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1. KOMHeTeHHHI/l U HHAUKATOPbBI HMX HJOCTHKCHHSI, IIPOBEPHAECMbIC JTaHHBIMHU
OIICHOYHBIMM MaTepHaJIaMH

[enbro 0OCBOEHUS AUCUUILINHBI SBJIsETCS (POPMUPOBAHUE CIEAYIOIUX KOMIETEHITHI:

OIIK-1. CnocobeH wuCHONB30BaTh B TPO(PECCHOHATBHON IESATEIBHOCTH OCHOBHBIC
3aKOHbl €CTECTBEHHOHAYYHbIX W  OOIICMH)KEHEPHBIX JUCHMUIUINH, MPUMEHSITh METOMAbI
MaTeMaTHYECKOT0 MOJICIIMPOBAHUS, TEOPETHUECKUX M SKCIIEPUMEHTAIBHBIX UCCIIETOBAHHMA.

Pe3ynbpTaToM ocBOEHUS AUCHUILIIMHBI SBISIOTCS:

POOIIK 1.1 3naer ¢QyHgamMeHTanbHBIE  3aKOHBI ~ €CTECTBCHHOHAYUYHBIX  H
OOLIEMHKEHEPHBIX TUCIUIUIMH U MAaTEeMaTUYECKUE 3aKOHBI

2. OueHoYHbIe MATEPHAJIBI TEKYLEr0 KOHTPOJISI U KPUTEPUH OLleHMBAHUS

DNEeMEHTHI TEKYIIETO KOHTPOJIS:

— KOHTPOJIbHBIE BOTIPOCHI,

— 3a/1a41 JUIsI CAMOCTOSITEIIbHOTO PEIICHHUS;
— mabopaTtopHbie padbOTHI;

— TECTHI.

[lo Bcem paszzpenam AMCUMILIMHBI IPEAYCMOTPEHBI OTBETHl Ha KOHTPOJIbHBIE BOIIPOCHI U
pewenre 3agad. KoHTponb ocymiecTBisercs B (GopMe HMHIAMBHIYaJIbHOIO coOeceloBaHUs, B
IIPOLIECCE KOTOPOI'O CTYJAEHT JIOJKEH MPOJAEMOHCTPUPOBATH YMEHHE I0JIb30BAThCSI OCHOBHBIMU
HOHATUAMM, 3aKOHAMU M MOJENIAMU 00LIe (DU3MKM; NPUMEHSTh 3aKOHBI 00mel Gu3uku npu
pemieHun 3amad  oOmedl ¢usuku. B mponenypy OLEHHMBaHUS BKIIIOYAeTCs peduieKcus,
HalpaB/IeHHas Ha KPUTUYECKOE MCCIIEOBAHUME METOJOB M IPUEMOB pELICHUs (PU3NUECKUX
3a/1a4, Ipoueaypbl 0OOOCHOBAaHHUS HMCHOJIb3YEMBIX MPH 3TOM (PU3MUECKUX 3aKOHOB M TEOPUIA,
nposepstone chopmupoBanHocTs komreTeHuun OIIK-1 B cooTBeTcTBHM € pe3yibTaTamMu
ooyuennss POIIK 1.1 3naer ¢QyHaaMeHTanbHBIE 3aKOHBI E€CTECTBEHHOHAYYHBIX U
OOIIENHKEHEPHBIX AUCIUILIUH U MaTEMaTHUECKUE 3aKOHBI

IMPUMEPBI KOHTPOJIBHBIX BOITPOCOB U 3AJAY J1JISI CAMOCTOATEJBHOI'O
PEIIEHUA

Pasznea «Mexanuka»

Tema 1. KunemaTnka MaTepuaJbHON TOYKH.

1. CdopmynupoBaTh rpaHUIBI TPUMEHUMOCTH HBIOTOHOBCKOI MEXaHUKHU.
2. Yro Takoe cucrema oTcuéra?
3. B uém cocrout Mmozaens MaTepuanbHON TOUKU?
4. Yo Takoe paanyc-BEKTOp, TPAEKTOPHUS, TyTh?
5. Jartp ompeneneHHWE CKOPOCTHM H YCKOPEHHMsS MaTepHallbHOM Touykd. YTO Takoe
TAaHTEHIIMAJILHOE U HOPMAIIBHOE YCKOPEHUE MAaTepUATTbHOM TOYKH?
6. [laTth ompeneneHue yrioBOil CKOPOCTH M YIJIOBOTO YCKOPEHHS MaTepUaTbHON TOUKH;, KaK
OHU CBSI3aHBI C TUHEHHOW CKOPOCTHIO M JIMNHEHHBIM YCKOPEHUEM.
3anaua 1.
Pamnyc- BeI(Top TOYKHA A OTHOCHUTEJIBHO Hauaja KOOPJIMHAT MEHSETCS CO BPEMEHEM IO
3aKOHY F =ati —bt’ J ,Tae & u b - nonoxurennubie IIOCTOSIHHBIE; i u J - OpTHI Oceu XY
Haiitu:

a) ypaBHEHHE TPACKTOPHUHU TOUKH y(x) :


http://dic.academic.ru/dic.nsf/enc_philosophy/4364

b) saBucuMocTh OT BpeMeHH BekTOpOB ckopoctH U, yckopenus W um momynel sTHX
BEJIUYMH,;

C) 3aBUCHUMOCTB OT BpeMeHH yria @ mexnay Bekropamu Wu U ;
d) cpemHuit BEKTOp CKOPOCTH 3a IEPBBIE t CEKYH/I U MOJIyJIb 3TOT'0 BEKTOPA.
3agaua 2.

He6onpimoe teno Opocwnu moja yrioM K TOPU3OHTY C HAyallbHOM CKOPOCTBIO O

[Ipenebperast cConpoOTUBIEHUEM BO3/1yXa, HAUTH:
a) mepeMelleHue Teaa Kak QyHKIUI0 BpeMEHH Ar(t) :

u 5) ..
b) cpenuwmii BexTOp CKOpOCTH< 3a mepBhle U CeKyH[I M 32 BCE BpeMsl JBIDKCHHUSL.

3agaua 3.

YacTuiia IBUKETCS B IJIOCKOCTH XY CO CKOPOCTBIO U = ai + ,BXT, rIe iu 17- OpTHI
ocel X M Y, o U [ - NOCTOsAHHBIC. B HavanbHBII MOMEHT 4YaCTHLIA HAXOIWUIACh B TOYKE
X =Yy =0. Haiitu:

a) ypaBHeHue Tpackropuu yactuisl Y(X) ;
b) pamuyc KpUBH3HBI TPAEKTOPHH B 3aBUCHMOCTHU OT X .

3amaua 4.
Koseco Bpamaercsi BOKpYr HEIOABH)KHOW OCH, TaK, YTO YroJl () €ro MmoBOpPOTa 3aBUCHT

OT BpeMeHHM Kak @ = ft°, rne B =0.20 p ayz . Halitn monnoe yckopenue Touku A Ha 06oze
c

KoJsieca B MOMEHT t = 2.5¢, eciiit ckopocTh TOUKH A B 3TOT MOMeHT v = 0.65 J% .

Kiroun k 3agayam no teme «Kniematuka MaTepHaJ’leOﬁ TOYKH».

3amaua 1.
B nekapToBom Ga3uce paanyc — BEKTOp TOUKU I = Xi + Y] , ClIeIOBaTeIbHO, B TJAHHOM ClIydae

x = at 1)
y =—bt?,
BeipazuB u3 (1) t = f(X) = —, noay4aem ypaBHEHUE TPACKTOPUHU
b
y=—"7= x?
N | a
- r
v=—=al —2btj;
dt
X W=—"=_2bj:
o




Kak BugHO U3 pucyHKa:

(6) =25 —ai —btj; [(5) = a? +b%° |

3agaua 2.
Ecnmu momecTuTh Hayalo KOOPAMHAT B TOYKY, W3 KOTOPOW OpOCHIIM TENo, TO

AF(L) =T (t).

r=xi+yj;
X = qudt = IUOth =0,,t;
y:J'uydt;

v, =[a,dt=at+const .

W3 HavanbHbIX yenosuii t =00, = v, = const = v, ;
a,=—-g=v, =, —0t.
gt’

Y = [ (0, —gt)dt = vy t -

Takum o6pazom
2

— g s gt g .~ g - . — s
F(t) = v, ti +o,,t e 150y =vy,0 +vy ]; G=-0].
CiegoBaTeIbHO
. _ . gt
F(t) =0t +2—
2
. AF T _ gt
At t 2
[TonHoe Bpems nBuxkeHus 7T omnpenensercss u3 ycinosusd Yy =0. To ecTb HEOOXOAMMO PELIUTH
YpaBHECHHE:
2
- gz
o
- T
Yy oy — 9T _ 0,
2
2v
r=—2":
g
Uy, — ? Uy, = U, COS & . Kak BUIIHO U3 PUCYHKA COS X MOKET OBITH BBIPAXKEH UEPEe3 CKAIIPHOE

IPOU3BE/ICHHE M3BECTHBIX BEKTOPOB U, 1 — ( .
(-G -v,) 2( g'Uo)
=Y pgr=— 20

Cosa = = >
9o,



2on_
T=—":

g

oy —? Uy, =0, COS . Kak BUIHO U3 PUCYHKA COS @ MOXKET ObITh BHIPDAKEH YEPE3 CKATSPHOE

HpOI/ISBeI[eHI/IC N3BCCTHBIX BeKTOpOB DO u — g .
—§-0 2(-G -0
COSaz—( g-0) " rz—( 92 o)
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3amaua 3.
B nexapToBom 0asuce

v=v,i+v,],

CJ'IG,I[OBaTeJ'IBHO, B IaHHOM CJIy4dac

v, =a,v, = PX.
C npyroit CTOPOHBI, TIO ONPEACIICHUIO
dx dx
Uy = = 1

(D> — =«
dt dt
Pemas nuddepennmansuoe ypapaenue (1), ¢ ydéTom HauaabHBIX YCIOBUN MOTydaeM

X=at=
.
a
dy
D, =— = = -
v = g px=apt

2
y =apt 4
Takum 06pa3oM ypaBHEHHE TPAEKTOPHHU YACTULIBI

y= )%

Pa,I[I/ch KPHUBU3HBI MOXXHO HaWTH U3 OIIPEACIICHUA HOPMAJIBHOT'O YCKOPCHUSA YaCTULIbIL:
2 2

an:%:R:Z—n.

1)2:0(2+,82X2

a, = a’—-a’

a=aival = () = (L (ap)’ - a'p
T dt dt

2 2 2
o8 e L 2 P

dt dt E\/azﬂxzﬂztz :\/a2+ﬂ’2x2

ﬂzax )2 3
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3agaua 4.

BBIpa3I/IM IIOJJTHOE€ YCKOPCHHUE TOYKH UYEPE3 €ro HOPMAJIBHYHO MW TaHI'CHIHAJIBHYIO

COCTaBJIAIOIIHUC:
2 2.
a=,a. +a,;

_dv
Todt
2

U .
an:F,
v=owR,

_do_d a2y
o=—r=rA)=24=

v=2Rpt. 1)

a, =2pR=const,

a, =4RB =

_(2Rp)?
R

a=+482R? + (4RB%2)? @).

I[ToacraBuMm B (2) 3HA4YCHUC paauyca B 3aJlaHHBII MOMEHT BpPEMCHH, BOCIIOJIb30BABIINCH

Uy

ypaBHeHueM (1): R = , TIOJTyYUM

1

4 2.2 4 2t2
al—\/ Pon | Aubye b [ ap20

4p%t; 24 Y

Tema 2. luHaMuKa MaTePUAJIbHON TOYKH.

1. Tlepsslii 3akoH HploTOHA 1 HHEPIHAIbHBIE CUCTEMBI OTCUETA.

2. Nmnynbc matepuanbHOW TOYKH. BTopoil 3akon HptoTona. Cuia. Ponb HayanmpHBIX
YCIIOBHUI.

3. Tperwnii 3akoH HproTOHA; rpaHUIIBI €70 TPUMEHUMOCTH.



3amaua 1.
Yactuna MABHKETCS BJIONb OCH X 1o 3akoHy X=oat’ —fpt’, rme o wu p-

[IOJIOKUTENbHBIE MOCTOsIHHBIE. B MomenTt t =0 CHJia, HeﬁCTBYIOHlaH Ha 4YacTumy paBHaA FO'
Haiitu 3HaucHue Fx CHUJIBI B TOYKax IIOBOpOTa U B MOMCHT, KOI'la YaCTHIla OIIATh OKaXXCTCA B

touke X =0.
3amaua 2.

B ycTaHoBke Macchl Tell paBHBI M,, M, U M,, Macchl OJ0Ka U HUTEH MPEeHEOPEKUMO
Majbl U TpeHus B Oioke HeT. Haiitu yckopeHue a, ¢ KOTOpPBIM OIyCKaeTcs Teno M, U CUILy

HATSDKCHUS HUTH, CBSI3BIBAIOIICH Telra M, U M,, ecau Kodpduuuent tpenus paseH K .

3amgaua 3.
Bpycok Maccel m TAHYT 3a HUTh TaK, YTO OH JBIDKETCS C MOCTOSIHHON CKOPOCTBIO TIO
TOPU30HTAILHOW IUIOCKOCTH ¢ Koddduumentom tpenus k. Haiitm yrom a, mpu KOoTOpom
A

y

HaTAXCHHUEC HUTHU 6y,HeT MHHHUMAJIBHBIM.

3amaua 4.

HuTte nepekunyTa uyepes j€rkuii Bpamaronuiics 6e3 Tpenus 6igox. Ha oqHoM KoHIIE HUTH
IpUKpeIUieH rpy3 Maccbl M, a 1o pyroit cBucaromiei 4acTH HUTH CKOJIB3UT My(TOYKa Macchl m
C TIOCTOSIHHBIM YCKOPEHHEM @' OTHOCHTENLHO HHUTH. HailTh Cuiy TpeHWs, ¢ KOTOPOW HHUTH
JecTByeT Ha My(TOUKY.

Kiaoun k 3agavyam 1o TemMe «III/IHaMI/IKa MaTepHaHLHOﬁ TOYKHN.

3agaua 1.

CornacHo BropoMy 3akoHy HbroToHa:

2—-
F:md—zr,
dt
2
F=mdX.
dt
F =m(2a-6pt). (1)



ITo ycnoButo 3amauu mpu t=0 F =F,, cienoBarensHo, u3 (1) MOXHO BBIPa3uTh Maccy

qacTUIBl: M = 2—0 . B pe3ynbraTte nmoiy4aem 3aBUCUMOCTb CHJIBL, JEHCTBYIOIIEH HA YaCTHILY, OT
a
FO
BPEMEHHU: F, = 2—(2a —-6/t). @)
a

B toukax IMOBOpPOTa CKOPOCTh YaCTUIIbI NOJIDKHA OBITH paBHa HYJIO, TO €CTh

g
dt

2
CnenoarenbHo, 2at, —Sﬁtf =0. Orcrota MOMEHT 1oBopoTa t = —.

Takum o6pa30M CHJiIa B MOMEHT IIOBOpPOTa paBHa.

F
F =T a-6p2% - _F,.
2c 3

a
YcnoBue X = 0 BBITOIHSAETCS IIpu t=— , CJICAOBATCIIbHO

F,=-2F,.
3anaua 2.
v 7 PacronoxuM cucTeMy
o 2 KOOPMHAT KaK MOKA3aHo Ha
F 4 —~ - pucynke. Kaxoe Teno
Hl1 F F —

v
v

i w2 L3 F X JBIKETCS TOCTYTATENbHO,
() . L‘__.A’ ] mp2 TI09TOMY /ISl OTIUCAHUS ETO
A

JABUXXCHUA MOXHO

o BOCIIOJIL30BaThCA

— ml g m 33

F 0 YPAaBHEHUEM JIBUKEHUS IS
OJIHOM MaTepUaIbHON TOUKH.

—

Fyo +Mm,g =m,a,

1)

m,g m,g + Nl + IEH1 + IEH2 + Ifmp1 =ma,
v
y 2)

©)
Cnpoextupyem ypaBaenus (2), (3) Ha och X
-F,+F,+F, ,=-ma

8
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-F,+F, =—ma,.
Cnpoektupyem ypaBaenue (1) Ha ocb Y:
m,g - F,, =mya,

Jlnis pelieHus: MOMTy4YE€HHOM CUCTEMBbI ypaBHEHUHN YUTEM YCIOBUE HEPACTKUMOCTU HUTH:

X, — X, = const
X, =X, =>a =a,

X, + Y, = const

al=[a,|=a=a,=a,=a
[To ycnoButo 3amaun mMacchl OJ0Ka W HUTEH MPEHEOPEKUMO Mallbl, CJIEIOBATENIbHO, €CIU MBI
BBIJIEIIMM 3JIEMEHT HUTH Maccoid AM Mexay Tenamu M, ¥ M, a TakkKe MEXIy TeIaMu M, u

mo TO, COIJIACHO BTOPOMY 3dKOHY HBIOTOHa, IMOJIy4YruM

F.-F,=Ama
Am =0
F.=F,
Fo=F.

Cuna TpeHHMs CKONBXKEHHMS CBA3aHa C CHJIOM HOPMAJdbHOM DEaKUUMd OIOPBI
cootHomenuem F, =kN . Tak kax N, =m,g, N, =m,g, 1o

m

Fmpl =kmg, F

mp

, =km,g.

B pesynbrare nmeem cucremy ypaBHEHUN:
-F,+F,+kmg=-ma
-F,,+km,g=-m,a
m,g—-F,=m,a.
N3 3T0i1 cucTteMbl ypaBHEHUH CIIETYET:
F.= mo(g —a)
-F,+kmg+km,g=—-a(m +m,)
m,g —m,a—km,g-km,g =a(m, +m,) =
(mo — km1 — kmz)g .

a=
m, +m, +m,

@+k)m,m,
m, +m, +m,

F,=m,a+km,g =

3agaua 3.

ITockonbKy cKOpPOCTb OpyCKa IOCTOSIHHA, €0 YCKOPEHHE PaBHO HYJIIO U CIEI0BAaTEIbHO,
ypaBHEHHE JBIKEHUS LIEHTpa Macc Opycka UMeeT BU:

F+FE,=0.
B npoexnusax Ha ocu
Fcosa—F,=0
Fsma+N—-mg=0 =
N =mg — Fsina.

Ep,=kN =
Fcosa+ kFsina—kmg=0 =
kmg

" cosa+ksina
Hccnenyem nonydennyro GyHkimo F () Ha MUHEMYM:

9



d( kmg )—O
da\cosa + ksina)

kmg(k cos @ — sin a) B

=
(cosa + k sina)?
kcosa =sina =
] 1 1 1 1
tana = k; sina = = = ;o cosa = 2=\/ =
\/1+(cota) \/1+1/k2 \/1+(tana) 1+k
P kmg _ kmg
min—( 1 N k2 )_/—1+k2
V1+kZ V1+k2

3anaua 4.

Ha teno m co cTropoHsl HUTH ACHCTBYET U JACUCTBYCT CHIIa F, CIIE0BATENBHO, COTIIACHO
TpeTbeMy 3akoHy HbIOTOHa, Ha HHUTH CO CTOPOHBI Tejla TAKXKE JCHCTBYeT cujla, paBHas IO
Moo Fp, HO HanpasyieHHas BHu3. Co cTopoHsl Tena M Ha HUTH JEHCTBYET CUila, paBHAs M0
MOJlyJli0 CHJIe HATSDKEHHS T. Takum obOpa3zom Ha ;11000 y4acTOK HUTH Am NEHCTBYIOT CHJIbI
F u T. 3ammwmem ws snementa Am BTOpOM 3ak0H HproTOHA:

Amd =T + Erp
Torna, B npubnmxenun Hesecomoctn Hutd (Am = 0), T = F,.
3anuiieM JUIsi pacCMaTpUBAaEMBbIX TEJl YPaBHEHMs JBM)KEHMsI LIEHTpa Macc B CHCTEME
OTCYETA, CBA3aHHOM C 3eMJIEN, B MPOEKIIUK HA OCh Y-
—Ma = E, — Mg
!/
m(a—a') = Fy, - mg,
B MPHUOMMKEHUN HE PACTSHKUMOCTU HUTH, HHUTh, MO KOTOPOH CKOJIB3UT MY(TOUKA, TBUKETCS

OTHOCHUTECIIBHO 3€MJIN C TEM K€ YCKOPCHUEM A, YTO U TCIIO M.

Erp
a—g—ﬁ:>

Fp
o -3-s) =1

Ep (g+ 1) =2mg —ma’

_mM(2g —a')
T M+4m

Tema 3. CucremMa MaTepruaIbHBIX TOYEK. 3AKOH COXPAaHEHHMS MMITYJIbCA.
1. CdopmynupoBarh 3aKOH COXpPaHEHHUS UMITYJIbCA.
2. CdopmynupoBaTh NPUHLIMI OTHOCUTEIbHOCTH [ amuies.
3. JlaTe ompezereHHE LEHTpAa Macc CHUCTEMbI; CHOPMYIHPOBATh TEOPEMY O JBHXKEHUH
LIEHTpa Macc.

3amaua 1.
JIBe OIMHAKOBBIE TENEKKU TBUKYTCSA APYT 3a ApyroM (6e3 TpeHus) ¢ OJHON U TOH ke

ckopocthio V. Ha 3amHeil Tenmekke HAXOOUTCA YEJIOBEK Macchl m. B HEKOTOphII MOMEHT

—
YCJIOBCK NPBITHYJ B IICPECAHIOIO TCIICIKKY CO CKOPOCTBIO U oTHOCHUTEIIBHO CBOEH Tenexku. Mmes
10



BBHJIy, 4YTO Macca Ka)JOH TEJIe)KKU paBHAa M, HAWTH CKOPOCTH, C KOTOPBIMH OYIyT JABUTATHCS
00€ TeeKKH OCIIE ATOTO.

3agaua 2.
[TnoT maccel M ¢ 4enoBEKOM MacChl M MOKOUTCS Ha MOBEPXHOCTH npyAa. OTHOCUTETBHO

- —
IJI0Ta 4YeJOBEK coBepuiaeT mnepememenue [ co ckopocteio V'(t) m ocTaHaBaMBaeTCs.
[Ipenebperast CONpPOTUBIEHUEM BOJIbI, HAUTH

a) nepemelnieHue [ niora OTHOCUTENbHO Oepera;
b) TOPU30HTAJIBHYIO COCTAaBJISIFOIIYIO CUJIBI, C KOTOPOM 4EJIOBEK AEWCTBOBAl Ha IUJIOT B
poLecce IBUKEHUS.

3agaua 3.
Uactuna 1 cTosikHyJach ¢ 4acTUIEH 2, B pe3yJibTaTe Yero BO3HUKIIA COCTABHAs YaCTHUIIA.

—

Haiitu e€ ckopocth V u MOIysb CKOPOCTH, €clii Macca y 4acTuilel 2 B ) = 2.0 pa3a Oosblie

iR .
Macchl YacTHIIBI 1, @ UX CKOPOCTH Mepe]] CTOJIKHOBEHHEM COOTBETCTBEHHO paBHbBL: V; = 21 +
3J; V, = 41— 5], rie KOMIOHEHTBI CKOPOCTH JaHbl B cucTeMe «CH».

3anaua 4.
UYepez 050K mepekrHyTa BepéBKa, HAa OJHOM KOHIIE KOTOPOHl BHCHUT JIECTHHUIA C
YEJIOBEKOM, HAa JPYroM — YPaBHOBEIIMBAKOIIMK T'py3 Macchl M. UemoBek mMacchl M COBEPIIUI
—

nepemMenieHre ' OTHOCHTENBHO JIECTHHUIIBI BBEpX U ocTaHOBMIiICA. [IpeneOperas maccamu 010Ka
U BEpEBKH, a TAK)Ke TPEHUEM B OCH OJIOKa, HAMTH MepeMelIeHHIEe LIEHTPa MacC 3TON CUCTEMBI.

Kimroun k 3agayam mo teme «CHcTeMa MaTepHMAJbHBIX TOYeK. 3aKOH COXpPaHEHUs
HMITYJIbCa»:

3agaua 1.

Paccmotpum cuctemy Ten: «Be Tenexku + yenoBek». [I0CKOIbKY B TOPU30HTaIbHOM
HalpaBJICHMUW BHCHIHWEC CHUJIBI Ha CHUCTEMY HE HeﬁCTBYIOT, BBITIOJIHACTCA 3aKOH COXpPAaHCHUA
MMITyJIbCa = CYMMAapHbI UMIYJIbC CUCTEMBI B MOMEHT BPEMEHH, KOT/la YEJIOBEK HAXOAWICS Ha
SaI[HeI\/JI TCJICKKE, PAaBCH UMITYJIbCY CUCTCMbI B MOMCHT BPECMCHH, KOrJa YCJIOBEK JABUIKCTCA YIKC
BMECTE C IIEPEAHEN TEIIEKKOMU:

(M + m)V, + MV, = MV, + (M + m)V;, (1)
rae W 51 17)2 CKOpOCTH 3aJHEW U MEPETHEN TENEKEK MOCIIE B3aUMOICUCTBUS.

JInst monmydeHust emé OJHOrO YPaBHEHUSI PACCMOTPUM CHUCTEMY TEIN: «3aJHss TellekKa +
YCJIIOBEK» . CYMMapHI)II\/’I HMITYJIBC 9TOM CHUCTEMBI B MOMEHT BPEMCHH, KOIr'/la YCJIOBCK HAXOAUJICA
Ha 3a/IHEH TeJIe’)KKEe PaBEH CyMMapHOMY MUMIIYJIbCY B MOMEHT BPEMEHH, KOTJa HEMOCPEICTBEHHO

MOCJIC MpPbDKKA, TCJICKKA ABHUKCETCA CO CKOPOCTHIO Vl: a 4YCJIOBCK B BO3AYXC ABMHKCTCA CO
CKOPOCTBIO U OTHOCUTEIBLHO TEIICKKH:

M +m)Vy = MV; +m(V; +0) )

(M+m)V0)—ml_J)=(M+m)W =
V=V ——T
P70 m4Mm

[ToacTaBuM mosrydeHHOE BBIpaKEHHUE I CKopocTH V; B ypaBHenwue (1):

(M+m)V0+MV0 =MV0—mU+(M+m)V2 =
11



mM l_f
(M + m)?

—

Vz =V0)+

3agaua 2.

HOCKOHBKy Ha CHCTCMY «UYCIIOBCK + mIoT» B TFOPHU30HTAJIBHOM HaAIIpaBJICHUHU HC
JENCTBYIOT BHENIHHE CHJIBI, MOJOKEHHE LEHTPa MAcC 3TOH CHCTEMBI OTHOCHTEIBHO Oepera
OCTaéTcs HEM3MEHHBIM: T, = const u dr, = 0.

_,  mr+ Mr,
Tp=———————
¢ M+m

rae 7, U T, — paauyC-BEKTOPHI LEHTPOB MACC YEIOBEKA M IUIOTA B CUCTEME OTCYETA, CBA3AHHOM
¢ beperom.
—_

[Iycts 1’y ompenesser MOJOKEHUE IIEHTPA MACC YEIOBEKA OTHOCUTEILHO LIEHTPA MacC ILIOTa,
Toraa
o
h=r,+1ry =
— —,> —
- m(y +r'y) + My

—

e M+m
. mrl 4+ (M +m)T,
T = = const =
M+m
—  mdr'. + (M +m)dr,
dr, = it ( ) =0 >
M+m
(M+m)Jan’=—mjdr_’q) =
=" 7
T om+4+M

H3MeHeHne uMITyJbca TUIOTAa OTHOCHUTENBHO Oepera MPOUCXOIUT 3a CUET NEHCTBUS HAa HETO
CHWJIBI B TIpOIlecce ABMKEHM YyeloBeKa. TakuM o0pa3om, HCKOMas CHJIa:

Ptk
_ dt
rae P, - uMmyJibC mIoTa OTHOCUTENBHO Oepera. CrietoBaTeIbHO:
. dl  Mm dl  Mm _,
R Vi T A
o Mm dV'(t)
F== s a

3amaua 3.
3aK0H COXpaHEeHHs UMITYJIbca I aOCOTIOTHO HEYTPYTOro yaapa:

m(1 +n)V = mV, +nmV, =
Vi + MV, 20+ 3]+ 4ni—5nj

V=
1+n 1+n
7 211+ 2n) + 73 —5n)
B 1+7
|41 +2n)2 + (3 - 57)?
- (1+m)?

3agaua 4.
12



B cucreme orcuéra, CBI3aHHOMU ¢ IEHTPOM OJIOKA, TIOJI0KEHHUE [IEHTPA MACC:
ﬁzMrT+mr_2’+(M—m)r_3”
M+m+(M-—m)
rhe Tq,T, U T3 - PajnycC-BEKTOPHI IIEHTPOB MACC rPy3a, YEJIOBEKA M JIECTHHIIBI COOTBETCTBEHHO.
MAT, + mAT, + (M — m)Ars

Ar; = 2M
A7 = —AF

AT = AR + 1 =

— m —

AT'C :ml .

ITon neiictBueM KakoW cwiibl LIEHTp Macc nepememaercsi? Korga yenoBek HayuMHaeT
JIBUTATbCSA, OH JEHUCTBYET C JIONOJHUTEIIBHOW CWIOW, HalpaBJIeHHOM BHHM3. B pesyibrare
HaTsDKEHUE BEPEBKM BO3pPACTACT W BHEIIHSSA CHJIA, JCHCTBYIOIIAs Ha CHUCTEMY CO CTOPOHBI
MOJIBECa, OKA3bIBACTCSI OOJbIE CyMMAapHOH CHIIBI TsDKeCTH. [103TOMY pesynbTHpyomias BCEeX
BHEIIHUX CHJI OyJeT HampaBlieHa BBEPX, UTO U OOYCIOBIIMBAET IEpEMEIleHnEe BBEPX IIEHTpa
MaccC BCEIl CHCTEMBEI.

Tema 4. Pabora. MomHocTh. Knnernueckasi 3neprus. [llorenuuanbHas 3Heprus.
1. Yro Takoe paboTa U KMHETUYECKas PHEPTHsI; KAKOBA CBSI3b MEX]y HUMU?
2. KoncepBaTHBHBIE CHIIBI ¥ IOTEHIMATIBHAS YHEPTUSL.
3. CdopMynupoBaTh 3aKOH COXPAHEHHUS MMOJHON MEXaHUYECKOU SYHEPTHUH CUCTEMBI.

3agava 1.

He6onpmas maiiba maccet m = 50r, ecim €€ MoIoKUTh Ha MEPOXOBATYIO TOBEPXHOCTh
nonycdepbl, HaYMHAET CKOJB3UTh Ha BBICOTE h; = 60CM OT TOPU3OHTAIHHOIO OCHOBAHUS
nonycdepsl. [Ipogomkas ckonb3uTh, 11aiida OTphIBacTCs OT moiycdepsl Ha BbicoTe h, = 25cM.
Haiitu pabGoty cui TpeHusi, IeHCTBYIOMNX Ha a0y npH €€ CKOIBKEHUH.

3agaua 2.

He6onpiomy ey Maccel m, HaXOAAIEMYCS Ha TOPU30HTAIBHOMN MII0CKOCTH, COOOIIHITN
ckopocth V. KoadummeHnt TpeHus 3aBUCHT OT MPOUICHHOTO IMTyTH S 110 3aKOHY kK = aS, T1ie
a = const. HailTu MakCUMallbHY}0O MTHOBEHHYIO MOIITHOCTb CHUJIbI TPEHUS.

3agaua 3.
[ToTrennmanpHas 3HEPrus 4acTUIBI B HEKOTOPOM Ioje umeer BUa U = a/r2 - b/r, rae
a v b monoXuTeNbHbIe TOCTOSHHBIE, T - PACCTOSIHUE OT IeHTpa moss. Haiitu:
a) 3HauYCHHWE 71, COOTBETCTBYIOIIEEC PABHOBECHOMY ITOJIOKEHHIO YaCTHUIIbI, BBISCHUTh
YCTOWYHMBO JIU 3TO MOJOKEHHE;
b) MakcHUMaTbHOE 3HAUEHUE CHUIIBI IPUTSHKECHUS.
3amgaua 4.
Yacrtuiia Macchl m ABMXKETCS 1O OKPY>KHOCTH paguyca R ¢ HOpMaJIbHBIM yCKOPEHUEM, KOTOPOE
MEHSIeTCSl CO BPEMEHEM I10 3aKOHy (1, = at?, rie a — const. HaliTu 3aBUCMMOCTb OT BpEMEHU
MOIIHOCTH BCEX CHJI, ICHCTBYIOIIMX Ha YAaCTHUILy, a TAK)KE CPEJIHEE 3HAUCHUE ITOH MOIIHOCTH 3a
nepBbIe t CeKYH]I MOCJe Havyalla ABHKEHUS.

Kmroun k 3amayam mno Teme «PaGora. MomHnoctb. KuHeTnueckas JHeprus.
HOTeHHHaJILHaﬂ 3Heprml»:

3amaua 1.

