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BeBepeHue

KoHTposnbHas pabota N22 no ¢u3vke Anst CTYAEHTOB BTOPOro Kypca 3a04HOM
dopMbl  06yuyeHMss — 3TO 06s3aTeSIbHbIM  BUA  CaMOCTOSITENIbHOM  paboThl,
npeanonaratolwmii BbINONHEHVE LIECTU MHOFO3TanHbIX (PU3NUYECKMX 3afaHUM,
NpoBEAEHME PAaCcYETOB M NOCTPOEHME rpadmKOB 3aBUCMMOCTEN (DU3NYECKUX BENUYMH.
3aflaHns KOHTPOSIbHOM paboTbl coaepXxaT BCe pasaesnbl (hU3UKM, U3yyaeMble BO
BTOPOM CeMecTpe.

Kaxkgoe M3 LeCTn 3aJaHui HauMHAETCsl C KpaTKOM TeopuM, coaepxKallen Bce
HeobxoauMble onpeaeneHus, GOpMynbl M 3akoHbl no Teme [1]. [Jdanee wayt
¢opMynMpoBKkM 3agaHui ¢ TabnuuamMu C BapyaHTOB. B KaX/OM W3 LIECTU 3afaHui
paspabotaHo no 40 BapuaHTOB, 4TO oObecneuymBaeT BO3MOXHOCTb BbINOSIHEHUS
Ka)kabIM CTyl€HTOM MHAMBMAYanbHOW paboTbl. HOMep BapMaHTa COOTBETCTBYeT
NOpPSIAKOBOMY HOMepy CTyAeHTa B CNUCKe rpynnbl (CM. 3J1IEKTPOHHbIN
»wypHan, https://edu.donstu.ru). B kaxxaoM 13 LWeCTN 3aAaHuit NpUBeAeH NpuMep
€ro BbINOSIHEHNS.

[paBurna ogopmsIEHHUS KOHTPO/IbHOU pPaboTsbl
1. KP BbINONHSETCA B TETPAAM B KIETKY.
2. K obnoxke TeTpaan NpUKIEUBAETCS TUTYSbHbIN JINCT YCTAHOBNIEHHOMO 06pasua C
3anosiHeHHbIMWN JaHHbIMK cTyaeHTa (cM. Mpunoxenue 1).
3. KP BbIMonHsieTcs OT pyku pas3bopyuMBbIM MOYEPKOM WM He AO/MKHA conepxaTtb
UCTpaBIEHWN.
4. PUCYHKM BbINOMHSAIOTCA TOMBKO C MCMOMb30BaHWEM MPOCTOro KapaHaalla,
JIVHENKM, LMPKYNS.
5. [paduvkm CTposiTCS TONBbKO C UCMOSIb30BaHWMEM MPOCTOrO KapaHaalla M JIMHENKM.
Mnowaab nons kaxaoro rpadmka AomkHa 6biTb He MeHee 10 cMx12 cMm.
6. Ha ocsx koopamHaT AO/MKHbI ObITb YKasaHbl GpUanMyeckme BenuyMHbl U eanHULbI
UX M3MEpPEeHUs; MacluTab HAHOCUTCS Ha OCK C NMOCTOSIHHBIM LLIAMOM.
7. TOYKM HaHOCATCA Ha More yepTexa 6e3 ykasaHust UX Ha KOOPAMHATHLIX OCAX U
NPOBEAEHNSI KaKUX-MBO LITPUXOBBLIX JIMHUA. 3aTeM TOUKM COEAMHSIIOTCS M1aBHOM
NVHWEN, COOTBETCTBYIOLEN rpadMueckoMy M306paxeHuo ToM yHKUMKU (IMHENHOW,
KBafpaTUYHOW, SKCMOHEHUManbHOW U T.4.), KOTOpasi oTpaXkaeT MpOsBASIOLLYIOCS B
[JaHHOM OMblTe M3BECTHYI0O WU npeanonaraemyto (Gu3ndeckylo 3aKOHOMEPHOCTb,
BbIpaXXEHHYIO B BUAEe COOTBETCTBYIOLLEN hOpMyIibl.

8. EC'1 Ha OfHOM Mosie pacnonararTcsl HECKObKO rpaduKoB, TO KaXabli U3 HUX
[O/HKEH BbITb NOAMMUCAH.


https://edu.donstu.ru/

3apaHue 1. NOCTOSIHHbINA TOK
KpaTkas Teopus
JJIEKTpUYECKMM TOKOM Ha3bIBAETCH YNopsAOYEHHOE [ABMKEHUE 3/1EKTPUYECKUX
3apsaoB.
SaKoH OMa 47159 O4HOPOAHOIO y4acTka Lernr. Cna Toka Ha OAHOPOAHOM yyacTke
LUenuM npsMo MPOMOPUMOHaNbHA HAMNPSHKEHUIO Ha 3TOM yyacTke W obpaTHO
nponopuyoHanbHa ero conpoTueneHuio (puc. 1),

Ry
1 U
. > | I o 1= E . (1)
Z P,
Prc. 1 HanpsbkeHue Ha OAHOPOAHOM ydyacTKe Lien:

U=I1-R. ()
EAVMHULLI U3MEPEHUS BETMUMNH: [l ] =14, [U ] =1B, [R] =10m.

dusmyeckass BeNMUMHA, paBHas paboTe CTOPOHHMX CWUM MO MEPEMELLEHUO
€AVHUYHOTO MOMIOXMTENIbHOMO 3apsia, HA3blBAETCS 3MEKTPOABMXKYLIEN cunol (34C),
[eiCTBYIOLLEl B LIEMW UN Ha ee yyacTKe:

gzh, [¢]=1B.

BHyTperHee conporusreHne wuctouHmka Toka | —  konnuectseHHas
XapakTepUCTUKa  MCTOYHMKA  TOKa,  KoTopas
e r onpeaensieT BENYNHY SHEPTeTUUECKUX NOTEPb NP
_|‘+ MPOXOXK/JAEHUN Yepe3 WCTOYHUK  3/1eKTPUYECKOro
1
] TOKa, [r]:lOM.
Y 3axoH OMa /19 3aMKHYTOH Lermu: CNa ToKa B
R 3aMKHYTO LEenM MpsAMO  MPOMopUMOHanbHa  3aC

| I ‘ MCTOYHUKA TOKa M O6paTHO nponopunoHasibHa

CyMMe COMpOTUBEHUIA BHYTPEHHEr0 W BHELLHEro
y4yacTkoB uenu (puc. 2),

£
R+

C YBETMYEHNEM COMPOTUBNEHNA HaNpshKeHWe Ha 3aXXMMaxX UCTOYHMKa

Puc. 2

3)

BO3pacTaeT,



U=1.R=—R _ = (4)
R+r 1+ 0
R
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Npn R — o, cornacro (4), U = =é,

r
0

Npm R — 0, cornacro (4), U =——=0,
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Mpu Rzr,cornaCHo 4), U=—-=—.
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[To/IHas MOLYHOCTB MCTOYHUKE TOKA onpeaensetcs hopMysion

P,=¢1. (5)
C yuétom (3),
= & (6)
“rR4r
[lonezHas MoLHOCTb, T.€. MOLHOCTb, pacxoyeMasi Ha Harpyske,
P=U-I. (7)
C yuétom (3) n (4),
_ &°R ®
" (R+r)*

[ins BbisSCHEHWs ycnosus, npu koTopoM P, 6yaet makcumanbHol, nccneayem

dyHkumio (8) Ha aKCTpeMyM:
dP, o,
drR




2
dP, _€ (R+r-2R)
dR (R+ r)3
R+r-2R=0 = R=r,
T. €. NnoJjie3Had MOLWHOCTb MaKCUMallbHa, €C/Ih BHELUHee COI'IpOTVIBﬂeHI/Ie paBHO

BHYTPEHHEMY CONPOTUBMAEHNIO UCTOYHMKA TOKaA.

B aToM cnyyae, B cooTBeTCTBUM C (8),

2 2
& &

P ==
nmax
4R 4r
KoadbduumeHT nonesHoro Aenctsus uctouyHuka Toka KM — oTHoweHue

©)

MOME3HON MOLLHOCTM K €ro MOSIHOM MOLLIHOCTH:

Pn
n= P (10)
B cootBeTcTBUM C (6) 1 (8),
R
n= m . (11)
Ecnm nonesHas MOLIHOCTb MakcuManbHa (npn R =1),
n= ﬁ =0,5 wm 50%. (12)

Ecnu BHewHee conpoTUBIEHNe R :O, B Uenn BO3HMKAET KOpPOTKOe

3aMblKaHME, TOK MCTOYHMKA PE3KO BO3PacTaeT M AOCTUraeT CBOEN MaKCMMasbHOW
BE/IMYMHbI; cornacHo (3)

Npu R =r, cornacro (3)




YcnoBue 3apaHus

£, rm=
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U
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Puc. 3

Ta6nuua 1. BapuaHTbl 3agaHui

3aMKHyTast 3nekTpuyeckass uenb COCTOUT U3

MCTOYHUKA TOKa, KOTOprVI nMeeT 34C E n

BHyTpeHHee conpoTusnerne I, n peocrata

R (puc. 3). Mpn nepeMeweHnn MonsyHka
peocTaTa 3HauyeHWe BHELIHEro CONpOTUB/IEHMS

uenm R moxet nsmenstses B npeaenax ot 0
[0 20 OM ¢ warom 2 OM. BapuaHTbl 3Ha4YeHu

&€ n I npuseneHbl B Tabnuue 1.

N2 B | r,Ou| ne eB | r,Ou| nNe &,B | r,Om
1 52 2 15 60 4 28 68 6
2 52 2 16 62 4 30 70 6
3 56 2 17 64 4 31 50 3
4 58 2 18 66 4 32 50 3
5 60 2 19 68 4 33 50 3
6 62 2 20 70 4 34 50 3
7 64 2 21 52 6 35 63 3
8 66 2 22 52 6 36 63 3
9 68 2 23 56 6 37 63 3
10 70 2 24 58 6 38 65 2
11 52 4 25 60 6 39 65 2
12 52 4 26 62 6 40 51 2
13 56 4 27 64 6 41 61 3
14 58 4 28 66 6 42 65 4




1. [na Kaxaoro 3HayeHus R no dopmyne (3) paccunTtaTtb Cuny Toka | & uenu.
Pe3ynbTtaTtbl 3aHecTn B Tabn. 2.

2. [na kaxporo 3HaveHusi R no dopmyne (2) paccuuTaTb HanpspKeHue U ha
BHELLUHEM y4yacTke uenu. Pe3ynbTaTbl 3aHeCT B Tabn. 2.

3. Ha opHom none moctpouts rpaduku 3asucumoctet | (R) u U (R). Caenats

BbIBOZ O XapaKTepe 3aBUCUMOCTEMN.

4. Mo rpaduky | ( R) onpeaennTb TOK KOPOTKOro 3aMblKaHUA | K.3." Y6eanTbCs, UTo

I
3HA4YEHUIO CONPOTMUBNEHNA R =r COOTBETCTBYET 3HAa4Y€HNE CUNbl TOKA | = KTSI .

5. Mo rpapuky U (R) y6eautbcs, uTo 3HAuEHMIO COMpOTMBIEHMS R=r

&

E .

6. [ns kaXkaoro 3HaveHms R paccuntaTb no dopmyne (7) nonesHyto MOLHOCTb P

n

COOTBETCTBYET 3HAYEHWNE HAMNPSXKEHUSA U=

. PesynbTtatbl 3aHectn B Tabn. 2.

