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Conepxanue

BBenenue

Lesp v 31241 N3YyYSHUSI TUCIIUTUTHHBI
O6opynoBaHue U MaTepUaIbI
HanmeHoBaHMe PAaKTUYECKUX PaOOT
ConeprkaHue MPaKTHYECKUX padoOT

[Ipaktuyeckas padora Nel Ilpocreiimiue ¢uznyeckue Mojaesd, MOJIOKeHUE
MaTepUAJIbHON TOYKH.

[Ipaktuyeckas pabora Ne2 CkopocTb. BblumcieHHe NpOHAeHHOT0 MYyTH.
Yckopenue

[Ipaktuueckass padora Ne3 IlonsaTme o MarHMTHOM moJse. 3akoH buo -
Cagapa — Jlannaca.

[IpakTuueckast padora Ne4 DjieKTpoMarHuTHoOe IoJIe.

Y4eOHO-MeToAMYeCKOe U NH(DOPMAIIMOHHOE 00eCTICYCHHUE JUCIIUILTAHBI
IlepeueHp OCHOBHOM U JOINOJIHUTENBHOM JIMTEpATypbl, HEOOXOAUMOW IS
OCBOCGHUS JTUCIUTIIINHBI

[lepeuenp y4eOHO-METOAMYECKOTO OOECMEUYEeHHsS] CaMOCTOSITENBHON pPabOThI
00yJaromuXxcs Mo AUCIUTUTHHE

[lepeuenp  pecypcoB  MH(POPMALMOHHO-TEICKOMMYHUKAI[MOHHOW  CETH

I/IHTepHCT, HCO6XO,Z[I/IMLIX JJIA OCBOCHUA JUCHUITIIMHBI

Crp.



BBeneunue

[IpakTnueckue 3aHATHS CO3JAIOT ONTHUMAJbHBIE JUAAKTUYECKHE YCIOBUS s
JEATEIIBHOCTHOIO OCBOEHUS CTYIEHTaMH CONEP)KAHUS U METONOJIOTMH U3y4aeMOW NUCLIUAIIIIMHBI
«®Pu3nKa», HUCMHOJIb30BAHUE CIELUUAIBHOIO J1a0OpaTOpHOro OOOpPYIOBAHHUS U TEXHUYECKHX
cpeactB. IlpakTuueckue 3aHATHS 3aHUMAKOT [PEMMYIIECTBEHHOE MECTO IpU H3YyYEHUU
oOmienpodecCHOHANBHBIX ¥ MPO(GECCHOHANBHBIX  AMCUMIUIMH. [lpakTuyeckue 3aHATHA
IPOBOJATCS C LIENbIO BEIPAOOTKH MPAKTUYECKUX YMEHUH U NMPUOOPETEHUs HABBIKOB B PELICHUU
3ajiay, OTPAOOTKHU YIPaXKHEHUH, BHITIOJTHEHUH YepTEXEH, IPOU3BOACTBE Pacy€TOB U T.I1.

Ilenplo NMpakTUUECKUX 3aHATUI sBiAeTCS (OPMHPOBAHHME NPAKTUYECKUX YMEHUH —
npoeCCHOHATBHBIX (BBIOIHATD OINpPEACNEHHBIC JeHCTBUS, ONepalud, HEOOXOAMMBIE B
MOCIIEAYIOMEM B TPO(DECCHOHATBLHON JCATCIBHOCTH) WM YYeOHBIX, HEOOXOIWMBIX B
nocienyomei ydeOHol JesaTeabHOCTH MO 00IenpodecCHOHaIbHBIM U MPO(hECCHOHATBHBIM
JUCLUILINHAM.

bubnuorpaduueckuil CHUCOK COAEPKUT CBEIEHUS O CIPABOYHOW JUTEparype u

JOITIOJIHUTCIIbHBIX U3aHUAX, HGO6XOI[I/IMBIX JJIsA erIy6JIeHHOFO HU3Yy4YCHUS OTACIBbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lenbro ocBOeHMS TUCUUIUTMHBI «Du3nKa» ABIseTCss POPMUPOBAHUE Y CTYIEHTOB

KOMITETEHIIMI TTO3BOJISIOMNI BIpa0OTaTh HABBIKM (PU3MUECKUX UCCIIEIOBAaHMIA B chepax
aKaJleMHYeCKOil, mpodeccHoHaIbHON U 00IIeHAYIHON AeATeIbHOCTH.

3a):[aq1/1 OCBOCHUA NTUCHUIIINHBI:

— H3Y4YCHHC 3aKOHOB OKPYKAKIICTO MHpPAa B X B3aNMOCBA3H;

— OBJIaJICHHC q)YH,Z[aMeHTaJ'IBHHMI/I IIpUHIOUIIaMKU 1 ME€TOJaMH PCIICHUA HAYUYHO-TEXHHYCCKUX

3a7a4;

— (QopMHpOBaHHE HABBIKOB ITI0 NPUMEHEHHUIO IIOJIOKEHUH (yHIaMEHTaNbHON (UMK K

rPaMOTHOMY HAy4YHOMY aHallu3y CHUTYyallUid,

CTAJIKUBATBLCA ITPHU CO3JJaHUH HOBBIX TGXHOHOFHﬁ;

C KOTOPbIMH HHXCHEPY MNPUXOIUTCA

— OCBOCHHUEC OCHOBHBIX (1)I/I3I/I‘-IGCKI/IX TeOprI, MO3BOJIAIOMIUX OIMUCATh SABJICHUSA B IPUPOALC, U

npeacioB IMPHUMCHUMOCTHU JTHX TeOpI/Iﬁ J1 pCHICHUA COBPCMCHHLIX H IICPCIICKTUBHBIX

TCXHOJIOT'MYCCKUX 3ada4.

2. Obopyooeanue u mamepuani

AnmnapaTrHble cpeicTBa: IEPEHOCHON HOYTOYK, MPOEKTOP, 1OCKAa MATHUTHO-MapKepHasl.

VYyeOHast ayautopus AJis MPOBEACHUS YUeOHBIX 3aHSATHI, OCHaIeHa 00OpyIOBaHUEM U

TCXHUYCCKUMHU CPCACTBAMU 06y‘IeHI/I${.

3. Haumenosanue npakmuueckux paoom

Neo Temnl
JIUCITUILINHBI

HanmeHoBaHMe TeM JUCIUIUTHHBI, UX KPaTKOE
cojiep)KaHue

O0BeM
4acoB

N3 aux
MIPAKTUYECKAS
MOJTrOTOBKA,

4acoB

1 cemectp

IIpakTyeckas padora Ne 1. IIpocreiimme
(pu3nueckue Moaesu, MoJI0KeHHue MaTepUuaIbLHOI
TOYKH.

Kunemartuka nmoctynareabHOTO IBUKEHUS.
KuHeMaTtuka BpaimarenbHOro JBUKCHHUS
MaTepUalIbHON TOUYKHU. TaHreHIMalIbHOE, HOPMAJIBHOE
Y TIOJTHOE YCKOPEHMSI

IIpakTuyeckas padora Ne 2. CkopocTb.
BorunciieHue npoiaeHHOro MyTH. Y CKOpeHue
ITepssriit 3akoH HeroTona. Cunna, Macca, UMITYJIbC.
Bropoii 3akon HeroTona. [IpuHunn He3aBucuMocTu
nercreus cwil. Tpernii 3akoH HeroToHa. 3akoH
COXPaHEHHMsI UMITYJIbCA. 3aKOH ABM)KEHHUS LIEHTPA Macc

Hroro 3a 1 cemectp

10

IIpakTyeckas padora Ne 3. [lonsaTue o
MarHuTHoM moJie. 3akoH buo — CaBapa —
Jlaniaca.

XapakTepuCTUKU MarHUTHOTO 1oJs. 3akoH buo —
Cagapa — Jlanaca 1 ero NpUMEHEHHE K pacueTy




Mar{HuTHOro noss. Teopema o LUPKYJISALUH
MarHMTHOTo noJjs. 3akoH Ammnepa. Bzanmonelictsue
napajjiesIbHbIX TOKOB

11 IIpakTHyeckas padora Ne4. Di1eKTPOMArHUTHOE 2
noJie.

3akoH nosiHoro Toka. Tok cMmenienus. Enqunas teopust
JNIEKTPUYECKUX U MarHUTHBIX SIBJIEHUN MakcBea.
Cucrema ypaBHenuii Makcsemia. CKopocTh
pacnpoCTpaHEHHs JIEKTPOMAarHUTHOTO 10T
PenATuBUCTCKAst TPAKTOBKA MAarHUTHBIX SIBJICHUN

HToro 3a 2 cemecTp 4

HUroro 8

4. Cooeprcanue npakmuueckux paoom

Pa3nen 1. Mexanuka
IIpakTuyeckoe 3ansaTue 1.

Tema 3anamus. llpocreiimue pusndeckue MoaesId, MOJ0KEHUE MATEPHUAIBLHOM TOYKH.

lleflb 3aHAmMuUA. I/I3y‘II/ITB 3aKOHOMCPHOCTH JABUIKCHHA MaTepHaHBHOﬁ TOYKH.
Teopemullecmm yacmo.
HocmynameﬂbHoe osudicerue

Cpennsis (1yTeBast) CKOPOCTb:

AS
<Ux> At

rae AS—myTh, IPOHAEHHBIH TOUKOM 3a uHTepBal BpeMeHu At. IIyTe AS He MoXkeT yObIBaTh U
NPUHUMATh OTpULIATEIbHBIE 3HaYeHus, T.e. AS>0.

MrHoBeHHast CKOPOCTh (MIPOCKIIHS Ha OCh X ):

_dx

U, =—
dt

Cpennee ycKopeHHe:

MrHoBeHHOe (JIMHEHHOe) yCKOpeHHe (MTPOeKIHs Ha OCh X ):

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

OcCHOBHBIE YpaBHECHHA KHHCMATHUKW IIOCTYyHNAaTCJIbHOI0 JBHXKCHHA: CKOPOCTbH U IIYTh
PaBHOIIEPEMCHHOTI'O IMOCTYIATCIIbHOT'O ABUKCHUSA !

v=y,+at,



at?

2 2
v° -0,
s=pt+—,5=——2,

2

2a

rJie U, —HauyajlbHasg CKOPOCTb (B MOMEHT BpemeHHU t =0); 11 paBHO3aMEAJICHHOTO ABUXKECHUS

a <0, nns paBHoyckopernoro a > 0).
[Tpu nBUYXKEHUM Teja 110 BEPTUKATIbHOMY HaIPaBJIEHUIO B I10JI€ CHJIbI TSYKECTH 3eMIIM a = ( .

ﬂeuofceﬂue Mamepuaﬂbﬂoﬁ MoOYKU no OKpystcHocmu

VYrioBast CKOpOCTb:

YrinoBoe yckopeHue:

2
g-do_do
dt  dt?

CBs3b MCKOY JIMHENHBIMHA U YIJIOBBIMU BCJIMYMHAMU IIPU ABUKCHHUHN TOYKHU 1O OKPYKHOCTHU:
v=wR, a =¢R, a =o’R,

rae v —MoaylJib JIMHEHHOM CKOpPOCTH; at u an — MOAYJIM TAaHICHUUAJIBHOTO W HOPMAJIBHOI'O

YCKOPEHUH; @ —MOAYJIb YIJIOBOH CKOpPOCTH; & —MOAYJIb YIJIOBOTO YyCKOpeHus; R —paanyc
OKPY>KHOCTH.

Mopnynb OJIHOTO YCKOPEHUS:

a=.a’+a’.

OcCHOBHBIE YpaBHEHUSI KMHEMAaTHKH BpAllaTEIbHOIO JIBMKCHHUA: YIIIOBas CKOPOCTb M YIIIOBOM
IIyTh
w=0,+et,
t2 2 2

=+ =2 %
Py @ 2¢

Jns1  paBHONEPEMEHHOrO BPAIIATEIBHOTO JBUKEHUS (g=const), g>0— yckopeHHOe

Bpaienue, € < 0—3ameIeHHOe BpallleHHE.

CB43b 4aCTOTHI BpalleHUs N ¥ YIJII0BOM CKOPOCTH:
w=2m.

CBs13b YIIIOBOTO TIEPEMENIEHHS U Yrciia 000poToB N:

@p=27N.



IIpumeps! pelieHus 3aga4

3apava 1. CTyneHT npoexal I0J0BUHY IIyTH Ha BEIOCHIIENE CO CKOPOCThIO v, = 16 km/u. [lanee
TI0JIOBUHY OCTABILErOCSA BPEMEHH OH €Xall CO CKOPOCThIO v, = 12 KM/, a 3aTeM JI0 KOHIIA ITyTH
IIEJT TEMKOM CO CKOPOCTBIO v, = 5 KM/4. OIpENENnnTe CPEHIO0 CKOPOCTh IBMKEHHS CTYIEHTa

Ha BCEM ITyTH.

Pewenue:
8y oS 8
- ™ -
Vi Vi Vs
i‘1 {; f;
Y
o '

JlnvHa nepBoii 4acTh MyTH S;=V;f; , BTOPOH YacCTH IIYTH S,=Vf,, TPETbEU YaCTH, S3=V3l3.

[To ycnoButo, s;=s,+s3, a Bpems t,=t;. CpeqHsis CKOPOCTb

_ S tS, S,
t+t, +t,

TaK Kak $;- MOJIOBUHA ITYTH, TO BECh IYTh paBeH 2s;, BpeMs ¢;=s;/v; , OCTaBIIEeCs BPeMs
t, +t, =, Torna

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

3anaua 2. [locnennue 2 MeTpa MyTH BEPTUKAIBHO najgatoiiee tesio npomwio 3a 0,3 ¢. C kakoit
BEICOTEI I1A/1AJI0 TEI0?

Hano:
h=2m
tz = 0,30




Breicory H magenus tema (6e3 Ha4aqbHON CKOPOCTH) MOYKHO OMPENETUTh Mo (hopmyre

gt’

H ==—. 3nece t — nonnoe Bpemsi magenusi. QOueBugnHo t = {1+ t), rme t; — Bpems
MIPOXO0KICHUSI TIEPBOIO y4acTKa; t) — Bpemsi MPOXO0KIECHUS MMOCIEAHUX 2-X METPOB MYTH.

3anuiieM ypaBHEHUE JBUXKECHUS JIJISl ABYX MOCJIETHUX METPOB ITyTH, CUMTAs! IBHXKCHUE
PaBHOYCKOPEHHBIM:

gt;

h:l)ltz +7,

rac 01 — CKOpPOCTh, C KOTOpOfI TCJIO «BXOAUT» B 3TOT Y4AaCTOK ITyTH.

2
ho 9t )
t
CrnenoBaTenbHO, v, = 2 1 % . (1)
t, t, 2
[TepBblii y4aCTOK IyTH TEJIO IPOXOIUT O3 HauaJbHOM CKOpOCTH, T.€. vg= 0, a TaK Kak
LV, -V . h t
g=—2—2, 10 t=-1. Vuuremas (1), momyaum tL=—- 2,
gt, 2
Takum oOpa3om, oOrnee Bpems ABrkeHus Tena t = t1+ t, paBHO
h t h t
=——Z4t,=—+2 @
gt, 2 gt, 2
[Toncrasiss (2) B popmyny anst H, OKOHYATEIBHO, OJIYYUM
h t,) 10( 2 03Y
9 Gy 2 (B0 (333w
2\ gt, 2 2 \10-0,3 2

3agaua 3. Teno OpormIeHO ¢ HAYAIBHOM CKOPOCTHIO v = 20 M/c oz yriioMm o = 30° K TOPH30HTY.
OHpGI[CJ'[I/ITI) MAaKCUMAJIbHYIO BBICOTY IMOABbEMA, NAJIBHOCTD I1OJIETA, 4 TaK K€ TAHICHINAJIBbHOC U
HOpPMaJIbHOE YCKOPEHUs, paluyC KpUBU3HBI TPAEKTOPUU B HAYAJIbHBI MOMEHT BPEMEHHU.

Jano:
00=20 m/c
y A
a=30°
S

=7 > ;
h=" an. 1
S =2 N i FL

0
a, =7 el v >
X

an="7? S



Bocrnonp3zyemMcss MPUHIAIIOM CYTIEPIIO3HMIIMKM JBYDKCHHI: JIBHKCHUE Tella MPEACTaBUM Kak
JIBa HE3aBUCHUMBIX JIBH)KCHHS BIOJIb Oceit koopauHaT X u Y.

N3 TpeyronbHUKa CKOPOCTEN HalIeM HadajibHbIE CKOPOCTH
Uy =0, "COSax , U, =0, SN . (1)
Brons ocu X  ngBHKEHHME paBHOMEPHOE (IIPU OTCYTCTBUM CONPOTHUBIIEHUS JBUKECHMIO,
JIPYTUX CUJI, NEUCTBYIOIIUX BJIOJb OCU X, HeT). [TosTOMy vx HE U3MEHSAETCS, TO €CTh Ux= Dox-

Bnons ocu Y nBHkKEHHE — paBHOYCKOPEHHOE 3a cueT cuiibl TsroteHus. Ilpu nmogbeme Ha
BBICOTY N CKOPOCTb vy M3MEHSCTCS CO BPEMEHEM 110 3aKOHY: Uy, = U, — gt. Cuwras, uyro B

MaKCHMaJIbHOH TOUYKE MojbemMa U, = 0, maiizem Bpems mogbema ty: Upy = gt,. VuursBas (1),
MOJIy4YUM
v, Sina
g

43 YPaBHCHU IBUXXCHHUA BJIOJIb OCH Y Halgem BBICOTY IIOABEMA

b )

ysina gy sin“a_ uysin’a
== -
9 29 29

43 YpaBHCHHUA PAaBHOMEPHOTO ABUKCHU BAOJIb OCU X, Haﬁl{eM JaJIbHOCTD ITIOJICTA S:

5M.

2
h:z)oy-tl—%zuo -Sina

S=vu, -t=v,-coscx-t,

riae t- oOmiee Bpems IBIKCHHS, U3 COOOPAKECHUI CUMMETPHH, PABHOE YABOSHHOMY BPEMEHU
noabema, .. t=2 t;. Torma

sina _ vjsin2a
g g
do

TanrenuuaibHOE YCKOPEHUEC, 110 OIIPCACIICHULO, aT — ——, a4 TaK KaK CKOpPOCTb

dt
=, JUZ + V7 = =u_ —qQt _ 1,2 t2
D=4U,+0,, u U, =0,,a U =0, gt, sHauur L =,|U, + on_g) )

2
CrnenoBatensHo @ = dv = d \/UEX " (on _ gt) _ (UOV _ gt)° 9
at dt \/(on - gt)2 + ij

B HavanmeHbIM MOMEHT BpeMeHu =0,

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

a = on'g _ong_UOSinag

r 2+2_ L L.
UOX on 0 0

=g-sina =5m/c’.



[TonHoe yckopeHue OBUKEHHS Tela, OYEBUIHO, PABHO YCKOPEHHUIO CBOOOIAHOIO MajeHus J.

[ToaTomy a = a§+af =0.

Otkyza a, :\/gz —af =8,66 m/c?.
2

2

v 19

R CnenoBarenpio R =—=46,2 M.
a

n

ITo onpenenenuto, a,

3anaua 4. /[Be MaTepHaIbHbIC TOUKH ABUXKYTCS COITIACHO ypaBHeHnsaM X, = At + Bl'[2 + Cl'[3,

X, = At + thz + C2t3, e A1 = 4 m/c, By = 8 M/c?, C1 =—16 M/c3, 4y = 2 m/c, By = —4 M/c?, Cs

3 . .
=1 m/c”. B kakoii MOMEHT BpeMeHH  yCKopeHue 3THX ToueK OyAyT oJmHaKkoBbI? Haiitu
CKOPOCTH U1 U U 7 TOYEK B 3TOT MOMEHT BPEMEHHU.

JlaHo:

x = At+Bt’+Ct°

X, = At +B,t* +C,t°

I[J'IH OOTHOMCPHOI'O ABHUKCHUA YCKOPCHUC CCTh BTOPAL

2 2
IPOU3BO/IHASL OT KOOPAMHATHL, TO €CTh d = d x/ dt
WJTH TIepBasi IPOU3BO/IHAS OT CKOPOCTH To ecTh d = d U/ dt .

HOBTOMY Haao, BHaA4YaJiC ONpeACIUTb CKOPOCTH TOYCK:

v, = Z—? =(At+Bt* +Ct%) = A + 2Bt +3Ct? 1)
v, :%:(AZH Bt*+C,t%) = A +2B,t +3C,t° @)
Teneps HaiieM yCKOPEHHUS. B,=-4
%:(A+281t+3C1t2)':281+6C1t 3)
do, .
Z:E:(Az+282t+3czt ) =2B, +6C,t (4)

A1=4 m/c.

A2:2 Mm/c.

B1=8 m/c?.

M/c? . a =
C1=-16 m/c*

Co=1 m/c

a, =a,

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

B—B,  8—(-4)

- = =0,235 c.
3(C,-C) 3(1-(-16))

Teneps noxcraBum 310 3HaueHue t B (1) u (2):

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



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

33[[3‘13 5. MaTepI/IaJIBHaH TOYKa ABMXKCTCA HA IIJIOCKOCTU COIJIACHO YPAaBHCHUAM!

/A
X = 4c0s (Et); X,y — B MeTpax,

T
y = 3sin (E t); t — B ceKyH/ax.

Haiitu: 1) ypaBHeHHE TpacKTOPHH;
2) KOOpAUHATBI TOUYKH;
3) MOJIHYIO CKOPOCTH;
4) MoJIHOE YCKOPEHHUE;
5) TaHreHUaNbHOE U HOPMAJIbHOE YCKOPEHHUE;

6) paauyc KpUBU3HBI TPAEKTOPUU B MOMEHTHI BpeMeHu t1=2 C u 1,=6 C.

Pewenue:

1. [ns HaxOXAEeHUS YpPaBHEHUS TPACKTOPHUH (3aBUCUMOCTH OJJHOW KOOPIMHATHI OT JAPYTOi)
UCKJIIOYMM U3 YPAaBHEHUH NIEPEMEHHYIO BEIUUUHY L

( 2

X T X 5, T

Z =cos( =t 2 =cos?( =t

TR = |4 (5" — X.Y
< , 42 32

y .7 y> L,

L =sin(=t¢ 2 =sin?(=t¢

3 (6 ) E (6 )

DT0 ypaBHEHHE JUTHIICA ¢ TToJayocsMu a =4 m; b =3 m.

A2, 2,6) B momeHT t1=2¢

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

X

v

7
B(-4,0) 1

3sin(f-2j:> y, =3sinZ=2,6u
6 3




B momenT h=6¢: X, =4COS(7Z')=—4M, Y, =3Sin(7r)=0M.

Takum obpasoM, B MoMeHT Bpemenu t; =0 koopauuatel Touku: A (X,y) = (2, 2, 6);

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

2. JIna Hax oK 1eHHs IOJHOW CKOPOCTH HalJEM Uy M by B MOMEHTHI 1 = 2¢ u tp, = 6¢:

4

,dx T Arr . (7 2 . (x
=X =—=|4c08s—-t | =——sIn| —-t |=—xzsIn| —-t
dt 6 6 6 3 6

!

1 .
WFEECOS(GO )=0,785wm/c.

nom 1= (~18)” +(0.785)° =198 we.
AHaJOru4HO HAXOIUM, YTO

Uyo= —%Zsin (% . 6} =0wm/c, l)yZZ%ﬂ'COS(ﬂ') =-157 m/c.

Unona.2™ 1 ,57 Mm/c.

3. JIna HaXOoAeHHs MOJHOTO YCKOPEHUS Qo HAWIEM ay M dy B MOMEHTBI BpeMeHHU 11 =2 c u
tb=6c¢:

ayy = ——ﬂZCOS(£'2j=—1ﬂ'2 -cos(—j =-0,55 m/c?
6 9

ap = ——°sin| Z. __ L sinl Z =-0,71m/c?
6 12

2 2 2
Auonn.l = '\’ax +aY :0,9 M/C .



ayo = —172'2005 Z.6 =—17Z'ZCOS(72'):1,1 m/c?.
9 6 9

1 :
ayp = —Eﬂz Sln(7Z') =0m/c’.

Qo2 = 1,1 M/Cz-

2

L
4. Haiinem HOpMaibHO€E (LEHTPOCTPEMUTENLHOE) YCKOPEHUE: a4, = E , TAHT€HUUAJIBHOE
do
yCKOpenue d, = —.
dt

HaiineM vpon.

2 2
UHOHH:,/UE+UYZ: (%ﬂsm(%tj +£%7zcos(%.tjj —

7’ 8cos(”-tjsin(”-t —%os(”-tjsin(”-t)
do 9\ 6 6 ) 2 |6 6
“Ta 4 1
127 sin{”-tj+cosz(”-tj
9 6 4 6

a_,=0,22 m/c®,

CrienoBaTesbHO @, = \/ajmm - aTZ] = \/0,92 —0,22% =0,87 m/c?.

Takkak U, =198 M/C, To paxmyc kpuBH3HEI B TOUKE A paBeH
2 2
v- 198
R,=—t= 4,84 m.
a, 0,81
257 cos(z)sinz
AHaJIOrM4HO: a.,= =0.

12-18\/gsin2(7r)+icosz(7r)

157

CnenoBatensHo d,, = a, =1,1m/ = R, =2,24m .

l
Bonpocwet u 3a0anusn

Mexannueckoe nBukeHue. Cucrema orcueTa.

MarepunanbHas Touka. Tpaekropus. Ilepemenienne u myTs.

CKOpOCTh M yCKOpEHHE, KAK IPOU3BOAHBIE OT PAUyC-BEKTOPA 110 BPEMEHU.
TaHreHuanbHOE U HOPMAJIBHOE YCKOPEHHUSL.

PwbdpRE



5. KunemaTuka BpamaTeabHOrO ABHKEHHS MaTEpUAIbHOW TOUKH.

6. YrnoBas CKOPOCTb M YIJIOBOE YCKOPEHHE, KaK MPOU3BOIHBIC OT YIila MOBOPOTA 110
BpPEMEHH.

7. CBs3b MEXAY JIMHEHHBIMU U YITIOBBIMHU XapaKTEPUCTUKAMU JIBUKECHUS.

3agaum AJ1sl CAMOCTOSITEILHOI0 pereHust

1. /IBe MaTepuanbHbIe TOYKHA ABUXKYTCS COTJIACHO YPaBHEHUSM X1=A1t+Blt2+C1t3,

Xo = Agt+Bot?+Cotd, rne A; = 4 m/c; By = 8 M/c%; Ci= - 16 m/c; Ay =2 m/c; By = -4 m/c?; Cp=1
w/c®. Haiftn MomeHT BpeMeHH { , KOTZla YCKOPEHHS 3THX TO4YeK OyayT oauHakoBbl. HaiiTu
CKOpOCTPI D1 U U2 TOYCK B 3TOT MOMECHT BpeMeHI/I.

2. Touka IBMXKETCS MO MPSIMOM COTJIACHO YPaBHEHHUIO X:At+Bt3, rone A= 6 m/c; B=1/8 M/ce,
Haiitu cpeHIor0 MyTeBYI0 CKOPOCTh <> TOYKH B MHTEpBaJie BpeMeHHu ot t1=2 C 1o t,= 6 C.

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

= -O,SM/CZ. OnpenenuTh CPEeIHIO MyTEBYK CKOPOCTh <0> IBWKEHUS TOYKH B HHTEPBAJC
Bpemenu ot t; =0C no t,=3c.

4. Teno OpomreHo ¢ OaTKOHA BEPTUKAIBLHO BBEPX CO CKOPOCThIO vg =10M/c. BricoTa 6anmkoHa Ha
HOBEPXHOCThIO 3emian h =12m. Hamucare ypaBHEHHE IBIKCHHS M OIPEICIUTh CPEIHIOH
MYTEBYIO CKOPOCTh <0> ¢ MOMEHTA OpOCaHUs IO MOMEHTA MaJICHHSI Ha 3EMITIO.

5. C Gankona OpocHIM MSYMK BEPTUKAJIBHO BBEPX C HAYaAlIbHON CKOPOCTBIO » o =5 M/c. epe3 t
=2¢ MsAYMK ynan Ha 3emito. OnpenenuTsh BBICOTY OajiKoHa HaJl 3eMJIel U CKOPOCTh MSYHKA B
MOMEHT yziapa 0 3eMJIIO.

6. TCJ'IO, 6pOH_IeHHOG BCPTUKAJIBHO BBEPX, HAXOANUJIOCH HA OJIHOM 1 TOH K€ BBICOTE

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

7. BepTukaibHO BBEpX C Ha4yallbHON CKOpOCThIO v ¢=20M/c OporieH kameHb. UYepes 7=1C mocne
3TOro OpOIlleH BEPTUKAIBHO BBEPX JPYIroil KaMeHb C TaKO# ke CKOpocThio. Ha kakoit BeicoTe h
BCTPETATCSA KaMHU?

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

KaMeHb OyJeT HaxoJuThcsi Ha BbicoTe h =15M? HaiiTi CKOpOCTh ©»  KaMHs Ha 3TOW BBICOTE.
2

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

9. Kamenp nmazmaet ¢ BeicoThl h =1200m. Kakoii myTh S mpoiieT KaMeHb 3a TOCIEIHIO CEKYHTY
CBOETO MaJeHus?

10. C kako¥ BeICOTBI H ymano Teno, eciiu moCaeTHH METP CBOETrO IyTH OHO MPOILIO 3a Bpems t
=0,1c?

11. Teno GpolIeHO MOJ HEKOTOPHIM YIJIOM ¢ K TOpU30HTY. HaliTu Benmn4uHy 3TOro yria, eciu
TOpPU30HTANIbHAS JAJIbHOCTh S MOJIETa Teja B YeThIpe pa3za OoJbllle MaKCHUMalbHOH BbICOTHI H
TPAcKTOPHH.



12. Cuapsa, BBINYIICHHBINH U3 opyaus o yrioM o = 30° K TOPU30HTY, ABAXKABI ObUT Ha OHOM
u ToM ke BbicoTe h: crycrs Bpems t =10 ¢ u t =50 € mocne BicTpena. OnpenennTh HAYaIbHYO
CKOPOCTb 0 o ¥ BBICOTY h.

13. Ilyna mymena ¢ HavanpHOU ckopocThio 0o=200 m/c mox yriaom « = 60° K ropu3OHTY.
OmnpenenuTh MaKCUMAJIBbHYIO BBICOTY H moabema, JanbHOCTh S MOJeTa ¥ paanyc R KpuBU3HEI
TPaeKTOPHUH ITyJIH B €€ HauBbIcIIel Touke. COMPOTUBICHUEM BO3lyXa IIPEHEOpEYb.

14. Kamenp OpollieH ¢ BBIIIKA B TOPU30HTATILHOM HANPaBJICHUU C HAYaJIbHOU CKOPOCThIO 0o=30
M/c. OnpenenuTs CKOpOCTh 0, TAHTCHLIUAIBHOE 8, U HOPMAJIBHOE @y YCKOPEHUS B KOHLIE BTOPOH
CEKYH/IbI II0CJIE Hayaa JABHKEHHUS.

15. Teno 6pomeHo o yriom o =30° k ropu3zoHTy. HaiiTu TaHreHIMaabHOE &, 1 HOPMAJIbHOE dp
YCKOPCHUA B HavyaJIbHBIM MOMEHT JABMOKCHUA.

16. uck pagmycom I = 10 cM, HaXOAWMBIIMKCS B COCTOSIHUM IIOKOS, Hadayl BpPaIIaThCS C
TOCTOSHHBIM YITIOBBIM yeKoperueM & = 0,5 pan/c’. HaifTn TaHreHIMansHoe a,, HOPMAJIbHOE 8y
U TIOJJHOE & YCKOpPEHHUsS TOUEK Ha OKPYKHOCTH JHCKa B KOHIIE BTOPOI CEKYH[bI IOCJI€ Hayaja
BpALCHHUS.

17. luck paguycom I =20 cM BpalaeTcsi COTVIACHO YPABHEHUIO ¢ = A+Bt+Ct%, rie A=3 pan;
B = -1 paw/c; C = 0, lpaw/c®. Onpenennts TaHreHIMATBHOE @; HOPMAILHOE @&, W IOIHOE &
YCKOPEHHUsI TOYEK Ha OKPYKHOCTH JTMCKa JiIsi MOMeHTa Bpemenu t =10 C.

18. MaxoBHK Hauan BpallaThCsi PABHOYCKOPEHHO U 3a MPOMEXYTOK BpemeHu At = 10c moctur
-1

yactoTsl Bpamienust N = 300 mun ~. OnpeaenuTs yrioBoe yCKOpeHHe & MaxoBuka v uucio N

000pOTOB, KOTOPOE OH CIIENAN 32 3TO BPEMSI.

19. Benocuriegnoe Kojieco BpallaeTcsi ¢ 4acTOTOW N =5 ¢, IMox nmeiicTBueM cui TPEHUST OHO
OCTaHOBWJIOCh uepe3 UHTepBal BpeMeHU At = 1 mMuH. OnpenenuTh yrioBoe YCKOPEHUE & W
yuciao N 060poToB, KOTOPOE ClIeTaeT KOJIECO 3a 3TO BPEMSI.

20. Koneco aBromammHbl Bpaimaercss paBHoyckoperHo. CaenaB N = 50 moiaHBIX 000pOTOB, OHO
-1 -1

M3MEHUJIO YacTOTy BpamieHus oT Ny =4 ¢~ 1o Ny =6 ¢ . OnpeaenuTsh YrJIOBOE YCKOPEHHUE &

KoJIeca.

IIpakTnueckoe 3ansTHe 2.
Tema 3anamua. JluHaMuKa MaTepualIbHOH TOYKH.
Ilens 3anamusn. VI3y4nTh 3aKOHBI TUHAMHUKU MaTEPUAIBHON TOYKH.

T eopemuuecKas uacmeo.

Hunamuxa nocmynamenvHo2o 08udiceHus
Nmritynsc abCOTIOTHO TBEPAOTO TEa MacCO M, MBMIKYIIETOCS CO CKOPOCTBIO U !
p=m-o.
Bropoii 3akon quHamuku (HeroToHa):

dp = F dt,



rae F — pe3yabpTupyromas cuia, AeHCTBYIONas Ha MaTepHaTbHYIO TOUKY.
Cuutbl, paccMaTpHUBaeMbIe B MEXaHHKE:
a) CUJIa yIpyrocTH F =—kx;

rae K —koadduimeHt ynpyroctu (B ciiydae Mpy»KHHBI — 5KECTKOCTB); X — a0COIOTHAS
nedopMmarus;

0) cuia TSKECTH: F=mg,;
B) cuJia TpEHUS (CKOJIbXKEHU): F=uN,
rae p —xod3ddunuent tpenus; N — criia HOpMaIbHOTO JTABJICHUSI.

3akoH COXpAaHCHHA UMITYJIbCA: UMITYJIBC 33MKHy’I‘OI>i CHUCTEMBI OCTACTCA ITOCTOAHHBIM
n

D p; =const

i—1 _

JIyist IBYX TeI IpH a0COTIOTHO YIPYTOM yape:

M0, +M,0, =m,d; +m, U,

rac Dl H 52 - CKOpOCTHU TeJI neped COYAapCHUECM, Gl u UZ — CKOpPOCTH TCJI B MOMCHT IIOCJIC
COydapCHU:I.

J1y1st aOCOIOTHO HEYIPYToTo yaapa ABYX Tell:

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

IIpumepsl pemienus 3aga4

3apgauya 1. Ha rmagkom crone nexut Opycok maccoit 3 kr. K Opycky mpuBsi3aHbl ABa LIHYpA,
NEPEeKUHYThIE Yepe3 HEMOABI)KHbIE OJIOKHU, MPUKPEIIIICHHBIE K POTUBOIOJIOKHBIM KpasiM CTOJIA.
K KOHIIaM IIHYpPOB MOJBEIIEHBI THPU MaccaMu My = 2 kr u My= 3 kr. Halitn yckopenue a, ¢
KOTOPBIM JIBIDKETCSI OpYyCOK M CHIy T HaTSDKEHUS KaXAO0ro U3 IIHYpoB. Maccoil OJ0KOB U
TpeHueM npeHeOpeub. [IIHypbl cuMTaTh HEPACTSKUMBIMH.

Jano: —
—> E—— —>
mM=3kr T, T,
m

m; =2 kr x
my,= 3 KI. = =

T, T,
a-? a’ m, m, la
T, -7 m,g myg

T,-?



Pacrimmem cuibl, AecTByrone Ha Tena. BeibepeM cucTemMy KOOpAMHAT, KaK yKa3aHO Ha
pUCyHKe (Ha Trpy3 M, JIeXKaIIuii Ha CTOJIe BOOOIIEe-TO NEHCTBYIOT €IIE JIBE CHIIBI: CHJIA TSHKECTU

—

Mg u cuna peakuun omopsl N . Ho Tak kak TpeHueM B 3amade npeHeOperaercsi, TO JICHCTBHE
ATUX CHJI U3 PACCMOTPEHHUS Mbl HCKIIIOUAEM).

3anumeMm BTOpOﬁ 3aKkoH HproToHa JJI KaXO0T0 Y4aCTBYIOIICT'O B IBUXKCHHUH TEJIA:

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

(TTocKONIBKY IIHYPBI CUUTAFOTCS HEPACTSIKMMBIMH, TO BCE Tejla JBHKYTCSA C OJUHAKOBBIM
YCKOPEHUEM a).

Bribupaem HampaBlieHHE YCKOpPEHUS, KaK yKa3aHO Ha pHUCYyHKe (IO HampaBICHHIO YacOBOM
crpenku). CrpoenupyeMm CUCTEMY YpaBHEHUHN Ha BHIOpAHHBIE OCH KOOPAMHAT:

—fa=mg-T,
ma=m,q—T.
2 Zg 2 (1)
ma=T,-T,
U3 Broporo ypaBHeHus (1) BeIluMTaeM mnepBoe:
(mz + m1)a = (mz - m1)g - (Tz _Tl)
(mz + mi)a = (mz - ml)g —ma
(m, +m, + m)a=(m, —m,)g, roraa
a=—2 g @
m,+m, +m

IloacraBisieM 4YHCICHHBIC 3HAYCHUS:

a=_°"2 10-89_1 052
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. Yepe3 650K, YKpEIUICHHBII Ha KOHIIE CTOJa, MEPEKUHYTa HEpacTsLKUMash HUTh, K
KOHIIaM KOTOpPOM TpHUKpEIJIeHbl Tpy3bl, OOUH M3 KOTOopeix (m; = 400 r) nBwxercs Mo
MOBEPXHOCTHU CTOJNA, a Apyrou (my = 600 r) — Bronp BepTukanu BHU3. Koadduuuent f tpenus



rpy3a o cton paBeH 0,1. Cuuras HUTh M OJIOK HEBECOMBIMHU, OTPEICIUTh: 1) yCKOpeHue a, C
KOTOPBIM JIBUXKYTCS TPY3bl; 2) CUITy HaTsKeHUS! T HUTH.

Pewenue.

BreibpaB ocu koopaMHAT (pHUC), 3amuIIeM JUIs KaKIoro rpysa
ypaBHEHUE IBUXKEHHs (BTOpOM 3akoH HploTOHA) B MpOEKIUSIX Ha
3TH OCH:

mya = myg—T

YuuteiBas, 4To

, TOJTlyYUM CUCTEMY YPaBHEHHIA:

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

OTKYya HCKOMOC YCKOPCHHUC!

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

CI/IJIy HaTSKCHUA HUTHU HaﬁHGM nu3 BTOpOFO ypaBHeHI/ISI CUCTCMBI.
T=m,(g-a)

Beruucnss, nomyuaem: 1) a = 5,49 M/Cz; 2) T=2,59 H.

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

€ro CKOPOCTh Vycr IPH YCTAHOBUBIICMCS IBHOKCHUH F v (o) }

nocturaet 80 m/c. OnpenenuTs Bpemst 7, B TEUEHHE

KOTOPOT0, HAYMHAsl OT MOMEHTA Havaja MaJeHus, O L______

CKOPOCTb CTAHOBHUTCS PABHOMH yc,/2. Crity . 050 L __ —.//?—_

COINPOTHUBIICHUS BO3AyXa MPUHATH g /&

IIPONOPLUOHAIIEHOM CKOPOCTH Tea. v ~
Pemenune. t t

a) 6)

Ha mnanmaromee Teno AEMCTBYIOT JIBE CHIIBI
(puc. a): cuiia TsSHKeCTH MQ U cujia CONPOTUBIICHUS Bo3yxa F.

Cuna COMMPOTUBJICHHA BO3/1yXa IO YCJIOBHUAM 3aJavud MPONOPLHHUOHAJIbBHA CKOPOCTHU TCJla U
IMPOTHUBOIIOJIOXXHA e 1o HaITpaBJICHUIO:

F =—ko,
(1)

rie K — k03 GUIHMEeHT IponopIIMOHATBHOCTH, 3aBUCSIIHIA OT pa3MepoB, GopMbI TeIa U OT
CBOVCTB OKPYKArOILEH CPEIbL.



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

—

19 . — —
BEKTOpPHOM (hopme: ma =mg + F,. 3amenns F_ cornacno (1), nomyunm:

(2)

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

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

BrmommnMm HHTCIPpUPOBAHUC, YUYHTBIBAA, YTO IIPH U3MCHCHHMU BPEMCHHU OT HYJIA 0 T

(ucKoMO€e BpeMsi) CKOPOCTh BO3PACTAET OT HYJIS 10 EUyCT (puc. 1, 0):
1
2 dp cdt 1 Lo T
[ 90 _j8 Ly k) =T
o mg—-ko ¢m k

W3 nomy4eHHOro BBIpaKeHUS HAJIEM HCKOMOE BpPEMSL:

m m
7=—In g

1
k mg _Ekuy”

©)

Bxogsimuii croma Kod(Q@UIMEHT MNPONOPLUUOHATBHOCTH K ompenenuM U3 CIeIyIoNmX
coobpaxenuil. [Ipu ycranoBuBIIEMCS ABM)KEHUU (CKOPOCTh MOCTOSIHHA) anre0panyeckas cymma

MPOEKIMA Ha  BEPTUKAIbHYI OCh JEHCTBYIONIMX Ha TeNo CHJI paBHAa HYyJTIO, T. €.
mg
mg — kv, =0, orkyma k =

ycr

[ToncraBuM HaiineHHOe 3HaueHHe K B hopmyny (3):

o o UyCT
ITocre cokpaeHuii 1 ypomeHuii monydnm: 7 = In2



[logcraBuB  uucieHHBbIE 3HA4YeHUs, noiayunMm 7 = 5,66 c. IlpoBepka paszmepHOCTH
pe3ysbTaTa B JaHHOM ciiy4yae He 00s13aTesIbHa, TaK KaK OHa O4YEBH/IHA.