13



mV}?
ATp = mg(hz - hl) + z

3anuinemM ypaBHEHHE BHKEHUS [IEHTpa Mace M1ai0bl B MPOEKINK Ha OCh R:

0=

2
mV?
mgcosa — N =ma, = R
B MoMeHT oTpbiBa 111aii0BI OT IOBEPXHOCTH MOIyc(epsl Ha BhICOTE h, cuiia peakuuu onopsl N =
V3
mgcosa = —
g R

Ho, kak cnenyer u3 pucyHka,

—_2
cosa = R
[Toaromy:
h, mV}
"R TR

mV}? = mgh, =

h
ATp = mg(hz - hl) + mg%

3
ATp - mg <§ hz - h1>

mV2

2

ATp = mg(hz - hl) +

3anumem YpaBHCHHC IBUKCHU ICHTPA MaCC Iai0BI B IIPOCKIHHU Ha OCb R:

mVy?

mgcosa — N =ma, = ——

R

B MoMeHT oTphbiBa 11aii0bI OT HOBEPXHOCTH MosTycepsl Ha BhICOTE h, cuiia peakuuu ornopsl N =

0=

Ho, kak cienyer u3 pucyHka,

IToaromy:

3agaua 2.

mgcosa =

h

COS(X:_2
R
h,  mV;
MIR =R

mV? = mgh, =

h
Agp = mg(h, —hy) + mg?z

3
Ay, =mg (E h, — hl).

Nt—fp)-l_/):—kmg v
dv
mE——aSmg
ds ds
V=E—>dt_7



J.Vde—fganS

& S?
— =—ga—+2C
7~ 9yt
Vs
korga S = 0, V =V, cneqgoBatenbHo, C = >

V= fVOZ — gas?
N(S) = aSmg ’VOZ — gaS?

dN d
— N 2y172 4N
7S 0; dS(S Vg —gaS*) =0
2SV2 — 4gasS? =0
Vo
S =
VJ2ga
Vo gavg
Ny o = Mmga vz —
max g \/zg—a 0 Zga’

mV¢@

Ninax = T\/g_a

3amaua 3
dU_ 2a+b 1<b Za)_O: _2a
dr 13 r2 - o= b
d?U 2 /3ab
_d‘r'z = _— —] —3<——b>>0 =
r=7ro
[U]r=r0 = Umin )
qTo0 COOTBCTCTByeT ITOJIOKCHHU IO YCTOﬁqHBOFO paBHOBeCI/ISI.
_ au _ 2a b
T dr r3 2
dF 2a/3a 3a
Ty )0 e
b? <2ab 1) 3 b3
max = 9,2\ 34 - 27a?

Uccnenyem dynkuun U(r) u F.(r) mis noctpoeHus rpaduKoB:

1,a a 2a
U=—(;—b)=0:>7"u=o=5; TOZ?:‘U(ro): mins 17— 0 U — oo,

2a
TF=0:?; r—>0 F - oo; Tm_ F(Tm) mm

3ampaua 4.
PabGora Bcex meWCTBYIONIMX B TEUEHHE KAKOTO-TO BPEMEHU Ha YacTHUIly CWJI, paBHa
npnpameHmo eé KHHCTI/I‘JGCKOP'I 3Hepr1/m. B H&'—I&J’ILHLIﬁ MOMCHT BpeMeHI/I KHUHCTHUYCCKaA

SHEPTHUA YaCTULIbI PABHAJIACH HYJIHO, ITIOCKOJIBKY
2

a, = at? == V? = Rat?
Crei0BaTeNnbHO, B J11000H MOMEHT BpeMEHH IIPUpAILeHHe KUHETUYECKOH SHEPrUum
2
mV

AT =
2

[TosTomy:

15



A(t) = =3
dA
Nt=E=mRat

A maR
(N):A_t:—z t

Tema 5. MoOMEHT CHJIbBI H MOMEHT HMIIYJIBCA OTHOCUTECJIBbHO TOYKH U OTHOCUTECJIBHO OCH.
MomeHT HHEPUUH. YpaBHe}me BpamaTeJIbHOT0 ABUKCHUA OTHOCUTEJIBHO HeNOABUKHOMH
OCH.

1. MomeHT cuiabl U MOMEHT HMIYJIbCa OTHOCHTEIHHO HEMOJABI)KHOTO Hayala U

OTHOCHUTEJIbHO HEMOIBU>KHOM OCH. Y pPaBHEHHE MOMEHTOB.

UT0 Tako€ MOMEHT WHEPIUH, €r0 (PU3UIECKUN CMBICIT?

3. 3ammcarh ypaBHCHHE BpalaTeILHOTO JBIDKEHUS aOCONIOTHO TBEPAOTO  Tela
OTHOCUTEIIbHO HEMOIBKHOU OCH.

4. CdopMynupoBaTh 3aKOH COXpPaHEHUS MOMEHTA UMITYJIbCA CUCTEMBI.

N

3agava 1.
K ToYKe paamyc-BEKTOp KOTOPOM OTHOCHTENLHO Hadama Koopauuar O paseH 7 = al +

by, npunoxena cuna F = AT+ BJ, rae a, b, A, B - OCTOSIHHBIE, L,] - OpThl ocell x U y. Haiitu
MoMeHT M u ievo [ cuibel F oTHOCUTENBEHO TOYKH O.

3amaua 2.
MOMEHT UMITYJIbCa YACTHIIBI OTHOCUTEIBHO TOYKU O MEHSETCSI CO BPEMEHEM IO 3aKOHY

- - -
L =d+ bt? rne d u b - NoCTOSAHHBIE BEKTOPHI, IPHYEM BEKTOp d MEPHEHIUKYISAPEH BEKTOPY

=
b. Haiitn oTHOCHTEIHHO TOYKHM O MOMEHT CHJIBI, JIEHCTBYIOIICH HA YACTHILy, KOTJIa YTOJd &
MEXIY BEKTOPAMH OKaKETCsl paBHBIM 45 rpamycam.

3agava 3.

['opr30HTAaNBHBI TOHKHWN OJHOPOIHBINA CTepkeHb AB Maccbl m W AnuHBI | MOXeT
CBOOOJIHO BpamaTbCs BOKPYT BEPTUKAIBHOW OCH, MpoXoAsmmier uepe3 ero koHeny A. B
HEKOTOPBIA MOMEHT Ha KOHEll B Hayana JelCTBOBATH MOCTOSIHHAS CUJIa F , KoTopast BCE BpeMs
NEPHEHAUKYIISIPHA K IIEPBOHAYAIBHOMY ITOJIOKEHUIO ITOKOUBILIErOCs CTEP’KHS U HAIpaBJICHA B
TOPU30HTAIBHOM MIockocTU. HallTu yriaoByro CKOPOCTh CTEPKHS Kak (QYHKIUIO €ro yria

3amaua 4.
OAHOPOIHBIN MUIMHIP paanyca R packpyTHIIA BOKPYT €r0 OCH JI0 YIJIOBOM CKOPOCTH W
U 3aTeM noMmecTuin B yroil. KosdduimeHnt TpeHus Mexay CTeHKamMH yria U MUIHHAPOM paBeH

k. Cxoyibko 000pOTOB c/IeNTaeT IMIAHIP O OCTAHOBKH?

Kawun k 3agayam nmo teme «MoMEHT HHepUMH. YpaBHeHHEe BPalIaATeIbHOIO
ABHKEHHUS OTHOCUTEJIbHO HEIOABHKHON OCH» .

3amaua 1.

16



M =#xF = (al+ b)) x (AT + B)) = (aB — bA)IX ] =
M= (aB — Ba)ig
MOI[yJII) MOMCHTA CHUJIBI MOXXHO HpeILCTaBI/ITI) KaK HpOI/I3BeII€HI/Ie MOI[y.HSI CHUJIBI HaA IIJICHO

CHIJIBI l, KOTOPOC OIpCACIACTCA KakK KpaTqaﬁmee pPacCTOAHUC OT TOYKHU 0 JI0 JIUHUU JEHCTBHUS

cuibl. Kak cnemyer w3 pucyHka: [ =rsina. C apyroil CTOPOHBI, MOIYJb BEKTOPHOTO
npousBenenus: M = Fr sin a. Takum oOpazom,

M = FL
M = aB — bA

F=yA2+B2 >

aB — bA
VAT 1 B2

3agaua 2.

2 aZ + b2t - 2bt,

4b%t§ = 2a® + 2b%t; >

M(45°) = 25\/“717.

17



3agaua 3.

3anuiemM YPAaBHCHUC BpallaTCIIbHOTO JABWIKCHHA CTCPKHSA OTHOCHUTCIBHO OCHU Z,

MIPOXO/ISIIEH uepe3 ero Konei A.

M, = [F sin (T[

w =

dt

)=chos<p

do

w

Iwdw = lF cos @ do

2

)
Ifa)da)z lchosgod(p; 17=Flsin<p+C

t=0F=0=>¢=0uw=0>=>C=0.
OmpenenuM MOMEHT HWHEPIMH OJHOPOJHOTO CTepkHs. JlJis 3TOro BBIIETUM  HaA

A

[ l_ll

> |

! x o
dx

PacCTOSIHUM X OT OCH DJIEMEHT CTEPXKHS dX, KOTOPBIA MOYKHO CUMTATh MaTEPHAIBLHON TOUYKOM

Maccel dm. Torga:

l

5 m m( ml?
dl = x“dm, rnedm=—dx = [=—|x“dx=—
l l 3
0
mli? _ 6F sin @
—w* =Flsing =2>2w= |——
6 ml
3amaua 4.
Yucno 000OpOTOB IWIMHIpA 0
€ro OCTAHOBKHM MOXXHO OTIPENETUTh W3
. YCIJIOBHSI:
y .
21
) TI€ @) — Yroj, Ha KOTOPbI TOBEPHETCS
N \
Fopa R LUAJIUHIP 32 IEPUOJ BPEMEHH OT Havasa
ﬁz JOBWKECHUS 10 OCTAHOBKH.
[Ipenmonoxum, 4T0 HavadbHAs yriaoBas
.
_,'mg CKOpOCTh HalpaBlieHa «K Ham». Ha
N.
P
E Tpl



OUIMHAP B IOPOLECCEC ABMIXCHUIA HeﬁCTByeT MOMCHT CHJI TpCHU, HaHpaBJ'IeHHHﬁ «OT Hac».
CJIC,Z[OB&TGJIBHO, YPAaBHCHHUC BPaAlIATCIBHOI'0 ABUKCHHUA B INPOCKIUN HA OCh, COBINAAAIOIIYIO I10
HaIIpaBJICHUIO C HadaJabHOMI er'IOBOﬁ CKOPOCTBIO, UMECCT BU:

dw
Id—gl =—(F; + f;z)R
w = s dt = “ 5
dt w

mR?

5 wdw = —(F; + F,)Rdg
mR w?
- 5 =B +Re+ G

Hauanbenbie ycnoBus: ¢ =0, w = wy =

m
C = Ta)(z, = MOCKOJIbKY IIPU @ = @), w = 0, mosy4yaem:
mR

Pk = aF + )0

Cuiiet TPCHUS ONPCACIIUM U3 YPABHCHUS JIBUIKCHUA LICHTPA MAaCC CUCTEMBI:
m§+N1+N2+F1+F2 =0

B npoekuusax Ha 0CHM KOOpAMHAT:
OChb X: N2 - F1:0 = N2 = F]_

ocby: N+ F,—mg=20
F1=kN1 = N2=kN1
Fz = kNZ :kle =

N1+k2N1_mg=O

mg kmg
M= V2"e
kmg k?mg

e 2T e

_ mRwj(k? +1)
Pre = 4kmg(k + 1)

_ Rwj(k*+1)
"= 8rkg(k + 1)

Tema 6. HenHepunaJjibHble CHCTEMbI 0TCYETA.

1. Yro Takoe MHEpIHMATbHBIC U HEMHEPIIUAIbHBIE CHCTEMbI OTCUETA.
2. BBecTH moHsATHE CHJI MHEPIIUH.

3amaua 1.
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Yenosek Maccel M=60Kr uAET paBHOMEPHO MO NEepUPEpUN FOPU3OHTAIBHOW KPYyroBOH
wiatopmbl paguyca R = 3.0M, KOTOpYIO BpamiaroT ¢ yrioBoi ckopocthio w = 1.00 paﬂ/c
BOKPYI BEPTHKAJIbHOM OCH, Ipoxozsumer uepe3 e€ wneHrp. HalTu ropu3oHTaIBHYIO
COCTAaBJIAIOLIYIO CHJIBI, JEHCTBYIOIIEH Ha 4YeJIOBEKa C€O CTOPOHBI IIaT(opMbl, eciu
pe3yIAbTHPYIOLIAs CUJI MHEPLUH, IPHIIOKEHHBIX K HEMY B CHCTEME OTCUETa «IIaTGopmay, paBHa
HYJIIO.

3agaua 2.
o o pag
['opu3oHTanpHbIl JUCK BpamaloT C YIVIOBOM CKOpOCThIO w = 6.0 / c BOKpYyr
BEPTUKAJIBHON OCH, IMIPOXOAIIEH yepe3 ero ueHrp. Ilo oqHoMy U3 1MaMeTpoB AUCKA JBUKETCS
HeOoubioe Teno Macchl M = 0,50Kr ¢ MOCTOSHHON OTHOCHTEIBHO IUCKA CKOpOCThIO V' =
50 CM/C. Haiitu cuiny, ¢ KOTOpoi AUCK JIEUCTBYET HA TEJIO B MOMEHT, KOrJla OHO HaXOJUTCS Ha
paccrosauu v = 30CM OT OCH BpallCHHUS.

3agaua 3.

[Toe3n maccel m = 2000T nBuXKeTCs Ha ceBepHOU mupoTe @ = 60°. OnpenenuTs:

a)MoJlysib ¥ HamnpaBjiCHUE CHUJIbI OOKOBOTO JABJICHHS Ha PEIIbChI, €CIM OH JIBUXKETCS BJIOJIb
MepHMaHa co CKopocThio V = 54 KM/

0) B kakoM HampaBjIeHUU M C KaKOH CKOPOCTBIO JIOJDKEH OBbLIT OBl JBUTATHCS IOE31, YTOOBI
pe3yIbTHPYIOIIAs CUJIa MHEPIIUH B CUCTEME OTcuéTta «3eMiish» Oblila paBHA HYIIIO.

3amaua 4.
['Opr30HTAIBHO PACTIOIOKEHHBIN TTIAJKHN CTep)KeHb AB BpalarOT ¢ YIIIOBOW CKOPOCTHIO W =

2.00 pa,a,/ ¢ BOKPYT BEPTUKAJIbHOHN OCH, IPOXOAIIEH uepe3 ero KoHel A. o CTep:kKHi0 cBOOOIHO
CKONB3UT My(rouka maccel m = 0.50Kr, ABWXKymascs U3 TOYKH A ¢ HAYAIBHOW CKOPOCTBHIO
Vo = 1.0M/.. Haiitu neiictByromyo Ha MyQrouky cumiy Kopuosnuca (B cucTeMe OTCUETa,
CBSI3aHHOM C BpAILAIOLIMMCS CTEP)KHEM) B MOMEHT, KOI/1a My(TOUYKa OKa3ajlach Ha PacCTOSTHUU
71 = 50cM 0T ocH BpaleHus

Kuroun k 3apauam no reme « HemHepuuaJbHbIe CHCTEMBbI OTCYETA» !
3agaua 1.
[lockonpKy JABHMKEHHME IO OKPYKHOCTH IPOMCXOJUT C TIOCTOSHHOM IIO MOJIYJIIO

CKOPOCTBIO, ITOJTHOC YCKOPCHUC pPABHO HOPMAJIBHOMY YCKOPCHHIO MU YPAaBHCHHUC JIBUKCHUA

AN W

— —
IIEHTpa Macc (¢ y4ETOM TOT0, 4TO 10 yCIOBMIO 3a1a4u Fy, + Fg = 0) uMeeT BUA:
20



ma, = F,

rae F' — uckomas cuia, JecTByoIas Ha 4YeJIoBeKa co CTOPOHBI Iuatdopmbl. Ciie10BaTeIbHO

wWR

2

mV'?
=F.
R
CKOpPOCTB ONPENEINM U3 YCIOBHS PABEHCTBA IO MOYJIIO CUIT HHEPIIUH:
2mV'w = mw?R =2V' = —;
mw?R
F = T = 45H.

3amaua 2.

mg

IlockonbKy TEIO OTHOCUTEIBHO
IUCKa JBHOKETCS C TOCTOSHHOM
CKOPOCTBbIO, B CHCTEME OTCU€Ta
«JIACK» CyMMa BCE€X JEHCTBYIOIIMX
Ha TeJI0 CWI paBHa  HYIIO.
CrnenoBaTeabHO:

—  — —
Fy+Fgs+mg+N=0
[TosToMy cuna N , C KOTOpPOH IUCK

JICUCTBYET Ha TEJIO:
7 = E=ad -
N = —(Fi + Fys + mg)
Bce Tpu cuibl B3auMHO
MEePIEHANKYIISIPHBI =

N = J (F)? + (F)” + (mg)?

N =myg? + w*r? + (2V'w)? = 8H.

3amaua 3.

Puc. 1

F—k) = 2m[l7, (T)]

21
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Kaxk cnemyer u3 puc.l, cuna 60KOBOro naBiieHUs Mmoe3ia (KOTopasi ONpeaessieTcs] CHIION
Kopuonuca) Bcerna AelicTByeT Ha IIpaBblii IO X0y 110€3/a PEIIbC.
F, = 2mVw sin ¢ = 3.8kH
M1t Toro, 4ToOBI pe3ynbTUPYIOIIAs CHUjla MHEPIMH Oblila paBHA HYIIIO, O3] JOJKEH ABUTAThCS
TakuM oO0pa3oM, uTO HampaBieHue cuibl Kopuonuca okasplBaeTcs MNPOTHBOIIOIOXKHBIM
HAIPAaBIEHUIO HEHTPOOEkKHOM cuibl MHepuuu. CrnemoBaTenbHO (pHC.2), MOE3[ IBUKETCS IO
napajuienay ¢ BocToka Ha 3anal. I[Ipu stom Fy = Fg.

F, = 2mVw; Fy;5 = mw?r = mw?R cos ¢

wR
V= —cos¢ = 420 KM/,

3agaua 4.

— -
Fe =2m[V, d]
F, =2mVw

CkopocTh My(PTOYKH Ha PACCTOSIHUU Ty
orpenenum u3 yCIIOBUS, 4TO
U3MCHCHHE ©€ KHMHETHYCCKOW YHEPTHH

p ~< B CHCTEME OTCYETA, CBSI3aHHOW CO
( A T4 ) CTEPIKHEM, HPOMCXOOUT 34  CUET
\\\\\ ‘\Qvé\g 7 paboThl LIEHTPOOEIKHON CUITBI UHEPIHH
- (cuma  Kopmonmca ~ paboTel  He

COBEPIIIACT).
st st
mV?  mVg s — ,
- = | Fydr = | mwrdr
0

——— —_——

~— —

0
mV? mVZ mw?r?

2 2 2

V= |V&+ w?r?

F, = 2mw /VOZ + w?r?

2
> = 2.8H

Vo
F, = 2mw?r [1+ (—
wr
Tema 7. CnenuajbHasi TEOPUSI OTHOCHTEIbHOCTH.
1. CdopmynupoBarh NOCTYNIAThI CIIEHUATBHON TEOPHUH OTHOCUTEIBHOCTH.
2. 3amucatb npeoOpa3oBanus JlopeHua. B uéM cocToUT OpEHIIEBO COKpallleHHe AJIUHBI U
s dexT 3amensieHnst BpeMeHH?
3. Uro Ttakoe mpocTpaHcTBO MmuHKOBckoro? Kakas ¢usuueckas BeIMUMHA Ha3bIBaeTCs
untepasiom? [lokazarb, YTO UHTEPBAJ SBJISIETCS HHBAPUAHTOM.
Yro Takoe peNATUBUCTCKAs MAcca; PEISTUBUCTCKUN UMITYJIbC?
5. CdopmynupoBaTh 3aKOH B3aMMOCBSI3M Macchl M 3Hepruu. Yto Takoe macca MOKOS,
9HEprus nokos?
6. TlokasaTh, uto EZ — p?C? sBNSETCS HHBAPHAHTOM.

&

3amaua 1.
CoOcTBeHHOE BpeMsi KW3HU HEKOTOpOoW HecTaOmibHOM uactuiibl Aty = 10HCc. Kakoit
MyTh MPOJIETUT ATa YaCcTHIIA J0 pacmaja B JabOpaTOpHOM cucTeMe O0TCUETA, T1ie €€ BpeMsl )KU3HU
At = 20Hc?
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3amaua 2.

CtepkeHb JBUXKETCS BJIIOJb JIMHEHKM C HEKOTOPOM MMOCTOSAHHOM CKopocThio. Eciu
3a(MKCUPOBATh TIOJIOKEHHWE OOOMX KOHIIOB JAHHOTO CTEP)KHS OJHOBPEMEHHO B CHCTEME
OTCYETA, CBA3aHHOM C JIMHEHKOM, TO Pa3HOCTh OTCUETOB MO JIMHEKke Ax; = 4.0M.

Eciu ke mnonokeHne o060uX KOHIIOB 3adUKCHPOBATH OJHOBPEMEHHO B CHCTEME OTCUETa,
CBSI3aHHOM CO CTEp)KHEM, TO PAa3HOCTh OTCUYETOB MO 3TOM ke JuHeilke Ax, = 9.0M. Haiitu
COOCTBEHHYIO JJIUHY CTEP>KHS U €r0 CKOPOCTh OTHOCUTENILHO JINHEHKH.

3agaua 3.

Ckonbko 3Hepruu (B pacyére Ha €IMHUILY MAacChl) HEOOXO0IMMO 3aTPATUTh, YTOOBI
COOOITUTH IEPBOHAYAIILHO TTOKOSIIEMYCSI KOCMUYECKOMY Kopabito ckopocth V' = 0,980C?
ComnpoTHUBICHUS HET.

3agaua 4.

®DOTOH C SHEPrHell € UCIIBITAN pacCEessHUE Ha CBOOOJHOM dieKTpone. Haiitu sHepruro &’
paccessHHOro (OTOHA, €CITU yroJl MEXKIy HANpaBICHUSIMH JIBIDKEHUS PACCESTHHOTO U
HajeTaronero (oToHOB paBeH 6.

Kiaroun k 3agayamM 1o teme «Cl'lelll/la.]'lbl-[aﬂ TEOPUS OTHOCHUTEC/IBHOCTH):

3agaua 1.
[Ipennonoxum, uyto K'cucrema CBs3aHa C YacTHIEH M JBHKETCS BMECTE€ C HEHl CO
cKopocThio V' oTHOCHTENBHO abopaTtopHoii K cuctemsl. Toraa
At
0
At =

1-(7)

Taxum oOpazom, myTh [, ipoiiIeHHBII yacTuIeil B 1a00paTOpHOIl cucTemMe oTcuéra 3a Bpems At
2

1 =AtC [1 (At°>
- At)

Bropoii cmoco6 ocHOBaH Ha HHBAPHAHTHOCTH WHTEPBAJIA:
S15% = C%ty,% — 15> = const,
rae t;; — IPOMEXYTOK BPEMEHH MEKIY COOBITHSIMH, a i, — PacCTOSHUE MEXKIY TOYKAMH, B
KOTOPBIX TPOHM30IILIN COOBITHS. B 1anHOM cityuae: coObITHE | — 3apOsKIE€HHE YAaCTHUIIBI, COOBITHE
2 — pacnaj| YaCTHIIBI.
B K’ cucreme
5122 = C%(Aty)?,
a B K cucreme:
S5 =C3A)%:-12 =

C?(At)? — 1?2 = C?(Aty)?
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3agaua 2.

[Ipexne Bcero, HEOOXOIUMO OMPENEIUTh, YTO B JIAHHOM CITydae SIBISICTCS COOBITHEM U,
COOTBETCTBEHHO, OMPEAEIUTh KOOPAUHATH © MOMEHTHI BPEMEHH, KOT'/1a OHO ITPOU3OIILIO B TOM U
JIPYroi CUCTEME OTCYETA.

Cucrema orcuéra K cBs3aHa ¢ JTHHEWKOH, cucreMa orcuéra K' cBsizaHa cO CTEp)KHEM U
JIBUKETCS OTHOCUTENIBHO CUCTEMBI K CO CKOPOCTBIO IBUXKEHUS CTepxHS V.

CoObITHe 1- KOHEIl CTEpXKHS C KOOPAWHATOM X, COBIAJAET C METKOW Ha JIMHEHKe C
KOOpAMHATON X,. Ai(xy,t1); A7(x3,t1)

Co0ObITHE 2- KOHEIl CTEPXKHS C KOOPIMHATON X; COBIAJAeT C METKOW Ha JIMHEHKE C
KOOpAUHATON X1 A, (xq,t5); A5(x1,t5)

[TockonbKy B TIEPBOM ClTydae pa3HOCTh OTCUYETOB X, — X1 = AX; 3ad)MKCHpOBaHA B OJHMH U TOT
K€ MOMEHT BpeMeHH (t; =t,) yA0OHO BOCHOJB30BATHCS MpeoOpazoBaHusiMH JlopeHna mpu

Mepexo0/i€ U3 CUCTEMBI K BK':
P - th , - Vtz ' ' xz - x1
Xz = 1 = = xZ - Xl =

V2 B V2
1—C— / 1-

Takum 06pazom, 1715t COOCTBEHHOM JITTUHBI CTepmHs{ MOJTy4YaeM:
Ax1

(1)
\] B F
Bo BTOpOM cityuae, HOCKOJII)Ky t; = t, , 3alUIIEM:
x2 + th x1 + Vt2 ly
xz = = = x2 - xl = =
& &
e -z e
/& l
I-5=57- @

C? sz
[ToncranoBka (2) B (1) ma€t BeIpaskeHue Al COOCTBEHHOM JTMHBI CTEPIKHSL:
ly = /Ax;Ax, =6,0M
3Has [, u3 ypaBHEHUS (2) HAXOUM CKOPOCTH JTBUKCHHSI CTCPIKHS:

Axq
V=C|1-—=22-108M
Ax, /c

3anaua 3.

Tak kak kopabib MEpBOHAYAIBHO IMOKOMJICS, €My HEOOXOAMMO COOOIIUTH HEPTHIO,
pPaBHYIO €ro KHHETHUYECKOM SHEPruM ¢ 3aJlaHHOM cKopocThio. [Ipu 3TOM Macca mokosi cuuraercs
pPaBHOM eAVHULIE.

T =mc? —myc? = ———=c? — myc?
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o\

K
AE =3,3- 1017'&—
KT

3agaua 4.

£+ mpec? = (Mgec? +T,) + €'
T,=¢c—¢

P=Pe+D

CornacHo TeopeMe KOCHHYCOB!
pZ =p?+p'? — 2pp’ cos O

Pe = \/Te(T. + 2mgec?) = /(e — €) (e — €' + 2mgec?)

ITockonbky ckopocth otoHa V = ¢

€

p=-=
c2

Takum ob6pazom:
2
ez [ ge'
(e—&N)(e—€ +2mg.c?) = (—) + <—> —2—cos#@

, &
g =

- . _
1+2(5/y,  2)(sin 9/,

Tema 8. Kosie0anus.

=

Yro Takoe rapMOHHUYCCKUC KoJieOanus?

Kakue xonebaHusi Ha3bIBaIOTCSI COOCTBEHHBIMH; Y€MY paBHAa YacTOTa COOCTBEHHBIX
Kosie6aHuin?

3. 3ammcarh ypaBHEHHE [BW)KCHHUS, PEIICHHEM KOTOPOTO SBIISIOTCS  3aTyXarolue
(cBOOOAHBIE) KONIEOAaHUs; UeMY PaBHA YAaCTOTA 3aTyXAIOLIUX KOJIeOaHNH?
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4, Yro Takoe BpeMms 3aTyxaHus  (penakcamuu), Kod(puImeHT  3aTyXaHwus,
norapuMUYECKHl JEKPEMEHT 3aTyXaHUs, TOOPOTHOCTh KoJeOaTeIhbHOW CHUCTEMBI; Kak
OHM CBSI3aHBI MEXKITy CO00i?

5. Kakum o0pa3oM rapMoHUYECKHE KOJEOAHUS NPEACTABISAIOTCS METOJIOM BEKTOPHOU

nuarpaMmbl? CrioskeHue KoeOaHui METOIOM BEKTOPHOM THarpaMMBbl.

Kom1uiekcHoe npencraBieHre KojaeOaHui.

7. 3anucarb ypaBHEHUE [BIKEHUS, YCTAHOBUBIIUMCS PEIICHHEM KOTOPOrO SIBISIOTCS
BBIHYKJICHHBIE KoseOanus. YeMy paBHA 4acTOTa BHIHYKICHHBIX KOJICOaHUN?

8. B uém 3axmrodaercss siBIeHHE pe3oHaHca? 3amucaTh BBIPAXKEHHE ISl PE30HAHCHOU
YacTOTHI.

Sk

3amaua 1.

Yactuna Maccel m HaXOJUTCS B OJHOMEPHOM CHJIOBOM IIOJIE, A€ €€ MOTEHUMaIbHas
9Heprusi 3aBUCHUT OT KoopauHathl X kak U(x) = Uy(1 —cosax), rne U, U a — NOCTOSTHHBIE.
Haiitu neproa Manbix KojaeOaHUN YaCTULIBI OKOJIO TIOJIOKEHUSI PABHOBECHS.

3agaua 2.

HenoasmxkHoe TeJ0, MOJBEIICHHOE HA MPYXHHE, YBEIUYUBaeT e€ JuHy Ha Al = 70MM.
Cuutass Maccy MPYKUHBI TPEHEOPSIKUMO Majol, HAWTH TEPUOJI MAIbIX BEPTUKAIBHBIX
KoJIeOaHMH Tea.

3agava 3.

K neBecomoii npyxuHe MOABECHIIM TPY3UK B OHA pacTsiHynach HA Ax = 9.8 cM. C kakum
nepuoaoM OyJeT KoledaTbcs TPY3UK, €ClIM €My JaTh HEeOOJbIIONH TOTYOK B BEPTUKAIBHOM
Hanpasienuu? Jlorapupmuueckuii nekpemeHT 3aryxanus A = 3.1.

3amaua 4.

AMIUIUTYIBI CMEIIEHUS! BBIHYK/IEHHBIX TAPMOHUYECKHX KOJIeOaHUI MPH 4acToTaxX wq =
400c™! u w, = 600c™! paBHBl Mexay coboii. HaiiTu uacToTy w, TpU KOTOPOH aMILIHTYyAa
CMEIIICHUST MaKCUMalIbHa.

Karouu k 3agauam no teme «Konedanus»:

3amaua 1.

. du Ueasi
= -7, = ~Uoasinax

J1s MabIX X
sinax = ax =

F = —-Uya’x
Takum 06pa3om, MOKHO 3aMUCATh YPABHEHUE JBHKCHHS YACTHUIIBI

mix = —Uya®x
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3amaua 2.

ITycTh X — y/uIMHEHUE NPY>KUHBI OTHOCUTEIBHO HEPACTAHYTOI'O COCTOSIHUSA, Koraa x = 0.

3anuiieM ypaBHEHHWE JBIDKEHHUS IEHTpAa Macc Tpy3HKa IOJ
JEHCTBUEM CHJIBI TSKECTH U CHIIBI YIIPYTOCTH TPy KHHBI:

mX = —kx + mg
3HaYeHHE CUJIBI TSHKECTH MOXKHO OINPEACTUTbh W3 YCIOBHSA
paBHOBECHS:

kAl =mg. (1)
Taum 06pa3zom, ypaBHEHHE JBIKEHUE IPHHUMAET BUJT:

mX = —kx + kAl = —k(x — Al)
Beeném HOByr mepemenHyro X = x — Al, To ecth Oynem
paccMaTpuBaTh  JBMDKEHHUE TPY3HKa OTHOCUTEIBHO  €ro
CTaTUYECKOTO TOJOKEHNUS, KOTa CHjla TSHKECTH ypaBHOBEIICHA
cuiol yrpyroctu npyxunsl (X = 0, korga x = Al):
mX = —kX

.k
X+—Xx=0
m

Mp1 nonyuwm qudGepeHIraIbHOe YPaBHEHHE, PEIICHHEM KOTOPOTO SIBJISIFOTCSI TAPMOHHYECKUC
KoJIeOaHus ¢ COOCTBEHHOI 4acTOTOMN

KoadduuneHt ynpyroctu npy>kuHbl HaXo1uM U3 ypaBHeHus (1)

3agaua 3.