7. TocTpouTb rpacdmk 3aBUCMMOCTHU Pn (R) .

8. Mo rpacuky Pn(R) OnpefenuTb 3HAYEHNE MaKCUMasIbHOW MOJIE3HOW MOLLHOCTU

2
&

P.mx ¥ COOTBETCTBYIOWME € 3HaueHns R . Y6eauTbes, uto N max = E .

9. Ana Kaxaoro 3HayeHus R paccumtate no c¢opmyne (11) koaddpuumeHT
rnonesHoro AeincTsus 1) . PesynbTtaTthl 3aHecTv B Tabn. 2.

10. MocTpouTb rpaduk 3asucumoct 77(R) .
11.Mo rpadwmky onpeaenuTb 3HadeHne KI1[, COOTBETCTByHOLWEE 3HAUYEHUIO

conpotuenerns R=1T.



Ta6bnuua 2. Pe3ynbTaThl BblUMCIEHUI

R,Om 0| 2| 4| 6| 8] 10

12 14 16 18 | 20

I, A4

U,B

P .Bm

ucm

P,Bm

n

MpumMep BbINOSIHEHUSA 3aaaHusa 1
3aMKHyTasi 3neKTpuYeckasl Lemnb COCTOMT M3 UCTOYHMKA TOKa, KOTOPbIM MMeeT

sac & =54 B v sHyTpenHee conpoTtusnenne I =2Om, n peoctata R (cm. puc. 3).

Mpy NepeMelLEeHn NON3yHKa PpeocTaTa 3HaueH e BHELHEro conpoTuenenns uen R

MOXET U3MeHsATbCs B npeaenax ot 0 4o 20 Om ¢ warom 2 OMm.

NlaHo: PeweHne
_ &
£=548 1. Cwuna TOoKa B Uenu: I = R+r
}"220./14 54
&
=0+ R =0 I,= I, =——=27A4.
R 0-200‘14 1 ’ 1 R1+rl 1 O+2 1
AR=20m 54
R2:20M, |2 :mzls,SA;
54
—4 l,=—— =94,
Ry=40u, L=~ 4
54
R4:60_M, |4:m:6,75A;
54
R5:80M, |5 :m:5,41‘1;



54

= I, = =4,54.
Ry =100m, e =1577 ’
R, =120 I, = >4 =3,8571428...~ 3,68 4
A A P N S
(BO BCex pacyeTax OCTaB/sITb He 6osee ABYX 3HAKOB MOC/IE 3ansaToun);
54
=140 I, = =3,375~ 3,764 .
Re=140m, =105 /
54
=1 |. = =34.
Ry=160m, Lo =7g75 =34
54
=180m, |l,= =2,74;
Ro=180m, ho=1577
54
R,=200m, l,= =2,454545...~ 2,46 4 .
20+ 2

Pe3ynbTaTbl pacyeToB CUSIbl TOKA 3aHECTU B Tabn. 3.

2. Hanpsxeve Ha BHewwHeM yuyactke uer: U =1 - R .
R=0 U=I1-R U =27-0=0;
R,=20m, U,=1,-R,, U,=135-2=275;
R,=40m, U,=1;-R,, U;=9-4=36B ura

Pe3ynbTaTbl pacyeToB HanpsHKeHWs 3aHeCcTu B Tabn. 3.

3. Moctpouts rpacmku 3asucumocteit | (R) u U (R).

10



R, Om

BbiBOAbI:
— CWna TOKa B 3aMKHYTOM LEnM 06paTHO MpomnopLMOHanbHa COMPOTUBIAEHUIO

&

BHeLLHero yyacTka uernu, [ = ;
R+r

— C YyBE€/IM4eHne ConpoTmnBneHnsa R Hanps>keHne Ha 3aXuMax WUCTOYHUKa

& &
pospactaer, U =1-R= : ‘R= o

T

R
4. Ecnu BHelwHee conpoTuenenne R =0, B Lienu BosHMKaeT kopoTkoe 3aMbikaHme.
54
Tok KOpOTKOro 3ambikakus, |3 =—=274.
I s 27

Ny R=Tr cuna toka |=?; R=r=20m, I=?=13,5A (cm.

rpaduk | (R)).

£ 54
5. Mpn R=r Hanpsxenne U ZE; R=r=20m, U 232273 (cm.
rpadpuk U (R)).

11



6. lNonesHast MOLHOCTb: Pn =U-I .
npm R, =0, P,=U,-l,, P,=0-27=0;
R,=20m, P,=U,-l, P,=27-13,5=364,5Bm;

R3=4OM, Pn3=U3'|3, Pn3:369=324Bm MT. O

Pe3ynbTaThbl pac4eTOB MOSIE3HOM MOLLHOCTM 3aHECTU B Tabn. 3.
Ta6nuua 3. Pe3ynbTaThbl BbIYMCIIEHNI

R,Om 0] 2 4 6 8 10 12 14 16 18 20
I, A4 27 135 | 9 6,75 5,4 45 |[386 | 338 3 2,7 2,45
U,B 0|27 |36 | 405 | 43,2 45 (46,32 | 47,32 | 48 | 48,6 49

r:20,7\/l 0 [364,5 |324 |[273,38 |233,28 |202,5 (178,8 |159,94 |144 |131,22 |120,05

n 0105 0,67 0,75 0,8 0,83 0,86 0,88 0,89 0,9 0,91

7.  TMoctponTb rpacdmkK 3aBUCMMOCTH Pn (R) .

400

A

w

b e e e e

R, Om
8. MakcuManbHaga nonesHas MOLLUHOCTb:
2 2
& 54
P =— P =——=364,5Bm.
4.2

nmax g ! nmax
r

12




3HaueHme MoNesHoIl MOLLHOCTY MakciManbHo npn R =1 .

R
9. KoathduumeHT nonesHoro aeicreus: 7] = .
R+r
R 0
1
npu R =0, n = s = =0,
' R +r 0+2
R 2
R,=20m, M,=—=>, 1n,=——==0,5;
2 R,+r 242
R 4
:40M, 773: E ’ 773: :0167 nT. 4.
R R,+r 4+2
Pe3ynbTaTthl pacuetos K1/ 3aHectu B Tabn. 3.
10. MocTpounTb rpadvk 3asucumoctn 77(R) .
1 r
038 = > *
0,8
07
0,5
E05 |-
= 1
0.4 }
0,3 i
0,2 i
0,1 i
0 5 "
0 2 4 & B 10 12 14 15 18 20

R, Om

R
11.Mpn R =r none3Has MowHocTb MakcumanbHa, a KM q:ﬁ:O,S nnm
+

50%. Mpu R=r=20m 1n=0,5.

13



3apanue 2. PACYET PA3BETBJIEHHOW 3JIEKTPMYECKOW LIENU C
NCNOJIb30OBAHUEM MNMPABWUJ1 KWNPXITO®A
KpaTtkas Teopus
PaccMOTpuM pa3BeTBEHHYHO Lienb NOCTOSIHHOMO Toka (puc.1), 0603Ha4nM Bce ee
3M1eMeHTbI M MPOM3BOJbHBIM 06pa3oM 3agaanM nNpeanonaraeMble HanpasaeHnst TOKOB.
Y3e/7— 370 TOUKa, B KOTOPOW CXOAUTCS TpU
n 6onee NpoBOAHMKA. YHaCTOK Lenu oT y3na

[0 CNleflytoLLEero y3na Ha3blBaeTCs BETBLIO.

llepsoe 1pasnsio Kupxroga:
anrebpanyeckasl CyMMa TOKOB, CXOASALUMXCS
B Y31, paBHa HynIo,

i

Bropoe ripasuio Kupxroga. B niobom

Puc. 1

3aMKHYTOM  KOHTYpe, BblA€NEHHOM B

pa3BeTBMEHHON LenKn, anrebpanyeckas
CYMMa MpOM3BEAEHMIA CWUNT TOKOB Ha COMPOTMBIIEHMS COOTBETCTBYIOLMX YUACTKOB
3TOr0 KOHTYpa paBHa anrebpanyeckoii CyMMe 34c,

Z:IiRi =Z£i. )

Mpu pacyeTe pa3BETBIEHHOM LIENU NOCTOSIHHOMO TOKa C UCMOJSIb30BAaHUEM MpaBusl
Kupxrocda HeobxoaMmMo NoMHUTL CneaytoLlee.
1. Yncno ypaBHEHWI JOMKHO BbITb PaBHO YMCTY UCKOMbIX BEUYMH.
2. Ana N y3nos uenn 3anuceiBaetcs (N —1) HesaBucuMbIX ypaBHeHWii B
COOTBETCTBMM C MepBbiM NpaBwno Kupxroda, OCTanbHble ypaBHEHWUS MOJy4vatoT,
ncnonb3ys BTopoe npaBuno Kupxroda.
3. UenecoobpasHo HanpaeneHune obxoda BbibnpaTtb Tak, YToObl 60/bLIMHCTBO TOKOB
6bIIM NONOXWTENbHBI, T.€. COBNaanun No HanpaBIeHUO ¢ 06X0A0M KOHTYpa.
4. Ecnm HanpaBneHne o6xoda KOHTypa

COBMafaeT C HampaefieHneMm ToKa, TOK HanpasneHue

CUMTAETCH MONOXKWUTENbHBLIM, €CIM HeT — OESLO'CE

OTpvLUaTENbHbIM. _I }—‘ I_
5. O6x0f KOHTYpa LiesiecoobpasHo HaunHaTb &E>0 &<0

C Y31a 1 BEPHYTbLCS K 3TOMY Xe Y31y. Puc.2

14



6. 3AC WCTOYHMKA TOKa CUYMTAETC TMONOXUTENBHOM, €cnu MNpyu  BbiOpaHHOM
HanpaBneHnM 06xoda BHYTPU UCTOYHMKA TOKA NEepeXos COBEPLUIAETCS OT «MUHYCa» K
«NKCYy», T.€. B CTOPOHY MNOBbIWeHUs noteHumana. 34C UCTOYHMKA TOKa CYUTAETCs
oTpuLaTeNbHOM, €Cn Npy BbIBpaHHOM HanpaBneHUn 06xoaa BHYTPY UCTOYHMKA TOKa
nepexo COBepLIAeTCss OT <«M/oca» K <«MWHYCy», T.e. B CTOPOHY MOHWXEHWS
noteHuuana (puc. 2).

s B KayecTee npuMepa

r
1“1 i_T;_|_ paccMOTPUM  pa3BETB/IEHHYID  Lenb

MOCTOSAHHOMO TOKA, NPEACTaB/IEHHYIO Ha

pvc. 3, Anst KOTOPOW:

Rl - 81:1!5B/ 82=0’5B, 83=1B,
L=r=r=050mu, R=50m,
R,=100m, R, =150

Puc. 2 HaHecéM Ha cxeMy o603HayeHus),
HeobxoanMble ans pacyéta (puc. 4).

