyTpenHee conpoTuBieHue I 6arapen akkymyiasiTopoB paBHO 3 OM. CKOJIBKO
MPOLIEHTOB OT TouHOTO 3HaueHus DJIC cocTaBisieT MOTrPEeIIHOCTh, €CIIH, U3MEepsis
Pa3HOCTD MOTEHIIMAJIOB Ha 3aKUMaxX OaTraper BOJIBTMETPOM C COMPOTHUBICHHEM Rp
= 200 Owm, npunsats ee paBuoit C?

4. 3amryHTUpOBAaHHBINA aMmriepMeTp u3Mmepsier Toku cuioit 10 | = 10 A. Kakyro
HAauOONBIIYI0 CHJIy TOKa MOXET U3MEPHUTh 3TOT ammepMerp Oe3 IIyHTa, eciu
conpoTuBieHue R, amnepmerpa pasro 0,02 Om u conporuBienne R, mryHTa paBHO
5 MOmMm?

5. Cuna Toka B IpoOBOJAHUKE paBHOMEpPHO HapacTaeT oT lp =0 1o | =3 A B TeueHue
Bpemenu t = 10 c. Onpenenuts 3apsin Q, mpormeamuii B IpOBOJTHUKE.

6. Jdanbr 12 snementoB ¢ DJIC E = 1,5 B u BuyTpennum conpotuieHueMm I = 0,4
Owm. Kak HY>KHO COE€TMHUTD 3TH AJIEMEHTHI, YTOOBI MOJTYYUTh OT COOpPaHHON U3 HUX
Oatapen HaMOONBIIIYIO CHITY TOKAa BO BHEITHEH 11T, UMEIOIICH COMpoTHRIeHHE R
= 0,3 OmM? OnpenenuTs MaKCUMAIBHYIO CHITY TOKA |may.

7. JIa smementa (E.=1,2 B, r;=0,1 Om; E,=0,9 B, r,=0,3 Om) coemuHeHbI
OJTHOMMEHHBIMH TIomocamu. ConpoTuBiieHne R cOeAMHUTENBHBIX TIPOBOIOB PaBHO
0,2 Om. Onpenenuts cuity Toka | B menu.

8. OmpenenuTh CHIy TOKa KOPOTKOTO 3aMbIKaHUS MCTOYHHUKA TOKA, €CIM TpHU
BHemrHeM conpotuBineHnu R;=50 Om cuna toka B nienu 1,=0,2 A, a mpu R,=110 Om
cria Toka B nenu 1,=0,1 A.

9. Karymka u ammepMeTp COEIWHEHBI TIOCIEAOBATEIbHO M TOJKIIOYEHBI K
MCTOYHUKY TOKa. K 3a)KnMaM KaTyIIK¥ MPUCOEINHEH BOJIBTMETP CONIPOTUBICHHEM
R;=1 kOwm. Ilokazanusa amnepmerpa 1=0,5 A, Bonst™merpa U = 100 B. Onpenenutsb
conpoTuBieHne R karymku. CKOJIBKO TMPOIEHTOB OT TOYHOTO 3HAYCHUS
COMPOTHUBJICHUS KATYIIKH COCTaBUT IIOTPENIHOCTh, €CIIM HE YYHUTHIBATH
COIPOTHUBJICHUS BOJIBTMETpA?

10. K ucrounmky toka ¢ DJIC E =15 B npucoemuumnm karymky c

conpoTtuBieHueM R=0,10M. AMmnepmerp mokaszai cuily Toka, paBayio 1;=0,5 A.
Koraa x MCTOYHHMKY TOKa MPUCOEIMHUIHU MOCIEI0BATEILHO €IIe OJIMH UCTOYHUK



Toka ¢ Takoi ke DJIC, To cuna Toka | B TOM ke Karylike okazanack paBHou 0,4 A.
OnpenenuTs BHYTPEHHUE COMPOTUBIIEHUS Iy U I, IEPBOTO U BTOPOTO UCTOYHUKOB
TOKA.

11. Ilo mpoBomHuKy comnpoTuBieHueM R = 3 OM Teder TOK, cujia KOTOpPOro
Bo3pactaeT. KonmdecTBo Termiotsl Q, BBIACIUBIIIEECS B IPOBOJHUKE 32 BpeMs T =8
¢, paBHo 200 Tx. Onpenenutrh KOJIMYECTBO SJEKTpUUECTBA (,[IPOTEKIIEE 3a ITO
BpeMs IO MPOBOJHUKY. B HauaapHBIM MOMEHT BPEMEHU CHJIa TOKA B TIPOBOIHUKE
paBHA HYJIIO.

12. Cuna Toka B mpoBOAHUKE cotipoTuBieHreM R = 12 OM paBHOMEpHO yObIBaeT OT
lo = 5A no | = 0 B Teuenue Bpemenu t = 10 c. Kakoe xommuecTtBo TemioTel Q
BBIICIISIETCS] B 9TOM IIPOBOJHUKE 32 YKa3aHHBIN MPOMEKYTOK BpeMECHH?