B k
Wy = —
_mg
k—Al=>
w= L5
Al
Al
T =2m |—
g
_27‘[
)
w= [w;—p?
kAx = mg
k Ax 5
—:—:a)o
m g
A=pT =
_/1_/1a)
ﬁ_T_Zn ,
Aw
2 _ 2 (%
@ =% (27r>
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2
Wy

w = 7
1+ ()

T = J(4n2 +12)8%/y =0.7¢

3agaua 4.
AMHJII/ITyI[a BBIHy)KI[eHHLIX KOJI€6aHPII>'I N3MCHACTCA B 3aBUCUMOCTH oT HaCTOThI
BBIHY KJIAIOIIIECH CUJIBI TT0 3aKOHY:

Alw) = Fo/m

V(wE — w?)? + 4p2
rne  Fy — ammuTyna BeIHYXKJAIOIIEH CHJIBI; M — Macca OCHWUIATOPA; o — COOCTBEHHAs
gacrora Konebanuii; f — K03QpPUIIMEeHT 3aTyxXaHUS.
AMIMTya  IOCTHraeT MAaKCHMalbHOTO 3HAYCHUS TIPH  pEe30HAHCe, KOrJa 4YacToTa
BBIHY K/JIAIOIIIEH CHJIbI pAaBHA PE30HAHCHOM 4acTOTe:

_/2_ 2
Wpes = _|Wg — 2%,

Beipazum ko3¢ duimenT 3atyxaHus U3 ycloBHUs paBEHCTBA aMIUIUTY]] NPH 3a/aHHBIX 4acTOTax
BBIHYKJICHHBIX KOJICOaHUI:

Fo/m . Fo/m )
V(g — 02?2 +4p2w?  J(wE — w?)? + 4p2 w2

(W~ B + 4703 = (h - wD? + 48
—2w3w3 + w3 + 4p*w3 = 2wiw? + 0 + 42w =

w3 w?+ ws

2 20 7172
p 2 4

[ToncraBuB BhIpakeHue JUIs KOG PHUIMEHTa 3aTyXaHus B (GOpMyJy Uil Pe30HAHCHOM 4acTOTBI,
MOJTyYHM:

2 2

Wpes = = 5.1-10%¢7t

Tema 9. Boanbl.
1. Kakume mnporecchl Ha3bIBAIOTCA BOJMHOBBIMH? UYUTO Takoe /JIMHA BOJIHBI, BOJHOBAs
MOBEPXHOCTh, GPPOHT BOJHBI?
2. 3anmcarth ypaBHEHHs IJIOCKOW W CHEpPHUECKON YIPYTrUX BOJH, YTO TaKO€ BOJIHOBOM
BEKTOp?

3. BosiHOBOE ypaBHEHUE; TPaHUIIBI €70 TPUMEHUMOCTH.

4. DuHeprus, nepeHocuMas ynpyroil BOJHOW; BEKTOp Y MOBa.

5. Crosiune ynpyrue BOJHBI; YCIOBHS UX 00pa30BaHusI.
3agaua 1.

-
Haiit BotHOBO# BeKTOp k M CKOpOCTH V BOJIHBI, UMEFOIIEH BHT
¢ = acos(wt —ax — By —yz).
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3anaua 2.

ToueuyHbIii M30TPONHBIM UCTOYHHUK MCITYCKAeT 3BYKOBBIC KoJjieOaHuUs ¢ yactotod V. Ha
pPacCcTOSIHUU 7y OT MCTOYHHMKA aMIUIUTYyJla CMEIEHUsl YacTUIl Cpelbl paBHA Ay, a B TOUKE A,
HaxoJAIlelcs Ha PAacCTOSHUU 77 OT MCTOYHMKA, aMIUIUTyJa CMEUICHUS B 1) pa3 MEHbIIE Q.
Haiitu:

a) ko3 UIMEHT 3aTyXaHUs BOJHBI ;

b) ammiuTyny xKoneGaHU CKOPOCTH YaCTHIL CPEIbI B TOUKE A.

3amaua 3.
3a CKOJIbKO BPEMEHH 3BYKOBBIE KOJeOaHUs MPOIAyT pacCTOsSHUE MEXAY TOoUKamu 1 u 2,
€CJIM TeMIeparypa BO3AyXa MEXIy HUMU MeHsaeTcs JuHerHo oT Ty #o T,. CKopocTh 3ByKa B

Bo3ayxe V = aVT, rue @ — nocrosiHHasl.

3amaua 4.

ToueuyHbIil M30TPOMHBIA UCTOYHUK 3BYyKa HAXOJUTCS Ha MEPHEHIUKYISIPE K MIOCKOCTH
KOJbIla, TpoxofsmieM dyepe3 ero neHtp O. Paccrosnue mexnay Toukoid O ¥ UCTOUHUKOM [ =
1.0M, pammyc kompra R = 0.5M. HaiiTm cpemHuii MOTOK SHEPruu uepe3 IUIONIab,
OTpaHHYEHHYIO KOJIBLOM, eClii B Touke O MHTEHCHBHOCTH 3ByKa I, = 30 MKBT/M?. 3aryxanue
BOJIH MTPEHEOPEKUMO MaJo.

Kiroun k 3agauamM no teme «BoJIHBI»:

3anauva 1.
YpaBHEHHE IOCKOU BOJHBI

& = acos(wt — EF)
ITo ycoBuUIO 3a/1a41 ypaBHEHHUE TIPEICTABIIEHO B JeKapToBoM Gasuce. ClieJ0BaTeNbHO:
ky=a ky,=p; k,=y =
k=oat+ B+ VK.

k=\a?+B?+y?;

k===
w
V =
Jaz+ p2 4 y?
3agaua 2.
VYpaBHeHue 3aTyxaromieil cpepruuecKoil BOJIHBI:

ae™ "
&= Tsin(wt — kr)

ITo ycnosuro 3anauun
ae Yor
ae '"r, =1

29



1o =) = 1n ()

7"077
/(T — 1)

dE wae "

V:E:

cos(wt — kr)

a?

ae 7o
=

aO =
L
QAopTo

e_VrO
wagree” " way

max p— .

3agaua 3.

[To ycnoButo 3amaun
T =ax+b.

KOHCTaHTI)I au b HaxoaIuM U3 FpaHI/ILIHBIX yCJIOBI/II/II
x =0, T=T, =
b = T]_

x=1Il, T=T, =
TZ_Tl
a = ]

Takum O6p8.30M, oJiy4yacM yYpPaBHCHUC:

I,-T;
T=—""—x+T. (1)

[Iponuddepenunpyem ypasaenue (1) mo BpemeHu:

dT T,—-T;dx T,-T T,—-T
R D T P zl LT @)

dt 1 dt 1
PemaeM ypaBHeHHe (2) METOAOM pa3I[eJ'IeHI/I$I HepeMeHHHX.
-
=
( -T)a
: 2NT=t+C
(Tz - T1)a .

KOHCTaHTy HaxOoJUM U3 Ha4YaJIbHBIX yCHOBI/II‘;I:
t = O, T = Tl =

l
C=——77-—7—2T;.
(T; —Ta !

Ham HeoO6xoaumo HaiiT MOMEHT BpeMeHH, korga T = T,
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CJ'IG,I[OBaTeJ'IBHO, HCKOMO€ BpEMs

21
A Ry

21

" (T +T)

3amaua 4.

ITOCKOJIBKY MCTOYHHMK TOYEYHBIH M WM30TPOIHBIM, HANpaBjeHUE BEKTOpa YMOBa | B
IIPOU3BOJBHOW TOYKE IUIOCKOCTH, OIPAaHUYEHHOM KOJIBLIOM, OIPENEISAeTCS pPaguycoM 7.
CrnenoBarenbHO, INOTOK BEKTOpa YMOBa uepes3
JIEMEHT [TOBEPXHOCTHU dS

dbd=7-ds=j-ds-cosa
Takum 00pa3om, CpeaHH MOTOK PHEPTUU HYepes3
IJI011a/1b, OTPAHUYEHHYIO KOJIBLIOM

(D) =f (j)ds cosa
S
) =1(r)

JIisi M30TPONHOrO TOYEYHOTO HMCTOYHMKA
HOTOK DJHEpPruu uepe3 cdepy I000ro paamyca,
NPOBEASHHOTO M3 TOUYKH, B KOTOPOH HAXOIUTCA
HCTOYHHK, paBeH MOITHOCTH HCTOYHHKA, TO €CTh
JIOTKEH OBITH TIOCTOSIHHBIM.

(@) = const = 4nl?l, = 4nr?I(r).

Wwmes B BuAy, uto 2 = 12 + p?, nonyunm
l2
I(p) = mlo :

l
cosa =— =

(CD)=f I(p)ds cosa
S

R2mpdp !
(D) = I,1? > >
o P+p? 12 + p?
CrenaeM 3aMeHy HepEMEHHBIX:
P+p?>=z =
2pdp =dz =
12+R?2
(®) = I1%ml z73/2dz

12

1 1
) =11227Tl[———];
e VN

(®) = I,2ml? [1 - l = 20MKBT.

1
J1+R?/12
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TecToBbIe BONIPOCHI

1. Kakue kuHeMaTHYeCKUE XapaKTEPUCTUKHU JIBIXKCHHMsSI HE MEHSIIOTCS NP Iepexojie OT
OJIHOM MHEPUHUAIILHOW CUCTEMBI OTCUETA K JPYTOM:
1-cxopocTb, 2- yckopeHue, 3- OTHOCUTEIbHAs! CKOPOCTh JIBYX YacTHULl, 4- NEpEMELICHHE.
A. 1,3
b.2,3
B. 1,4
r.1,2

2. Yemy paBHa MTHOBEHHAas CKOpPOCTb MaTepualibHOW TOuku? BpiOepuTe mpaBUIIbHBIC
BapUaHTHI OTBETOB!
A. TpoM3BOIHON paauyC-BEKTOPA, OMNPEACIAIOIIErO IOJOKEHHE MAaTEpUaIbHOM TOYKH, IO
BPEMEHHU
b. mpou3BOIHOM OT NEepeMEIICHUS MaTEPUAIIBHON TOUYKHU 110 BPEMEHHU
B. mpon3BogHOM OT IyTH 110 BPEMEHU
I'. MrHOBEHHast CKOpPOCTb — 3TO IIyTh, IIPOWJIECHHBIA MAaTE€PUAIBHOM TOYKOW B EAMHUILY

BpCMCHHU

3. Kakumu BenM4YMHAMM OIPEJEISACTCS MEXaHUYECKOE COCTOSIHHE MaTepUalbHOH TOUKH:
paamyc-BektopoM T (t), ckopoctsio V(t), yckopenuem a(t)?
A. F(t), a(t)

B. 7(t), (t), alt)

B. F(t), V(t)

. v(t), at)

4. Pamuyc-BeKTOp YaCTHUIIbI U3MEHSETCS BO AY
BPEMEHH 10 3aKOHYy T = 2t%i +t°] . B MOMeHT 2
BpeMeHH t=1 4dYacTulla oOKa3ajiach B 3
HekoTopoi Touke A. CKOpOCTh YacTULbI B 1
3TOT MOMEHT BPEMECHH MMEET HalpaBICHHUE

Al A

b.2

4
B.3 X
T.4 g

5. Kakoe u3 HuxKenpuBeIeHHBIX YTBEPKICHHUH CrIpaBeauBo?

A. Macca — 3T0 KOJIMYECTBO BEILIECTBA, COAECPKAIIEECS B TENE

b. Ilpu npekpaiieHny 1eiCTBHS Ha TEJIO CHIIBI - TEJIO MTHOBEHHO OCTaHABIMBAETCS

B. B kmaccudeckoil MeXaHUKE Macca Tela MEHSETCS IpPU Mepexo]e OT OJHOM MHEPLUAIBHOU
CHUCTEMBI OTUCETa K IPYroi

I'. Macca sBiisieTcst MEpOY HHEPTHOCTH TeJla

6. BeinenuTe HEBEpHOE yTBEpKICHHUE
A. Cuna — KoJIM4YeCTBEeHHasi Mepa B3aUMOJICHCTBUS O KpailHe mMepe ABYX Tel, BbI3bIBAIOIIAS
JIBYDKEHHUE TeJa WK U3MEHEHUeE ero (JOpMBbI, WJIM U TO U IPYroe BMecTe
b. Cuna siBisieTcs IpUUNHON YCKOPEHUSI.
B. Cuna B kjaccuueckoil MexaHHKE M3MEHSIeTCS MpH Mepexojie OT OAHOW HHEepPIHUAIbHON
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I.

CHUCTEMBI OTCUETA K APYTron
[Ipu ogHOBpEMEHHOM JECHCTBUU HECKOJIBKUX CHJI TEJIO MOJy4YaeT TaKoe YCKOpEeHHe, Kakoe Obl
OHO ITOJIYYUJIO MO IEUCTBUEM PE3YyJIbTUPYIOLIEH CHIIbl F = E F,

7. Nmnynbec Tena p, U3MEHMIICA NOJ ACHCTBUEM KPAaTKOBPEMEHHOIO yaapa, U CKOPOCTb Tella

craja paBHOH V,, Kak IOKa3aHO Ha pHUCyHKe. B MOMeHT Japa Cujia HeﬁCTBOBaﬂa B HaIIpaBJICHUHU
2°

3w > =W Hw e

—~ W

V 3

2

Al
b.2
B.3
I.4

8. Kaxkoe u3 IPUBCACHHBIX yTBep)KI[eHI/Iﬁ CIIPpaBCIJINBO:

. HanpaBneHnue paBHOAEHCTBYIOLIEN CHJIBI COBIIAJIAET C BEKTOPOM CKOPOCTH
. HanmpaBnenue paBHOAEMCTBYIOIIEH CHUITBI TApAIIJIEIbHO BEKTOPY YCKOPEHUS
. HanipaBiieHue BEKTOPOB CHUJIbI U ITEPEMEILIEHUS BCETJa COBIAAIOT

. Ecnu paBHOEiCTBYOIIAsA CUjla paBHA HYJIIO, TO TEJIO BCETa MOKOUTCS.

9. HpI/IHI_[I/IH OTHOCHUTEIbHOCTH I anuines YTBCPIKAACT CIICAYIOIICC:

. Bce 3aKkoHBI MEXaHUKH OAVHAKOBBI BO BCCX MHEPIUAIIBHBIX CUCTEMAaX OTCUCTA

. Bce MexaHn4yeckue sBICHUSA BBITTIAAAT OAUHAKOBO BO BCEX MHCPUHUAJIIbHBIX CUCTCMAX OTCUCTA
. Bce 3akoHEbI (1)I/ISI/IKI/I OAVMHAKOBBI BO BCCX MHEPIHUAIIBHBIX CUCTEMAX OTCUCTA

. Bce (1)I/I3I/I‘-ICCKI/IG SABJICHUS BBITJTIAAAT OAMHAKOBO BO BCEX MHCPUUAJIBHBIX CUCTEMAX OTCUCTA

10. Beiienure HenpaBUIbHOE YTBEPKACHUE.
NMnynbe cuctemMbl MaTepHadbHBIX TOYEK paBeH TIEOMETPUYECKOW CyMMe HMITYJIbCOB
OTJIEIbHBIX TOYEK, BXOAAIIUX B CUCTEMY

. HMHy.]'IBC CHUCTCMbI MaTCPpHUAJIBbHBIX TOUYCK PAaBCH MPOU3BCACHUIO MACChl CUCTEMEBI Ha CKOPOCTb

ABWIKCHUSA LCHTPA MacCC 9TON CUCTEMBI

. I/IMHYJ'II)C 3aMKHYTOI7I CHUCTCMbI MAaTCPHUAJIIBHBIX TOYCK HEC MCHACTCA CO BpCMCHEM
. 3aKoH COXPAHCHUS UMITYJIBC BBIIIOJIHACTCA BO BCEX CUCTECMAX OTCUCTA

11. Kakue cuibl BIMSIOT Ha ABUIKCHUC NCHTPA MAaCC CUCTCMbI B3aI/IMOI[CI>'ICTBy10H_[I/IX TOYeK?

. BHYTPEHHHUE CUJIbI

. BHEILIHUE CHJIbI

. BHYTPEHHUE U BHEIIHUE CUJIbI

. BHYTPEHHUE NTOTCHIUAJIbHBIEC CUJIbl U BHEIIIHUE CUJIBI

Paznen «ModiexkyispHas GU3HKA U TEPMOJIUHAMHUKA»
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3amaya 1. ['a30BbIil TEPMOMETP COCTOUT U3 CTEKISTHHOTO
mapa o0beMoM 273 ¢y’ € NPHUIIASHHOM K HEMY Y3KOM Vv =
TOPU30HTAILHOM TpPyOKOH, B KOTOpPOW HaXOAUTCSA t—>|
KarelbKa PTYTH, OTIEINSIONIas BHYTPEHHUH OOBEM OT 1 I>
BHewHero npocrpancrsa. Ceuenne Tpyoku 01cu’. Ha

KaKO€ pacCTOAHUE IMEPEMECTUTCS KallelIbKa IIPpU HarpesaHuu mapa o 10°C , eciau mnpu 0°C
paccTosiHue ee 0T ocHOBaHUA TPyOku 30 cu ? PacimmpenneM odbeMa cTekiia npeHeopeyb.

3anaua 2. 13 6amiona co cxxateiM KUCiIopoioM oobeMoM 100 11 u3-3a HEUCITPAaBHOCTH KpaHa
BhITeKaeT ra3. [Ipu temneparype 273 K manoMeTp Ha OayiioHe TTOKa3bIBAII JaBJICHUC

2-10° TTa. Yepes HekoTopoe Bpems npu Temmeparype 300 K MaHOMETp 1okasan To xe
nasiieHue. CKOJIBKO ra3a BBITEKIIO U3 6ayuioHa?

3amauya 3. MgcanpHBIA OIHOATOMHBIM a3 3aHUMaeTrT 00BEM V1=1M3 A HaXOIUTCS IIOX
JABJICHUEM P, = 2-10°ITa . Ta3 HarpeBaroT CHavaja MpH MOCTOSTHHOM JIaBJIEHUU 10 0ObeMa

V, = 38 , @ 3aTEM TIPHU MIOCTOSHHOM 00beMe 0 JaBlEHUs p, = 5-10° ITa . HaiiTH KOJIUYECTBO
TETJIOTHI, TOTYYEHHOE Ta30M.

Kioun K 3a1a4am no teme «MOJIEKYJISIPHAA (PU3UKA U TEPMOJAMHAMUKA»:

3apauva 1. Tak Kak Karuis B IMEPBOM IOJIOXKEHWHU (10 HarpeBaHWs OalJIOHA) U BO BTOPOM
MOJIOKEHUHU (TTOCJIE HArpeBaHMs) OCTAETCS HEMOJBMKHOM, 3TO O3HAYAET PaBEHCTBO CHII
JaBjieHus raza Ha kamno. CiieBa M crpaBa JaBJICHUE B MEPBOM U BTOPOM CIIydae pPaBHO
atMocepHOMy. A Tak Kak IUIOMAAb Kamwuisipa BCIOAY OJWHAKOBAa, TO M O3HAYaeT
pPaBEHCTBO [JaBJCHUI B HayalbHOM W KOHEYHOM TMOJIOKEHHSIX aTMOC(PEpHOMY H,
CIEN0BATENLHO, P, = P,. ITO 03HAYAET, YTO

Vi_Vo

Tl T2
VYurem, uro V, =V +S¢,, a V,=V +S(/, +/(,)- BHyTpEHHHUE 00BeMBI  OaJlJIoHa,
OTPaHUYEHHBIE KAIUIEH PTYTHU B IEPBOHAYAIIBHOM U KOHEYHOM ITOJIOKEeHUAX. [loacTtaBum stn

3HaueHus1 00BEMOB B MPEAbIAYIIYIO hopMyITy.
VS, T,

VSl +0,) T,

Ortcro/1a MOXHO TIOJIYy4UTh BEIpakeHne miis £,

l,= T—Z—l (V+£l)'
T, S

HOI[CTaHOBKa YUCIIEHHBIX 3HAYCHUI acT.
-4
l, :(m—l] %+0,3 =101=1m"
273 0,1-10"

3anaua 2. 3anuiiem ypasHeHue MenaeneeBa—Knanelpona st AByX COCTOSIHUM rasa:

m
PV = Vl RT,, 12)
m, —Am
PV = (m, — Am) RT,. 13)
Otcrona citetyer, uto " Ry, — {my — am) RT,,
M
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uma mT, =mT, —AmT,.
mq(T,—Ty)

BHpaSI/IM OTCrOa U3BMECHCHHE MAaCChl Am = T
2

T
Am =(1——1j-m1.
T2

W3 nepBoHAaYaIbHOM CHCTEMBI YPaBHEHHM BBIPA3UM Maccy my:

_PWM
RT,

1

Torna

~ 0,254 KT.

6 -3
Am:(1_273j.2 10°-0,1-32-10

300 8,32-273
3agaya 3. Jlnga pacyera KOJMYECTBAa TEIJIOTHI, MOJIYYEHHOIO B XOJE BCEX IPOLECCOB,
BOCTIOJIb3YEMCSI IEPBBIM 3aKOHOM TEPMOJUHAMHUKHU
AQ=A+AU. (1)
Tak kak nepsslil Iporiecc U300apHbIid P = CONSt, To
AQ =A+AU,. (2)
PaGorty, coBepiiaeMyro ra3oM B 3TOM IPOIECCE, MOKHO PACCUUTAThH KaK

A =pAY, = p(V,-V,). (3)
3meHeHue BHyTpeHHeP'I OHCPI'HH ra3a
AUlzngAngvR(Tz—Tl). 4)

[lepBoHayanbHOE COCTOSTHME HAEATHLHOTO Ta3a MOXHO OMUCATh C TOMOIIbIO ypaBHEHUS
MenaeneeBa-Knanelipona:

PV, =vRT,. )
Koneunoe cocrosiuue raza mociie 000MX MPOIECCOB COTJIACHO ypaBHEHHUIO MeHjerneeBa-
Kianeiipona onuceiBaeTcs Tak:

PV, =vRT;, (6)
TaK KaK [, - TeMIeparypa ra3a B KoHIe n3obapHoro npouecca. [logcraBum Bepaxenus (3) u

(4) st paboThI U U3MEHEHUS BHYTPEHHEN SHEPTUU B BhIpaKeHUE (2):
3
AQ, = py(V, _Vl)+EVR(r2_T1)' (7

Jlns u3oxopuueckoro nporecca V = CONSt (AV =0) = A =0 u IepBbIi 3aKOH

TECPMOANHAMHKU ITPUHHUMACT BU!:
3
AQZ:AUZ:EV R(T;-T,). (8)

Tak kak oOmee KOJIMYECTBO TEIUIOTHI IS JIBYX IIPOIIECCOB MOXKHO PACCUHUTATh Kak
AQ = AQ, +AQ, , TO moAcTaBuM croa Beipaxkerus (7) u (8):

3 3
AQ=p,(V,-V,) +EV R(T, _Tl)EV R(T,-T,).

PackppiBasi CkOOKM M TpUBOAS MOAOOHBIE C y4eToM BblpakeHUil (5) u (6), momydaem
OKOHYATEJIbHO:

5 3
AQ = plvz . plvl +Z p2V2 :
2 2
[ToncTaHOBKA YMCIIEHHBIX 3HAYEHUW JTa€T PE3yJIbTaT:

AQ =2-10° -3—%2-105 -1+g-5-1o5 .3=2,35-10° (o) .

Pa3nen «QICKTPHIECTBO U MAIHETU3IM)
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le/IMepr KOHTPOJBbHBIX BOIIPOCOB /JisI Ppasaeiia (<3JICKTpI/l‘leCTBO Hu
MArHeTu3mM».

ok N E

o

10.
11.
12.
13.

14.
15.

16.
17.
18.

19.

20.

21.

22.

23.
24,
25.
26.

27.
28.

B3aumonelicTBue kakux 3apsiioB onuchkiBaeT 3akoH Kynona?

Kaxoit 3apsiq Ha3pIBaeTCs TOUEUHBIM ?

KakoB pu3udeckuii cCMBICIT HAPSHKEHHOCTH JIEKTPOCTATUYECKOTO TTOJISI?

Kak paccuntarh Hanps»)KEHHOCTH MOJISI 33JAHHOTO PacIpeAesIeHUs 3apsa0B?

['ne HaumHAKOTCS U KOHYAIOTCS CWJIOBBIE JIMHUM BEKTOPA HANPSIKEHHOCTU AJIEKTPUYECKOTO
oJIst?

Jlis kakux cucTeM 3apsiioB y100HO MpUMEHSTH Teopemy ['aycca?

KakoB ¢Qusmueckuii cMbICT MOTEHIMANa 3JIEKTPOCTATUYECKOTO IOJIE W Pa3HOCTH
MOTEHIIUAIOB?

Kak paccuurtarh nmoTeHIyan noss 3a[aHHOT0 PaCIpeIesICHUs dIEKTPUUECKUX 3aPsI0B?

Kak opueHTHpOBaHBI JIMHUW HANPSHKEHHOCTH JJICKTPUYECKOTO IO  OTHOCHUTEIHLHO
SKBUIMIOTCHIIMAIBHBIX TTOBEPXHOCTEH?

B ueM 3akiroyaeTcsi KOHCEPBATUBHOCTD JIEKTPOCTATUUECKUX CHIT?

Kakas cucrema 3aps/10B Ha3bIBa€TCs 3JIEKTPUUECKUM JAUIIOJIEM?

Kak onpenensiercss BEKTOp 3JIEKTPUUECKOr0 IUMOIBHOTO MOMEHTA U Ky/1a OH HalpaBiieH?

Kak 3aBuCAT OT pacCTOSIHUS HANPSKEHHOCTH AJIEKTPUYECKOr0 MOJISI, CO3/1aBaEMble TOUECUHBIM
3apsiioM U gumnosiem?

Kak Benet cedst 1Umoas B HEOAHOPOIHOM AJIEKTPHUIECKOM 1oJe?

OnuiuTe Ka4yeCTBEHHO XapaKTep paclpenereHus 3apsijga M0 MOBEPXHOCTH 3apsKEHHOTO
MIPOBOJIHUKA.

3aBUCHUT JIM €MKOCTh TPOBOJHUKA OT IPUCYTCTBUS APYTUX TEN?

[Touemy eMKOCTbh KOHAEHCATOPA HE 3aBUCHUT OT IPUCYTCTBUS APYTHUX TEN?

Kak m3MeHUuTCs HampsyKEHHOCTh MOJISE MEXKAY OOKIagKaMU IUIOCKOTO KOHJIEHCATopa, €Ciu
3aps OJHOM U3 00KIJIaOK YBETTMYUTH B JIBa pasza?

Ecnu He3apspKeHHBINM MTPOBOJHUK MMOMECTUTh BO BHEITHEE AJIEKTPOCTATHYECKOE TOJIE, TO KaK
M3MEHHUTCS SHEPTHS 3TOTO MO ?

Uemy paBHO HampsDKEHHE Ha 3KMMaX PAa30OMKHYTOTO M 3aMKHYTOTO Ha BHEIIHIOKI IIETh
WCTOYHMKA 3.71.C.7

Kaxoit cMbIcT uMeeT oTpullaTebHOE 3HaYeHNEe KOHTYPHOTO TOKa?

Tok mpoTekaeT Mo >KeJIe3HOM IMPOBOJIOKE, KOTOpas MpH 3TOM cjerka HakaiuBaeTcs. Ecnu
4acTh MPOBOJIOKH OXJIAKIATh, MOTPY3UB €€ B BOJY, JIpyras 4acTh IMPOBOJIOKH pPaCKAIAETCS
cunbHee. [Touemy?

Kak paccuntarh HHIYKIMIO MarHUTHOTO MOJIS 33JTAaHHOTO pacipeiesIeHUs: TOKOB?

Yemy paBeH MOTOK BEKTOpa MHAYKIIMHM MAarHUTHOTO TOJISl Yepe3 3aMKHYTYIO IIOBEPXHOCTh?
Kakyto BenmnunHy Ha3bIBalOT MArHUTHBIM MOMEHTOM 3aMKHYTOTO TOKa?

Bo3Haukaer m MHAYKITMOHHBIA TOK TIPH MOCTYNATEIbHOM JIBUKEHHUH KOHTYPa B OJTHOPOTHOM
MarHMuTHOM ToJ1e?

YeM oTauvaeTcsi BUXPEBOE MOJE OT ANEKTPOCTATUYECKOTO?

UTo sIBII€TCSI HCTOYHUKOM AJIEKTPUUECKUX MoJiei? MarHuTHbIX noJiei?
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29.

30.

JusnekTpudeckuii paBHOMEPHO 3apsKEHHBIN TUCK HAaXOAMTCS B MOCTOSIHHOM OJTHOPOJHOM
MarHMUTHOM TII0JI€, HAIIPABJIEHHOM HOPMAJbHO K IIOBEPXHOCTH JucKa. BHe3amHo mone
ucye3aer. YTo Npou3ouIeT ¢ TUCKOM?

['mbkast TpeyroipHas paMKa ¢ TOKOM IOMEIIEHa B MarHUTHOe moje. M3menutcs nu popma
pamku?

Karwoun aia KOHTPOJILHBIX BOIIPOCOB IJIsl pa3aeja ((3.]'IeKTpI/I'leCTBO N MArHeTu3mM».

=

10.

11.

12.

13.

14.

15.

16.

3akoH KysnoHa onuchIBaeT B3auUMOIEHCTBUE MEXKTy TOUEUHBIMU AIEKTPUUECKUMHU 3apsiiaMu.
Toveunslit 3apsa - 3TO MaTepHaibHas TOUYKa, oOlafaromas 3apsaoM. MarepuanbHas TOUKa —
3TO OOBEKT, pa3MepamMH KOTOPOTO B YCIOBUSIX JaHHOW 3aJa4d MOXHO IpeHeOpedb IO
CPAaBHEHHUIO C JPYTMMH TEJIAMH.

HanpsskeHHOCTb ~ 3JIEKTPOCTAaTHMYECKOrO IOJs IOKa3blBa€T CHUIIYy, JCHCTBYIOIIYIO Ha
€IVHUYHBIN [TOJIOKUTEIbHBIN 3apsijl B JAHHOW TOUYKE MOJIS.

JUis pacuera HaIpsKEHHOCTH OIS 33JaHHOTO PaclpesieieHus 3apsAA0B UCIOIb3YIOT 3aKOH
Kynona jis onpenenenus BKiajga B 00LIyI0 HAIPSXKEHHOCTh OT KaXKA0T0 TOUEUHOTO 3apsaa U
IPUHLINII CYTIEPIO3ULINU ISl ONIPEIEICHNUS UTOTOBOTO IOJISL.

JIuHNKM HaNpsSHKEHHOCTHM HAYMHAIOTCS Ha IIOJOKUTENIBHBIX 3apslax M 3aKaHYMBAKOTCA Ha
OTpULATENIbHBIX 3apsaax, JIn00 Ha OECKOHEYHOCTH, €CIIU TAKUX HET.

Teopema I'aycca ynoOHa Ui CUCTEM 3apsiioB, OO0JaJalOUIMX HEKOTOPOW CTENEHBIO
CUMMETPHH, TAaKHX Kak cdepudeckue, NHIMHIPUYECKHE WIH IUIOCKHE paclpeieIeHus
3aps0B.

[loTeHnmam  3JIEKTPOCTATUYECKOTO TIIOJI  IOKa3bIBaeT paboOTy, HEOOXOOUMYIO IS
nepeMelleHs] eMHUYHOIO MOJI0XKUTEIBHOTO 3apsiaa U3 OECKOHEYHOCTH JI0 JaHHOH TOUYKU
110Jis1. Pa3HOCTH MOTEHIMAIIOB - 3TO Pa3HULIA IOTEHIIMAIOB MEKIY ABYMs TOUKAaMU IOJIS.

JUis pacuera mNOTEHLHMANa IOJI1 3aJaHHOIO pPACIpENeNeHUusl JJIEKTPUYECKUX 3apsI0B
WCIOJB3YIOT IPUHLUI CYNEPHO3ULMH I dJeKTpocTaThueckoro mnoss. CoriacHo emy,
MOTEHILIMaJ] B TOUKE — €CTh ajireOpanyeckas cymMma MOTEHIMAJIOB, CO3/1aBa€MbIX TOUEYHBIMU
3apsilaMH, COCTABIIIOIUMU CUCTEMY 3apsI/IOB.

JIMHUM HAOpPSDKEHHOCTH DJIEKTPUYECKOTO IOJIE OPUEHTHPOBAHBl MEPHEHAUKYISIPHO K
SKBUIIOTEHIIMAJILHBIM ITOBEPXHOCTSM.

KoHcepBaTUBHOCTB 2JEKTPOCTATHUECKUX CHIT 3aKJIFOYAETCs B TOM, 4TO paboTa, coBeplIaeMas
IIEKTPOCTATUYECKUM IIOJIEM IIPU NEPEMEILEHUN 3apsfa, HE 3aBUCUT OT IIyTH, [0 KOTOPOMY
IIPOUCXOJUT NEPEMEILIEHUE.

DNEKTPUYECKUH JUIMOJb - 3TO CUCTEMA U3 JBYX PaBHBIX M0 BEIMYUHE, HO MPOTUBOIIOJIOKHO
3apsKEHHBIX TOYEUHBIX 3apsI/I0B, pa3/IeJIeHHbIX Ha HEKOTOPOM PacCTOSTHUU.