1. O603Ha4MM y31bl pa3BeTBEHHOM Lenun. OYeBMAHO, Ha cxeMe ABa y3na: A u B.
2. NS CTyAeHTOB, HaudMHaloWMX OCBamBaTb TEMY, peKoMeHayeTcs 0603HaunTb Ha

p
|

CXeMe MNOMOCbl UCTOYHMKOB TOKA 3HAKaMU «+» U «=»,

3. OnpegenuM 4ncno He3aBUCUMbIX KOHTYpPOB B cxeMe. KOHTypbl BblIbnpaloTcs Takum
06pa3oM, UYTOBbl KaXabli HOBbLIA KOHTYP cofiepxan XoTst 6bl OAWMH Y4acToK Lienu, He
BXOZMBLUMI B yXX€ PacCMOTPEHHble KOHTYpbl. Ha Hallelt cxeme yaobHoO BblbpaTh ABa
HE3aBUCUMbIX KOHTYpa 1 1 2 (TPETUI KOHTYP Ha CXEME — BHELUHWI, HO B HEM HET HU
O[IHOrO y4acTKa Lienu, KOTOPbIN He BXxoau 6bl B KOHTYpbI 1 1 2).

4. 0O603HauYMM TOKM Ha y4yacTkax Uenu. Yucro TOKOB PaBHO YUCNy BETBEN
paccMaTpuBaeMoi uenu. OueBMAHO, B HaWeM Cilyyae, B Uenu TekyT Tpu Toka:

I, 1,, |;. B oaHoii BeTBM OT y3na A0 y3na TeYET OANH TOK.

5. MMpowusBonbHbiM 06pa3oM 3agaguM npeanonaraeMble  HamnpaBieHUs TOKOB
(nockonbKy 3apaHee OHU HeM3BeCTHbI). Ecnu B mpouecce pelueHrs 3a4a4um BbISCHUTCS,
YTO CWUna TOKa B KAKOM-NMbO yvacTKe Lenu MMeeT oTpuuaTesibHOe 3HavyeHue, TO 370
03Ha4aeT, YTO B AEWCTBUTENBHOCTM TOK MAET B HanpasfieHUM, NpPOTUBOMONIOXKHOM
TOMy, KOTOpoe 6b1/10 BbIbpaHo B Havane pacyera.

6. BoibepemM nponssonbHbIM 06pa3oM 1 0603Ha4YMM Ha cxeme HanpaeneHus obxoaa
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KOHTYpOB 1 1 2.
7. CocTaBWM CUCTEMY YPaBHEHUIA, NO3BOSSIOLLMX MOMHOCTBIO PacCUMTaTh CXEMY Ha pyUC.
4 (T.e. onpeaenuTb 3HaYeHUs1 BCEX TOKOB, 3Hasl BEJIMUMHbI BCEX 3AC M COMPOTUBIIEHMIA).

MocKoNbKy CXeMa COAEPXUT Tpu BETBU (T.e. HEOBXOAMMO ONpeaenuUTb 3HAYEHHUS!

tpéx Tokos |, 1,, 1,), cucrema pomkHa cocTosTb U3 TPEX ypaBHEHNIA.

B cxeme vMeeTcs ABa y3na, MO3TOMY B COOTBETCTBUMM C MEPBbIM MPaBUSIOM
Kvpxroda Hy>KHO COCTaBUTb OAHO YpaBHeHWe Ans Moboro ysna, U ABa YpaBHEHUS B
COOTBETCTBMM CO BTOPbIM MPaBWUIOM S IBYX KOHTYPOB:

ans ysna A: |1_|2+|3:O;
ANs KOHTYpa 1: |1r1+ |1R1+ |2R2 =&,
QNS KOHTYpa 2: |3r3+|3r2+|3R3—|2R2283—82.

[insi onpepenerus uncnenHbix sHauennii 1, 1,, |, (Hanpumep, metogom laycca)

NepenuiLEM CUCTEMY YPaBHEHWIA B CrieAYIOLLEM BUAE:
L-1,-1,=0,
(h+R)L+R,1,+0-1,=¢,
0-1,-RL+(Lb+nL+R)l, =¢&,—¢,.

MoacTaBMM YNCTIEHHBIE 3HAYEHUS:
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1-1,-1-1,-1-1,=0,
5,5-1,+10-1,+0-1, =15,
0-1,-10-1,+16-1,=0,5.
BbinuLeM paciuMpeHHYIo MaTpULLy CUCTEMbI:
1 -1 -1\ 0
55 10 0|15
0 -10 16)\0,5

[Ins BbIUMCNEHNIN BOCMOMNL3YEMCS OHJAMH KarbKynsaTopoM Ans MeToaa Maycca
(Hanpumep, http://matrix.reshish.ru/gauss-jordanElimination.php).

3apaTtb pa3Mep MaTpuubl 3x4, UTO COOTBETCTBYET UMCMY CTPOK U CTON6LIOB
Hallel MaTpuubl; BHECTW 3HAYeHWsl B MOSIBUBLLMECS siuelku (puc. 5) M HaxaTb

KHOMKY « PewnTb».

Kanbkynsitop Bblgact oteeT (puc. 6), roe X, X,, X; COOTBETCTBYIOT

3HA4YEHNAM TOKOB Il’ IZ’ |3. MNpu 3anucu oTBeTa HeobXxoAnMO OCTaBUTbL YeTblpe

3HaKa rnocse 3ansaToun.

3apark matpuily

Abl MUHENAHBIX

CbHpocuts 3anonHUTL NYCThie AYeKK HYNAMIA

Pewwuts

Puc. 5. Screenshot akpaHa oHMaliH KanbKynsiTopa
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lNoka3zats pelieHne

Puc. 6. Screenshot 3kpaHa ¢ pe3ynbTaTaMy BbIYUCIIEHNI

TaknuM 06pa3oM, Cusibl TOKOB paBHbI:

|, =0,1452 4;
|, =0,07014;
|,=0,0751 4.

MNpoeepka (ans y3na A):
l,—1,+1,=0,
0,0701+0,0751=0,1452,
0,1452 =0,1452.

YcnoBue 3apaHus
Paccuntatb pa3BeTBJ'IéHHer 2NEKTPUYECKYIO Lenb B COOTBETCTBMM C BapMaHTOM

3agaHus (onpeaenuTb 3Hadenms okos 1y, 1y, 1y).
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Bapuant 5 Bapmaur 6
algn
L
Ne|R.Om | r.Ou| &.B Ne| R.Om | 7.Ou | &.B
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Bapuant 9 Bapuant 10
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Bapmanr 17 Bapmanr 18
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Bapuant 29 Bapuant 30
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Bapuanr 37 Bapmant 38
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Mpumep BbINOMHEHUS 3afaHuA 2
PaccuutaTb pa3BETBNEHHYIO 3MEKTPUYECKYO Lenb (OnpeaenuTb 3HaYeHWUsl TOKOB

L1, ).
[aHo:
& | I
1|1
L [ R i
NI R,Om | ,0m | &, B
s | 1 5 0,5 15
el 10 0,5 0,5
3 15 0,5 1,0
& -
3 I | r:!
'
PeweHue:
Ons y3na A: I,—1,—1;=0 no nepeomy npasuny Kupxroda;

ANs KOHTypa 1: |1r1 + |1R1 + |2R2 = &, no sTopoMy npasuny Kupxroda;

ANS KOHTypa 2: |3r3 + |3r2 + |3R3 - |2R2 =& —&, no sropomy
npasuny Kupxroda.
[insi onpeaenerus umcnenHbix 3Hadennii |, 1,, |5 (Hanpumep, metopom laycca)

nepenuvweM cncTtemy ypaBHEHMVI B cneayouweM suae:
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l,-1,-1,=0,
(L+R)L+R,I,+0-1,=¢,
0-L-RL+(+n+R)l, =5 -¢,.
MNoacTtaBuMM UYNCTIEHHbIE 3HAYEHUS:
1-1,-1-1,-1-1, =0,
55-1,+10-1,+0-1, =15,
0-1,-10-1,+16-1,=0,5.
BbinuweM pacluMpeHHyo MaTpuuy CUCTEMBI:
1 -1 -1y 0
55 10 0|15
0 -10 16)\0,5

Pe3ynbTaTbl BblYMC/IEHWMI C MOMOLLBIO OHMAMH KanbKynsiTopa Ans MeToaa
laycca (http://matrix.reshish.ru/gauss-jordanElimination.php).

MNoka3zaTk pelleHne

TakuM 06pa3oM, Cusibl TOKOB paBHbI:

|, =0,1452 4;
|, =0,07014;
|,=0,07514.

MNposepka (ans y3na A):
l,—1,+1,=0,
0,0701+0,0751=0,1452, 0,1452=0,1452.
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3apaHue 3. MATHUTHOE MOJIE MOCTOAHHOIO TOKA
KpaTtkas Teopus
MarHntHoe nose — 310 ¢dopMa MaTepuu, OKpyxXalowenh ABMXKYLLUMECS
3MeKTpUYecKue 3apsabl U HaMarHUYeHHble Tena.
OCHOBHYIO ~ CWMOBYIO  XapaKTepWUCTUKY
MarHUTHOrO  Mofs  HasblBalOT  WMHAYKUMEN

- MarHuTHoro nonsi B .
Ipachmueckn MarHMTHoe nosne m3obpaxatoT
C MOMOLLbIO JIMHUIA MAarHUTHON UHAYKUWMW. JSTuHumM
Puc. 1 MarHUTHOU UHAYKLMM — BOOBPaXKaeMble NIMHUN, B
KaXK[OW TOYKE KOTOpPOW BEKTOP MarHUTHOM

—

nhpykumn B hanpasnen no kacatenbHolt (puc. 1). JIMHUM MarHUTHOM MHAYKUMK
BCEraa 3aMKHyThI.

JMHAM  MHAYKUMKM  MarHWTHOMO MONSt MPSIMONIMHEMHOrO TOKa WMEKT BUA
KOHLIEHTPUYECKMX OKPYXXHOCTEN, PacriofIOXXEHHbIX B NMIOCKOCTSX, NEPNEHANKYNSPHBIX
K MPOBOAHWKY, @ LIEHTPbI 3TUX OKPY>XHOCTEN COBMaAaloT C NPOBOAHWUKOM.

Haripasnierne 7mHmi MHAYKYMY MarHUTHOrO MOMsi TOKa oOnpeaensieTcs no
npasuiy NpaBoOro BWMHTA: €CNN MOCTynaTeslbHOEe ABWXKEHWE BWMHTA MPOUCXOAWT MO
HampaBNeHWI0 TOKa B MPOBOAHMKE, TO HaMpaBleHWe BpalleHUs TONOBKW BUHTA
MOKa3bIBAET HaMpaB/iEHWE JIMHUIA MarHUTHOW MHAYKUMK (pUC. 2).

Tok

bBonsuow nanety
(KAa3biBAET HAanpasnenue
TOKa

# YETBIPE COTHYTBIX -
ik Ta7Tbla YKa3sIBalOT (
Hanpasnenus § HaNpaBJIeHHe THHHA
MA2HUIMIHOIX CUnu- N
8bix NUHUD ) MAarEHTHOrO momag
- | TOKA
C Ak
\‘U’_’/
! HanpasneHué
\l = moxa
Puc. 2. MpaBnno npasoro BUHTa Puc. 3. MpaBuno npaeoii pyku
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Takke MOXXHO MCMONb30BaTb /1PaBM/I0 MPaBoy pyky — eCiin HanpaBuTb 60MbLUION
nanel npaBoM pyku MO HanpaBNeHWO ToKa B MPOBOAHMKE, TO YETbIPE COrHyTbIX
nasnbLa yKaXxyT HarpasneHue IMHUIA MarHUTHOro nons Toka (puc. 3).