13. Cuna toka B npoBoaauKe conpoTusieHueM I = 100 Om paBHOMEpHO HapacTaeT
oT lp = 0 10 lhax = 10 A B Teuenue Bpemenu T =30 c¢. Onpenenuts KOJIUYECTBO
Ter10Thl Q, BRIICTUBITIEECS 32 3TO BPEMsI B TIPOBOTHUKE.

14. TIpu cune Toka |, = 3 A Bo BHelIHeH 11enu 6aTapen akKyMyJIsiTOPOB BBIIEISTCS
MouHocTh P; = 18 BT, npu cune toka l; = 1 A — cootBerctBeHHo P, = 10 BrT.
Omnpenenuts /IC E u BHyTpeHHEE cONpOTUBIIEHUE I GaTapeu.

15. OO6MOTKa PIEKTPUUYECKOTO KUISTHIBHUKA UMEET JIBe ceKunu. Ecnu BkiroyeHa
TOJIBKO TIEpBasi CeKIUs, TO BOJa 3akumnaeT yepe3 t; = 15 MuH, eciiu TOIbKO BTOpas,
To uepe3 t, = 30 mMuH. Yepe3 CKOJIBKO MHUHYT 3aKUIUT BOJA, €CIM 00€ CEKIIMU
BKJIFOUMTH MocienaoBarensHo? [apannensuo?

16. K 3axxumam Oartapeu akkyMmyssiTopoB mnpucoeanHeH HarpeBatenb. J/IC E
Oarapen paBHa 24 B, BHyTpeHHee compotmBieHue I = 1 Owm. Harpesarens,
BKJIFOUEHHBIN B 1I€Mb, NOTpeOasieT MoniHocTh P=80 BT. Boruncnuth cuiny toka | B
uenu u KII/1 # narpesarens.

17. 3/1C E 6arapeu pasHa 20 B. Conpotusnenue R BHemHel 1ienu paBHo 2 Owm,
cuna toka | = 4A. Haittu KIIJ Oarapeu. Ilpu kakoM 3HaY€HUU BHEILIHETO
conpotuBieHust Ry KIIJ[ Oyner paBen 99%?

18. K Oarapee axkymynstopoB, DJIC E kortopoit paBHa 2 B u BHyTpeHHEe
conpoTuBieHue I pagHo 0,5 Om, mpucoeanHeH MPOBOIHUK. ONpeaennTh:

1) comporuBierne R mpoBogHUKA, MPU KOTOPOM MOIIHOCTH, BBIAEIsIEMasi B HEM,
MaKCUMallbHa; 2) MOIHOCTh P, KOTOpas MPH 3TOM BBIICISICTCS B POBOIHUKE.

19. B/IC 6arapeu akkymynstopoB E =12 B, cuna toka | KopoTkoro 3ambIkaHus
paBHa 5 A. Kakyro HanOOJbIIyI0 MOIIHOCTh Pra MOXHO TMOJYYUTh BO BHEITHEH
LT, COeIMHEHHOMN ¢ Takoil OaTtapeeii?

20. Jlamrmoyka W peocTar, COEIUHEHHbIC IOCIEI0BATEIBLHO, MPUCOCAUHEHBI K
ucTOYHUKY ToKa. Hampspkenne U Ha 3axumax jamnoukud pasHo 40 B,
conpotuBiieHne R peocrata pasao 10 Om . BHemHss 1nenb noTpedsieT MOITHOCTh
P=120 Bt. Haiitu cuity Toka B LIeTIH.

21. B MeHOM MPOBOJHUKE JUTMHOM |=2 M M muiomaapio S momnepeyHoro ceueHus,
paBHoit 0,4 MM°, maer TOK. IIpu 9TOM €KECEKyHIHO BBIACISCTCS KOTHYECTBO
teriorel Q=0,35 JIx. Cxonbko amektpoHoB N mpoxomut 3a 1 cexkyHmy depes
MONEPEYHOE CEUEHUE ITOTO MPOBOIHUKA?



22. TINOTHOCTH TOKAa | B MEJHOM MpPOBOXHHKE paBHa 3 A/mm°. Haiiru
HaIpPSHKEHHOCTh £ AJEKTPUYECKOro MOJIsi B TPOBOJIHUKE.

23. [II0THOCTB TOKA j B AIFOMHHHEBOM IpoBoze paBHa 1 A/mm?. HaiiTi cpenHior
CKOPOCTb <0> yIMOPSAA0UYEHHOTO ABMKEHUS JICKTPOHOB, PEIITOIAras, YTo YHCIIO
CBOOO/IHBIX DJIEKTPOHOB, IPEAIOIArast, 4TO YHCIO CBOOOMHBIX HIEKTPOHOB B 1 oM’
QTFOMUHUS PAaBHO YHCIIO aTOMOB.