BekTop 37eKTpH4ecKoro AMIOIBHOTO MOMEHTa 0003HA4aeTcsl Kak p, paBeH HMPOU3BEACHUIO
MIOJIOKUTENBHOTO  3apsiia  JUIIOJISI HAa  BEKTOp, COCOUHSIOIMMM  OTPHULATENIBHBIA U
MIOJIO’KUTEIIBHBIN 3apsi/ibl, U HAIIPABJIEH OT OTPULIATENIBHOTO 3apsiia K MOJIOKUTEIBHOMY .
HampspkeHHOCTh  TONIA,  co3gaBaemMasi — TOUYEUYHBIM  3apsiioM,  yObiBaeT  oOpaTHO
IPONOPLHMOHATIBHO BTOPOM CTENEHH PACCTOSHUS OT 3apsjia, a B ciIydyae JUIOs OHA yObIBaeT
00paTHO IPOMOPIUOHATIBHO Ky0y paccTOsSHUSI.

Jlurosnp B HEOTHOPOTHOM JIEKTPUUYECKOM IT0JIe OYyAET MOJIBEP>KEH BPaIaTeIbHOMY MOMEHTY
U CUjie, CTpeMsIIeiicss pa3BepHyTh €ro Tak, 4ToObl €r0 MOMEHT COBIaJall C HalpaBlIEHUEM
noJisi. Eciau rose HEOJHOPOIHO Tak, 4YTO CUJIBI, IEHCTBYIOIINE HA Pa3HOMMEHHBIE 3apsbl HE
paBHBI, TO LIEHTP MACChl JUMOJS OyAET IBUTAThCS C YCKOPEHHUEM.

3apsi1 MO MOBEPXHOCTH 3apsHKEHHOTO MPOBOJHUKA paclpesieNsercsl Tak, YTOObl MOTEHIHA
MOBEPXHOCTU IPOBOJHUKA BCIOAY OBLI OAMHAKOBBIM. B ciywyae Hamuuusi cUMMeETpUd y
IPOBOJIHUKA, 3apsi OyJeT pacnpeenéH paBHOMEPHO B COOTBETCTBUU C STUMH CUMMETPHSIMHU.
Ecnu npoBOAHMK HE YeAUHEH, TO MOTEHIHAall, KOTOPbIH OH MPHOOpETaeT Npu COOOIIEHUN eMy
OTIPENIeIEHHOT0 3apsja, 3aBHCUT OT (OPMBI M HPUCYTCTBUS APYTUX IMPOBOJHUKOB. ITO
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17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

MPOUCXOIUT Oylarofaps SIBICHUIO AJIEKTPOCTATUYECKOM WHAYKIMU — TepepacrpeaeneHust
3apsAA0B IO ACMCTBUEM BHEIIHETO 3JIEKTPUUECKOTO MOJIA.

EMKOCTh KOHAEHCaTOpa HE 3aBUCUT OT MPUCYTCTBUA JPYTrUX Te€l1 H3-3a TOrO, YTO
3JIEKTPUYECKOE I0JIE OTIIMYHO OT HYJISA TOJIBKO BHYTPH KOHAEHCATOPA.

Eciu yBenuuuTh 3apsn onHOM M3 OOKIAJOK IUIOCKOTO KOHAEHCATopa B JIBa pasa, TO
HANPSDKEHHOCTH TMOJISI MEX/Ty OOKIIQJKAMU YBEITUYHUTCS B TIOJITOpPA pasa.

OHeprusi BHEIIHErO0 3JIEKTPOCTATUYECKOTO IIOJISI MpPH MOMELIEHWH HE3apsHKEHHOTO
MPOBOJHMKA B 3TO MOJIE YMEHBIIMTCA H3-32 BO3HUKHOBEHMS IOJSPU3ALMUU IIPOBOJHUKA.
BennunHa n3MeHEeHus: SHEPTUH PAaBHA SHEPIUU JIEKTPUUECKOTO MOJIs, 3aKIF0YEHHOTO BHYTPH
o0acTy, KyJa IOMEIAeTcsl IPOBOIHUK.

Hamnpsxkenne Ha 3aKkMMax Pa3oOMKHYTOTO MCTOYHHKA 3.]1.C. PAaBHO BEJIIMYMHE 3.J.C. ITOTO
MCcTOYHUKA. HampsbkeHne Ha 3a)KMMax 3aMKHYTOTO Ha BHEIIHIOK LENb WCTOYHHUKA PABHO
BEJIMYMHE 3.1.C. MCTOYHMKA 3a BbIYETOM IIaJICHUS HAIPSHKEHUS HaA BHYTPEHHEM
COIPOTUBIIEHUU UCTOYHUKA.

OTpuuaTenbHOE 3HAYEHHE KOHTYPHOIO TOKAa YKAa3bIBAa€T HA TO, YTO HANpPABICHHE TOKA B
KOHTYpPE€ MPOTHUBOIOJIOKHO BHIOPAHHOMY HAIPaBIICHUIO.

Ecnu yacth MpPOBOJIOKHM OXJIaXJaTh, MOIPY3UB €€ B BOAY, TO COINPOTHBICHUE 3TOM YacTH
MIPOBOJIOKH, & BMECTE C HEW W COMPOTHUBIICHHE BCEU MPOBOJIOKH OyAET YMEHbIIAThCS. TOK B
nenu OyAeT pacTd, a 3TO MPUBEAET K POCTY BBIIEISIEMONW Ha JIPYroil 4acTh MPOBOJIOKHU
MOIIHOCTH, YTO MPUBEIET K POCTY €€ TEMIIEPATYPHI.

NHAyKIMIO MarHuTHOIO IOJISA 3aJaHHOIO pPaCIHpeleseHUs TOKOB MOXHO paccuuTaTrh C
nomoinbio 3akoHa buo-CaBapa st pacuéra BENTWYUHBI MHAYKIMM MArHUTHBIX TOJIEH OT
KaXJ0ro TOKa B OTACIBHOCTM, M MPUHUMIIA CYIEPIO3ULUUUA Ul  OIpEIesICHUs
PE3YJIbTUPYIOLIEN UHIYKIUH TTOJIS.

IToTok BEeKTOpa MHAYKIMU MAarHUTHOTO ITOJIS YEPE3 3aMKHYTYHO IIOBEPXHOCTh PaBEH HYJIIIO B
CJIy4ae OTCYTCTBUS MAarHUTHBIX MOHOIIOJICH.

MarHuTHpIM ~ MOMEHTOM  3aMKHYTOIO  TOKAa  Ha3blBAaeTCsd  BEKTOpHAas  BEJIWYMHA,
XapakTePU3YIollasi MArHUTHBIE CBOMCTBA KOHTYpa ¢ TOKOM. J[JIsl TJIIOCKOTO KOHTYpa ¢ TOKOM
OHa OIpeAenaeTCs KaK IPOU3BENECHUS CUJIBI TOKA Ha OPUEHTUPOBAHHYIO IUIOLIAAb BUTKA.
NHAyKUMOHHBIA TOK HE BO3HHUKAET MPH MOCTYIMATEIIbHOM JIBUKEHUHA KOHTYpPa B OJJHOPOJTHOM
MarHuTHOM IIOJI€E.

WHIyKIMOHHOE TMOJE OTIMYAETCS OT JJIEKTPOCTAaTUYECKOIO TEM, YTO OHO CO3JAETCs
W3MEHEHUEM MarHUTHOTO II0JIs, @ HE CAMUM HAJIMUUEM DIIEKTPUUECKUX 3apsH0B..
HcTrouHnkaMu 3EKTPUYECKUX MOJIEN ABIISIOTCS 3apsibl, @ UCTOYHUKAMUA MarHUTHBIX MOJIEH -
JIBYDKYIIHECS 3apsAabl U MArHUTHBIE MOMEHTBI 3JIEMEHTAPHBIX YaCTHULI.

Ecnu 3apskeHHBIA THCK HAXOOUTCS B MOCTOSHHOM OJHOPOJHOM MArHUTHOM IIOJIE, U OHO
BJIpYT MCYE3aEeT, TO JUCK 3aKPYTUTCS 3a CUET BOZHUKAIOLIETO0 MHAYKIIMOHHOIO TOKA.

3a cuét cun Ammepa, paMKa ¢ TOKOM MPUMET GopMy Kpyra, MEepHeHIUKYISIPHOTO BEKTOPY
WHAYKTUBHOCTH MarHUTHOTO IOJIA.

IIpumepsl 3aga4 1J1s1 pasaenia « QJIeKTPUYeCTBO U MATrHETH3M»T:

1. Tpu oaMHAKOBBIX MONOXKUTENBHBIX 3apana Q1= Q2= Q3= 1 nKx pacnonoxeHsl O BepIIMHAM
PaBHOCTOpOHHETo TpeyronpHuKka (pucyHok 1.1). Kakoit orpunartensHblii 3apsn Qs HyXHO
MOMECTUTh B IIEHTPE TPEyroJbHUKA, YTOOBI CHJIa MPUTSIKEHUS C €ro CTOPOHBI ypaBHOBECHJIA
CHUITBI B3AMMHOTO OTTAJIKHBAHUS 3apsIIOB, HAXO/IAIINXCS B BEPIINHAX ?

Pemenune
Bce Tpu 3apsyma, pacroNiOKEHHbIE IO BEpIIMHAM @,
TPEYTOJbHUKA, HAXOIATCA B OJMHAKOBBIX YCIOBHSIX. : >
[TosToMy JUTS pEIIeHus 3a1aui JOCTATOYHO BBISICHUTD, S/ i \\
Kakod  3apsAa  CleayeT IMOMECTUTh B ILEHTPE / ; \
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TPEYTOJIbHUKA, YTOOBI OJMH M3 TPEX 3aps/I0B, HAIpUMep Q,, HAXOAUIICS B PABHOBECHH.

B cootBeTcTBHM C IMPUHIOUIIOM CYIICPIIO3UIKUH Ha 3apsa HefICTByeT Ka)KI[BIﬁ 3apsAd HE3aBUCUMO
OT OCTaJIbHBIX. HOBTOMy E1:10): 01 Ql6yneT HaxXOJUThCA B pPaBHOBCCHUH, €CJIM BCKTOPpHAsA CyMMa

JICUCTBYIOIIMX HA HETO CUJI PaBHA HYJIIO:

F,+F+F,=F+F, =0,

rne F,,F; ,F, — cuibl, ¢ KOTOPBIMU COOTBETCTBEHHO JEHCTBYIOT Ha 3apsai Q, 3apsbl
Q, Q,u Q,; F —pasnoxeiictByromas cun F, u F,.
Tak kak cunbel F u F, HampasiieHBl 110 OAHON HPAMOM, TO BEKTOPHOE PABEHCTBO MOXKHO
3aMEHUTD CKAJIIPHOM CyMMOMN:

F-F,=0 nm F =F,.
Bripasus B nocnennem pasenctse F =F, F uepes F, m F, m yuurteBasg, yto F, = F,,
MOJTYy4YUM
F, =F,{2(+cosa).
[Ipumenss 3akon Kynona, u umes B BUAY, 4TO Qz, = Q, = Q,, HanneM

1 QxQ, 1 Q2 Q,r’
x SLX4 - ><7><,/2(1+C03a), Q= x /2(1+ cos @ ).

4re, e dre, &

2
3 ICOMCTPHUUCCKUX HOCTpOGHI/Iﬁ B paBHOCTOPOHHEM TPECYTOJbHUKE CICAYCT, YTO
r

R=—2 - ' - COS & = COS 600—1 C yderom storo Qopmyna mpuMeT BUA
' cos30° 2cos30° 43’ 2

Q,= le/g. IoxcraBus 3Hauenue Q,, momyunm Q, = 0,58 K.

PaBHOBecue cucteMbl 3apsiioB OyJ€T HEYCTONYUBBIM.

2. B anexTpuueckoil 1enu, yKa3aHHOW Ha PUCYHKE amiiepmerp A
nokasbiBaeT |1 =32 wMA. CompoTuBieHue BCeX PE3UCTOPOB
0olMHaKoBO W paBHO R. Brrumcnure cmity Toka lx, koTopblii Oyner P
IPOTEKaTb 4Yepe3 aMIEepMETp, €CIM IEPEropuT  PE3UCTOP,
3aIITPUXOBAHHBIN Ha cxeMe. Hamnpskenune, nogaBaeMoe Ha pa3bEMBI

P u Q menwu, mocTosTHHO.

Pemenue
[Tycte TOK Teu€r ot y3maP k y3my Q. Vkaxkem Ha cxeme
HalpaBJIeHUE TOKa M CHJIy TOKa B COOTBETCTBYIOIIMX YydYacTKax
uenu (puc. 1). C ydyeroM cHUMMETpUM CXE€Mbl (OTHOCHTEIBHO
NYHKTUPHOH JIMHUM) €€ MOXHO YIPOCTHTb, «CIOXKHB» BEPXHIOKO U
HIDKHIOW dYacTu (puc. 2). [IpuBeném mociemHio cxemy K Oonee
ynoonomy Buny (puc. 3). Cuna Toka |2 B HHXKHEH BeTBU B /iBa pas3a

MeHbIe, yeM l1. CrenoBarensHO, CHila TOKA, BTEKAIOLIETO B IICMb, Puc. 1
lo = 311/2. ConpoTuBienue Bcel menu
3 1 11
R,=—R+-R==—R,
2 3 6
a HampspKeHHe Mexay y3namu P u Q paBHO
3, 11 11
U=I,R,==—1,-—R=—1LR.
0" ' 2 1 6 4 1
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Ecnmu meperoput pe3nucTop, 3alITPUXOBAHHBIN Ha CXeMe, TOK 4epe3
HUKHIOIO 9acTh LIEMU Teub He OyJeT. B aToMm ciyuae SKBUBaJICHTHAS
cxema IIeTM MOXKeT ObITh mpencraBiieHa B Buje (puc. 4). Temnepb
COIIPOTUBIICHHUE BCEU LIENU

12 2
R, _or+2R=3R,
3 3

a cujia Toka Puc. 3
' i:E|1R.i:§|

R, 4 8R 32
Cuna TOKa, IPOTEKAIOUIETO YEPE3 aMIIEPMETP M I10CJIE0BATEIbHO
COeNUHEHHBIH C HUM pe3uctop R, BIBoe Ooublie, 4YeMm uyepes
BEPXHUI YYaCTOK LIENH C CONPOTUBIEHUEM 2R (IIpH napaiesbHOM
COCIUHEHUH  CHJIBI  TOKOB  OOpaTHO  MPOIMOPLUUOHAIBHBI
COMNPOTHUBIICHUIO pe3UCcTOpPOB). Cle10BaTENbHO,

2 , 22 .
Y. Puc. 4

3 32 MA.

1

3. IIpocTpaHcTBO MEXIYy ABYMsI KOAKCHAIbHBIMU METAIIMYECKMMH LWIMHIPAMH 3arOJHEHO
BOJIOM, Haxojsmielcs npu Temreparype to = 20°C (puc. 5). PaccrosHue Mexay HHIMHAPAMH
paBHO | MM ¥ 3HAUMTEIBHO MEHBILIE HX PaanycoB. L{MAMHAPHI MOAKIIOYAIOT K HMCTOYHUKY
nocrossHHOTO Hanpspkerust U = 42 B. Uepes kakoe BpeMs BoJa MEXTy HWIMHIPAMU 3aKUITHAT?
TemnoéMKOCThIO HHUIUHAPOB U MOTEPSMHU TEIUIOTHl MpEeHeOpeyb.
AtmochepHoe  nmaBieHue  HopMmanbHOE.  [IIOTHOCTH  BOJBI
p =1000 Kr/MS, yaenabHas TEIUIOEMKOCTD BOJIBI
¢ = 4200 JIx/(xkr-°C), yaenmpHOE OJIIEKTPUYECKOE COMPOTUBIICHHE
BoAbl I = 3200 OM- M.

Pemenue
DIEeKTPUYECKOE COMPOTUBIIEHUE CJIOS BOJBI MOXHO PacCUUTATh
o ¢popmyIe

d d
R=r—=r—, Puc. 5 (1)
S Ih
rae d— paccrosiHMe MeXIy HWIMHAPAaMH, S— IUIOMaab MOBEPXHOCTH KOHTaKTa, | — mnmmHa

OKpPYXXHOCTH 1wMHIpoB, h— Bbicora mmwmHapoB. CormacHo 3akoHy Jhxoyns-Jlenna
KOJIMYECTBO TEIUIOTHI, BEIAEIUBLIEHCS IIPU MPOX0KIEHUH IEKTPUUYECKOIO TOKA, PABHO

2 2
U U Iht, @)

Q = —1t =
R rd

TaAC 7— BpPEMA IMPOXOKACHUA TOKaA. DTOro KOJIMYECTBA TEIJIOTHI JOJIKHO XBaTHUTh JIA

HarpeBaHusd BOJbI:

Q = mcDt = crlhdDt.
[MpupaBuuBas Beipaxenus (1) u (2), HaxoauM BpeMsl HarpeBaHHsI

d’Dt
_ %» 609 C. » 10 M.

4. KonzeHcaTop 3JIeKTPOEMKOCTBIO ¢; = 3 MK® OBLI 3apsKeH 10 Pa3HOCTH NmoTeHuuanos U, =
40 B. Tlocne oTKIIOUEHHUS OT MCTOYHHMKA TOKA KOHIEHCATOp OBUT COCIUHEH MapauieNbHO C
JPYTUM He3apsKeHHBIM KOHJIEHCATOPOM 3JIEKTPOEMKOCTBIO C, = 5 mk®@. OnpenenuTs SHEPrHio
AW |, wu3pacxoJ0oBaHHYIO Ha O0Opa3oBaHHWE WCKPHl B MOMEHT NPHUCOEAUHEHHUS BTOPOTO
KOH/JIEHCATOopa.
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Pemenue
DHeprus, u3pacxo0BaHHasi Ha 00pa3oBaHUE UCKPHI, paBHA
AW =W, -W,, 1)
rae W, — sHeprusi, KOTOpoil 06Jaia NepBblii KOHIEHCATOP J0 MPUCOEAUHEHUS K HEMY BTOPOTO
KOH/JIEHCATOpa;
W, — sHeprus, KOTOpyro UMeeT OaTapesi, COCTaBJICHHAs U3 IEPBOrO U BTOPOTO KOHIAECHCATOPOB.

cuU?

[ToncraBuB B paseHctBo (1) ¢opmyny sHeprum 3apspkeHHOro KonaeHcaropa W =

IIpUHAB BO BHUMAHHEC, YTO O6H_[a$I SJICKTPOCMKOCTD IMapalyiICJIbHO COCIUMHCHHBIX KOHIACHCATOPOB
paBHa CYMMC BHCKTPOCMKOCTCP'I OTACJIBHBIX KOHACHCATOPOB, ITOJIYYHUM:

aw 2 BYL @+,

2 2 (2)
rac C1 nu C2 — JQJICKTPOCMKOCTH IICPBOI'0 U BTOPOT'O KOHACHCATOPOB,
U

U 2 — HaIpsKCHHUEC Ha 3aKMMax 6aTapeH KOHICHCATOPOB.
qu/ITBIBaSI, 4TO 3aps] MOCJIC MPUCOCAUHCHNA BTOPOro KOHACHCATOPA OCTAJICA MPCKHUM,

BbIPpa3yuM pa3sHOCTb IIOTCHIIMAJIOB U 2 CHCHYIOIHI/IM 06pa30M:
U _ Q _ ClLJ 1

2 = = .

C, +¢C, C, +¢C,

1 — HanpspKEHUE, KOTOPOE UMeEII ITEPBBIM KOHIEHCATOP;

IToacraBus nomydeHHoe BoipaxkeHue U, B Gpopmyiy (2), momydmnm:
2 2 2
cU,” (e +¢c,)c U, __ GG
2 2(c, +¢,)? 2(c, +¢,)
[Tpoussens Beruncnenus, nonyuum AW = 1,5 w/lorc.

AW =

5. lenp wu3o0Opaxk€éHHass Ha CXe€ME€ COCTOUT U3 TpEX
OJIMHAKOBBIX HEJIMHEWHBIX 3JIEMEHTOB, JBYX PE3UCTOPOB MU
JBYX UAealbHbIX ammepmerpoB. Cumia Toka 4epes
HEJIMHEHHBIM DJIEMEHT IMPONOPLHMOHAJIbHA KBAJAPATHOMY

KOPHIO U3 HalpsDKEHUs Ha HEM. | = au

W3BecTHO, YTO OJMH M3 aMIIEPMETPOB MOKa3bIBaeT TOK lx, a
npyroi ly, mpuuém Ix > ly.

Omnpenenute cUly TOKa B KaKIOM M3 3JIEMEHTOB CXEMBI.

Pemenne
W3 nByx 3amaHHBIX TOKOB HamOomnbimmid (lx) sBasercs
o0IIMM TOKOM IIeNM, TaK KaKk JTO HauOOJNBIIUKA W3
BO3MOXXHBIX TOKOB B JaHHOW cxeme, a ly - TOKkOM B
HEJIMHEHHOM 2JIeMeHTe. PaccTaBuM TOKH B 1IeMH.
N3 BAX HenumHeHHOro »3ieMeHTa CleayeT, 4TO

2

I
2

a

Hanpsixenue na JIi pasHo U ,, = —-. C 1pyroi CTOpOHBI,
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9TO HANpPSDKCHWE PAaBHO CyMMe HampspkeHud Ha Jh m Ji3 @ U, =U  ,+U . =-—"5+—-.

JlononHuM cucTemMy ycioBHEM Ha CyMMY TOKOB |1 1 I2:

2 42 ]2
[ I by

1 2
-2t 2
a a a
L+, =1,
2 2
| I+ 1,
 =——2
21,
Pemias cucremy nostydaem Boeipaxkenust 1is |1 u 12! .
| -
221
X

Toxu I3 1 14 HalIEM U3 yCcIOBUS pa3BETBIICHUS TOKOB B y3JIaX:
(-1’
21,
(I, +1,)°
21,

3

, OTKy/1a

|4

6. B 0OJBIIOM OXHOPOJHOM HEMPOBOISAIIEM IIape BIOJIL jauamerpa d
HpocBepiicH y3kuii KaHaji. Illap paBHOMEpHO 3apsikeH 110 O00BEMY ¢
00BEMHON TIIIOTHOCTBHIO 3apsna p >0 u 3akperiéH. BemecTBo mapa He
HOJIAPU3YETCA.

Ko BX0o/y B KaHaJl HOAHOCAT JUIIOJb, 00pa30BaHHBIN JABYMs 3apPsKCHHBIMU
[IAPUKaMH  OJWMHAKOBOM MACChl, 3aKPEIUIEHHBIMM Ha KOHIAX JIEFKOro
KECTKOIO HEMPOBOISIIET0 CTEP)KHs, M OTIycKaroT. Yepe3 Bpems t; oH
OKa3bIBAETCSl Ha MPOTHBOIOIOKHOM KOHIlC KaHama. Korma Toxke camoe
IPOJICIIBIBAIOT C OJHUM M3 [IIAPHKOB, OH IPOJIETACT KaHall 3a BPeMS tu.
Omnpenenute twiedo aumois |, cauras, urto | << d.

VkaxuTe 3HaK OMMDKHErO K IHapy 3apsijia JTUIONIE B MOMEHT cTapTa B
MEpBOM Cilydae M 3HAK 3apsjaa Mapuka BO BTOpOM. JlMaMeTp IIapuKoB
NPAKTHYECKH PaBEH JHAMETPY KaHaJa.

Pemenmne.

Nm

:

HaHp}I)KéHHOCTB BHYTPU OAHOPOJHO 3apsAKCHHOT'O IIapa MOKHO HalTH 13 TCOPCMBI Faycca:

Jo)

E(x) = Ey X, T1ie p — 00bEMHAS IIOTHOCTH 3apsija mapa, X — PacCCTOSHHE JI0 IIEHTpa 11apa.

)

Ha gunons B 3JIEKTpUYECKOM TOJI€ AEHUCTBYET paBHOJACHUCTBYIOIIAS ABYX KYJIOHOBCKUX CuJl. Jlist
BTATUBAHUS JAUIIOJNS B IIap HYXKHO PACIOJIOKUTH €r0 TAKUM 00pa3oM, YTOOBI OIMKHUHN K LIEHTPY
mapa 3apsii ObLT OJIOKUTEIBHBIM, TaK KakK ToJie OJuxKe K IeHTpy ciaabee, a Ham HaJ0 TOOUTHCS

MMPEBOCXOACTBA CUJIbI IPUTAXKCHUS HAJL CUJION OTTAJIKWUBAHUA.
|
F,=F —F =q(E(x+1)-E(X) =+~ = const ,
3¢,
e g — 3apsa Aunoist (MOIyIIb 3apsia KaxkI0ro U3 IMIapuKoB).

Takum O6p3.30M, JUIIOJIb 6YI[6T Pa3roHATHCS C MOCTOSHHBIM YCKOPEHHUEM a5 I0 BBUICTA

U3 1mapa.
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6me,

rae M —macca OJHOro U3 IAPHUKOB AUIIOJIA.

3meg, [4d
t = =
g gp VI

PaccmotpuMm nBmkeHHME OJHOrO Imapuka. Ecim 3apsan mapuka IO 3HaKy COBIANAET C
3aps0M OOJIBIIOrO IIapa, TO B KaHaJl €r0 HE BTSHET, 3HAYUT B YCIOBUM PEeUb UJET O LIAPUKE C
IPOTUBOIOJIOKHBIM (OTPHLIATEIIBHBIM) 3aPsI0M.

Bropoii 3akoH HproTOHA 3anuuiercs B BUE:

ma = gE(x),
mx = — Ll X.
3¢,
910 YpaBHCHUEC TApMOHHUYCCKUX Koaebanuii ¢ epuoaomM
3me
T=2x o
ap
Z[O IMPOTHBOIIOJOKHOI'O KOHIIA KaHaJIa IIapuK OJOJICTHUT 3a BPCM:
T 3me,
t,=—=r .
2 ap

Hcnoinb3ys BelpaxkeHus 1 by U t;, IoJryyaeM OTBET:

|=d(3t£T

Vztﬂ)

7. B osnexrpuyeckoit menu (puc) kimod K 3aMKHYJIM Ha HEKOTOpOe K

BpeMs 7, a TIOTOM Pa30MKHYJIH. 3a BpeMs TOCIE pa3MBIKaHHUS KITF0Ya

yepe3 KaTylIKy WHAYKTUBHOCTH MpoTEK 3apsafa Oz = 9 mxKu. Kaxoit R

3apsaa (i1 MpoTEK dYepe3 pe3uctop R 3a Bpems, moka KiIo4d Obul +
3aMKHYT? Bpramcnure mpomonKUTETFHOCTh BPEMEHH 7, Ha KOTOPOE

3amMkHynu ko4 K. CompotuBnenue pesuctopa R =500 kOm, D/1C &1
Oarapeiiku U =9 B. BHyTpeHHUM CcONpOTHBIICHHEM OaTapeku U
COIPOTHUBIIEHUEM KATYIIKU HHIYKTUBHOCTH ITPEeHEOpeYb.

Pemenune
[Tocie 3aMbIKaHHS KJOYa B KaTyIIKE WHIYKTHBHOCTH BO3HUKHET DJIC WHIyKIMH, paBHas
Ldl/dt = U. CnenoBarensno, Ldl=Udt. Tax kak Bce d3JeMEHTHI €M MOKHO CUHMTATh
uaealbHBIMM, & B MOMEHT 3aMbIKAHHS KI0Ya TOK IO IEMH HE MPOTEeKal, MOXKHO 3aIKcaTh

L(lk —0) = Ur. Orcrona

U
Iy =—71.
L ©)
3a BpeMmsl T uepe3 pe3ucTop NpoTeuET 3apsij
U
=l,r=—r.
PR (6)

[Tocnie pa3MbIKaHUs KIIFOYa CUIa TOKA B IIeNH OyneT u3MeHsAThes o 3akony Ldl/dt = IR, To ectb
Ldl = RIdt = Rdq. 3a BpeMs mepexoHOTO MpoIecca Chila ToKa B 1ienu ymaaér ot Ik 1o 0, a uepe3
PE3UCTOP MPOTEUET 3apsa
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R (@)
W3 ypaBuenuii (5) u (7) cnenyer:
r=8R 50

U C.

[ToncraBuB HaliilecHHOE BpeMsI T B ypaBHEHUE (6), MOTyUUM:

U g,R
R qz = q2 = 9
R U MKKI1.

g, =lgr=

IIpumMepbl KOHTPOJIBLHBIX BONPOCOB M 32/1a4 VISl CAMOCTOSITE/ILHOTO PellieHus I pa3jesia
«OnTuka»

Tema «AnTepdepeHus cBeTa.
4. Kakue UCTOYHHMKHU CBETA HA3BIBAIOTCS KOTEPEHTHHIMU?
B uem coctout siBneHue nuureppepeHunu cera?
VYcnoBusi MaKCUMYMOB U MUHUMYMOB MHTEP()EPEHIIMOHHON KapTHUHBI.
OObscHUTE TPOUCXOKICHUE IIBETOB TOHKUX IJICHOK.
B uem 3akmtouaeTcst CyTh ABYXJ1yueBOM uHTEphepeHInu?
B uewm 3akimioyaercs cyTh MHOTOJY4Y€BOM UHTEpEepeHnn?

©ooNo G

3amaua 1.

JIBe KOTrepeHTHBIE IUIOCKME BOJIHBI, YrOJ MEXKJy HAIpPaBICHUSIMHU PaCIpPOCTPAHECHUS
KOTOpbIX ¢ K 1, magaroT MNOYTH HOPMAIbHO Ha OHKpaH. AMIUIUTYAbl BOJIH OJIMHAKOBBI.
[Toka3aTh, YTO PAacCTOSHHE MEXIy COCEIHHMH MakCHMyMaMH Ha dKpane Ax = A/, toe A -
IUIMHA BOJIHBI.

3agaua 2.

[Tnockass MOHOXpOMAaTH4YecKasi CBETOBas BOJHA JUIMHBI A Tagaer Ha IMOBEPXHOCTH
CTEKJISIHHOTO KJIMHA, Yrojl Mexay TrpaHsamMu Kotoporo a <K 1. Ilmockocts mnaneHus
NEepHeHINKYJIApHa K pedpy KiMHa, yron mageHus 6O,. HaliTu paccrosHue Mexay COCEIHUMHU
MaKCHUMyMaMH HMHTEPPEPEHLMOHHBIX I0JIOC HAa 3KPaHE, PaCIOJIOKEHHOM IEPHEHAUKYIISIPHO K
OTpaXEHHOMY CBETY.

Kurouu k 3agauam no teme «HTepdepeHnus cBera:

3amaua 1.

[Tycts Touka O — ueHTp UHTepepeHIMOHHON KapTuHbl. [lpyu cmemieHnn Ha X BIOJb 3KpaHa
MEXY JIydaMH TMOsBISETCS pa3HocTh xona A. M3 pucyHka BuaHO, uTo A= da, a pa3HOCTh (a3

21T 27
0= 7A— 7d0{

2
YcnoBrue MakcuMyma > do = 27rk.
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[Tyctb a4 — yron Ha k — i MaKCUMYM, @,- yroi Ha k + 1 MakcumyM, Toraa

2

7d(a2 - al) = 21.

2

Aa = (a; —ay) = -
[Tono)xeHrne MaKCUMYMOB Ha KpaHe MPH 3TOM 33/1aeTCs X
Mg ay: xy =foy
st ay: x, =fa,

Ortcrona cnenyer Ax = Aa. Torga Ax = ¢ g; rne% = 0.

2
3Hauut, Ax = -,
)

3agaua 2.
9 Ax = Ax' cos 6y;
Ad
Ax' = ——,
sin a

rie Ad =d, —d;.
A
2d;y/n? — (sin6,)2 = (2m + 1)5

2d,y/n? — (sinf)2 = 2(m+1) + 1)% =

A
d, —d; =
2 2/n2 — (sin 6;)2
Acos b,
Ax =
2a,/n2 — (sin 0;)2

Tema «/Inppakuus ceerar.

4.
5.
6.
7.
8.
9.

Yro Ttakoe qudpakius BoIH?

Cdopmynupyiite npunimn [ roiirenca — Openerns.

Uro Takoe nudpaxuus Openens?

Urto takoe nudpakmus Opayurodepa?

Uro Takoe nepuo AMppakliOHHON pereTKn?

CdopmynupyiiTe ycinoBre IIaBHbIX MAaKCUMYMOB JTU(PaKIIMOHHON PELIETKH.

3anaua 1.

Mexay TOYeuHBIM HMCTOYHHKOM CBETAa M 3KPAaHOM MOMECTUIM Juadparmy C KpyribIM
OTBEpPCTHEM, PaJlyC KOTOPOTO 7' MOKHO MEHSTh B IIpoliecce omnbiTa. PaccrosiHus oT auadparmbl
JI0 UCTOYHMKA U 3KpaHa paBHbl a = 100cM u b = 125cM. OnpenenuTs JUIMHY BOJIHBI CBETa,
€CJTM MaKCUMYM OCBEIIEHHOCTH B IIEHTPE KapTUHBI Ha dKpaHe HaOmogaercs mpu r; = 1.00MM u
CIIEIYIOIIMM MakCUMyM Ipu 7, = 1.29MMm.