MHAYKUMA MarHUTHOrO mnons, C€o3gaBaeMoro GeCcKOHeYHO ASIMHHBIM NPSIMbIM

NnpoBOAHMKOM C TOKOM I , B TOYKE MPOCTPAHCTBAQ, yﬂ,aﬂéHHOVI OT MpOBOAHWMKA Ha
paccrosHue ', onpeaenserca no opmyne:
B _ :Llll’lOI
I
2rr

roe /»l — OTHOCUTEJIbHaA MarHuUTHad MPOHWMUAEMOCTb CpeAbl, ANa BO34yXa MOXHO

I'n

-7

npusite w1 =1; p, =4m-10"" — - marnuTHasi nocTosiHHas.
M

TIpUHLMIT CYREDIOZNLIMY MATHUTHBIX IO/IEH: BEKTOP UHAYKUMM B MariuTHoro
Nons, CO34aBaEMOro HECKOSIbKMMW TOKaMW, paBeH BEKTOPHOW CyMMe BEeKTOpPOB

MHOyKUMn Bi I'IOJ'IEI‘/'I, CO34aBaeMbIX KaXAbIM TOKOM B OTAEIbHOCTU:
B=>B,.
i

YcnoBue 3apaHus
Mo Tpém 6eCckOHEYHO ANWHHBIM MpsSIMBIM - NapanienbHbiM  MPOBOAHUKAM,

pacrionoxeHHbiM B Bo3ayxe, TekyT Toku |, =1,=1,=0,2A (puc 4.).
Pacctoarna AC =CD =10c¢m . HanpasneHus TOKOB B MpPOBOAHMKAX /1

pa3HbIX BapMaHTOB NpMBEAEHbI B Tabnuue 1.

1, I, I
O O O
A C D

Puc. 4

HaliTu HanpaBneHuMe M MOAy/b BEKTOPA MarHWUTHOW WHAYKUMM Pe3yNbTUPYIOLLEro
MarHUTHOrO MoJsl, CO34ABAEMOro 3TUMKM Tokamu B Touke M , pacnonoXeHHoW Ha

npamoit AD cnpaga ot Toukn A .



Ta6nuua 1. BapuaHTbl 3agaHui
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PexkomeHaaLuu No BbINOJIHEHUIO 3aAaHusa 3
Hanpumep, cornacHo Tabn. 1 BapuaHTy N228 COOTBETCTBYIOT HanpaBineHus

TOKOB (® — OT Hac; ® —or Hac; O - k Ham) u paccTostne AM =15cm.

M306pa3nm rpadmyeckn ycnosue 3agaHus (puc. 5).

I, I, ]q
X X)—— o
A C M D
AM =15cm
Puc. 5

MpuMep BbINONHEHUs 3aaaHus 3
BHuMaHue! MpumMep peLueHns NPUBOAUTCA AN ABYX NPOBOAHUKOB.
Mo paByM 6eCKOHEYHO [/IMHHBIM NPsSIMbIM  MApafenbHbIM - MPOBOAHMKAM,

HaxoaswmmMcs Ha pacctosiun AC =10cm ppyr ot apyra B Bo3ayXe, TeKyT TOkU

I, =1,=0,12 4 npotusononoxHoro Hanpasnenusi (|, — ot Hac, |, — K Ham,
puc. 6). HallT HanpaBneHMe W MoOAynb BeKTOpa MarHUTHON  WMHAYKLMM
pe3yNbTUPYIOLEro MarHUTHOrO MOJISi, CO3/1aBaeMoro 3TUMKM Tokamu B Touke M,

pacnonoxeHHoit Ha npsmoit AC cnpasa ot Toukn A ; AM =4cm.

]l 12
@ TS [ )
A M C

Puc. 6
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11 _ 12 _ 0512 A PeweHve
AC=10cm
AM =4 cm

]l
—Ar.107 IH
py =4z-107 I/

B=7

Puc. 7

Mo NpUHUMMY Cyneprno3nunM MarHUTHBIX MOMEeN MHAYKUMS pe3yNnbTUPYIOLEro
nosisi B TO4KE M paBHa BEKTOPHOW CYMME MHAYKUMI Monen, co3aaBaeMbiX KaXabiM
TOKOM B OTAENbHOCTU (puUC. 7):

B=B +B,.
B CKansipHOM BMAeE
B=a+%.
Mo 3aKOHY Emo-CaBapa-ﬂannaca MHAYKUMA MarHUTHOro nongd 6eCcKoHEeYHoro
MPsSIMOro TOKa paccymTbiBAETCS Mo opmyne:
|
B — ﬂﬂo .
27y

AnsToka |,

My

2 AM

1

Ansitoka |,

Higo |,

2 27-BM
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Buumanne! B, >B,, . k. I =1,

OTPaXKEHO Ha PUCYHKE.
MHAYKUMS pesynbTUPYIOLLEro Noss:

B = gy (1 n I, .
2t \ AM BM
BbluncneHus:

_1-47[-10_7.(12-10_2 12-107

B

-+ = =2.10"Tx.
2 4.10 6-10
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3apaHue 4. SJIEKTPOMAITHUTHbLIE KOJIEBAHUA

KpaTtkas Teopus
DneKTpoMarHuTHble  konebaHus NpeacTaBnstloT coboi  B3anMOCBSI3aHHbIE
NMepUoaNYECKME WU3MEHEHWNS 3apsfoB, TOKOB, XapaKTEPUCTUK 3NEKTPUYECKOTO WU
MarHMTHOrO Monei, CONPOBOXAAOLMECS B3aUMHbBIMU NPEBPALLEHUSIMIA 3TUX NOJEN.

Ons BO36Y>KAEHMs u rnoaaepXxaHus
3NEKTPOMArHUTHbIX KonebaHwit UCrosb3yeTcst
A KONE6ATE/IbHBIN  KOHTYpD — UEMb, COCTOAWAs U3
T L koHaeHcaTopa émkocTblo C , KaTyLIKN MHAYKTUBHOCTbIO
L v conpotuenerns R . Ecnv conpoTvBneHme KOHTypa
R paBHO Hymio, KonebaTenbHbI KOHTYP HasblBaloT

Puc. 1 ugeansHbiM (pyc. 1).

KonebaHusl, BO3HMKawOWMe B  naeasnbHOM
KOHTYpe, Ha3blBalOTCA CcOOCTBEHHbIMM Nnn cBOBoAHBIMM. CBOGOAHbIE He3aTyxarowme
3M1eKTPOMarHUTHble KonebaHus SBNSIOTCH rapMOHUYECKUMU.
B npeanbHoM konebaTenbHOM KOHType 3apsf Ha obknagkax KoHaeHcaTopa
N3MEHSETCS NO rapMOHUYECKOMY 3aKOHY,

q=do COS(a)Ot + ¢0) ’
roe (g — MakcumanbHoe 3HaueHme 3apsiia Ha 06KnaaKax KoHaeHcaTopa;

(ot + @y) - daza konebanuii; @, — HavanbHas dasa;

1

w, = E — LUMKIMYECKAs YacToTa COBCTBEHHbIX KonebaHui.

Meproa COBCTBEHHbIX HE3aTyxalolmMx KonebaHuit B konebaTeslbHOM KOHType
onpeaensetcs dopmysnoi ToMcoHa:

T:2—”:27z'\/LC.
@,

0
M3MeHeHne HanpshXeHusa Ha obknagkax KOHAEHCAaTOopa OMNMUcCbIBaeTCA 3aKOHOM:

U= a_ %COS(O)Ot +¢,) =U, cos(a,t +¢,),
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roe U 0= EO — MaKCMMaJ/lbHOE 3Ha4Y€eHNE Hanps>XeHnd.

MN3MeHeHWe cubl TOKa ONUCLIBAETCH 3aKOHOM:

| = dq = —q,@, Sin(w,t + ¢,) =—1, sin(a,t + ¢,),

dt

rae |y = 0y®, - makcumanbHoe 3HaueHne cunbi Toka.

V4
Kone6aHus 3apaga (HanpspkeHUsl) U TOKa B KOHTYpe CABMHYTHI MO thase Ha E'

T.€. TOK AOCTUIraeT MaKkCMMalibHOro 3Ha4yeHns B T€ MOMEHTbI BPEMEHWN, KOraa 3apsaa U
HanpshkeHve Ha obknaakax KOHAeHcaTopa paBHbl HYIO, 1 HA06opOoT.
DHeprus 31eKTpUYECcKoro nons mMexay obknagkamm KoHAeHcaTopa,

2

_q qo
=T cos’ (.t + ;)
7 2C  2C
MakcuManbHoe 3Ha4yeHne SHEPrun aneKTpmnyeckoro nons
2
_Q
Waﬂmax - 2C .

3HeprV|9| MarHMTHOro nongd
2 2 2
_LIT_ Loy
maz 2 -
qo
2 LC

MakcmManbHoe 3HadeHue SHEeprnm MarHUTHOro nos4
2 2
_Llg _
mazmax 2 - 2C '

MonHas 3Heprust No 3aKOHy COXPaHEHUs! SHEPrUmn

W=W +W =W _ =W

mae anmax Mmazmax -+

sin®(wt +¢,) =

sin® (ot + @) = gé sin® (@t + ).
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YcnoBue 3agaHus
B wuvpeanbHoM KonebaTeNlbHOM KOHTYpe 3apsii Ha obknagkax KoHAeHcaTopa
N3MEHSETCS MO rapMOHMYECKOMY 3aKOHY, YpaBHEHME KOTOPOro npveeseHo B Tabn. 1.

B 3aBucumocTu ot BapuaHTa M3BeCTHa WHAYKTUBHOCTb KaTyLUKKU L wan émkoctb

koHpeHcatopa C (cm. Tabn. 1)

OnpepenuTb:
1) MaKcumanbHoe 3HadeHue 3apsaa (g ;

2) LMK/INYECKYIO YacTOTy COBCTBEHHbIX KonebaHuin () ;
3) nepvon konebanun 71 ;
4) YyacToTy konebaHuit Vv ;

5) anekTpoémkocTb koHaeHcatopa C (Mnun nHaykTMBHOCTL Katywku L );

6) 3Hauenus 3apsga ( B MoMmeHTbI BpemeHw t:O,%,Z,STT,T, roe T -

nepuoa COBCTBEHHbIX He3aTyxallmx KonebaHuit B KonebaTenbHOM KOHTYype
(uncneHHoe 3HadeHne 1' paccunTbiBaeTcs B M. 4); pesynbTaTbl 3aHECTU B Tabn. 2;

7) 3aKOH M3MEHEHMs! HanpsKeHWst Ha obknazkax koHaeHcatopa U (t) ;

8) MaKCMManbHoe 3HadeHne Hanpskerna U ;
T T 3
9) 3HaueHns Hanpsokenus U B momenTsl Bpemenn t=0,—,—,— T,
4 2 4
pe3ynbTaTbl 3aHECT B Tabn. 2;
10)  3aKOH M3MEHeHMs CUMbl TOKa B KaTyLUKe I (t) ;
11)  MakcumarnbHoe 3HayYeHue CUbl ToKa |0;
T T3
12) 3Hauenuss cunbl Toka | B MOMeHTHI Bpemeu t:O,Z,E,T,T,

pesynbTaThbl 3aHECTU B Tabn. 2;

13)  MaKcuMaribHoe 3HaueHue sHeprin anektpuyeckoro nons W,

14)  MaKcumarbHoe 3HaueHue sHeprim MarkuTHoro nons W,

15)  3Ha4yeHUs SHEPrUMU 3NEKTPUYECKOrO MOss Waﬂ(t) B MOMEHTbI BpEMEHU
Tr T 3T

— T, pesynbTaThl 3aHeCTU B Tab. 2;

tzol_v_l
424
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16) 3HAYEHUA 3BHEPrnMnm MarHUTHOro nons Wuae(t) B MOMEHTbl BpPEMEHU

T T 3T
t=0,—,—,—,T, pesynbTathl 3aHeCT B Tab. 2;
4 2 4
. T T 3
17)  3nauenmst nonHoit sHeprin W (t) B MomerThl BpemeHm t =0, 77 T’T p

pe3ynbTaThbl 3aHECTU B Tabn. 2;

18) nocTpouTtb rpadmkn 3aBUCMMOCTH Q(t) , U (t) ’ I (t) ' Wgﬂ (t) ’ WMLIZ (t) ’

W(t) , PacnosnoXmB OCK Tak, Kak NMokasaHo Ha puc. 2.