Bonpocel u 3a0anun

ITepBbriii 3akoH HeroToHA. MIHEpIIMaIbHBIE CUCTEMBI OTCYETA.
Bsaumoneiicreue ten. Cuia, Mmacca.

Hmnynbc (KOJIUYECTBO IBHKEHUSA).

3aKOH COXpaHEHMsI UMITYJIbCA.

Bropoii 3akon HeroTona.

Tpetuii 3akon HeroToHa.

M3onupoBaHHas cucTeMa MaTepHAIbHBIX TEI.

No ok wbdE

3agaum AJ1sl CAMOCTOSITEILHOI0 peleHust

2
1. Camoner JETUT B TOPU3OHTAIBHOM HampaBlieHUH c yckopenueM a = 20 m/c”. KakoBa
neperpy3ka mnaccaxupa camonera? (Ileperpyskoii Ha3piBaeTcs OTHOIIeHHE cuHibl F,
JICUCTBYIOIIECH Ha Maccaxupa, K CHie Tshkectu P).

2
2. ABTOLMCTEpHA C KEPOCUHOM JBUXKETcs ¢ yckopeHueM a =0,7 m/c”. [lox kakum yriom ¢ K
IUIOCKOCTH TOPU30HTA PACIONI0KEH YPOBEHb KEPOCHHA B LIUCTEpHE?

3. bak B Tenmepe mapoBo3a mmeer mmHY |=4 M. KakoBa pasnocth A | ypoBHeW BOabI y
TEPEIHErO 1 3aIHET0 KOHIIOB GaKa IPH JBHKSHIH T10€3/1a ¢ yCKopeHHeM a = 0,5 M/c>?

4. Karep maccoit m=2m tporaercsi ¢ MecTa M B TedueHue BpemeHH 7 =10 c pa3BuBaeT mpu
JBUKCHHH 110 CIIOKOHHOM BOZIE CKOPOCTh v = 4 M/c. Onpenenuts cuiy Tru F MoTopa, cuuras ee

MMOCTOSIHHOM. HpI/IHHTL CUI1y COIIPpOTUBJICHUSA FC JABWKCHUTO HpOHOpHI/IOHaHBHOﬁ CKOPOCTH,

k03¢ durment conporusienus K =100 kr/c.

5. HavanbHas ckopocts vy mynu paBHa 800 m/c. Ilpu nBmwkenun B Bo3ayxe 3a Bpemst  t = 0,8c
ee CKOpocTh yMeHblmiach 10 v =200. Macca m nynu paBHa 10 r. CunTas cuity CONpOTHBIICHUS
BO3/lyXa MPONMOPLHOHAIBHON KBaApaTy CKOPOCTH, ONPEAETUTh KO3(PPUIMEHT CONPOTUBIECHUS
k. JlelicTBHEM CHIIbI TSHKECTH TIPEHEOpEYb.

6. MarepuanbHas TOYKa Maccoil M = 2 Kr JBIKETCS MOJA ACHCTBHEM HEKOTOpOoW cuiibl F
COTJIaCHO YPaBHEHUIO X=A+Bt+Ct*+ Dt3, rae C =1 m/c?, D = - 0,2 m/c’. Haiftn 3Hauenus 91oit
CWJIBI B MOMEHTHI BpeMeHU 11=2 Cu t, =5 C. B kxakoli MOMEHT BpEMEHH CHJIa paBHA HYJTIO?

7. HaksioHHas TUTOCKOCTh, 00pa3yroias yroi o = 25°¢ mIocKOCThIO TOPU30HTA, UMEET UTHHY | =
2 M. Teno, nBurasch paBHOYCKOPEHHO, COCKOJB3HYJIO C 3TOH IUIOCKOCTH 3a Bpems t = 2cC.
Onpenenutb K0dPGUITUESHT TPEHUS 4 Tea O TIIIOCKOCTh.

8. Ha rmagkom crone nexut Opycok maccoir m = 4 kxr. K Opycky mpuBs3aHbl J1Ba IIHYpa,
MEPEKUHYTHIC Yepe3 HEMOABMKHBIC OJIOKH, MPUKPETICHHBIE K TTPOTHUBOIMOIOXKHBIM KpasiM CTOJA.
K koHIIaM IIHYpOB TOJIBEIIIEHBI THPH, MacChl KOTOPBIX My=1 KT u My = 2kr. Haiitu yckopeHnue a,
C KOTOPBIM JBUXKETCS OPYCOK, U CUIy | HATSDKEHUS KaXJI0ro M3 MHYypoB. Maccoii 6J0KOB U
TPEHUEM TIPEeHEOPEYb.

9. JlBa 6pycka maccamu Mi=1 Kr u My = 4K, COeAMHEHHBIC IITHYPOM, Jie:KaT Ha ctoje. C Kakum
yCKOpeHueM a OyIyT JBUraThCsl OPYCKH, €CIM K OJHOMY M3 HUX NpuioxkuTh cuiny F = 10 H,
HalpaBlieHHYI0 Topu3oHTanbHO? KakoBa Oymer cuna 7 HaTsHKEHHUS IIHYpa, COEIMHSIOIIErO



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

10. K npy>xuHHBIM BecaM mojBelicH 0ok, Yepe3 OJI0K mepeBelieH MHyp, K KOHIIaM KOTOPOTO
NpUBSI3aIU rpy3sl MaccamMu My = 1,5 kr u My = 3 kr. KakoBo Oy/eT moka3aHue BECOB BO BpeMs
JIBUXKEHUS Tpy30B? Maccoli 0Ji0Ka U mHypa npeHeopeyb.

IIpakTuyeckoe 3ansTue 3.
Tema 3anamus. Ilonsitue 0 MarHuTHOM noJie. 3axkoH buo — CaBapa — Jlannaca.
I]ens» 3anamusa. VI3y4uTh OCHOBHBIE IIPOSIBICHUS MATHUTHOTO 110JIs1 IOCTOSIHHOTO TOKA.
Teopemuueckas uacme.

MaruuTHasg HHAVKIMA 1 HANPSKEHHOCTH MATHUTHOIO IOJIsl.

—

IloTok BekTOpa MaruuTHOM MHAVKIINM. Teopema I'aycca 1jis BeKTOpa B

Tepmun MarauTHoe ose BBen B 1845 rony anrnuiickuii puzuk M.Dapaneil, cantaBmmi,
YTO KaK 3JIEKTPUYECKOE, TaK M MarHUTHOE B3aWMOJEWUCTBUS OCYIIECTBISIOTCS MOCPEACTBOM
€IMHOT0 MaTepUaAJILHOTO MOJIS.

VcTouHMKaMu MaKpOCKOIMYECKOT0 MAarHUTHOTO TOJIs SBJSIOTCS HaMarHUYEHHbIE Tena,
IPOBOJHUKU C TOKOM M JBHXKYILMECS 3JEKTpUYECKU 3apspkeHHble Tena. Ilpupoma »Ttux
UCTOYHUKOB €JMHA: MarHUTHOE II0J€ BO3HMKAeT B pe3yibTaTe [BUKECHUS 3apsKEHHBIX
MUKPOYACTHII.

MarauTHoe Moje — CHIOBOE II0JIE, HeﬁCTBYIOHlee Ha ABMXXYIIUCCA OSJICKTPUUYCCKUC
3apsgabl U Ha TCa, 06nana}0mne MarduTHBIM MOMEHTOM. MarHuTHoe II0Jie XapaKTCPUIYECTCA

BEKTOPOM MAarHUTHOW MHAyKUuH B . 3HadeHne B ompenernsier Cuiy, ACHCTBYIOIIYIO B JaHHOW
TOYKE I0JISI Ha ABWKYIIMICS 31EKTPUUYECKUH 3apsi/l U Ha Tella, UMEIOIMe MarHUTHBIM MOMEHT.

—

BeKTOp B moxHO BBeCTH OIHHUM U3 TPEX S5KBUBAJIICHTHBIX CITIOCOOOB:

a) UCXO/d U3 CHJIOBOTO JIEHCTBHMS MAarHMTHOTO IOJIS Ha JIBUKYIIYIOCS B HEM 3apsiKEHHYIO
YyacTHUIly;

0) OCHOBBIBASICh Ha CHUJIOBOM JECMCTBMM MAarHUTHOTO TOJS HAa Majblid dJIEMEHT MPOBOJIHUKA C
TOKOM;

B) HUCXOJs U3 CUJIOBOIrO JCMCTBUSA MAarHUTHOTO MOJIS Ha HC6OJ’IBI_HYIO paMKy € TOKOM.

HaanMep, MArHuTHag HHAYKIUA — BEKTOpHasA BEIMYNHA, MOAYJIb KOTOpOﬁ
OonpeaAcsICTCS OTHOMICHUCM MaKCHUMAaJILHOM CHIIBI Fmax , HCﬁCTByIOUlCﬁ CO CTOPOHBI MAarHuT-

HOT'O TOJISl Ha YYaCTOK MPOBOJIHUKA C TOKOM, K CHJIe 3Toro Toka | u minHe yuactka Al
MIPOBOJAHMKA

B = e [B] = Tn (1)



Jlnst rpaduueckoro M300paKEHUS CTAIIMOHAPHOTO MArHUTHOTO TIOJST  TIOJB3YIOTCS
METOIOM JIMHUM UHAYKIUU. JIMHUSAMU MarHUTHOW MHAYKUHMH (CHIIOBBIMU JIMHUSIMU MarHUTHOTO
MOJIsl) HA3bIBAIOTCS JIMHUH, MPOBEJICHHBIE B MarHUTHOM II0JI€ TaK, YTO B Ka)XJOW TOYKE MOJIs

KacarelbHas K JIMHUM MAarHUTHOM WHAYKIIMM COBIIQJIaeT C HANpaBJICHHEM BEKTOPa B
MArHMUTHON MHJIYKIIUU B 3TOM TOYKE IMOJIsL. JIMHUM MAarHUTHON MHJIYKIIUU HUTJE HE OOPBIBAIOTCS,
T. €. HE HAUMHAIOTCSA U HEe KoHYaroTcs. OHM TuO0 3aMKHYTBI, JIMOO UIYT U3 OECKOHEYHOCTH Ha
0OECKOHEYHOCTb.

MarauTHoOe I10JI€ Ha3bIBACTCS OIHOPOJHBIM, €CJIM BO BCCX €0 TOYKAX BEKTOP MarHUTHOM

HHAYKOUH B wumeer OJHO M TO XK€ 3HA4YCHHC. B IIPOTUBHOM CJIy4a€ MArHuTHOC II0JI€
Ha3bIBACTCA HECOJHOPOAHBIM.

HJ’I?I MAarHMuTHOro Iiojid, KakK HW IJd O3JICKTPHYCCKOI'o, CIHpaBCAJINB IIPHHIIMII

—

Cyneprno3uumu: MAardiuTHOC TII0JIC B, CO31aBacMOC HCCKOJIbKUMHW HWCTOYHUKAMHU, PABHO

—

BEKTOPHOI CyMMe MoJiell B, TOpOKIaeMbIX KaKIbIM HCTOYHHKOM B OT/ACIBHOCTH:

n 2
=3B, @)
i=1

OTCYTCTBI/IC B MMpUPOAC MArHUTHBIX 3apsAA0B INPHUBOAUT K TOMY, YTO JIMHUU MarHUTHOM

—

WHIYKIMH HE WMEIOT HM Hadyajla, HH KoHma. IlosTromy moTok BekTopa B depes mo0yro

3aMKHYTYIO [OBEPXHOCTh S paBeH Hymwo. CrenoBarenbHo, Teopema I'aycca nisi Bekrtopa B
bopMynupyeTcs ciaelyromuM 00pa3oMm:

D, = § BdS = 0. [Dg] = B6 )

Hapsiny ¢ uHayKimed B Mcnons3yercs MOHATHE HANPSHKEHHOCTH MarHuTHOro mojist H ,
KaK Mepbl BO3JICHCTBHS HA TIPOBOIHUKH C TOKOM M MAarHUTHYIO CTPEINKY (pa3MepHOCTh e€ - A/m).

Hampsokennocts H  xapakrepusyer MarHuTHOE TMOJIE, CO3JAaBAEMOE MaKPOCKOINUYECKHMH

TOKaAaMH M IIO3TOMY OIPCACIACTCA HX BCJINMYUMHAMU, KOH(l)HpraHHeﬁ B HPOCTPAHCTBE U HE
3aBHUCHUT OT CBOMCTB CpCabl. BeKTOp WHAYKOUW MAarHuTHOI'O MOJIA B CBA3aH C HANIPAKCHHOCTBIO

—

marauTHoro nonsg H coorHomenuem

— —

B=pp,H, 4)
e p, =47-107" I'n/m — MarHWTHAS HOCTOSHHAS, || — MATHUTHAS TPOHHUIAEMOCTh CPEJIB.

3akoH buo — CaBapa - Jlanjiaca a5 DJIeMeHTAa TOKA.

Pacyer MArHUTHBIX NOJIEH

Ha ocHoBannm aHanm3a ONBITHBIX JaHHBIX TJII MAarHUTHBIX MoJIEH TMOCTOSHHBIX TOKOB OBI

ycTaHoBJIeH 3ak0H buo — CaBapa — Jlaniaca Buna:

dB_,u_oldlsin(p ()
4r %



dl

rae ' — paanyc-BeKTOp, IPOBEICHHBIN U3 dJIEMEHTA MTPOBOJHHUKA
B pacCMaTpUBAaEMyI0 TOUKY TOJS; ¢ — yroJl MEXIy BEKTOpaMu

dl uT.

Hanpasnenne Bexkropa B MosxHO HaiiTi 10 mpaBuny MakcBenna
(mpaBmy OypaBuWKa): €Cld BBHHYMBATH OypaBUMK C IIPaBOM
pe3b00ii MO HaIpaBJIEHUIO BEKTOpPa IJIOTHOCTH TOKA B AJIEMEHTE
MIPOBOJIHUKA, TO HAIlpaBJICHHUE ABMXKCHUS DPYKOSTKU OypaBuMKa

yKakeT Hampaslenue BekTopa (B MarHUTHON MHIYKIUY.

|. Macnumnoe none npsmoco moka.

Haiinem c¢ mnomomipto 3akoHa buo-Capapa-Jlamiaca marHuTHoe 10JI€ OPSMOJIMHEUHOTO
npoBoiHUKA ¢ TOKOM | (pucyHok 1). ITycth g — paccTosiHuE OT TOUKH, B KOTOPOH OMpeeseTcs

moJjie, 10 IIpOBOAHHKA C TOKOM. Torna paccrosHue r

oT ydactka mpoBognuka dl MoxHO

BeIpasuTh Tak: I =1 / sin @, TAC @ — Yroia MEXIy BEKTOpaMH

dl u 7. Jnuna dl cBs3ana ¢ yriaoM ¢, mof KOTOPHIM BHACH 3TOT

Y4aCTOK IMPOBOAHUKA U3 paCCManHBaeMOﬁ TOYKMH:

rd r.d
di=—2 = =% )
sing sin‘p
[ToncraBuM 3TH 3HaUeHus B hopmyiy (5)

4B = o | I -ro-dgo-singo-sinzgo:&.L
Az r’-sin’ o A T,

-sin pd .
(7)

B cootBeTcTBHH C MPUHIUIIOM CYIICPIIO3NITUN (2) MardvuTHast MHAYKOHWA UIA Y4aCTKa

nposojnrka B pasHa:

|
B=[dB=[#o. . _H 1 _ (8
| j47[ . sin pdg i (cosg, —cosp,),  (8)

0

Tae g1 U @ — YIJIbl MCKAY BCKTOPOM IINIOTHOCTH TOKa B IPOBOJAHHUKE U paJuyC-BCKTOPAMU,
MMPOBCACHHBIMU B paCCMAaTpUBACMYIO TOYUKY U3 HavddJla U KOHIId Y4aCTKa ITPOBOJHUKA.

Eciu IMPOBOJJHUK OCCKOHEUHO HHHHHBIﬁ, TO @1 = 0, @ = 7 U HHOYKOUA MarHuTHOT'O

I10JIA, KaK CJICACTBHUEC 3aKOHA

buo — Caapa — Jlamaca, B 11000 TOYKE MTPOCTPAHCTBA

BBIYHCIISIETCSI IO TIPOCTON (hopmyJie BUIA:

g to 20 _ o | ®)
Ar r, 2rmr,
JIuHUM  MarHUTHOM HHAYKIIUU T1I0JIs1 M[OpsAMOro TOKa HOPCACTABIAIOT co0Ooii CUCTCMY

OXBAaTbIBAOIHUX MTPOBOJA KOHIICHTPUICCKUX OKPY)KHOCTCI\/'I.



2. Maenummnoe none 8 yenmpe Kpy208020 NPOBOOHUKA C MOKOM.

Kaxk CJICOAYCT U3 pHUCYHKa 2, BCC BJICMCHTBI KPYTOBOT'O IMMPOBOAHHKA C TOKOM CO34al0OT B
€Tro HCHTPEC MArHUTHOC MOJIC OJUHAKOBOI'O HAIIPABJICHUA — BAOJIb HOPMAJIM OT BUTKA. HOBTOMY
CJIOKECHHUEC BCKTOPOB dB MOX>XXHO 3aMCHHUTBH CJIIOXKCHHEM HX MO,I[y.]'IGfI. Tak kak Bce 3IE€MEHTHI

NPOBOJIHUKA TEPICHANKYIISIPHBI pajnyc-BeKTOpY (SINgp=1) u paccTosHUS BCEX 3JIEMEHTOB
IIPOBOJHMKA JI0 LIEHTpa KPYTOBOI'0 TOKA OJIMHAKOBBI U PaBHbI R , To coriacHo (5)

ag=o g (10)
4r R?

Tornaa unTerpan, B3sTHIN M0 KOHTYPY IPOBOJIHUKA,

B §4n? 47zR2§d|

Tak kak § dl = 22R., To mMarauTHAs MHAYKIES B IIEHTpPE KPYroBOrO MPOBOIHMKA C TOKOM B

BaKyyMe paBHa

B (11)
2R’

3. Macnummoe none na ocu Kpy20602c0 8UmMKa ¢ noKoM.

Wuaykuuss MarHUTHOTO TONsL  BIOJb  OCH,
MPOBECHHOM Yepe3 ILEHTP KPYroBoro TOKa
NEPIEeHIUKYIAPHO  €ro  IUIOCKOCTH,  OyaeT
YMEHBIIATLCSA M0 MEpe yIaJleHUsi OT KPyroBOTO
Toka. Ecnu Ha ocu BbIOpath TOuky M (puc. 3),

TO pe3yAbTUPYIOIIAS WHIYKIUS B
ompeensieTcss Kak cymma mpoekimii 0By,
BBIPAKEHHBIX (YOPMYIIOM.

(12)
dB, —sin AIB =~ dB = ﬂ—ou
r 4r 13
OTKy/1a HECII0XKHO MOJIYYUTh, UHTErpupys (16.12)
13
B =+o 'R§d “ﬁﬂ@-z;ﬂ. (49
Ar r r

IHupKyasnms BeKTopa B . MarHuTHOE 10JI€ COJEHOMIA U TOPOHIA

B nemsax YIpomeHud B BbIYUCICHUU MArHHUTHBIX moJiei HCIIOJIB3YCTCAA TEOpEMa O

—

[UPKYJSIIAA  Pe3yJIbTUPYIOIIEro BekTopa B, Kortopas (opMylupyercss Ha OCHOBAaHHH

ONpCACIICHUA LUPKYJIAIHUU C YUCTOM I/IH,ILYKL[I/II‘;I MarHuTHBIX TTOJEH Bk , CO31aBaCMBbIX Ka>XKIbIM

u3 TokoB 10 (16.9) B coorBeTcTBUU ¢ 3ak0oHOM buno — CaBapa — Jlamunaca, B Buze:



(14)

§§dr:ﬂozm:|k’
k=1

rae uHaekcoM "K" 0003HAYeHBI JIMIIL TOKH, OXBaThIBacMble KOHTYpoM. Clie0BaTelbHO,

—

TeOpeMAa: YUPKYIAUUA 6eKmopa maznumnoi undykuuu B no npouseonvnomy samxnymomy
KOHmYpy pagHna anzedpauyeckoli cymme moKoe, 0Xeamuleaemvblx KOHMYpPoM, YMHOMCEHHOU Ha

Mo -
XapakTepHbIM MPUMEPOM HCMOJIb30BAHUS TEOPEMBI O

B=0 UpKyIsiud B (Wi Hanpspk€HHOCTH H ; 3aKOHA TIOJIHOTO
00000000000 TOKA) JUIsl MOJY4YeHUsT pacu€THBIX (GOpMyI SBISIOTCA IOJIE
. 0ECKOHEUHO JJIMHHOTO COJICHOM/IA, a TAK)KE TOPOUIA.

ConeHonx — CBEPHYTBHIH B cCOHMpalb HW30JMPOBAHHBIN
e O B S T T . vy
IIPOBOJHMUK, 10 KOTOPOMY TE€UET IJIEKTPUUECKUN TOK.
A D
IToJie 0ecCKOHEYHOr0 COJICHOM/IA aKCHUAJILHO CUMMETPUYHO U
MOXKET HMMETh JIMIIb KOMIIOHEHTY, MapajuleIbHYIl0  OCH

cojieHoMuJ1a (BUTKH HaAMOTaHbl OYEHb IIOTHO, puUcC. 4).

Jlns onpenenenus B BHyTpH coneHOMga NPUMMEHUM 3aKOH IIOJHOIO TOKA K KOHTYPY
AB;C;,DA, B Hém N BuTKOB. MIHTETpan He paBeH HYIIO TOJIbKO Ha yuyacTke B;Cq u mosTomy

— 13
Baiey - 1=n-1-1- 1, (13)

N3 (13) BuaHO, 4TO 1oJie BHYTPH COJI€HOMIA OJTHOPOJIHO M €r0 MHAYKIIUS paBHA:
B:/,lonl,r;[e n:N/I (14)

HpOI/I3BeI[eHI/Ie Nl Ha3bIBaE€TCS YUCIOM AMIICP-BUTKOB Ha METDP.

B MarHuTHyH0 MHIYKIMIO Ha OCH COJICHOMJA CUMMETPUYHO PACIOJIO)KEHHBIE BUTKM BHOCST
oJMHaKoBbIM BKIaA. [103TOMYy y KOHIIAa MOJYyOECKOHEYHOTO COJIEHOMJIA Ha €ro OCH MarHuTHas
MHAYKIIMS paBHA MOJ0BUHE 3HaueHus (16.14)

1 15
Bzz,uom. ( )

[TpakTHyecku, eciu AJMHA COJICHOWAA 3HAUMTENBHO OOJblle, 4eM ero auamertp, dopmyna (14)
OyZIeT crpaBeUIMBa JUIsl TOYEK B CPEIHEN YacTH cojlleHouaa, a popmymna (15) - s Touek Ha ocu
BOJIM3U €r0 KOHIIOB.

Topoua mnpexacraBnser coboW NPOBOJA, HABUTHIM Ha Kapkac,
uMerouil GopMy pagralbHO U30THYTOIO LHUINHAPA, Y KOTOPOTO
BXOJIHOE M BBIXOJIHOE CEUSHHsI COBMAAIOT (pUc.S).

CDopMlea AJid - OIIPECACIICHUS MarauTHOMN HHAYKIIUU
BHYTPU TOpoHJa MOJYy4YacTCd Ha OCHOBAHHUU TCOPEMbI O

HUPKYISANAN B aHaIormyHbIM 00pa3soM, ¥ HMEET BH/I:




R
B=ponl-—. (16)

Bre TOpOHJa MarHuTHad UHAYKIUA paBHA HYJIIO.

—

C nOMOIIBI0 TEOPEMBI O IUPKYJISALMK BeEKTOpa B MOXKHO pemurs u psij Apyrux 3ajad,
HarpuMep, HAUTH MHIYKLIUIO B KOAKCHAJIbHOM Kabelle, KOTOPBI MCHONb3yeTcs s nepeaadn
IIOCTOSIHHOTO TOKa. KpoMe Toro, 3TOT 3aKOH MCHOJIb3YETCs IPU pacueTe MarHUTHBIX LENeH, Tae
BBITOJIHSET poJib BToporo npasuia Kupxroda.

Cuia Amnepa. Cuia Jlopenna

AMnep Ha OIBITC YCTAHOBWJI, YTO HA MPOBOAHHUK C TOKOM B
MAardauTHOM I10J1€ I[eﬁCTByeT cuJjia

F=I[B], (17)
MOJyJIb KOTOPOI1 orpenensieTcs no ¢popmyie:
F=1-B-/-sina,

a HampaBlieHHE, MO MPaBHUJIYy NPAaBOr0 BHHTA WU TPABUITY
«J1eBOM pyku» (puc. 6).

BoO3HUKHOBEHHE ATOH CHIJBI CBA3aHO C TEM, YTO MArHUTHOE IIOJIE€ JEHUCTBYET Ha
3apsHKEHHBIC YACTHUIBI, JBMKYIIMECS B HPOBOJIHMKE C HEKOTOpOil ckopocteio V. Cuna,
JEHCTBYIOLIAs Ha 3aps] B OTOM Ciydae, HasblBaeTcad cuJou Jlopenuma, u omnpenensercs 1o

dbopmye:
F =q[0B], (18)
a ee MOYJIb
F=q-v-B-sina,
e o — YroJj MEKAy HalpaBJICHUAMU CKOPOCTH YaCTHUIIbI U BEKTOPaA MAarduTHOM HHIYKIUU.

MarauTtHoOE 1oJie HE JAEHCTBYET Ha IMOKOSIIMICA 3apsii U B 3TOM COCTOHUT CYIIECTBEHHOE
OTJIMYME MAarHUTHOTO TONA OT dJekTpudeckoro. Cuia JlopeHna Bcerna IMepreHIUKYISpHA
CKOPOCTH YaCTHUIIBI (€€ MepeMEIEHUI0) U MT03TOMY paboThl HE COBEPILAET, a, CIeA0BaTENbHO, HE
M3MEHSET KHHETUYECKYIO SHEPTHIO YacTullbl. Bwipaxenue mis cuisl Jlopenna (18) mo3Bomsier
ONpe/Ie/IUTh XapaKTep ABUKEHHUs 3apsKEHHON uyacTulsl B MarmutHoM mone. Ilpu o = 90°

mv
YacTHIA JABMKETCA 10 OKPY)KHOCTH paguyca R = _B . Ecnu yron O yaoBieTBOpsET yCIOBUIO

0<a<90°, 1o yacTuna nBMxkeTcs mo cnmpanu ¢ paguycoM R u marom h. Eciom ckopocTs

HaCTHIIbI \7 COCTaBIsIeT yroax Ol C BCKTOPOM MarHUTHOM UHAYKIOUHA BHGO)IHOpOJIHOl"O
MAarauTHOIO MoOJid, MHAYKIHUA KOTOPOro BO3PACTACT B HANPABJICHUHU ABUXKCHUSA YaCTUIBI, TO



Ruh ymenbmarorca. Ha 3ToM ocHOBaHO siBjeHHE (DOKYCHPOBKH 3apsSKEHHBIX 4YacTHI] B

MAarHuTHOM IIOJIC.

KoHTVYp ¢ TOKOM B MArHUTHOM 1noJie. PadoTa 1o nepemMenieHNI0 NPOBOJHHKA M KOHTYPA C
TOKOM B MATHUTHOM I10J1€

Paccmompum Kowmyp ¢ MOKOM, HAXOOSWuUics 6 O0OHOPOOHOM MAZHUMHOM HOIe.
BoinenmuM onement koutypa (/. Ha Hero B MarHMTHOM molle GymeT IeHcTBOBATh CHIa,
cornacuo (17), pasmas dF = ||:d€ : B]. PesynbTupylomas cuia, IeHCTBYIONIAs HA KOHTYP,

OyIeT paBHa T€OMETPUYECKOM CyMMe CUJI, IEHCTBYIOIIMX Ha OTAENbHBIE AJIEMEHTHI KOHTYpAa,
T.C.

F I F=filar-8]=1-8fdr =0 .
» L L
5 1/ 7 o
/ B lji A CHeHOBaTeHLHO, B OJHOPOJHOM MAIruuTHOM
-+ F MoJie pe3yJIibTHPYHOIIAsa CUla, I[eﬁCTBYIOHIaH Ha

KOHTYp C TOKOM, Oy/leT paBHa HYJNIO, U KOHTYp
nepeMeniaTbesi He OyJeT.

Puc.7.

JI71st IPOCTOTHI pacCy IeHHI BO3bMEM MPSIMOYTOJIbHBIN KOHTYP CO CTOPOHAMH «@» U «by

—

(puc. 7). B MarHuTHOM TOJIE HA HEro OyJET JAEHCTBOBATH BPAILAIOIIMI MOMEHT Maphl cuil F u
MOdTOMY, KOHTYp OyjeT Bpamathcs. Bpamarommuii moment mapsl cun M=F-b-sina, no
F=1-B-a, u, ciemosarensno, M=a-b-1-B-sino.. Tak xak a-b=S - mmomans
kourypa, o M=1-B-S-Sino.. Beenem Bektop P=1-S HaseBaemei BexTOpOM
MATHMTHOIO MOMEHTa KOHTypa. Ero HampaBleHHe COBNAjaeT C  HanpaBlIeHHEM
TOJIOKUTENFHON HOPMaIM K KOHTYpY, KOTOpas ONpesesseTcs ¢ IMOMOIIbI0 IIpaBuia HpaBoro
BuHTA. TOraa /Ul BPalmIaloNIero MOMEHTA, JEHCTBYIOIIEr0 Ha KOHTYP ¢ TOKOM B MAarHUTHOM
10Jie, HOTy4HM BBIPAKEHHE:

M =szinoc:[|‘o’E§]. (20)

OueBugno, uto M =0 mpu SINat=0, T.e. KOHTYp ¢ TOKOM B MAarHUTHOM MOIE
OpUEHTHUpPYETCS TaK, YTOOBl €ro BEKTOp MAarHUTHOTO MOMEHTa ObLI TapajlieJieH BEKTOpY
MarHUTHON WH]TyKITHH.

Paccmompum koumyp, naxooawuiicsa 6 HeoOHopooHnom noJe. Pabota, coBepiiaemast mpu
noBopoTe KoHTypa Ha yron do., onpenensercs mo dopmyre JA=M-do. C yuerom (20)
MOTYYUM:

dA=p-B-sina-do.

[TomHas mexanmdeckast paboTa

A=J'dA=J'p-B-sinoc-doc:—chosoc, 21)



Mexanndeckast MOTCHIHMaJIbHAA SHEPIrusad KOHTypa C TOKOM B MArHUTHOM I10JIE 6yneT

ONpCACIIATLECA 3TUM KC BBIPAKCHUCM.

dw

Panee mbl mokaszanu, 4TO CBSI3b MEXIY CUJION U DHEPTHUEH Fx = ——— H, CJIEI0BATECIILHO, HA
X

KOHTYp € TOKOM B HCOAHOPOJHOM MAariMuTHOM II0JIC 6y,[[eT ﬂeﬁCTBOBaTB chJia

Fx:p~3—3cosoc. (22)

Ipu a.<90°, K, >0 xouryp Brarusaercs B mone, mpu o >90° K <0 kouryp

BBITAJIKMBACTCA U3 I10JI4.

B pesynprare mepeMemieHusi MPOBOJHUKA C TOKOM MM KOHTYpa IMPOM3BOJIBHOW (GOpPMBI B

® ®: @®"°

— 1 VX

®|® @

Puc.8.

dx |

MarHUTHOM TI0JI€ COBepIIaeTcs paboTa Mo MPeo10JICHUIO
CUJI  TOJS. He cioxao monyuuts Qopmyimy,
OTIPEIISIISIONIYIO ATy padoTy.

PaccmoTpum  mpoBoaHuMK JumHOM ¢, ¢ TOKOM |,
CIIOCOOHBIN CBOOOJTHO IepeMemaTbCsi B MarHUTHOM

nose c UHYKIHCH B, HAIPABICHHON
MEePIEHIUKYISIPHO TPOBOIHUKY (pHC. §).

B srom cinywae Ha mpoBomHHK Oymer aeiictBoBaTh cuia Awmmepa F=B-1-/ u npu

TIlepeMeIleHNH TTPOBOHMKA Ha paccrosine OX, Gyner cosepmiena padora A =1-B-/-dx,

wo |-dX=0dS | a snemenrapueii maruuTHbIT OoTOK B-dS =d® u Torma smemenrapuas

padora COA=1-dD. Hurerpupys nmamHOe BHIpakeHHE, MOTyYMM, uTO paboTa MO
HepeMeIeHHIO TPOBOAHNKA C TOKOM B MarHUTHOM I10J1€ Oy/I€T ONPEeNAThCS BhIPAXKEHUEM

A=1-AD, (23)

rne AM — MarHUTHBINA TIOTOK, IEPECEUECHHBIN TPOBOJHUKOM.

IIpumeps! pelrenus 3agay

33}13'{3 1. Ilo TOHKOMY IIPOBOAY, UBOTHYTOMY B BUAC PABHOCTOPOHHCTO TPCYIOJIbHUKA, TCUCT

—

tok cunoit | =40A. JlnunHa cTOpOHHI TpeyrombHuKa a =30 cM. Onpenenuts HHAYKIHIO B B
TOYKE ITePECEUEHUsT BBICOT TPEYTOJIbHUKA.

Hano:

MarsuTtHyr UHAYKIUIO B Touke O HaWeM,




WCTIONB3Ys MPUHITUT cyneprio3unuu it =40 A
MarHuTHBIX noneii: B = Z B, . Buamem  a=30 cM=0,3m caydae

BECh KOHTYP MOXHO pa30ouTh Ha 3

OJIMHAKOBBIX YaCTH, MHAYKIIHS KaXI0U U3 B="?

—

kotopsix B, B Touke O umeer

Puc. 1. OAVHAKOBBIC BEJIMYMHY WU HAIIPABJIICHUC -

BEPTUKAJIbHO BHU3 (ONpesensieMoe Mo MIPpaBUily IpaBoro BuHTa). [loaTomy uHayknus B Touke O
Oyzner paBHOW B=3B1 1 HampaBJICHHOW BHU3 MEPICHIUKYISPHO pHC 1.

MarHuTHYl0 WHAYKIUIO CTOPOHBI TPEYroJbHHMKA Bi HalgeM HCIoub3ys (GopMyiy Uis
MHAYKIIMU, OTpe3Ka MPOBOJHUKA IPU CHUMMETPUYHOM PACIOI0KEHUH €r0 KOHIIOB OTHOCUTENILHO
touku O (puc.2). TpeyroJbHUK TOKOB PAaBHOCTOPOHHHH W €r0 BBICOTHI SIBISIOTCS TaKXe U
MeAraHaMu U ouccekTpucamu. Takum obpazom,. nMeeM

ul a a
B, =—"—cos¢ nu, =—=30", r,=—-tgp =
1 27”_0 Qu @ 5 0= go

I\J!SD
i~

CnenoBartenbHO,

pl 3 3y
a

2T ——

24/3

3agaya 2. DIEKTPOH JBUKETCS B OAHOPOJAHOM MAarHUTHOM noJie ¢ uHaykuuen B = 0,03 T no
OKpY>KHOCTH paauycom =10 cm. OnpenenuTs CKOPOCTh dIEKTPOHA.

Ou l
n B=3B=—2
2 27a 27a

B, = =240 MxTa.

Jano:

B=0,03 Tn B MarHuTHOM moJie Ha IBHKYILIMICS JIEKTPOH JEUCTBYIOT CHIIA

r=10 cm =0,1m JlopeHna. BenwuuHa 3TOM CHiIbI paBHA

e=1,6- 10" Kn F=e-v-B-sina .

m=9,110*"kr |Tax kax TPAaEKTOPUs IEKTPOHA — OKPYKHOCTb, TO cuia JlopeHuna ov="7?

SIBJICTCS ICHTPOCTPEMHUTEIIBHOM CHIION, U yron « = 7/2.

CnenoBartenbHO,



OTkyna uMeemM L=——. 1)

HOI[CTaBI/IB YHCJICHHBIC 3HAUYCHU A, ITOJTYYUM

-19 -2 -2
eBr 161073107307 15 j4e 0 ~ 0,533 10%m/c
m 9-10 3

D=

8
To ecTh CKOPOCTh U CpaBHHMA CO CKOpOCThIO cBeTa ¢ =3-10° m/c. DTo 03HaUaeT, 4To Mpu
pacueTax HEOOXOJAMMO HUCIOJIb30BATh JIEMEHTHI CIICIIMATBLHON TEOPUU OTHOCHTEIBHOCTH

(CTO).

CDOpMy.]'ILI KJIACCUUECKOM MEXaHMKU IIPUMCHUMEI B CTO, CCJIM CUHUTaTh, YTO Macca Tcjia

m
3aBHCUT OT €r0 CKOPOCTH 110 3aKOHY, M = ﬁo, rae Mg - Macca moKos Tena u f=vlC.

2
1-5
[ToncraBum >1r BeipaskeHus B (1). [Tocne HeCI0XHBIX IPeoOpa30BaHU MOTYyIHM

v
peJISITI/IBI/ICTCKOC Bblpa)KeHPIC JJIA CKOpOCTI/I 3JI€KTpOHa Up = —2
\/1 + [

Takum o6pa3om, pensTUBUCTCKOE 3HaU€HHE CKOPOCTU paBo v = 0, 525 10 wmr/e.

3agaya 3. B marnutHoM none ¢ uHaykuume 0,1 Tn Bpamaercs pamka, coxepxkamas 1000
BHTKOB ILIOMAAbI0 150 cM? Kaskmblil. MakcHMaIbHOE O/1C, unayuupyemoe B paMke paBHO 94
B. Onpenenuts 4acToTy BpalleHUst paMKH.

Jano:

B=0,1Tn [1g 3akony @apanes U1 SJIIEKTPOMArHUTHON MHAYKIIUU UMEEM
- v
N=1000=10° T gt (1)
S=150cm*=1,5-10°M* | i€ y — MOTOKOCLEIUICHHE. %Im "=94B
w=N @,
rne @ = BS COS ¢ — MarHuTHBI TOTOK.
n="2? B ycnosusx nanHol 3agaun & =277-N-1, rae n -uacrora

BpaleHus paMku. Takum oOpasom, 3akoH Papazes (1), mocie
nporenyps! 1uddepeHunpoBaHusl UMEeT BUA

& =NBS 2zn-sin(2zn-t).
13 MOJIYYCHHOI'O BBIpAKCHUA CJIICAYCT, YTO MAKCUMAJIbHOC 3HAUCHUC BHC

& = NBS - 27N, Bosuukaer korna yron o =m/2. OTciona nMeeM



Ca 94
ne—t = - ~10
NBS-27 10°-0,1-1,5-102-2-3,14

-1

Bonpocwt u 3a0anus.
1. MarauTHOE 1OJIe ¥ €r0 OCHOBHBIEC XapaKTEPUCTHKHU.
. 3akoH buo - CaBapa - Jlaruiaca u ero npuMeHEHHE.
. 3akoH Amriepa.- BzanmoaeiicTBre napauiesbHbIX TOKOB.

. MaruuTHoe nosie aBmxkyierocs 3apsaaa. Cuna Jlopenuna.

b A~ W DN

. I[BI/I}KGHI/IC 3apsAKCHHBIX YaCTUI] B MArHUTHOM I10JIC.

. Teopema o nupKyasauuu BeKTopa B . MarHuTHbIe N0JIS COJIEHONUA U TOPOUA.
. [loTok BekTOpa MarHuTHOM MHAYKIMK. Teopema ['aycca 1 MarHUTHOTO ITOJISL.

. Pabota no nepemeneHuIo NpoBOAHUKA B MArHUTHOM IIOJIE.

O o0 93

. DIeKTpoMarHuTHas HHAykuus. 3akoH dapanes.

10. ITpaBuo Jlenna. Bpamienue paMkyu B MarHuTHOM 1oJie. Buxpesbie TOKH.
11. UuaykTUBHOCTH KOHTYpa. CaMOUHIYKLIMSL.

12. Toku mipu pa3MbIKaHUU U 3aMbIKAHUU LEITH.

13. BzaumHas MHAYKLUS.

14. Tpancdopmatopbl. JHEpPrusi MArHUTHOTO MOJIS.

15. MarauTHsle CBOKCTBA BellecTBa. /J[na- 1 mapaMarHeTHKH.

16. MarauTHOE 10JI€ B BEILIECTBE.

17. 3aK0H NOTHOTO TOKA.

18. deppomMarHeTUKy U UX CBOMCTBA.

33[{3‘[1/1 AJIS CAMOCTOATECJIBbHOI0 PCIICHU S

1. Paccrosuue d mexay AByMsl UIMHHBIMH TMapajuiebHBIMH MPOBOJaMu paBHO 5 cm. Ilo
MPOBOJIaM B OJHOM HaIpaBJIEHWH TEKYT OJUHAKOBBIE TOKHM cuiioil | = 30 A xaxnasni. Haiitu
HaANPSDKEHHOCTh /1 MAarHUTHOTO MOJISE B TOYKE, HAXOAIIeNcs Ha pacCTOSTHUU 1 = 4CM OT OJHOTO
U 'y =3 CM OT Jpyroro NpoBoja.

2. [To ToHKOMY MPOBOJAIIEMY KOJIbIY paarnycoM R = 15 cm Teuer Tok cumoii | = 60 A. Haiitu
MarHUTHYIO HHAYKIMIO B B TOuke, paBHOYyIajeHHON OT LIeHTpa Koibla Ha I = 20 cM.