3amaua 2.
MonoxpomaTrieckas IJI0CKask CBETOBAsI BOJIHA C HHTEHCUBHOCTBIO [ ITaJaeT HOPMAJIBHO
Ha HEMPO3PayHbIN UCK, 3aKPBIBAIONIUN N1 TOYKH HaOmrofeHusi P mepByro 30Hy DpeHens.
KaxoBa cTana MHTEHCUBHOCTh CBETa B TOUKe P mociie Toro, Kak y Jucka yAaJluiiu:
a) TOJOBHUHY (IO IUAMETPY);

b) monoBHHY BHEIIHEH MOJIOBUHBI TIEPBOW 30HBI (110 JUAMETPY)?

3amaua 3.
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[Tnockas cBeroBas BosiHa ¢ A = 0.60MKM magaeT HOPMaJIbHO HA JIOCTATOYHO OOJIBITYIO
CTEKJIIHHYIO IUIACTMHKY, Ha IPOTHUBOIIOJIOKHON CTOPOHE KOTOPOW cliejaHa KpyrJlas BbIEMKA.
Jns Toukn HabmogeHus P onHa mpezacraBisieT coOoi mepBbie monTopsl 30H6 @penens. Haittu
rIyOuHY h BBIEMKH, IPU KOTOPOH MHTEHCUBHOCTh CBETA B TOUke P Oyner

a) MakCHMaJIbHOW?
b) MuHMMaIBHOI?

C) paBHON MHTEHCHBHOCTH IaJal0IIEro cBeTa?

3amaua 4.

Cget ¢ A = 589.0HM nagaeT HOpMaJIbHO Ha TU(PPAKIIMOHHYIO PEMIETKY C TIEPUOOM d =
2,5mMkM, conepxkanrytoN = 10000 mrpuxoB. Haiith yrinoByro MmupuHY JUPPAKIIMOHHOTO
MaKCHMyMa BTOPOTO MOPsIJIKA.

Kuarouu k 3agayam nmo teme «/Inppaxuus cBerar:
3amaua 1.

MaxkcumyM Habo1aeTcs BCAKUN pa3, KOrJa B OTBEPCTHUE YKIIAAbIBAETCS HEUETHOE YUCIIO
30H DpeHens, cle0BaTeNbHO:

) ab 2
e = m
7 a+p ?
ab
2 =a+bm2/1'
rae m, = mq + 2.
2ab

_ (@ —r¥)(a+bh)

A = 0.60MKM.

2ab

3agaua 2.

a) b)

a) Awmmmryga KoneOaHHMH, TPUINEANIMX B TOYKY HAONIOAEHHS OT BCero (poHTa 3a
UCKJIIOYEHUEM TEePEeKpPHITOM JMCKOM TMepBOM 30HbBI, paBHa Aj. AMIIIHTYAa KoneGaHW,
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MPUIIECIIINX B TOYKY HAONIONEHHS OT OTKPBITOW MO AMAMETPy YacTH IEPBOW 30HBI TAKXKE
paBHa Ay. OpHako, 3T KojeOaHWs CIBHHYTHI MO (a3e Ha 7T OTHOCHUTENBHO KOJEOAHWH,
NPUIIENIINX OT Bcero (poHTa 3a HCKIIOYCHUEM TepBOM 30HBL. Takum 00pas3om,
pe3yIbTHPYIONIAs AMIUTHTY 1A

A1 == 0 = 11 = 0
b) BeKTOp A_Z), I/I306pa>KaIOHH/II71 PE3YIBTUPYIOIICE KOHe6aHI/Ie, paB€EH CYMME€ BCKTOPOB
A, u Aj .
A% = AR + A3

1
AS =287 =AP=AF =

1
AZZA%—EA(Z) =

3amaua 3.
Kosiebanusi, mpuineanme B Touky P uepe3 BbIeMKY ¥ TOMHMO HEE MPOUYT pa3HbIC ONITUYECKUE

nytu. ClieIoBaTeIbHO, MKy HUMU TIOSIBUTCS JTOTIOJIHUTEIIbHAS ONITUYECKAst Pa3HOCTh Xoja A=
h(n — 1) 1 cooTBeTCTBYIOIAS Pa3HOCTH (ha3, BETUIMHA KOTOPOU 3aBUCHT OT ITYOWHBI BEICMKH
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h. Takum 06pazoM, BeKTOp A,, N300pakaroIIHi pe3yIbTUPYIOIIee KoJieOaHWe OT MOJIyTOopa 30H,
pa3BEPHETCS HA YTOJI

2
6=—nh(n—1) =
a) §=2Zhn-1)=>n+2km; h= (k+ 3=
A 4 ! 1’
21 3 A
b) 5:7h(n—1)zzﬂ+ﬂ+2kﬂ.’, h:(k+§)m,

) §=""h(n—1)=2km; h= k2

n-1

3agaua 4.
VYrinoBas mupruHa MaKCUMyMa M — T'O TIOPSIKA ONPEIENSIeTCs Pa3HOCThIO YIII0B §¢p, MO
KOTOPBIMU HaOIIOJAI0TCS MUHUMYMBI +I1€pPBOT0 MOPSAKA U 3TOr0 MaKCUMyMa.
dsingp = mAi

dsi o, _ L
sin(p — =) = (m— )

dsino +22) = (m + )2
sin(p + ) = (m+ 1)

U3 paznoxenus B psa Teiopa ciemyer:

. 8¢ S

sin(p + 7) = +(cos @) >
Takum oOpazom

6(,0_ +1 1
(cos ) - = (m + )

o 1
—(cos @) > =(m-— NM

dp 21
2(cos g0)7 =N

Tema «Iloasipu3anus cBeTay.
4. Kaxkoii cBeT Ha3bIBAIOT TUIOCKOMOISIPU30BAHHBIM?
5. Yto Takoe IMmIOCKOCTh MOJIIpU3AIIHN?
6. Cdopmynupyiite 3akoH Manoca.
7. Cdopmymupyiite 3akoH bprocrepa.
8. B uém 3akitouaercs sBiICHHE JBOWHOTO JTy4erpeTIoMIeHUs?
9. KakuMm CBOWCTBOM 00JIaafOT ONITUYECKH aKTUBHBIC BellecTBa?
10. Yto Takoe yaenpHOE BpallleHHe ONTHYECKH aKTUBHOTO BelecTBa?

3amaua 1.

[Inockass MOHOXpoMaTH4ecKas BOJHA C HHTEHCUBHOCTBIO [, IaJaeT HOPMAJIBHO Ha
KPYIJIOE OTBEPCTHE, KOTOPOE MpEACTaBIsieT CcoOOM mepBylo 30HY @DpeHens Uil TOYKH
HaOmoeHus P. Haiitu uHTeHCHBHOCTH cBeTa B Touke P mocie Toro, kak oTBepcTHE MEPEKPHLIN
JBYMsl OJJMHAKOBBIMM IOJIIPU3ATOPAMU, ILUIOCKOCTH IPOIYCKaHUS KOTOPBIX IEPIEHIUKYIISPHBI
JIpYT ApPYyTY, @ TPAHULA UX pa3zelia MIPOXOAUT

a) 1O AMameTpy OTBEpCTHS,;
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b) 1O OKPYXHOCTH, OrpaHUYMBAIOIIEH MEPBYIO MOJOBUHY 30HBI DpeHEs.

3agaua 2.

JIMHEHO NONSAPU30BAaHHBIA CBETOBOW IyYOK MAJAET Ha IOJSAPU3ATOP, BPALIAIOIIUNCA
BOKpPYT' OCH Iy4YKa C YIVIOBOW CKOPOCTBhKO . HallTh CBETOBYIO 3HEPIHIO, MPOXOIALIYIO Uepe3
MOJIIPU3ATOP 3a OJIMH 00OPOT, €CIIM MOTOK SHEPTUU B MafaromeM mydke D.

3amaua 3.

JInHEeHO TMOJISPU30BaHHBIA CBETOBOM IMy4YOK MAJaeT Ha MOJAPU3ATOP, BpaLAIOIIUNCA
BOKPYT' OCH MyYKa C YIJIOBOW CKOPOCThIO w. HaiiTu CBETOBYIO SHEPIHIO, MPOXOISIIYIO Yepes3
MOJIIPU3ATOP 32 OJIUH 00OPOT, €CJIM MOTOK SHEPTUU B MajaroleM myuke O.

3amaua 4.
EctecTBeHHBII cBET majaeT moj yriioM bproctepa Ha MOBEpXHOCTh cTekia. OnpenenuThb
¢ moMoIbi Gopmyn Openens:
a) KO3 OUIMEHT OTPAKCHHUS;

b) CTCIICHDb IIOJIApU3alIuH IIPCIIOMIICHHOI'O CBE€TA

3agaua S.

KBapiieBasi 1uracTiHKa, BbIpe3aHHAs MapajlieIbHO ONTUYECKON OCH, TOMEIIeHA MEXITy
JBYMSI CKPEIEHHBIMH TOJISPU3aTOPAMH TaK, YTO €€ ONTHYECKask OCh COCTaBIsAeT yroi B 45° ¢
TUIOCKOCTSIMU TIPOITYCKaHUsI TOJISIpU3aTopoB. [Ipu Kakol MUHHUMAaIbHOW TOJIIWHE TUIACTHHKU
cBeT ¢ A4 = 643HM OyneT NPOXOIUTh Yepe3 ATy CHCTEMY C MAaKCUMaJIbHOW HHTEHCUBHOCTHIO, a
cBeT ¢ A, = 564HM Oyzaer cunpHO ocnabneH? Pa3HocTh Mmokaszareneit mnpenomiieHus An =
0.009.

Kmroun k 3apauam no teme «Iloasipu3zanusi cBeTay:
3agaua 1.

Ceer, mnpomenmuii uepe3 pasHble NOJIAPU3ATOPHl OyJeT MOJNAPU30BaH BO B3aUMHO
NEePIEeHIUKYISIPHBIX HanpaBieHusX. CieroBaTellbHO, Pe3yJIbTUPYIOLIAsi UHTEHCUBHOCTh OyneT
paBHA CyMMe€ UHTEHCHUBHOCTEN CBETA, IMIPOLIEAIIETO Yepe3 KaXAbli U3 MOJIAPU3aTOPOB.

a)
B orcyrcTBHMe mosspuzaropa aMIUINTyAa CBETA, IPOLIEAIIETO Yepe3 IIOJIOBHHY 30HBI,
MIEPEKPBITON 10 IUAMETPY,

A=A4y =1,

UYepes kaxapli MOIAPU3ATOP IPOUIET

I 1I
==I, =
20

11 == Io.
b) A
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B orcyrcTBHE MOMSpPU3ATOPOB BHYTPEHHSS W BHEIIHSS IOJOBHHBI 30HBI IPOIMYCKAIOT CBET C
aMIUTATYI0M

A]_:AZ:'\/EA(); 12210 =
Uepes nomsipuzaTop nporuaer

Takum 06pa30M, PE3YJIbTUPYIOIIAad HHTCHCUBHOCTD
12 == 210

3anaua 2.

ITo 3akony Mairoca:

I = Iy(cos @)?,

TJIe ¢ — YTOJI MEXAy HalpaBlIeHUEM KoJieOaHU HANPSKEHHOCTH SIEKTPUYECKOTO OIS B
JIMHENHO MOJIIPU30BAaHHOM CBETE U IUIOCKOCTBIO IPOITyCKaHUs nojsipusatopa. B nanHom ciiydae
3TOT yroJI MEHSETCSI CO BPEMEHEM 10 3aKOHY:

¢ = wt.

[ToTok sHepruu, npoieel yepe3 noaspu3aTop,

o=1IS =
® = Oy (cos )2
DHeprus, IPOXoIAIIas Yepe3 MoJISpru3aTop 3a Bpems T,

T
w =f0 D(t)dt.

2/ 4
W= f @, (cos wt)? dt
0

2/, 1
W = j ECDO(l + cos2 wt) dt;
0

_ Dy

w

3amaua 3

ITo 3akony Maioca:

I = Iy(cos @)?,

I7Ie ¢ — yToJI MEeXAy HalpaBlieHuEM KoJieOaHUi HaNpsKEHHOCTH SJIEKTPUUECKOT0 TOJIs B
JUHENWHO MOJIIPU30BAHHOM CBETE M IJIOCKOCTHIO MPOITYCKaHUs moisipyu3aTopa. B nanHoM ciyuae
ATOT YroJl MEHSETCS CO BPEMEHEM 10 3aKOHY:

¢ = wt.
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[ToTok sHEeprum, npomeauen yepes3 noaspus3aTop,
o=1IS =
® = Oy (cos @)=
DHeprusi, Npoxoadilias yepe3 noiipu3aTop 3a Bpems T,

W = fTCD(t)dt.

0
_27‘[

w

Zn/w
W= f ®,(cos wt)? dt
0

Zn/w 1
W = f ECDO(l + cos2 wt) dt;
0

3agaua 4.
I

OTp

Iy
[Tpu nagenun ceta non yriiom bprocrepa (tan 6; = n) B OTpaKEHHOM Jiyde€ IPUCYTCTBYET
TOJIbKO CBET, IOJISIPU30BAHHBIM B IUIOCKOCTH, MEPHEHIUKYJISPHOM IIOCKOCTH HaJeHUs.
CrnenoBarenbHO

1’ sin?(6; — 6,)
 L=1L sin?(6, + 6,)
B napmaromem cete I, = %Io. Takum oOpazom:

15in*(6, — 6,)

p= 25sin2(6; + 6,)’
s s
. 01+02 =1E, 02=51—01 =
T
p= Esin2 (261 — E) = 50052201 = 5(005291 — sin?6,)% =

_1( 1 1 )2_1 1 n? \
~ 2\1+tan?0, 1+cot20;) 2\1+n? 1+n?

_1 1_7122—0074
P=o\1n2) =79%

Imax - Imin

Inax + Imin
[Ipu mnagenum cBera mnoj yriaoMm bproctepa B MNPEIOMIEHHOM Jiyde€ MaKCUMalbHas
WHTEHCUBHOCTh IMapauIeIbHONM COCTaBJsIOMEed OyneT paBHA MapauIeIbHOW COCTaBJISIONIEH

nagaromero CBCTa, NOCKOJIbKY B OTp&)KéHHOM CBCTC OHA OTCYTCTBYCT T.C.
I 1 I
max 2 0-

MunuMmanbHas — UHTEHCHUBHOCTD COOTBETCTBYET  IPEIIOMIIEHHOM NepHeHUKYISIPHON
COCTAaBIISTIOIIEH, T. €.
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1 1
jlo—jlo‘*'loTp_ Iy,  p

IO_IOTp Iy _IOTp l_p.

Imin = EIO - IOTp =P =

_@a+ n?)? — 4n?

P =
(1+n?)? +4n?

= 0.08

3amaua 5.

Tak kak HaOmomaercs uHTEpGEpEeHLHs B CKPEUICHHBIX MOJSApU3aTOpax, TO
MHTEHCHUBHOCTD IPOIIE/IIIETO CBETa

IJ_ = ISiTlZ 6/2,
rac

5=2"an
—7 n.

HOCKOHLKy I10 YCJIOBHUIO 3a/1a4U YCJIOBHUEC MAKCHUMYMa BBITTOJIHACTCS JJIS JJIMHBI BOJIHBI /11, TO

2m
—dAn = (2m + 1)m.
A

A JJIA AJIMHBI BOJIHBI ﬂ.z BBITIOJIHACTCA YCJIOBHC, 0IM3KOE K MUHUMYMY:

21
—dAn = 2mn. (1)
Az

U nockonbky A; > A,, TO AJIs TOTO %K€ 3HAYCHHS 1M, YCIOBHE MAKCUMyMa ISl A; UMEeT BHI:
21
—dMm =02m—-Dr. (2) =

‘[1
d ( ) 1 .

2An (3)

[ToncraBuB Beipaxkenue (3) B (1), momyuum:
B 2An
Zm(/h - Az) = Al

1
ms——————=4. (4
2a-4/ay @
Tak kKak ycJIOBHE MaKCHUMyMa CTPOTO BBITIOJMHSASTCS IS A1, TO pe3ynbTaT (4) mojacrasisieM B (3):
g (m—-1/2)A

An

An = 2mn

= 0.25mMM.

Tema «KKBaHTOBasi OIITHKA)

5. KakoBa npupo/ia TEIIoBOro U3Iy4eHus U JroMuHeceHnuu? Kakoe U3 3THX u3irydeHui
SABJIIECTCA paBHOBCCHBIM?

6. JlaiiTe ompeneneHus MOHATHIA: a) JHEPreTHUECKONW CBETUMOCTH Tena; 0) UCIyCKaTeNbHOM

Y TIOTJIONIATENIbHON CITIOCOOHOCTEH HAarpeToro Tena.

Kakoe Tes0 Ha3bIBaeTCs: a) aOCOIIOTHO YEPHBIM; 0) cepbiM?

8. Cdopmymupyiite 3akonsl Ctedana—bonsimana u Buna.

~

3amaua 1.

NwmeroTcss nBa aOCOMOTHO YEPHBIX HMCTOYHWKA TEIJIOBOTO HW3JIydeHHs. Temmeparypa
onHoro u3 Hux Ty = 2500K. Haiitu Temmneparypy Apyroro MCTOYHHKA, €CIU JUIMHA BOJHBI,
OTBEUaloNas MAaKCUMYMY €T0 HCITyCKaTeJIbHON criocoOHocTH HAa AA = 0.5 MKM OoJIbIe JITHHBI
BOJIHBI, COOTBETCTBYIOIIEH UCITyCKATEIhHON CIIOCOOHOCTH MEPBOT0 UCTOYHHUKA.
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3agaua 2.

Wznyyenne ConHIa MO CBOEMY CIIEKTPAJIBHOMY COCTaBy OJHM3KO K H3JIy4EHHIO
a0CoMIOTHO YEPHOTO Tela, AJi1 KOTOPOr0 MaKCUMYyM HCITYyCKaTeIbHOW CIIOCOOHOCTH MPUXOAUTCS
Ha juuHy BoiHbl A = 0.48 MkM. Haiitu maccy, Tepsemyro CoJHIIEM €XKECEKYHTHO 3a CUET ITOTO
usnydeHus. OeHUTh BpeMmsl, 3a KoTopoe macca CoHIIA YMEHBIIIUTCS Ha OJMH MPOIICHT.

3amaua 3.

Mennsiii mapuk quamerpoMm d = 1.2CM MOMECTHIM B OTKAYeHHBIM COCYII, TeMIepaTypa
CTEHOK KOTOpPOTO MOJIEpPKUBAeTCA OMU3KOH K abcomoTHOMY Hymto. HawanpHas Temmeparypa
mapuka Ty = 300K. CuuTas MOBEpXHOCTh IIapuKa aOCOJIOTHO YEPHOM, HAUTH Yepe3 CKOJBKO
BPEMEHU €ro TeMIIepaTypa YMEHBIIUTCA B 1) = 2 pasa.

3amaua 4.
[Tonocte 00BEMOM V = 141 3amonHeHa TEIUIOBBIM HM3JIy4YeHHEM IpU Temriepatype T =
1000 K. Haiitu:
a) TtermtoéMkocTh Cy;

b) sHTpomuio S 3TOro WU3TyYCHHS.

Kiarouu k 3aqauam nmo reme «iKBaHTOBast ONITHKA) .
3amaua 1.
W3 3akona Buna

TApax = b = const
CIIC/IyET, 4TO

T1Amax1 = ToAmaxz
T1Amax1 = To(Amax1 + A1)

T, = Tl/lmaxl
27 At + AN

N, nockonbky

2 b

max1 Tl'
TeMIlepaTypa BTOPOro UCTOUYHHUKA
T bT: 1750K
2 = =~
b+ T,AA
3amgaua 2.
Macca u sHeprust U3Ty4YeHHs CBSI3aHbl COOTHOIICHHEM DUHINTEHA

AE = Amc?

DHepruto, nznydaemyro CoJIHIIEM 33 OJHY CEKYHJY, MOXHO OMPEIEeNUTh Ha OCHOBAaHUU
3akoHa Credana — bonpimana:
AE = oT*4nR?,
riae T ¥ R COOTBETCTBEHHO TeMIlepaTypa MOBEPXHOCTH H paanyc ColHIa.

TemnepaTypy MOBEpXHOCTH OoIpeensieM U3 3akoHa Buna:
TApmax = D.
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Takum 06pa3zom, HCKOMasl Macca
04R?*(b/ Aman)*
m =
C2

=5-10° kr/c.

R=695-108m; 0 =5.67-10"8 Br/m?K* b =0.29-10"%2m K.

Macca Connua paBsa 1.99 - 103° kr, cnegoBarenbHO, OUH MPOIEHT Macchl coctanisier 1.99 -
1028 Kr u BpeMms, 3a KoTopoe Macca COJIHIIa U3MEHHUTCS Ha 3Ty BEJIUYHHY

1.99 - 1028 kr
=—————=4-10% ¢ = 101 ser.
5-10° kr/c
3amaua 3.
Tak kak TemIieparypa CTEHOK OTKQUE€HHOTO COCYJa, MOJAEpKUBaeTcs ONM3KON K
a0COIIOTHOMY HYJIIO, TO OHU HE M3J1y4aroT, ¥ BCS NaJa0Ilas Ha HUX SHEPrHsl OTBOJAUTCS.
[TosTomy, ecnu 3a Bpemst or tjgot+ dt Temmeparypa MIapuKa yMEHbBIIUJIACh OT
sHayenus TAoT —dT, 1o Bc€ kommuectBO TemnoTel 6Q = cmdT Oyner paBHO DJHEPruw,
U3Ty9aeMOi IIapUKOM KakK aOCONIOTHO YEPHBIM TEJIOM 3a Bpems dt. Takum oOpazom, MOXKHO
3anucath AuddepeHuanbHoe ypaBHEHHE:
oT*4nr?dt = —cmdT

4
oT*4mr2dt = —p gnr3ch

Pemaem nuddepennmanbuoe ypaBHEHHE METOIOM pa3JielIeHHs] TIEPEMEHHBIX

al 3o
T4  pcr
1 30
ﬁ = p? t + const
N3 navaneubix ycnosuit: t = 0,T = T, cienyer
1
const = —; =
3Ts

1(1_1\_30
3\13 T3] pcr”’
[(To/T)* — 1lpcr

90T}
(n® — Dpcd
t =——5—73— = 3vaca.
180T,
3anaua 4.
C = du
Y dr

rae U — sHeprust u3ny4yeHus B 3a1aHHOM 00BbEME.
ITockonbky W3BECTHA TeMIlepaTypa M3JIYyYEHHs, MOXHO ONPEIEIUTh SHEPreTHUYECKYIO

CBETHMOCTb, KOTOpPas CBA3aHA C 00BbEMHOM MIIOTHOCTHIO PABHOBECHOTO TEILIOBOTO U3IyUYEHHS:
C
oT*=-u=
4

40T*V
U=
c

=
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160T3
-y

C, =
v C

W3 nepBoro Hayana TepMOJUHAMUKHU
TdS = dU + PdV

[IPU IOCTOSTHHOM 00BEME, TOTy4aeM

ds dU 160T?3 VdT
= — =
T cT
160T3
S=——V
3c

KpnTeplm OLICHUBAHHUSA OTBECTOB HA KOHTPOJIbHbIC BONIPOCHI M PelIeHue 3a1aY.

Pesynbrarel OTBETOB Ha KOHTPOJIBHBIE BOIPOCHI M PELICHUs 3a1ad OIPEACIIIOTCS
OLICHKaMH «3a4T€HO» M «He3auTeHO». OLIEHKa «3auyTE€HO» BBICTABIISIETCA, €CIU CTYJIEHT
IPEIbSABISET MPaBUWIbHBIE OTBETHl HA BCE KOHTPOJBHBIE BONPOCHI U pelieHue OoJiee OJHOU
3aJlauy U3 KaxJo0ro pasjena. [Ipu 3ToM MoXeT Juid Kax 10 3a1aun 000CHOBATh METO/1 PELICHHUS,
MOHMMAET WCIOJNb3yeMble TEPMUHBI M (HOPMYIbl M TOJNYYWJI TPaBHIBHBIA OTBeT. llpm
HEBBIIIOJIHCHUH YKa3aHHBIX KPUTEPUEB OLIEHKHU BBICTABIIICTCS OLICHKA «HE3aYTCHOM.

Texymuii KOHTPOJIb MO JAG0OPATOPHOMY NPAKTHKYMY OCYILECTBIIIETCS B TE€UEHUE
CeMecTpa M BKJIIOYAET B ce0sl BXOJHOW KOHTPOJIb MPENOaBaTeIeM CTENEHH TOATrOTOBICHHOCTH
KaXJI0T'0 CTyJIEHTa K BBIITOJHEHHIO JJAOOPAaTOPHBIX paboT, JOMYCK K MPOBEIECHUIO IKCIIEPUMEHTA
U TIPOBEPKY OTUETOB IO J1abopatopHeiM padotam [Ipu 3TOM mpoBepsieTcst ChOpMHUPOBAHHOCTH
kommnereHiuu OIIK-1 B coorBercTBHM ¢ pesynbratamu o0yuenus POOIIK-1.1.

Opranuzanusa J1a0OpaTOpHBIX pPadOT BKIIOYAET CAMOCTOSATEIbHYIO BHEAYIUTOPHYIO
MOJTOTOBKY CTYAEHTa K BBIOJHEHHIO KAKIOH OTAETHHON JIaOOpaTOpHOW B paMKax dYacoB,
BBIJICJIEHHBIX B TPOTpaMMe JHUCIUIUIMHBI HA CaMOCTOSITENIFHYIO MpopaboTKy marepuana. Jlis
MOJATOTOBKH K J1a0OpaTopHbIM padoTaM CTYIEHTHl MOTYT HCIOJIb30BaTh METOIUYECKUE
pa3paboTku mpernoaBareseii kadeapsl 00IIel 1 SKCIIepUMEHTaIbHON (DU3UKH, pa3MEIIeHHbIE B
cucreme LMS iDO wnm mpezcraBiieHHbIC B 1e4aTHON (opme B JlabopaTopuu. MeToaudyeckue
pa3paboTKU coJiepKaT TEOPETHUECKUEe MaTepuainbl MO TeMe padoThl, METOIUKY IMPOBEICHUS
JKCIepUMEHTa M 00pabOTKM pPe3ysbTaTOB, BOMPOCHI AJISI CAMOKOHTpOJIA, NEpedyeHb ydeOHOU
auTepatypsl U pecypcoB cetu MuTtepueT. Kpurepuii oneHkH 3¢ (heKTHBHOCTH CaMOCTOSATEIbHOM
paboThI CTyIeHTOB (hOPMUPYETCS B XOJI€ TEKYIIEro KOHTPOJIS Ipoliecca BhIOJHEHHS 3alaHUi U
OCYILECTBIIIETCSI HAa OCHOBE  pa3IMYHBIX CHOCOOOB  B3aUMOAEHUCTBUS  CTyJIEHTa C
Iperno/iaBaTeseM.

IIpumep. KontpoabHbie Bonpock! 1J1s1 padoTsl «MasiTHuk MakcBesia»:

1. UYro Ha3bIBaeTCSI MOMEHTOM HWHEPIIMH OTHOCUTEIHHO OCH BPAIICHHUS MAaTEePHATLHOW TOYKH,
CHUCTEMBbI MaTEepPHAIIbHBIX TOYEK?

OT 4ero 3aBUCUT MOMEHT UHEPLIUU CUCTEMbI MAaTEPUAIbHBIX TOUEK?

[Tomyunte GopMyNbl A7 MOMEHTOB MHEPLUU OTHOCHUTEIBHO OCH CUMMETPUHU IWIMHIPA,
KOJIbLIA.

Uto Ha3bIBAETCS IEHTPOM MACC CUCTEMbI MaTEPUATIbHBIX TOUEK?

ChopmynupyiiTe TeOpeMy O IBIKEHHH IIEHTPA MAaCcC CUCTEMBI MAaTePUAITbHBIX TOYEK.

Kaxkoe nBmkxeHmne TBEpIOTO Tela Ha3bIBAETCS TIJIOCKUM?

Kaxkue cuisl 1 MOMEHTBI CHIT ISHCTBYIOT Ha MassTHUK MakcBeia py ero IBHKCHUH ?

55

wn

No ok



10.

11.

Kak MeHstoTcs ycKOpeHue, CKOpOCTh M CHJIa HATSKEHHUsS HUTU NPHU JBHKEHUM MasTHUKA
Makcsenna?

Kak MeHsieTcss MexaHHuecKasi SHEeprusi MassTHUKa MakcBesia py ero ABMKEHUH?

Ha xakom ywacTke OBW)KEHHUS MasTHHKA, BEPXHEM WJIM HIDKHEM, MOTEPH MEXaHUYECKOMH
sHepruu 6osbiie? OOBICHUTE TPUUUHEL.

OneHuTs HATSHKEHHE HHUTEH TPH  MPOXOXKICHHM  MASTHUKOM  HIDKHEH  TOYKH
(TPOIOIHKUTENBHOCTD “‘yapa” B Hell mpuHsATh paBHOU At=0,05¢).

Bonpocul ona oonycka K 6binoineHur0 1ad60pamopusix padom
L{ens paboTHI.
Kaxkoe siBnenue nzydaercs B pabore?
Kakwue 3aKoHBI U3y4aroTCs B pabote?
Kakue usndeckre BeTUIHHBI ONPEACTSIOTCS B paboTe?
BriBox paboueii hopmybl.
Hasnauenus npubopoB 1 NpuHAAIEKHOCTEH.
Ornucanne SKCIEePUMEHTAIBHON YCTaHOBKHU.
[Topsiiok BeIOTHEHUST PaOOTHI.
MeToauka MpoBeACHNS U3MEPECHUN.

Texkyumii KOHTPOJIb 3aKaHYMBACTCS NpU chade/3ammre paboTr B BHAE O(OPMIICHHBIX

OTYCTOB.

Tpebosanusn k codepircanuio omuema no 1a60pamopHol padome

OTuer 10IDKEH COAepKaTh:
HasBanue nabopaTtopHoii paboTHI.
Llenu u 3anaun paboThl (cHOpPMYIMPOBAHBI B METOANYECKUX YKA3aHUSAX).
[TpuGops! ¥ PUHAIIEKHOCTHU (IIPUBEIEHBI B METOIUYECKUX YKA3aHUSAX).
CxeMa 3KCepUMEHTAIbHON YCTaHOBKH.
Pabouas ¢opmyna(sl) (dhopMyiabl, IO KOTOPBIM IPOBOJIATCS pacyeThl BEJIMYUH,
OlpeNeNsIeMblX B YIPAKHEHUSAX Ja0OpaTOpHON paboThl, dYepe3 HKCHEPUMEHTATbHO
U3MEPEHHBIC BEIMYHUHBI).
Wnes merona (B HECKOJIBKHUX IMPEIUIOKEHUSIX PACKPBIBACTCA CYTh (DM3MUYECKHUX SBICHHNA H
IPOIIECCOB, JIEXkKAIUX B OCHOBE ITPOBOIUMOTO IKCIIEPUMEHTA).
Tabnuua(sl), B KOTOPbIE 3aHOCATCS HKCIIEPUMEHTANIbHBIE U paCUeTHBIE JAHHBIC.
PacueTs! (IpUBOJATCS OCHOBHBIE pacueThl 3HAUEHUI ONpeensieMblX B paboTe BEIMYUH U UX
norpemHocteit). Ecim B pabore ompenensiercs HekoTopas (u3nyeckas MOCTOSHHAS, TO
HEOOXOIMMO  yKa3aTb  3HAu€HHUE, OIpPEJEJIEHHOE  SKCIEPUMEHTANbHO  (BKIJIIOYast
MOTPENIHOCTh), U CPAaBHUTH €ro ¢ TabauuHoi BenuuuHoM. Ecnu uccrnenyercs kakasi-nmu0o
3aBHCUMOCTB, TO YKa3bIBa€TCs XapaKTep 3TOM 3aBUCUMOCTH, BBISBICHHBIH B HKCIIEPUMEHTE
(iuHelHas, SKCIOHEHIHWalbHAas M T.J.), U IPOBOAMUTCS CPAaBHEHHUE C TEOPETHUECKON
3aBHCHUMOCTBIO.
BbIBOJIBI, B KOTOPBIX KPAaTKO M3JIaraloTCsi OCHOBHBIE PE3YJIbTAaThl SKCIEPUMEHTA UCXOS U3
€ro nesueu, NpOBOJUTCS UX aHAIIN3.

Tpeboeanus no opopmaenuto omuema no 1a60pamopHol pabome
Otuér nomkeH OBITH BBINOJHEH AaKKypaTHO, Ha OTIENbHBIX JIMCTaX WIM B TETpau.
Honyckaercss odopmieHne oT4yeTa, MOATOTOBJIEHHOIO C MOMOIIBIO IMPOrPAaMMHOIO
obecrieueHus, WU PEICTABIICHNE OTYETa B BUAC (aiina.
[Tpu odopmiieHnn TabIUI JOJKHBI OBITH yKa3aHbl O0O3HAYEHHS] BEIMYMH U €IUHUIIBI
U3MEpEeHHUS.
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— Ilpu nmoctpoenun rpaduka y KaxxJ10i OCH JTOJKHbI ObITH IMOAMUCAHBI 0003HAYCHHUSI BETHYUH
U CIMHUIBI W3MEpeHus; MacimTad JOoDKeH ObITh BBIOpAaH palMOHANbHO; Ha Tpaduke
JIOJDKHBI OBITh YETKO BHIHBI SKCHEPHUMEHTAJIbHBIE TOYKH; HE JIOIyCKAeTCsS COCIUHEHUE
TOYEK  JIOMAaHOW  KpUBOW, TMpH  HEOOXOAMMOCTHM Ha  rpaduke  MPOBOAUTCS
anMpOKCUMUPYIOIIAs JIMHUS.