Ta6nuua 1. BapuaHTbl 3aaHU

N2 YpaBHeHue Ne° YpaBHeHue
q=107" COS(Z'[],KJZ q=107" cos(ztj,l{n
1 3 21 3
C=1m®d C=1md
q=10" cos(zt , K q=10 5COS(£'[),KJZ
2 2 22 2
L=17n C=1mud
q :0,1cos(£tJ,Kn q=107 cos[zt],lﬁ
3 3 23 4
L=17n C=1m®d
q=10" cos(zt],loz q=10" cos(ztj,Kn
4 3 24 6
L=17wn C=1md
s | =10 cos(2rt), Kn 2 | =107 cos(~t), Kn
L=17n C=1ud
s | @ =0,1cos(7t),Kx 2 | G =107 cos(xt), Kn
L=17n L=17Hn
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q=107" COS(Zt],KJZ q=107 cos(ztj,Kn
7 4 27 4
L=17wn C=1md
q=107" COS(Z'[],KJZ q =O,2cos(ztj,l(/z
8 2 28 2
L=17wn C=1ud
. q=10"7cos(4rt),Kn 2 q=10"cos(rt), Kx
L=17n C=1m®
w0 | @ =10"cos(6t), Kn 20 | @ =107 cos(5xt), Kx
L=17n C=1ud
q=107" COS(th,KJZ q= O,OZCOS(Et],Kﬂ
11 6 31 3
L=17u C=1mud
q=107" cos(zt],loz q=0,02cos Etj,[(]l
12 2 32 2
L=17n L=17u
q=107" COS(Zt],KJZ q= 0,02COS(£I),KJZ
13 3 33 3
L=17wn L=17n
q :0,00ZCos(ztj,Kn q =o,002cos(£tj,loz
14 4 34 3
C=1ud L=17u
s | =10"°cos(rt), Kn s q=0,02cos(27t),Kx
L=1/u L=17n
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6 q=10"cos(rt), Kz 3 q=0,2cos(rt),Kn
C=1md C=1md

. q=10"7cos(2rt),Kn . q=0,02cos(rt),Kx
C=1ud L=17Hn

s q=10"7cos(4rt),Kn 38 q=10"cos(2rt),Kn
C=1ud L=17n

10 q=10"cos(67t), Kn 30 q=0,02cos(5xt), Kn
C=1ud C=1ud

20 q=10"7cos(5xzt),Kn ‘0 q=0,2cos(rt),Kr
C=1ud C=1ud

Tabnuua 2. [aHHble A8 MOCTPOEHMs rpaduKos C](t), U(t), |(t),

W, (1), W,,.(t)

t 0

g, Kn

U,B

I, 4
W, Lo
Wi orc
W, [l

N | N
~
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MpumMep BbiNONHEHUA 3agaHuna 4
B wuvpeanbHoM konebaTenlbHOM KOHTYpe 3apsif Ha obknagkax KoHaeHcaTopa

107* cos (% tj , K1 . Onexrpoemkoctsb

M3MEHSIETCS MO rapMOHUYECKOMY 3aKOHY (]

=1md.

koHaeHcatopa C
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PeweHue
[aHo

Mo ycnosuio 3apsa Ha obknagkax KoHAeHcaTopa
C=1lmd=10" M3MEHAETCA MO rapMOHWYECKOMY 3aKOHY C

] p HayanbHOM ha3on paBHOM Hymo. O6wwmin BuA
g =10" cos Ef . Kn TaKoro 3aKoHa:

q(t) = g, cos(awyt)

1) MakcumanbHoe 3HadeHve sapspa , =10 K ;

2)  uUMKIMYecKas YactoTa COBCTBEHHbIX konebanuin Wy =

I

27 272
3) nepvoa konebaHui T= -, T= =4 C;
@, T
6 1% : 1% L Iy
4) yactoTa konebanunt V = —, =— ;
) T
5) @ L = & L =
WMHAOYKTUBHOCTb KaTYLUKU =— , =—,
Y Ty 0 ,_LC 0 LC
1 4
L: 2 , L:2—73:405FH,
wC 3,14%.10
T T 3T
6) 3Hauenns 3apspa ( B momenTwl Bpemenn t =0, —, E, —, T (uucneHHoe

3HaUeHVe nepuofa COBCTBEHHbLIX HE3aTyXalolmx KonebaHuii B KonebaTeslbHOM
KOHType paccumtaHo B n. 4, T =4c¢):

t=0 q=10" cos(%Oj =10"-1=10"Kx,
=1lc :10‘1c05(%-1j =10".0=0,

=2c¢ q=10" cos(%- 2) =10"-cos(7)=10"-(-1)=—10"Kx,
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3r 3-4
t=="=2"-3¢ g=10"cos| Z-3|=10".0=0,
4 4 2
t=T=4c q=10" cos[%- 4) =10"-cos(27)=10"-1=10"Kxz.
nOﬂyquHble 3HaA4YeHUs1 3aHeCTun B Tabn. 3.
7) 3aKOH M3MEHEHMS HaMPsDKEHMS Ha 0BKMNaAKax KOHAEHCaTopa:

_a)
U= c
10‘1cos(7[tj
ut)y=——— 228, =
10

U (t) :100cos(%t) B;

8) MakcuManbHoe 3Hadenme Hanpskedns U, =100 B;

3T
4

NG LS
NN

9) 3Hauenuns HanpsxeHns U B momenThl Bpemenn t =0, A

t=0 U :100cos(%-0j=100-1=1003,

t-L_1c U =100cos(£-1j:100-0:0,

4 2
t=€=2c U =100cos(%-2)=100-(—1)=—1OOB,
t:3TT=3c U =100cos(%-3)=100.ozo,

t=T=4c¢ U :100cos(%.4j=100-1=1003.

MonyyeHHble 3Ha4YeHNs 3aHeCcTn B Tabn. 3.
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10)  3aKOH M3MEHEHMs! CWJIbl TOKA B KaTyLLKE:

I(t) = ~10- Z.sin| Zt :—i-sin(ztj, A
Ok 2 (2 j 202 )T
|(t)=—o,157sin(§tj, A.

11)  MakcMMmanbHOE 3Ha4YeHue Cubl ToKa |0 = 0,157 A ;

T T 3T
12)  3HaueHusi cunbl Toka | B MomenTbl Bpemern t =0, —, —, —,T":
4 2 4
. T
t=0 |I= —0,157S|n(5-0j =-0,157-0=0,
T . (T
t= 7 =1c¢ | =-0,157sin (Elj =-0,157-1=-0,157 4,
T . [z
t=—=2c¢ |I= —0,157sm[—'2J =-0,157-0=0,
2 2
t= %T ~3¢ 1=-0,157sin (%3} ——0,157-(-1)=0,157 4,
t=T=4c |= —0,157sin(%-4J =0.
MonyyeHHble 3Ha4YeHMs 3aHecTn B Tabn. 3.
13)  MaKkcuManbHOE 3HauYeHWe SHEPrUK ANEKTPUYECKOro MoNs:
12
Q (107)
max — Ao~ W, max =5 IHC;
aamax 2C o1 2_10—3 ’ZZ
14)  MaKkcUManbHOE 3HayYeHWe SHEPru MarHUTHOMO MONs:
LI2 405-0,1572
W,uagmax = 70 / aemax # = SﬂOfC '
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15)  3HaueHus sHeprun snextpudeckoro nons W (t)

T T 3T
MoMeHTbl BpeMeHn t =0, Z -

2" 4"

t=0 W, _5cos[ j: ,
tzzzlc =5c0s’ Za j:

4 2
=Z—20 W  =5cos (E j

2 2
t:3—T=3 _5003 (E ]

4 2

t=T=4c W, =5cos’ [%4}:5%@

MonyyeHHble 3Ha4YeHWs 3aHeCTu B Tabn. 3.

16)  3HAYeHWs 3Heprum MarHUTHOro nons Wme

T T 3T
momeHThI Bpemern t =0, Z —

2’ 4"’

t=0 W, =5sin2(%-oj=0,
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Mmaz max

=W

anmax

cos’(a,t) s

sin*(ayt) s



t=7T=4c W\ta2:53|n2(24j:0

MonyyeHHble 3HaueHs 3aHecTy B Tabn. 3.
17) 3vauermns nonHoit sveprun W (t) =W (t)+W _(t) 8 momenTs! Bpemenn
T T 3T

t=0,—,—,—,T:
4 2 4

t=0 W=5+0=5 T,

t=§=1c W =0+5=5 /P,
T

t-2=2c W=5+0=5lx,
3

1=3L 3, W=0+5=5

4
t=T=4c W =5+0=5 /D . NonyuenHble 3HaueHns 3aHecTi B Tabn. 3.

Ta6nuua 3. [annsie gns noctpoenns rpadmcos ((t), U (t), (1),
WM (t) ! sze (t)

T T 3T

t 0 Z E T T

g, Kz 0,1 0 -0,1 0 0,1
U,B 100 0 -100 0 100

I, 4 0 -0,157 0 0,157 0
W_ ., [l 5 0 5 0 5
W ., b 0 5 0 5 0
W, Lo 5 5 5 5 5
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18) nocTponTb rpacmkn 3aBUCMMOCTH q(t) , U (t) / I (t) ' Waﬂ (t) ' \NMZ (t) /

W (1), pacrionoxus ocu, ak nokasaro Ha puc. 2.

Ha puc. 3 npuBeaém npumep

q.Kn & ! ! ; ! MOCTPOEHNS  TOJIbKO  rpaduka
I 1 [ 1
i ! | ! sasncnmoctn (1) .
0,1 $=-+ -
: :
i 1
0 r
—0,1
r T 3 7
4 4 4
Puc. 3
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3apaHue 5. ONTUKA

KpaTtkas Teopus
Bo MHOrmMx ontuyeckux npubopax Yacto WCNONb3yKT pPasvyHble JINH3bI.
lNnockoBbINykNas fMH3a — ONTUYECKU NPOo3payHOe OAHOPOAHOE TENO, OrpaHUYEHHOE

C OQHOV# CTOPOHBI ChepNyecKol MOBEPXHOCTLIO paanyca kpuensHel R, a ¢ apyroit
— MNIOCKOCTbHO. MIOCKOBLIMYKAs SIMH3a SBNSIETCS COBMpatoLLei.

IM110CKOBbINYKNas SIMH3a Ha3bIBAETC TOHKOW, ECNM €€ TOMLMHA MHOTO MeHbLUE
paguyca KpuBW3HbI €€ cdepuyeckolt MOBEPXHOCTM U PacCTOSIHUSL OT JIMH3bl 40
npeameTa. TOSLWMHY MIOCKOBLIMYKOW JIMH3bI MOXXHO OnucaTh popMynoii

Ah=6-R, 1)
roe O — 3agaHHbIf KO3 PULMNEHT.