3. ITo 1ByM OECKOHEYHO JUTMHHBIM MPSIMBIM TTapaJUISITLHBIM ITPOBOJIAM TeKYT TOKH cuyioi |3 = 20
A u l, =30 A B MIpOTHUBOIOJIOKHBIX HampasieHusx. Paccrosuue d Mexay mpoBogamu paBHo 20



CM. BBIYMCINTh MarHUTHYIO HHAYKIHUIO B B TOUYKE, YIaJICHHOM Ha I'1 = 25 ¢M OT EpPBOIO U Ha I
= 40 cM OT BTOPOTO MPOBO/IA.

4. I1o nByM GECKOHEYHO JJITMHHBIM MapajIeIbHBIM MTPOBOIAM TEKYT TOKM cuiloil 11 =20 A u lp =
30 A B oxmHoMm HampaBieHuu. PaccrosHue d mexmy mnpoBoaamu paBHO 10 cm. Bwramciuthb
MarHUTHYI MHAYKIHIO B B TOUKe, yAaJIEHHOI 0T 000MX IIPOBOJIOB HAa OJJMHAKOBOE PacCcTOsIHUE I
= 10cMm.

5. [lo KOHTYpPY B BHJI€ PaBHOCTOPOHHEIrO TPEYrojibHHKa UAeT ToK cuioi | = 40 A. [nuHa a
CTOpOHBI TpeyrosbHuka paBHa 30 cMm. OrmnpeaenuTh MarHUTHYIO HHAYKIUIO B B TOuke
NepeceyeHusl BBICOT.

6. Ilo koHTYpY B BHIE KBajapaTa uaet Tok cuioi | = 50 A. [lnnna a cropons! kBajapara pasHa 20
cM. OnpenenuTh MarHUTHYIO HHAYKIMIO B B TOUKE IEPEeCceyeHns TuaroHaei.

7. Ilo TOHKOMY TIPOBOZly, M30THYTOMY B BHJE NMPSIMOYTOJIbHUKA, TeueT Tok cmioi | = 60 A.
JITHHBI CTOPOH TpsAMOyronbHUKa paBHbl a=30 cM u b=40 cm. OmnpenennuTh MarHUTHYIO

HHAYKIHUIO B B TOYKC MCPECCUCHUA ,Z[I/IaFOHaﬂeﬁ.

8. 1o 1ByM OAMHAKOBBIM KBaJPAaTHBIM KOHTYypaM cO CTOpoHOU a=20 cM TeKyT TOKH cujoi | =
10 A B xaxaom. Omnpenenuts cuity F B3auMoJeCTBHsSI KOHTYPOB, eciid paccrosiuue d Mexmy
COOTBETCTBEHHBIMH CTOPOHAMHU KOHTYPOB PaBHO 2 MM.

9. [lo ABYM TOHKMM NpOBOJAaM, HM30THYTBIM B BHJE KoJiblla pagmycoM R = 10cwm, TekyT
oauHakoBble Toku cuiont | = 10 A B kaxaom. Haittu cuny F B3anmoneidcTBus 3TUX KOJIEIl, €Cliv
IUIOCKOCTH, B KOTOPBIX JICKAT KOJIbIIa, MapaJlIe/bHbI, a paccTosHre d MexXIy HEHTpaMH KOJeIl
paBHO 1 MM.

10. I'To Tpem npsiMbIM HapaiesbHbIM IPOBOJAM, HAXOASIIMMCS HAa OAMHAKOBOM PACCTOSHUU a =
10cm nipyr oT Apyra, TeKyT oauHakoBble Toku cuiaoi | = 100 A. B nByx mpoBojax HampaBiIeHUs
TOKOB COBMaJaroT. Beraucnuth cuny F, peiictByromnyro Ha oTpe3ok miuHoi | = 1 M kaxgoro
IPOBOJIA.

11. ITo nByM mapajuiesbHBIM MPOBOJAM JUTMHOM | = 1 M KaX/Iblii TEKYT TOKUA OJUHAKOBOW CHJIBI.
Paccrosane d mexay mpoBogamu paBHO 1 cM. Toku B3aumojeicTByoT ¢ cwio F = 1 mH.
Haiitu cuny Toka | B mpoBojax.

12. Tlo aByM mapaljieNbHBIM MPSIMBIM MPOBOJAAM IIMHON | = 2,5 M KaKIbli, HAXOASIIUMCS Ha
paccrosiauu d = 20 cM Apyr OT apyra, TeKyT OJWHaKoBbie TOKU cuioi | = 1 KA. Berumciauts
CUJTy B3aUMOJEHCTBUS TOKOB.

13. Ipsmoit mpoBoa mmuHHOM | = 10 cM, Mo koTopoMy TeueT Tok cuitoit | = 20A, HaxoauTCs B
OJIHOPOJIHOM MAarHuTHOM nosie ¢ uaayknuen B = 0,01Tn. Halitn yron o Mex1y HanpaBlieHUAMU
BEKTOpa B M Toka, eciu Ha npoBoj AeiictByer cuia F = 10 mH.

14. B opHOpogHOM MarHWTHOM moje ¢ uaaykuued B = 0,01 Tn HaxoauTcs MpsSMOM MPOBOJ
uHoM | = 8 cM, pacroyioskeHHBIN TEPIEHANKYIIIPHO JTMHUSAM WHAYKIUH. [1o mpoBoay Teder
Tok cunoit | = 2 A. Ilon melicTBHEM CHII TOJISI TPOBOJ MEPEMECTHUIICSI Ha PACCTOSIHHE S = 5 CM.
Haiitu paboty A4 cui noisi.

15. Conenoupy unnyktuBHOCThIO L =4 MI'H comepxkut N = 600 BuTkoB. OnpeeiuTh MarHUTHBIH
noTok @, ecnu cuja Toka |, mporekatomiero no oOMoTke, paBHa 12 A.



16. C moMomipio peocraTta paBHOMEPHO YBEIMYMBAIOT CHUTy Toka B Karymike Ha AI=0,1 AB 1 c.

WunykruBHOCTh L karymku paBHa 0,01 I'n. Haiitu cpennee 3nauenne D/1C camonnaykuuu <E
i

IIpakTnueckoe 3ansTHe 4.
Tema 3anamus. DNeKTPOMarHuTHOE 10JI€
Ilens 3anamusn. VI3ydnTh 1eCTBHE MAarHUTHOTI'O IIOJISL HA IBWIKYILMICS 3apsill.

3nanua u ymenusn, npuoopemaemvie CHMYOEHMOM 6 pe3ylbmame O0CEOCHUS MeMbl,
dopmupyemvie komnemenyuu. Cuna Jlopenuna. Mopayne cunsl  Jlopenna. JIBuxeHue
3aAPSAKCHHBIX HqacCTHUIL B MarouTHOM ITOJIC. BH&I[CGT CIIOCOOHOCTBIO IMPUMCHATDH
COOTBETCTBYIOIIUHN (hPU3HKO-MaTeMaTHUECKH alnapar Mpy pelieHuy npodecCHoHaIbHBIX 3aay.

Axmyanvrhocmes mempl. JIelicTBUE MarHUTHOTO MO HA IBUXKYLIUICS 3apsi/i IPUMEHSAETCS
IIPU PEILICHNN NMHXEHEPHBIX 3a]1a4.

Teopemuueckasn uacme.
Cuna Jlopenna
Ha npoBoiHUK ¢ TOKOM B MarHUTHOM I10JI€ IEUCTBYET cuia Ammepa:
dF =idl xB. (1)
Cuna Amnepa o0ycioBieHa CyMMapHbIM JAeMCTBHEM MarHUTHOTO MOJIsl Ha BCE

JIBUXKYIIUECS B MPOBOIHUKE 3apsabl. Onpenenum Cuity, 1eHCTBYIONIYIO HAa € IMHUYHBIN
JBIDKYIIUICS B MArHUTHOM TI0JIE 3apsil.

Bo3bMmeM aiieMeHT IJIMHEL IMPOBOAHUKA dl . O603HaunMm N - umcio 3apsAKCHHBIX YaCTUL,

—

mewxymmxes B smemente Al | q - sapsn kaxmoit wacTuipl, U - cpemHio cKopocTb HX
HaIpaBJIeHHOTO ABIKeHHs. Torna
idl =Ngo. (2)
IToncraBum Belpaxkenue (4.46) B popmyny st cuiiel Amnepa (4.45), nosnyuum:

dF = NgoxB. 3)

3necs dF - CyMMapHas CwiIa, JCUCTBYIOIIAs CO CTOPOHBI MarHUTHOTO mojis Ha N
HocuTeneu 3apsaa. Ha oqMHOYHBIN 3IEKTPUYECKUI 3aps]l B MArHUTHOM II0JI€ IEWCTBYET CHJIA,
paBHas

. dF
F="" 4

[ToncraBuM B 3TO BeIpaxeHue popmyimy (4.47), momydnm:

— —

F =quxB. (5)



Dta cuia Ha3bIBaeTcs cusou Jlopenya.

CBolicTBa CHIIBI HopeHua OIIPECACIIAOTCA CBOMCTBaMH BEKTOPHOT'O IIPOU3BEACHMS,

—

T109TOMY OHA HepIEHNKY/IAPHA IIIOCKOCTH, B KOTOPOIA Jieskat BekTopsl U u B .

Jns monoxkurtenbHbIX 3apsanoB (Q>0) nHampaBieHue cuibl JlopeHna coBmagaer ¢
HAIpaBICHHEM BeKTOpHOro mpomssenenns U X B . Ecmu 3apsin wactuus orpumarenen (9<0),

TO HAITpaBJICHUA BEKTOPOB F7 u ULX B IMPOTHBOIIOJIOKHBI.

Mopnynb cunsl JIopeHna paBeH:

F, =quBsina, (6)

—
—

rae & - yroi Mexay Bekropamu U u B.

U3 hopmyel (6) crieayeT, 4To MAarHUTHOE TIOJIE HE JICHCTBYET Ha 3apsHKEHHYO YACTHUILY B
JBYX CIyYasx:

»  xorja yactuna nokourcs (U =0);

"  KOrJa YacTHIA JBUKETCS BJOJb TMHMIA MarauTHOro nous (O || B).

i

—

Puc.1. BzaumHasa opueHmayusa sekmopoe U,

vl
<
)

Tak xak cuia HopeHua BCCTJla HallpaBJICHA NECPICHAUKYIIAPHO BCKTOPY

CKOpPOCTHU, TO OHA HC COBCPIIACT pa6OTBI Hazg I{aCTI/II_ICI\/'I. CHGJIOB&TGHLHO, IOCTOAHHOC
MAarauTHOC MOJIE HC U3BMCHACT KUHCTHUYCCKYIO DOHCPIruio 4aCTUIbI.

IlBI/I)KeHI/le 3apAKCHHDBIX YaCTHUIl B MArHUTHOM ITOJI¢

—

HYCTB 3apsAKCHHAd 4aCTHLa BJICTACT B OAHOPOAHOC ITOJIC C HHI[yKI.IHCﬁ B .

Paccmotpum Hambonee mpocToil ciiydaif, KOrjJa CKOPOCTh YacTULbI MEpPIEHIUKYISIpHA
BEKTOpPY MarHuTHOW wuHAyKuuu. Ha uactumy Oyzaer aelicTBoBaTh cuia
JlopeHna, nepneHAMKYJsApHas K HANpaBICHHUIO €€ JBWKEHHA. Tak Kak

Puc. 2.



U1 é (a=m/2), To Moaynb cuibl JIopeHIa paBeH: FjZ = CIUB . B pesynbrare tpaekropueit

3apsHKEHHON YacTHITBI OyIeT OKPYKHOCTD (puc.4.14).

Cuna JlopeHua coo0maer dYacTulle HOpPMalIbHOE YCKOPEHHE U HWrpaeT poJb
LEHTPOCTPEMUTENBHOM cuiibl. HopManbHOE yCKOpEHHE ONPEENSIETCS BBIPAKEHUEM:

a, = E : )
rzae R - paanyc okpyXHOCTH.
3anuiem BTOpoi 3akoH HploTOHA /15151 3TOrO Citydas:
ma =F , ®)
WU
2
mo
—=( UB. 9)
R
Jlna pannyca OKpy>KHOCTH ITOJIyYUM BBIPAKEHUE:
mo
R=——. (10)
qB
®opmyny (10) Takxke MOKHO 3anucaTh B BUJIE:
L
R= . (112)
9
m
3nech — - YACIBHBIN 3apsl YaCTULIBI.
[lepuon oOpaleHns: YacTHIIBI 10 OKPYKHOCTH PABEH:
27R
T=—"-—. (12)
L
[Toncrasmss B (12) BeipaxkeHue Uil paaryca TPaeKTOPUU U MPOU3BOS COKpAILIEHUs,
MOJIyYUM:
T- %% . (13)

W3 Boipaxkenuit (11) u (13) cnenyer:

"  pamnycC OKPYKHOCTH TEM MCHBIIEC, UYEM 0oJIbIIIE MAaTHUTHAS HUHAYKIOUS,
" oepuon 06pan1eHm[ YacTHUIBl B MAarHUTHOM I10JIC HE 3aBUCHUT OT €€ CKOpPOCTH, a 3aBUCUT OT
BCJIMYHMHBI YACIBHOIO 3apsiaa U OT MarHUTHOM WHAYKIUU TTOJIA.



WsmeHseTCsS MUIIH HampaBJICHUE CKOPOCTH, a 5TO O3HAYACT, YTO 3apsHKCHHas 4aCTUlla B
OIHOPOJHOM MArHUTHOM IIOJIC JOOJDKHA [ABUIaTbCAd TOYHO IO OKPYKHOCTHU, €CJIU HCT
COCT&BJ’I?HOH.[CIZ CKOpPOCTHU BIOJIb MArHUTHOTI'O I10JIA.

PaccmoTtpum ciydaii, Korjja CKOPOCTh YaCTUIIBI COCTABISIET C MATHUTHBIM TOJIEM YTOJI ¢,
OTJIMYHBINA OT 7/2.

Paznoxum BEKTOp CKOPOCTH Ha JIBE COCTABIISIONIUE: MEPIECHANKYISIPHYI0 MarHUTHOMY
nomo U, ¥ mapaienbHyio momo U (puc.3).

MOIIYJ'II/I 9THUX COCTABJIANOIINX PABHBI:

Y

v, =v-Sine,

— v, =0-COScx.

—— Cuna JlopeHna oOyciOBI€HAa TOJBKO

\

R COCTaBIAOIIEH U U paBHA (110 MOYJIIO):

Puc. 3.
“ F =quBsina.  (14)

3ap;1>1<eHHa;1 qacTuia 6y,HeT Y49aCTBOBATh B ABYX JABUKCHUIX!

" B PaBHOMCPHOM JBHXCHHMH B HaAIIpaBJIICHUH BCKTOpaA B CO CKOPOCTBIO U” ;

—

" B JIBJKCHHMM IO OKPYKHOCTH B IIJIOCKOCTH, IEPIIEHINKYIAPHON HAIPABICHHUIO BEKTOPA B,

CO CKOpOCTBIO V| .
B pesynbrare HalOXKEHHUS STHX
R JIByX JIBUKEHUM TPACKTOPUEN YacCTHUIIbI
Oyzaet BuHTOBAas JiuHuUA (puc.4.).

\ i Z b Si /1 U U U U E OHpeI[eJ'II/IM nmapaMeTpbl

TPAaeKTOPUHU YacTHLbl. Pagumyc BHHTOBOI

Puc. 4. Buhmoesasa nuHua JUHUU OyJIeT paBeH:
R = v, :US|na. (15)
a)g (9)g
m m

[IIar BUHTOBOH JIMHUU
27
h=l)”T =0COSOf ——~—" (16)

R
m

PaccmoTrpuM ciydaid, Korja 3apsKeHHasl 4acTHIA BJIETACT B HEOJHOPOAHOE MAarHUTHOE
noje. IlycTh MarHuTHas MHAYKLUS BO3pacTaeT B HampasieHuu X (puc.3). Torma 3apspkeHHas
yacTula OyJeT IBUraThCs IO BUHTOBOW JIMHHUU, PAIUYC U IIar KOTOPOH YMEHbIIAIOTCS.



Taxum o6pa30M, 3APAINCEHHblE Yacmuybl, elemaruue 6 NOCMOAHHOE MACHUNMHOE noJjie,

UBMEHAIOM HANpaeieHue c60e20 O08udcenus u "nasusaromea” na aunuu eéexkmopa B . Drum
CBOMCTBOM TOJIL3YIOTCSI B HEKOTOPBIX MPUOOpax, 4TOOBI yAepKaTh MyYKH 3apsHKEHHBIX YaCTHUI]
OT pacIlIbIBaHUSI.

CyiHoCTb METO1a MAarHUTHOH
(hokycHupoBKH (B KPaTKOM BapHUaHTE) COCTOHUT B
cinenyomeM. Eciu dvactuna JIBUXKETCS TOYHO

—

BJIOJIb JIMHUM BekTopa B, To MarmutHOE moie

O HE OKa3bIBaeT Ha HEe HHUKAKOI0 BO3/CHCTBUS.

/ Ecnu yactuna no KakumM-To IpUYUHAM MOTYYUT

COCTaBJISIIOUIYI0O CKOPOCTH, MEepPHEHAUKYIIPHYIO

K JIMHUSM MOJs,, TO OHA BCE PaBHO He Yiiaer

JTAJIEKO B CTOPOHY OT OCHOBHOM TPAaeKTOpUU U
OyJeT ABUTATHCS 110 BAHTOBOM JIMHUMU.

ol |

. IIpumepsl pemieHust 3aaa4
Puc.5. [euxceHue 3apaxceHHoU p PeI p a

yacmuuybl e Heodﬁopoduom MA2HUMHOM nosne

3agauya 1. o-yacTuua, YCKOpEHHash pa3HOCThIO morteHuuanoB 250 B, BineraeTr B oaHOpOAHOE
MarHUTHOE ToJie MHAyKuued 25 MTn, mepneHAuKyaspHO JUHUSM MArHUTHON MHAYKUUU WU
JIBIDKETCSA 110 OKPYXHOCTH. Haiiaute pagnyc OKpy>XKHOCTU U TIEPUOJT OOpaIlEHUs Ol-JaCTHIIBI.

3anumeMm KpaTKo€ yCJIOBHC 3a/1a4H.

JlaHo: cnu
Pemenne:
e=1,6-10""Kn
e PabGora  snmexTpuyeckoro
mMp=1,67-10" kI IIOJIA  3aTpaydBacTCd Ha
U=250B YBEIUYECHUE
KMHETUYECKON SHEpPruu
B=25mTn =25-10°Tn YACTHIIBI:
a=90°,
R, T-?
2
mv 2qU
qu = = V= i )
2 m

B mMarauTHOM TIOJIE Ha JABMIXKYIIYIOCS 3apsDKEHHYIO YacTUIly JedcTByeT cuia JlopeHia:

F; =qBvsina, yron ¢=90° u Sin o =1. Cornacuo Bropomy 3axony Hetorona F 7 =Ma, |

mv?

rie @n = R~ UCHTPOCTPEMHTENLHOE YCKOPEHHE HaCTHIIBI, JBIKYILEUCS MO OKPYKHOCTH



pamuyca R.  Ilomyuaem qBv = OkoHYaTEIBbHO  paguyC  OKPYKHOCTHU:

/2qU
mv /ZmU

[Tepuon oOpaleHyst YaCTUIIBI HailieM, pa3/ieauB JJIMHY OKPYKHOCTU Ha CKOPOCTb YaCTHIIbI:
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Bonpocwt u 3a0anus.
1. Cuna Jlopenua.
2. Mopnynse cunsl Jlopenna

3. I[BI/I)KCHI/IC 3apAKCHHBIX YaCTUI] B MAIrHUTHOM I10JIC.

3agaum JJis1 CaMOCTOATEILHOI0 pPeUICHUA

1. DnexTpoH, YCKOpPEHHBIH pPa3HOCTHIO MOTEHLMAIOB 3 B, ABMKeTCs MapaljelbHO JAJIUHHOMY
npoBoAy Ha pacctosHud 4 MM oT Hero. Kakas cuna Oyaer Ha Hero J1eHCTBOBaThb, €CIH IO
IIPOBOAHMKY IIPOITYCTUTH TOK CHJION 5A?



DJIEKTPOH, YCKOPEHHBIA PA3HOCTHhIO MOTEHIMANOB SB, NIBMXETCS MapajielbHO JIUHHOMY
npoBoAy Ha pacctosauu 4 MM OT Hero. Kakoe yckopeHHe NpHOOpPETET AJIEKTPOH, €CIIU TI0
MIPOBOJHUKY MPOIMYCTUTh TOK cuiioil 10A?

. HpOTOH H DJICKTPOH, ABUT'AsACH C O[[HHaKOBOfI CKOPOCThIO, NOIMAAa0T B OAHOPOAHOC MArHUTHOC

noie. Bo ckombko pa3 paguyc KpHUBU3HBI TPAGKTOPHUU HPOTOHA OOJIBIIE Pagnyca KPHUBH3HEI
TPAEKTOPHUH JIEKTPOHA?

[IpoToH W 3NEKTPOH, YCKOpPEHHbIE OJMHAKOBOW PA3HOCTHIO IOTEHIIMAJIOB, BIAJAlOT B
OJIHOPOJHOE MarHUTHOE MoJje. Bo ckoibko pa3 paanyc KpUBU3HBI TPACKTOPUHU MTPOTOHA OOJIbIIE
paanyca KpUBU3HBI TPACKTOPUH IIEKTPOHA?

. DJEKTPOH, YCKOPEHHBIN pa3HOCThIO MoTeHIManoB 10B, BaeTaeT B 0IHOPOJIHOE MarHUTHOE T10JIE

NEPIEHIUKYJIAPHO CWIOBBIM JHMHUAM. Munykuus none pasHa 0,01 Ti. Onpenenuts paauyc
KPUBU3HBI TPAEKTOPUH AJIEKTPOHA.

DNEKTpOH BJETAET B OJHOPOAHOE MArHUTHOE II0JI€ NEPHEHAMKYJSPHO CHIOBBIM JIMHUSM.
Wuaykuus nons pasHa 0,001 Txa. OmnpenenuTh meproJ M 4acTOTy OOpalleHUs SJIEKTPOHA IO
OKPY>KHOCTH.

[Ipoton m anbda-dacTuma, ABUrasich C OJMHAKOBOW CKOPOCTHIO, IMOMANAIOT B OJHOPOTHOE
MarHuTHOE mojie. Bo CKOJBKO pa3 paauyc KPUBU3HBI TPACKTOPHUU aib(a-yacTUIBl OOJIbIIIe
paznyca KpUBU3HBI TPAEKTOPUU NIPOTroHa?

[Ipoton u anbda-dacTuia, ABUrasich C OJMHAKOBOW CKOPOCTHIO, IMOMANAIOT B OJIHOPOIHOE
MarHuTHoe moJie. Bo ckonbko pa3 meproja oOpamieHus anb(da- yacTHIlbl OOJIBIIE MEPHUoIa
oOparieHus mpoToHa?

9. DnekTpoH, YCKOPEHHBIH pa3HOCTHIO moTeHuanos 10B, BueraeT B 0JHOPOJHOE MAarHUTHOE T0JIE

10.

1.

12.

13.

14.

TaK, YTO HAIPaBJIEHUE €0 CKOPOCTHU cocTaBiseT yroy 30° ¢ HampaBlIEHWEM CUJIOBBIX JHMHHM.
WNunyxnus nons pasHa 0,01 Tia. Onpeaenuts paanyc KpUBU3HBI TPAEKTOPUHU AIIEKTPOHA.

ONEKTPOH, YCKOPEHHBIN Pa3HOCTHIO NoTeHIMaIoB 10B, BieTaeT B 0IHOPOAHOE MarHUTHOE TOJIE
NEpIEHIUKYIAPHO CHJIOBBIM JMHUAM. MuHnykuus mons paBHa 0,01 Tin. Yemy paBHBI
TaHT'€HIIMAJIbHOE U HOPMAJIbHOE YCKOPEHHUS JIEKTpOoHa?

[IpoToH, yckopeHHbIN pa3HOCThIO ToTeHIMaNOB 1000B, Bieraer B OJAHOPOJHOE MarHUTHOE
MoJie TEePHEeHIUKYISIPHO CHIOBBIM JuHUsAM. Wuaykmus mons paBra 0,01 Tin. Omnpenenutsb
TaHIe€HIIMAJIbHOE U HOPMAJIbHOE YCKOPEHHUE MPOTOHA.

DJIEKTPOH, YCKOPEHHBIN Pa3HOCThIO MOTeHIIUANOB 10B, BiieTaeT B 0/THOPOIHOE MATHUTHOE T10JIC
TaK, YTO YroJ MEXIy HalpaBJICHUEM CKOPOCTH M CHJIOBBIMH JIMHHSIMH cocTaBisier 30°.
Wunyknus nonst paHa 0,01 Tn. OmnpeneiuTh TaHTCHIUMAIBHOE M HOPMAJIbHOE YCKOPCHHE
JIICKTPOHA.

IIpoToH, yckopeHHBIN pa3HOcThiO noreHnuanoB 5000B, BimeraeT B OJHOPOJHOE MATrHUTHOE
II0JIE TaK, YTO YroJI MEKJy HaIlpaBJIC€HUEM CKOPOCTH M CHJIOBBIMM JIMHUSMH COCTaBisieT 45°.
Nunyknma nons pasHa 0,005 Tiu. OnpenenuTs TaHTeHIMANBHOE M HOPMAIbHOE YCKOpPEHUE
IIPOTOHA.

DJNIEKTPOH, YCKOPEHHBIM pPa3HOCThbIO MoTeHIuanoB 60 B, BieTaeT B OJHOPOJHOE MarHUTHOE
MOJIE TaK, YTO yroJl MEXIy HaIllpaBJIE€HUEM CKOPOCTU M CUJIOBBIMHU JMHUSIMU cocTaBisieT 30°.
Nunykuusa nons pasHa 0,01 Ta. OnpenenuTs paanyc KpUBU3HBI TPAEKTOPUU AJIEKTPOHA U IIar
BHUHTOBOM JIMHUH, 110 KOTOPOI ABUIKETCS JJIEKTPOH.



15.

16.

17.

18.

DJIEKTPOH, YCKOPEHHBIN pa3HOCThIO MOoTeHIIHaIoB 30B, BiieTaeT B MarHUTHOE MOJIE COJICHOUAA
noxa yriaom 30° k ero ocu. Yucno amnep-ButkoB cosnieHousia pasHo 5000. JnunHa coneHounna 25
cM. OnpeaenuTs mar BAHTOBOM TPAaeKTOPUHU AJIEKTPOHA B MAarHUTHOM I10JIE COJICHOUA.

[IpoToH BileTaeT B OJHOPOAHOE MATHUTHOE TOJIE TaK, YTO YroJl MEKy HalpaBJICHHUEM CKOPOCTH
W CWIOBbIMH JIMHUSIMH cocTaBisier 30°. Muaayknus mnoas pasHa 0,1 T, Onpenenutsb
KHHETUYECKYIO SHEPTHUIO MPOTOHA, €CIIU PaJInyC KPUBU3HBI €0 TpaeKkTopuu 1,5 cm.

B omnoponnoe MarHutHoe mone ¢ uHAaykuuedn B =10 MTn nepneHaukyaspHO JHUHHUSIM
WHIYKIIMK BJIETAeT BJEKTPOH ¢ KuHeTtuueckor sHepruerd K = 30 »sB. Onpenenuth paauyc
KPUBU3HBI TPAEKTOPUHU AIIEKTPOHA.

DJIEKTPOH, YCKOPEHHBIA Pa3HOCThIO MOTeHIManoB 71 B, BiaeTaeT B OJHOPOJHOE MarHUTHOE
MOJIE TaK, YTO YTrOJ MEXIy HalpaBJICHHEM CKOPOCTH U CUJIOBBIMU JIMHUSMHU COCTaBisieT 37°, u
ONUCHIBACT clnupainp paguycoM 54 M. Onpeaenutb WHIYKUMIO MAarHATHOIO IOJISI WM 1Iar
BHUHTOBOM JIMHUH, [0 KOTOPOM JBHIKETCS AJIEKTPOH.

19.371eKTpoH, YCKOPEHHBII pa3HOCThIO oTeHnuanos 10 B, BretaeT B 0JHOPOIHOE MAarHUTHOE TT0JIE

TaK, 4YTO YIOJ MEXJIy HaIpPaBIECHUEM CKOPOCTM U CHUJIOBBIMU JIMHUSMHM cocTaBiseT 53°.
Wunykuus nons pasHa 0,1 Tin. Onpenenuts paguyc KpUBU3HBI TPAGKTOPUU M IIar BUHTOBOM
JIMHUU, 110 KOTOPOU IBUKETCS 3JICKTPOH.

20.0npenenuTb KUHETUYECKYIO SHEPTUIO MIPOTOHA, JBUKYILIETOCs 10 AYre OKPY>KHOCTH PaglycoM

21.

22.

23.

60 cM B MarHUTHOM I10JI€, UHJTYKIUSI KOTOPOI'O 2-10° To.

3apspKeHHasl 4acTUlla JABMXKETCS B MarHUTHOM II0JI€ 110 OKPY>KHOCTU cO cKopocThio 106 m/c.
Nupyxkuus marautHoro nons 0,3 Tn. Paxnyc oxpyxkHoctu 4 cm. OnpenenuTs 3apsij 4aCTULBL,
€CJIM U3BECTHO, UTO €€ IHeprus paBHa 12 k3B.

B ognoponnoe marnutHoe none ¢ uaayknueit 0,01 Ti neprneHauKyaspHO JTUHUSAM UHAYKLNN
BJIETAE€T DJEKTPOH ¢ KuHeTuueckod osHeprued 30 x3B. Omnpenenuts paanyc KpUBU3HBI
TPACKTOPUU IBUKEHUS YaCTHULIBL.

[Iporon u anbda-yacTuiia MOMAZAIOT B OAHOPOJHOE MArHUTHOE TIOJe, JBUTAsChH
NEPIEeHIUKYIAPHO TUHUAM UHAYKINUU. CpaBHUTH PauyChl KPUBU3HBI UX TPAEKTOPUIA, €CIIU OHU
UMEIOT OJIMHAKOBYIO SHEPTHIO.

24.91eKTpOoH, BIETEBILNN B OAHOPOJHOE MarHUTHOE noJie ¢ uHaykuuei 0,02 Tn neprnenauKyaspHO

25.

HAIpPaBJIEHUIO MarHUTHOT'O TOJISI, IBUKETCS] B HEM T10 OKPY>KHOCTH paguycoMm 2 cM. OnpeaenuThb
Pa3HOCTB MMOTEHIUAJIOB, KOTOPYIO MPOLIEII YIEKTPOH IIEpe]] TEM, KaK BJIETE] B MATHUTHOE I10JI€.

ONEeKTPOH, IPOLIEIIINI HEKOTOPYIO Pa3HOCTh TOTEHIIMAJIOB, BIIETAET B OJJHOPOJHOE MarHUTHOE
noine ¢ wuHAykumed 1,5-10-2 Ta mneprneHAMKYJISPHO MAarHUTHBIM CHJIOBBIM JIMHUSM. B
MarHMTHOM I10JI€ 3JIEKTPOH OIHUCBIBAET OKPYKHOCTh paguycoM 114 mm. OnpenenuTs pa3HOCTh
MOTEHIMAJIOB, KOTOPYIO MPOLIEN 3JIEKTPOH MEpe]] TeM, KaK BJIETENl B MArHUTHOE IOJIE.



5. Yueono-memoouueckoe u ungpopmayuonnoe odecneuenue OUCYUNIUHbL

5.1 Ilepeuenv o0cHOBHOU u OONOJIHUMETbHOU JUMEPAMYPbl, HEOOX00UMOU 014
0CBOCHUA OUCUUNTUHDL

5.1.2 Ilepeuens ocnosnoil iumepamypul:
1. ®uzmka [Isi BY30B: MEXaHWKAa W MOJCKYJIspHas (u3nKa [DIEKTPOHHBIA pecypc]:
yueOnuk / B.A. Hukepos. - MockBa: U3narenscko-ToproBas koprnopanus «/lamkos u Koy,
2017. - 136 c¢. : Tabm., rpad., cxem. - ISBN 978-5-394-00691-3;-URL:
http://biblioclub.ru/index.php?page=book&id=450772
2. TambikoBa-bymkesny, M.W. ®usuka: B 2 4. / .M. TanusikoBa-bymkeBuy. — 2-¢ u3n.,
ucrp. — Munck : Bemmiimas mkona, 2014. — Y. 1. Mexanuka. MosnekymsipHas pusuka u
TEPMOAMHAMMKA. DJIEKTPUUECTBO U MarHeTusM. — 304 c. : ui., cxeM. — Pexxum poctyna: rno
noamucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732
3. TambikoBa-bymkesny, M.W. ®usuka: B 2 u. / .M. TanubikoBa-bymkesuy. — 2-¢ u3n.,
ucnp. — Musnck: Beinniimas mkona, 2014. — Y. 2. Ontuka. KBantoBas ¢pusuka. Ctpoenue u
¢dusnueckue cBoiicTBa BemiectBa. — 232 c. : WL, cXeM., Tabn. — Pexxum gocryma: mo
noamucke. — URL: http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuenv oononrnumenvHoll 1umepanmypol:
1. Jlekumu mno yueOHOM  gucummiauHe «OCHOBBI — TEOPETHUECKOW  (PUIUKU».
DOnekTpoauHamMuKa. [DIeKTpoHHBIH pecype]: ydeOHoe mocobue / E.M. Kyxapp. —
DNEeKTPOH. TEKCTOBble JaHHble. — Bomarorpaa: Bonrorpaackuii rocynapcTBeHHBIN
COlMANIbHO-TIeJarornueckuii  yauBepcurer, 2017. — 57 ¢. — 2227-8397. — Pexum
nocryna: http://www.iprbookshop.ru/70731.html
2. Hukepos, B.A. ®usnka: coBpemennsiii kypc / B.A. HukepoB. — 2-e u3n. — Mocksa :
N3narenbcko-ToproBas kopropamus «JlamkoB u K°», 2016. — 452 c. : w1 — Pexum
nocrymna: o noanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALIAN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE
YYPEX/JIEHUE BbICHIEI'O OBPA3OBAHIA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsturopckuit unctutyt (punuan) CKOY

MeToanyeckue yKkazaHus

10 BBIMOJIHEHUIO JJA0OPATOPHBIX pabOT
no pucruruiae «OU3MKA» 11s cTyA€HTOB HampaBiIeHUs MOATOTOBKU
08.03.01 CTpouTenbCcTBO, HAMPABICHHOCTH (MMPOQHITE) «['OpPOICKOE CTPOUTEIBCTBO M XO3AMCTBOY

[Taruropck, 2025
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Conepxanue

BBenenue

Lesp v 31241 N3YyYSHUSI TUCIIUTUTHHBI
O6opynoBaHue U MaTepUAITBI
HanmenoBanne nabopatopHbIX padoT
Coneprxanue 1a00paTOPHBIX pabOT

JlaboparopHuast pabota Ne 1. Ilpocreiimuue gu3nueckue MoaeTd, MOJIOKEHHE
MaTepuaibHOii Toukn. O6paboTKa pe3yabTaTOB (PUIUYECKOTO IKCIEPUMEHTA.
W3yuenue qBMKEHUS Teaa OpOIIEHHOTO MO/ YTIOM K TOPU30HTY

JlaboparopHasi pa6otra Ne 2. CkopocTb. BblunciieHne mpoiiieHHOro MyTH.
W3yueHne 3aKOHOB IMHAMHKH TOCTYNATEIBHOTO M BPAIIATEIBHOTO IBUKECHUN C
MOMOIIBIO MAIIMHBI ATBya

JIaboparopHast pabora Ne3. MaruuTHoe noJjie Toka. 3akoH buo — CaBapa-
Jlamiaca.

XapakTepucTUKu MarHutHoro nois. 3akoH buo — CaBapa — Jlammaca u ero
MIPUMEHEHHE K pacyeTy MarHuTHOTro noJjs. TeopeMa o HUPKYISIIIUA MAaTHUTHOTO
noJis. 3akoH Amnepa. BzaumopeiicTBue napaiiesnbHbIX TOKOB

JlaboparopHas pabota Ned. Dj1eKTPpOMArHUTHOE MoJIe.

3akoH mMOJHOTO TOKa. TOK cmemieHus. EnuHas Teopus DSJIEKTPUYECKUX U
MarHUTHbBIX siBJIeHuid MakcBemna. Cucrema ypaBHeHuit MakcBemna. CKoOpocTh
pacrpoCcTpaHeHHUsT 3JICKTPOMArHUTHOTO TONsi  PelTUBUCTCKAas TpaKTOBKa
MarHUTHBIX SBIICHUN

VY4ebHo-MeToInuecKoe U HHPOPMALMOHHOE 00ecTieueHNe TUCIIUILIIMHBI

[lepeueHb OCHOBHOM U JOINOJIHUTENBHOM JMTEpATypbl, HEOOXOAUMOW IS
OCBOCHMS TUCIUILIAHBI

[lepeyeHp yueOHO-METOIMYECKOTO OOECIEYEHHUs CaMOCTOSTENbHON paboThI
o0yyaromuxcs Mo JUCUUIUINHE

[Tepeuenr  pecypcoB  HHGOPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHON  CETH

HNuTtepuet, HEOOXOMUMBIX /I OCBOCHUS AUCITUTUTMHBI

Crp.



BBeneunue

JlaGopaTtopHble 3aHATHA CO3JAIOT ONTHUMAalbHBIE TUAAKTUYECKHE YCIOBHS IS
JIEeATEIbHOCTHOTO OCBOEHUS CTYJEHTAaMU COJEp KaHUsI U METOAOJIOTUN U3y4aeMOW AUCIUIUIMHBI
«®Du3nKa», HUCHOJIB30BAHUE CHEIMAIBHOTO JIa0OpaTOPHOrO OOOPYIOBAHHMS M TEXHHUUYECKHUX
cpeactB. JlaGopaTtopHble 3aHATHS 3aHMUMAIOT MPEUMYIIECTBEHHOE MECTO IPH H3YYCHUH
obmenpodecCHoHaNbHBIX ¥ NPO(ECCHOHANBHBIX  TUCHUIUIMH. JlabopaTopHble 3aHATHS
MPOBOJASATCS C LIENBI0 BEIPAOOTKH MPAKTHUECKUX YMEHUIN U MPUOOpPETEHHS] HaBBIKOB B PEIICHUU
SKCIIEPUMEHTHBIX 3a/lady, OTPa0OTKH YHPaXHEHHUH, BBIOJHEHUH YEpTEkei, MPOU3BOJICTBE
pacu€ToB U T.M.

Lenpto 1abOpaTOpHBIX 3aHATHHA SBIsETCS (OPMHPOBAHWE TPAKTHUECKUX YMEHUH —
npoeCCHOHATBHBIX  (BBITIOIHATD OIpPEACIIEHHBIE JEHCTBHSA, ONEpali, HEOOXOTUMBIE B
MOCNEAYIOMEM B Npo(ecCHOHANBHON JesITeNbHOCTH) WM Y4eOHBIX, HEOOXOJHUMBIX B
NocNeAyIomEell yueOHOU NeATeNbHOCTH MO OOHenpopeCcCHOHANBHBIM U MPOPECCHOHATBHBIM
JUCLUATIIIMHAM.

bubmmorpaduyeckuii CIUCOK COACPKUT CBENEHUS O CIPABOYHOW JUTEparype H

JOITOJIHUTCIIbHBIX U3AaHUAX, HeO6XO,I[I/IMBIX JJIA er'IY6J'ICHHOl"O HU3YyYCHUS OTACIIBbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lenbto ocBoeHUs] IUCHMIUIMHBI «Du3uKa» sBIseTcs (HOPMUPOBAHHE Y CTYIEHTOB

KOMIIETCHIIMIA TO3BOJISIONINA BBIPAOOTAaTh HABBIKM (PH3UYECKHX HCCICIOBAaHUN B cdepax
aKaJgeMUIeCcKor, TpoeCCHOHATBLHON U OOIIICHAYIHON IeATEIHHOCTH.

33,[[8‘11/1 OCBOCHUMA NUCLHMITIINHBI:

— H3YYCHHC 3aKOHOB OKPY’KArOUICTO MHpPAa B UX B3aNMOCBA3U;

— OBJIaJICHHEC q)YH,Z[aMeHTaJ'IBHHMI/I IMpUHIOUIIaMKU 1 ME€TOJaMH PCIICHHA HAYUYHO-TEXHHYCCKUX

3a/1a4;

— (¢dopMUpOBaHHE HABHIKOB I10 MPUMEHEHUIO IOJOXKEHUN (QyHIaMEHTANbHOW (QU3NKU K

rPaMOTHOMY HAy4yHOMY aHallu3y CHUTYyallUid,

CTAJIKMBATHCA ITPU CO3AaHUH HOBBIX TGXHOHOFHﬁ;

C KOTOPbIMH HHXCHECPY MPUXOIUTCA

— OCBOCHHUEC OCHOBHBIX (bl/IBI/I‘IeCKI/IX TCOpHﬁ, IMMO3BOJIAIOMIUX OIIMCATh SABJICHUSA B IIPUPOAC, U

NpeacioB NMPUMEHUMOCTH 3THUX TeOpI/Iﬁ AJi1 peIICHUs COBPEMEHHBIX M IIEPCIECKTUBHBIX

TCXHOJIOTHMYCCKHX 3ada4.

2. Obopyooeanue u mamepuanoi

Jlaboparopusbrii crenn «Ckambs JKykoBckoroy». JlaGoparopHblii crenn «MamuHa ATByIa».
JlaGopatopubiii cteHn «MasTHuk MakcBemiay. Habop nemMoHCTpanMoOHHBIH «MexXaHU4YeCKHe
sBieHus». Habop mabopaTopHbiii «MexaHuKay (pacIIMpeHHBIN).