24. OnpenenuTh CPETHIOI0 CKOPOCTH < » > YIOPSAA0YEHHOTO JIBIKCHUS JICKTPOHOB
B MEITHOM TIPOBOIHUKE TipH cruie Toka | = 10 A u ceueHnn S mpOBOJHUKA, PABHOM
1 wmM®. IIpuHATH, 9TO KaXIBIA aTOM MM NPHXOMMUTCS MIBA DJICKTPOHA
IPOBOJIMMOCTH.

25. Cuna Toka | B MeTaminyeckoM mpoBojiHuKe paBHa 0,8 A, ceueHne MpOBOIHHUKA
S= 4 wmm’ IlpuHEMas, 9TO B KaKIOM KyOHYECKOM CAHTHMETpE MeTaiia
COIEPKUTCA n=22.,5- 10% CBOOOJIHBIX JJICKTPOHOB, OIPEACIUTh CPEIHIO0
CKOPOCTb <0> UX YHOPSAIOYCHHOTO JIBU>KECHHUS.

26. B MeaHOM MpOBOAHHKE 00BeMOM V=6 cM® MpH MPOXOKICHHH 10 HEMY
MIOCTOSTHHOTO TOKA 32 BpeMs t=1 MUH BBIICTIIIOCH KOJIMYECTBO TeTTOThl Q=216 J[x.
Berauciuth HaNpsHKEHHOCTH £ 3JIEKTPUYIECKOTO TOJIS B POBOTHUKE.

27. MeTammuueckuii MPOBOIHHUK JBIDKETCS ¢ yckoperueM a=100 m/c’. Mcmomns3ys
KJIACCHUYECKYI0O  TCOPHUI0  DJIGKTPOINPOBOJHOCTH  METAJIOB,  OMNPEICIIHTH
HaIPSHKEHHOCTH £ IEKTPUYECKOTO TOJIS B IPOBOTHUKE.

28. Mennblit muck pagmycom R=0,5 M paBHOMepHO Bpamaercs (w=10" pazx/c)
OTHOCHUTEJIBHO OCH, IEPIEHAUKYIISIPHOM TIIOCKOCTH AUCKA U MTPOXOISIIEH Yepe3 ero
nentp. Omnpenenuts pa3sHOCTh MOTeHIMANOB U MeXIy LEHTpOM JUCKa U €ro
KpalHUMH TOYKAMMU.

29. MetayumnuecKkuil CTep)KEeHb JBUKETCS BIOJIb CBOEH ocu co ckopocThio v=200
M/c. Omnpenenuts 3apsia  Q, KOTOpBIA TPOTEUYET uUepe3 TradbBaHOMETD,
MOJIKTFOYAaEeMbI K KOHIIAM CTEPIKHs, TIPU PE3KOM €ro TOPMOXKECHUH, eCu JuinHa |
crepkas paBHa 10 M, a comporuBiaeHue R Bcell menuw (BKIIOYasl IIeTb
rajibBaHoMeTpa) paBHO 10 MOwm.

30. YaenbHas mpoBOAUMOCTH y MeTauia paBHa 10 MCwm/M. BeraucnuTs cpeaHio
mmHy < | > ¢cBoOogHOrO Mpobera 3JEKTPOHOB B METAJIE, €CJIM KOHIICHTpAIUs N
CBOGOIHBIX 2eKTpoHOB paBHa 10%° M™°. CpemHIO CKOPOCTH U XAOTHYECKOTO
JIBIDKCHHS HIEKTPOHOB MPHHSTH paBHoit 10° m/c.
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OcHoBHas iUTEpaTypa:

1. ®usuka 1715 By30B: MEXaHUKa U MOJICKYJIIpHas pu3nka [ DJIeKTPOHHBIN pecypc]:
yueoHuk / B.A. Hukepos. - Mocka: 3aaTenbcko-Toprosast kopnopanus «Jlamkon
u K°, 2017. - 136 c. : Ta6xa., rpad., cxem. - ISBN 978-5-394-00691-3;-URL.:
http://biblioclub.ru/index.php?page=book&id=450772

2. TanuibikoBa-bymkesuu, .M. ®usuka: B 2 u. / U.W. TanwsikoBa-bymkesuy. — 2-

€ u3/., ucnp. — MuHck : Beimmitmas mkona, 2014. — Y. 1. Mexanuka. MosiekynsipHas
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dbu3MKa U TepMOJUHAMUKA. DJIEKTPUUECTBO U MarHeTu3M. — 304 c. : ui., cxem. —
Pexnm JocTyma: 10 MIOJIIHCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TammeikoBa-bymkesuya, .M. ®duzuka: B 2 4. / .M. Tanuieikoa-bymkesuy. — 2-
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