Monyunum copMyny, ces3biBatollylo Auvametrp AnH3sl D ¢ paauycom

J

KpnBU3HbI ee nosepxHocTn R (puc. 1).

NVH3a T T T
\ 7 ! N
." ‘ \\
R
D, : Y
2 3 \
> y— -
N RN /
| /
\ /
N\ } /
\\\ | ///
Puc. 1
Mo Teopeme MNudaropa:
2
D
RZ=| =L | +(R-ah)’,
2
2
RZ_DT”+(R—5-R)2,



D2

R? ==L+ R?(1-6)%,

2
Di gz _g2(1_sy,

D} =4R?(1-(1-6)’),
D} =4R?(25-57),
D% =4R%*5(2-9),

D, =2R/5(2-6). (2)

Ha puc. 2 nokasaHO MOCTPOEHME M306paxKeHUsl MpeaMeTa BblCOTON h s

TOHKOM cobupalolleit NMH3e ANs Ciydas, Koraa MpeAMET pacnofioxkeH Mexay
(hoKycoM 1 ABOWHBIM (POKYCOM. B 3TOM Ciydae M306paxeHue npeaMeTa sIBNSeTcs
[ENCTBUTENbHBIM, NEPEBEPHYTHIM U YBESIMYEHHBIM.

d f

A
—R
h \
oF | F F 2F
H
vV 1
Puc. 2

Ha puc. 22 F - dokycroe paccrosmme; N - sbicota npeamera; H -

BbICOTa M306pa)KEHMF| npeameTa, d — pacCTodHue OT NINH3bl A0 NPEAMETa, f -
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paccTosHue OT NnH3bl 40 u3o6paxeHus npeameta; L =d + f - paccrostme or
npeaMeTa [0 3KpaHa.
dopMyna TOHKOWM coBMpaloleit NMH3bI, Koraa MpeaMeT U M306paxeHue
[eiCTBUTENbHbIE, UMEET BUA:
FaT ®
(DOKyCHOE PacCTOSIHWE MIOCKOBIMYK/OW /INH3bI, PACMONOXEHHOW B BO3AYyXe,
onpenenseTcs hopMysnoi:
R
= I
n-1
roe N — abconoTHbIM MoKasaTenb MPENoOMAEHUs MaTepuana JSiMH3bl, pPaBHbI

F 4)

OTHOLLUEHNIO CKOPOCTU CBETaA B BaKyyMe K CKOPOCTWU CBETa B CpeAE,

c
n==.
v
OnTUYecKas cuna MH3bl — BENWYMHA, 06paTHast (GOKYCHOMY PacCTOSIHUIO:
1 1
D==, [D]=-==1xantp(auonrpus). (5)
F M
JIMHelHOe yBeNMYeH e IMH3bl — OTHOLLIEHWE pa3Mepa M306paxeHust K pasmepy
npeaMeTa.
H
r-Z.7 (6)
h d

MHTepdepeHumMs cBeTa — sIBNIEHWE NepepacrnpeaeieHns MHTEHCUMBHOCTM CBETa
Npy HaNoOXeHUU KOrepeHTHbIX CBETOBbIX BOJIH. MHTepd)GDEHLWIOHHaFI KapTuHa B
BnAe KOHUEHTPUYECKMX KOJiEL BOKPYr TOYKWM COMPUKOCHOBEHUA I'IJ'IOCKOBI:II'IYKJ'IOI7I
JIMH3bI U MI0CKONapaiesibHOM NNacTUHbI Ha3biBaeTCs KonbLAaMK HbloToHa (puc. 3).
Konbua HblOTOHa MCNONb3ylOTCS AN OnNpefeneHus paguycoB  KPUBW3HBI
MOBEPXHOCTEN JIMH3.

BblpasnM pagnyc KpMBM3HbBI IMH3bI Yepe3 AvaMeTp Kosel HbloToHa.

MycTb  MOHOXPOMaTMYECKMM CBET C  [/IMHHOW  BOJIHBI A nagaet
nepneHanKynsapHoO K NJ0CKou NOBEPXHOCTU NIUH3bI. Kor,qa CBET AOCTUraeT BbII'IYKJ'I017I
MOBEPXHOCTM NIMH3bI (TOYKa A), TO YaCTb €ro OTPaXXAeTCs M PacnpoCTPaHSEeTCS B
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! v
MPOTUBOMONOXHOM Hanpasnernu (nyd 1), a yacTb NPOXOANT B BO3AYLLUHbIK 3a30p
W, Nafas Ha MIOCKYl0 MOBEPXHOCTb CTEK/AHHOW MNacTUHKM (Touka B), cHoBa

n
YaCTUYHO OTPAXAETCs B MPOTUBOMNONOXHOM Hanpasnerun (nyq 17).

Nyan 1 n 1", otpaxeHHble oT BepxHeit

M HWXKHeW NOBEpXHOCTEN KIMHOOBpasHOro .0

3a30pa Mexay JNMH30M UM NNacTUHOMW, / :
pacnpoCTpPaHsIOTC  NMPaKTUYeCKn  BAOSb R // :

OfHOW MpsIMOM, T.K. Yron KiIMHa Mexay 1 // :

JIMH30M M NNACTUHKOW OYeHb Man. Jlyum // |

SBNSIOTCS KOrePEHTHLIMU U MHTEPEPUPYIOT. 1" // :

B oTpaxeHHOM cBeTe 6yayT  BMAHbI /or, l
yepeaytowmecs LIBETHblE (uBet J\ S — 1 :
COOTBETCTBYET AJIMHe BOJIHbI |
MOHOXPOMaTWYECKOro CBETa) M TEMHble B '

WHTepdepeHLMOHHbIE KOJbLia, Ha3blBaeMble
Konbuammn HotoToHa (puc. 3). #
Ecnu Mexay nvH30M M NAacTUHOM ;

BO34yX, pagnyc TEMHOro Kosbua HbloTOHa C D
HOMepOM m (m=0,1,2,...) =B dm
OTPaXEHHOM cBeTe onpeaensieTcs Puc. 3
dopmynoli:
r.=m-4-R
OTcroga paanyc KpUBU3HbI JINH3bI
2
R=_m
m-A°
Ecnu pagnyc M -ro TemMHoro KosbLa HblOTOHa BbIpasuTb €ro Yepes AMaMeTp
r. = d_m
m — /]
2
TO
d 2
R=—"_, 7)
4mA



YcnoBue 3apaHusa

MHaonkaTtop Ha noboBOM CTekfne CaMosieTOB M BEpPTONETOB NpefHa3HayeH Ans
oTO6paXKeHUs1 CUMBONBHOM W rpachuyeckoin MHcbopMaummM Ha f060BOM CTekNe Ha
¢oHe 3akabuHHOM 0b6cTaHoBKM (puc. 5).

Puc. 5
VHAMKATOP COCTOMT M3 3/1EKTPOHHO-/Ty4EBOrO Mpubopa M COBMELUEHHOW C HUM
onTuyeckon cuctembl (Ha puc. 5: 1 — nepepatollas Tenekamepa; 2 — kuHeckon; 3, 5
— 3epkana; 4 — obbekTuB konnMMaTopa; 6 — noboBoe CTekno). B onTuyeckon

CUCTEME MHOUKATOPa ANA NONYyYEHUA Ha SKpaHe M306pa)KEHVIﬂ BbicoToi H obbekTa
pa3mepoMm h NCNONb3YETCA TOHKas MJIOCKOBbINYK/Iaa JIMH3a C abcontoTHbIM
nokasartenem npenomnenuns crekna N. TonwmHa NuH3bl onpeaenseTcs cbopMynoﬁ

Ah=06-R, rpe & - 3apanHbiil Ko3pPULMEHT. PaanyC KPUBU3HBI MOBEPXHOCTH
nuH3bl R onpenensietcs no uHTepdepeHUMoHHON KapTiHe B Buae Konew, HbloToHa.

Konbla HbloToHa HabnioaaloTcs B OTPaXeHHOM CBeTe [/IMHOW BOMHbI A uepes
MUKpOCKOM. [N onpefeneHusl UCTMHHOTO pa3Mepa paguyca Kosbua HbloToHa

YUMTBIBAETCS LieHa [eneHns LiKanbl Mukpockona Kk =1-107° /%W e BapuaHThbl

n306paxxeHnin konew HbloToHa NpvBeaeHbl Ha pyUc. 6. YMCNEHHbIE 3HAUEHWSI AJIHDI
BOJSIHbI CBETa A , NokasaTens npenoMneHnst Matepuana nmH3bl N, KoahduumeHTa

O, paccTosHus oT npeaMeTa Ao numsbl 0, pasvepa MoMyYeHHOro C MOMOLLbIO

JIMH3bl N306paxxeHns H ' pns kaxaporo BapuaHTa npueeaeHbl B Tabn. 1 [2].
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1. Pacneuyatatb u306paxeHne Koneu HblOTOHa, cooTBeTCTBYlOWEEe Bawemy
BapuwaHTYy, U BKNEWUTb B TETPaAb AN1s KOHTPOSbHOM paboThl.
2. C NOMOLLbIO IMHENKN U3MEPUTL B MUMNIMMETPAX AUAaMETPbI NEPBbIX MSTU TEMHBIX

koneu Hetotona D, (M =1,2,3,4,5); nanHble 3aHecty B Tabn. 2.
3. PaccunTaTb peanbHble 3HaueHWs AvaMeTpoB Konel HblOTOHa Mo dopMyne
d,, =k-D,, ; pesynstarsl 3aHectv B Tabn. 2.

4. PaccuuTaTb pagvycbl KpMBM3HbI MOBEPXHOCTU NIMH3bI ANS KaXKAOrO 3HayeHus
avametpa no dopmyrne (7); pesynbTaTtbl 3aHeCTH B Tabn. 2.

5. Paccuutatb cpegHee 3Ha4yeHune paonyca KPUBU3HbI JIUH3bI
(R) = R, +R,+...+Rg .
5

6. Wcnonb3ys 3afaHHbIN Ko3dhdUUMEHT o, paccuntaTb TONAWMHY JUH3bI MO
dopmyne (1).
7. Paccuutathb AvameTp nuuabl no dopmyne D, = 2<R> Jo(2-0).

8. M0 NoMyYEHHbIM 3HAYEHUSAM <R> , Ah u D;; noctponts nuH3y B HaTypasnbHyio

BENTUYMHY.
9. PaccunTaTb (hOKyCHOE pacCTosiHWME NIOCKO-BLIMYKIOW NIMH3bI Mo dopmyne (4).
10. PaccuntaTb onTu4eckyto cuny nunH3bl no dopmyne (5).

11. PaccunTaTb paccTtosiHMe OT npeaMeTa A0 MH3bI d.

12. PaccunTaTb paccTOSHWE OT NIMH3bI 0 M306paxenus npeameta f , ncnonbsys

dopmyny (3).
13. PaccuutaTtb NMHENHOE YBENUYEHME NNH3bI No dopmyne (6).