Becrl

TCXHHUYCCKHUC HAaCTOJBbHBIC C pasHOBCCaMU HeMOHCTpaHHOHHBIﬁ. Ha60p

JEMOHCTPAllMOHHBINA «/{MHaMuKa BpalarenbHOro ABMKEHUs». TpyOka Heriorona. HaGop

,I[eMOHCTpaI_II/IOHHHﬁ «['a30BBIe  3aKOHBI M CBOMCTBa HaCBIIIICHHBIX
,I[eMOHCTpaI_II/IOHHHﬁ ((MOJ'ICKy.]'IHpHaH (1)1/131/11(8 u TCIIJIOBBIC

napo». HabGop

spieHus».  Habop

JIEMOHCTPAIIMOHHBINA «3BYKOBbIE KOJieOaHUs U BOJIHBI». Habop nemoHcTpalonHnslil «/luHamMuka
BpamiaTelibHOro JBIKeHUs». Habop nemoHcTpanumoHHbIM «['a30Bble 3aKOHBI W CBOWMCTBA
HachILIEHHBIX mapoBy». Habop nemonctpanumonHbii «MonekynspHas (u3MKa U TEMJIOBbIE
SBIICHUSI.

KommiexT yueOHo# mebenu.

3. Haumenoseanue npakmuueckux paoom

N3 Hux
Ne Temsbr
JR— HaumenoBaHMe TeM TUCLIMIIINHBI, UX KPATKOE OObem | mpakTuyeckas
ML coJiep)kaHue 4acoB MOJIFOTOBKA,
4acoB
JlaGoparopnass  pabora Ne 1.  Ilpocreiimmue
(puznyeckne MojaeH, MNOJI0KEHHE MaTEPHAIBLHOU
1 Toukn. OOpaboTka  pe3ynbTaToB  (HU3UIECKOTO 2
sKcnepuMenTa. VMzyueHue IBMKEHHs Teja OPOLIEHHOTO
MIOJ1 YTJIOM K TOPU30HTY
JIaGoparophnas pabora Ne 2. CkopocTb. Bhlunciienne
5 NpoiiIecHHOro myTu. l3ydeHne 3aKOHOB JIUHAMUKH 5
MIOCTYNAaTEIbHOTO M BPAILLlATEIbHOTO JIBHJKEHUH C
MTOMOUIbIO0 MAIIMHBI ATBy/1a
HTroro 3a 1 cemectp 4
JlaGoparopHasi padora Ne 3. DiieKTpOMarHuTHbIE
10 KoJIe0aHNs B KoJ1e0aTeJbHOM KOHTYpe. 3yuenne 2

SIBJICHUA C)HeKTpOMaFHPITHOﬁ HHIAYKIIHUH.
I/I3y‘-ICHI/IC QJICKTPUYCCKUX TOKOB BOZHUKAIOMIUX TTPU




SIBJICHHUH BHGKTpOMaFHHTHOﬁ WMHAYKIUN.

JlabopaTopnasi pabora Ne 4. MarHuTHOe moJie TOKA.
Onpenenenre ropu30HTAIBHON COCTaBIAIOIIEH

11 WHJIYKIIUA MarHUTHOTO T0JI 3eMJIH. 2
Onpenenenre ropu30HTAIBHON COCTaBIIAIOIIEH
WHJIYKIIMA MarHUTHOTO TOJI 3eMJIH.

Hroro 3a 2 cemectp 4

HUroro 8

4. Cooeprcanue nadopamopHulx padoom

JlabopaTopnasi pabora Ne 1

Tema padoomsi. O0padoTKa pe3yjbTATOB (PU3HYECKOr0 IKcnepuMenta. U3yuenHue
JABHKEHHS TeJia, OPOLIEHHOI0 MO/ YIJIOM K TOPU30HTY.

Ilenv padomer. N3yunTh METOABI KOJIMYECTBEHHOIO M TIPapUUECKOro MpEeACTaBICHUS
9KCHEPUCMEHTAIbHBIX pe3yabTaToB. lloATBEpAWTH Ha OMNBITE€ CIPAaBEUIMBOCTH  (GOpMyIl
KMHEMAaTHUKU.

Teopemuqecmm yacms.

Knaccudukanus morpemHocrei

HctunHoe 3HaueHue (pU3MUECKON BEIUYMHBI aOCONIOTHO TOYHO OINPEAEITUTH HENb3S.
[Ipu wu3MepeHUsX (GUIMYECKUX BEITUYMH TOJ JIEHCTBUEM CaMbIX pPa3HOOOpPA3HBIX MPUYUH
BO3HUKAIOT nocpewHocmu W3MepeHuil. Bce MOrpemHocTy MNpUHATO pa3fensaTh Ha
cucmemamuyeckue, ciyyainvle u npomaxu (OIIHOKH).

Cucmemamuyeckoli Ha3bIBalOT TAaKyl IOTPELIHOCTb, KOTOpask OCTAETCS IMOCTOSHHON
WM 3aKOHOMEPHO U3MEHSETCS MPHU MOBTOPHBIX U3MEPEHUSIX OJHOU U TOM K€ BeNMYUHBL. Takue
MOTPEIIHOCTH MOSIBJISIIOTCST  BCJEACTBUE HEHMCIPABHOCTH MPUOOPOB, HETOUYHOCTH METOoJa
UCCIIEIOBaHMS, KaKUX-TM00 YIyIIEHHH AKCIEpUMEHTATOpa, a TaKKe MPU HMCIOJIb30BAaHUM IS
BBIUMCJIEHUH HETOUHBIX 3aBUCUMOCTEN (HOpMyIT), KOHCTAHT U T.1.

Cryyaunotni  Ha3bIBae€TCA IOTPEUIHOCTb, KOTOpash BbI3BIBAETCS  JEHCTBUEM  HE
MOJAIOIINXCS KOHTPOJIKO MHOTOYMCIIEHHBIX, HE3aBUCUMBIX IPYT OT Apyra (pakTopoB. 3HaUECHUE
CllyyalfHOM TOTPEIIHOCTH KOJIeOJIeTcs OT OJHOTO0 H3MEpPEeHus K JApYyroMy, 4YTO JIeNaeT
HEBO3MOKHBIM TOYHOE MpEJICKa3aHHE pe3ysibTaTa B KaXXKIOM OTAEIbHOM u3MepeHuu. OmHako
OpU PacCMOTPEHHMU MOBTOPHBIX H3MEPEHUI OOHapyXMBAaeTCs XapaKkTepHas 3aKOHOMEpPHOCTh
pe3ysnbTaToB, MX OIpeNeleHHas YyCTOMYMBOCTb, KOTOpass M CIYXHUT OCHOBOM i
MaTeMaTH4eCKOM 00pabOTKH ONBITHBIX JAHHBIX, BEIUUCICHUS CIy4alHBIX MOIPEIIHOCTEH.

Ilpomaxom WM owwmOKoU HA3bIBAIOT TaKyl0 IMOTPEIIHOCTh HW3MEpEHUus, KoTopas
OKa3bIBAETCSl 3HAUUTENBHO OOJIbIlIEe OKUAAEMON MpPH JaHHBIX yciaoBHAX. Ommbka o6s3aTenbHO
JOJIKHA OBITh MCKIIIOYEHA U3 Pe3yNIbTaTOB U3MEPEHU.

OmnpenesieHne NOrpemIHOCTe MPH NPAMBIX H3MEPEHUAX

Ilpsimbivu Ha3BIBAIOT TaKWe€ W3MEPEHHS, TNPUH KOTOPHIX (u3nyeckas BeIMYHWHA
U3MEPSETCS HETIOCPECTBEHHO MPH IMOMOIIHU Mprudopa.

[Iyctb X — NEWCTBUTEILHOE 3HAYEHUE H3MEPSAEMOWM BEJIMYMHBI, a X1 — IOKa3aHUS
npubopa. AGCONIOTHON MOTPEUTHOCTHI0 HA3BIBAETCS BEIMYMHA

|Ax] =[x, — . (1)



TouyHOCTh HM3MEpeHHsI XapaKTepU3yeTcs OTHOLICHHEM aOCOJIIOTHOW IMOTPELIHOCTH K
NEMCTBUTEIEHOMY 3HAYEHHIO U3MEPSIEMOI BETMUNHBI

o=,

X

)

OTO OTHONIICHHE HA3BIBACTCA OMHOCUMENbHOU nocpewHocmvo M BBIPpAXACTCA B
IIPpOLCHTAX.

[TorpemHocTH, JONMycKaeMble MNpPHU MPSAMBIX HM3MEPEHUSX, HEPEIKO Ha3bIBAKOTCS
npubopHuiMU, TaK KaK 00YCIOBICHBI KIACCOM TOYHOCTH MpHOOpa, KOTOPBIM yKa3bIBaeTcs JTUO0
Ha camoM mpubope, mubo B macnopte. B Tex ciydasx, korga Ha npubope KiacCc TOYHOCTU He
yKa3aH, abCOFOTHASI TOTPENTHOCTh MPUHUMAETCS] PABHOU IMOJIOBUHE IICHBI JACTICHUSI.

CnydaiiHble TMOTPEHIHOCTH HMMEKT CTATUCTHYECKUI XapakTep, UX MaTeMaTH4yecKas
00paboTKa MPOU3BOIUTCS C MIOMOINBIO TEOPHH BepOsATHOCTEH. [Ipr MHOTOKpaTHOM HM3MEpEHUU
PaBHOBEPOSITHO MOJYYUTh PE3yNIbTAaT Kak OOJBIIMMA, TaK U MEHbIIUHN, YeM HCTUHHOE 3HAUCHUE
M3MEPSAEMON BEJTUYUHBI.

[lycTh poBe€HO N U3MEPEHUI BEIMUYUHBI X U B PE3YJIbTATE MOJYUYEHO N 3HAYCHUM: X1,

X2, ...Xn . Beanmunna
n
2%
X+ X+t x, 5

(x) = - = *n : 3)

Ha3bIBACTCS CPEeOHUM apumemuyeckum 3HAUYCHUEM, SBISCTCS XOPOIIUM NPUOIMKEHHUEM K
UCTUHHOMY 3HAYEHUIO U3MEpPAEMOW BEJIMYMHBI M, KakK MPaBWIO, HCIOJIb3YETCS Kak
OKOHYATEJIbHBIN UTOT CEPUU U3MEPEHUN.

PaccMoTpuM HECKOIBKO OCHOBHBIX STAloOB YIMPOIIEHHOW MaTeMaTH4ecKod 00paboTKu
pe3yJIbTaTOB U3MEPEHU.

1. Haxoaum cpennee apudMeTnieckoe 3HaUCHUE U3MEPSIEMOM BETHUUHBI {X).

2. Beruucinsiem aOCOTIOTHBIE MTOTPEITHOCTH PE3YIbTATOB OTACITBHBIX U3MEPEHHI
A | =[x = (X)| (i=12...,n) @)
A6COJ‘H‘OTHaH HOFpeH.IHOCTB HUMECT paSMepHOCTB I/I3Mep}IeMOI71 BCJIIMYUHBI u

XapaKTepPU3yeT KaueCTBO OTAECIbHBIX U3MEPEHUM.
3. Beraucnsiem cpeHio abCOTIOTHYIO MOTPEIIHOCTh

KAx)|= == )

4. BeruncnsieM OTHOCHTEIIbHYIO MTOTPEITHOCTh

&= @ -100%. (6)
(x)
5. 3anmchIBaeM OKOHYATENBHBIN pe3ynbTaT X = (X) £ (Ax). @)

Onpeaenenue NorpenIHoCcTell NP KOCBEHHBIX H3MeEpPEeHUSX

B OonbmmHCTBE ciyyaeB MpU NPOBEACHUM (PU3MUECKUX HKCIEPUMEHTOB HCCleqyeMast
¢u3nyeckas BeIMYMHA HE MOXKET OBITh HM3MEpPEHa HEMOCPEJICTBEHHO, JUIs €€ OIpelesieHHs
TpeOyeTcs U3MEPUTD psAJ] APYTUX BEIMUUH, @ UCKOMYIO HAWTH, MMOICTaBUB HAWIEHHbIE 3HAUEHUS



B (QopmMyny, BBIPRKAIOIIYI0 3aBUCUMOCTh HMCKOMOW BEIWYMHBI OT HEMOCPEIACTBEHHO
U3MepseMBbIX BeMUYuH. Takue n3MepeHus: Ha3bIBaloT KOCBEHHBIMHU.

Jns onpeneneHusi MOrpEeIIHOCTEN KOCBEHHBIX H3MEPEHUM MOKHO BOCIIOJIb30BaThCS
dopmynamu nuddepenupoBanus, T.K. (OPMYJIbl MOTPEUIHOCTEH MMOIYYarOTCS B TOM K€
npuOIMKeHnd, 4yTo U Gopmynsl 1 nudpdepennuana GpyHkuud. Bo MHOrMX ciydasx, Kornaa
dbopmyna ymobOHa s JorapuMUpPOBAHUsSA, OKa3bIBacTCs Oojiee yaoOHOH (dopmyna

. dx
OTHOCHUTCJIBbHOU HOFpeIJ_IHOCTI/I. OTHOCI/ITCJ'IBHaH IOTpCIIHOCTD E=— , HO d (In X) =— WU,
X X

AX
CIIEZI0BATENBHO, A(m X) =—.
X

WNuaye roBoOpsi, OTHOCUTENBbHYIO MOTPEIIHOCTh MOXKHO paccuuTaTh, €CIH B3STh
muddepeHIran HaTypalbHOTo Jorapudma, onpeaesonni 3aBUICUMOCTb TAaHHON BETHYUHBI OT
u3MepsieMbIx BennuuH. Hanbomnee yacto Berpeydaromuecs: GopMyIibl MpuBeeHbI B Tabmuie 1.

Ta6muma 1.
Maremarrueckas ornepanus AOCOTIOTHAS TIOTPEITHOCTh OTHOCHUTENBHASI IOTPEITHOCTh
X+y Ax+Ay AX + Ay
X+y
X-y Ax+Ay AX + Ay
X—Yy
Xy yAX+xAy AX N Ay
X Yy
Xyz yZAX+xzZAy+xyAz AX Ay Az
X 'y z
iy yAX = Xy Ax
y? Xy
x" nx"t . Ax n &X
X
Q/; 1 1_1 1 AX
X0 AX nx
n
X AX AX
1+ X (L1 x)? X(L+ x)
e eX Ax AX
In x AX AX
X xIn x




sin X COS XAX ctgx- AXx
COS X sin XAx tgx- AX
tgx AX 2AX
cos? x sin 2x
Ctgx AX 2AX
sin? x sin 2x

I/I3yqeﬂne ABMKCHHUA TeEJ1a, 6p0HIeHHOF0 moa yrjioM K ropusoHTy

o 1
TCJ'IO, 6pOI_I_ICHHOC nmoxa yrioMm a K TOpHU3OHTY € HAYaJIbHOU CKOPOCTHIO no , 6y,I[eT

JBUTATHCS 110 KPUBOJIMHEWHON TPACKTOPUU , B JIFOOOI TOUYKE KOTOPOH BEKTOP CKOPOCTH MOKET
OBITH Pa3JIOKEH Ha JIBE COCTABIISIONINE — TOPU3OHTAIBHYIO M BEPTHKAIbHYIO (puc.1).

v

Vih Vi \p)
(]
1
1
1

Vih

A 4

Vox X
Puc.1.

[Ipoekunu 3TUX BEKTOPOB HAa OCHU KOOPJMHAT, HA4aJI0 KOTOPHIX BEIOPAHO B TOUKE
OpocaHusi, paBHbI:

v, =, -Cosa

X

v, =, - Sina — gt @)

HpI/I OTOM T'OpHU30HTAJIbHAsA COCTABJIAIOIIAsA CKOPOCTHU HE 6YJ16T MCHATBCA C TCUCHUEM
BPEMCHH, T. K. YCKOPCHUC CB060,Z[HOFO nmaaCHusA HE NMECT FOpHSOHTaHBHOﬁ COCT&BJBIIOH.[CI\/'I, a
HaIpaBJICHHO BEPTHUKAJIBHO BHU3. BepTI/IKaJ'II)HaSI COCTaBJIAIOIIasA CKOPOCTH 6YJIGT MCHATBCA I10
3aKOHY PaBHOIICPEMECHHOTO JIBMXKCHUS C YCKOPEHHUEM a = (.

WNsmenenue KOOpAuHAT TCJjia UMCCT BU.

X=v, -Cosat

2
y:h:UO-Sina—%t @




TpaexTopus Tena, OpPOLMICHHOTO MO YIJIOM K TOPU30HTY, MPEACTABIIET CO00H mapadoaiy.

B Bepmmne 3TOM mapaboibl BepTHUKAIbHAs COCTABJISAIONIAs CKOPOCTH paBHa HyM0. B Touke

naJieHus] CKOPOCTh TeJla paBHA MO aOCONIOTHOM BEIMYMHE CKOPOCTH Tella B TOUKe OpocaHus, a

HalpaBJIEHUE €€ COCTABISAET TOT )K€ YroJl, UTO U B TOUKe OpocaHMs. DTO CleAyeT U3 CUMMETpUU
11apaboJibl U UMEET MECTO B OTCYTCTBUE CONPOTUBIIEHUS BO3AyXa.

HauanbHyto ckopocTh Tesa ,0pOIEeHHOI0 MO YTII0M K TOPU30HTY MOXHO OIPENEeNIUTh U3
ypaBHeHus (1).

l

N Cosa -t

Uy (3)
FI[C [ - JaJIbHOCTH I10JICTA - U3MCHCHUE IIOJIOKCHUS TEJ1a I10 OCH X.

Bpewmst moneTa MOXXHO omnpeAeuTh U3 ypaBHeHus (2). B HauBbIcIIel TOUKE TPACKTOPHH
JOBUXXCHUS TeEJia CKOpOCTB Vy=0. BpeMSI, COOTBeTCTByIOH.[ee 3TOMy MOMeHTy, COCTaBJIACT
HOJ'IOBI/IHy BCETO BpeMeHI/I moJiera Teja, Toraa

0= v, -Sina—g—t’
2
OTCIOJIa BpeMsl TI0JIETa Tela
2v, -Sin
{ = 20 Sina (4)
g

[Toncramss (4) B (3) nonyuum

(5)

OcHOBHO¥ 3a7a4€il MEXaHUKH SIBJISIETCS OINPECIICHUE TTOJIOKEHHUS TeJla B IPOCTPAHCTBE B
M000l MOMEHT BPEMEHH. 3Has KOOPJHMHATHI Tela BCEra MOXKHO HAWTH €ro CKOPOCTH U
yCKOpeHHst (10 OMpEACNICHUIO0 ATHUX BeNMWYMH). OCHOBHBIMU 3aKOHAMU, CBS3BIBAIOLIMMHU 3TH
BCJIMYHHBI, CUJIBI 1 MACCy TEJIa SABJIAIOTCS 3aKOHBI HrrotoHa U 3aK0OHEI COXpaHCHUA.

Oobopyoosanue u mamepuaol.

YcTaHoBKa, cOCTOSAIIAs U3 MPYKUHHOTO MUCTOJIETA C MIAPUKOM U JTHHEHKH.

Ykazanua no mexnuke 6ezonacnocmu.

1. K BbImomHeHUIO J1a0OpaTOpPHBIX PabOT MOMYCKAIOTCS CTYIEHTHI, U3YUMBIIUE TMpaBUia
TEXHUKH 0€30MacCHOCTH.
2. JlaboparopHble pabOTHI MOTYT MPOBOJUTHCS TOIBKO MOJI PYKOBOJACTBOM U HAOIIOIEHUEM
IperoaaBaTers.
3. Pacnonaraiite mpubopsl, Marepuaibl, 000pyJoBaHHE Ha paboyeM MecTe B MOPSIKE,
YKa3aHHOM TIPEI0/1aBaTeIIeM.
4. Tlpu BbIMOTHEHUH TaOOPATOPHBIX PabOT ¢ MPUMEHEHHEM IOJIETOB OATUTMCTUYECKUX Tel
HE CIIeJyeT HAaXOJWUTHCS B 00JaCTH IOJIeTa Tela.
He nepxxute Ha pabouyem cToje MPEAMETHI, He TPeOyIoIuecs A BEITOTHEHHS 3aaHUS.
[Tepen Tem, Kak MPUCTYNUTH K pabOTe TIIATEIBHO M3YyUUTE €€ OMHMCAHHE, YSICHUTE X0
BBITIOJTHEHUS paOOTHI.

oo

3aoanus.

1. Ompenenure B3BemmMBaHWEeM Maccy Immapuka [T, Beluuciure OTHOCHTEIBHYIO
MOrperrHocTh Macchl M.

2. 3akpenuTe IHUCTOJET HA BBICOTE h nox yriaoM . BelUuCIATE OTHOCUTEIHHBIC
MOTPEITHOCTH BBICOTBI h u yria o .

3. PacTaHyB NpyXuHy mucToleTa Ha X CM, ONpeleNuTe 10 JUHAMOMETPY cuiay I .
BhIUKCITHTE OTHOCUTENBbHEIE orpemHoctd X u .



4. BeicTpenute 5-7 pa3 IpH OJHUX U Tex ke 3HaueHnax X u . IIpu kaaoM BeICTperne
U3MEPSIUTE  JalIbHOCTH  IIOJIETA S. Bouucnnre OTHOCHUTEIIBHYI0  IIOTPELIHOCTH

HETMOCPEJICTBEHHOTO U3MEPECHHUS JTAITBHOCTH S.
5. Brruucnure:
a) K03 (HUIMEHT )KECTKOCTH MPY>KUHBI ITUCTOJIETA K:

0) HAaYaIbHYIO CKOPOCTh T0JIETA IIAPUKa V) ;

B) BEPTHKAILHYIO COCTABJISIFOIIYIO HAYaJIbHOW CKOPOCTH U,
') BEpTUKAIBHYIO COCTABJISIFOLLYI0 KOHEYHOU CKOPOCTH v, ;

/1) TOPU3OHTAIIbHYIO COCTABIISIONIYI0 HAYAILHON CKOPOCTH U, ;

€) FOPU30HTANIbHYIO COCTABJIAIOILYIO KOHEYHOM CKOPOCTH U, .
6. Breluuciure AanbHOCTH I0JIETA MO U CPABHUTE CO 3HAYEHHUEM, MTOJIyYEHHBIM B MyHKTE 4.
7. Bpluucnure u3MeHEHUE MMITYJbCa MIapUKa 3a BpeMs IoJieTa \Ap\ . Boruncnure cuny,

M3MEHHBIIYIO UMITYJIbC IIApUKa 32 BPEMS TOJIETa.

8. CpaBHHTE 3HAaueHHUS TMOTEHIMAIBLHON SHEPrUU CKATOM MPYKHUHBI, HAYaIbHON
KHHETUICCKOW YHEPTUH IMAPUKA ¥ KOHCYHOW YHEPTHH IIapHKa.
Cooepircanue omuema.

Otuer 1o 1a00paTOPHBIM pabOTaM JTOJKHBI COIEPKATh:

- TUTYJIbHBIN JIUCT;

- 11eJ1b PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPEJICIICHUH, MOHATHH, (hopMy;
- OCHOBHOE 000py/I0BaHHE, CXEMa YCTAaHOBKH;

- OTIMCAHME IO MYHKTaM BBIITOJIHEHHOH paboTHI;

- pe3ynbTaThl U3MEPEHHH U pacueToB (TabIuUIbl, TpaduKm);

- OLIEHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOIIbHBIE BOMPOCHI;

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

Konmponsnsie eéonpocui.
1. CdopmynupyiiTe NpUHIUT CYNEPIO3ULINN ABMKEeHU. [ 1e oH mpuMeHsercs?
2. BeiBenuTe ypaBHEHHE IS ONpeIeICHHs MOJIeTa IapuKa, OpOIIEHHOTO MO YyIIoM (O K

TOPU30HTY C HAYAIBHON CKOPOCTHIO V), .

3. BriBenmuTe MakCHUMallbHYIO BBICOTY MOJbEMa IIapuKa, OPOIIEHHOTO MOA YriioM O/ K
TOPHU30HTY C HAYaJbHOM CKOPOCTHIO V), .

4. BpiBeauTe ypaBHEHME [ajlbHOCTH IOJIETAa IIapuKa, OpPOLIEHHOrO MOj yriioM & K
TOPU30HTY C HAYAIBHON CKOPOCTBIO V), .

5. Tlon xakum yriom Hajgo OPOCUTH TeNo, YTOOBI JaTbHOCTh MOJIeTa Obljla MaKCUMaslbHA?
[Tpu xaxom yriie OpocaHus BHICOTA IOJIETa paBHA €ro 1ajJbHOCTH?



JlabopaTopnasi paGora Ne 2

Tema paoomwvi. W3ydyeHwe 3aKOHOB JIHMHAMHUKHM IOCTYNATEJbHOI0 [IBUKEHHSI C
MOMOIIbI) MAIIMHBI ATBY1a

Lleny pabomuwl. IlpoBepka 3aKOHOB MOCTYNATEIBHOTO JIBUXKEHHS C MOMOIIBIO MAIWHbI
ATByna.

Teopemuuecxaﬂ yacms.

[TocTynaTenbHbIM JBM)KEHHEM HAa3bIBAIOT JIBUXKEHUE, IPU KOTOPOM JH00as JIMHUS,
IIPOBE/IEHHAs B Telle, OCTAaeTCs NapaiesibHol camoil cebe. IIpu TakoM NBM)KEHUM TPAEKTOpUH,
CKOpOCTh M YCKOpEHHUs TOYeK Tena coBnajgaroT. CienoBaTelbHO, ABMKEHHE Tela MOKHO
3aMEHMTbH JIBUKEHHEM €ro oiHOM Touku. Yaine Bcero, BHIOMpAOT ABMIKEHHE LIEHTPA TIXKECTU
Tela.

OcCHOBHOE ypaBHEHUE MOCTYNATENbHOIO JBUKEHMS, (BTOpOoi 3akoH HbloTOHA) MMeeT BuA:

m-da=> F
rae m— macca, a— YCKOPCHUC TCJIa, Z IE - CyMMa Cul, ﬂeﬁCTByIOHIHX Ha TCJI10.

BpamarenbHbIM IBH)KEHHEM Ha3bIBAIOT ABM)KEHHE, MPU KOTOPOM TOYKH TeNa JBHKYTCS
M0 OKPYXKHOCTSIM, LIEHTPBl KOTOPBIX JIEKAT HA OJHOM MPSMOiA, Ha3bIBAEMON OCHIO BpalllCHUS.
OcHOBHOE ypaBHEHUE BpAIIATEILHOTO IBMXKEHUS (BTOpPO 3akoH Hpl0TOHA) MMEET BU:

l-E=) M,

2 .
Ime |, =M -r°- MOMEHT WHEpUMH MaTEPUAIBHON TOYKH, MOMEHT WHEpPIHH

Bpalaromerocs Tejia, paBe€H CyMME MOMCHTOB MHCPIHUHN BCCX MATCPUAJIBHBIX TOYCK 3TOI'O TCJIa:

| = z I, Z M - cymMmmMa MOMEHTOB CWJ, ACUCTBYIOIIMX Ha Tel0. MOMEHT CHIIbI — BEJIMYHMHA

paBHasi NPOU3BEJIEHUIO MOJYJS CHJIBI Ha IUIeY0 3TOM cuibl. [lmedom cuiibl Ha3bIBalOT
KpaT4aiilliee pacCTOsIHUE OT OCH (LIEHTpa) BPALEHUS /10 JIMHUU I€UCTBUS CUJIBI.

Mamuna AtByna (puc.l) mpenacrasiser coboit Onok pamuyca R, depe3 KOTOpBIU
NEepEeKUHYTa HUTh C Tpy3aMu ny U ma. Ecau my> my, mo, yaumuieas, umo HUmo HEPACHISIHCUMG,

apY3bI MPUOVIT 6 OBUICEHUE ¢ OOUHAKOBLIM YCKOpeHueM a. Bok Gyoem apauamvcs ¢ YeoebiM yekopeHem € ,

MOYKUL HA €20 0000e OYOym uMenb MAHCCHYUWTLHOE YCKOPEHUE PABHOE YCKOPEHUIO ZD)308. Ypasnerus
OBLDICEHUS 3PY308 U OIIOKA, NPUHUMASI HANPAGTEHUE O8UMHCeHUsL N0 ocu ocu X, 6Y0Ym umentv 6UO:
T,-m-g=m-a @
T,-m,-g=m,-a @
TZ-R—Tl-R—Mmpzl-g €)]

Toe T, u T, - cuml Hamsdicerus Humu cresa u cnpasa om Ooka, M., - moverm cutol mperus, yeiosoe

ycxopatuec‘f:%.



PucyHoK 1- MalllMHa ATEYIA

Onucanue yCTaHOBKH, BbIBOJ] PACYeTHBIX (opMy.JI

OOmuii BUA yCTAaHOBKM IpuBeAEH Ha pucyHke 2. Ha BeprukanpHON cTolike 1
PacIooKEeHbI TPU KPOHIITEHHA: HIKHUM 2, cpeiHui 3, BepxHui 4.

Ha BepxHeM kpoHiuTeiiHe 4 kpenuTcs 0JI0K, 4epe3 KOTOPBI MePEKUHYTa HUTh C TPy3aMu
5, oauHAKOBOM Macchl. BHM3y HaxXxomWTCs 3JE€KTPOMArHUT, KOTOPBIA INpU IOAAYE€ HA HETO
HaNPSDKEHUS yIEPKUBAET CUCTEMY C IPY3aMH B HEMOJABHIKHOM COCTOSIHUH.

Ha BeprukanpHON crTolKe 1 yKpemeHa CaHTUMETpoBass JIMHEHKa &, IO KOTOpOH
ONpEACIAIOT HavyaJbHOE M KOHEYHOE IIOJIOKEHHE TPYy30B, a, CIEIOBATENIbHO, U INPOWIECHHBIN
nyTh. HayanbHOE mosio)keHne onpeensioT BU3yallbHO M0 HIDKHEMY Cpe3y Ipy3a, KOHEYHOE - 110
MHJEKCY (KpacHasi METKa) CPETHEr0 KPOHIITEHHA.

CexkyngoMmep ¢ nU(poBON HMHAMKAIMEH BpEMEHHU 3aKpeIUIEH Ha OCHOBaHUU Mpubopa.
[Tpunuun pabotel npubopa 3akitoyaeTcs B cienyromeM. Korga Ha KOHIIAX HUTU BUCAT IPY3bI
oMHaKOBOM Maccel my =100 1, cucTeMa HaXOIUTCA B paBHOBecHH. Eciu Ha OIWH U3 TPYy30B
MOJIOXKHUTh TIEperpy30k maccoir Am, (m, = my;+ Am) cucTeMa BBIXOJUT W3 PABHOBECHUS U
JIBIDKETCSl paBHOYCKOpeHHO. Macca Onoka paBHa 102 rpamma, paguyc Ojoka paBeH 7 CM,
MOMEHT MHEpIMU OJIOKa paBeH MOJOBHHE MPOM3BEIEHUS MAacChl €r0 U KBajpara ero pajuyca
(KaK CIUTONIHOTO JHCKA).

IIpn paBHOYCKOpPEHHOM ABMXEHMH YCKOPEHHME T'Py30B MOXKHO HAWTH M3 H3BECTHOIO
COOTHOILIEHUS

2
oot

. . 2
S=h - myrs, npoiieHHbII Tpy3aMH,
t - BpeMms uX IBHKEHHS. DKCIIEPUMEHTAIbHOE 3HAaUEHUE YCKOPEHUs HalJeM depe3 U3BECTHBIN

yTh U Bpemsi: & = 2.%



[Tpu mpoBeAeHUU OIBITA C OJHUMHU 3HAYCHUSIMHU MPOUJIEHHOTO MYTH S M M MacChl MEperpy3Ku
Am, u3 nepBBIX ABYX YPaBHEHMI CUCTEMBI MOKHO OIIPENEIUTH CUJIbI HATSDKEHUS HUTEH:

T,=m-(a+g)
T,=m,-(a+g)
3Hasi CUJIbl HATSKEHUS TPETHEr0 YPABHEHUSI MOKHO HAUTH MOMEHT CUJI TPEHUS:
Mmp :(TZ _Tl)' R-1-¢
OmBIT C OTHUMH TIEPErpy3KaMu MPOBECTH I ABYX 3HadueHuid S (0,6 M u 0,8 m).

CpaBHUTH 3HAYEHUS CUJI HAIPSDKEHUS] © MOMEHTBI CHJT TPEHUS JJISl 3TUX JBYX CEpUN MOMEHTA.
Oobopyooeanue u mamepuansl.

Mainna ATByia, 3JIEKTPOMarHUT, CEKyHA0Mep, Ha0op Meperpy3oB.

Ykazanua no mexnuke 6ezonacnocmu.

1. K BbIIOJHEHHIO JIAOOPATOPHBIX PabOT MOMYCKAIOTCS CTYACHTHI, U3YUYUBIIUE IPaBUIIA
TEXHUKH 0€30MMaCHOCTH.

2. JlaboparopHble pabOTHI MOTYT MPOBOJUTHCS TOJIBKO MOJI PYKOBOACTBOM U HAOJIOIEHUEM
MIPETNo/1aBaTelIs.

3. Pacnonaraiite npubopsl, Marepuaibl, 000pyJOBaHHEe Ha paboyeM MecTe B MOPSJIKE,

YKa3aHHOM TMPEeToaBaTesIeM.

He nepxxute Ha pabouem cTOje MPEAMETHI, HE TPeOYyIOIUecs AJis BHIIOTHEHHS 3aaHUS.

5. IIposBiSTE OCTOPOKHOCTh M aKKypaTHOCTH IMPU HEMOCPEACTBEHHOW padoTe ¢ rpy3amu,
IpYXKUHAMH U UHBIMU HEOOXOIMMBIMHU ISl paOOThI TPUCTIOCOOTCHUSIMH.

6. Ilepex Tem, Kak MPHUCTYNUTh K pabOTEe TIHIATEIHHO M3Y4YHTE €€ ONMUCAHUE, YSICHUTE XOJI
BBITIOJTHCHHS PaOOTHI.

3aoanus.

e

1. BxitouuTb B C€Th LIHYP MUTAHMS TPUOOPA.

2. TlepemecTHuTh HUTH C Tpy3aMH TaK, 9TOOBI MIPABHII I'Py3 3aHST BEPXHEE MOJIOKEHHE.

3. BKIIOYUTH IEKTPOMATHUT, YIEPKUBAIOIINN CHCTEMY B TIOJIOKESHUHU TIOKOSI.

4. TlonoxuTh Ha MPAaBbIM I'Py3 OJUH U3 MEPETPY3KOB. Y CTAHOBUTH CPEIHUI KPOHIITEHH Ha
ormerke = 0,6 M, wiu 0,8 M. BKIIFounTh CeKyHIOMEP OJHOBPEMEHHO C BBIKIIFOYECHHEM
AJIEKTPOMAarHuTa.

3anucath N0 MMOKa3aHUAM CEKYHJI0MEpPa BpeMs JABMXKEHHUS Ipy3a.

[ToBTOPUTH ONBIT C BEIOPAHHBIM MEPErPy3KOM HE MEHEE ISATH pas.

[TOBTOPHTH OIIBIT IIPH JPYTO# BeIcOTE. N, .

© NoG

OmnpenenuTs 1O pe3yabTaTaM ONBITA CPEJHEE 3HAaYeHUE BPEMEHHM tc, M paccyMTaTh IO
(dbopMyIe 3HaYCHHE YCKOPEHUSI.

9. BbIYHCITUTH CHIIBI HATSHKESHUS HUTSH U MOMEHT CHITBI TPSHHUSL.

10. Ilo maHHBIM OMBITa C OJHUM 3HAYEHHEM S BBIYUCIATH KHHETUUYECKYIO YHEPTHIO TPY30B B
KOHEYHBI MOMEHT JBH)KCHUS

(m+m,) v (m+m,)-a’t? (m+m,)-2-8°

K
P 2 2 t?

11. BEIYHCIUTh KHHETUYECKYIO SHEPTHI0 OJI0Ka

1e* m-R*VvY mv? m-S?

K - _ _
o 2.2.R? 4 t2

12.  BplHCIUTH U3MEHEHHUE MOTSHITMAEHON SHEPTHH TPY30B



All=m-g-§S

. All-(K, +K
13.  HaiiTi 3HaueHHE BBIpa)KEHUS ( k4 Y

14,  OOBSICHUTH OJYYCHHBIN PE3YIIBTAT.

7
S , o
3 _LEL;,'j 2 |
. ]
s -
= = EEes e

Puc. 2. O6muii Buj SKCIepUMEHTAILHON YCTaHOBKHU

Cooeporcanue omuema.

Otyet no 1abopaTopHBIM paboTaM JAOKHBI COACPIKATD:

- TUTYJIbHBIN JIUCT;

- 11e7Tb PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPE/IeJICHUM, MOHITUH, (OPMYIT;
- OCHOBHOE 000py/I0BaHHE, CXEMa YCTaHOBKH;

- OTIMCAHME IO IMMyHKTaM BBIITOJIHEHHOH paboTHI;

- pe3yJbTaThl U3MEPEHHH U pacueToB (TabauIbl, TpaduKy);

- OLICHKA NIOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BONIPOCHI;

- BBIBO/IBI 110 P€3YJIbTaTaM BBIMOJIHEHHON pabOThl, 1aTa, MOIMKCE.
Konmponvnwsie éonpochwi.

1. [aiite onpenenenre NOCTyNaTeabHOrO IBUKEHUS TBEPJOTO Tena.

2. Uto Takoe MaTepuaiibHas TOYKa U a0COJIFOTHO TBEPI0€ TEJIO?

3. OOBsICHUTE, YTO TAKOE CUCTEMa OoTcyeTa?

4. Ilepeuricnute W  OOBSICHUTE  OCHOBHBIE  KHHEMATHUYECKHE  XapaKTEPUCTUKH
MOCTYNATENbHOTO JBUKEHUS.

5. Chopmynupyiite nepsbiif 3akoH HproToHa.

6. JlaiiTe onpeneneHust MacChl M UMITYJIbCA TElIa.

7.Chopmynupyiite Bropoii 3akoH HproToHa.



8. Uro Takoe paBHOAEHCTBYIOIIas cuia?
9. O6bsacHuTe TpeTuil 3akoH HproToHa.
10. Tate onpenenenue cuil yrnpyroctu. Yto takoe ympyras nedopmanus ?
11. Ha yeM OCHOBBIBAeTCS BBIBOJI PacueTHBIX (OpMYJT B JAHHOU JabopaTtopHOi pabore?

JlaboparopHasi padora Ne 3
Tema padbompl. U3ydyeHune siBJIeHUA 3JTCKTPOMATHUTHOM HHIYKIUH.

Llenv padomwi. VI3ydyeHue DIIEKTPUYECKUMX TOKOB BO3ZHHMKAIOUIMX IPU  SIBICHUU
3JIEKTPOMArHUTHON MHTYKITUH.

T eopemuuecKas 4acmeo.

MarHuTHBIii TOTOK dYepe3 IUIOCKYI0 MOBEPXHOCTh — OTO CKalsApHas Qu3ndeckas
BEJIMYMHA, YHUCJIEHHO paBHas IPOU3BEACHUI0 MOJYJiI MAarHUTHOM HHIYKIMU Ha IUIOLIAIb
MMOBEPXHOCTH, OTPAHUYEHHON KOHTYPOM, U Ha KOCUHYC yIja MEXIy HOPMAJIbIO K MOBEPXHOCTH
U MarHUTHOM uHAykiuen 17 oktadps 1831 rona anrnuiickuil yuensiii Maiikn ®apazeit OTKpbLI
SIBJICHUE 3JIEKTPOMATHUTHON MHAYKIMH.

SIBjIeHMEM 3J1eKTPOMATrHUTHOM MHIYKIMM HA3bIBAECTCS SBJICHHUE BO3HUKHOBEHHS TOKa B
3aMKHYTOM KOHTYpPE MPU HU3MEHEHMHM MAarHUTHOTO MOTOKA, MPOHU3BIBAIOIIETO 3TOT KOHTYp. A
MOJTyYEHHBIH TAKUM CIIOCOOOM TOK, Ha3bIBAECTCS MHAYKIIHOHHBIM.

3aK0H 3JIEKTPOMATHUTHONW HMHAYKUMHU: CpPEAHEE 3HAYCHHUE DJICKTPOIBMIKYILIECH CHIIBI
WHAYKUUA B TPOBOSLIEM KOHTYpPE MPONOPLHUOHATIBHO CKOPOCTH M3MEHEHHS MAarHUTHOTO
MIOTOKA Yepe3 NOBEPXHOCTh, OTPAHUYECHHYIO KOHTYPOM.

Benuuuna u nHanpasnenue D/1C nnaykuuu

PaccMoTpuM Temeph, KakoBbl OYyAyT BEIMYMHA W HANpaBICHUE HHIYKTUPOBAHHOW B
npoBoanuke D/C.

Bemuunna 3J1C uHAYKIIMK 3aBUCHUT OT KOJIMYECTBA CHJIOBBIX JIMHUM TI0JIS, TEPECEKAIOIINX
MIPOBOJHUK B €IMHUILY BPEMEHU, T. €. OT CKOPOCTH JABUKEHUS ITPOBOJHUKA B IIOJIE.

Bennuuna unayktupoBanHoi OJIC HaxonuTcss B MPSMOW 3aBUCHUMOCTH OT CKOPOCTH
JBUKEHUSI IPOBOAHNKA B MArHUTHOM TIOJIE.

Bemuunna unaaykrupoBanHoi 3JIC 3aBUCHUT Takke W OT JJIMHBI TOM YacTH MPOBOJIHUKA,
KOTOpasi TepeceKaeTcs CHJIOBBIMU JHMHUAMU T1ong. Yem Oonblnas dYacTh MPOBOJAHHKA
MepeceKaeTcs CUIOBBIMU JIMHUSAMU T0J1s1, TeM Oombinas DJIC uHaykTHpyeTCcs B IpoBoaHUKE. U,
HAKOHEII, YeM CHIJIbHee MarHUTHOE TOoJe, T. €. 4eM OOoJblle ero MHAYKIM, TeM Oombiias DJ[C
BO3HUKAET B MMPOBOJIHUKE, IEPECEKAIOIIEM 3TO TOJIE.

Wrak, Benmnunna DJIC MHAYKIHMHM, BO3HUKAIONIEH B MPOBOJHUKE MPU €ro JBUKEHUU B
MarHUTHOM ITOJIE, IPSIMO MPOMOPIUOHATBHA UHAYKIIMK MarHUTHOTO TOJIS, JJIMHE MPOBOJHUKA U
CKOPOCTH €TI0 NEPEMEILICHHUS.