— OKOHYATEeNbHBIA pE3yJNbTaT [ODKEH OBITh 3alucaH B COOTBETCTBUM C TPHHATHIMH
IpaBWJIaMM; 00s3aTeNIbHA OLIEHKA MOTPEIIHOCTH IOJIyYEHHOTO pe3yibTaTa U COOJIIOJICHUE
OpaBWJI OKPYIJIGHHS 3HAUEHWH ONpeAeiIsieMbIX B OKCHEPHUMEHTE BEIMYMH U UX
IIOTPELIHOCTEM.

Kpumepuu ouyenusanus pezyrbmamos cobdecedoéanus no 3aujume omuema no
6bINOIHEHHOU 1a00pamopHoil pabome:

K 3amure nabopatopHoil paboThl CTYJEHT AOJKEH:

— TMpeloCTaBUTh IOJHOCTbIO O(OPMIIEHHBIH OT4YeT 1o JlabopaTopHOl pabore ¢
3aIr0JIHEHHBIMY TaOIUIaMu, TpaduKaMu, pacueTaMH U 3aKII0UYCHUEM;

— 3HaTh HEOOXOAMMBIN TEOPETUUECKUN MaTepua;

— YMETb KpaTKO paccKa3aTb O COAEPKaHUU MPOBEACHHOIO UM 3KCIIEpUMEHTa U 000CHOBATH
BBIBOJIbI, CICJIAHHBIC B 3aKJIFOUECHUN;

— BIJAQAETh CpEICTBAMHM INOJIY4YeHHUs M OOpabOTKM HHQOpManMH: yMETh 3alMChIBaTh
pe3yabTaThl M3MEPEHHH, CTPOUTH TpaUKH € Y4YETOM IOTPEIIHOCTEH, MPOU3BOIUTH
BBIUMCJICHMSI TOIPEIIHOCTEN NPSAMBIX M KOCBEHHBIX M3MEPEHUMH, aHaJIU3UPOBATh
IIOJIyYEHHBIE PE3yJIbTaThl U 1€]1aTh BBIBOBI;

— BCE OIBITHl JIOJDKHBI OBITh IPOBEJCHBI B YCJIOBMSIX M PEXKHUMAX, 00ECIEUMBAIOLINX
HOJy4YeHHUE pPe3yJbTaTOB U BBIBOJAOB C HAMOONBLIEH TOYHOCTBIO C Y4YE€TOM TEXHUKHU
0€30I1aCHOCTH.

B coorBercTBUM € 3TMM IpU IPOBEACHUM 3aKIIOYUTEIBHOIO KOHTPOJIS MOTYT
UCIIOJIb30BaThCSl KOHTPOJIBHBIE BOIMPOCHl KakK K BBIIOJHAEMbIM paboTaM JabopaTOPHOTO
MPAKTUKyMa, TaK U K COOTBETCTBYIOIIUM pa3ziesiaM OCHOBHOM TUCIUIUINHBI.

ITo pe3ynpTaTaM 3alMThl BBIIOJIHEHHOW J1a00paTOPHOM pabOThl BHICTABISIETCS OTMETKA
«BBITIOJIHEHO» B JKypHaJle y4eTa BBIIOJHEHHUS J1abopaTopHbIX padoT. OlieHKa «BBIIOIHEHO)
O3HayaeT BBINOJHEHHE CTYJEHTOM BceX TpeOoBaHMH Mo (opMamM U CpoKaM KOHTPOJIs, MO
KPUTEPUSM OIIEHKH TEeKYLIeH pabOThI CTyIEHTA.

3. OneHo4YHbIe MaTepHAJIbl HTOTOBOI0 KOHTPOJISI (IIPOMEKYTOYHOI aTTecTaluu) M
KpUTEepHUH OLleHUBAHUS

DK3aMeH B NEPBOM, BO BTOPOM U TPETbEM CEMECTpax MPOBOJHUTCA B YCTHOH (hopme 1o
OwieraM. DK3aMEHAIlMOHHBIN OWJIET MpeArnonaraeT OTBET CTYAEHTa Ha JBa TEOPETHYECKHX
BOINpoOca, MpoBepsomux chopmupoBaHHocTh kommereHuuu OIIK-3 B cooTBeTcTBUH ¢
uHauKaTopamu noctmwkenus POOIIK-3.1, POOIIK-3.2.

buner conmepxut nBa Bompoca. OTBeThl JaroTcsi B paszBepHyToi (opme. K sx3ameny
JIOITYy CKAFOTCS TOJBKO CTYACHTHI, aTTECTOBAaHHBIE TI0 PE3yJIbTaTaM TEKYIIETO KOHTPOJIS.

Bomnpocs! s 3k3amena 1 cemectp
Kunematuka

Cucremsl oTcuéra.

MarepuasibHas TOUKA.

Cnioco0ObI onMcaHus IBWKEHUS MaTepruaibHOM TOUKUA. CKOPOCTh. Y CKOpPEHHE.
KunemaTuka BpamaTebHOTO IBHKCHUSI.

ag s wnh e

Crenenu cBo0OIbI M 000OIIEHHBIE KOOPMHATHI.
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JAnHamuka MaTepuabHON TOYKHU
IlepBebiit 3akoH HproToHa. MHEpLMaNbHBIE CUCTEMBI OTCYETA.
Macca Tena.
Bropoii 3akon Hetorona. Cuna. Posb Ha4albHBIX yCIOBHIA.
Tpernii 3akoH HeroToHa. [1oseBoe B3auMoaeicTaue.
3aKOH COXpaHEHMsI UMILYJIbCA.
MMtyJibe CHIIBI M UI3MEHEHHE UMITYJIbCA TEla.
Teopema o0 IBMKEHUU LEHTPA MAcC CUCTEMBI
[Tpunnun otHOocuTenbHOCTH ["anmunes. [IpeoopazoBanus ["anwes.

Padora u 3Heprus

Pabora u kuHernueckas osHepruss. CBs3p MeXIy KHHETUYECKUMHM DSHEPIUSIMH B

pasnuyHbIX cucreMax orcuéra. Teopema Kénura.

No akkowd

[Tpumepbl Ha BBIYHCICHUE PAOOTHI.

KoHcepBaTuBHbBIE 1 HEKOHCEPBATUBHBIC CUJIBI.
IToTreHnmanpHas SHEPrus YaCTULBI B I10OJIE.

ITonnas MmexaHu4ecKast YHEPrus YaCTULIBL.
IloTreHnmanbHas SHEPrus CUCTEMbl MaTEPUAIIBHBIX TOYEK.

ITonmas MexaHnYeCKas OHCPIruA CUCTEMBI MAaTCpHUAJIbHBIX TOYCK. 3akoH COXpaHCHUA

MEXaHHUYICCKOMH OHECPTIHUU OJId CUCTEMbI MAaTCPUAJIbHBIX TOYCK.

. Mowment

8. Cuibl ¥ MOTEHIUANIEHAS SHEPTHSL.
YciioBHsS paBHOBECHS] MEXaHUYECKON CHCTEMBI.
3aKoH cOXpaHeHHs] MOMEHTA UMILYJIbCa

1. MoMeHT cuiibl ¥ MOMEHT UMITYJIbCa OTHOCUTENIBHO HEMOIBUKHOTO Hayaa.
2. 3aKOH COXpaHEHHs MOMEHTA UMITYJIbCA.

3. MOMEHT cujIbl 1 MOMEHT MUMITYJIbCA OTHOCHTEIBHO HEMOJBUKHOM OCH.

4. VYpaBHeHHE MOMEHTa HMMIIyJIbCa JJIsl BpAIIEHUS BOKPYT HEMOABMXKHOM OCH
UHEPITIH.

5. Brruncienne MOMEHTa HHEPIIMK OTHOCUTEIIFHO OCH BPAIICHUSI.

6. Teopema ['tolirenca.

7. Kunernueckas SHEprusi BpaIlaroIerocs TBEPIOTO Tea.

KonebareabHoe nBukeHne

1. Mansle konebanus.

2. T'apmonuueckue xoneOaHus.

3. 3aryxaromue KonebaHus.

4. BekTopHas quarpamma M CJI0XKeHHe KOoJeOaHU.

5. BriHYyXIIeHHBIE KOJeOaHus.

6. Pesonanc.

Boanbl

1. VYpaBHeHMs IIIOCKON U chepruecKoi ynpyriux BOJIH.

2. BonHoBoe ypaBHeHUE.

3. DHeprus, epeHocuMas yrpyroi BOJIHOH.

4. DddexTsl cnoxxeHus BoiH. CTosYHME ypyrue BOJIHBI.

PensituBMCTCKAas MeXaHMKA
1. OcHOBHBIE TIOCTYJATHI CIIEIIHATLHON TEOPUU OTHOCUTEIHHOCTH.
2. OTHOCUTEITBHOCTh OJJHOBPEMEHHOCTH B CIEIIHATBHOI TEOPUH OTHOCHTEIHHOCTH.
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CUHXpOHM3AIIMS YacOB.

ITpeoOpa3oBanus JlopeHua.

Crnenctus u3 npeodpazoBanuii Jlopenia.

Nurepan.

CrnoxeHne CKOpoCTeil B TEOPUH OTHOCHTEIBHOCTH.
PensiTuBUCTCKIE BBIpaKEHUS I UMITYJIbCA U SHEPTUU.
[IpeobpazoBanue cuil.

. Cucrtema pensITUBUCTCKUX YaCTHII.
. Cuctema HEB3aMMOICHCTBYIOIINX YACTHII.
. CTONKHOBEHHE JIBYX YaCTHII.

MexaHHuKa JKUJIKOCTeH
KunemaTtndyeckoe OnyucaHue IBHXKCHUS KUIKOCTH
CranuroHnapHoe IBM)KEHHUE UI€aTbHOM )KUAKOCTH. Y paBHeHue bepuysm.
Tpenue B ABMXKYyLIEHCA peanbHOU )XUIKOCTU. Y paBHeHue [lya3zeiins.

MexaHnuka ynpyrux reJi
DNEeMEHTB MEXaHUKH CIUIONTHOM cpeibl. Buubl nedopMalinii TBEpIOTo Tena.
3akon ['yka. Koaddunment [lyaccona.
Hedopmarnus casura. Moyib ciBura.
DHeprus ynpyrux HapsHKCHHM.

BonpocsI 1J1s1 3k3aMeHa 2 ceMecTp

MeToabl paccCMOTPEHHUs CHCTEM, COCTOSIIIMX M3 00JIBIIOT0 YMCJIa YACTHI
OCHOBHBIE TIOJIOKEHUST MOJIEKYJIIPHO-KUHETUYECKON Teopun. Moieib neanbHOro rasa.
TermnoBoe nBMXEHNE
CratucTHYeCKUi U TePMOJMHAMUYECKUIN METO/IbI OMTMCAHUS MOJIEKYJISIPHBIX CUCTEM

Awh e

e

© oo Nk wDdPE

Hexkotopsie cBeieHNs U3 TEOPUH BEPOSATHOCTH
CraTucTHYeCKUil MeToA

PaBHOBecHOE cocTosiHME. MaKpOCKONIMYECKHE ITapaMeETpBl.
Pacnpenenenne Makcsena.
YpaBHEHME COCTOSHUS UACATBHOTO rasa.
Pacnpenenenue bonpnmana.

IlepBoe Haya/10 TEPMOAUHAMHUKH
BuyTpennss sueprusi. Pacnipeaenenue sHepruu no cTeneHs M cBoOOIbI.
OO6patumbie 1 HEOOpATUMBIE TETIIIOBBIC TTPOIIECCHI.
IlepBoe Ha4YasI0 TEPMOJMHAMHUKH.
Pabora, coBepiiaemasi cucteMoil Ipu U3MEHEHUH 00beMa.
TennoeMKkocCTs.
ITpoueccsl B uacanbHbIX ra3ax.
ITonutponHsIii mpouecc.
[Muknnueckue mporecchl. KoadduuueHT mone3noro AeWCTBUS UKIA.
[Mukn Kapno. Koaddumuent nonesnoro aeiicteus nukia Kapho.

Bropoe Haua10 TEPMOANHAMUKH
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DHTponus.

OHTpoIHUs UACATBHOIO rasa.

CTaTucTU4eCcKUil CMBICI SHTPOIHUH.

Bropoe Hauano TepMOAMHAMUKH.

Teopema Kapno. HepasenctBo Kiaysuyca.
TepMoanHaMUYecKue MOTEHIIUABI.
TepMoaMHAMUYECKUI CMBICT XUMUYECKOTO MMOTEHIIHANIA.

N OOk owDdE

OO6mue kpuTepun TepMoarHaAMudecKol ycronuuBocTH. [Ipunnun Jle-Illarense-bpayHa.
HeunneanbHusblii ra3

MouieKyIsipHbIE CUIIBI U OTCTYIUIEHUS OT 3aKOHOB M/1€aIbHBIX [a30B.

YpaBuenue Ban-nep-Baanbca.

W3orepMmsbl ypaBHeHUs Ban-nep-Baanbsca

BnytpeHnnss sHeprus rasza Ban-nep-Baansca.

g wdE

H3oTepmbl peanbHOro ra3za. MeracTabuiIbHbIE COCTOSHUS.
®Da3oBbie MePExXoabl

®a3bl U (ha30BbIE IPEBPAILICHUS.

VYcnosue paBHOBecus (ha3 XUMUYECKH OJJHOPOTHOTO BEILECTBA.

VYpasnenue Knaneiipona-Knaysuyca

TpoliHble TOUKH. JJnarpaMmbl COCTOSTHU.

@da30BbIe IPEBPALLEHNS BTOPOTO POJA.

o gk wnE

MHOTOKOMIIOHEHTHBIC CUCTeMEI. [IpaBuio a3

Kuakoe cocrosnue
CrpoeHune KUIKOCTH.
IToBEepXHOCTHOE HATSKEHHUE.
VYcnoBus paBHOBECUs Ha TPAHUIIE IBYX KUAKOCTEU U )KUIKOCTB - TBEPAOE TETO.
JlaBnenue noa UCKpUBJIIEHHOU NTOBEpXHOCThIO. Dopmyiia Jlamaca.
Kanwuisipasle sABieHUs.

o g ks whE

TCpMOI[I/IHaMI/IKa IMMOBCPXHOCTHOT'O HATAXKCHUA.
SBJIeHus nepeHoca
Buas! npoueccos nepexoca.
2. TlomepeuHoe ceuyeHHWe W cpelnHss JUIMHA CBOOOJHOro mpolera. DKCIEPUMEHTAIbHOE
OIIpEIETICHUE TIONIEPEYHOTO CEYEHHS CTOJIKHOBEHUM.
3. Pacder momepeyHOro cedyeHuss W CpeaHEW UIMHBI CBOOOAHOTO mpobera B MOAEIH
TBEPBIX LIAPOB.

4. OOwee ypaBHEHHE MTEPEHOCA.
5. TemnonpoBOIHOCTS.

6. Bsi3koCTE.

7. Camomuddysusi.

8.

CBs13b MeX1y KO3 (UIIEHTaMH, XapaKTepU3YIOIUMHU SBJICHH ITEpeHOCca

Bonpoch 1151 3k3amMeHa 2 ceMecTp

JJleKTpHYECKOe oJIe B BAKyyMe
1. CBoiicTBa SNEKTPHUECKUX 3aPSIOB
2. 3akoH Kynona. CucTemsl eTMHUIT
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DJIEKTPUYECKOE MOJIE

HanpsxennocTs nosts. [IpuHOun cyneprno3unuu nosen.
DIIEKTPUUECKOE T0JIE TUTIONS

ITorok BekTOpa

Teopema ["aycca iist 2JIEKTPUUECKUX TTOJIEH

[ToTeHuman 3JeKTpUYECKOro Mmost

© XN ko

. CBs3b MKy HAIPSHKEHHOCTHIO U TOTEHIIMAIIOM
10. VYpasuenwue Ilyaccona

DJIeKTPpHYECKOe I0JIe B AHIIEeKTPHUKAX
DIEKTPUYECKOE M0JIE€ B BELLIECTBE
[Tonsspu3zanus AMAEKTPUKOB, TUIIBI JUAJIEKTPUKOB. [losie BHyTpU AU3IEKTPUKOB
Bexrop nonspusanuu. [loBepxHocTHas T 00bEMHAsSI IJIOTHOCTH CBSI3aHHBIX ~ 3apsi/IOB.
Bekrop anekrpuueckoro cmemienusd. Teopema ['aycca 1yist AUAIEKTPUKOB.

a s wdNE

YcnoBust Ha TpaHUIlE pa3zeiia IBYX JTUAICKTPHKOB.
IIpoBOIHUKH B JIEKTPUIECKOM I0JIE

YcnoBusi paBHOBECHS 3aps10B Ha IMIPOBOIHUKE.

[TpOBOTHMKY BO BHEITHEM AJICKTPUUECKOM IIOJIE.

EMKOCTB IMPOBOJHUKOB.

AwnhE

KonieHcaTopsl. EMKOCTh KOHIEHCATOPOB.
JHeprus 31eKTPUIECKOro mojs
DNeKTpUYecKas SHEPTUsl CUCTEMBI 3apsi/I0B.

=

. 3Heprm{ 3aPsOKCHHBIX ITPOBOJHHUKA U KOHACHCATOPA.

w N

. DHEprus AMEKTPUUECKOTO IMOJIS.

IocTOSIHHBIN JIeKTPUYECKUI TOK
ITocTOsIHHBIN 3JIEKTPUYECKUI TOK. I1ITIOTHOCTE TOKA, CHUJIa TOKA.
3aKOH COXpaHEHUsl ANEKTPUUECKOT0 3apsiaa
DIEeKTPOABMIKYIIAs CHIIA.

PwnhE

3akon OMa JJi OJHOPOAHOTO YYacTKa IEeNu. DISKTPUIECKOe MOJI€ MPU HATHIUH
AIEKTPUIECKOTO TOKA.

o

3akon OMa 1J11 HEOJJHOPOJHOTO YYacTKa IETIH.
. 3akoH Jlxxoynsd - Jlenna.

(o2}

Bomnpoch 1151 3k3amMeHa 3 ceMecTp

MarHuTHoe moJjie B Bakyyme
MaruutHoe nosie. UHAyKys MaraHuTHOTO 1MoJisi. MarHuTHasi cuma.
Cuna JlopeHna.
Cuna Ammepa.
3akon buo-Cagapa.
BuTok ¢ TOKOM B MAarHuTHOM MOJIE.
Teopema ['aycca aist MAarHUTHBIX TIOJIEH.

No abkowdE

Teopema 0 NUPKYJISALMU MAarHUTHOTO TIOJISI B BAKYYME.
MarbuuTHOE€ 110JI€ B BelllecTBe

1. MarguTHOE 110JI€ B BEILIECTBE.
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No akowdE

HanpsikeHHOCTh MarHUTHOTO TOJIS.

MarauTtHas BOCOPUMMYMBOCTh U MAarHUTHAs! TPOHULAEMOCTb.

Buasl MarueTukoB.

VYcii0BUS Ha rpaHULIE IBYX MarHeTHKOB.
DJIeKTPOMATrHUTHASI MHAYKIUS

SIBeHME NEKTPOMArHUTHOM MHIYKIIUH.
VYHUBEpCaIbHBINA 3aKOH MIEKTPOMArHUTHOW MHIYKIIVH
SIBieHME CAMOMHTYKLIMH.
DHeprus MarHUTHOT'O TOJIS.

YpaBuenus MakcseJlia
Toxk cmenieHus

. Cucrema ypaBHeHHi1 MakcBeiia.

aﬂeKTPOMaFHI/ITHLIe BOJIHBI

BonHoBO€ ypaBHEHHUE [T DJIEKTPOMArHUTHOT'O MO
IInockne MOHOXPOMAaTUYECKUE BOJIHBI
[Tonstpu3anus 31EeKTPOMArHUTHBIX BOJIH

DHeprus U UMIYJIbC 3JIEKTPOMAarHUTHOTO TOJIS
[IIxana 31eKTPOMarHUTHBIX BOJIH

HNuTepdepenuns cBera
KorepentHocTh KONE0aHMIA
WuTepdepeHiyst 1ByX MOHOXPOMATHYECKHUX BOJIH.
[Tpobnema KOrepeHTHOCTH
HuTepdepeHinoHHbIE YCTPOHCTBA
WnTepdepenius ceeta B TOoHKUX miaeHkax. Konbia HeloToHa.

Ju¢ppakuus ceera
ITpunuumn I'roiirenca-Openens.
3oHbl Openens.
['paduueckoe BEIYMCICHHE aMIUIUTY/IbI
[Tpocreiimme audpakoHHbIE 331241
Hudpaxnus OpayHrodepa Ha OAHOMN IIEITH.
JudpaxknuoHnHas peeTka.
®dusndeckue 0CHOBHI ToJorpaduu.

PacnpOCTpaHe}me JICKTPOMATrHUTHLIX BOJIH B U30TPOIMMHBIX Cpeaax

. Hducnepcus csera.
. Knnaccuueckast Teopus aucriepcuu cBera.
. Ilormomenue cBera.

[Monsipu3anus ceera
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EcrecTBeHHBIN U MOJMAPU30BAHHBIN CBET. 3aKOH Maitoca.
[Tonstpusanus pu OTpaXEHUU U IIPEIOMIICHUHU.
[Tomnstpusanus pu ABOMHOM JIy4EIPEIOMIICHUU.
[Tonsipu3anuoHHBIE YCTPOMCTBA.

WuTepdepeHIiys noaspu30BaHHbIX JTyden

ok wbnE

I/ICKYCCTBGHHaﬂ AHU30TOPOIIUsA

7. DjieMeHTbl KBAHTOBOM ONTUKHU
TemoBoe U3Iy4eHuUe.
3akon Kupxroda.
PaBHOBecHas IUIOTHOCTH PHEPTUU U3JIyUEHUS.
3akon Credana-bonbiimMana u 3akoH cMmenieHus Buna.
®opmyisl Panes-/xxunca u BuHa.
®opmyia [lnanka.
CrioHTaHHbBIE U BBIHYK/ICHHBIEC TIEPEXOIBI.
dotorpdexr.
O¢ddext Komnrona.

©CoN R wDdE

DJIeMeHTHI siiepHoli puznkm.
10. CocraB u xapaKkTepUCTHKa AaTOMHOTO SJIpa.
11. Macca u 3Heprus cBs3H sjipa.
12. Moaenu aTOMHOTO siipa.
13. SnepHbIC CHIIBI.
14. PagmnoakTUBHOCTE.
15. Anbda - pacnaz.
16. bera - pacnaz.
17. [enenue siaep.
18. Cunre3 suep.
19. DnemenTapHbIe YaCTHIIBI. BHUIBI B3aUMOICHCTBHI M KIIACCHI 3JIEMEHTAPHBIX YACTHII.
20. Kocmuueckue mydm.
21. AHTHBeUIECTBO.
22. Ksapku.

IIpumep 7x3aMeHANIMOHHOTO OWJIETA 1A 2 ceMecTpa:

BUJIET Ne 1

1. Teopema I"'aycca asst BeKTOpa HAMPSHKEHHOCTH AIIEKTPHYECKOTO TIOJISI B UHTETPATILHON H
muddepeHranbHoM Gopme.
2. [Mpuanun [Noiirenca-®penens. Audpaknus OpayHrodepa Ha OHON IEITH.

Pe3ynprarel  3K3aMeHa  ONPEAEISIIOTCS  OUEHKAMH  «OTJIMYHO»,  «XOPOILIO»,
«YZIOBJIETBOPUTEIBHO», «HEYOBJIETBOPUTEILHO.

OueHka ompenensieTcs, HUCXOAs W3 PE3yJNbTaTOB TEKyIIeW aTTecTaluu B TEYECHHE
CeMeCTpa M COTJacyeTcsl ¢ MPUHITBIM COOTBETCTBHEM C 5-TH OQJUTHHOW IIKAJIOW OIICHWUBAHUS:
COTIMYHO»; «XOPOILIO0Y; «yIOBIETBOPUTEIBHOY, «HEYAOBIETBOPUTEIBHON.
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OHCHKa «OTJIMYHO»  BBICTABJIACTCA, C€CJIIM JOaHbl IIPABUJIBHBIC OTBE€TBI Ha BCC
TCOPCTUICCKHUEC BOIIPOCHI IO 6I/IJI€Ty, a TAKIKC JaHbl ITPABUJIBHBIC OTBCTHI HAa HOIOJHUTCIBHBIC
W/ W YTOYHAIOIIUE BOIIPOCHI 11O COACPIKAHNIO AUCIIUILIINHBI.

OL[CHKa «XOpOoHIO0» BBICTABIACTCA, C€CJIMW JdaHbl HCIIOJHBIC IIPAaBHUJILHBIC OTBCTHI Ha
TCOPCTUYICCKHUEC BOIIPOCHI I10 61/meTy, HO HMCIOTCA TaK KC IIPABUJIBHBIC OTBCTBI Ha YacCTb
JOITIOJIHUTCIIbHBIX /U YTOYHAIOMIHUX BOIIPOCOB IO COACPKAHUIO JUCHUIIINHEBIL.

OHGHKa «YAOBJICTBOPUTECIIBHO» BBICTABIACTCA, C€CIIM OaHbl HCIIPABHUJIBHBIC OTBCTHI Ha
TEOPCTUUCCKHUE BOIIPOCHI, HO IIPH 3TOM JAaHbI IIPAaBHUJIBHBIC OTBETHI HA AOIIOJHHUTCIBHBIC H/Uad
YTOYHAIOIIHUE BOIIPOCHI 110 COACPKAHNIO NUCHUIITIUHBI.

OL[CHKa «HCYHAOBJICTBOPUTCIILHO» BBICTABJIACTCA, €CJIU JaHbl HCIIPABUJIBHBIC OTBCTHI HA
00a TCOPCTUUCCKHUX BOIIpOCa ounera u OTCYTCTBYIOT OTBCTbBI Ha JOIIOJHUTCIIBHBIC WA
YTOYHAOIHEC BOIIPOCHI.

3. OneHoYHbIe MATepHAJbI I NMPOBEPKH OCTATOYHBIX 3HAHUIl (chopmMuUpOBaAHHOCTH
KOMITETEHIIH )

IIpumep 3axaum.

C moMmomIpi0 3pHUTENBHONM TpPYOBI, YCTAHOBICHHOW Ha OECKOHEYHOCTh, HAOIIOIAIOT
UHTEeP(EPEHIIMOHHBIC IIOJIOCHI B TOHKOH INIOCKONAPAIEIBbHOW CTEKISHHOW IUIACTHHKE
tommuHoi h=0.2MMm ¢ mokaszarenem mnpenomsieHuss n=1.41; nmpu 3ToM yrona HaOMOIACHUS 1
MoXeT u3MeHsAThess oT 0 go 90°. HailTu MakcMMalIbHBII M MUHHMMAaJIbHBIA TOPSIOK
UHTEP(EPEHIIMOHHBIX MOJIO0C, OLIEHUTH JOMYCTUMYIO HEMOHOXPOMATHYHOCTh UCTOUYHUKA AA,
npu KOTOpoW OyayT AOCTATOYHO UYETKO HAOIIONAThCA BCE MHTEP(HEPEHIIMOHHBIE TMOJIOCHI.
KakoB momycTUMBII pa3Mep HUCTOYHHMKA B 3TOM HHTEP(PEPEHIIMOHHOM HSKCIEpUMEHTE?
Hcnonb3yeTcs 3en€HbI CBET ¢ ATUHON BOJIHBI A=560HM.

Kiaroun k PELICHHUIO 3a1a4YH.
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KOT€PEHTHOCTH: OITHYECKass Pa3HOCTb XO/I¢
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KOTE€PEHTHOCTHU BBITIOIHIETCS TIPH JII000M pa3



IIpumepsnI TeCTOBBLIX BONMPOCOB.

Pasznen «MexaHHKa»

12. Kakue KHHEMaTUYeCKUE XapaKTePUCTHKHU ABW)KCHUS HE MEHSIIOTCS TPH TEpPEXoie OT
OJIHOM MHEPUHUAIILHOW CUCTEMBI OTCUETA K JPYTOM:
1-cxopocTb, 2- yckopeHue, 3- OTHOCUTEIbHAs CKOPOCTh JIBYX YacTHULl, 4- NEpEMELICHUE.
A. 1,3
b.2,3
B. 1,4
r.1,2

13.Yemy paBHa MrHOBEHHas CKOPOCTb MaTepHajbHOH TOouku? BpiOepuTe NpaBUIbHbIC
BAapUaHTHI OTBETOB!
A. TpOM3BOJHON paauyC-BEKTOPA, OMNPEAEIAIOIIErO IOJOKEHHE MAaTepUaJbHOM TOYKH, IO
BPEMEHHU
b. mpou3BOIHOM OT NEepeMEIICHUS MAaTEPUAIIBHON TOUYKH 110 BPEMEHHU
B. mpon3BogHOM OT IyTH 110 BPEMEHHU
I'. MrHOBEHHast CKOpPOCTb — 3TO IIyTh, IIPOWJECHHBIA MAaTE€pUAIBHOM TOYKOW B EAMHUILY
BPEMEHHU

14. KakuM# BeTMYMHAMH OIPEICISICTCS MEXaHHYECKOE COCTOSHHE MATEPUATbHOM TOYKH:
paamyc-BektopoMm T (t), ckopoctsio V(t), yckopenuem a(t)?

F(t), a(t)

A.
B. 7(t), (t), alt)
B.
r.

v(t), alt

15. Pannyc-BeKTOp 4YacTHUIbl HM3MEHSETCS AY
BO BpEMEHHM MO 3akoHy r =2t’i +t°j. B 2
MOMEHT BPEMEHH t=1 dYacTHIla OKa3aiach B 3
HekoTopoil Touke A. CKOpOCTh 4YacTHUIBI B 1
STOT MOMEHT BPEMEHHU UMEET HalpaBJeHUe

Al A

b.2

4
B.3 X
r.4

16. Kakoe 13 HUKENPUBEICHHBIX YTBEPIKICHUN CIIPAaBEITIHBO?

A. Macca — 3T0 KOJIM4eCTBO BEIIECTBA, COJIEPIKAIIIEECs B TENe

b. Ilpu npekpaiieHuu 1eHCTBUS Ha TEJIO CUJIBI - TEJI0O MTHOBEHHO OCTaHABJIMBACTCS

B. B xiaccuueckoil MeXaHUMKE Macca Tejla MEHSIETCSl MPU Mepexo]e OT OJHOM MHEPLHAIBHON
CUCTEMBI OTUCETA K JIPYron

I'. Macca sBiisieTcst MEpOW HHEPTHOCTH TeJla

17. Beigenure HeBepHOE YTBEPIKICHUE
A. Cuna — KoIM4ecTBEeHHas Mepa B3aMMOJCICTBUA MO KpailHel Mepe ABYX Tell, BbI3bIBaroIIas
JBIDKEHUE TEJIa WM U3MEHEHHUE ero (JOPMBI, MU U TO U JAPYTroe BMECTe
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b.

B.

I.

Cuna sgBiseTCs IPUYMHON YCKOPEHUS.

Cuna B KIIaCCMYECKOM MEXaHUKE WM3MEHSETCS IPU IEepexoie OT OJHOW HHEepLHAIbHOU
CHUCTEMBI OTCYETA K IPYron
[Ipn o1HOBpEMEHHOM AEMCTBUM HECKOJIBKUX CHJI TEJIO MOJIYYaeT TAKOE YCKOPEHHE, KaKoe Obl

OHO TNOJIYYMJIO MO/ IEUCTBUEM PE3YJIbTUPYIOLIEH CHJIbl F = E F,
i

18. Immynbe Tenma p, M3MEHUIICS 1OJ] AeHCTBUEM KPATKOBPEMEHHOIO yapa, U CKOPOCTb Tella

cTana paBHOH V,, Kak IOKa3aHO Ha pUCyHKE. B MOMeHT Japa Cujia HeﬁCTBOBaﬂa B HaIIpaBJICHUHU
2°

3w > =W W e

—

V 3

2

Al
b.2
B.3
I.4

19. Kakoe 13 npuBeeHHBIX YTBEPKICHHUH CIIpaBEINBO:

. HanmpaBneHue paBHOAEHCTBYIOLIEN CHJIBI COBIIAJIAET C BEKTOPOM CKOPOCTH
. HanmpaBnenue paBHOAEMCTBYIOIIEH CHUITBI TAPAIIJIEIbHO BEKTOPY YCKOPEHHUS
. HanmpaBnieHue BEKTOPOB CHJIbI U ITEPEMEILIEHUS BCETJa COBIAJAOT

. Ecu paBHOZIEHCTBYIOIIIAsI CHJIa paBHA HYJIIO, TO TEJIO BCETAa MOKOUTCS.