14. PaccunTaTb BbICOTY NpeaMeTa h.
15. PaccumnTaTh paccTosiHue oT obbekTa oo skpaHa L=d + f .
16. MocTponTb M306paXkeHWe npeaMeTa BbICOTOM h, yunTblBas 3aflaHHOE B

BapMaHTe paccTosHWe OT mpeaMeTa Ao nmHsbl d . CaenaTb BbIBOA O XapakTepe
NOMTy4YEHHOro U306paXKeHus.
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Tabnuua 1. BapvaHTbl 3a1aHWIN

PucyHok /1,
NO Koned - n o d H,cm
HbtoToHa x107" m
1 K1 4,3 1,22 0,025 1,25F 1,1
2 K2 4,5 1,25 0,04 1,85F 1,2
3 K3 5,0 1,26 0,05 2,2F 3
4 K4 53 1,28 0,06 1,15F 1,3
5 K5 5,6 1,30 0,07 1,35F 14
6 K6 5,8 1,32 0,08 1,45F 1,3
7 K1 6,0 1,34 0,09 2,3F 6
8 K2 6,2 1,22 0,1 3F 7
9 K3 6,4 1,25 0,025 4F 8
10 K4 6,6 1,26 0,04 1,27F 1,3
11 K5 6,8 1,28 0,05 1,37F 1,4
12 K6 4,3 1,30 0,06 1,25F 1,2
13 K1 4,5 1,32 0,07 2F 6
14 K2 5,0 1,34 0,08 2,5F 7
15 K3 53 1,22 0,09 3F 8
16 K4 5,6 1,25 0,1 4F 6
17 K5 5,8 1,26 0,025 1,45F 1,1
18 K6 6,0 1,28 0,04 1,55F 1,2
19 K1 6,2 1,30 0,05 1,63F 14
20 K2 6,4 1,32 0,06 2F 4
21 K3 6,6 1,34 0,07 2,5F 5
22 K4 6,8 1,22 0,08 2F 6
23 K5 4,3 1,25 0,09 2,5F 3
24 K6 4,5 1,26 0,1 3F 5
25 K1 5,0 1,28 0,025 1,85F 3
26 K2 53 1,30 0,04 1,91F 2
27 K3 5,6 1,32 0,05 1,95F 1,1
28 K4 58 1,34 0,06 1,25F 1,2
29 K5 6,0 1,22 0,07 1,85F 3
30 K6 6,2 1,25 0,08 2,2F 1,3
31 K1 6,4 1,26 0,09 1,15F 1,4
32 K2 6,6 1,28 0,1 1,35F 1,3
33 K3 6,8 1,30 0,025 1,45F 6
34 K4 4,3 1,32 0,04 2,3F 7
35 K5 4,5 1,34 0,05 3F 8
36 K6 5,0 1,22 0,06 4F 1,3
37 K1 53 1,25 0,07 1,27F 14
38 K2 5,6 1,26 0,08 1,37F 1,2
39 K3 58 1,28 0,09 1,25F 6
40 K4 6,0 1,30 0,1 2F 7
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Tabnuua 2. PacyeTHble AaHHble

Homep [OnameTp konbua [OunameTp konbua Pagunyc KpuBM3HbI
Konbua M D,,, Mm d,=k-D,,m nmusel R, m

CpeqHee 3HayeHne <R>

NMpuMep BbINONTHEHUA 3aAaHUA 5
OaHo:

| A\ ,\”[”
A\

Dy

Puc. 7

MHTepdepeHumoHHasa kKapTuHa konew HbloToHa nokasaHa Ha puc. 7;

Homepa koneu Hetlotona m=1,2,3,4,5;
pnvka sonkbl ceeta A =4,3-107 u;
nokazatenb npenomneHus crekna N=1,22;
napameTp TonuwmHbl kbl 0 = 0,06 ;

pacctosiHue oT npeameta o nvH3bl O = 2F , rae F - dokycHoe paccTosiHme;
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pa3mep nsobpaxerns H =1,1cm;

M

-5

LeHa aenenus Wwikanbl Mukpockona K =1-107 —
MM

PeweHne
1. Pacnevatatb u306paxeHue Koneu HblOTOHA, COOTBETCTBYMOWYO Bawemy
BapuaHTy (puc. 7).

2. C noMoLbto NMHENKK M3MEPUTb ANAMETPbI NMEPBbIX NMATU TEMHbIX KOJiel Dm B

MWUJIMMETPAX; pe3ynbTaT 3aHecTu B Tabn. 3. Tak kak KonbLUo HbloToHa uMeeT
KOHEYHYIO TOJUMHY, TO WM3MEpeHWe ero AuameTpa yAo6HO BECTM, onpeaenss
PacCTOSAHWE MEX/y BHELIHUM JIEBbIM U BHYTPEHHUM MPaBbiM KPAeM KofbLia B MECTe
nepeceyeHnst KosbLia ropusoHTasnbHoO ockio (CM. puc. 7).

3. PaccuuTaTb peasbHble 3HaUYeHWst AMaMeTpoB Konel HbioToHa no copmyne

dy =k-Dp,.
m=1, d,=k-D,, d,=1.10"-28=28-10" u;
m=2, d,=k-D,, d,=1.10"-37=37-10m u. a.

Pe3ynbTtat 3aHecTun B Tabn. 3.
4. PaccunTtaTb paanyc KpMBM3HbI MOBEPXHOCTU NINH3bI AN151 KAXKAOr0 3HAYeHUs anaMeTpa

d2
no dopmyne R = 4r:ﬂv:
-5 2
(26-10 ) ,
m=1, Rj=———/-=39,30-10" u;
4.1-4,3-10~
2
(37-10—5)
m=2, Ry=——————=39,80-10° x;
4.2.4,3-10
2
(45-10—5) ,
m=3, R=——/ - =39,24.10° u;
4.3-4,3.10"
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(52 -10—5)2

m=4, R=—————"—=39,30-10" u;
4.4.4,3.10°
2
(58-10°°) ,
m=5, Ry=—————"_=39,12.10"° u;
4.5-4,3-10°

5. PaccuutaTtb cpegHee 3HayeHve pagnyca KpUBU3HbI JIMH3bI NO opMyne
<R> _Ri+R+..+Rs ,

5
39,30+39,80+39,24 + 39,30+ 39,12 1073 _
<R>:( c ) =39,35-10° m~ dcum
Ta6bnuua 3

Homep [nameTp konbLa [vameTp konbuUa KESSMM;IEH
KonbLa k.

m BAYRLL A =K-Dp,n nvusel R, m

1 26 26-10° 39,30-103

2 37 37-10° 39,80-103

3 45 45.10° 39,24-10°3

4 52 52.10° 39,30-103

5 58 58-10° 39,12-10°3

CpenHee 3HayeHue <R> 39,35.103

6. Paccuurars Tonuumky nuras no dopmyne Ah =5 -(R),
Ah=0,06-39,35-10°=2,36-10"° m~ 2,4 .

7. Paccuntats avavetp nnnss Dy = 2(R)\[5(2-5)

D, =2-39,35-10%,/0,06-(2-0,06) =155,05-10° m~1,6cu

8. MoCTpONTb INH3Y B HATYpPasibHYO BEMMYMHY MO MOJTYYEHHBIM aHHbIM (4719 NpUMepa

cM. puc. 1); <R>~4CM, Ah~2,4um, D, ~1,6 cm.
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R=4 cu h D7=16cm

/

Al =2 4 nma

Puc. 8

9. Paccuutath (HOKYCHOE PpacCTOsiHME MOCKO-BLIMYKIOM NIMH3bI MO dhopMmyne

-3
R F 39,35-10

F=——\ =178,86-10° m ~0,179.m .
n-1 1,22-1
10. PaccumTaTb ONTUYECKYIO cuny fuH3bl D = i D= —1 =5,59 nor
' yio ey F' - 0179 b

11. PaccumTaTh paccTosiHue oT npeameta Ao ivH3bl d . Mo ycnoBuio AaHHOMO
gapuavta d =2F, d =2-0,179=0,358 .
1 1 1

12. Ucnonb3ys cdopMyny SnH3bI a+? = E HallleM paccTosiHWe OT NINH3bI A0

n3obpaxeHus,
g 4F _2FF o =2.0,177=0,358 .

d-F 2F-F

13. PaccuutaTtb NMHENHOE YBENNYEHNE JIUH3bI:
c_h_f _h 0358 _
H d’ H 0,358
14. PaccuutaTtb BbICOTY NpeaMeTa h ,
r =%, = h=T-H, h=111=11lcm.

15. PaccuutaTh paccTosiHue OT npeamerta Ao skpaHa L=d + f,
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L=d+f=2F+2F =4F =4-0,179=0,716 m.

16. MocTpouTb M306paxkeHne nNpeamMeTa BbICOTOM h .

=
“
NS AN
M

1
e

1

N
T
T
P R A—
T

BbiBOA: 1306paxeHne npeameTa SIBNSETCA AeUCTBUTENbHLIM, NEPEBEPHYTLIM, HE
YBEJIMYEHHbIM.
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3apanue 6. 9JIEMEHTbl PU3UKU ATOMHOIO A4PA

KpaTtkas Teopus
ATOMHOE $Ap0 — LUeHTpanbHash MaccMBHash 4acTb aTtoMa, CcocTosiwas w3
MPOTOHOB ¥ HEWTPOHOB, KOTOPbIE MMEIOT 0bLLee Ha3BaHWe — HYK/IOHbI.
3apanoBbIM UuCIOM Z  Ha3biBAaeTCs 4YMCIO MPOTOHOB B aape. OHO paBHO
aTOMHOMY HOMepy [aHHOro 3f1eMeHTa W, CnefoBaTeNibHo, onpefensier MecTo
3NeMeHTa B NeproanYecKoi cuctemMe snemMeHToB MeHaeneesa.

Yucno HeltTpoHoB B siape o6osHauaetcs N .

Maccosoe uncno A — umcno HyknowHos B sigpe, A=Z + N .

A
Ona qapep npuMeHsieTcs cnepyollee 0603HayeHne Z X , roe X -

XMMUYECKUI CUMBOS 3/1EMEHTA.

M30Tonbl — pa3HOBMAHOCTM aTOMOB OAHOrO U TOr0 Xe XMMUYECKOro 3/1IeMeHTa,
aTOMHbIE A4pa KOTOpPbIX MMEKT OAMHAKoBOE 4UCIO0 MPOTOHOB WM pa3HOEe 4uCno
HEVITpOHOB. M30TONammn HasbIBalOT TakXKe sapa TakMx aToMoB. M30Tonbl 3aHUMalOT
OAHO U TO XXe MECTO B ﬂepMOﬂMHECKOVI CUCTEME 21EMEHTOB.

Hanpumep, y Boagopoaa Tpu n3oTona:
1 .2 y .3 y
H —npotwit; 1 H - pelitepuit; [ H — Tputuii.
B anepHo (hU3MKe Macchl NMPUHATO BbIpaXaTb B aTOMHbIX €AMHULIAX Macchbl.

12
OpaHa aTOMHasi eaMHMLa Macchl paBHa 1/12 maccel M30TOMa yrnepoaa 6 C:

la.e.m.~166-10% k.
Macca npotoHa M, =1,007276 a.e.m.