3aBUCUMOCTH 3Ta BbIpaxaeTcs popmynoii E = Blv,

rae E — DJIC unnykuun; B — MarnutHas uHaykuus; | — anvMHa npoBOJHMKA; V. —
CKOpPOCTb JIBUKEHUS POBOIHHUKA.

Cnenyer TBepAO NMOMHHUTH, YTO B NMPOBOJAHHUKE, MEPEMEIIAIOIIEMCS] B MAarHUTHOM IIOJI€,
OJIC HMHAYKIMM BO3HMKAaeT TOJBKO B TOM CIlydae, €CJIIM J3TOT IPOBOJHHMK IIEPECEKACTCS
MarHUTHBIMU CUJIOBBIMH JIMHUSIMH 110Js. Eclin ke MpoOBOAHMK MepeMeliaeTcs BIIOJIb CUIIOBBIX
JUHUW TIONs, T. €. HE TMepeceKaeT, a Kak Obl CKOJB3UT MO HuUM, TO HuKakor DJIC B Hem He
uHAykTUpyercs. [losTomy mpuBeneHHas Bbilie ¢opMylia CIOpaBeljIMBa TOJIHKO B TOM Cllydae,
KOTJia MPOBOJHUK NEPEMEIAETCS MEPIEHIUKYIISIPHO MAarHUTHBIM CHUJIOBBIM JIMHUSIM TTOJIS.

Hampasnenue nnaykrupoBanHoi DJ]C (a Takyxke ¥ TOKa B MPOBOJIHUKE) 3aBUCUT OT TOTO, B
KaKyi0 CTOPOHY JIBMDKETCSI IPOBOIHUK. /{7151 ompenenenus HampaBieHus: HHAyKTHpoBaHHoU DJ[C
CYILIECTBYET MPABUJIO IPABOU PYKH.



Ecnu nepxaTe nmafioHb MpaBOM pyKW Tak, 4TOObI B HEE BXOJWIN MAarHUTHBIE CUJIOBBIC
JIMHUM TI0JIS, @ OTOTHYTHIM OO0JBINON manel yka3biBaja Obl HapaBieHHE ABHXKEHUS MPOBOIHUKA,
TO BBITSIHYTbIE YETBHIpE Majblla yKa)KyT HalpaBlieHUE IedcTBUS HMHAyKTHpoBaHHOW OJIC u
HaIpPaBJIEHUE TOKA B IPOBOJAHUKE.

[Ipu nBMXEHUM BHYTPU KaTYUIKH MMOCTOSTHHOTO MarHuta B Hell uHuayktupyercs DC 3a
CYET TOTO, YTO MAarHUTHBIM MOTOK MarHUTa MepPeceKaeT BUTKU KAaTYIIKH, T. €. TOYHO TakK ke, KaK
3TO OBLIO IPU JBUKEHUM MTPSIMOJIMHENHOrO TPOBOAHUKA B I10JI€ MarHuTa.

Ecnu mMarHuT omyckaTh B KaTyIIKy MEIJIEHHO, TO Bo3HHMKawmas B Hel JJ[C Oymer
HACTOJIBKO Maja, 4TO CTpeliKa Mpudopa MOXKET Aaxke He OTKIOHUThca. Eciu ke, Haobopor,
MarHutT OBICTPO BBECTHU B KATYIIKY, TO OTKJIOHEHHUE CTPEJIKU OyAeT OONbIINM. 3HAUUT, BEIUUHNHA
unaykrupyemoil JJIC, a cienoBareiabHO, M CWJIa TOKAa B KaTyIIKE 3aBUCAT OT CKOPOCTH
JIBUKEHHUS] MarHUTA, T. €. OT TOT'0, HACKOJIBKO OBICTPO CHUJIOBBIE JTMHUH IOJIS MEPECceKatoT BUTKU
karymku. Ecnu Tenepb mooueperHO BBOJAWUTH B KaTYIIKy C OJMHAaKOBOM CKOPOCTbIO CHauaia
CWJIbHBIA MarHuT, a 3aTeM cla0blii, TO MOKHO 3aMETUTh, YTO IPU CHIBHOM MAarHuTe CTpeiKa
npubopa OyJaeT OTKIOHATHCS Ha OOJbIIUI yron. 3Ha4yuT, BenuuuHa uHayktupyemoit DJIC, a
CJIEIOBATENbHO, U CHJIA TOKA B KATYIIKE 3aBUCAT OT BEIMYMHBI MAaTHUTHOTO IMOTOKA MarHUTA.

U, HakoHell, eciy BBOJAUTH C OAMHAKOBOW CKOPOCTBIO OJMH U TOT ’K€ MarHUT CHayaja B
KaTyIIKy C OOJBIINM YHCIIOM BUTKOB, & 3aT€M CO 3HAYUTEIbHO MEHBIINM, TO B IIEPBOM CiIydae
CTpenKa Mpudopa OTKIOHHWTCS Ha OONBIIMK yroj, 4eM BO BTOPOM. 3HAYUT, BEIMYUHA
unaykrupyemoit J1C, a crneqoBarenabHO, M cHUjia TOKA B KaTYyIIKE 3aBUCAT OT YKCIIA €€ BUTKOB.
Te xe pe3yabTaTbl MOXHO MOJY4YUTb, €CJIM BMECTO IIOCTOSSHHOTO MAarHuTa I[pPUMEHSTh
3JIEKTPOMArHHUT.

Hampasnenne OJIC MHIyKIUMM B KaTyIIKE 3aBUCUT OT HAIpaBJIEHUS IEPEMEIICHUS
marauta. O ToM, Kak omnpenenarts HampasineHue OJC MHAYKUMH, TOBOPHUT 3aKOH,
yctaHoBieHHbIH J. X. JleHnem.

3axoH JleHna st AJIeKTPOMAarHUTHOW MHIYKIUH: Besikoe n3MeHeHne MarHuTHOTO MOTOKa
BHYTPH KaTYyIIKH COIPOBOXKIAETCs BO3HMKHOBeHHMEeM B Hed OJIC uHAyKnuu, npuueM dYem
ObICTpee U3MEHSETCS] MAarHUTHBIN MOTOK, TIPOHU3BIBAIOIIHNK KaTyliKy, TeM Oombinas 3/1C B Helt
UHIYKTUPYETCA.

Ecnu katymka, B kotopo# co3aana 2JIC MHAYKIIMH, 3aMKHYTa Ha BHEIIHIOIO L€Mb, TO 10
BUTKaM €€ MJIeT UHIYKIIMOHHBIA TOK, CO3JAI0OLINI BOKPYT MPOBOJHUKA MATHUTHOE T10JIE, B CHITY
4ero KaTrylka MpeBpaiaercs B cojeHoua. Ilodydaercss TakuM oOpa3oM, 4TO M3MEHsIOLIeecs
BHEIIHEE MarHUTHOE T0JI€ BhI3bIBAET B KAaTYIIIKE HHIYKIIUOHHBII TOK, KOTOPOM, B CBOIO OUYEPE/Ib,
CO3/a€T BOKPYT KaTyLIKHA CBOE MarHUTHOE I10JI€ — T10JI€ TOKA.

N3yuass sto siBnenue, D. X. JleHII yCTaHOBUJ 3aKOH, OMPEIEISIONIMN HalpaBlIeHUE
WHIYKIMOHHOTO TOKa B KaTylike, a cieaoBarenbHo, W HampaiaeHue O/C unpykumu. 3/C
MHAYKIIMY, BO3HUKAIOIIAs B KaTyIIKEe NMPU U3MEHEHUU B HEH MarHUTHOrO IMOTOKa, CO3JAaeT B
KaTyIIKe TOK TAKOTO HaIlpaBJEHUs, IPU KOTOPOM MATHUTHBIN MOTOK KAaTYIIKU, CO3/IaHHBIN ATUM
TOKOM, MPEMSITCTBYET U3MEHEHUIO TOCTOPOHHETO MATHUTHOTO MTOTOKA.

3akoH JleHna cmpaBeqIMB IS BCEX CIy4aeB WHIYKTUPOBaHUS TOKA B IMPOBOJHMKAX,
HE3aBUCUMO OT ()OpMbI IIPOBOJAHMKOB M OT TOr0, KaKMM CIOCOOOM JOCTUTraeTcss U3MEHEHUe
BHEIIIHETO MArHUTHOTO TOJISI.

Benwunna 5.1.c. MBAyKUMH &, , ONPENENAETCS 3aKOHOM 2JIEKTPOMATHUTHON MHIYKIMH

d)apaneﬂ: 9. 4.C. JJICKTPOMAarHMuTHOU HWHAYKIUU 8u B 3aMKHYTOM IIPOBOJAIICM KOHTYPE

HO?
YUCJICHHO pPaBHA W MPOTHUBOIIOJIOXHA IO 3HAKY CKOPOCTU U3MCHCHHA MAIHUTHOTI'O IIOTOKa (0]
CKBO3b IMOBEPXHOCTH, OTPAHUYCHHYIO 3THUM KOHTYPOM

dd
guHO - _E (1)

3HaK MUHYC B (opmyne COOTBETCTBYeT npasuny Jlewya: TPU BCIKOM H3MEHEHHH
MarHUTHOTO TMOTOKA CKBO3b TTOBEPXHOCTh, OTPAHMYCHHYIO 3aMKHYTBIM KOHTYPOM, B TIOCIIETHEM


http://electricalschool.info/main/ekspluat/19-katushki-jelektricheskikh-apparatov.html

BO3HHUKACT I/IHIIyKL[I/IOHHHﬁ TOK TakKOro HalrpaBJICHUSA, YTO €ro COOCTBEHHOE MArHHUTHOE IIOJIE
HpOTHBOHCﬁCTByeT U3MCHCHUIO MAarHUTHOI'O ITOTOKA, BBI3BABIICI'O I/IHIIYKHI/IOHHBII\/'I TOK.

Puc. 1.

[IpyurHa BO3HHMKHOBEHHUS HMHIYKIIMOHHOTO TOKAa B HEMOJBUXHOM KOHTYpE COIJIaCHO
TEOPHH 3JIEKTpOMarHeTu3Ma MakcBesia COCTOMT B TOM, YTO IPH U3MEHEHUU MAarHUTHOIO I10JIs
BO3HUKAET BUXPEBOE DJIEKTPUUECKOE I0JIE, T.€. MIEKTPUUECKOE I0JI€ C 3AMKHYTHIMH CHJIOBBIMU
auHuAMu. [lox pelicTBHMEM 3TOro moiiss CBOOOJHBIE 3apsAbl KOHTYpa NEpeMellaroTcs, T., B
KOHTYPE BO3HHMKAET 3JIEKTPUUECKUN TOK, Ha3bIBAEMbII MHIYKIIUOHHBIM TOKOM.

Ilycte mimockuil 3aMKHYTBIM HpPOBOJAIIMKA KOHTYp L HaxoauTcss B OJHOPOJHOM
MarHUTHOM 1osie ¢ uHaykuued B (puc. 1). Torma marHuTHbBIM NOTOK @ (IOTOK BEKTOpa
MarHUTHOM MHAYKIMHM) Yepe3 IOBEPXHOCTb, OrPaHMUYCHHYIO KOHTypoM L, ompenensercs
BbIpaXECHUEM

@ =BScosa, 2
rae S — miomaab NOBEPXHOCTH, OTPAaHUUYEHHON KOHTYpOM L, & — yron mMexay HarpaBlleHUEM
CHJIOBBIX JIMHHI (HAIpaBJIe€HHEM BEKTOPAa M HOPMAIbI0 [ K MOBEPXHOCTH, OTrpaHMYEHHOM
KOHTYPOM).

[lyctb MarHuTHOE mOJIE CO3AAETCA LMJIMHAPUYECKOM KaTyLIKOM (COJIEHOMJIOM), II0
KOTOPOH NMPOTEKAET ePEMEHHBbIN 3JEKTPUUECKUNA TOK

| =1,cosat (3)

rac I — aMIUIMTYJHOC 3HAYCHHUEC TOKA, (¥ — IUKIHAYCCKAasg 4YacToTa TOKa W = 27[‘/, VvV -

0
4acTOTa TOKA.
Toraa MarHUTHASsE MHIYKIUS B 1TOJISI BHYTPU KaTYIIKH W BOJHM3H €€ TOPIIOB paBHA
B = uu,nl
i ¢ yuetoM (3)
B = uuynl, cosat 4)
rae A — MarHuTHas NPOHULAEMOCTh CEPAECYHMKA KaTYIIKH; [/, — MarHMTHAs IMOCTOSHHAS; N —
YHCII0O BUTKOB KaTYIIKW Ha enuHune nnuHbl. [logcraBuB Beipaxkenue (4) B dopmyny (2),
HAXOJJM MAarHUTHBIN TIOTOK Yepe3 KOHTYP, PaCIOI0KEHHBIA BOJIM3U TOPIA KATYIIKH
@ = pu,nl,S cos a cos at
OTcrofa cKOpocTh U3MEHEHHUSI MATHUTHOTO TIOTOKA paBHa,

dd—(tp:—yyonIOSa)COSaSina)t (5)

Takum 06pa30M, CKOPOCTb U3MCHCHHUA MArHMTHOI'O ITOTOKA HpOoIopHruOHallbHa aMIINIUTYJHOMY
3HAYCHHUIO TOKa B KaTymike |, u kocunycy yrna « . IToxcraBus Beipaxenue (5) B popmyy (1),
HoJry4aeM

&, =Cl,cosa (6)
rae C =—uu,NSwsin at .
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3aBMCHMOCTb 3.71.C. JICKTPOMArHUTHOM MHAYKUMU & - OT | u COSa (npumepHbIii Bu
n300paxkeH Ha puc.2.

Oobopyooeanue u mamepuaol.

. Mmmuamnepmerp.

. Maruur.

. Karymka-mMoToxk.

. UcTouHuK TOKa.

. Peocrar.

Kitrou.

. Karymika ot anekrpomarsura.
. CoeuHUTENBHBIE TTPOBO/IA.

I B Y N N

Ykazanusa no mexnuke 6ezonacnocmu.
1. K BolmonmHeHUIO J1a0OpaTOpPHBIX PabOT MOMYCKAIOTCS CTYIEHThI, U3YUMBIIUE IMpaBuia

TEXHHUKHU 0€3011aCHOCTH.

2. JlaboparopHble pabOTHI MOTYT MPOBOJUTHCS TOJIBKO MOJI PYKOBOACTBOM U HAOJIOIEHUEM
npernoaaBaress.
3. Ilpu BemmonaHeHNH 1a00PAaTOPHBIX PabOT CTyIEHTaM 3ampeniaeTcs:

- BKJTIOUATh CXEMHBI 110J] HANPsDKEHHEM 0€3 TIPOBEPKH MPEToaaBaTes;

- TIpUKacaTbCs K HE3AUMIIEHHBIM M30JISUEH 4YacTsIM CXEMbl, HaXOJSALIUXCS MO
HaIpsKEHUEM;

- ONpPEACNIATh HAIMYME HANIPSKEHUS Ha AJIEMEHTaX LIETH MPUIIOMOIIH MMAJIbLIEB; IPOBEpPKaA
HaJUYMs HANPSHKEHUS TPOU3BOAMUTCS TOJIBKO C TOMOIIBIO BOJIBTMETPA W B MPUCYTCTBUU
MpEeno/iaBaTelis;

- npu pabore Ha J1abOpaTOPHOW YCTAHOBKE IPUKACATHCA OJHOBPEMEHHO CTEH,
paaraToOpOB CUCTEMBI OTOIUICHUS U IPYTUX METAIUTMYECKUX MTPEIMETOB;

- BKJIIOYATh PYOWIHHUKH, HAKUMATh KHOIKH, TPHUKACATBCA K DICKTPUYECKOMY
000OpyIOBaHUIO, HE OTHOCAIEMYyCs K JaHHOM JnabopaTopHoit pabote 0e3 Begoma
IpenojaBaTens;

- MPOU3BOJIUTH IO X0y BHITIOTHEHUS paOOTHI MEPEKITIOYCHUS B CXeMe, HEe 00ECTOUMB €€,

- OpocaTh COeAMHUTENbHBIE TPOBOA HA MO M HA UCCIIETYEMYIO YCTaHOBKY;

- 3aMEHSTh CrOpEBIIME TMPEAOXPAHUTENM Ha padOYuX MIUTaxX WPU BKIIOUYEHHBIX
pyOMIIbHUKAX;

- KJIACTh Ha pabO4Mil CTOJ MOCTOPOHHUE TTPEIMETHI;

- BXOJIUTH B TaOOPaTOPHUIO B BEPXHEH OJIEKIC;

- KypEHUE U 3aKUTaHUE OTHSL.

4. [lepen BKIIFOUEHHEM CXEMBI 00s3aTEHHO MPEIYNPEIUTh YIeHOB Opurabl: «OCTOpOXHO!
Bxarouaro!».

5. Ilpu Hamuumu B cXeMe KOHJICHCATOPHBIX OaTapeil, HEOOXOIWMO IOCII€ OTKIIFOUCHHSI
MUTAHUS UX PA3pAIUTh MO HAOIIOJHEHEM MTpenoaaBaTes.



6. [Ipu oOHapyxeHUU KaKuX — 00 HEMCIIPABHOCTEH, NCUE3HOBEHHUS HAIIPSKEHUS B CETH, a
TaKKe NMPU HECUYACTHOM ciIydae, HEMEIUICHHO MPEKPaTUTh PaboTy, OTKIIIOYUTH YCTAHOBKY OT
SIIEKTPOIUTAHUS ¥ COOOIIHUTH MPENOAaBATEIIIO.

7. [IOMHHTB, 4TO TIPH OTKJIFOYCHHH II€TIeH TIOCTOSIHHOTO TOKAa C HHAYKTUBHOCTBIO BO3MOXKHO
KPaTKOBPEMEHHOE PE3KOE MOBBIIICHHE HAMIPSKCHHUSI.

8. CrTyaeHThl, HapyLIMBLIME IpaBWJa TEXHUKH OE30MACHOCTH, HE JOIMYCKAIOTCS K
nanpHeimeil padote B 1a00paTOpuu M MPUBIEKAIOTCS K OTBETCTBEHHOCTH.

3adanus.

OkcnepuMeHT 1

Haunem naboparopryto paboTy co cOopa ycraHOBKH. UTOOBI cOOpaTh CXeMy, KOTOPYIO MBI
OyneM HCIoNb30BaTh B JlabopaTOpHOW  paboTe, MPUCOEIMHHUM  MOTOK-KATYIIKy K
MUJUTHAMIIEPMETPY M HCIIOJIb3yeM MAarHuT, KOTOPBIH OyaeM NpuOIMkath WM YIAISITh OT
KaTymky. OZHOBPEMEHHO C 3THM MBI JOJDKHBI BCIIOMHHMTb, YTO OYIET MPOUCXOIUTh, KOTIa
OyJeT MOSBISATHCS MHIYKIIMOHHBIN TOK.

Puc. 1. Dkcniepumenr 1

HOHYMaﬁTe Haa TEM, Kak OOBSICHUTH Ha6n}0z[aeMoe Hamu sBjieHHe. Kakum O6p8.30M
BIMSCT MAarHUTHBINA IIOTOK Ha TO, YTO Mbl BUIUM, B HACTHOCTH ITPOUCXOKACHHUEC JICKTPHUICCKOT'O
TOKa. Z[J'ISI 9TOro MOCMOTPUTEC Ha BCIIOMOTaTE€IbHBIN PUCYHOK.

O6paTI/IT€ BHUMAHHUEC, YTO JIMHHUH MarHUTHOM HHAYKIIUU BBIXOJAT U3 CCBCPHOI'O ITOJIKOCA,
BXOJST B FOKHBIM MOJIIOC. HpI/I O9TOM KOJIMYECTBO 3THUX J'IHHHfI, HX I'yCTOTa pa3iMdHa Ha pa3HbIX
ydyaCcTKax Mardura. O6paTI/IT€ BHHMMAHHWEC, YTO HaAIIPABJICHUEC MHAYKIIUKW MArHUTHOI'O ITOJIA TOXKE
U3MCHACTCA OT TOYKHU K TOYKC. HOSTOMy MOJKHO CKa3aTbh, YTO UBMECHCHHUEC MATHUTHOI'O ITOTOKA
INPUBOJAUT K TOMY, YTO B 3aMKHYTOM IPOBOJHHUKE BO3HHUKACT 3.]'IeKTp]/I‘{eCKHﬁ TOK, HO
TOJbKO HNpPpH ABHKCHUM MArLHurTa, CJaea0BaTe/JIbHO, H3IMCHACTCHA MATHUTHBIA MOTOK,
l'lpOHI/I3bIBaIOIIII/I]71 IJ10majib, OrpaHu4Y€HHYI0 BUTKaAMHU 3TOM KaTyuIKH.

OKCHEepUMEHT 2

Crnenyrommii dTan HAlIETO MCCIEN0BAaHUS DJIEKTPOMAarHUTHOM WHAYKIIMHM CBS3aH C
orpeziefieHUEM HANpaBJeHUs1 MHAYKIHOHHOro Toka. O HampaBiIeHUM HHIYKIIMOHHOIO TOKa
MBI MOXEM CYIUTh [0 TOMY, B KAaKyl0 CTOPOHY OTKJIOHSIETCSI CTpEJIKa MUJUIMaMIIEpMETpa.
Bocnonbs3zyemcst 1yroo6pa3HbIM MarHUTOM M YBUJIUM, YTO MPU MPUOIMKEHUN MarHuTa CTpeiKa
OTKJIOHUTCSI B OJHY CTOpOHY. Eciau Tenmepp MarHuT JOBUTaTh B JPYI'YIO CTOPOHY, CTpENKa
OTKJIOHUTCSI B JAPYryl0 CTOpPOHY. B pe3ynpTaTe NpPOBEACHHOIO HKCIEPUMEHTAa MbI MOXKEM
CKa3aTh, YTO OT HAIpaBJICHHs ABMXKEHHS MarHuTa 3aBUCHT M HalpaBJIeHUE WHAYKIIMOHHOTO
Toka. OTMETUM M TO, YTO OT MOJIF0OCAa MarHUTa TOXKE 3aBUCUT HANpaBJICHHE WHIYKIMOHHOTO
TOKa.

OOpatuTe BHMMaHHE, 4YTO BEIMYMHA HWHAYKIHOHHOTO TOKAa 3aBUCUT OT CKOPOCTH
NIEPEMELIEHHS] MAarHUTA, @ BMECTE C TEM U OT CKOPOCTH U3MEHEHHSI MATHUTHOIO MTOTOKA.



Bropas vacTp Hamiel 1abopatopHoil paboThl cBA3aHa OyIET C APYTUM SKCIIEPUMEHTOM.
[TocMoTpHUM Ha cxeMy 3TOro SKCIEPUMEHTa U 00CYIUM, YTO Mbl Oy/ieM Tenepb JenaTh.
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Puc. 2. Dxcnepument 2

O BTOpPOH cXeMe B NPUHIUIIE HUYEro HE HM3MEHUJIOCh OTHOCUTEIBHO H3MEpEHHs
MHAYKIIMOHHOTO TOKa. TOT ke caMblii MUJUIMAMIIEPMETP, IPUCOEINHEHHBIH K MOTKY KaTYyLIKH.
Ocraetcst Bce, kak ObulO B mepBoM ciyyae. Ho Temepr M3MEHEHHE MAarHUTHOIO MOTOKAa MbI
OyJeM IoJlydaTh HE 3a CUET JBUKEHHS ITOCTOSHHOTO MarHUTa, a 32 CUET U3MEHEHMsI CHIIbI TOKa
BO BTOPOM KaTyIIKe.

B nepBoiil yactu Gynem uccienoBaTh HAIMYUE MHAYKIMOHHOIO TOKA IPU 3aMbIKAaHUM U
pasmblkaHuu 1enu. Mrak, mepBas 4acTh SKCHEPUMEHTA: Mbl 3aMblkaeM Kiarod. OOpaTure
BHHMaHUE, TOK HAapacTaeT B LIENH, CTpelKa OTKJIOHWUJIAcCh B OJHY CTOPOHY, HO oOpaTute
BHUMaHME, ceiluac K04 3aMKHYT, a 3JEKTPUYECKOro TOKa MUJIJIMAMIIEPMETP HE IOKAa3bIBACT.
Jlesio B TOM, 4TO HET U3MEHEHUsI MAarHUTHOIO MOTOKA, Mbl YK€ 00 3TOM ropopuwin. Eciau teneps
KJII0Y Pa3MbIKaTh, TO MUJJIMAMIIEPMETD MTOKAXKET, YTO HANPAaBJIEHUE TOKA U3MEHUIIOCH.

Bo BTOpOM 3KCIIEpUMEHTE MBI NMPOCIEAUM, KaK BO3HUKAET MHAYKIMOHHBIA TOK, KOrja
MEHSETCS IEKTPUUECKUIA TOK BO BTOPOH LIETH.

Crnenyronasi 4acTh ombiTa OyJEeT 3aKIIOYaThCsl B TOM, YTOOBI MPOCIEAUTH, Kak OyIeT
U3MEHATHCS MHYKIIMOHHBIN TOK, €CIM MEHSATh BEJIWYMHY TOKa B ILIEMHU 3a CUET peocTara. Bbl
3HAEeTe, YTO €CJIM Mbl U3MEHSEM DJIEKTPUUYECKOE COMPOTUBIIEHUE B 1IEMH, TO, CIeays 3aKkoHy OMa,
y Hac OyJIeT MEHAThCS M AIIeKTpUYecKHil Tok. Pa3 m3MeHsieTcs aleKTpUdeckuil TOk, Oyxaer
U3MEHATbCS MAarHUTHOE IMosie. B MOMEHT nepeMelnieHHs] CKOJIB3SIIEro KOHTaKTa peocTara
U3MEHSIeTCs MarHUTHOE T10JI€, YTO IPUBOJUT K MOSIBJICHUIO HHAYKIIMOHHOTO TOKA.

Ne Cnoco6 nosnyyenust I B Bm ADM
ONBIT | HHAYKIMOHHOTO TOKA
a
1 BHeceHue B KaTyliKy — — +
CeBEPHOrO MoJICca
MAarHHUTA
2 Ynanenue u3 KaTylmIKu — - -
CeBEPHOro MOJIICa
MaTHHTA




3 BHecenne B KaTylIKy — — +
10KHOT0 110J110Ca
MarHUTa

4 Yaanenue u3 KaTylmIKu — — -
I05KHOT0 IOJTIOCA
MATHHTA

Cooeporcanue omuema.

Otuer 1o 1a00paTOPHBIM pabOTaM JIOJKHBI COIEPKATh:

- TUTYJIbHBIN JIUCT;

- 11eJb PaboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICIICHHA, TOHITHIA, (DOPMYIT;
- OCHOBHOE 000py/I0BaHHE, CXEMa YCTAaHOBKH;

- ONMCAHME IO ITYHKTaM BBIIIOJTHCHHOH pa0OThI,

- pe3ynbTaThl U3MEPEHHH U pacueToB (TabMuUIlbl, TpaduKy);

- OLIEHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI 110 Pe3yJIbTaTaM BBITIOJHEHHOW pabOTHI, 1aTa, MOIIHCH.

Konmponwsnwvie éonpocut.

B 4em 3aknrogaercs sBI€HUE 3JIEKTPOMArHUTHOM MHAYKLIUN?

Kakoli Tok Ha3pIBatOT MHYKIIMOHHBIM?

Cdopmynupyiite 3aK0H 371eKTpoMarHuTHO! MHyKIMU. Kakoii hopmysoit oH onuceiBaeTcs?
Kax dhopmynupyercs npasuiio Jlenma?

KakoBa cBs3b npaBuia JIeHna ¢ 3akOHOM COXpaHEHUs YHEPTUU?

s

JlabopaTopnasi padora Ne 4
Tema pabome.. OnpeneseHue TOPU3OHTAIBHOW  COCTABJISIIONIEd MHAYKUHMH
MArHUTHOIO MOJIA 3eMJIN.
ILleny pabomwi. OnipenerneHre TOPU3OHTAIBHON COCTABISIOIIEH WHIYKIMM MarHUTHOTO
noJist 3eMJIu.

T eopemuuecKas uacmo.

3eMiisi B II€JIOM NPEJCTaBiIsieT coOON OrpoMHbIN HiapoBoil mMarHuT. Iloatomy B mr000i
TOYKE IPOCTPAHCTBA, OKPYKAIOLIETO 3€MIIIO, U HAa €€ MOBEPXHOCTH CYHIECTBYET MAarHUTHOE
10JIe, CUJIOBBIE JINHUU KOTOpPOro M300pakeHbl Ha pucyHke 1. [Ipu 3Tom ceBepHBI MarHUTHBIN
nomoc N Haxonutcst BOMM3M IoXkHOro reorpaguueckoro IO u Haob6opor. Ha skBarope
MarHuTHBIE CHJIOBBIE JINHUM HANPABIICHBI TOPU30HTAIBHO, & HA TIOJIFOCAaX - BEPTUKAIBHO.

B OCTAJIBHBIX TOYKaX SCMHOI\/’I HOBerHOCTI/I UHAYKOHWA MArdmTHOT' O ITOJIA HanpaBneHa 101,
HEKOTOPBIM YIJIOM K IJIOCKOCTH 3€MJIH, T.€. HMEET M FOPH30HTAIbHYI0 B, U BepTuKanbHyio B,
COCTAaBJIAIOIIHE.

Puc.1.




HamnpasieHne ropu3OHTaJIbHOM  COCTABJISAIOLICH  INPUHUMAETCd 334  HAIPAaBJICHUE
MarHuTHOTO MEpUJMaHa, T.K. B O3TOM HaIpaBICHUM YCTAHABIMBAETCA CTpPEIKAa KOMIIaca,
BpalLAoLIascs B FTOPU30HTAIBHOM MIockocTH. Llenbro HacTosmel padoThl SBISETCS U3MEPEHUE
BEJIMYMHBI TOPU3OHTAIBHONW COCTABISAIOIIEH MHIYKIWM MArHUTHOIO MOJS 3€MJIA C MOMOIIBIO
TaHT€HC-TaIbBAaHOMETpa.  TaHreHC-TalbBAHOMETP  MPEJACTaBIseT  CO0OW  BEPTHKAIBHO
pacnosoXeHHbIe N KPYroBbIX BUTKOB paanyca R, Mo KOTOPBIM MPOITyCKaeTCsl MOCTOSHHBIN TOK
cusoit |. B neHTpe 310l COBOKYITHOCTH BUTKOB (KOPOTKOM KaTyIIKK) nomMenaercs komnac. [Ipu
OTCYTCTBHMM TOKA B BUTKAX MAarHUTHAas CTpeJIKa KoMIaca yCTaHOBUTCS 110

/N
e € 90

Puc. 2.

MarHuTHOMy Mepuauvasy. lIpu nponyckaHuu TOKa MO BHTKAaM CTpENKa IOBEPHETCSA Ha
HEKOTOPBIA YToJ ¢, T.K. TEIIEpb HAa HEE IIOMMMO NOPU30HTAIBHOM COCTaBJIAIONIEH MarHUTHOTO
noJs 3emiu OyAeT AeHCTBOBATH €lle MarHUTHOE I0JIe, co3/1aBaeMoe TokoM | B N BuTkax. Ecim
BUTKU COPHUEHTHPOBATH TAaK YTOOBl MX IUIOCKOCTH COBMHAJAIM C IJIOCKOCTbIO MAarHUTHOTO
MepHUANaHa, TO Ha CTPEJKy OyayT IeHCTBOBAThH JBa B3aWUMHO IMEPIECHIUKYIISIPHBIX MOJS: IMOJIE
3emnu B3 u mone toka B, (puc.2).

Crpenka koMmaca yCTaHOBHUTCSI B HAIpaBJICHUU PaBHOJEHCTBYIOLIEH ATHX IOJIEH, BAOJIb

B =B, +B;, 1.e. mo muaronamu napannenorpamma, croponamu kotoporo 6yayr B, u Bs. Cwm.
puc.2, Ha KOTOPOM H300paK€HO CEYEHHE BHUTKOB C TOKOM, OPHMEHTHPOBAHHBIX BJIOJb

B
MarHMTHOTO MepHMaHa, TOPU30HTAILHOM IIocKocThio. M3 puc. 2 ciemyer, uro Qo = B_O ,
3
OTKYy/Ia
B
B, = ° 1)
g
T _ Mol
aK KaK MHIYKIWS MarHUTHOTO TI0JIs B IEHTPE KPyroBOro Toka B, = SR TO B LIEHTpe N
Holn
BUTKOB OYEBHTHO B,=—"— 2
2R
HoIN

[Moacrasus (2) B (1) momaydnm B, =—™—— 3)
2R -t

Ota ¢opmyna HCIONb3yeTCs B HacTosied paboTe A OMNBITHOIO OIpeaeseHUs
TOPU30HTAJILHOW COCTaBIIsAIOIEed MarHuTHOTrO moiist 3emiau. @opmyina (3) 3amucaHa B CUCTEME
CH, nostomy B3 nomyuurcs B Tecnax.

DneKTpuyeckas CXxeMa yCTaHOBKHU NIl U3MEpPEHUsl B3 cOCTOMT M3 TaHr€HC-TalbBaHOMETPA
G, ucrounuka Toka & ,peocrata R m ammepmerpa A Ui perylupoBKM M HM3MEPEHHUs TOKa
(puc.3).

B cxeme wucnons3yercs mnepekmtodarens Il ansd KM3MEHEHMs HampaBlIEHUS TOKa,
IIPOXOJISIIETO YepPe3 TAHTE€HC-TAIbBAHOMETP.



Puc. 3
Oobopyoosanue u mamepuaol.
TaHreHc-raabBaHOMETp, AMIIEPMETP, PEOCTAT, UICTOUHUK TOKA.
Ykazanus no mexnuke 6ezonacnocmu.
1. K BolmonmHeHUIO J1a00OpaTOpPHBIX PabOT MOMYCKAIOTCS CTYIEHThI, U3YUMBIIUE IMpaBuia

TEXHUKHU 0€30I11aCHOCTH.

2. JlaboparopHble pabOTHI MOTYT MPOBOJUTHCS TOJIBKO MOJI PYKOBOACTBOM U HAOIIOIEHUEM
npenoaaBaress.
3. Ilpu BeimonaHeHUH 1a00PaTOPHBIX PabOT CTyIEHTaM 3alpeniaeTcs:

- BKJIIFOUATh CXEMBI 110]] HANPsDKEHHEM 0€3 TIPOBEPKH MPETrogaBaTes;

- TIpHUKacaTtbCcs K HE3aUUIIEHHBIM U30JSIUEH 4YacTsAM CXEMbl, HaXOIAIIUXCS MO
HaIpsKEHUEM;

- ONpPEACNIATh HAIMYME HANIPSKEHUS Ha AJIEMEHTaX LIETH MPUITOMOIIH MAIbLIEB; IPOBEPKaA
HaJUYMs HANPSHKEHUS TPOU3BOAMUTCS TOJIBKO C TOMOIIBIO BOJIBTMETPA W B MPUCYTCTBUU
MpEeno/iaBaTelis;

- npu pabore Ha J1abOpaTOPHOM YCTAaHOBKE MPUKACATHCS OJHOBPEMEHHO CTEH,
paaraToOpOB CUCTEMBI OTOIUICHUS U IPYTUX METAIUTMYECKUX MTPEIMETOB;

- BKIIOYATh PYOWIHHUKH, HAXKUMATh KHOIKH, TPHUKACATBCA K JJICKTPUYECKOMY
000Opy/lOBaHWIO, HE OTHOCAIIEMYCS K JaHHOM sabopaTopHoii paboTe 0e3 BegoMa
npernojaBaTens;

- IPOU3BOJIUTH IO XO/Ty BHITIOTHEHUS paOOTHI MEPEKITIOYEHUS B CXeMe, HEe 00ECTOUYMB €€,

- OpocaTh COEAMHUTENbHBIE TPOBOA HA MO M HA UCCIIETYEMYIO YCTaHOBKY;

- 3aMEHSTh CrOpEBIIME MPEAOXPAHUTENM Ha padOYuX MIUTaxX WpPU BKIIOUEHHBIX
pyOMIIbHUKAX;

- KJIACTh Ha pabo4Mii CTOJ MOCTOPOHHUE TIPEIMETHI;

- BXOJIUTH B TaOOPaTOPHUIO B BEPXHEH OJIEKIC;

- KypEeHUE U 3a)KUTaHUE OTHSL.

4. [lepen BKIFOUEHHEM CXEMBI 0053aTENHHO MPEIYNPEIUTh YIeHOB Opuraabl: «OCTOpOXHO!
Bxmrouaro!».

5. Tlpu Hamuumu B cXeMe€ KOHJICHCATOPHBIX OaTapeil, HEOOXOIWMO IOCIIC OTKIIFOUCHHSI
MUTAHUS UX PA3pAIUTh MO HAOTIOJHEHEM MTpenoaBaTes.

6. [Ipu oOHapyXKeHUHN KaKUX — JIMOO HEUCITPABHOCTEH, NICUE3HOBEHHUS HAMIPSDKEHUS B CETH, a
TakKe MPH HECUACTHOM cllyyae, HEeMeIJICHHO MPEKPATUTh padoTy, OTKIIOYUTh YCTAHOBKY OT
ANEKTPONUTAHMS U COOOIIUTH IPETOAABATEIIO.



7. IToMHUTB, 4TO MPU OTKIIFOYEHUH LIENIEN MOCTOSHHOTO TOKA C UHAYKTUBHOCTBIO BO3MOKHO
KpPaTKOBPEMEHHOE Pe3K0e MOBBIIICHUE HAMPSKEHUS.
8. CTyneHTbl, HapylIMBIIME TIpaBUiIa TEXHUKU OE30MACHOCTH, HE JOMYCKAalTCA K
JanbHeleil pabore B 1a00OpaTOPUU U MPUBJIEKAIOTCS K OTBETCTBEHHOCTH.
3adanus.
1. CobuparoT 311eKTPUUECKYIO LIENb 10 CXeMe puc.3
2. IloBopaunBasi TaHT€HC- TaJbBAaHOMETpP, YCTAHABIMBAIOT €r0 IUIOCKOCTh B TUIOCKOCTH
MarHMUTHOTO MepUMaHa, TaK YTOObl MarHUTHAs CTpeJIKa ycTaHOBHIIACh B HampasieHuu 0°-180°.
3. YcranaBnmuBas ~ JBWDKKOM  peocTaTa 3aJaHHYH  BEIMYMHY TOKa  (3a1aercs
MpenoaaBaTesieM) U3MEPUTh YroJl OTKIIOHEHHS] MATHUTHON CTPEJIKH 0.
4. He u3MeHsisl BEIMYMHY TOKa MOMEHSTH mepekiodareneM [I HampaBieHue Toka Ha
OPOTUBOMNOJOXKHOE. OTCUuTaTh HOBBIM Yrojd OTKJIOHEHHS CTPENKH Op. BbIUMCIUTH
_ (al + 062)
@ 5
5. [loBTOpUTH M3MEPEHHUS 01 U 02 TIPU HECKOJIBKHUX APYTUX 3a/1aHHBIX 3HAYCHHIX TOKA.
6. [Toxcraisss MOCIENOBATEIPHO W3MEPEHHBIC COOTBETCTBYIOIIME 3HAYCHUS Toka | u
YCpPEOHEHHbIE 3HaueHHs yriaa «,; B Qopmyny (3) Haiitu 3HaueHus Biz. ( Bemmuunsl N u R
YKa3aHbl Ha TAHT€HC-TaJIbBAHOMETPE).

7. Bce pe3ynbpTaThl U3BMEPEHUI U BHIYUCICHU 3aHecTH B Tab1. 1
Tab6mn.1

I(A) a, a, | a tga Bs AB | oB

cp cp

(cp)

8. O1eHuTh MOTrPerHOCTh MPOBEACHHOT0 U3MepeHus B3 1 pe3ynbTarel 3aHecTH B Ta01. 1
9. 3amucartp pe3ynbTaT B BUJIE
B; = B, £ ABs,
Cooeporcanue omuema.
Otuer 1o 1abopaTOPHBIM paboTaM JAOJKHBI COJEPKATh:
- TUTYJIbHBIN JIUCT;
- 11eJ1b PaboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIpENIeIeHUH, MOHATHH, hopMy;
- OCHOBHOE 000pYZ0BaHHUE, CXEMa YCTaHOBKH;
- OTIMCaHME IO MyHKTaM BBIITOJTHEHHOH paboTHI;
- pe3y/bTaThl U3MEpEHH U pacueToB (TaOauIIbl, TpaduKn);
- OLIEHKAa MOTPEIIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI TI0 Pe3yJIbTaTaM BHIIOJIHEHHON pabOTHI, 1aTa, TIOIIHCh.
Konmponvnuie gonpocui.
1. Kakoii Bug uMeeT MarHuTHOE 1oJe 3eMiu?
2. B uem 3akirodaeTcs uaest U3MEPEHUsI TOPU30HTAIBHON COCTABISAIONICH HHAYKIIH
MarHuTHOTO NOJIs 3eMIIH?
3. Kak yctpoeH TaHreHc-ranbBaHOMeETp?
4. BeiBenute hopMyny HHAYKIUH By, B IIEHTpe KPYrOBOTO BUTKA C TOKOM.