20. [IpuHLIMI OTHOCUTENBHOCTH ["anuiiess yTBepKaaeT cienyrolee:

. Bce 3aKkoHBI MEXaHUKH OAVMHAKOBBI BO BCCX MHEPIUAIIBHBIX CUCTEMAX OTCUCTA

. Bce MexaHnn4yeckue sBICHUSA BBIITIAAAT OAUHAKOBO BO BCEX MHCPIHAJIIbHBIX CUCTEMAX OTCUCTA
. Bce 3akoHbI q)HSI/IKI/I OAVMHAKOBBI BO BCCX MHEPIHUAJIILHBIX CUCTEMAaX OTCUCTA

. Bce (1)I/I3I/I‘-ICCKI/IG SABJICHUS BBITJTIAAAT OAMHAKOBO BO BCEX MHCPUUAJIBHBIX CUCTEMAX OTCUCTA

21. Bolaenure HeNnpaBUWIIbHOE YTBEPKACHUE.
NMnynbe cuctemMbl MaTepHadbHBIX TOYEK paBeH TIE€OMETPUYECKOW CyMMeE HMITYJIbCOB
OTJIEIbHBIX TOYEK, BXOAAIIUX B CUCTEMY

. HMHy.]'[BC CHUCTCMbI MaTCPpHUAJIBbHBIX TOUYCK PAaBCH MPOU3BCACHUIO MACChl CUCTEMEBI Ha CKOPOCTb

JABWIKCHUSA LICHTPA MacCC 3TON CUCTEMBI

. I/IMHy.]'IBC 3aMKHYTOI71 CHUCTEMBbI MAaTCPHUAJIBHBIX TOYCK HE MEHACTCA CO BpEMCHEM
. 3aKoH COXPAHCHUS UMITYJIBC BBIIIOJIHACTCA BO BCCX CUCTEMAX OTCUCTA

22. Kakue cuibl BIUSIOT Ha ABUIKCHUC NCHTPA MAaCC CUCTCMbI B3aI/IMOI[CI>'ICTBy10H_[I/IX TOYeK?

. BHYTPEHHHUE CUJIBI

. BHEILIHUE CHJIbI

. BHYTPEHHUE U BHEIIHUE CUJIbI

. BHYTPEHHUE NTOTCHIUAJIbHBIEC CUJIbl U BHEIIIHUE CUJIBI

23. BriOepure npaBUIIBHOE YTBEPIKICHHE:
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A. Pabora Bcex cuil, NEHCTBYIOIIMX HAa CHCTEMY MAaTe€pUaIbHBIX TOYEK, pPaBHA MPUPAIICHHUIO
KMHETUYECKOU DHEPIUU 3TON CUCTEMBI

b. Pabora Bcex BHENIHMX CHJI, JIEHCTBYIOIIMX Ha CHUCTEMY MaTepHaJIbHBIX TOYEK, paBHA
[IPUPALLECHUIO KHHETUYECKON YHEPTUU 3TOU CUCTEMBI

B. PaGora Bcex BHYTpPEHHUX CHJI, JEHCTBYIOIIMX Ha CHCTEMY MaTepHalbHbIX TOYEK, pPaBHA
IIPUPALLECHUIO KHHETUYECKON YHEPTUU ITOU CUCTEMBI

I'. PaboTa TOJIBKO MOTEHLMAIBHBIX CUJI, JEHCTBYIOIINX HAa CUCTEMY MaTepUaAJIbHBIX TOYEK, PABHA
[IPUPALLECHUIO KHHETUYECKON YHEPTUU 3TOU CUCTEMBI

24. BoibepuTe HEBEpHOE YTBEPKACHHUE.

A. Cuibl, paboTa KOTOpBIX IPH W3MEHEHMM B3aWMHBIX I1OJIO)KEHUM YacTUI] HE 3aBUCHUT OT
croco0a U3MEHEHUS! KOH(UTYPALUU CUCTEMBI, TO €CTh OT TOT0, IO KaKUM TPACKTOPHSIM U B
KaKol I0CJIeI0BATENIbHOCTH 4YacTUIbl CHUCTEMbl MEPEMEIAIOTCs U3 CBOMX HaydajbHbIX
II0JIO’)KEHUI B KOHEYHBIE, Ha3bIBAIOTCS NOTEHLIMAIbHBIMU

b. Cunbl, paboTa KOTOpbIX Ha J1000H 3aMKHYTOH TpAaeKTOpUM paBHA HYJIIO, HA3bIBAOTCA

NOTEHLIUATIbHBIMU
B. Cuiibl, He U3MEHSIIOIUECS CO BPEMEHEM, Ha3bIBAKOTCS MOTEHIIUAIbHBIMU
I'. PaGota noTeHLMaIbHBIX CUJI paBHA yObUIM NOTEHUUATBHON YHEPTUU

25. MeHsI0TCS TM KUHETHYECKasT U MOTCHIHAJIbHAs SHCPruss CUCTEMbI MATCPUATIBHBIX TOYCK
IIpH NEpEXoI€ U3 OI[HOﬁ HHCpHH&J’ILHOﬁ CHUCTEMBI OTCUCTA B leyryfo'7
A. Kunernueckas OHEPIHd MCHACTCH, IOTCHIUAJIbHAA — HCT
b. HOTeHI_[I/IaJ'IBHaSI OHCPIUA MCHACTCA, KHHCTHUYCCKAA — HCT
B. MensroTcs kak KMHCTHYCCKAs, TaK 1 NOTCHUHWAJIbHAA SHCPTHUU
I'. He MmeHsieTcss HU KMUHETUYECKasa HU MMOTCHIUAJIbHAS SHCPIUH.

26. Ha marepuaibHyl0 TOUKY, ABMXKYIIYIOCS BIOJb OcH X, AEHCTBYET CHUJIA, U3MEHSIOMIAsACS
cornacHo rpaguky. Kunernueckas sHeprust Touku Ha otpeske 0- 30 m...
A. ymenpmmiiacek Ha 150 [k
b. ymensimmnace va 300 Ix
B. He n3menunace
I'. yBennumnacek Ha 300 [Ix

27. ®u3znveckuii MasTHUK COBEpIIAECT KOJEOaHWS BOKPYT
ocH, mpoxondwmen dvepe3 Touky O M NEpHEHAUKYJISIPHOU
IUIOCKOCTH pHUCYHKA. JlJIs NaHHOTO TOJIOKEHUS MasTHHUKa
MOMEHT CUJIBI TSHKECTH OTHOCUTENIBHO TOUKH O HaIlpaBIIEH. ..

A. IepIeHAUKYJIIPHO IIOCKOCTH PUCYHKA K HAM
b. B IJIOCKOCTH pHCYyHKa BHU3

B. B mockocTu pucyHka BBEpX

I'. neprneHuKyISpHO MIOCKOCTH PUCYHKA OT Hac
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28. YeMy paBeH mepuoj] MajbIx KojieOaHUN TOHKOTO 00py4ya Maccoii M u
paanyca R OKOJIO OCH, MPOXOJSIICH MEePIEHAUKYISHO IUIOCKOCTH 00pyua
yepe3 Touky 07

A.T=m=n Z—R
g
B. T =2n 2—R
g
B.T=2n ji
29
I T=2n E
g

29. TIpuHIUTT OTHOCHTEIHFHOCTH DUHINTEHHA YTBEPKIACT CIICAYIOIIee:
A. Bce 3aKOHBI MEXaHUKH OJJMHAKOBBI BO BCEX MHEPIUAIBHBIX CHCTEMaX OTCUETA.

b. Bce mexaHuueckue SBICHHUS BBITISIAAT OJMHAKOBO BO BCEX HHCPUUAIBHBIX CHCTEMAX
OTCUCTAa.

B. Bce 3akoHEBI (1)I/I3I/IKI/I OOWHAKOBLBI BO BCCX MHEPIHUAJIIBHBIX CUCTCMAX OTCUCTA.
I'. Bce (1)I/I3I/I‘-I€CKI/I€ SIBJICHUS BBITJIAAAT OJJMHAKOBO BO BCCX MHCPLHUAJIBHBIX CUCTEMAX OTCUECTA.

30. Eciu marepuanbHas TOUKa COBEpLIAET BBIHYKJCHHbIE KOJeOaHMs, a BbIHYK/IAIOIIas CHJIa
U3MEHsieTCs 1Mo 3akoHy F = F, COSwt, TO ycTaHOBUBIIMECS BBIHYXKJIEHHBIE KOJeOaHHs OyTyT

COBEPIIATHCS C YACTOTOW, PAaBHOM
A. coOCTBEHHOI1 YacToTe @,

b. yactoTe BBIHYXIatOIIEN CUITBI
2 2
B. Jo; -

I. Jo?-2p°

31.Tlnockass He3aTyxaromiasi 3BYKOBas BOJIHA BO30YXKIAe€TCS WCTOYHHKOM KOJICOaHUI
4acTOThl V. AMIUTUTYJa KoneOaHU UCTOYHHMKA paBHa a . Hamumurte ypaBHeHHEe KoieOaHUM

HNCTOYHHKA E_,(O, t) , CCJIN B HadaJIbHBIII MOMEHT CMCHICHHUEC TOYCK NCTOYHHUKA MaKCUMAJIbHO.
A. £(0,t)=acos2nvt
B. £(0,t)=asin2nvt

B. £(0,t)= acos(vat +gj

I.E(0,t)= asin[vat + gj

Pasznen «:‘)J'IeKTpI/I'-[eCTBO N MAarHeTu3mM»

21. TToteHnman mojs @ = (é, F), rae a - MOCTOSHHBIA BeKTOp. ITojie Kakoro BHIa OMUCHIBAET
JaHHBIA MOTCHIHAN?

A E=4
b. E=-d
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22. Kak OpueHTHpPOBaHbl JIMHUU HAINPSHKEHHOCTH AJIEKTPOCTATUYECKOrO MO BOJIM3U
IIOBEPXHOCTU IIPOBOJHUKA?
A. epneHuKyJISIPHbI TOH OBEPXHOCTH

b. mapajurenpHbI 3TON IOBEPXHOCTH
B. opueHTHpOBaHbBI MOJ YIJIOM, 3aBUCSIIEM OT BEJIUYMHBI HANPSHKEHHOCTU 3JIEKTPUUYECKOIO
1oJIst
I'. opueHTUpPOBaHbI MOJ YIJIOM, 3aBUCSILEM OT BEJIMYMHBI JUAJIEKTPUUYECKON MPOHULIAEMOCTU
IIPOBOJIHUKA

23. JluneiiHble pa3Mepbl IUIOCKOTO KOHJIeHcartopa yBenmuumianm B N pa3. Bo ckoibko pa3
M3MEHUTCSI EMKOCTh KOHJIeHcaTopa?
A. YBenuuutcs B N pa3s

B. Veemuuntes B N? pa3
B. Ymensmmutcs B N pa3
I'. Ymensmutes B N? pas

Kmoun: 1B, 2A, 3B, 4B, 5T, 6B, 7T, 8B, 9A, 10T, 11B, 12A, 13B, 14A, 15B, 16T, 175, 18B,
195, 20A, 21B, 22A, 23A.

Pasznen «MoJiekyasipHasi GU3HKa»
NpeannHbId ra3

1. Kak 3aBUCHT JaBJIeHHE BO3yXa Y MOBEPXHOCTH 3eMJIU OT BpeMeHHU roja’?
A. 3UMO¥1 OHO 0OJIBINIE, T.K. MOJICKYJIBI BO3/TyXa CHIIBHEE «ITPHUKHMAIOTCS K 3eMIIC);
b. 3uMoit oHO MeHBIIIE;
B. 3umoii oHO 00bIIIE, TAK KaK cllabee TEIUIOBOE ABUKEHUE;
I'. He 3aBHCHUT, T.K. Macca aTMOC(EPHI ITOCTOSTHHA.

2.B nByx oamHakoBbIX cocyaax Haxomutca 100 r Bomopoma u 100 r kucnopoaa. B kakom
cocy/Jie Ipu OJAMHAKOBOM TemIeparype JaBjieHue oonplie?
A. B cocyzie ¢ KUCIIOPOJOM, T.K. ET0 MOJIEKYJIbI TSKEIIEE;
b. B cocyzne ¢ BOIOpOOM, T.K. B HEM OOJIbILIE MOJIEKYT,
B. B cocyzne ¢ BOIOPOJIOM, T.K. €r0 MOJIEKYJIBI TSKEIEe;
I'. naBneHue 0MHAKOBO, T.K. Macca ra3oB B COCY/I€ OJIMHAKOBA.

3. Koraa mpuMeHuma kiaccuyeckast MOJIeNb UeaIbHOro raza’?
A. IpM U3y4eHUH JIOOBIX MPOIIECCOB B Pa3peKEHHBIX rasax;
b. mpu n3yueHnM TOUKH pOCHl B pa3peKEHHBIX ra3ax;
B. mpu n3yueHun npoueccoB penakcaliy B pa3peKeHHbIX ra3ax;
I'. npu BbIYMCIIEHUM JaBJIEHHUS PABHOBECHOTO PAa3pEXKEHHOrO raza MpU JOCTaTOYHO BBICOKHX
TeMIepaTypax.

4. OnpenienuTe MOJISIPHYIO Maccy cMecH, coctosiiiei u3 14 r asora u 11 r yriekucnoro rasa.
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A. 25 r/monb;

B. 36,8 r/moub;
B. 45,1 r/moinb;
I'. 33,3 r/moub.

BpoyHoBckoe n1BHKEHUE
5. Y4acTByeT JIi MakKpOCKOIHMYECKOE Tesl0, MOMEIIEHHOE B COCyJ C ra3oM, B TEIIOBOM
IBIDKEHUN?
A. HeT, HUKOTI/1a He Y4acTBYET, T.K. OHO COCTOUT U3 OOJIBIIIOTO YUCIIa MOJICKYJT,
b. na, yuacTByer, HO TOJIBKO IIPX OYEHBb BBICOKOM TEMIIEPATYPE;
B. na, Bcerna yuactByer;
I'. ma, ygacTByeT, eciiv OHO UMEET MaJlble pa3Mephl U CONEP>KUT OTHOCUTEIIBHO HEOOIBIIOE YHCIIO
MOJIEKY L.

6.B Bo3myxe HaxoIsATCs IapooOpa3Hble OpPOYHOBCKHME 4YacTUIbl. UTO OOJbIIe: CpeaHss
SHEPrHs MOJICKYJIbI BO3/IyXa HIIM CPEIHSIS SHEPTUsl OPOYHOBCKOM YacTHIIbI?
A. KOHEYHO, PHEprusi OPOYHOBCKHX YACTHII, T.K. OHU TOPA3JI0 TSHKEIEE MOJICKYJT;
B. B COCTOSIHUU TepMOI[I/IHaMI/I‘-IeCKOFO paBHOBGCI/Iﬂ CpeI[HI/Ie 3H€pFI/II/I OAMHAKOBBI,
B. menbpme cpenHss SHEprus MOJIEKYJ BO3[yXa, T.K. OHM MMEIOT MEHBIIEE YHCIO CTEIECHEH
CBOOOIBI;
I'. B COCTOSTHUM TEPMOIAMHAMHYECKOTO PAaBHOBECHS OOJIBIINE CPEIHSISI SHEPTHS MOJICKYJ BO3IyXa,
T.K. OHU UMEIOT OOJIbIIIEE YMCIIO CTEIIEHEH CBOOOIBI.

Pacnpenesienue MoJieKyJI 10 CKOPOCTAM
7.1lpu maHHOU TemmepaType CpedHssi CKOPOCTh MOJIeKyd Bo3ayxa paBHa 400 m/c. Ckoibko
MOJIEKYJI B 1 KT BO3/lyXa UMEET 3Ty CKOPOCTh?
A. Bce;
b. HM OofTHOIA;
B. oxomno 30 %;
I'. oxoio 70 %.

8.Ecnmu NOCTHTHYTO COCTOSIHHE TEPMOJMHAMUYECKOTO PaBHOBECHS, TO KaKUX MOJEKYI
0oJbIIIe: KOTOpPBIE IBUXKYTCS BBEPX WIIH BHU3?
A. BHU3, T.K. TyJ]a HalIpaBJIeHa CUJIA TAKECTH;
b. oqnHakoBO, T.K. B COCTOSIHUM PABHOBECHS OTCYTCTBYIOT MAaKPOCKOIIMYECKHE OTOKU;
B. onnHakoBo, T.K. IPOCTPAHCTBO U30TPOIHO;
I'. GosbIIIe MONEKYIT IBIKETCS B CTOPOHY BHEIITHEN CHJIBI, IEHCTBYIONIEH HA YaCTHIIBI CHCTEMBI.

9. Kak 3aBUCHUT BEPOSTHOCTH IMOSBICHHS Y MOJIEKYJIbI KAKOTO-TO KOHKPETHOT'O 3HAYCHHSI Vx OT
TOT0, KAaKyI0 OHA UMEET MPOCKIIHIO CKOPOCTH Vy?
A. HHKaK HE 3aBHCHT;
b. yem GombIiie vx, TeM OOJbBIIE Vy;
B. yem MeHb11E Vx, TEM OOJIBIIE Vy;
I'. B cimyyae oTpUIaTeIbHBIX 3HAYCHUH Vx Yallle BCTPEUAIOTCS ITOJIOKUTEIBHBIC 3HAYCHUS Vy;
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10. OrMmeTbTe HENIPABUILHBIC YTBEPKICHUS:
A. nns ra3a u3 6osee TSHKEIBIX MOJIEKYJ Hanbosiee BeposTHAsl CKOPOCTh MEHBIIIE, YeM IS ra3a U3
OoJiee JIETKUX MOJIEKYT;
b. c Bo3pacTranueM Temreparypsl yBeINUUBACTCS HaNOOJIee BEPOSITHAS CKOPOCTh MOJIEKYT,
B. Hau0Ooiee BCPOATHAA KUHCTHYCCKAA SHCPTHA MOJICKYJIbI HC 3aBUCUT OT BCIICCTBA,
I'. HamOosiee BeposiTHAasE KWHETHYECKas SHEPrusi MOJCKYJbl OOJbIIe Ui BEHmIECTB C Oolee
TSOKETTBIMU MOJICKYJIAMHU.

11. Yemy paBHa HauOoyiee BepoOsTHAs MPOEKIHMS CKOPOCTH MOJICKYJIBl B PaBHOBECHOU
cucreme?
A. HyIIO;

m

m
r 1 kT
2\m

12. Korga npumeHumo pacnpeaencHiue Makcpeia?
A. MPUMCHUMO TOJIBKO IJIAA UACAJIBHOT'O ra3a B COCTOSAHUH TCPMOANHAMHWYCCKOT'O PaBHOBECHUS,
b. BCCTrAa NPpUMCHHUMO K IIJIOTHBIM Ia3aM U JKUJKOCTIM,
B. npuMeHHMO U1 BceX BEIIECTB B COCTOSIHUU TEPMOJAMHAMUYECKOTO PAaBHOBECHS;
I'. mpuMeHUMO JIi BCEX BEIIECTB B COCTOSIHUM TEPMOJUHAMUYECKOTO DPAaBHOBECHS, €CIU
JBUKEHHE MOJIEKYJT TIOJUUHSAETCS 3aKOHAM KIIACCHUECKON MEXaHUKH.

2-e HAYaJ10 TEPMOANHAMHUKHU
13. Kak Ben€r ceOs SHTpOIHS ITPH OYCHb HU3KUX TEMIIEpaTypax?
A. cornacHo npuHIMny HepHera oHa Beera ObICTPO CTPEMUTCS K HYJIIO;
b. ona toymkHa CTPEMUTHCS K HYJIIO, HO pealbHO ATOMY MEIIAaeT 3aMeJIEHNE TEIIOBOTO IBHKEHUS
IIPU HU3KUX TEMIEPATypax;
B. U1 YMCTBIX BELIECTB OHA YMEHBILIAETCS, a 1JI1 CMECEH MOXKET U yBEIMUUBATHCS
I'. moBeieHNE PHTPONMH 3aBUCHUT OT BEILLIECTBA.

14. WneanbHbIN ra3, HAXOIUBIIHICS B HEKOTOPOM COCTOSHUH, aanabaTUYeCKH PacIIUupHUIIU
0 HEKOTOporo o0béma. OaMHAKOBO 1M OyJeT yCTaHOBHBIIEECS IaBICHHUE B KOHECYHOM
COCTOSIHHH, €CITH TIpoliecc: a) 00paTUMBIi; 0) HEOOPATUMBIN?
A. B TepBOM cIy4yae [aBlieHHe OoJbplle, T.K. MpU OOpaTUMOM TIPOIECCE€ OTCYTCTBYET
TeIIonepeiaya BHYTPU CUCTEMBI;
B. oguHakoBEI, T.K. HAYAILHBIA M KOHEYHBIH 00BEMBI OTMHAKOBEL,
B. Bo BTOpOM ciiydae AaBiieHue OOJbIIe, T.K. IpU HeoOpaTUMOM MPOIECCe BO3pAcTaeT IHTPOIIHS, a
3HAYMT, B MEHbBIIIEH CTETIEHH YMEHBIIAETCS TEMIIEpaTypa;
I'. B mepBoM ciydae maBieHue Ooublie, T.K. IpU 0OpaTHMOM MPOIECCE OTCYTCTBYIOT TOOBIE
MMOTOKU BHYTPH CHCTEMBI.
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15. 2 onMHAKOBBIE CHCTEMBI COBEPIIAIOT IIUKJIIBI: OJIMH OOPATUMBIN, a APYTrol HEOOPATHUMBIH.
B kakoM ciryyae SHTpONHS U3MEHSETCS CHUIIbHEee?
A. B ciydae oOpaTUMOTro IHKIIA;
b. B ciiyuae HeoOpaTMMOro LHMKJIA, T.K. MPU HEOOPATUMOM IPOLECCE SHTPOMHS H3MEHIETCS
CHJIbHEE, YeM IPU 00paTUMOM;
B. u3meHsiercst 0IMHAKOBO, €CJIM HAYAIBHOE U KOHEYHOE COCTOSIHHSI OJIMHAKOBBHI;
I'. B 000UX cily4asix SHTPOTHSI HE H3MEHSIETCSI.

da3oBble Mepexoabl
16. Urto umeet Gosiee BBICOKYIO TEMIIEPATYPy: KUJIKOCTh WU €€ HACBIIEHHBIN Tap?
A. map, OH Bcerja ropsiaee KuaKoCTu;
B. KHUIOAKOCTh, BCIb HpI/I chapeHI/m C HOBerHOCTI/I KUIKOCTHU MOJIeKy.]IbI TGpSIIOT qacCThb CBOCI>'I
SHEPTUH;
B. map, T.K. npu UCHapeHuu C MOBEPXHOCTH KUAKOCTHU €€ MOKUIAIOT caMble OBICTPbIE MOJIEKYJIBI;
I'. Temnepatypbl OJJMHAKOBBI.

17. MoxXHO 11 IPEeBPaTUTh Ta3 B )KUJKOCTH NPU TEMIIEPATYPE BBIIIE KPUTUUECKOM?
. J1a, €CJI TIPUJIOKUTD K HEH O0JIbIIIOe JaBICHUE;
. UJICaJIbHBIN Ta3 HeNb3s, a HeuIeaJbHbII MOXKHO;
. HET, Ipy OOJBIINX JABJICHUSAX MOJYYUTCSI CHIIBHO CKAThIN ra3;

— W@ o >

. Ja, HaCI)IHleHHBII\/JI Inap Bceraa MOAHO MPEBPATUTDL B JKUAKOCTD.

18. B kakux ciydasx npumMensiercsi ypaBHeHnue Knanelipona - Kinaysuyca?
. JUTS1 JTFOOBIX (ha30BBIX MEPEX0JIOB;
. TOJIBKO U1 (ha30BOT0O Mepexo/ia ra3 — JKUAKOCTh;
. A1 $pa30BbIX NEpexoaoB 1-ro pona;

- W o >

. I IIEpexoJa MEeTalljia U3 HOPMAJIBLHOI'O B CBEPXITPOBOAAIICEC COCTOSAHUC.

SIBJjieHus mepeHoca
19. Kak 3aBucHT cpenHss JyIMHA CBOOOHOTO TIpodera OT TeMIiepaTyphl ra3a?
A. yBeTUYMBAETCS C POCTOM TEMIEPATYPHI, T.K. MOJIEKYJIbI IBHKYTCS ObICTpEE;
b. ymeHbI1aeTCs ¢ pOCTOM TeMIiepaTyphl, T.K. CTOJIKHOBEHHUS ITPOUCXOIAT YaIlIe;
B. HeMHOro yBeIHUMBAaETCSl C POCTOM TEMIIEPATYPhl, T.K. YMEHBIIIAETCS CEYCHHE CTOTKHOBEHUS;
[". HeMHOTO YMEHBIIIAETCS C POCTOM TeMIIEPaTypPhI, T.K. YBETUUMBACTCA CEYCHUE CTOTKHOBEHHUS.

20. B pesynmbraTe HEKOTOPOTO MpoIiecca BI3KOCTh UACATBHOTO Ta3a YBEIWYHIAch B 2 pa3a, a
koa¢punmeHt nupdys3uu — B 4 paza. Bo ckosnbko pa3z M3MEHUIIOCH AaBlieHUE raza?
A. yBenM4HIIOCH B 2 pasa;
b. ymenbmniocs B 2 pasa;
B. yBennuunocs B 2,5 pasa;
I'. He U3MeHuIoCh.

1-e HayaJI0 TEPMOAUHAMUKHU
21. UYemy paBeH mokazaTellb aJHa0daThl I BO3yXa?
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A. B Bo3ayxe coaepxkarcs 3-aromusbie Ta3bl (H20, CO2), moaToMy mokazaTtenb aauadaTsl OJU30K K
1,33;

b. B Bo3nmyxe conepixkatcs 3-aromusbie ra3sl (H20, CO2), mosaToMy mokasarenb aaunadaThl OJU30K K
1,66;

B. BO3IyX COCTOHT MOYTH MOJHOCTHIO W3 2-aTOMHBIX Ta30B, MOJTOMY IIOKa3areiab aauadaThl
npumepHo 1,4;

I'. B BO31yX€ comepkaTcsi MHOTO aproHa (Ar), mo3ToMy Iokasarelb aguadaTsl 01m30K K 1,33.

22. Kak wu3MeHUTCs TemIiepaTypa BO3[QyXa I[pH BBIIYCKAaHUM €ro K3 HaKayaHHOU
aBTOMOOMJIBHOM KaMepbl?
A. yBenuuuTcs, T.K. MOJEKYJIbl BO3yXa B3aUMOJCHCTBYIOT C MOJIEKYJIaMH BEHTUJISI KaMephl (4To-
TO THIIA TPEHUS IOTOKA BO3yXa O BEHTHIIb);
b. He n3MeHuTCH, T.K. BO3JyX IO CBOMM CBOMCTBaM OJIU30K K UJCAILHOMY Ta3y;
B. yMeHb1INTCA, TaK KaK BO3/1yX paCUIUPSIETCS;
I'. yMeHbLINUTCA, T.K. MOXKET CKOH/ICHCUPOBATHCS BXOSALIMN B COCTaB BO3/LyXa BOJSHOM Hap.

23. CymecTBYIOT JIU YCTPOICTBa, epearolye TemaoTy oT 6osee X0J0JHOro Tena K Oosee
ropsiuemy?

A. na, cyniecTBYIOT, €CJIM IIPHA TOM MCIOJIb3YETCs BHEIIHUM HCTOYHUK SHEPTHH;

b. Het, T.K. OT X0JI0JHOTO TeJa K Ooee ropsiueMy TEIUI0Ta HUKOTAa He Iepenacres;

B. 510 BeuHslil 1BUraTEb, HO OH HE CYLIECTBYET;

I'. na, nHOT A TEIJIO MOXKET TaK IE€PENABATHCS CaMOIIPOU3BOJIBHO, HO HYXKHO BBDKAATh HEKOTOPOE
BpeMs (JUIsl CUCTEM pa3MepoM B 1 MOJIb OKOJIO roja).
Kmoun:1T', 26, 3I', 41", 5T, 61, 76, 8B, 9A, 10T, 11A, 12T, 135, 14B, 15T, 16I', 17B, 18B,
19B, 20A, 21B, 22B, 23A

Tect nmo pasaeny «Onrtuka» (MuTepdepenuus csera)

1. Tlpu BBITYBaHWHM MBUILHOTO MY3BIPS MPU HEKOTOPOW TOJIIMHE IUICHKA OH MpuoOpeTaer
panyxHyto okpacky. Kakoe ¢pusndeckoe siBI€HHE JIEKUT B OCHOBE 3TOT'0 HAOIIOICHNsA?

A. nudpakuus;

b unrtepdepenius;

B. nonspuzanus;

I'. nucnepcus.

2. Tlo kakoit u3 hopmyt onpesensiercss MMpHHA Ax TIOJIOCHI Ha 3KkpaHe B onbiTe FOHTa, ecnmn d —
paccTosiHue MEXy KOTepEeHTHBIMU UCTOYHHKaMHM, L — paccTossHUE OT HCTOYHMKOB JI0 9KpaHa, A
— JUIMHA BOJIHBI?

A. Ax:%; E.Ax:ﬁ; B. Ax:ﬂ; I. Ax=i.

3. Bo ckombko pa3 M3MEHHTCS pPACCTOSHUE MEXAY COCEIHUMH HHTEepHEPEHIIMOHHBIMU
mosocaMu Ha dkpaHe B ombite FOHra, ecnu 3enensii ceropunbtp (A =5-107° cM) 3ameHHUTH
kpacHsM (A = 6-107° cm)?
A. 7,5 pa3z; b. 1,3 paza; B. 2 paza; I'. 8 pas.
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4.0nTuyeckasl pa3HOCTb XOJa MEXJAYy CBETOBBIMM JydaMH B BO3AYXE OT JABYX KOI€PEHTHBIX
uctouHuKoB A1 =400 amM. OnpenenuTs ONTHYECKYIO Pa3HOCTh XOAa MEXIY ITHMH Jy4aMd B

crekiie. [Tokasaress npenomieHus crekia N = 1,4,
A. 285 HMm; b.560 um; B.520mM; TI'. 300 aM™.

5. JIBa KOTEpeHTHBIX Jlyda MaKCUMaJbHO YCWJIMBAIOT IPYr Jpyra B HEKOTOpoll Touke. Kakoit
TOJILIMHBI MBUIBHYIO IIJIEHKY HYXKHO IOCTaBUTh HOPMAJbHO Ha IIyTH OJHOTO U3 JIyuyeH, 4TOObI
OHM MaKCUMaJIbHO ocnabunu Apyr apyra? Ilokasarens mnpenomieHus tmieHkn N = 1,33;
A =0,8 MxMm.

A.2,7810°%wm; B.1,21-10° m; B.1,21-10° m; I'.3,4810° m.

6. B HekoTOpyl TOUYKY MpPOCTPAHCTBA MPUXOIAT KOTEPEHTHBIE Y4 C TE€OMETPUUYECKOM
pa3HOCThIO xo01a 1,2 MKM, JJIMHA BOJHBI KOTOphIX B Bakyyme 600 Hm. Omnpenenutb pe3ynbTar
uHTEphEPEHIIMH B ATOI TOUKE IPOCTPAHCTBA, €CIIM CBET HAeT B Boje (N = 1,33).

A. MUHUMYM UHTEHCHUBHOCTH;

b. MakcuMyM MHTEHCHUBHOCTH;

B. paBHOMEpHast OCBELIEHHOCTb;

I'. cpeau OTBETOB HET BEPHOTO.

7. PazHOCTh X0/1a IBYX HHTEP(EPUPYIOIINX BOJIH paBHa A/4 . PasHocTh (a3 3TUX BOJIH paBHA:

A.E; B.E; B. «; F.B—n.
4 2 4

8. B pe3ynbpraTe HaJIOKEHHS JIy4el OT IBYX KOTEPEHTHBIX MCTOUYHUKOB (A = 600 HM) Ha ’KpaHe
HaOmromaeTcst  MHTepQepeHIMOHHas  KapTuHa. Ha  CKOJBKO — MMOJIOC  CMECTHUTCA
UHTepPEpEHIIMOHHAas KapTHHA, €CIM Ha IyTH OJHOTO W3 Jy4ed NepIeHAUKYISIPHO eMy
MOCTABUTh CTEKIITHHYIO IIaCTHHKY (N = 1,6) TommuuHoN d = 5 MKM.

A1, b4, B.4; T.5.

9. YcraHoBKa i Tody4deHUs Kojerl HploToHa HaXOAUTCS B BO3AYXE M OCBEIIACTCS MMaJA0NTIM
10 HOPMAaJli CBETOM C JUTMHOM BOJHBI A. Kak m3menutcs muametp K-ro kosbiia HbroToHa,
HaOJI0JJaeMOTO B BO3JYyXE B OTPAXKEHHOM CBETE, €CIM BMECTO BO3AyXa MEXIy JWH30U U
IUIACTUHKOU HaXoIuTcsa Boxa?

A. HE I3MCHUTCS,;

b. ymenbmures;

B. yBennuurcs;

I'. cpean OTBETOB HET MPABUIIBLHOTO.