Macca Helitpora M, =1,008665 a. e. m.
[edekToM Macchl Ha3blBaeTCsl Pa3HOCTb MEXAY CYMMOI MacC NOKOsSi CBOBOAHbIX
HYKJTOHOB, M3 KOTOPbIX 06pa3oBaHo A4po, U Maccol sapa:
Am=Z-m +N-m —M_. (1)
MuHumanbHas  3Heprus, Heobxogumas Ana  pasgeneHns  sapa Ha
COCTaB/ISIIOLIME €r0 HYK/IOHbl, 6€3 COOBLIEHUS WM KUHETUYECKON 3HEepruu,

Ha3bIBaAETCA 3Hepr14el71 CBA3U aapa. Takas Xe rno BefMyYnHe aHeprus OCBOGO)KLl,aETCFI,
ecnu ceoboaHble HEI‘/'ITpOHbI N NPOTOHbI COEANHAIOTCA U 06pa3y+0T A40po.
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PasHocT Macc AM CcOOTBETCTBYET 3HEprus CBA3W sApa, onpeaenseMas

COOTHOLLEHMEM DIHLITENHA:
— 2 _ . ) _ 2
E.=Amc —(Z m,+N-m, Mﬂ)c

DHepruio  CBSI3M B siAepHOM  u3MKe  MPUHATO  BblpaxaTb B
MerasnekTpoHBosbTax (MaB):

, =93L5-Am, MbB, (2)

roe AM — B aTOMHbIX eauHMLAX Macchl.

YaenbHas aHeprus Cesi3n ﬂapa, T. €. 3HEPIrUAa CBA3N, NPUXoaaLanca Ha HYK/OH:

[E 1= M5 (3)

HYKIOH

Ha puc. 1 npuBeaeH rpacvk 3aBUCMMOCTM YAENBbHON 3HEPriun CBA3W PasIMyHbIX
aTOMHbIX siAep OT MaccoBoro yucna agpa [3]. Kak BuaHo u3 rpadwka, yaenbHas
3Heprus CBA3N HYKJIOHOB Y pa3HblX aAep HeoAMHaKoBa. [ns nerkux saep yaenbHas
SHEprust CBSI3W CHavana KpyTo Bo3pactaeT oT 1,1 MaB/HyknoH y fgentepus go 7,1
M3B/HYKIOH Y renus. 3aTeM, NpeTeprnes psf CKavykoB, yaesibHas S3Heprus MeaneHHo
BO3pacTaeT A0 MaKCMMasibHOM BENWMYMHBI 8,7 M3B/HYKIOH Y 3/1EMEHTOB C MAaCCOBbIM

uncnom A =50+60 (xpoM — LnHK), @ NOTOM CPaBHUTENLHO MEANIEHHO CHUXAETCS
238
Y TSDKENbIX 3NIEMEHTOB. HanpuMmep, y ypaHa g, U oHa cocrasnset 7,6 MaB/HyKIIOH.

YMeHbLUEHME YAENbHOW SHEPTUM CBSI3W MPU NMEpexoae K TSHXKESbIM 3/1eMeHTaM
O6BACHSIETCS YBENMYEHWUEM 3SHEPTUM KYSIOHOBCKOTO OTTaNKMBaHWSI MPOTOHOB. B
TSDKENbIX sApax CBA3b MeXAy HYKIOHamMu ocrabeBaeT, a caMu sapa CTaHOBSATCS
MeHee MPOYHbLIMY.

Hanbonee ycCTOMYMBBLIMU C SHEPreTUYECKOW TOYKM 3PEHUSI SIBNSIIOTCS SApa
3N1EMEHTOB CpefHel yacTu cucteMbl MeHaeneeBa. 3TO 03HAYaeT, YTO CYLLECTBYIOT
[ilBE BO3MOXHOCTM MOJSTyYEHUs] MONOXUTENBHOMO 3HEPreTUYECcKoro BbiXoAa Mpu
SAEepHbIX MpeBpalleHusiX: AeneHue TskenblX saep Ha bonee nerkue; cnusiHve
nerkvx sipep B 6onee Tskenble. B 06oux 3Tvx npoueccax BbIAENSIETCS OrPOMHOE
KONMYeCTBO 3Heprun. B HacTosilee Bpems oba npouecca OCyLIeCTBMEHb
MPaKTUYECKW: peaKLmmn AeNeHNsl U TEPMOSIAEPHbIE peakLmm.
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4E, /A, MsB/ayxnon
9
4 "o—"_oH
8 2;_16 /"Gﬂgggc £ By \\“
. i
10
6 HF=2
|
5 Hik
4
3
4 c iHe
1 iH
0 4
20 40 60 80 100 120 140 160 180 200 220 240
Jlerxue Taxense
iz 4 | Axpa
Puc. 1

PaanoaKTHBHOCTbIO HA3bIBAETCA CaMOMpPOW3BOJIbHOE MpEBpaLleHne OAHMUX
aTOMHBIX SiIEp B APYrUE C UCMYCKAHMEM 3fIEMEHTAPHbIX YacTuL.

PainoaKTMBHbIN pacnaj NpoOMCXOAUT B COOTBETCTBUM C NPaBMIaMu CMELLIEHNS,
NO3BONAIOWMMM YCTAHOBUTb, Kakoe $APO BO3HMKAET B pesynbTaTe pacnaja
UCXOAHOro Aapa.

Anbta-pacnag (& -pacnafl) — paAMoaKTMBHBLIA pacnaj aTOMHOro sapa C

4
ucryckaHmeM ¢ -uactuubl (sapa renus ,He). Mpu anbda-pacnase maccosoe

A
ancno A wucxopHoro siapa 7 X yMeHblaeTca Ha 4 eAuHWLbI, a 3apsAoBoe

uncno Z yMeHblUAETCs Ha 2 eauHULbI,
A A-4 4
238y 1 .

Mpumep @ -pacnapa usoTona g, U :
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238 234 4
BeTa-MuHyc-pacnaa ( [~ -pacnaa) — paAnoaKTUBHbIIA pacrad aToMHOrO sApa
- 0
C ucnyckanveM 37 -yactuubl (anekTpoHa 4, €). Mpu GeTa-MuHyc-pacnage

MacCcoBoOe 4unucno A ncxogHoro sapa 9 X HE U3MEHAETCA, a 3apsaaoBoe 4nucnio
Z YBENNYNBAETCA Ha €anHuLy,

A A 0

X =Y+ e,

Mpumep [~ -pacnapa usotona U92239 :

239 239 0
92 - Np93 +e—1'

YcnoBue 3apgaHus

1. BoinucaTtb n3 Tabnuubl 1 nsoton ? X, COOTBETCTBYIOLWMIA BaleMy BapuaHTy
238
(Hanpvmep, Ans BapuaHTa 1 — U30ToN ypaHa o, u).
2. OnpeaenuTb YNCNO HYKJIOHOB, MPOTOHOB M HEWTPOHOB B SApe 9 X.
A
3. PaccuutaTb gedekTt Macchl siapa 7 X.
A
4. PaccunTaTb SHEPruio CBS3N sapa 7 X.

A o
5. PaccuuTaTb yAenbHYIO 3Hepruto CBs3w sapa - X . CpaBHUTb MOMYYEHHBIN

pe3ynbTaT CO 3HAUEHWEM, MPEeACTaB/eHHbIM Ha rpaduKke 3aBUCMMOCTU YAEbHON
SHEPTUM CBA3M OT UYMC/a HYKIOHOB B siape (puc. 1).

o A
6. B KakoW u30TOM npeBpalaeTcs X nocne Tpex nocnenoBaTenbHbIX

paZMOaKTMBHbLIX pacnazgoB (BuAbl pacnagoB ykasaHbl B Tabnuue 1)? 3anucatb
COOTBETCTBYIOLLME peaKLmu.
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Tabnuua 1. BapuaHTbl 3a1aHU

NO VsoTon M, ,a.e.m, | Buab pagnoakTuBHbix
[4] pacnaaos

1 | Ypau U 238,0004 a B | B
2 | Hentynwii 2"Np 236,997 a B | «a
3 | Mporakturuii | o Pa 232,99 B a a
4 | Ypan U 232,99 a a | B
5 | Topuii 25Th 238,007 a B |«
6 | Pagwii 2Ra 234,003 B a | «a
7 | AkTuHuii 25 Ac 224,97 a a | «a
8 | dpanuuii S Fr 220,97 a a | B
9 | Acrar a2t at 216,96 a a | B
10 | BucwyT fond =1 212,95 - a | B°
11 | Ypau U 234,99 a B | «a
12 | Topuii 24Th 230,99 B a | «a
13 | MonoHuii 2°Po 214,95 i a | «a
14 | BucwyT 24Bi 213,95 I a | «a
15 | Actar 25 At 217,96 a a | pg°
16 | Topwii 22Th 231,99 a B | B
17 | Paawii 2*Ra 227,98 B | B

18 | AKTUHMI g;g Ac 227,98 ‘e a

19 | Topwii 25Th 238,007 a a | «a
20 | Pagwii 2Ra 223,97 a a | «
21 | PagoH 2‘Rn 223,98 a a | «a
22 | MonoHmii 2 Po 219,97 a B | «a
23 | CauHeu 22pb 211,95 B | B | @
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24 | Tannwii el 209,95 i a | p-
25 | Caurey > Pb 209,94 B | p | @
26 | MonoHuii o) Po 219,97 a B | B
27 | Bucwyt 5 Bi 212,95 a B | B
28 | Acrar 2T At 216,96 a | @
29 | dpaHuwii 2Fr 220,97 a a | «a
30 | CsuHell g;“ Pb 213,95 B a B
31 | MonoHuit 25 po 217,96 a L | @
32 | MornoHuii 25 po 217,96 a L | B
33 | PagoH 22Rn 221,97 a a | B
34 | Pagwii 2°Ra 225,98 a a
35 | Topwii 29Th 229,98 a a
36 | Ypan U 233,99 a a a
37 | Mpotaktunmit | 5 Pa 233,99 B a | «a
38 | Topuii Th 234,04 B | p | @
39 | Ypau U 238,0004 a B | B
40 | MonoHwii 2 po 219,97 a L | @
Mpumep BbiNONHEeHUs 3agaHus 6
Ycnosue 3apgaHus
M3oTon M a.em Buabl paanMoaKTMBHbBIX pacnagos
U 238,0004 a B B

238
1. g U —wusoton ypaHa.

2. B sagpe SgSU copeputcas A =238 wHyknoHos, Z =92 npoToHa,
N = A—Z =146 HelTpoHOB.
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3. [Oedekr maccel sgpa, AM =2 - m, + N-m,—M,.

Jns aapa SSBU ,

Am=92-1,007276+146-1,008665— 238,0004 =1,934082 a.e. m
4. DHeprus cesizv agpa, £, =931,5-Am, M5B

Jns aapa SSBU ,

E. =9315-1,934082=1801,6 M>B.

C6

5.  YpenbHas s3Heprus cBa3u aapa, Eyo =—

0
[Ons anpa SSSU ,

:1801,6 _756 M5B

¥ 238 " nyriaon

Y 238
MonyyeHHoe B pacyeTe 3HayeHwe yAenbHOW 3Heprun CBS3W AN sapa 92 U

COOTBETCTBYET 3HAUYEHMIO Eyo Ha rpadmKe 3aBUCUMOCTH Ey(, (A) (puc. 1) ans

A=238.
6. O -pacnag,

238 234 4
o U > Th+, He.
238 234
B pesynbTate & -pacnaga siapa o, U 06pa3osasics uoton Topusi g, 1.
7. [ -pacnag,
234 234 0
o Th—3" Pa+ je.
- 234 234
B pesynbtate [ -pacnaga sinpa o, 1N 06pa3osarncsi u30Ton NpotaktuHus o Pa
8. [ -pacnag,
234 234 0
o Pa—g U+ je.
_ 234 234
B pesynbtate 3 -pacnapa siapa o, Pa obpasosancs usoton ypaHa o, U .
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