5. IloueMy NI0OCKOCTh TaHT€HC-TAJIbBAHOMETPA CIEAYET OPUEHTHPOBATh B HAIIPABICHUH
MarHMuTHOTO MepuInaHa?

5. Yueono-memoouueckoe u ungpopmayuonnoe odecnevenue OUCUUNIUHbL

5.1 Ilepeuenv o0cHOBHOU u OONOJIHUMETbHOU JUMEPAMYPbl, HEOOX00UMOU 014
0CBOCHUA OUCUUNTUHDL

5.1.2 Ilepeuens ocnognoi iumepamypul:
1. ®uzmka [Isi BY30B: MEXaHWKAa W MOJCKYJIspHas (Gu3MKa [DIeKTPOHHBIA pecypc]:
yueOnuk / B.A. Hukepos. - MockBa: U3narenscko-ToproBas koprnopanus «/lamkos u Koy,
2017. - 136 c¢. : Tabm, rpad., cxem. - ISBN 978-5-394-00691-3;-URL:
http://biblioclub.ru/index.php?page=book&id=450772
2. TambikoBa-bymkesny, .M. ®usuka: B 2 4. / .M. TanusikoBa-bymkesuy. — 2-¢ u3n.,
ucrp. — MuHck : Bemmiimas mkona, 2014. — Y. 1. Mexanuka. MosnekymsipHas pusuka u
TEpMOJMHAMMKA. DJIEKTPUUECTBO U MarHetusm. — 304 c. : ui., cxeM. — Pexxum gocryna: no
noamucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732
3. TambikoBa-bymkesny, M.W. ®usuka: B 2 4. / .M. TanubikoBa-bymkeuy. — 2-¢ us3m.,
ucnp. — Musnck: Beinniimas mkona, 2014. — Y. 2. Ontuka. KBantoBas ¢pusuka. Ctpoenue u
¢usnueckue cBoiicTBa BemiectBa. — 232 c. : WL, cXeM., Tabn. — Pexxum pgocryma: mo
noamucke. — URL: http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuenv oononrnumenvHoll 1umepanmypol:
1. Jlekumu mno yueOHOM  gucuumiauHe «OCHOBBI  TEOPETHUECKOW  (PUIUKU».
DOnekTpoauHamMuKa. [DIeKTpoHHBIH pecype]: ydeOHoe mocobume / E.M. Kyxapp. —
DNEeKTPOH. TEKCTOBble JaaHHble. — Bomarorpaa: Bomrorpaackuii rocynapcTBeHHBIN
COlMaNIbHO-TIeJarornueckuii  yausepcurer, 2017. — 57 c¢. — 2227-8397. — Pexum
nocrtyna: http://www.iprbookshop.ru/70731.html
2. Hukepos, B.A. ®usnka: coBpemennsiii kypc / B.A. HukepoB. — 2-e u3n. — Mocksa :
N3 narenscko-Topropas koprnopanus «Jlamko u K°», 2016. — 452 c. : un. — Pexum
nocryma: o nmoanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.
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Conepxanue

Beenenue

OO6mast XapaKTEepPUCTHKA CaMOCTOSTEIBHOW padOThl 00ydYaroIIerocs
n3ydeHuu qucuuruinibl « OU3NKA»

[Tnan-rpaduk BHIMOIHEHUS CAMOCTOSTEIILHON paOOThI

KoHTpoabpHBIE TOYKH U BUIBI OTYETHOCTH 110 HAM

Meroandeckue yKazaHus 10 U3yUYEHUIO TEOPETHIECKOTO

Marepuaia

Crucok peKOMEHyeMOi JINTEPaTypHI.

npu



BBenenune

CaMocrosiTennbHast pabora — TUIaHUpyemas ydeOHas, yd4eOHO-HCCIIeOBATEeIbCKas,
HAy4YHO-UCCIIeI0BaTeNbCcKasi paboTa CTY/ICHTOB, BBINOJIHAEMAas BO BHEAYIUTOPHOE (ayAUTOPHOE)
BpeMsl 10 33JaHUI0 M TpPU METOJUYECKOM PYKOBOJCTBE IIpenojaBarelnsi, HO 0e3 ero
HEIMOCPEICTBEHHOT0 y4yacTus (MpU YACTUYHOM HEMOCPEJACTBEHHOM YYaCTHM IIPEroaaBaTelis,
OCTaBJIIONIEM BEYLIYIO POJIb 32 paOOTOM CTYIACHTOB).

CamocrosiTenbHass pabotra cTyneHToB B BY3e sBisieTcs BaXHBIM BHJIOM YY€OHOW H
HAyYHOU JESATENIbHOCTH CTYICHTA.

Benymas nenp opranuzanuu u ocyuiectBieHuss CPC pomkHa coBmajgaTh € LETBIO
o0ydeHHUsl CTyJeHTa — MOJTrOTOBKON OakaiaBpa ¢ BeICIIMM oOpazoBaHueM. [Ipu opranuzanuu
CPC BaxHBIM U  HEOOXOAMMBIM  YCIOBHEM  CTAaHOBATCS  (POpMHUpOBaHUE  YMEHHS
CaMOCTOSITENIbHOM paboThI Al MPUOOPETEHUsI 3HAHMI, HABBIKOB U BO3MOXKHOCTH OpraHU3allud
y4eOHOM U HAyYHOU JESITEIIbHOCTH.

[lenpro camMoCTOSITETEHOM PabOTHI CTYJCHTOB SIBIISICTCS OBJIaJcHHE (DYHIaMEHTATbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOH, HCCIEeI0BaTeNbCKOM nedrenbHocTH. CamocTosiTenbHas paboTa CTYACHTOB
CIIOCOOCTBYET Pa3BUTHIO CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH U  OpPraHU30BAHHOCTH,

TBOPYECKOTO MOIX0a K PEIICHUIO MPo0IeM y4eOHOTo 1 MPo(ecCHOHAILHOTO YPOBHSL.



O01mas xapakTepuCcTHKA CAMOCTOSITEJIbHOI Pad0THI 00y4aKoIerocs Npu u3y4eHuu

IUCHUILINHBI «PU3HKa»

CamocrositenbHasi paboTa - IulaHupyeMasi YydeOHas, y4eOHO-HCClIeJOBaTeIbCKasl,
HAy4YHO-UCCIIeI0BaTeNbCcKasi paboTa CTY/ICHTOB, BBINOJIHSAEMAas BO BHEAYIUTOPHOE (ayAUTOPHOE)
BpeMs [0 3aJaHUI0 M TPH METOJMYECKOM pYKOBOJCTBE TIpernojaBareiisi, HO 0e3 ero
HEIOCPEJICTBEHHOIO y4yacTHsl (IpU YacCTUYHOM HENOCPEICTBEHHOM Yy4YacTUHU IpernojaBareds,
OCTaBJISIOLIEM BEAYIIYIO POJIb 32 pabOTOM CTYACHTOB).

CamocrosiTenbHass pabotra cTyaeHToB B BY3e sBisieTcs BaXHBIM BHJIOM YY€OHOW H
HAy4YyHOU JeATENIbHOCTH cTyAeHTa. CaMocTosTeNnbHasl padoTa CTYJAEHTOB UIPAET 3HAYMTEIbHYIO
pOJIb B PEUTHHTOBOM TeXHOJIOTHH 00y4deHUs. B cBsi3u ¢ atuMm, oOyuenue B BY3e Bkitouaer B
cebst 1Be, MPaKTHUECKH OJMHAKOBBIE IO 00bEMY U B3aUMOBIIUSHUIO YACTH — MIpoliecca 00yueHus
u mporecca camooOydenus. [Toaromy CPC nmomxHa crath 3¢ ()eKTUBHON U IeeHaNpaBIeHHON
paboToii cTyeHTa.

K coBpemeHHOMY crienagucTy 001IEeCTBO NPEAbIBISET 1OCTATOYHO HIMPOKUI ITEpeUeHb
TpeOOBaHUIl, cpeAr KOTOPHIX HEMAJIOBAKHOE 3HAUECHHUE HMMEET HaJNuue Yy BBITYCKHUKOB
OTIpEICIEHHBIX CIHOCOOHOCTEM M YMEHHsI CaMOCTOSTENIbHO M0ObIBaTh 3HAHUS M3 PA3IUYHBIX
UCTOYHUKOB, CHCTEMAaTHU3UPOBATh IOIYYEHHYIO WH(GOpPMAIHIO, JaBaTh OLEHKY KOHKPETHOMH
¢unaHcoBol cutyauuu. @opMUpoBaHUE TAKOI'O YMEHUS MPOUCXOJUT B TEUEHHUE BCETO MEPHOJA
o0y4yeHMsI 4epe3 ydacTHe CTYIEHTOB B IMPAKTHMUECKUX 3aHATHUSAX, BBITOJHEHHE KOHTPOJIBHBIX
3aJJaHUi U TECTOB, HAIMCAaHHE KYPCOBBIX U BBITYCKHBIX KBAJU(PHUKAIMOHHBIX padoT. [Ipu sTom
camocTrosiTeNibHas paboTa CTYAEHTOB HIPaeT pEIIAIoNIyl0 poJib B XOJAE BCEro Yy4eOHOTo
nporecca.

Benymas nens opranusanuu u ocyuiectBieHus CPC nomkHa coBmajgaTh C LETBIO
o0y4yeHMsI CTYJeHTa — MOJATrOTOBKOH crienuanicra u 0akajaBpa ¢ BBICIIUM oOpa3oBaHueM. [lpu
opranuzaiun CPC BaXHBIM M HEOOXOAMMBIM YCIOBHUEM CTaHOBSTCS (OPMHUpPOBAHHE YMEHUS
CaMOCTOSITENIbHOM paboThI A1l MPUOOpPETEHUsI 3HaHUN, HABBIKOB M BO3MOYKHOCTH OpraHU3alluu
y4eOHOI U HAyYHOH e TeTbHOCTH.

@opMbI  CaMOCTOSTENILHOW PpaboOThl CTYAEHTOB pa3HooOpa3Hbl. B cooTBeTcTBHM C
pabouell mporpamMMol AMCHMILIUHBI TPETyCMOTPEHBI CIENYIOIINE BHUIbl CAMOCTOSITEIHLHON
paboTHI CTYEHTA:!

- CaMOCTOSTENIbHOE U3YUEHUE JINTEPATYPHI;

- CaMOCTOSTENBHOE PELIEHHUE 3a/1aY;

- BBIITIOJIHCHHUE KYPCOBOI'O IIPOCKTA.



Ilenv camocmoamenvnozo usyvyenus JaumMepamypsl — CAMOCTOSTEIBHOE OBJIAICHUE
3HaHUAMHU, OIIBITOM HCCHGI{OBaTeHBCKOﬁ ACATCIIbHOCTH.

3aoauamu caMOCTOSITEILHOTO U3YyUYEHUS! JINTEPATYPHI SIBIISIOTCS:

o yrIIyOJieHHE U pacIiipEeHNe TEOPETHUECKUX 3HAHUH;

° ¢dopmMHpoBaHHE yMEHHI HCIIONB30BaTh HOPMATHBHYIO, IMPABOBYIO, CIIPABOYHYIO
JOKYMEHTALHIO U CIIELUAIBLHYIO JIUTEPATYPY;

° Pa3BUTHC MO3HABATCIIbHBIX CII0COOHOCTEN M aKTHBHOCTH CTYACHTOB.

Ilenvs camocmoamenvnozo pewienus 3a0ay - OBIAJCHUE TNPO(HECCHOHATBHBIMU
YMEHHSIMHU M HaBBIKAMHU JEATEIBHOCTH 110 MPOQIITIO OyayIIei IesTeTbHOCTH.

3adauamu caMOCTOATEIILHOTO PEIICHNS 33/1a4 SBIISIOTCS:

J CHCTeMaTH3alus W 3aKpeIUICHHE MOJYYEHHBIX TEOPETHYECKUX 3HAHUH W
IIPAaKTUYECKUX YMEHUH CTYJICHTOB;

J dopmupoBanue CaMOCTOSATEIIEHOCTH MBIIIICHUS, criocoOHoCTEH K
CaMOpa3BUTHIO, CAMOCOBEPIICHCTBOBAHUIO U CAMOpPEAIN3aIIH;

J pa3BHTHE UCCIIEIOBATEILCKIX YMEHUI.

Llenvio camocmoamenvhozo GbINOIHEHUA PACYEMHO-2PAPUUECcKol padompl TIO0
JUCHUIIIIMHE ABJJIACTCA OBJIaACHUC q)YHZIaMeHTaJII)HI)IMI/I 3HaHUAMU, HpOC];)CCCI/IOHaJII)HI)IMI/I
YMEHHSIMU U HaBBIKAMH JICATEIILHOCTH 110 MPOQHIIO, ONBITOM TBOPYECKOH, MCCIIEI0BATEIbCKOM
NeSITeTbHOCTH.

3adauamu naHHOTO BUJA CAMOCTOSATEIILHON pabOTHI CTY/IEHTA SBIISIOTCSL:

o cucTeMaTH3alMs M 3aKpelUIeHHE IMOJyYeHHBIX TEOPETHMYECKHX 3HAHUH U
IIPaKTUYECKUX YMEHUH CTYJICHTOB;

. yri1yOJeHue U pacliupeHre TeOPeTHUECKUX 3HAHUH;

o (dopMHpoBaHHE YMEHHUI HCIIOJIB30BaTh HOPMATHBHYIO, IMPABOBYIO, CIIPABOYHYIO
JOKYMEHTALUIO U CIIEHUAIIBHYIO JIUTEPATYPY;

o pa3BUTHE MO3HABATEIbHBIX CIIOCOOHOCTEH M aKTUBHOCTHU CTYJEHTOB: TBOPYECKOM
HHUIUATUBBI, CAMOCTOATCIIBHOCTU, OTBETCTBECHHOCTU U OPTraHU30BAHHOCTH;

o ¢dopmupoBaHue CaMOCTOSITEIbHOCTH MBILICHUS, CIOCOOHOCTEH K
CaMOpa3BUTHIO, CAMOCOBEPIICHCTBOBAHHIO M CAMOPEATN3AIIHH;

J pa3BUTHE UCCIIETOBATEIHCKIX YMEHHIA,

o UCTOJb30BAaHUE  MaTepuana, COOpaHHOTO W TOJYYEHHOro B XOJe
CaMOCTOSITENIbHBIX 3aHATHII HAa CEMUHApax, Ha MPAKTUYECKUX U JTa0OPAaTOPHBIX 3aHATHUIX, MPU

HaIMCaHUH KypCOBOIl paOOTHI.



B pesynbrare

OCBOCHUA

IUCLUITINHEL

dbopmMupyrOTCS

CIEAYIOIHUN  TepEeUYECHb

IUIAHUPYEMBIX Pe3yJbTaTOB OOYYEHHs IO JUCIHMIUIMHE, COOTHECEHHBIX C IUIAHUPYEMBIMHU

pe3yJibTaTaMi OCBOCHHS 00pa30BaTeIbHON MTPOTPaMMBI:

Kox, popmymnuposka
KOMITETCHIIUHT

Kon, popmynuposka
WHJUKaTOpa

[Inanupyemblie pe3ynbTaThl
o0OyueHus o TUCIUILINHE
(MOyIT10), XapaKTEePU3YIOIIE
sTanbl GOPMUPOBAHUS
KOMIIETCHIIMI, HHIMKATOPOB

OIIK-1 CnocobeH pemiaTh
3a1a4u npodeccHoHaNbHON
JIeATEIbHOCTH Ha OCHOBE
UCIIOJIb30BAHUS TEOPETHUECKUX
H MPAaKTUYCCKHUX OCHOB
€CTECTBEHHBIX M TEXHHUECKHX
HayK, a TaKXKe
MaTeMaTU4eCcKOoro arnmapaTa

NJ-5 OIIK-1 [lemoHcTpHpyeT
MOHUMaHHe (PU3NYECKUX
SIBJICHUN U yMeeT PUMEHSATh
¢busnyeckue 3aKOHbI
MEXaHUKH, MOJIEKYIIpHON
(Gu3uKH, TEPMOAMHAMUKH,
AJIEKTpUYECTBA U MarHeTU3Ma
ULl pELIeHUs] TUIIOBBIX 3a]a4;

NJ-6 OIIK-1 [lemoHCcTpHpyeT
3HaHUE IIEMEHTAPHBIX OCHOB
OITHUKH, KBAHTOBON MEXaHUKU
1 aTOMHOM (PU3UKH.

3HaeT OCHOBHbIE (pU3UUECKHE
SIBIICHUS Y 3aKOHBI MEXaHUKH,
AIIEKTPOTEXHUKH,
TEIUIOTEXHUKH, ONTHKHU H
AepHON (PU3UKHU U UX
MaTeMaTHYECKOE OTHCAHHE;
METO/IbI aHaTH3a (PUZNYECKUX
SIBIICHUH B TEXHUICCKUX
YCTPOMCTBAX U CHCTEMAX;
Meroas! perenus
MPAKTUYECKUX 3a7a4
UCCIICIOBAHUS U
MOJIETTUPOBaHUS (PU3UUECKUX
Y XUMHYECKUX SIBJICHUN U
MIPOLIECCOB B CBOEH
MPEIMETHOM 00JIaCTH.

YMeeT npuMeHsITh
(bu3nYecKue 3aKOHbBI
MEXaHHUKH, MOJIEKYJISIPHON
(U3HUKY, TEPMOJUHAMUKH,
AIIEKTpUYECTBA U MarHeTU3Ma
JUTSL PEIICHNS TUTTOBBIX 3a/1a4.
Brnaneer 3HanusiMu
(bU3HYeCKUX SIBJICHUH,
AIIEMEHTAPHBIX OCHOB ONTHKH,
KBAaHTOBOUW MEXaHUKHU U
aTOMHOM (PU3UKU.




IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

OObeM JacoB, B TOM YHCIIC

Kozpr
Cpencrsa u KonraktHas
pean3yeMbIxX Bun nesrenbHOCTH
. TEXHOJIOTHH pabota ¢
KOMIIETEHIINH, CTYACHTOB CpPC Bcero
OILIEHKH npernojaBaT
UHIUKaTOpa(oB)
eJIeM
1 cemectp
CaMoCTOSTENBLHOE
n3ydeHue qureparypbl | KoHcmekT 53,01 5,89 58,9
o TemaMm Nel-9
Mozrorosxa Kk KoHerekr 0,72 0,08 0,8
JIEKLMSM
OIIK-1 IToxroroBska k Pelweas
NI-50mk-1 MPAKTUYIECKUM 1,35 0,15 15
3a7a4a
NJ1-60r1k-1 3aHATASAM
IToaroroBka x
71a60paTOPHBIM OT4YeT 1,62 0,18 1,8
3aHATUAM
KoHTposbHas padota Pemennas 13,5 15 15
3a7a4a
HTtoro 3a 1 cemecTp: 70,2 7,8 78
2 ceMecTp
CaMoCTOSITENIBLHOE
u3zydenue aurepatypsl | Koncmekr 53,01 5,89 58,9
o temaM Nel0-17
Honroroska K KoHerexT 0,72 0,08 0,8
JIEKLMSM
OIIK-1 IToaroroska k PerlenHas
NI-50mk-1 MPAKTHYICCKUM 1,35 0,15 15
3a7a4a
NJ1-60r1k-1 3aHATHAM
IToaroroBka x
1a060paTOPHBIM OT4YET 1,62 0,18 1,8
3aHATUAM
KonTponbnas pabota Pemennas 13,5 15 15
3a1a4a
Hroro 3a 2 cemecTp: 70,2 7,8 70,2
Hroro: 140,4 15,6 156




MeToanyeckue yKazaHusl 0 H3YYEeHUI0 T€OPEeTHYECKOr0 MaTepuaJsia

CamocrosiTenbHass paboTa CTyIEHTAa HAYMHACTCS C BHUMATEIBHOIO O3HAKOMIJICHUS C
coJiepKaHueM y4eOHOro Kypca.

N3yuenne ka0l TEMbI CleyeT HauMHaTh ¢ BHUMATEIbHOI'O 0O3HAKOMJIEHUsI ¢ HAOOpOM
BOIPocoB. OHU OPUEHTUPYIOT CTYACHTA, MOKA3bIBAIOT, YTO OH JOJKEH 3HATh 110 JAHHOU TEeME.
Bonpocel Tembl Kak Obl HaKJIaAbIBAIOTCS Ha COOTBETCTBYIOIIYIO INIaBY M30paHHOrO ydeOHUKa
WK y4yeOHoro nocobust. B utore 101KHO OBITh CHBIM, KaKH€ BOIIPOCHI TEMbl y4eOHOr0 Kypca U
C KaKoW IiyOMHON PacKpbIThl B KOHKPETHOM y4yeOHOM MaTepualle, a Kakhe BOOOILEe OIYyLICHBI.
Tpebyercs TBOpUECKOE OTHOIICHUE U K CAMOMY COJICPKAHUIO JUCIUTUIAHBL.

Bompocsl, cocraBnsionue ee coaepxkanue, 001aga0T pa3sHoOi CTENeHb0 BaKHOCTH. EcTh
BOIPOCHI, BBIMOJHSIOMINE (YHKLUIO JIOTHYECKON CBSA3KM COJEp)KaHMs TEeMbl U BCEro Kypca,
UMEIOTCS BONPOCHI ONUCATEIBHOIO MM Pa3bsICHUTEIBHOIO XapaKTepa, a TaKXKe UCTOPUYECKOTro
JKCKypca B 00JacTb M3yyaeMOW AMCUMIUIMHBL. Bce 3TH BOIpOCHl HE COCTaBISIIOT CYTH IOHS-
TI/If/'IHOI‘O, KOHICHOTYAJIbHOTO COACPKAHUA TCMbI, HO H€O6XOI[I/IMBI AJid OCJIOCTHOI'O BOCHPUATUSA
U3y4aeMbIX IPoOIIeM.

W3yuaemasi TUCHMIIMHA UMEET CBOM KaTeropuajibHO-TOHATHHHBIA annapar. Hayunsle
MOHSITHS — 3TO Ta 0a3a, HA KOTOPOUW CTPOUTCS Kakaas Hayka. [IoHSITHS — y3JI0BEIC, OTIOPHBIC
IMYHKTBI KaK HAYy4YHOI'O, TaK U y‘Ie6HOFO IMMO3HaHusA, JIOTHYCCKHUEC CTYIICHU JIBUKCHUSA B yqe6e oT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro noHnManus moHATH yye0a KpaiiHe
3aTpyAHSAETCS, a CojiepKaHue MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PacIlJIbIBYaThIM.

CTy,lIeHT JOJDKCH IIOHHMAaTb, 4YTO CaMOCTOATCIIBHOC OBJIAJICHUC 3HAHUAMH SBJIISICTCA
[JIaBHBIM, OIpeAessaonMM. Breicias 1mikona co3maeT i 3TOro HEOOXOAMMBIE YCIIOBHS,
OMOTraeT OyAyIleMy BbICOKOKBAIN(UIIMPOBAHHOMY CIELUAINCTY OBJIAJAETh TEXHOJOTHen
CaMOCTOSITEJIBHOTO IIPOU3BOACTBA 3HAHUM.

B camocTosdTenbHON paboTe CTyJeHTaM MPUXOJUTCS HCHOJIb30BaTh JIMTEPATYpy
pa3IUYHBIX BHJIOB: NEPBOMCTOYHUKH, MOHOrpaduu, HaydHble COOPHHMKH, XpEecTOMaTHH,
y4eOHUKH, ydeOHbIe MOCcoOus, XKypHaisl u Jp. M3yueHue Kypca mpennoyaraeT 3HaKOMCTBO
CTYACHTOB C OOJBIIMM OOBEMOM HAay4YHOH M y4uyeOHOH JuTeparyphl, 4TO, B CBOIO O4YEpelb,
MMopoKaAaACT H€O6XOJII/IMOCTI) BI)Ipa6OTKI/I Y HHUX PpaduOHAJIBHO-KPUTHUYCCKOro IMmoaxoaa K
HN3Yy4aCMBbIM UCTOYHUKAaM.

UYroObl HE «YTOHYTb» B OrPOMHOM OOBEME PEKOMEHJOBAHHBIX €My s HM3ydeHHUs
VCTOYHUKOB, CTYJEHT, MPEXIE BCETO, JOJDKEH HAYUUTHCS MPaBWIBHO MX 4MTaTh. [IpaBuibHOE
YTCHUC PCKOMCHJOBAHHBIX MCTOYHHUKOB MNPCANOIAract CJICAJOBAaHHUEC HCCKOJIIBKUM HECJIOKHBIM,

HO B€CbMa I10JIC3HBIM ITPaBUJIaAM.



IIpenBapuTenbHbplii MPOCMOTP KHHUIM BKJIIOYACT O3HAKOMJIEHHE C THUTYJIBHBIM JINCTOM
KHWTM, aHHOTAallUEH, IpEANCIOBUEM, OIJIaBIeHHEM. lIpu O3HAKOMJIEHMM C OIJIaBJIEHUEM
HE00XO0IMMO BBIICIHTD Pa3/ieibl, II1aBbl, maparpadsl, MpeacTaBIIsAOLINe i1 BaC HHTEpeC, Oerio
UX TNPOCMOTPETh, HAMTHM MecTa, OTHoOcAlMecs K TeMe (ab3albl, CTpaHulbl, naparpadsl), U
IIO3HAKOMUTBCSI C HUMHU B OOILMX YepTax.

HayuHble u3gaHus CONPOBOXKIAIOTCS PAa3IMYHBIMU BCIIOMOTaTeIbHBIMU MaTepHalaMu —
Hay4yHbIM alapaTroM, IOATOMY BaKHO 3HAaTh, U3 KAaKUX OCHOBHBIX 3JIEMEHTOB OH COCTOMT,
KaKOBBI €ro ()yHKLIUH.

3HAKOMCTBO C KHHUI'OH JIydllle BCErO HAuMHATh C W3Y4EHUS aHHOTALMUM — KpaTKOH
XapaKTEepUCTUKU KHUTH, pAacKpbIBAIOLIEH €€ coAepkKaHue, WICHHYI0, TEeMaTHYeCKyl U
JKAaHPOBYIO HANpaBJIE€HHOCTb, CBEJECHMS OO0 aBTOpe, Ha3HAUEHHWE U JpPYyrue OCOOEHHOCTH.
AHHOTAIMsI IOMOIaeT COCTaBUTh MPEABAPUTEILHOE MHEHUE O KHUTE.

I'nmy6xe MOHATH COJEpXKAHWE KHHUTM IO3BOJSIOT BCTYNUTENbHas CTaTbsi, B KOTOPOH
JIaeTCsl OLIEHKAa COJIep>KaHUs KHUIH, 3aTparuBaeMoil B HeEH MpoOJeMaTUKH, COJEPKUTCS
uH(popMalus 0 )KU3HEHHON M TBOpYECKOW Ouorpaduu aBTOpa, BHICKA3BIBAIOTCS MOJIEMUYECKUE
3aMeyYaHusl, Pa3bACHIIOTCS OT/AEIbHbIC MOJOXKEHUS KHUTH, NAIOTCS KOMMEHTapuu M T.1. Bor
[I0YEeMY 3HAKOMCTBO C BCTYMUTEIBHON CTAaThEeHl NMpPEACTaBIsETCS OYEHb BaXKHBIM: OHO ITOMOTaeT
CTYACHTY COPHEHTHUPOBATHCA B TEKCTE pabOTHI, 0OpaTUTh BHUMAaHUE HA € HanOoJjee IeHHbIE U
BaYKHBIE PA3/EIIbL.

Toli ke 1nenu coleincTBYEeT 3HAKOMCTBO C OIJIABJIIEHUEM, NPEANCIOBUEM, ITOCIECIOBUEM.
BecbMa mMOnE€3HBIMM 3JIEMEHTAMHM HAy4yHOTO amnmnapara sBIIIIOTCS CHOCKM, KOMMEHTApHH,
TaONULbl, TpapuKu, CHOUCKUA JUTepaTypbl. OHHM HE TOJIBKO WJUIIOCTPUPYIOT OT/EIbHbIE
MOJIO’KEHUSI KHUTHU WIN CTaThU, HO U CaMU MO ceOe SBIIAIOTCS JOMOJHUTENbHBIM HCTOUHUKOM
UHGPOPMALIUY JIUTsl YUTATEIIS.

Ecnu unratens 3aMHTEpecoBana Kakas-TO BbICKa3aHHAs aBTOPOM MBICIIb, HE HallleIIas
NOJPOOHOTO OCBEILIEHUS B JTaHHOM HCTOYHHKE, OH MOXET OOpaTUTbCi K TEKCTy MCTOYHHKA,
YIIOMHUHAEMOTr0 B CHOCKE, JIMOO K UCTOYHUKY, KOTOPBIH OH MOXKET HAWTU B CIIUCKE JIUTEPATYpPHI,
PEKOMEHI0BAHHOM aBTOPOM JIJIsl CAMOCTOSITEIbHOTO U3yUYEHHUS.

CyiiecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEpPHYTHIN) — Hanbosiee KpaTkas (hopma 3amuc MPOUYUTAHHOTO,
NpeJICTaBIsIoNasl coOOl MepeyeHb BOMPOCOB, PACCMATPUBAEMbIX B KHUTE€ WM CTaThe.
Pa3BepHyThIli TUIaH TMpeAcCTaBiseT coboil Oonee MNOAPOOHYIO 3aMUCh MPOYUTAHHOTO, C
JeTaIN3alueN OTAEIbHBIX TIOJI0KEHUH U BBIBOJOB, C BHITMCKOM IIUTAT, CTATUCTUYECKUX JTaHHBIX
U T.A. Pa3BepHyThIll IUIaH — HEOLEHUMBIH MOMOIIHUK IMPH BBICTYIUIEHUU C JOKJIAJOM Ha

KOHKPETHYIO TEMY Ha CEeMUHape, KOH(PEpEeHLUH;



— TE3UChl — KPAaTKO CHOPMYJINPOBAHHBIE IMOJIOKEHHS, OCHOBHBIE IMOJIOKEHHSI KHUTH,
ctarbi. Kak npaBuiio, T€3UChl COCTABIISIFOTCS MOCIE NMPEABAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM
VCTOYHUKA, IIPU €r0 NOBTOPHOM IpoYTeHUHU. OHM NTOMOTatoT 3allOMHUTh U CUCTEMATU3UPOBAThH
nHpopMaIuto.

CocraBiieHnE KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UrPaeT XOpPOILIUi
KOHCIIEKT, COJIEPKall1il OCHOBHBIE HJIEU IPOUYUTAHHOIO B yUEOHHMKE U YCIIBIILIAHHOTO B JIEKLIUU.
KoHcnektr — 3710, 110 cyliecTBy, HaOPOCOK, pa3BEPHYTHIH IJIaH CBA3HOIO pacckas3a o OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoil-ro Mepe KOHCHEKT paccuuTaH (B 3aBUCHUMOCTH OT HWHAMBHIYaJIbHBIX
OCOOEHHOCTEH CTy/IE€HTa) HE TOJBKO Ha MHTEUIEKTYaJIbHYH0 M 3MOLMOHAJIbHYI0, HO U Ha
3pUTENIBHYI0 NIaMATh, IPUYEM TEKCT KOHCIIEKTa HEPEIKO acCOLMHUPYETCS €lle U C TEKCTOM
y4yeOHHMKAa WM 3amuchio Jekuuu. [loaromy serde 3amoMHUHAETCsl COJEpKaHME KOHCIEKTOB,
HallMCaHHBIX pa300pUYMBO, C MOAUYEPKUBAHUEM WM BBIJCICHUEM Pa3psAKON KIIOUEBBIX CIIOB U
dpas.

CamocTOATeNbHO H3YYEHHBIE TEMbl MPEJOCTaBIIAIOTCA MpernojaBarento B ¢opme
KOHCIIEKTa, 110 KOTOPOMY IIPOMCXOIUT cobeceioBaHue. TeopeTnueckue TeMsl Kypcea (OTAeIbHbIe
BOIIPOCHI), BBIHOCUMbIE HA CAMOCTOSATEIbHOE U3YUYEHUE, IIPEJCTABIEHBI HUXKE.

MeToaunuyecKkue YKa3aHus 1o MOATOTOBKE K IK3aMEHY

Nzyuenne mucuuiuiiabl «@u3nkay 3aBepiuiaeTcs sK3aMeHoM. [loAroroBka kK 3K3aMeHy
CIOCOOCTBYET 3aKpeIIeHUI0, YIIIyOJICHHI0 U OOOOIIEHUIO 3HAHHM, TOJydaeMbIX, B MPOIECCE
o0y4yeHHs, a TaK)Ke MPUMEHEHHIO MX K PEIICHHUIO0 MPAKTHYECKUX 3a7ad. | 0TOBSCH K HK3aMeHY,
CTYAEHT JMKBUAUPYET HMeEIoLecs MpoOensl B 3HAHMSX, YrayOnser, cUCTeMaTH3HpyeT U
yIopsI0uMBaeT CBOM 3HaHMs. Ha sk3aMeHe CTylIeHT JeMOHCTPUPYET TO, YTO OH NpHOOpen B
npoiiecce 00yueHus 1Mo KOHKPETHON yueOHOM TUCIIUIUINHE.

Ha xoHcynpTammm mepen dK3aMEHOM CTYIEHTOB TMO3HAKOMAT C OCHOBHBIMHU
TpeOOBaHUSAMH, OTBETAT HAa BO3HUKIIME Y HUX BOMpoCHl. [loaToMy mocemnieHre KOHCYIbTalun
00513aTeNIbHO.

[Ipy moArOTOBKE K HK3aMEHY HEOOXOIMMO HCIIOJB30BaTh KOHCHEKTHl JIEKIUH 110
JUCIUIUINHE, Y4eOHUKM W Yy4eOHble MmocoOusi (M3 CIHCKa OCHOBHOM M JOTOJHUTEIHHON
JUTEPATyphl) MIIM KOHCIIEKT JINTEPaTypbl, IPOYUTAHHOHN MO YKAa3aHUIO MIPEIoiaBaTels B TEUCHHUE

ceMeCTpa.



Brauane ciemyeT mpocMOTpeTh BECh MaTepHall MO CIaBaeMOW TUCIUILIMHE, OTMETHTh

s ce0st TpyaHble Bompochl. OOs3aTensHO B HHMX paszoOparbes. B 3akimouenue emie pas

11€71€c000pa3HO MOBTOPUTH OCHOBHBIE MTOJIOKEHHUS.

CucremaTtnueckas IIOATOTOBKA K 3aHATHUAM B TCUCHHEC CEMECTPA IIO3BOJIMT HMCIIOJIB30BaTh

BpEMA 3K3aMeHaHI/IOHHOI71 CECCUHU IJIsd CUCTEMAaTU3aluu 3HAHWM.
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BOHPOCLI K 3K3aMEHYy

OCHOBHBIE IOHATUSI KHHEMATUKU. Y PABHEHUS JBUKEHUS MATEPUATIbHON TOUKH.
VYTrI10Bas CKOPOCTH U YTIIOBOE YCKOPEHHE.
TaHreHuanbHOE, HOPMAJIBHOE U MTOJIHOE YCKOPEHHUS.
3akonsl HetoToHa.
[IpuHuun oTHOCUTENBHOCTH [ anuies.
Yupyrue cuibl, OTHOCUTEIbHAS 1ehopMalins, MEXaHUUECKOE HaIlpsDKEHUE, 3aKoH ['yka.
3aKOH COXpaHEHMsI UMITYJIbCA.
[lenTp Macc uHepuuu. J[BrkeHue eHTpa UHEPLUU
Pabora, MOITHOCTh, PHEPTUS: IOHATHS U B3aUMOCBS3b.
. Kunernueckasi, noTeHIManbpHas ¥ MOoJHAsi MEXaHUYECKas SHEprus Tela.
. 3aKOH COXPaHEHUsI SHEPTUU.
. CBs13b NOTEHLMAIBHON YHEPTUU U CUIIBIL.
. KunemaTtuka BpamaTenbHOro IBHKEHHUS.
. MoMeHT cuiibl. YpaBHEHHE TUHAMUKY BpalllaTeIbHOIO ABM)KEHUS TBEPIOTO TeNa.
. MOMEHT uMIyJibCca U 3aKOH €r0 COXpPaHEHUSI.
. Kunetndeckass sHeprust Npu BpallaTeIbHOM JBHKEHHH. MomeHT uHepuuu. Teopema
IIreiinepa.
KonebarenbHble mporiecchl B MeXaHuke. MexaHnyeckue rapMOHHUecKue KoebaHusl.
DHeprus MaTepuaIbHOW TOUKH, COBEpIIAIOIIEH TapMOHHYECKHE KOIeOaHusl.
CBoOoIHBIE 3aTyXaroIIKe KoueOaHusl.
Boinyxxnennsie konebanus. Pezonanc.
YpaBHEHHE COCTOSHUS UACATBHOTO ra3a.
OcHOBBI MOJIEKYJISIPHO-KMHETHUYECKOH Teopun. M3omporeccs! B razax.
3akoH MakcBeiuia 0 pacIpeIelIeHUH MOJIEKYI HEAIBHOTO Ta3a 110 CKOPOCTSIM.
bapomerpuueckas hopmyina.
Pacnpenenenue bonpnmana.
BryTpeHHss Heprus uaealbHOro ra3a
BHyTpeHHss sHeprus MHOroaTOMHOro ra3a PaboTa B TepMoIMHaAMHUKe.
Pabora raza npu nzoTepMudecKkoM IMporecce.
IlepBoe Ha4anO TEPMOJMHAMUKHY.
PaboTa rasza npu u3mMeHeHUHU ero oobema.
AnurabaTHBIN U TOJAUTPOIHBIN MPOLIECCHI.
TenmoeMkocTh. YpaBHeHue Maiiepa.
IIpumeHneHne nepBoro Hayajga TEPMOJAMHAMUKH K MU30IIPOLIECCAM.
Onrponus. HepaBenctso Knaysnyca.
Bropoe Hauano TepMOAMHAMUKH.
TenmoBoi neurarens. Teopema Kapho.
Me:xMOoIeKyIIpHOe B3aUMOJEICTBHE.
. YpaBHenue Ban-gep-Baainbca.
. BHyTpeHH:s 3HEprus peajlbHOTO rasa.
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. XXunkocty 1 ux onucaHue.

. CmaunBanue. KanwmuispHble sBIEHUS.

. Anarpamma cocrossaust. TpoiiHas TOUKa.

. Ionstue anexrpuueckoro 3apsaa. 3akoH Kynona. 3akoH coxpaHeHus 3apsiia.
DIEKTPUYECKHUI TUTIONb.

DnekTpuueckoe nosie. HanpsyxeHHOCTh 1oJIA.

Teopema ["aycca a1t HAPSY)KEHHOCTH JIEKTPUYECKOTO TOJIS.

PasnocThs norenunanos. CBs3b HANPSKEHHOCTH M Pa3HOCTH IMOTEHIIMAJIOB.
OCHOBHBIE YPAaBHEHHUS DJIEKTPOCTATUKH B BaKyyMe.

JIMDIIEKTPUKHY B 3JIEKTPUUYECKOM TOJIE.

[IpoBOIHMKY B 3IEKTPUUECKOM IOJIE.

DIIEKTPOEMKOCTh YEAUHEHHOTO IIPOBOJHUKA.

Konznencaropsl. D51€KTpOEMKOCTh KOHEHCATOPA.

DHeprus 3apsyKEHHOI0 ITPOBOJIHUKA. DHEPrHUs 3apsHKEHHOTO KOHAEHCATOopa.
OHeprus MEeKTPUYECKOTO MOJISL.

DnekTpoABMKyIas cuia. 3akoH Oma 1711 OTHOPOJIHOTO U HEOJHOPOIHOIO y4acTKa LEeMH.
ConpoTuBieHne MPOBOJHUKOB.

[TpaBuna Kupxroda u ux npuMeHeHHe K pacuyeTy dJIEKTPHUUECKUX IIeTIeH.

3akon Jxxoyns — Jlenma.

PaboTa u MOITHOCTH TOKA.

Knaccuueckast anekTpoHHast TEOpHs MPOBOAUMOCTH MeTaiuioB. D¢ ekt Xoma.
Haxonutb cKOpoCTh U YCKOpPEHHUE, CPEIHIOI0, CPEIHIOIO ITYTEBYH0, MTHOBEHHYIO CKOPOCTH.
HopmanbsHoe, TaHreHIIManbHOE U MOJIHOE YCKOPEHHUE.

Haxonuts yrioByro CKOpOCTb M YIJIOBOE YCKOPEHHUE.

IIpumensaTs 3akoHbl HproTOHA.

[IpuMeHATH 3aKOH COXpAaHEHUS SHEPTUH.

[IpuMeHsATh 3aKOH COXpaHEHUSI UMITYJIbCa

MOMEHT CHJIbl OTHOCUTEIBHO TOYKU U OTHOCUTEIIBHO OCH BPAILIEHHUS.

MoMeHT umIyiibca MaTEepPHAIBHOW TOUYKH OTHOCHUTEIBHO TOYKM M OTHOCHUTEIBHO OCH
BpaIlCHHUS.

OcHoBHbIE TapaMeTPbl MAaKPOCUCTEM.

YpaBHeHHe coCTOsSHUSA UAeanbHOro rasa (ypasHenue Knanelipona-Mennaeneesa).
KonuyectBo TemnoTsl. TemnoeMkocTh. CBS3b yIETbHON U MOJIIPHOM TETNIOEMKOCTEH.
YpaBHEeHHE COCTOSIHUS peanbHOro ra3a (ypaBHeHue Ban-nep-Baansca).
[TpyuMmeHeHre nepBoro Havyaja TEPMOJIMHAMUKHY K aJiabaTHYeCcKOMy IIpoLecCy.
Ypasuenue Ilyaccona.

Hwnarpamma coctostHus. TpoiiHas To4Ka.

Pabora o mepemeneHuo 3apsaa B IEKTPOCTATUUECKOM TOJIE.

[ToTeHIan noJst TOUEYHOr o 3apsaa.

Cuiia ToKa U IIIOTHOCTh TOKA.

3axoH OMa B 000011eHHOH (hopMme.

PaGota u momrHOCTh TOKa. 3akoH Jxoyns — Jlenna

Metomamu perieHus 3a/1a4d o KHHEMaTHKe.

Mertonamu pelieHus 3a7a4 1o AMHAMUKE.

HopmanbHoe, TaHreHIIMaIbHOE U MTOJIHOE YCKOPEHUE.

HaxoauTs yrioByro CKOpOCTb U yIJIOBOE YCKOPEHHE.

IIpumensaTs 3akoHbI Hpr0TOHA.

[IpuMeHATh 3aKOH COXpaHEHUS SHEPTUH.

[IpuMeHATh 3aKOH COXpaHEHUS UMITYJIbCa

MOMEHT CHJIbl OTHOCUTENIBHO TOUYKH M OTHOCUTEIBHO OCU BpalllCHHUS.

MoMeHT uMmyiabca MaTepUalbHOW TOYKM OTHOCHUTEIBHO TOYKH M OTHOCHUTEIHHO OCH
BpaIlCHUS.



90. YpaBHeHHE COCTOSIHUS UICATBHOTO ra3a.

91. KonuyecTBo TemIOTHI. TeMI0eMKOCTb.

92. CBsi3b yI€TIbHON M MOJIIPHOH TEIUIOEMKOCTEH.

93. YpaBHEHHE COCTOSIHHS PEATBHOTO ra3a.

94. IIpuMeHeHHne ePBOTO U BTOPOTO Havasla TePMOAMHAMUKHY.
95. TeruoBo#i aBuraTens. Teopema Kapho.

96. Mex)MOJeKyIIpHOE B3aUMOICHCTBUE.

97. YpaBuenue Ban-nep-Baannsca.

98. BHyTpeHHS SHEpPIUs PealbHOTO ras3a.

99. Cuna ToKa ¥ TUIOTHOCTH TOKa. 3akoH Oma B 00001meHHon hopme.
100. BsiBox 3akona [[xoyins - JleHna.

Bomnpocsl Kk 3k3aMeHy 2 ceMecTp

MarHuTHOE T10JIe ¥ €70 OCHOBHBIE XapaKTEPUCTHKH.

3axon buo - CaBapa - Jlanaca u ero npuMeHeHue.

3akoH AMIiepa. BzaumopeiicTBue napanienbHbIX TOKOB.

MarsnuTtHas UHAYKLHUS.

Cuua Jlopenua.

JIBukeHue 3apsHyKEHHBIX YaCTHIl B OJHOPOJHOM MarHUTHOM IIOJIE.
Hexotopsie mpumeneHust MarHuTHOTO Toitst. D dext Xoa.

Teopema o HUPKYISAIUN BEKTOpa. MarHUTHBIE TIOJIS COJICHOUIA U TOPOHIA.
IToTok BekTOpa MarHMTHOM MHAYKIMH. Teopema ["aycca 11 MarHuTHOTO MOJIA.
0. DnexTpomaruutHas uHAyKLIus. 3akoH Papases.

11. Munykuuonnsiit Tok. [pasuno Jlenna.

12. Tpupona DC unaykuuu. 3/]C UHAYKIMY B HETIOABUKHBIX TPOBOJIHUKAX.
13. Hupkynsnus BeKTOpa HAMPSHKEHHOCTH BUXPEBOTO AIEKTPUUICCKOTO TTOJTSL.
14. Toxu ®yxo. CkuH->PPeKT.

15. VpaBuenus Makcsemnna.

16. SIBnenue camouHAyKIMH. UHIYKTUBHOCTH TPOBOAHHUKOB.

17. SIBrieHus mpu 3aMBIKAaHUW U Pa3MBIKAHUU TOKOB B IIEMTH C HHTYKTHBHOCTHIO.
18. Bzaumnast MHIYKIUS. DHEPTUS MATHUTHOTO TIOJIS

19. KonebarenbHBINH KOHTYP.

20. OnucaHue eKTPOMAarHUTHBIX KoNeOaHuii B KOiIeOaTeIbHOM KOHTYPE.

21. CoboanbIe KOJIeOanus. BeIHYKICHHBIC KOJICOaHUS.

22. 3aK0oH MOJTHOTO TOKa. TOK CMeIIeHus.

23. EnwHas Teopus SJEKTPUYECKUX U MAarHUTHBIX SBICHUH MakcBeria.

24. Cucrema ypaBHeHU MakcBera.

25. CKOpOCTh pacrpoCTpaHeHHsI AIIEKTPOMArHUTHOTO TIOJISL.

26. PensTuBHCTCKas TPAaKTOBKA MAarHUTHBIX SIBJICHUHN (0OIIIKE TTOMOKEHNUS).
27. TlepeMeHHBIH SJEKTPUIECKUN TOK: OCHOBHBIE TIOHSTHS U 3aKOHBI.

28. BuxpeBoe 3IeKTpUyYecKoe Moe.

29. MoNIHOCTH, BBIZICIIIEMast B IIEITH IIEPEMEHHOTO TOKa

30. ®otomerpusi. OCHOBBI T€OMETPUUECKOM ONTHUKH.

31. 3aKOoHBI OTpaKEHHSI U TIPEIIOMIICHHSI CBETA.

32. SIBneHwue MOJHOTO BHYTpeHHETO oTpaxkeHus. [Ipuniun depma.

33. JIun3bl, popMysia TOHKOH JIMH3HIL.

34. OnTuueckas cuia JUH3BIL.

35. M300pakeHrne TPEeIMETOB C TTOMOIIIBIO JIMH3. 3epKaia.

36. Cuctema IMH3 Kak OCHOBA ONTHYECKUX MPUOOPOB.

37. SIBnenue nHTEpEPEHITNH CBETOBBIX BOJH.

38. Iudpakiuus cBEeTOBBIX BOJIH. JnppaKkinoHHas peneTka.

BOoo~NoOR~WDNE



39. BzaumMoeiicTBHE AIEKTPOMArHUTHBIX BOJIH C BEIIECTBOM.

40. JIucmepcus ceta. I[lormomenue ceera.

41. Paccestaue cBeta. Dddekt Jommepa.

42. ITonstpu3anus cBeTa.

43. 3axoHbI TerI0BOro u3nyueHus. 3akon Credana-bonbpivana.

44. 3akxoH Bumna.

45. ®otorddexr.

46. YpaBHeHue DWHIITEHHA 11 BHEITHETO (hoTodddeKTa.

47. Macca, 3Heprus 1 UMIyJIbC (OTOHA.

48. laBnenue ceera. dpdext KomnToHa u ero anemMeHTapHas npupoja.

49. Monenu atoma Tomcona u Pesepdopna.

50. Jluneiuaterii cnekTp atoma Bogopoaa. [locrymarst bopa.

51. CuekTtp aroma Bogopoa 1o bopy.

52. KopnycKysspHO-BOJHOBOM Jyaju3M CBOMCTB BEIICCTRBA.

53. Hekotopsie cBoiicTBa BoH 11e bpoits.

54. Obmee ypasHenue Llpeaunrepa.

55. DieMeHTBI COBPEMEHHOU (PH3UKKU aTOMOB U MOJICKYI.

56. Cocras, 3apsi aTOMHOTO A1pa. MaccoBoe U 3apsiIoBOE YHCIIA.

57. Jledext macchl 1 HEprus cBs3u siapa. CIuH siipa ¥ ero MarHUTHBIH MOMEHT.

58. SlnepHble cuibl, UX CBOMCTBA, MOJIETH si/Ipa. 3aKOH PaJMOaKTUBHOIO pacmaja.

59. DnemenTapHbie yacTuIbl. KocMuueckoe nzinydeHue.

60. Knaccudukarus snemeHTapHbix yactull. Gusznueckas KapTHHA MHUPA.

61. 3akon Ammepa.- B3aumoeiicTBue mapamieabHbIX TOKOB.

62. JIBrxeHme 3apsHyKEHHBIX YACTHUI] B MATHUTHOM TIOJIE.

63. PaboTa 1o nepeMenieHnio NpoOBOJHIKA B MATHUTHOM TIOJIE.

64. IIpaBuno Jlenna. Bpamienue paMKu B MAarHUTHOM T10J1€. BUXpeBbie TOKH.

65. Toku mpu pa3MbIKaHUH U 3aMBIKAHUH LIETIH.

66. B3auMHas HHAYKIUS.

67. YpaBHeHUE CBOOOTHBIX KOJICOAHUH.

68. 3aTyxatomiue konebaHus B KojaeOaTEILHOM KOHTYpE.

69. BeiHyXIeHHBIE 2JIEKTPOMAarHUTHBIE KOJICOAHUSI.

70. Tlepemennsiii Tok. [lepeMeHHBIN TOK Uepe3 pe3rcTop

71. TlepemeHHBIN TOK Yepe3 KaTyIIKy UHIYKTUBHOCTH.

72. TlepeMeHHBIN TOK Uepe3 KOHAECHCATOP.

73. Llens mepemMeHHOTO TOKA, coaeprkarias R-L-C.

74. Pe3oHaHC HanpsKeHUH.

75. Pe3oHaHc TOKOB.

76. Illkana 31eKTPOMarHUTHBIX BOJIH.

7'7. JIuH3bI U UX XapaKTEPUCTUKU.

78. Metoab!l HaO0IeHHsI UHTep(EPEHIINH CBETA.

79. ITonmockl paBHOTO HAKJIOHA.

80. ITomockl paBHOM TOJIIMHEI.

81. Kombna HeroroHa.

82. Nudpaxuus Openens.

83. Mudpaxus Opayrrodepa.

84. ludpaxius Ha IPOCTPAHCTBEHHOH pelleTKe.

85. Paznnuns B mupakIIMOHHOM M TPU3MATHIECKOM CIEKTPaX.

86. EcrecTBeHHBII U NOISAPU30BAHHBII CBET.

87. IlpoxoxkeHne cBeTa yepe3 JaBa nojsipusaropa. [lomspusainus cBera mpu OTPaKEHUU U
IPEJIOMIIEHUH Ha TPaHMIIE ABYX JUAJIEKTPUKOB.

88. JIBoitHOE TydenpenoMiIcHHE.

89. UckyccTBeHHas onTuyeckast aHU30TPOIIHUS, BpallleHUE MJI0CKOCTU TOJSPU3AIIH.



90. YacTna B OJHOMEPHOM NPSIMOYTOJILHOW <«IOTEHIMAIBHON sIMe» ¢ OECKOHEYHO

BBICOKMMH «CTEHKAMU.
91. TyHHenbHBINA Y3PPEKT.
92. CrekTp aTromMa BOAOpO/a.

93. Cnun snekTpoHa. CHMHOBOE KBAHTOBOE YHUCIIO.
94. MosekyJbl: XUMHUYECKUE CBSI3H, TIOHATHE 00 YHEPreTHYECKUX YPOBHIX. MOJIeKyIIsIpHbIC

crektpsl. [Tornomenne.

95. CrioHTaHHOE ¥ BBIHYXJICHHOE U3JTy4YCHHE.

96. Bonuwr Jle-bpoitnis u kBaHTOBBIE yclioBUs bopa.
97. BeposITHOCTh HAXOXICHUSI MUKPOYACTHIIBI.

98. Ypasuenue lllpenunrepa B oneparopHoit popme.
99. IloTeHIMAIBHBIN ANTUK U TTOTCHIIUATBHBIN Oapbep.

100. Ilpwnaimn [Maymnn.

Memoouueckue ykazanus no no020moeKe K KOHmMpoJibHoUl padome

KonTponbHast pabota — 3TO caMOCTOSITE/IbHAsA MUCbMEHHas paboTa CTyJeHTa, KOoTopas

JOJIDKHa IIOKa3aTb HE

TOJIBKO

€ro BJIaACHUC

TCOPCTUUCCKMM  MATCpruaJIiOM, HO U

MPpOACMOHCTPHUPOBATD NPAKTUYICCKHUEC YMCHUSA IPOBOAUTD PACUCTHI.

I_IGJ'II/I BBIITOJIHCHU A KOHTpOJ'IBHOﬁ pa6OTBI 3aKJIIO4Yar0TCA:

— 3aKpCIUTh U CHUCTEMATU3UPOBATL TCOPCTHUYCCKUC 3HAHUA M IMPAKTHUYCCKUC HABBIKH

CTYJCHTA;

— HayuyuTh paboTaTh C JUTEpPaTypod — H3y4yaTh, AHAIU3UPOBATH HHQPOPMAIUIO U3

HAayYYHbIX HCTOYHUKOB;

B pesynbraTe

OCBOCHUA

JTUCITUILINHEI

bopmupyrorcs

CIENYIOIINN TepeyYeHb

IJIAaHUPYEMBIX PE3YJIbTATOB O6yIICHI/I$[ 110 AUCLHUIIIINHE, COOTHECEHHBIX C IJIaHUPYEMbBIMHU

pe3ysbTaTaMu OCBOEHUS 00pa30BaTeIbHON MTPOrPaMMBI:

Kon, popmymnupoka
KOMIIETEHIIH

Kona, dopmynupoBka
WH/IMKAaTOpa

[Inanupyemsle pe3ysbTaTsl
o0yueHus IO TUCITUILTNHE
(MOTyITI0), XapaKTEePU3YIOIINe
sTanbl GOPMUPOBAHUS
KOMHGTCHHI/Iﬁ, HWHIWKATOPOB

OIIK-1 CnocobeH pemiaTh
3aJa4u NpoQecCuoHaIbHON
JIeATEIbHOCTH Ha OCHOBE
UCIIOJIb30BAaHUS TEOPETHUECKUX
H MPAaKTUYCCKHUX OCHOB
€CTECTBEHHBIX U TEXHUYECKHX
HayK, a TaKXKe
MaTeMaTHYECKOro anmnapara

NJ-5 OIIK-1 lemoHcTpHpyeT
MOHUMaHHe (PU3NYECKUX
SIBJIGHUN U yMEET PUMEHSATh
¢busnyecKkne 3aKOHbI
MEXaHHUKH, MOJIEKYIIpHON
(GU3MKH, TEPMOAMHAMUKH,
JJIEKTpUYECTBa U MarHeTU3Ma
JUISl pEIIEHNS] TUIIOBBIX 3a/1ay;

NJ-6 OIIK-1 [lemoHCcTpHpYyeT
3HaHUE IIEMEHTAPHBIX OCHOB
OIITUKHU, KBAHTOBOW MEXaHUKHU
1 aTOMHOM (U3UKH.

3HaeT OCHOBHBIE (PM3UYECKHE
SIBJICHUS M 3aKOHBI MEXaHUKH,
JJIEKTPOTEXHUKH,
TEIJIOTEXHUKH, ONITUKH U
AepHON (PU3NUKU U UX
MaTEMaTHYECKOE OITUCAHUE;
METO/bI aHaIM3a (PU3NUECKUX
SIBJICHUH B TEXHUYECKUX
YCTPOMCTBAX U CUCTEMAX;
Meroasl pemenus
IIPAaKTUYECKUX 3a/1a4
WCCIIEIOBAHMS U
MOJIEIUPOBAHUS (PU3HMUECKUX
Y XMMUYECKHUX SIBJICHUN U
IIPOLIECCOB B CBOEH




MpeAMETHOM 00IacTH.

YMeer NpuMeHsTh
buznyecKkue 3aKOHBI
MEXAaHUKH, MOJICKYJIIPHOU
(bu3KKH, TEPMOJUHAMUKH,
ANIEKTPUYECTBA U MarHeTu3Ma
JUISl pELLICHUs] TUIIOBBIX 3a7a4.
Biageer 3HanusAMu
(bu3NYECKUX SIBICHUH,
AJIEMEHTapHBIX OCHOB ONTHUKH,
KBaHTOBOUW MEXAaHUKHU U
aTOMHOH (PU3UKHU.

Cnucok pekoMeH1yeMoil JTuTepaTypsbl

Ilepeuenv ocnosnoll tumepamypol:

1. Amutpuesa E.N. ®uszuka [DnexTpoHHbI pecype] : yuebHoe nocodue / E.U. [Imutpuena. —

2-¢ u3J1. — DJIEKTPOH. TEKCTOBbIE JaHHble. — Caparos: A [Iu Op Menua, 2019. — 143 ¢c. —

978-5-4486-0445-4. — Pexum nocryna: http://www.iprbookshop.ru/79822.html

2. Hukepos, B.A. ®u3uka: coBpeMeHHbIH Kypc : yueOHuk / B.A. Hukepos. - 2-e uzna. - Mockaa :

W3narenscko-Toprosas kKoproparus «Jlamkos u K», 2016. - 452 c. : . - ISBN 978-5-394-

02349-1 ; To xe [DnexTponHslit pecypce]. - URL:
http://biblioclub.ru/index.php?page=book&id=453287

Ilepeuens oononnumenvHoil 1umepamypol:

1. Pomanosa, B.B. ®u3uka: npuMepsl pemeHus 3a1ad : yueOHoe nocodue / B.B.

Pomanosa. - Munck : PUTIO, 2017. - 348 c. : cxem., Tabi. - bubnworp. B kH. - ISBN 978-985-

503-737-9 ; To xe [DnexTponHsIii pecypce]. - URL:
http://biblioclub.ru/index.php?page=book&id=487974



http://www.iprbookshop.ru/79822.html
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http://biblioclub.ru/index.php?page=book&id=487974

MMHUCTEPCTBO HAVKH U BBICIIIET'O OEPA30BAHMS POCCUMCKOU ®EJEPALINN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE
YYPEX/JIEHUE BbICHIEI'O OBPA3OBAHIA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsturopckuit unctutyt (punuan) CKOY

MeToanyeckue yKkazaHus

10 BBITTOJIHEHUIO KOHTPOJIEHOW PabOTHI
no aucuuiuinHe «OU3UKA» 111 cTyAeHTOB HanpaBieHUs HOArOTOBKU
08.03.01 CtpoutenscTBO, HAMPaBICHHOCTD (TIPOodHIB) «I OPOJCKOE CTPOUTENBCTBO U
X035HUCTBO»

IIaruropck, 2025
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Conepxanue

BBenenue

Lens u 3a1a4n U3Y4ICHHS TUCITUTUTMHBI

O6opynoBaHue U MaTepUabl

HanMmeHoBaH#e KOHTPOJIBHBIX padbOT

CnucoK KOHTPOJIBHBIX paboT

[lepeyeHbr OCHOBHOW M JOIOJIHUTEIBHOW JIMTEPATypbl, HEOOXOIUMOM ISt

OCBOCHUA NUCIHUITIINHBI

Crp.



Bsenenue

KonrponsHast paGora co31aéT  ONTUMalbHblE  JUAAKTUYECKHE  YCIOBUS IS
JESATEIIBHOCTHOIO OCBOEHUS CTYIEHTaMH CONEP)KAHMS U METONOJIOTMH U3y4aeMOW AMCLMILINHBI
«®Duzuka». KoHTponbHbIE PabOTHl MPOBOIATCSA C LENbIO BBIPAOOTKH MPAKTUYECKUX YMEHUH U
nproOpeTeHNs] HaBBIKOB B PEIICHUM 337ad, OTPAOOTKH YNpPaKHEHUH, BBIOJTHEHHH YEPTEKEH,
IIPOU3BOJICTBE PACYETOB U T.II.

Ilenbt0 KOHTPOJBHBIX paboT sABIseTcd (HOPMUPOBAHME MPAKTUYECKMX YMEHUM —
npodeCCHOHATBHBIX (BBIIOJHATD OINpEAeNEHHbIC JeHCTBUS, ONepaluy, HEOoOXOAUMbIE B
MOCIEAYIOMEM B TPO(ECCHOHATBLHON JESATCILHOCTH) WM YYeOHBIX, HEOOXOIUMBIX B
nocienyomei ydeOHol aesaTeabHOCTH MO 00IenpodecCHOHaIbHBIM U MPO(heCCHOHATBHBIM
JUCLUILINHAM.

bubmmorpaduyeckuii CIUCOK COAEPIKUT CBEICHUS O CIPABOYHOM JUTEparype u

JOITIOJIHUTECIIbHBIX U3aHUAX, HGO6XOI[I/IMBIX JJIsA erIy6JIeHHOFO HU3Yy4YCHUS OTACIBbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lenbto ocBoeHust AUCHUTIINHBI «DPu3nkay sBiseTcss GOpMUPOBAHUE Y CTYIEHTOB

KOMITETEHIIMI O3BOJISIOMNI BIPpa00TaTh HABBIKM (PU3HMUECKUX UCCIIETOBAaHMIA B chepax
aKaJleMHYeCcKoil, mpodecCHOHaIbHON 1 00IIeHAYIHOU JIESITEIbHOCTH.

3amaun OCBOCHUS AUCHIUTITUHBL:
U3y4YCHHUE 3aKOHOB OKPY’)KAIOIIEro MUpPa B UX B3aHMOCBSI3H;
oBJaJicHNe (pyHIAMEHTAIBHBIMU NMPUHIUIIAMI U METOAMH PELICHUS! HAyYHO-TEXHUYECKUX
3aj1ad;
¢opMHpOBaHHE HABBIKOB MO NPUMEHEHHIO TOJOXKEHUH (QyHIaMEHTAaIbHOH (QU3MKH K
rPaMOTHOMY HAay4YHOMY aHAIM3y CHUTYallMid, C KOTOPBIMH WH)XEHEPY NPUXOAUTCS
CTAJIKHBATHCS IPU CO3aHUH HOBBIX TEXHOJIOTHH;
OCBOCHHME OCHOBHBIX (DM3MYECKHX TEOPHIA, MO3BOJSIOUIMX OMUCATh SBJICHUS B MPHUPOJE, U
IpE/eNOB MPUMEHUMOCTH 3THX TEOPHH ISl PEUICHUS COBPEMEHHBIX M IMEPCIEKTUBHBIX
TEXHOJOTUYECKHUX 3a/1a4.

[Ipy BBHIMOTHEHUH KOHTPOJIBHOM PabOTHI PEAM3YIOTCS CIEAYIOIIUN IMepeueHb IIaHUPYEMbIX
pPE3yJIBTaTOB O0yUYEHUS IO JUCITUILTNHE

Kox, popmynuposka

Kon, popmynuposka

[Tnanupyemble pe3yabTaTbl 00y4eHUs

KOMITETCHITHT WHIUKAaTOpa M0 IUCUUIUIMHE (MOIYITIO),
XapaKTEPU3YIOIIUE ITAITbI
(hopMHUpPOBaHUS KOMIIETEHIIHIA,
WHJ/INKATOPOB

OIIK-1 Crocober | PJ1-5 .y JleMoHCTpUpYeT 3HaeT OCHOBHbIE (PU3UUECKUE
pemarb 3318494 | ponpnManne GUIHIECKAX SIBJICHUSI U 3aKOHBI MEXaHUKH,
npodeccCuOHaATBLHON SIBTICHUI U yMeeT IpuMeHsTs | OICKTPOTEXHUKH, TCIIOTEXHHKH,
JeSITeIIbHOCTH Ha | husudecKue 3aKOHBI OIITUKH U SAJIEPHOU (QUBHUKU U UX
OCHOBE MEXaHUKH, MOJICKYJISPHOM MaTeMaTHYECKOE ONMCAHHE; METOIBI
UCTIOJIb30BaHUS (U3HKH, TEPMOMHAMUKHY, aHanm3a QU3NYCCKUX SBJICHUN B
TEOPETUIECKUX Y | 5IeKTpHYECTBA U MarHetnsma | TEXHHYECKHX yCTPOHCTBAX H
MPAKTHYECKUX  OCHOB | 11 perieHusl TUIIOBBIX 3agau | CHCTEMAX;
€CTECTBEHHBIX " YMeer npuMeHsTh Hpu3nvIecKue

TCXHUYCCKHUX HAYK, a
TaKXeC

3aKOHBI MEXAHUKH, MOJIEKYJIIPHOU
(bu3uKH, TEPMOTUHAMUKH,

MaTeMaTUYECKOro DJIEKTPUYECTBA M MATHETU3MA JIs
anmapara pELIeHUs TUIIOBBIX 3a/]a4.

V-6 onk-1 JleMOHCTpHpYeT Bnageer  3HaHMAMH  (QU3HYECKHX

3HAHHME IEMCHTAPHBIX OCHOB | ABJICHHH,  JIEMEHTApHBIX ~ OCHOB

ONTHKH, KBAaHTOBOW MEXaHHKH U

ONTHUKH, KBAHTOBOM MEXaHUKH
Y aTOMHOM pu3uKn

aTOMHOHN (PU3UKH.

21.]'[5[ OLICHUBAaHUA KOHTpOJ’IBHOI\/’I pa6OTBI CTYACHT OOJI’)KCH BBITIOJIHUTD 2 3aga4uu: II0
HOCHCI{HCﬁ un(bpe CTYACHYCCKOI'O ounera u IOoCICaHAA un(bpa CTYACHYCCKOI'O ounera

+10.

A Taxxe MMPUBCCTH OTBETHI Ha BOIIPOCHL

Bonpocwt u 3a0anus.

2. @opmynupoeka 3adanus u ee 0o6vem

1. IloCTOSIHHBIN 3JEKTPUUECKU TOK M €ro XapaKTepUCTHKU. 3akoH OMa i ydacTka

OCIIN.




2. CroponHue cuibl. Dnexrpoasrxymias cuia (3C). 3akon OMa aJ1 3aMKHYTOM LIETIH.
3. PaboTa u momHOCTh TOKA. 3akoH [[xoyns - JleHma.
4. Kiaccuueckasi dJEKTpOHHAs TEOpUS AJIEKTPONPOBOAMMOCTA METANIOB U €€
HEIOCTATOYHOCTh
5. O606menHsI# 3akoH OMma. [IpaBuna Kupxroda.
6. DiekTprdeckuii Tok B MeTaiuiax. OObSICHUTH KaK MPOTEKAET TOK B MeTaJlIax
3agaum 11 CaMOCTOSATEILHOTO PellIeHus

1. Tpu Garapeu ¢ DJIC 1= 12 B, 5= 5 B u 3 = 10 B u on1uHakoBbIMH BHYTPECHHUMU
COMPOTHUBIICHUSIMU I, paBHBIMU 1 OM, COEIMHEHBI MEXAY COOOW OAHOMMEHHBIMH IOJIFOCAMHU.
ConpoTuBieHHE COCAMHUTEIbHBIX MPOBOJOB HUYTOXXHO Majo. OmnpeaenuTh Cuibl TOKOB |,
UAYIIUX Yepe3 KXyt 6arapero.

2. JIBe TpymIbl U3 TPEX MOCIEA0BATEIBHO COCTMHEHHBIX 3JIEMEHTOB COCJIMHEHBI MapajlieibHO.
OJIC ¢ kaxpgoro sjgeMeHTa paBHa 1,2 B, BHyTpeHHEe CONPOTHUBIICHUE r =02 Om.
[Tomydyennas GaTapes 3aMKHyTa Ha BHemIHee conpotuBiaeHue R = 1,5 Om. Haiitu cmty Toka | Bo
BHEIIIHEHN LIETIH.

3. BuyTtpennee conpoTuBieHue I' 6atapen akkyMyssiTopoB paBHO 3 OM. CKOJIBKO MPOIEHTOB OT
touHoro 3HaueHuss DJIC cocTaBiseT MOrpelIHOCTh, €ClU, U3Mepsis Pa3HOCTh MOTEHIIMAJIOB Ha
3akrMax Oatapeu BoIbTMETPOM ¢ corrporuieHrueM Rg =200 Owm, npunsaTh ee paHoi D/1C?

4. 3amyHTUPOBAHHBIA ammepMeTp usMmepseT Toku cuioit 1o | = 10 A. Kakyro Hambonbliyro
CUJIy TOKa MOKET M3MEPHUTh ITOT aMIiepMeTp Oe3 IIIyHTa, €ClIi CONPOTUBIIeHUE R, ammepmerpa
paBHo 0,02 Om u conpotuienue Ry, nrynta paBHo 5 MOm?

5. Cuiia ToKa B IIPOBOJHMKE paBHOMEpHO HapacTaeT oT lp =0 no | =3 A B TeueHue Bpemenu t =
10 c. Onpenenuts 3apsa Q, MPOMIEAIIMI B IPOBOJHUKE.

6. Jausr 12 snementoB ¢ DJC = 1,5 B u BHyTpennum comnporusienuem I = 0,4 Om. Kak
HY)KHO COCIUHHUTH OJTH DJJEMEHTHI, 4YTOOBI TOJYYUTh OT COOpaHHON U3 HUX Oarapeu
HauOOJBIIYI0 CHJIy TOKa BO BHEIIHEH Ienu, umewel comporusieHne R = 0,3 Owm?
OrnpeaenuTb MAaKCUMAIbHYIO CHUITY TOKA |max.

7. HBa snementa (1=1,2 B, r1=0,1 Om; 5=0,9 B, r,=0,3 OM) coeauHEeHB OJTHOMMCHHBIMHU
nostocaMu. ConpoTtusienue R coennHuTeNbHBIX MPoBOJOB paBHO 0,2 Om. Onpenenuts cuity
Toka | B emnmu.

8. OmpenenuTh CWIy TOKa KOPOTKOTO 3aMBIKAHHWS HCTOYHHMKA TOKA, €CIU IPH BHEIIHEM
conporuBiiennu R;=50 Om cmia toka B mienu 11=0,2 A, a mpu R,=110 Om cuna Toka B 1menu
1,=0,1 A.

9. Karymika u aMImepMerp COeIUHEHBI MOCIIEA0BATEIHPHO U TIOIKITIOYCHBI K UCTOYHUKY Toka. K
3@KMMaM  KaTyIIKA TPUCOEIWHEH BOIBTMETp compotuBieHneM R =1 kOwm. Iloka3anus
ammepmerpa 1=0,5 A, Bomprmerpa U = 100 B. Omnpemenuth compoTuBieHHEe R KaTymikwu.
CKOJIBKO MPOIEHTOB OT TOYHOTO 3HAYEHMSI CONMPOTUBIICHMS KATYHIIKH COCTaBUT MOTPEIIHOCTb,
€CJIM HE YYUTHIBATh CONPOTUBIIEHUS BOJIbTMETpA?

10. K ucrounuky Toka ¢ JIC  =1,5 B npucoenuHmmm kaTymky ¢ cornporupiieaneM R=0,10m.
AmMriepMeTp mokasan cuiy Toka, paBHywo 1;=0,5 A. Korma x ucTOUYHUKY TOKa MPUCOSIUHIIN
MOCJICA0BATEILHO €Ie OJWH HMCTOYHHMK TokKa ¢ Takou ke DJIC, To cmma Toka | B TOi ke
Karyiike oka3anach paBHoit 0,4 A. OmpenenuTs BHYTPEHHUE COMPOTHUBICHUS I1 U ' TIEPBOTO U
BTOPOT'O HCTOYHUKOB TOKA.

11. TTo mpoBoaHuKy compoTuBieHneM R = 3 Om TedeT TOK, CHJIa KOTOPOTO BO3pPAaCTaeT.
KonmuecTBo Terotel Q, BbIIENHMBINESCS B TPOBOJHHKE 3a BpeMs 7 =8 ¢, paBHo 200 JIx.
Onpenenutb KOJUYECTBO AJIEKTPUYECTBA (,IPOTEKIIEE 3a 3TO BpeMs MO NPOBOJHUKY. B
HaYaJIbHBI MOMEHT BPEMEHH CHJIa TOKAa B TPOBOJIHUKE paBHA HYIIIO.

12. Cuna Ttoka B mpoBoJHHKE conpoTuBieHneM R = 12 OM paBHOMepHO yObiBaeT oT  lp = SA
mo | = 0 B teuenune Bpemenu t = 10 ¢. Kakoe koimdecTBO TerioThl Q BBIACISAETCS B ITOM
MIPOBOJIHUKE 32 YKA3aHHBIN MPOMEXYTOK BpEMEHU?



13. Cuna Toka B mpoBogHuKe conpotusieHueM I = 100 Om paBHOMepHO HapacTtaet oT lo = 0 1o
Imax = 10 A B Teduenne Bpemenu 7 =30 c. OnpenenuTbs KOJTUYECTBO TEIUIOTH Q, BBIIEIUBIIICECS
3a 3TO BpeMs B IPOBOJAHHUKE.

14. ITpu cune Toka |3 = 3 A BO BHeIIHEH Iienu O6araper aKKyMYJIsITOPOB BBIJCIATCS MOITHOCTh
P, = 18 Brt, npu cuie toka I, = 1 A — coorBercTtBenno P, = 10 Br. Onpenenuts D/IC « u
BHYTPEHHEE CONPOTUBIICHHE I' OaTapeu.

15. OOGMOTKa AJEKTPUYECKOT0 KUIMATUIBHUKA HMEET [Be CeKIMU. Eciu BKIIOYEHa TOJIBKO
nepBasi CeKIUs, TO BOJa 3aKunaet uepes t; = 15 MuH, ecinu Toabko BTOpas, To yepes t, = 30 MuH.
Yepe3 CKOJIBKO MHHYT 3aKUIUT BOJAA, €cld 00€ CEKUWU BKIIOYUTH MOCIEA0BATEIbHO?
[TapannenbHo?

16. K 3axxumMam OaTtapen akKyMyJIITOpOB IpucoequHeH HarpeBatens. DJ1C  Oatapeu paBHa 24
B, BHyTpennee comportuBiienne ¢ = 1 Owm. HarpeBatenb, BKIIOYCHHBIH B II€Mb, MOTPEOIsET
mMotHocTh P=80 Bt. Beruuciuts cuity Toka | B nenu u KI1/] # narpeBarens.

17. DAC ¢ Garapeu paBna 20 B. ConporuBnenue R BHemHel nernu paBHo 2 Owm, cuia Toka | =
4A. Haiitm KIIJI OGartapen. Ilpu kakom 3HaueHuu BHemHero compotuBienus R; KII Oyaer
paBen 99%?

18. K Garapee axkymymstopoB, DJIC * xkoropoii paBHa 2 B u BHyTpeHHEE CONPOTUBICHUE I
paBHo 0,5 OM, npucoeauHeH NpoBOAHUK. ONpeaennTh: 1) conporusnenne R
IIPOBOJHMKA, IIPY KOTOPOM MOUIHOCTb, BbIAENIsi€Mas B HEM, MAaKCHUMallbHa; 2) MOIIHOCTb P,
KOTOpasi IpU 3TOM BBIIEJSETCS B IPOBOTHUKE.

19. OJAC OGarapeu akkymynaropoB =12 B, cuma Toka | KOpoTKOTrOo 3amblkaHusi paBHA 5 A.
Kakyto HanOonbllyto MOIIHOCTh Pmax MOXKHO IOJYYUTh BO BHEIIHEW LENH, COSAUHEHHOH C
Takoi OaTapeeit?

20. Jlamriouka M peocTaT, COCITUHEHHBIEC MOCIIEI0BATEIbHO, MPUCOSANHEHB K UCTOYHUKY TOKA.
Hanpsoxenne U Ha 3axkuMax j1amnodku pasHo 40 B, conporusienue R peocrara pasuo 10 OMm.
Buewnss nens norpedisier momuocts P=120 Br. Hailitu cuny Toka B nienu.

21. B MeaHOM MIPOBOAHMKE JIHHON |=2 M u 1uromanpio S momepedHoro cedenus, pasuoi 0,4
Mm%, mper Tok. IIpH 5TOM EKECEeKYHIHO BBIAENACTCS KOIMYecTBO Temmotsl Q=0,35 JIk.
Ckoubko 31ekTpoHoB N mpoxoauT 3a 1 cekyHay uepes mornepeyHoe CEYeHHe ITOro MPOBOAHUKA?
22. TInOTHOCTH TOKa |j B MEIHOM NPOBOJHUKE paBHA 3 A/vm?. Haiitn HaIpsSHKEHHOCTh £
AIIEKTPUYECKOTO IOJISI B TPOBOJHUKE.

23. TInoTHOCTH TOKA | B AIFOMUHHUEBOM IIPOBOJIE paBHa | A/mmM?. Haiitn CPEIAHIOI CKOPOCTh <»>
YIOPSAAOYEHHOTO ABUKEHHUSI 3JIEKTPOHOB, IIPEAIIOIIaras, 4To YMCiIo

CBOGOJIHBIX SJIEKTPOHOB, MPEJNONArasi, 4T YHCIO CBOGOIHBIX IEKTPOHOB B 1 cM® anmoMuHms
pPaBHO YHCIIO AaTOMOB.

24. OnpenenuTtb CPpeaHIO CKOPOCTh < v > YIOPSIA0OYEHHOTO JABUKEHUS JIEKTPOHOB B METHOM
npoBoJHUKE 1pH cuiie Toka | = 10 A u cedyeHun S npoBoAHMKA, paBHOM | MM, [TpunATH, YTO
KKl aTOM MU MPUXOAUTCS JBA 3JIEKTPOHA IPOBOJAUMOCTH.

25. Cuiia Toka | B MeTanianueckoM NpoBoAHMKe paBHa 0,8 A, ceueHue NpoBoJHMKa S= 4 MM
[TpuHKrMast, 4TO B KaXIOM KyOMYECKOM CaHTHUMETpPE METajula COJIEPKUTCS n=22,5-10%
CBOOOJTHBIX 3JIEKTPOHOB, ONPENEIUTH CPEAHIOI0 CKOPOCTh <0> UX YIOPSIOYEHHOTO IBUKEHHUS.
26. B megHoM mpoBoAHHKE 00BeMOM V=6 oM’ IIpU NPOXO0KICHUU 110 HEMY ITIOCTOSIHHOT'O TOKA 3a
BpeMs t=1 MUH BBIIEINIOCH KOJUYECTBO TEIUIOTHl Q=216 J[). BeruucanTh HampsskeHHOCTh E
AIIEKTPUYECKOTO TOJIS B TPOBOJHUKE.

27. MeTanauueckuii TNpPOBOJHUK JBHXKETCS C yckopeHueMm a=100 m/c?, Hcnonw3ys
KJIACCHUYECKYI0 TEOpPUI0 DJIEKTPONPOBOJHOCTH METAIJIOB, OIpPENEIUTh HaNpsKeHHOCTh £
AIIEKTPUYECKOTO T0JIS B TPOBOJHUKE.

28. Mennsbiii nuck pamguycom R=0,5 M paBHOMEpHO Bpamiaercs (a)=104 pazn/c) OTHOCUTEIBHO
OCH, TEPHEHAMKYISIPHON IUIOCKOCTU JIUCKAa M IpoXojsuied depe3 ero ueHtp. Onpenenurts
pa3HOCTh NMOTeHIHaI0B U Mexay IEHTPOM JIMCKA U €ro KpallHUMH TOUYKaMH.

29. MetajuIMYeCKU CTepKEeHb JBMXKETCS BJAOJIb CBOEH ocu co ckopocTeio 0=200 wm/c.
Onpenenuth 3apsa Q, KOTOpBIA TPOTEYET Yepe3 TalbBAaHOMETp, MOIKIIOYAaeMBbId K KOHIIAM



CTEpPIKHSI, IPU PE3KOM €ro TOPMOXKEHUH, eciiu JuHa | crepxkHs paBHa 10 M, a conporusieHue R
BCel 1enu (BKITIOYas Ienb raibBaHoMeTpa) paBHo 10 MOwm.

30. Y nenpHast npoBoAUMOCTb ¥ MeTaiia paBHa 10 MCwm/M. Beraucnuts cpennioro mmmny < | >
cBOOOIHOTO IIpo0era EKTPOHOB B METAJLIE, €CIIM KOHLEHTpaLus N CBOOOIHBIX 3JIEKTPOHOB

28 -3 N

paBHa 10™° M. CpenHIO0 CKOPOCTh U Xa0TUUYECKOTO IBUKEHUS JIEKTPOHOB IPUHSTH PaBHOU
6

10” m/c.

3. Obugue mpedosanus K HAaNUCAHUIO U OPOPMIIEHUIO PAOOMbL

Ocroegnvle mpedosanus Kk pabome

[Ipu BeImoOTHEHUU W odopmiieHUH KOHTPOJIbHOW 1Mo ['OCTy Hamo ydyuThIBaTh OOIIHE
TpeOOBaHUS, KOTOPBIE MPEABSIBISIOTCS K padore:

— CTYJICHT JOJIKEH IPUACPKUBATHCS 3aJaHHON TEMATHUKU;

— 3aMPeIleHO MEHATh TEMY CaMOCTOSITENIbHO 0e3 00paIlleHus K MPeno/1aBaTento;

— npu opopMIIEHUU PabOTHI HYKHO y4UTHIBaTh HOpMBI 1 ['OCTHI;

— KOHTPOJIbHAsI BBHIMIOJIHAETCS Ha OCHOBAHMM HE MEHEE CEMH MCTOYHUKOB, BHIOPAHHBIX
aBTOPOM;

— pabota AoKkHa OBITH aBTOPCKOM, B HEW JOJDKHBI COIEPKATHCS COOCTBEHHBIC BHIBOIBI
CTYJICHTA,

— TEKCT KOHTPOJIBHOM JTOJKEH UMETh 00beM He MeHee 7 JIMCTOB.

Odopmaenue no F'OCTy mexkcma KOHmMPOAbHOU

Korna paboTta BbInoIHEHa, €e He0OX0IMMO MPUBECTH B COOTBETCTBYIOIIMNA BUJ] COTIACHO
I'OCTawm:

— KOHTpOJIbHYIO HabupaioT B Word uiam ApyromMm TEKCTOBOM PEJAKTOpPE C aHAJIOTMYHBIM
(bYyHKLHOHATIOM;

— Mpu Habope HYX)HO ucnonb3oBaTh mpudT Times New Roman,;

— UHTEpBaJI MEXAY CTPOK — MOJYTOPHBIN;

— pa3mep mpudrta — 14,

— TEKCT BBIPABHUBAETCS 110 IIUPHUHE;

— B TEKCTE JIENAIOT KPACHbIE CTPOKH C OTCTYNOM B 12,5 MM;

— HIDKHEE U BEpXHEE OISl CTPAHUIIBI TOJKHBI UMETh OTCTYT B 20 MM;

— cieBa otcryn coctasisieT 30 MM, cipaBa — 15 Mm;

— KOHTpOJIbHAs BCEr/la HyMEpYETCs ¢ MEPBOTO JIMCTA, HO HA TUTYJIBHOM JIUCTE HOMEP HE
CTaBsT;

— HOMEp CTpaHUIIbl B paboTe BCer/ia BHICTABIIETCS B BEPXHEM IIPABOM YTIIIY;

— 3aroJIOBKHM paboThl 0(OPMIISIOTCS )KUPHBIM HIPU(TOM;

— B KOHIIC 3ar0JIOBKOB TOYKa HC MPECAYCMOTPCHA,



— 3aroJIOBKM HaOMPAaIOTCs MPOMUCHBIMU OyKBaMU;

— BCE IIYHKTHI U pa3Jiesibl B paboTe TOJKHBI ObITh IPOHYMEPOBaHbI apabCcKkuMu 1udpamu;
— Ha3BaHUS PA3IEJIOB Pa3MEIIAIOTCs MOCEPEANHE CTPOKH, TIOPA3IEIIbl — C JIEBOTO Kpas;
— paboTa pacreuaTbIBaeTCs B IPUHTEpE Ha JIUCTax A4;

— TEKCT JOJKCH pacrojararbCsa TOJIbBKO Ha OI[HOI71 CTOPOHE JIUCTA.

Paboma umeem maxyo cmpykmypy:

1. TuTynbHBINA JUCT;

2. OrnaBieHHe U BBEJCHHUE,

3. OCHOBHOl TEKCT U pacuyeT KOHTPOJIbHOI;

4. 3akr0uMTeNbHAs YacTh pabOThI;

5. IlepeyeHb UCTIONB30BAHHOM JIUTEPATYPHI U HCTOUHUKOB;

6. JIoTIOJIHEHUS ¥ TIPUIIOKEHUSI.

Ecnu B paboTte ecTh MpHUIIOkKEHHS, O HUX HAJI0 YIIOMHUHATH B OTJIABJICHUH.

Ccpuikn HyMepyroTcsl apaOCKuMHU U paMu, IPU 3TOM YYHUTHIBAIOT CTPYKTYPY PaOOTHI

(pa3mensl U MOpa3aeIbl ).

4. YKkazanusa no évinosinenuio 3a0anus
3aKOHBI IOCTOSIHHOIO TOKA.
Lenw 3anamusn. VI3y4nTh 3aKOHBI IOCTOSTHHOTO TOKA
3uanusa u ymenusn, npuoopemaemvie CHYOEHMOM 6 pe3yibmame O0CEOCHUS MeMbl,
dopmupyemovie komnemenyuu. dnekrpudeckuil Tok. Cuna toka. [InmotHocTh ToKa. 3akoH OMma
Juist ydactka 1enu. ConpoTHUBIEHUE MPOBOJAHUKOB. VICTOUHMKH TOKa. DIEKTPOABMKYIIAs CUila
(BAC). 3akon Oma s ywyactka menu, coaepxkamiero DJIC. 3akon Oma s MOJTHOW IEMu.
PasBerBnennnle nenu. 3akonsl Kupxroda. Pabora u mMomHuocTs Toka. 3akoH [xoyns - Jlenna.
TennoBoe nelCTBHE SJIEKTPUUYECKOTO TOKA U €ro NMPUMEHEHHE B TEXHHUKE. DJIEMEHTapHas
KJIACCHYECKast TEOPHsI DJIEKTPOIIPOBOJHOCTU METAJIOB. I'paHuIIbl IPUMEHUMOCTH KJIACCHUECKON
TEpUU 3JEKTPONnpoBoAHOCTH. KOHTakTHbIE siBIEeHUsA. Biageer crnocOOHOCTbIO HPUMEHSTDH
COOTBETCTBYIOIIUHN (hHU3UKO-MaTeMaTHUECKHH amnmnapar Mpy perieHny mpodhecCHoHaIbHBIX 3aay.
Axmyanvnocmy memol. OCHOBHbBIE MOHSATHS U 3aKOHBI MIOCTOSIHHOTO TOKa MPUMEHSETCS
MIPU PELLICHUN MHXEHEPHBIX 3a]1a4.
Teopemuueckan uacme.
Xapakmepucmuku 31eKMPUYEcK020 MOKA U YC/108Us €20 CYULeCmeo8anus
B anekTpoctatuke u3ydanuch SBI€HUs, 00YCIOBICHHBIC HEMOABUKHBIMU 3apsaamMu. Eciu
10 KaKoH-TMOO MpUYMHE BO3HUKAET YNOPSIOYCHHOE JIBUKEHHE 3apsIOB M Yepe3 MOBEPXHOCTh
NEePEHOCUTCS 3apsiJl, OTIAMYHBIN OT HYJIS, TO TOBOPST, YTO BOSHUKAET IIEKTPUUYECKUHN TOK.
KonnyecTBEeHHON XapaKTEpUCTUKOM DIIEKTPUYECKOIO TOKA CIY)KMT CHJIa TOKa —

BCIIMYMHA 3apiaa, ICPECHOCUMOIo 4€pe3 pacCMaTpruBacMVYIO IMMOBEPXHOCTh B CAMHHUILY BPEMCHH.

Ecnu 3a Bpems dt gepes moBepxHOCTh Mepenocutes 3apan dq, To cuia Toka paBHa:

]
dt




Epununedd cunbl Toka sBisgercs ammep (A). 3a HampaBieHHME ToKa MPUHUMAETCS
HaIpaBJIeHUE, B KOTOPOM IMEPEMELIAIOTCS IIOJOKUTENbHbIE 3aps/ibl WM HaIpaBlICHUE,
MPOTUBOIOJIOKHOE HAMPABICHHUIO JBUKCHHS OTPUIATEIBHBIX 3apsaoB. CBOOOIHBIC 3apsjbl,
KOTOpbIE IEPEMEIIAIOTCS B CPEJIC, HA3bIBAIOTCS HOCUTEISIMU TOKA.

DNeKTpUUECKU TOK MOXKET OBbITh paclpesesieH HEPaBHOMEPHO 0 MOBEPXHOCTH, Yepes
KOTOpYIO OH TedeT. boiee neTalbHO TOK MOXHO OXapaKTepU30BaTh C IOMOIIbIO BEKTOpa

IIJIOTHOCTH TOKa J . HYCTB 3apsKCHHBIC YaCTUIBI ABUXKYTCA B OIIPEACIICHHOM HaIIpaBJICHUU CO

CKOpPOCTBIO u. BekTopoM INIOTHOCTH TOKa J Ha3bIBACTCsA BCKTOP, I10 HAIIPaBJICHUIO

COBIMAJAIONIUI C HAIIPABICHUEM CKOPOCTH IMOJOXKUTEIbHBIX 3apsSA0B (WM MPOTUB HAIIPaBJICHUS
CKOPOCTH OTpPHIIATEIBHBIX 3apsIOB), & IO a0CONIOTHOW BEIMYMHE PABHBIA OTHOIICHUIO CHUIIBI

toka _dl __uepe3 onemenrapuyro twomanky 0S|, pacnonokeHHYIO B JaHHOW _TOYKe

IOPOCTPAHCTBA NCPHCHAMUKVYIIAPHO K HAIIPABJICHUIO ABUKCHUSA HOCHTCHGﬁ, K €€ I1omajan.
j dl
ds,
Yucno HocUTeNeH ToKa B eIMHUIIC 00beMa N Ha3bIBACTCS IUIOTHOCTHEO HOCHUTENCH TOKA.
3apsi OTACIBHOr0 HOCUTENS OyaeT 0003HaYaThCs € .

Ecmu CB060[[HI)IMI/I 3apssaaMu  ABJIIAIOTCS, HAIIPUMEP, O3JICKTPOHBI, a IOJOXUTCIbHBIC
3apsgabl HCIIOJABUXXHBI (3TO HUMECT MCCTO B MeTaJ'IJ'IaX), TO INIOTHOCTh HOCHTEICH 6V,Z[6T

COBIAJATh C YUCJIOM CBOOOJIHBIX 3JEKTPOHOB B e/IMHUIIE 00bEMA.
BekTop IIIOTHOCTH TOKAa MOYKHO BBIPAa3UTh 4€pe3 INIOTHOCTb HOCHUTEIEH TOKAa U CKOPOCTH
P nx paBwxkeHusd. KoiaumdecTBo 3apsaa, NEPEHECEHHOro 3a

\ o Bpems dt  4epes HekoTOpyl0O MHOBEPXHOCTH S,
RN NEPIEHAUKYIPHYI0O K BeKTopy ckopoctu (puc. 20.1),
pasio dgq=n-e-u-dt-S. 3a Bpems dt mwiomanky S

A — HEPECEKYT BCe CBOOOMHBIE 3apsbl B Mapajllelenuene ¢
ocHoBanmeM S wu mumHOM Udt. Ecmm mmomanka S
JIOCTaTOYHO Maja, TO IUIOTHOCTh TOKa B €& Ipejenax
MOXHO cCUuTarthb HOCTOﬂHHOﬁ 58 TOTAAa:

| dg n-e-u-dt-S

1757 sat S dt
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Cuna Toka 4epe3 npoU3BOJIbHYIO IIOBEPXHOCTh




DNEeKTpUUECKUN TOK, OOYCIIOBJICHHBIN JBMKCHHUEM CBOOOMHBIX 3apsjioB B MPOBOJHUKAX
Pa3JIMYHON MPHUPOJIbI, HA3BIBAETCS TOKOM MPOBOJUMOCTH.
CBoOoaHbIC 3apsibl B MPOBOJHUKE MCIBITHIBAIOT CTOJIKHOBEHHS C aTOMaMH ITPOBOTHHKA.
3a Bpems «cBOOOAHOrO TpoOera» 7 MEXKIy ABYMsS CTOJKHOBEHHSIMU 3aps]l B MPOBOIHHKE
npuoOpeTaeT HAaIPABJICHHYIO CKOPOCTD BJIOJIb BHEITHETO JICKTPHUECKOTO TIOJIS:

I =
G=Wr=—71
Mo

rae E HanpspkeHHOCTB DIIEKTPUYECKOro MoJis B MPOBOIHKKE. [1ociie ouepesHOro CTONKHOBEHUS
CKOPOCTb TepseTcs. 3aTeM, 1O CJIEYIOIIEro CTOJIKHOBEHUS, IIPOUCXOJUT HOBOE HApallUBaHUE
HAaIpaBJIeHHOW CKOPOCTH.

U3 BBIIEU3II0KEHHOTO CIIEIYET, YTO YCAOBUAMU CYULECHE08AHUA MOKA SBIISICTCS:

a) Hanuune cBOOOIHBIX 3apsiIOB;

0) Hanmume »sieKTpUYECKOTO TOJNS BHYTPU TPOBOAHMKA, YTOOBI IOAIEPKHBATH
nepeMeIieHe 3apsaoB.

Anekmpoosuscywan cuna, HARPAICEHHOCHb

Ecnu Ob1 Ha HOCHTENB TOKA IHCTBOBAIH TOJIBKO CHIIBI SJIEKTPOCTATHUECKOTO TOJISA, TO TIOA
NEMCTBUEM JTHUX CHJI TIOJIOKUTENBHBIE HOCHUTENN MEPEeMEIIINCh Obl M3 MecTa ¢ OOJBIINM
NOTEHIUAJIOM K MECTY C MEHBIIMM MOTEHIIUAJIOM, & OTPHIIATeIbHbIE HOCUTEIH JIBUTAINCH OBl B
0o0paTHOM HampaBJIeHUU. DTO NPUBENO Obl K BRIPABHUBAHUIO MOTEHIIMAJIOB, U B PE3YJbTaTe TOK
ObI npekpatuics. UToObI 3TOTr0 HE MPOU3O0IILIO, JOJDKHBI UMEThCS YYACTKH Ha KOTOPBIX TIEPEHOC

IMOJIOXKHUTEIIBHBIX 3apsaa0B IIPOUCXOAUT B CTOPOHY BO3pactaHua ¢, T.C. IPOTHUB CHII

aneKkTpocTatudeckoro mnoss. IlepeHoc HocuTeneil Ha 3TUX yyacTKax BO3MOXKEH JIMIIb C
IOMOILBIO CHJI HE 3JEKTPOCTATHUYECKOI0 MPOUCXOXK/ICHUs, Ha3bIBAEMbIX CTOPOHHUMHU CHJIAMH.
®uznyeckas MpUPoAa CTOPOHHUX CHJI MOXKET ObITh paznuyHa. Hampumep, xumuueckas (Kak B
AKKyMYJIATOpPAax), MEXaHUUECKasl, MarHUTHAs U JIpyTrHe.

Bennunna, paBHas OTHOUIEHHIO PabOThl CTOPOHHUX CHJI IO TEPEHECEHUIO 3apsjia K
BEJIMYMHE HTOT0 3apsjia Ha3bIBaeTCs dIeKTpoaBmxkyIen cuioi (3J1C).

O/1C uzmepsieTcs B Te€X K€ €AMHUIIAX YTO U MOTEHIIKUA, T.€. B BoJbTax (B).

CTopoHHIOIO  CHTy, [JEHCTBYIOIIYIO Ha 3apsii, MOXHO TIpEACTaBUTh B  BHUJE

F.. . Ecmopq , TIe Ecmap - HaOPsOKEHHOCTH MOJS CTOPOHHMX CHiI. PaboTa CTOPOHHUX CHII

HaJ[ 3apsAJI0M Ha HEKOTOPOM ydacTke 1-2:
) 2
1_ _ — —
mop qJ- Ecmopdl
1

Pa3znenuB o6e yactu cornacHo onpenenenuto JC Ha 3apsn, MOTYyIUM:

1-2 2
__¢cmop _E T
2 =—— = I Ecmopdl
a 1
JInst 3aMKHYTOH Lienu:
&= 4§ E popdl

OJIC, ncHlcTBYIOMAs B 3aMKHYTOMH OCnru, MOXCT OBITH onpeacjcHa KaK HNUPKYIAINA
BCKTOpA HAIPAXKECHHOCTH CTOPOHHHUX CHIJI.




Kpome CTOpOHHHX CHII Ha 3apsij JSHCTBYIOT CHIIBI dIeKTpocTaTndeckoro monsi Fg =(E.

PesynpTupyronas cuna, A€MCTBYIONIAS B K0 TOUKE LENH Ha 3apsAJl, paBHA:
F=Fc+ (E +Eepop)

PaGora, coBepuiaemas 3Toi cuiioil Hajx 3apsaoM ( Ha ywyacTke uenu 1-2, ompenensercs

—

emop = 4

2 2 2
BBIPOKEHHEM A = CII Edl + qj Ecmopdl . T.x. q_[ Edl =q(¢p1— 9, ), a
1 1 1

—

q Ecmopdl = (é&12 , Torna pabora paBHa A12 = Q((Dl — (02)+ gérs.

= — N

Ao

Paznennm o6e vactu Ha (. B neBoif wactu otHomeHne —= o6o3Haunm Uq,. Bennumna

YHCJIICHHO paBHAaid OTHOIICHUIO Da6OTBI N DOJICKTPOCTATHYCCKHMX HM CTOPOHHHMX CHJI 11O
OCPEMCIICHUIO 3apsia/ia K BCIWYHMHC O5TOI'0 3apsaaa HA3bIBACTCA IIAaACHUEM HaNPsSXKCHUSA HWJIN

IPOCTO HAIIPAXKCHHUECM Ha JaHHOM YYAaCTKC IICIIN U 12 -

1, | , 2 Taxum o6pasom (puc. 20.2),
A I Up =¢1 ¢ +épp
plaMespyy dto ecim Ha ydactke orcyrerByer OJIC, o
U =@ —¢p. (s 3amkHyTOM nemu TOYKH | W 2 COBIAgaror,

&
|
I

o=@, n, torna Ujp =&15.) Moxuo mokasats, uto Uqo =IR, rre R- nommoe

COIIPOTUBJICHUE LICIIN U TOrAa

IR=¢1 —p, +&15

D10 ypaBHEHHE BhIpakaeT 3akoH OMa Ut HeoaHopoaHoro yuacrka nenu (¢ 9C).

Knaccuueckasn snekmponnas meopus 31eKmponpoeooumMocmuy Memasiios u ee
He0oCmamo4HoCb

BHYTpeHHss CTPYKTYpa METAIIIOB XapaKTEPU3YETCsl KPUCTAJUIMYECKOM pereTkol. B y3max
KPUCTAJUIMYECKOM PEHIETKH HAXOJATCS IMOJOKUTEIbHBIE MOHBI; B MPOCTPAHCTBE MEXAY HUMU
MPaKTUYECKH CBOOOIHO ABMXKYTCS 0000IIeCTBIECHHBIE 3NeKTpoHbl. Hemenkuit ¢pusuk I1. [Ipyne
MPEAMONOXKIII, YTO DJEKTPOHBI BEAYT ce0s KaK YacTHUIIBl MJICaJbHOTO Ta3a, W IPEIOKIII
MCIOJIL30BATh JJIsl OTIMCAHUS UX MTOBEACHUS U3BECTHBIE (OPMYIIBI KHHETHUECKON TE€OpHUH Ta30B.

Cucrema CBOOOIHBIX OOOOIIECTBIEHHBIX B KPUCTALTMYECKOW pEHIETKE DIESKTPOHOB
Ha3bIBAETCs DJEKTPOHHBIM ra3oM. B oTinumne oT Mojekyn rasza, mpoOer KOTOpPBhIX OMpeeNnsics
COyZlapeHUEM MOJIEKYJI JIPYT C IPYTroM, DJIEKTPOHBI CTATKUBAIOTCS MPEUMYILIECTBEHHO HE MEXKIY
coboif, a ¢ woHamMu OOpa3ylOIIMMH KPUCTALIUYECKYIO pEIIeTKy MeTajga. OTHUMU
CTOJIKHOBEHUSMHU 00YCIOBJICHO B YaCTHOCTH, COMIPOTHUBIIEHUE METaJlIa DJIEKTPUIECKOMY TOKY.




XaoTHYECKOE TEMIOBOE JIBMKCHME QJICKTPOHOB B MCETAZIaX MOXHO XapaKTCPHU30BaATb

8KT

cpenHel CKopocThlo < U >= [——— (11 KOMHATHBIX TEMIIEpaTyp <U> ~10%m/ c). Ilpu
Mg

HaJIMYMKM BHCIIHETO IIO0JIA 3JICKTPOHBL O6J'IaI[aI-OT caiec HCKOTOpOfI CpEeIHEH CKOPOCTHIO

HanpasJieHHOro aBrmkenus U . O0puHO U ~ 102 +103m/ C, TO ecTh U << <l)>

Bwi1600 3axonoe Oma u /Picoyna-Jlenya uz nekmpoHHvlX npeocmasieHuil

3akon Oma.

Cpennuii myTh, TPOXOAMMBIA CBOOOJHO IBIDKYIIUMUCS JJICKTPOHAMH MEXAY JTBYMS
[OCJIEIOBATEIbHBIMU CTOJKHOBEHUSIMU C HOHAMHU DEIIETKHM HA3bIBACTCS CpeAHEe JUTMHHOU

cBoOoIHOTO TIpobera A . CpenHee BpeMsi MeXTy IBYMsI CTOJIKHOBEHHSIMHA 7 = — (OIpeersieTcs
)

—

CKOPOCTBIO XaOTHYECKOI'O I[BI/DKCHI/IH). HpI/I HaJIM4YUM 110JIA E HalipaBJICHHAA CKOPOCTH
9JICKTPOHOB HAKAIJIMBACTCA 34 BpEMiA CBO6OI[HOFO HDO6eFa M K MOMCHTY CJICAYIOLICTO
COyJIapEHHMs JJOCTUTAET MAKCHMAIIbHON BEJTMUHHBI:
1., —wr=E2
max m v '
Ckopocts U m3MeHsieTcs 3a BpeMs podera jauHeiHo. [Toatomy ee cpesnee 3a npoder
3HAYCHHUC PaBHO ITOJIOBHHC MAKCHUMAJIbHOI'O 3HAYCHU .

1. 1eE A
<u >—§Umax :E——
HJ’IOTHOCTB TOKaA.:
- — n M 92 * ﬂ/ =y
J=n-e<li>——-==E
2mo
.- n-e?. 1
Koo duimenT nponopumoHanbHOCTH Mexay | u E obosHaunm o = 2— o -
mo

MpOBOIUMOCTE). B pesynbprare mnonyunm 3akoH Oma B JokKainbHOM (dopme (mapamerpsl
OTHOCSITCS K JAaHHOW TOYKE CEYCHHS TIPOBOTHUKA).

j=c-E

IInoTHOCTE TOKA B MMPOBOAHUKE MNPONOpHHUOHAIbHA HAMNPAKCHHOCTHU JSJICKTPUUCCKOI'O

nons E. Koaddunumentom mnponopiuoHanbHOCTH SIBISETCS MPOBOAUMOCTH. (3amedaHue.

CpaBuuM monydeHHyro Qopmyiny ¢ wu3BectHOH | = E [IpoBomumocts ©  00paTHO
IPOTIOPIMOHAIBHA  YAEILHOMY CONPOTHBIEHHIO p© O =—. IlmoTHOCTH TOKA | = g
Yo,
U I 1U
Hampsokennocts mons E=— (I - gomamsa nposommmka). Torma —=-——, wmim
I S pl
U

|=—S= R 9TO U TPeGOBAIOCH. )

p-l



3axon JLxoyia — JleHna.

K konmy cBoOomHOTrO mpobdera 31EKTPOH MPUOOPETAaeT MOTOTHUTEIBLHYI0 KHHETHUECKYIO
SHEPTrHI0, CpeHEe 3HAYCHUE KOTOPOH paBHO:

2 2 42
2

<AEy >= E?
2muv

eEA

(HamomeuM: Upay = — ).

CTOJNKHYBIIUCh C aTOMOM, 3JEKTPOH, M0 HPEANOJIOKEHUI0, IOJIHOCTBIO IepeiaeT
IPUOOPETEHHYIO UM DHEPIUI0 KpUcTalInyeckol pemierke. CooOIIEeHHas peleTKe SHEPTUs UIET
Ha YBEJIMYEHNE BHYTPEHHEHN HEPIUU MeTalljia, IPOSIBIISASCH B €M0 HAarPEBAaHUU.

N v .
Kaxxapiii 25eKTpoH mpeTeprieBaeT 3a CEKYHIY B CPEAHEM Z = 7 coyaapenuii. O603HauNM

YHUCJIO 3JICKTPOHOB IIPOBOAUMOCTH B CAWMHHUIIC obreMa N , TOrga I1oJHasd 5HCPIruia, IICpCaAaHHai
QJICKTpOHAMM 34 CAMHHITY BPCMCHHU B CAMHUIIC 00beMa 6y,HeT PaBHATHCA:

e’ 4 £2_ ne’A iBEZ B ne’A
2mo® 2moo A 2mo

W=n-z<4E >=n-z- E2,

ne?i

3Has, 4To O = B pe3yJibTaTe MOoIy4YuM 3aKoH oy — JIeHua B nokanpHOU hopme:

W =c-E?

TemnoBas  MOIIHOCTH, BBUICHASIOMIASACS B €IMHULE 00beMAa IIPU  NPOTEKAHUM
DIEKTPUYECKOT0 TOKA MPOIOPIUOHAIBHA KBAJIPATy HAIIPSHKEHHOCTH OIS,
- 1 -_ ) _l0g)y 2
[lepexonsor c u E xk pu J:(oc=—, E==), monyusm W =—| = | =p- |, wm
o plo

W:p.j2

[Monmyunnu apyryio dopmy 3akona JDxoyns — Jlenna. (O0beMHast MIIOTHOCTh TEIJIOBOM
MOITHOCTH paBHA MPOU3BEACHUIO YJIEIbHOTO COMPOTUBIICHHUS HAa KBAaPAaT MJIOTHOCTH TOKA).

3ampyonenua Knaccuueckoii 31eKmpoHHON Mmeopuu 3J1eKmponpoeoOHOCIU MEMasios
Knaccudeckas Teopus cMoriia 00bSCHUTH MOMYyYEHHbIE paHee IKCIEPUMEHTAIBHO 3aKOHbI
Oma u JIxoynsa — JleHna, HO €CTb M CYIIECTBEHHbIE 3aTpyAHEHUs. OCHOBHBIMH SIBIISIFOTCS
CIIeAYIOIINE:
1. Teoperuyeckoe  3HAuY€HHUE  MPOBOAMMOCTH  HU3MEHSETCI C  TeMIeparypoi
1 1

Omeop ~ _ﬁ , DKCTICpUMEHTAJIbHAS )K€ 3aBUCUMOCTh O = ? .

2. Knaccuueckas TEOpHA HE B COCTOSIHHU OOBACHUTL TaKoe SBJIEHHE Kak
CBEPXIIPOBOJANMOCTD.

HmMmeroTcs u APYTUe 3aTpyAHCHUA U B 3TOM HEAOCTATOUYHOCTDb KJIaCCHUYECKOM TCOpHUHU.



CoBpeMeHHas KBAHTOBAas TEOPHs IEKTPOIPOBOJUMOCTH METAUIOB MOKA3bIBAET, UTO BCE
TPYAHOCTH KJIACCHYECKOM TEOpUHU CBs3aHBI C TEM, YTO IpPEJCTaBlIeHHE 00 3JIEKTPOHAX Kak
UJIeaTbHOM ra3e SBJISIeTCsl TPYObIM nmpubamkenueM. Ha camom fene 31eKTpoHbl BHYTPU METajlia
HE SIBJIAIOTCS] TAKUMHU CBOOOHBIMH, KaK 3TO CJIEAYeT U3 KIIACCUYECKON TEOpUH.

B coBpemMeHHOI KBaHTOBOW TEOpUHU MOKA3bIBACTCS, UTO AJIEKTPOHBI BHYTPU METaUIa, KaK M

9JICKTPOHLI B aTOMC HE MOI'YT UMCTh JIIO6yIO SHCPIHI0, a JIUIb BIOJHC JUCKPCTHBLIC 3HAYCHUSA
OHEPIrur — SHEPTHUiA 3JICKTPOHOB KBAHTYCTCA.

5. 3axkonwvt Kupxzogha
1. ITepssIii 3akoH Kupxroda:

‘I'FE Anrerquecxaﬂ CyMMa CHUJI TOKOB, CXOAAIIMXCA B Y3JIC, paBHA HYJIO.

Sy =0

IIpu 3TOM TOKH, MAYLIUE K Y3IIy, IPUHATO CYUTATH IIOJIOKUTEIBHBIMU, & OT
y371a — OTPHUIATEIIbHBIMUA (MOXHO U HA0OOPOT — ATO HECYIIIECTBEHHO).

S
Puc. 20.3

3aMeTuM, 4TO y3ell — 3TO TOYKa, TJIe CXOJATCS TpU U Oonee Toka. Hampumep, aiis puc. 20.3

MIEPBBII 3aKOH 3alHUIIETCS TaK:
I 1~ |2 + |3 - O

2. Bropoii 3akon Kupxroda (oH OTHOCHTCA K JIF0OOMY BBIZICIIEGHHOMY B LIETIH 3aMKHYTOMY
KOHTYPY):

AureOpanueckasi CcyMMa IIPOU3BEACHNUM CHUJI TOKOB B OTJAEALHBIX YYaCTKAaX MPOU3BOJILHOIO
3aMKHYTOTO KOHTYpa Ha UX CONPOTUBJICHUS (CymMMa TMaJeHUN HANpsOKEHW) paBHA
anreopanueckoit cymme DJIC, NeACTBYIOMMX B 9TOM KOHTYPE.

2 IkRj=2 4

IIpumepsl pemienus 3agaq

3agaua 1. Jlans 12 snementos ¢ DJIC & =1,5 B u BHyTpeHHUM conpoTtusieHueM r=0,40m.
Kak HyXHO COEOMHHUTH 3TH 3JEMEHTHI, YTOOBI MOJYYUTh OT COOpaHHOM M3 HHUX Oarapeu
HauOOJBIIYI0 CHIy TOKa BO BHEIIHEH Iienu, uMeromeil comporuBienne R=0,3 Owm?
OnpenenuTb MAKCUMAJIbHYIO CUITY TOKA Imax.

ﬂiHlOZ: P l_ﬁ ______ |_E m
i I e L I
R=0, 3 Om ;_ Lo |_§
Imax = ? i_ R Q

R

[Ipeamnonoxxum, 4TO COCAMHEHHE COCTOMT M3 M MapauieIbHO COCIMHEHHBIX BETBEH 1O N
TI0CIIEOBATENLHO COEIMHEHHBIX 2JIEMEHTOB B Kakaoi (cM. puc.). Ouesuano, N =m-n ,
[Ipu mnocnenoBarensHoM coeauHeHun DJIC W BHYTPEHHETO COMPOTHUBIICHUS DSJIEMEHTOB



ckyaapiBatoTcsa; nostromy JJ[C Kaxmod BeTBU g}s =N-&, a BHyTpeHHee CONPOTUBICHHE
,=n-r.

HpI/I napamuiCJibHOM COCAWHCHUU g CHUCTCMBI paBHa g OTACIBHOI'O JJIEMCHTA U

1 &1
—IZ—. Cnenosarenbno, DJIC coeaunenuss paBHa JDJIC oTaenbHONH BETBU éﬁc zgﬁ, a
r 1 I
C

r
BHYTPEHHEE CONPOTHBICHHUE coeuHenns I = -2,
C
m
nr
Takum 0GpasoM, s Garapen seMeHToB umMeeM &. =N-& ,u I =—.
m

ITo 3axkony Oma /17151 3aMKHYTOW LIENU TOJTYyIUM

= & n& nmg& N-&

= = = = 1
r+R M o nr+mR n.r+mR @
m
Takkak N=M-N u N=— ,T0 OKOHYATENBLHO MOJIYyIUM
m
IZNN'g :NNg'TR @
“r+mr NtM
m
Hccnenyem Ha skctpemyM dyrkmumto |(M), mpencraBiaennyto popmyioii (2).
" ( NZ.m j' N~g-(Nr+m2R)—N-g-m-(2mR) .
mj)= =
(m) Nr+m’R (Nr+m2R)2 ©

N%”(Nr+ mZR)—zNg-mZR B
(Nr+m2R)2 -

HalJIeM MaKCUMaJIbHOE 3Ha4eHHe M. B pe3ynprare nosyunm

\/Nr 12.0,4 N 12
m=,— = 4.y N=—="-=3,
R 0,3 m 4

N& 12-1,5
= = =7,5A.
nr+mR 3-0,4+4-0,3
OTBeT: coeIMHEHNE COCTOUT U3 YEThIPEX BETBEH MO 3 mocaeaoBaTeIbHO COEAMHEHHBIX
3JIEMEHTOB, MaKCUMaJIbHBIN TOK 7,5 A.

[TpupaBHuBas (3) K HyJIO

Takum obOpazom:




3agaua 2. IIpu cune Toka |1=3 A Bo BHemHel nenu OaTaped aKKyMYJSITOPOB BBIIENSETCS

MotHocTh P1=18 Bt, ipu cune Toka l,=1 A — coorBerctBenno P,=10 Bt. Onpegenuts 3C &
Y BHYTPCHHEE COMPOTHRIICHUE I OaTapeu.

Hano:
=3 A Tak kak momuocts P =1 -U , To nanpsoxenne B nepsom ciyuae
P P
P=18Br U, = —L1 . aBo Bropom U, = -2,
|1 Iz
. &
1L,=1A W13 3akona Oma ai1s 3aMKHyTOM nenu - | = R .
+r
P>=10 Br |3 npuBeAcHHBIX BBIIIE PABEHCTB CJICAYET
& =7
R
r=2 & =1,r+VU, & =1r+-1
& ;
_ _ 2
& =1,r+u, g—lzr+|—
2
P P1, - Pl
Lr+—L=10r+-2 21-T12_ 9 0m,

3anaua 3. [1o xene3HoMy POBOAHKKY, quamerpoM d = 0,6 MM, TedeT Tok 16 A. OnpeaenuTsb
CpCAHIOI0 CKOPOCTH <U> HaIIpaBJICHHOI'O ABUKCHHA 3JICKTPOHOB, CYHUTAA, YTO KOHICHTPAILUA n

CBO6OI[HBIX OJICKTPOHOB paBHAa KOHUOCHTPALUU n’ aToMoB IMPOBOAHUKA.

Jano:
d=0, 6 MM=6-10""m %
1=16 A -
n=n’' O—> T O—>

< oy
(v)=? O, O—2"

Cpe,[[HSISI CKOPOCTD YIIOPAHOYCHHOI'O ABUKCHHUS 3JICKTPOHOB
I
<U> =- 1)

rac t — BpeMsA, B TCYCHHEC KOTOPOIO BCEC CBO60}IHBIG OJICKTPOHBI, HaxXOoAAMMECA MCKIAY
ceuenusiMu 1 u 2, mpoiins ceuenne 2 (cMm. puc.), nepenecyt 3apsq Q =€- N, coszmasas Tok

CHJION
| = Q eN @
t t
IIe e — dIeMeHTapHBI 3apsaa, N — Yiciio HIeKTpOHOB POBOAHNUKA, | — ero amuHa.
O4YeBHIHO YHCIIO DIEKTPOHOB N=n-V=n-I-S (3)

riae V- o0beM, a S — tionaab cedeHust mpoBogHuKa. [1o ycrmoBuio, N=nN’, ciieqoBaTeabHO



V. Mip M

m

rae Na — 4mcio ABorajgpo, p — IJIOTHOCTB Keje3a ( p=17,87-10

(4)

3 KT
— |,
M

3 KT
M — monsipaas macca xenesa | M =56-107°
MOJIb
[Toacrasmsis (4) B (3), a 3areM B (2), OKOHYATEIHHO MOTYYUM
[ _Ny-pil-See
M -t
| IMt
OTKy/1a =—.
N, pSe
2
zd
[loxcraBum nonydennoe Beipaxkenue B (1), cauras, uto S = T,

[Tocne mpeoOpa3zoBaHUs HaiEeM, 4TO

4IM 4-16-56-10°°

(v)

7d*N, - p-e 3,14-(6~1O’4)2-6,O~1023-7,87-103-1,6-10’19

5. Inan-epaghuk evinonnenus 3a0anus

PabGora wax pacuerHO-Tpaduueckold pabOTOW MOXKET OBITh MPEICTaBICHA B BHJC

BBITTIOJIHCHHA CICAYIOUIUX OTAIlOB:

Ne
HaumenoBanue stana CpoOKH BBINIOJIHEHUS
n/n
OuHo-320uHHasA ¢opma o0yueHuUs:
Ha nepsom
1. [Tony4yenus 3aganus
IIPAKTUYECKOM 3aHSATUU
Ha nepsom
2. [TepBuuHas KOHCYJIbTAIMS C MIpeNogaBaTesieM
MPAKTUYECKOM 3aHATUU
3. Pabota ¢ MHPOPMAITMOHHBIMU HCTOUHUKAMHU B Tteyenun cemectpa
4. Hanucanue KOHTpoabHON paboThI B teuennn cemectpa
S. [IpenocraBneHre KOHTPOJIBHOU pabOTHI Ha Kadenpy B teuenuu cemectpa
Ha nocnennem
6. 3amuTa KOHTPOJIbHOM paboThI
IIPAKTUYECKOM 3aHATUU

=4,2-10°m/c =4,2 MM




6. Kpumepuu oyenueanus pabomuol

B oEIAX IMOBBIMICHUA Kad€CTBa BBIIIOJIHACMBIX KOHTPOJBHBIX pa60T nperoaaBaTciib
PYKOBOACTBYCTCA CICAYIOIINMHA KPUTCPUAMU OLCHUBAHUA ITMCbMCHHBIX pa60T CTYACHTOB.

Ouenka «3aumeno (OMaAUYHO)) BbICHAGIACHICA, eC/IU CIMYOCHM

— TPEACTaBUII KOHTPOJIbHYIO pabOTy B YCTAHOBJICHHBIN CPOK ¥ OGOPMHII €€ B CTPOrOM
COOTBETCTBHUH C U3JI0KCHHBIMU TPEOOBAHUSIMH,

— HCIIOJIb30Ball PEKOMEHIOBAHHYIO U JIOTIOJIHUTEILHYIO YUYE€OHYI0 M CTPaHOBEIYECKYIO
JUTEPATYPY;

— IpU BBIIOJHEHUM YIPAXKHEHUN II0Ka3al BBICOKMH YPOBEHb 3HAHUS JIEKCUKO-
rpaMMaTHYeCKOro0 M CTPAHOBEAYECKOrO MaTepuana [0 3aJaHHON TeMaThKe, IPOSBUII
TBOPYECKHIA MOJXOJ TMPH OTBETE HA BOMPOCHI, YMEHHE TITyOOKO aHAIM3UPOBATh MPOOIIEMY H
ZenaTh 0000IAOIINE BEIBOIBL,

— BBIMIOJIHIJT PAa0OTyY IPAMOTHO C TOYKH 3PEHUS MIOCTABJICHHOM 3a/1a4H, T.¢. 0€3 OIMnO0K U
HEI0YETOB WJIM JIOMYCTHII He 00Jiee OJTHOr0 HE0ueTa.

Ouenka «zaumeno (Xxopouto)» 6bICMAGIACMCA, eCAU CIYOCHM.:

— TpPEACTaBWI KOHTPOJBHYIO pabOTy B YCTaHOBJCHHBIH CPOK M OGOpMHI €e B
COOTBETCTBUH C U3JIO0KCHHBIMU TpC6OBaHI/I$IMI/I;

— HMCIIOJIb30BaJl PEKOMEH/IOBAHHYIO U JIOTIOJHUTEIBHYIO JTUTEPATYPY;

— TMpU BBHINOJIHEHUU YNPAKHEHUNW TOKa3an XOPOILIUH YpOBEHb 3HaHUS JIEKCHKO-
rpaMMaTHYECKOT0 W CTPAaHOBEIUYECKOTO Marepualia 1Mo 3aJaHHOW TEeMaTHKe, MPaKTHYECKU
MPAaBWIILHO CHOPMYIUPOBATI OTBETHl HA TMOCTABICHHBIC BOIPOCHI, MPEACTABHI O0Iee 3HAHUE
uH(popMaIuu 1o mpoodieme;

— BBIMOJHWI pabOTy MOJHOCTHIO, HO JOMYCTUJ B HEH: a) He Oojee OqHOW HerpyOoi
OIMOKHU M OJTHOTO HepoueTa 0) uiiu He Oosee IBYX HEJA0UYETOB.

OlleHKa «3aumeHo (Y0081emeopumesibHo)» 8bICHIAGIACHCA, eC/IU CHLYOCHM:

— MpencTaBUil paboOTy B YCTAHOBJIEHHBIH CpPOK, MpH OQOPMIECHHH PAaOOThHI JAOMYCTHII
HE3HAUUTENIbHbIE OTKJIOHEHHSI OT U3JI0KEHHBIX TPEOOBaHMIA;

— MOKa3aJl JOCTaTOYHbIE 3HAHUS [10 OCHOBHBIM T€MaM KOHTPOJIBLHON paboThI;

— UCTIOJIb30BAJI PEKOMEHI0BaHHYIO JIUTEPATypy;

— BBIMIOJTHUJI HE MEHEe MOJIOBUHBI Pa0OTHI WM JOMYCTHII B HEH a) He OoJiee IBYX IpyObIX
omunboK, 0) unu He Oonee OHON TpyOoil OMMOKU M OAHOTO HEAOYeTa, B) WK He Ooyiee IBYX-
TpeX HErpyObIX OIIMOOK, I') WJIM OJHOW HErpyOOH OUIMOKM W TpeX HEI0YeTOB, 1) WIH NpHU
OTCYTCTBHH OIIMOOK, HO IPU HaJIU4YKU 4-5 HE104ETOB.

OueHKa «He3aumeHo (Hey006.,1emeopUmMeibHO0)) 8bICHABIACHICA:




— KOTJIa YHUCIIO OMIMOOK W HEAOYETOB MPEBOCXOJUT HOPMY, IPHU KOTOPOH MOXKET OBITh
BBICTaBJICHA OIIEHKA «3auTeHO (YIOBJIETBOPUTENBHO)Y» WM €CIU MPABUIBHO BBHITIOJHEHO MEHEe
MIOJIOBUHBI PaOOTHI;

— €CJIM CTYACHT HE MPUCTYIMaJ K BBIIOJHEHUIO paOOThl WM MPABWJIBHO BBHITIOJHUI HE
6osee 10 IpoIICHTOB BCEX 3aaHU.

7. Ilopsaook 3awgumat padomul

Hanucannas crtyneHTOM KOHTpoNibHAasi pabora chaerca Ha Kadeapy B CpoOK Jjs
perier3upoBanus. CTyIEHT 3alIUIIaeT KOHTPOJIBHYIO paboTy J0 JK3aMeHa (3adera) mepen
npenojaasarenieM. be3 3amutel KP cryneHT k sx3amMeny (3aueTy) He JOMyCKaeTcsl.

PaGora He momyckaercs K 3alluTe, €CJIM OHA HE HOCHUT CaMOCTOSTEIBHOIO XapakTepa,
CIUCaHa U3 JMUTEPATYPHBIX MCTOYHUKOB WM Y JIPYTMX aBTOPOB, €CIIM OCHOBHBIE BOIPOCHI HE
PaCKpBITHI, U3JIOKEHBI CXEMAaTUYHO, (PparMEHTapHO, B TEKCTE COJEPKATCS OIIUOKH, HAYYHBIH
anmapar oopMIIeH HENPaBUIBHO, TEKCT HAITUCaH HEOPEIKHO.

B xome 3ammThl KOHTpOJBHON pabOThl 3aJaya CTyJeHTa — I0Ka3aTh YIUIyOJIEHHOE
MOHMMAaHKE BOIPOCOB KOHKPETHOM TEMBI, XOPOIIIee BIaJCHHE MaTEPUATIOM I10 TEME.

3ammTa KOHTPOJILHOW pabOThl MOXKET MPOXOANTH B PA3IMYHBIX (POPMAX IO YCMOTPEHHIO
npenoaaBaTess:

— B (Qopme HHIUBUIYyaJbHOW Oecelbl CTYIEHTa C PYKOBOAHUTENEM IO OCHOBHBIM
MOJIOKEHUSM PabOTHI;

— B (popMe MHIMBUIYaJIbHOM 3aIUThI B IPUCYTCTBUU BCEHl IPYNIIbI CTYIEHTOB;

— B (popme rpymnmnoBoil 3alUTHl — OJHOBPEMEHHOH 3allUThl KOHTPOJBHON paldOoTHI IO
OJIHOMY HampaBlIE€HUIO. B 3TOM ciyuyae KaXkIblil CIEANUT 3a XOLOM PacCyKIECHUN TOBAPUILEH,
JIOTIOJTHSIET, YTOYHSAET HX, YTO, HECOMHEHHO, YCHJIMBAeT pabOTy MBICIM U CHOCOOCTBYET
Pa3BUTHIO SKOHOMHUYECKOTO MBIIUICHUS.

JIrobast hopma 3amUTHl KOHTPOJIBHOW pabdOThl YYUT OTCTaUBATh CBOKO TOUKY 3PEHUS,

Y6CI[I/ITCJ'II>HO ApTYMCHTUPOBATH €€, YTO CHOCO6CTByeT nepepacTaHuro 3HaHUH B Y6G)KILCHI/I}I.
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