10. B Bo3ayxe uHTepEpHPYIOT KOI€peHTHblE BONHBI ¢ uyactoToit 5-10% 'l Ycwmmures mmm
oCJIa0HEeT CBET B TOYKE, €CJIM PA3HOCTh X0/1a JTyuel B Hel paBHa 2.4 Mkm? [Touemy?
A. ocnaOHeT, T.K. pa3HOCTb X0/1a PaBHA YETHOMY YHUCILY TIOJYBOJIH;
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b. ocnabuer, T.K. pa3HOCTb X0/1a paBHA HEYETHOMY YHCITy MOJIYBOJIH;
B. ycuintes, T.K. pa3HOCTb X0/J]a paBHA YETHOMY YHCITy [1OJIYBOJIH;
I'. ycunutcs, T.K. pa3HOCTb XOJa paBHA HEUETHOMY YHCIIY IIOJyBOJIH.

11. ColGuroraercs i 3aKOH COXPAHCHHsSI SHEPTUU B SIBJICHUH UHTEPPEPEHIIUU CBETa?

A. cobmronaercs, T.K. CBETOBasi SHEPIUs IPEBPAILACTCA B APYTHE BUIbI SHEPTUY;

b. cobmonaercs, T.K. B 00J1aCTH HHTEP(EPEHIIMH CBETOBasl SHEPTUs Iepepacipeaesercs;

B. He coOmonaercs, T.K. B TOYUKM MHMHHMYMOB OCBEIEHHOCTH CBETOBas JHEPrusi He
IIOCTYIIAET;

I'. He coOmromaercs, T.K. B TOYKAX MAaKCHUMyMOB OCBELICHHOCTH CBETOBas 3HEPIUs
BO3pPAacTaeT OTHOCUTEIBHO CYMMapHON CBETOBOM YHEPTUH.

420 HM.

12. Ha 9KpaHC BHIHBI 4YCpCAYOIMHUCCA TEMHBIC W CBCTIIBIC IIOJIOCHI IIpH Ha6J'IIOI[eHI/II/I

I/IHTepq}epeHHI/II/I CBC€Ta OT JABYX KOI'CPCHTHBIX HMCTOYHUKOB, HaAXOIAIMIUXCA B BO3AYXC. Kak

M3MEHUTCS IIMPHHA T0JI0C, €CTIU CBET OyAeT pacrpocTpaHsThes B crekiie (N = 1,5), mpuyem Bce

OCTAJIBHBIC YCJIOBUA OCTAHYTCA HEU3MEHHBLIMH ?

A. ymenbiutcs B 1,5 pasa;
b. yBenmmuurcs B 1,5 pasa;
B. He u3menurcs;

I'. yBennuutes B 3 pasa.

Kmoun 1B, 2B, 3b, 4B, 56, 6A, 7b, 8I', 95, 10B, 11b, 12A

KOHTPOJIBHBIE BOITPOCBHI 11O ITPOI'PAMME KYPCA

MouiekyasipHas pusuka

KaxoBa ¢usndeckas npupoaa MOJNEKYISIPHBIX CUT?

3anucath ypaBHeHHe Ban-nep-Baanbca. OOBsCHUTH GU3NUECKUH CMBICT ~ TONPAaBOK  Ha
00bEM U JIaBJICHUE.

BnytpeHnHss oHeprus rasa Ban-nep-Baanbca.

[Tpoananu3upoBaTh H30TepMbl BaH-nep-Baanbca. OOcynuTh MX CXOJACTBO U pa3iuyHe C
M30TEPMAMHU PEAJIHOTO rasa.

Kakoe cocTosHue BemiecTBa Ha3bIBaeTcs KputudeckuM? B uyeM coctouT siBIeHuE
KPUTHYECKOW ONAJIECIICHITNHN ?

Uro Takoe (aza BemecTBa? YcinoBue paBHOBeCHS (a3 XUMHUECKH OJTHOPOTHOTO BEIIECTRA.

B gem 3akmtouaercs npaBuwio Makcgesa?

Kaxoii ra3 Ha3pIBaeTCsl HACHIILIEHHBIM TApOM?

3anucath U IpoaHaJIM3upoBaTh ypaBHeHHe Knaneiipona-Knaysuyca.

. Kakne IMMPEBpaICHUA OTHOCATCA K (I)EBOBBIM nepexonam mepBoro po,ua?
. Uto Takoe AauarpamMmma COCTOAHUA, TpOI\/'IHa}I TOYKa?
. OOBACHUTH MEXaHU3M nepexoaa ra3006pa3Hor0 COCTOSIHUA B JXUAKOEC, UCCICAYSA ITOTCHIHAT

MEKMOJIEKYJISIPHOTO B3aUMOJICHCTBHS.

. Mexaan3M BO3HUKHOBEHUSI MMOBEPXHOCTHOI'O HATSAXKCHUSA KUAKOCTH.
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14.
15.
16.

Al

A S

11.
12.

A e

®opwmyia Jlamiaca U KanwUIApHBIC SBICHUS.
Kunenne KUAKOCTH. 3aBHUCUMOCTD TCMIICPATYPhbI KUIICHUA OT OAaBJICHUAA,
OOBSCHHUTD CyIIECTBOBAaHUE METACTAOMIBHBIX COCTOSHUI.

DJIeKTprYecKoe MmoJje B BAKyyme

Kakue tumbel B3aumojelcTBUM H3BEeCTHBI coBpeMeHHOW Hayke? Kak ocymecTBusiercs
B3aUMO/ICVCTBUE C MOJIEBOM TOUKHU 3pECHUS?

[Tepeuncnuth GpyHAAMEHTATBHBIC CBOMCTBA AICKTPUUECKUX 3aPSIOB.

Cdopmymnuposats 3akoH Kynona.

UTo Takoe HaNpPsSKEHHOCTH 3JIEKTPUUYECKOTO MOJIsl; CUIIOBASI JIMHUS?

B yewm 3axntouaercst npuHuun cyneprno3utun? [loueMy OH BBITOTHSAETCS [l SJEKTPUUECKUX
oJiei?

Kaxkoe nosie Ha3bIBaeTCs 31ME€KTPOCTATUUECKUM?

UTo Takoe quIoIib; IUNONIbHBIN MOMEHT? Kakoi AUnosp Ha3bIBAETCS TOYEUHBIM?

Onucatp noBeeHUE U0 B 3JIEKTPUYECKOM TIOJIE.

ChopmynupoBate Teopemy [aycca s 5SIEKTpUYECKHX TOJIeH B UHTETPAIBHON H
muddepeHmanbHON Gopme.

.Yro Takoe mnoTeHHMan dnekTpuyeckoro nois?  CBs3p MeXAy HaNpsKEHHOCTBIO MU

ITOTEHIMAIOM.
UYemMy paBHA HUPKYJIALKSA BEKTOPA HAIIPSHKEHHOCTH 3JIEKTPOCTATUUECKOTO MO ?
3anucarh yCJIOBUE IMOTEHUHUAIBHOCTH 3JIEKTPOCTATUYECKOro Mnousid B auddepeHaaIbHON

dhopwme.

BHGKTPI/I‘IECKOG moJI€ B IMIJIEKTPHUKaAX

Uro Takoe BEKTOp MOJSpHU3alUH (WIH MOJSPU30BAHHOCTh) JUAJIEKTPUKA, TUAJIEKTpUUECKas
BOCIIPUMMYHUBOCTD, JUAJIEKTPUUECKast IPOHULIAEMOCTD?

B kakoM cnyuyae BO3HMKAalOT OOBEMHBIE CBSI3aHHBIE 3apsfbl; Y€MYy paBHa UX OObEMHas
IUIOTHOCTB?

Uro Takoe BEKTOP JIEKTPUUECKOT0 CMEIEHUs (1M BEKTOP IEKTPUUECKON HHIYKINH)?
CdopmynupoBats Teopemy ['aycca 1uist BEKTOpa 3JIEKTPUUECKOTO CMEIIEHUS B UHTETpaJIbHOM
u nupdepenHnuansHol popme.

Ilosy4nTh rpaHUYHbBIE YCIOBHSI Ha TPAHULIE IBYX JTUIEKTPUKOB.

IIpoBOAHUKH B 3JIEKTPHYECKOM MO

YTo npoucxXoAUT IPU BHECEHUH IIPOBOJIHUKA B 3JIEKTPOCTATUYECKOE 110JIE?
B uem 3akmroyaeTcs METOJI AIEKTPOCTATUYECKON 3alUThI?

OOBsicHUTE BO3HUKHOBEHHE "3JIEKTPUYECKOT0 BeTpa'.

UYro Takoe 3eKTpUUYECKask EMKOCTb IPOBOIHUKA; EMKOCTh KOHJIeHCAaTOpa?
Yemy paBHa 00beMHAas TUIOTHOCTh SHEPTHH SJIEKTPUUYECKOTO MO ?
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IocTOSIHHBIN 3JTeKTPUYECKHUI TOK.

UYro Takoe cuia TOKa; INIOTHOCTh Toka? CBsA3b MEXKIY HUMMU.

CdhopmynupoBaTh 3aKOH COXpaHEHH 3apsaa B MHTETpalbHON M JuddepeHnnanbHoi hopme
(YpaBHEHME HETIPEPHIBHOCTH).

JlaTh orpeesneHue 31eKTPOIBUKYILEH CHUIIBL.

Cdopmynuposath 3akoH OMa B HHTErpalibHON U AuddepeHnaiIbLHou popMme.

B yem 3akiroyaercss CXOACTBO W pa3iMyuue 3JIEKTPUYECKOIO MOl CTAlMOHAPHBIX TOKOB U
JIEKTPOCTATUYECKOT'O MOJIS.

Cdopmynuposats 3akoH J[xoynsa-Jlenma B unTerpansHoil u auddepenunansHoi hopme.

MarxnuTHoe moJjie B BaKyymMme

B yewm 3aknrouyaeTcs pensTUBUCTCKAas TPAKTOBKA MAarHUTHBIX siBJI€HUI? UYUTO Takoe BEKTOp
MarHuTHON UHAYKIUU?

Cdopmynuposats 3akoH buo-Casapa; 3akoH Ammepa.

3anucaTh BbIpaxkeHue Juist cuiibl JIopeHna.

Y10 TakO€ MAarHUTHBIN MOMCHT;

OxapakTepu30BaTh MOBEJECHUE BUTKA C TOKOM B MArHUTHOM TIOJIE.

ChopmynupoBars Teopemy [aycca st MarHUTHBIX TIOJIEM M TEOpPEMY O IUPKYJISIIIUA
BEKTOpa MarHUTHON MHIYKITHH.

MarnuTtHoe 1moJjie B BellecTBe

Uewm 00ycCliOBIIEH MarHeTU3M BEIIECTBA; YTO TAKOE TOKM HaMarHUIMBaHUsA?

UTo Takoe BEKTOp HaMarHMYMBaHUs?

BBectu moHsTHE BEKTOpa HAMPSKEHHOCTH MAarHUTHOTO MOJS; cHopMyIHpoBaTh TEOpEMy O
LHUPKYJISIUN BEKTOpA HAPSHKEHHOCTH MATHUTHOTO TOJISL.

JlaTb onpezesieHe MAarHUTHOM BOCIPUMMYMBOCTH M MAarHUTHOM TPOHUIIAEMOCTHU BEILIECTBA.
[To xakoMy mpHU3HAKy MPOUCXOAUT pa3/ieJeHUE BEIIECTBAa HAa JUaMarHeTUKH, TapaMarHeTUKU
u ¢peppomarueTuku’?

[TonyuuTs rpaHUyYHbIE YCIOBUS HA TPAHMIIE IBYX MarHETHKOB.

SIBeHMe DJIEKTPOMATHUTHON HHAYKUMHU. YpaBHeHuss Makcseilia

YeM oTiMuaeTcs TPAKTOBKA SBICHHS SJIEKTPOMArHUTHOW WHAYKUUH, CHOpMYyITUpOBaHHAsS
MaxkcBesuiomM, OT 3aK0Ha, nony4deHHoro Papaneem?

3anucarh 3aKOH JIEKTPOMArHUTHOW MHAYKIMHU B AU depeHnnanbHoi hopme.

Uro Takoe MHAYKTUBHOCTh KOHTYpa; YeMY paBHA 3JIEKTPOJBIIKYILAs CUJIa CAMOMHTYKIIN ?
3anucarh BbIpaXXEHHUE JIsl SHEPTUU MAarHUTHOTO TIOJISL.

BBectu noHsATHE TOKOB CMEILIIEHUS.

3anucath ypaBHeHUs: MakcBesuia B HHTerpajibHOU U auddepenunansHoit popme. OOBACHUTD
(bu3NYeCKU CMBICI KaX/I0TO YpaBHEHHUS.

3anucaTh MaTepuajbHbIE YPaBHEHHS B Clydyae CJIAObIX IMOJIeH, MEIJICHHO MEHSIOLIUXCS B
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MPOCTPAHCTBE M BO BPEMEHH.

3J'IeKTp0MaFHI/ITH]>Ie BOJIHBI

[Tokazatp, 4To U3 ypaBHEHHI MakcBellIa CieyeT CyIIeCTBOBAHUE JICKTPOMArHUTHBIX BOJIH.
3anucath BbIpakeHue s BekTopoB E(rt) u B(r,t) B Tmuiockoii TapMOHUYECKOU
AJIEKTPOMArHUTHOHN BOJTHE.

Kak cootHOcATCa HampaBieHus BekropoB E, B m K B INUIOCKOM TIapMOHUYECKOH
AJIEKTPOMAarHuTHOM BOJIHE?

UYro Takoe BekTop YMoBa-lloiitunra? Uemy oH paBeH JUisl 3JI€KTPOMAarHUTHON BOJIHBI?

Ha kakme nuamasoHbl JEIWTCSA IIKajga IEKTPOMATHUTHBIX BOJMH?  [lo KakoMy HpHHIUITY
OCYIIECTBIISIETCS ITO pasjeneHue?

Onruka
YTo Takoe CBET ¢ KJIACCUYECKOW TOYKH 3peHus?
Urto Takoe MmoKas3aTellb MPEIOMIICHUS JaHHOM Cpelibl OTHOCUTEIBHO BaKyyma?
JlaTp onpeneneHne UHTEHCUBHOCTU CBETA; CBETOBOIO JIy4a.
CdopmynupoBaTh B 4eM 3aKJIIOYAETCS SBJICHHE UHTEPPEpeHInU 1 TU(PAKIIUU CBETA.
Kakue BOJHBI Ha3bIBAlOTCA KOTepEeHTHbIMU? BpemMeHHas U IpPOCTpaHCTBEHHAas
KOI€pPEHTHOCTh CBETOBBIX BOJIH.
Uro Takoe onrtuyeckas pazHocts xona? CopMmynupoBaTh yCIOBHS UHTEPPEPECHIIMOHHBIX
MaKCHMYMOB U MUHUMYMOB.
Kakum 00pa3oM B TOHKUX IUIEHKax MOJYYarOTCS IOJOCHI PAaBHOI'O HAKJIOHA U IOJIOCHI
PaBHOM TOJILIUHBI?
Cdopmynuposats npunut [ roirenca-Openens. Yto takoe 30061 Openens?
HapucoBate yrinoBoe pacnpejieieHne HWHTEHCHUBHOCTH MpU AMDpakiuu cBeTa Ha OAHOM
IIEIH U Ha JTUPPAKLMOHHOM peleTke, A1l KOTOPOM YKMCio 1ieei paBHO yeTbipeM?

10. Uto Takoe pazpemaroniasi CIOCOOHOCTh cIeKTpanbHOro npubdopa? IlomyuuTs 3HaueHHE

11.

paspemaronieii cnocoOHOCTH JUIsl TU(PPAKIIMOHHON PEIIETKH.
Uro Takoe yrnoas nucnepcus? [lonyunts ee 3HaueHue i JUGPaKUOHHON peIeTKH.

12. Yto Takoe ronorpadus? Kakum 00pa3oM MOSydarOT TOJOTPAaMMBI U BOCCTaHABIMBAIOT

00BbeMHOE N300pakeHUEe MPEIMETOB?

13.Yto Takoe mnoasApu3oBaHHBIA cBeT? IloueMy eCTECTBEHHBIH CBET HE SBISIETCA

HOJ'ISIpI/ISOBaHHBIM?

14. Yto Takoe nomnsipuszarop? YeM oTimgaeTcs peaabHbIi MOJISPU3aTOp OT UAEAIBHOTO?

15. ChopmynupoBats 3akoH Mastoca.

16. Yto takoe yron bprocrepa?

17. OOBSACHUTH SIBJIEHHUE JBOMHOIO JIy4eNpeIOMIICHHS B OHOOCHBIX KpHUCTaIaX.
18. ITpuzma Huxours.

19. Kakum 00pa3oM MOXHO OCYIIIECTBUTh HHTEP(PEPEHIINIO MOISIPU30BaHHOTO CBeTa?
20. Yto Takoe nucnepcus ceera’?

21.

HO‘-ICMy IMMOKa3aTeiib MPECIOMIICHUA MOKCT OKAa3aTbCA MCHBIIIC C,Z[I/IHI/II_ILI?

22. Yro Takoe rpynmnoBas ckopocTb? 3anucats hopmyny Penes.
23. YeM C KJIACCHUYECKON TOUKH 3PEHUS OOBACHSAETCS MOTJIOIIEHHE CBETa B BEIECTBE?

24. Yto Takoe TEMI0BOE U3TYyYEHHE U YEM OHO OTJINYAeTCs OT IPYTHX BUJOB U3IIyYECHUS?
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25. KakuM 006pa3oM MOXHO MOJTYyYUTh PABHOBECHOE M3ITyUYCHHE U KAaKOBHI €T0 CBOMCTBA?

26. Yto Takoe crneKkTpaibHas IJI0OTHOCTb JIyYUCTOW SHEPTUU?

27. Yrto Takoe UCIyCKaTeNIbHasi CIIOCOOHOCTD TEJa; IHEPTeTHUECKasi CBETUMOCTH?

28. ChopmymnupoBats 3akoH Kupxroga.

29. B ueM cMbICIT BBEJICHUS TOHATHUSL a0COJIFOTHO YEPHOTO Tea?

30. CpopmysinpoBaTh SMIMPUUECKHE 3aKOHBI U3JTy4eHHs a0COIIOTHO YEPHOTO Tela.

31. Kak coOTHOCATCS TEOPETUYECKHUE BBIPAKEHUS AJIS CHEKTPAJIbHOM IJIOTHOCTH JIyYHUCTOM

OHCPIuu C BKCHepI/IMeHTOM?

32. Yro takoe ¢potoH? Kak COOTHOCATCS MEKIY COOOM KIaCCUYECKHE U KBAaHTOBBIC

IIPE/ICTaBICHMS O CBETE?

33. CopmymnupoBats 3aK0HBI PoTOdD(DHEKTa M OOBICHUTD UX C KBAHTOBOW TOUKH 3PEHHUSI.
34. B gem 3akimouaetcs 3pdext Komnrona?

DJIeMeHTHI siiepHoi GU3NKHN

Uro Takoe nedeKT Macchl Aapa; YeMy paBHA SHEPTHUs CBSA3H B siipe?
OOBSICHUTH Ha OCHOBAHWH (PYHKIIMOHAIBHON 3aBHCUMOCTH YJIEIBHON YHEPTUU CBS3H SIpa OT
MaccOBOI'0 YKCIIa BO3MOKHOCTb SIBJICHUHN paciiajia U CUHTE3a sifep.
Mogaenu aToOMHOTrO sapa.
[lepeuncnuth OTIUYUTENBHBIE OCOOEHHOCTH CHIIBHOTO B3aUMOJCHCTBHUS.
UTto Takoe BUPTyaIbHbIC YACTHUIIHI?
B uem cornacHo ME@30HHOI TeOpUM COCTOUT MEXaHU3M B3aUMOJACHCTBHSI HYKJIOHOB B sifipe?
UTto Takoe ecTeCTBeHHAsI M HICKYCCTBEHHAs PaJMOAKTUBHOCTh; KpUTHYECKAst Macca?
CriocoOsI oCcylIecTBICHUS IEMTHON PEaKIK B aTOMHOM O0MOe U sIIEpHBIX peaKkTopax.
Buapl paairoakTUBHOTO U3TyYEHHS; UX BO3CHCTBUE HA TKAHU KUBOT'O OpraHu3Ma.
. [Ipo6ieMsl ocytiecTBiIeHus yrnpasisgeMoil TepmosinepHoit peakiun. TOKAMAK.
. [lo xakoMy NPUHIUITY dJIEMEHTAPHBIC YACTHIIBI ACNATCS Ha Kiacchl? IlepedncnuTh KIaccel
3JI€MEHTAPHBIX YACTHII.

12. Yto co0oil mpeAcTaBisitOT KOCMUYECKHE JTyun?
13. Yto Takoe aHTUBELIECTBO?
14. KBapkoBasi MOJIeNb aJpOHOB.

MPOBEPKA 3HAHUSI OCHOBHBIX MOJOXKEHUMI, 3AKOHOB U ®OPMVY.JI:

Yro Ha3pIBaeTCA MaTEPUAILHON TOUKONU?

JlaiiTe onpeneneHre MrHOBEHHONW CKOPOCTH U MTHOBEHHOT'O YCKOPEHUS.

Kak HanpaBieH BEKTOp MTHOBEHHOM CKOpPOCTH?

UYto XapakTepu3y0T HOPMAJIBHOE ¥ TAHT€HIIMAIBHOE YCKOPEHMS, KAK OHU HaIlpaBJICHBI 110
OTHOIIEHHUIO K TPAEKTOpUH?

[Ipn KakOM JBHKEHHH HOPMAJIbHOE YCKOPEHHE PAaBHO HYJIIO, a TAHTCHIIMAIIBHOE YCKOPEHUE
IIOCTOSIHHO U OTPULIATENILHO?

MarepuanbHasi TOYKa paBHOMEPHO IBHKETCS MO OKPYKHOCTH. UeMy paBHO OTHOLIECHHUE
JMHENHON CKOPOCTH MAaTEPUAIBHOM TOUKH K €€ YITIOBOW CKOPOCTH?

B xakux equHUIIaX BBIPAXKAETCS yIiaoBas CKOPOCTh U YIJIOBOE YCKOPEHHE?

Yro npencTapisieT co00i MPOM3BOAHAS YIIIOBOWH CKOPOCTH 110 BpeMeHH?

UYTo Ha3bIBaeTCS UMIYJIBCOM CUJIBI 1 UMITYJIBCOM Tema?

Kaxoii Bemu4uMHON SBISIETCS UMITYJIBC TENA: CKAJSIPHON WIIM BEKTOPHOMN ?

Kak omnpenensieTcst UMITyJIbC CHCTEMBI MaTEPUATIBHBIX TOYEK?

12. B d4eM cocTouT 3HaUeHHUeE NepBoro 3akona Herorona?
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.

26.
217.

28.
29.

30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44,

45.
46.
47.

48.

49.
50.

51.
52.
53.

Bcerna nu Beimonasiercd |1 3akon Herotona?

Kakoii ¢pusnueckuii cMpica umeet macca?

Cdhopmynupyiite 3aK0OH COXpaHEHUS UMITYJIbCa.

Cdhopmynupyiite 3axon ['yka.

Kaxkas nedhopmarus Ha3pIBaeTCs yrpyroi?

CdhopmynupyiiTe NPUHITUI OTHOCUTETBHOCTH [ anmest.

Jaiite onpezeneHre paboThl U €€ eAUHULLBL.

Jlaete onpenenenue ennHule MomHocTU. KakoBa ee pasmepHOCTH?

Kaxue cuipl Ha3bIBalOTCA MOTEHIAAIBHBIMA?

CoBeprraer m paboTy pe3yJabTHPYIOIIAs BCEX CHII, MPUIOKEHHBIX K TENIy, PAaBHOMEPHO
JOBUKYLIEMYCS IO OKPY’KHOCTH?

Urto Ha3pIBaeTCs NOTeHIMAIbHOM sHeprueii? [IpuBenure npumepsl.

Kakue cuiibl Ha3pIBalOTCs KOHCEPBATUBHBIMHU (MOTeHLIUMaNbHBIMU)? [IpuBeuTe npuMepsl.
Kakoe cocrostHMe cuCTEMBbl Ha3bIBa€TCsl COCTOSHUEM YCTOMUYMBOTO paBHOBecus? Uemy
paBHA NOTEHUUAJIBHAS YHEPTUS B 3TOM COCTOSHUH?

Kakas cymiecTtByeT cBsi3b MEXAY CHIION U MOTEHIIMATIBLHOU SHEpruei?

UYro Ha3bIBae€TCs MOMEHTOM MHEPLUUHU MAaTEPUAIbHOW TOYKM U MOMEHTOM MHepuuu Tena? B
KAaKUX €MHMIIAX BBIPAXKAETCI MOMEHT HHEPLUU?

CKOJIbKO 3HAYEHUH MOMEHTA HHEPLIUHA MOKET UMETh JTaHHOE TEJI0?

Kak HampaBineH BEKTOp MOMEHTa MMIIYJIbCA MATEPUAIBbHOM TOYKM BPALIAIOLICHUCS
OTHOCHUTEJIBHO HENIOABMKHOTO Havana?

[IpuBeanuTe npuMepsl MPOSBIECHUS 3aKOHA COXPAHEHUSI MOMEHTA UMITYJIbCa.

Yem oTiinyaeTcs NPUHIMUI OTHOCUTENBHOCTH DHHINTENHA OT IPUHLUIIA OTHOCUTEIbHOCTU
lanunes?

Cdhopmynupyiite nocTyaaTsl ceuaaIbHONR TEOPUU OTHOCUTEIBHOCTH.

Kakue s3xciepuMeHTh! NOATBEPKIAI0T CIPaBeIMBOCTh BbIBO10B CTO?

Kakyto posib Urpaer u3yueHue rapMOHMUECKUX KosebaHui B 001el Teopun KojaeOaHmuit?
Uro xapakTepusyer JorapuGMUIecKuil 1eKpeMEHT 3aTyXaHus?

B uem 3akmrouaercs siBieHue pe3oHanca? [IpuBenure npumepsl pe30HAHCHBIX SIBICHUM.
Ecnu 3atyxanue mano, 4To NpoucxXoauT ¢ (pa3oii BOIM3U pe3oHaHca?

Yro Takoe BonHA?

Kakyro ¢popmy MokeT IpMHUMATh BOJIHOBAsi IOBEPXHOCTH?

B kakux BOJIHAaX UMEET MECTO MEPEHOC YHEPTHUH, B KAKUX HET?

[IpuBeauTe npuMepsl Ha IpUMEHEHUE ypaBHEHUS bepHyu.

KakoB XxapakTep 3aBUCHUMOCTH CHJI MEXMOJIEKYJSIPHOTO B3aUMOACHUCTBHS OT PACCTOSIHUS
MEX/1y MOJIeKyJIaMu?

Yewm oOycrnoBieHo bpoyHosckoe nBuxkenne?

Kak BAMSIOT CKOPOCTH XaOTMUYECKOTO ABM)KEHUS MOJIEKYJ, COCTaBJISIOLUIMX TEJI0, Ha €ro
TeMmeparypy?

Kakumu BennunHamu (mapaMerpamu) XapakTepU3yeTcsl COCTOsSIHUE Tra3a?

UYro Ha3bpIBaeTCA yAEIbHON TEIIIOEMKOCTBIO BEllecTBa?

Kakumu 3akoHaMu ONUCHIBAIOTCS H30TEPMHUYECKHE, H30XOpUYECKHE U H300apuyecKue
poueccsl?

Kakum cooTHomeHneM Mexay coOOW CBSI3aHHBI MOJIIpHAash Tra3oBasi IOCTOSIHHAs,
nocrosinHas bonbimana u ynciao ABoragpo?

Yrto Ha3pIBaeTCd NACATBEHBIM Ta30M?

Yem ( mo mpencTaBleHUSIM KHUHETHMUYECKOW TEOPHHM MJICAIbHOTO Tra3a) OO0YCIIOBJIEHO
JlaBJICHHE, OKa3bIBa€MOE Ia30M, Ha IOMEIIEHHOE B HETO TeJo?

Urto Ha3bIBaeTCS YMCIIOM CTENeHel CBOOOIbI Tena?

OT yero u Kak 3aBUCUT BHYTPEHHSSI SHEPTUsl MOJIs raza?

Yemy paBHa paboTa MO pacIIMPEeHUIO MOJIS Ta3a npu HarpeBanuu Ha 1 K npu noctosHHOM
JaBJIeHUN?
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54.
55.

56.

S7.

58.
59.
60.
61.

62.
63.

64.
65.

66.
67.
68.
69.
70.
71.

72.
73.
74.

75.
76.
77.
78.
79.

80.
81.
82.
83.

84.

85.
86.

87.
88.
89.

90.

Urto Ha3bIBaeTCs HanboJIee BEPOSITHOM CKOPOCTHIO MOJIEKYJT raza?

W3menuTcs M 1uiom@anb, OrpaHUYEHHAss MAKCBEIJIOBCKOM KPUBOW pacHpeleeHUs 4ucia
MOJIEKYJI I10 CKOPOCTH U OCBIO CKOPOCTEM, PU U3BMEHEHUH TEMIIEPATyphl raza?

Uem (MO NPEACTABICHUIO MOJIEKYJISIPHO-KMHETUUECKONM TEOpUHM CTPOECHHS BELIECTBA)
OOBSCHSIETCS pa3Iuiyre MEXIy Ta30M U KUJIKOCTHIO?

KaxoB xapakTep TeIioBoOro ABMKEHMsI YaCcTHI] (MOJIEKYJI, aTOMOB, HIOHOB) B ra3€ U TBEPJOM
tene?

Kakyto ¢popmy npuMeT Karisi >KUAKOCTH B YCIOBUAX HEBECOMOCTHU ?

Uro HazbiBaeTcs K03 (GUIIMEHTOM MOBEPXHOCTHOTO HATSKEHUS HKUAKOCTH?

Kak 3aBucuT k03¢ (HUIIMEHT TOBEPXHOCTHOTO HATSHKEHUS OT TEeMIIepaTyphl?

JIBa MBUIBHBIX TY3BIpS pPa3IMYHOTO pa3Mepa COCIUHWIM MEXIy co00il TpyOKoil.
CoxpaHsTcs JI1 IOCIE 3TOTr0 UX pa3Mephl?

[Ipu kaKoM yCI0BUM KUIKOCTh CMAaUUBAET TBEPIOE TEIIO?

Kaxk 3aBucut BbicOTa MOIHATHS (OIYCKAHMSI) CMAYMBAIONICH (HECMauMBaIOIIEH) KUIKOCTH
B KalWJuIsApe OT ero paguyca?

UYem 00ycnoBieHsl (ha30Bble IPEBpALLEHUs BellecTBa?

Kakomy arperaTHoMy COCTOSIHMIO BEILIECTBA COOTBETCTBYET TPOWHAsl TOUKA HA UarpamMme
paBHOBecHs (a3?

Uro npexacrasnseT codoit Mmonens raza Ban-nep-Baanbsca?

[Touemy ucnapeHue KUIKOCTU COMPOBOKIAETCS €€ OXIaKIACHUEM?

UTto Ha3bIBaeTCs yAEIbHOM TEIIOTON HCIApEHUS?

Mo’kHO JI1 BbI3BaTh KUIIEHUE KUJKOCTH, HE Harpenas ee?

Uro Ha3bIBaeTcs JUIMHON CBOOOIHOTO Mpobdera MoJIeKy ra3a?

YeMy paBHO IPOM3BEACHUE CPEIHEH IITHMHBI CBOOOAHOTO MpoOera MOJIEKYJ ra3a Ha CpeHee
YHUCJIO CTOJIKHOBEHUH MOJIEKYJIbI 33 CEKYHY?

Kak cpennsis mmmHa cBOOOTHOTO Ipodera MoJIeKyJ T 3aBUCHT OT JAaBIICHUS?

[lepeunciure sABIEHUS IEPEHOCA.

[lepenocom kakoW (U3MYECKON XapaKTEPUCTHKU MOJEKYJ raza oOyCIIOBJIEHO SIBICHUE
TEIIONPOBOJHOCTH ?

UYro Ha3bIBaeTCs TEIUIONPOBOJAHOCTHIO?

YeMm 00ycII0BICHO BHYTpEHHEE TPEHUE B raze?

ChopmynupyiTe 3aKOH COXPaHEHHS SJIEKTPUUECKOTO 3apsijia.

Uto Ha3pIBaeTCs HAPSHKEHHOCTBIO DJIEKTPUYECKOTO MoJIs?

UeMmy paBHa HamnpsHKEHHOCTb JJEKTPUYECKOTO IO MEXAYy JBYMs OECKOHEUHBIMU
NapaJUIEIbHBIMA  IUIOCKOCTSIMM € OJMHAKOBBIMH 110 4YHMCJIOBOMY 3HAUEHUI0 M 3HAKY
MTOBEPXHOCTHBIMHU IJIOTHOCTSIMU 3apsi/10B?

Cdhopmynupyiite Teopemy Octporpajckoro-I"aycca iist 31€KTpUUYECKOro MoJjst B BaKyyMe.
ChopmynupyiiTe onpeeneHre NoTeHIrana TOYKH 3JIEKTPUUECKOTo MOJIsl.

Yemy paBHa paboTa Mo NepeMeneHHIO 3apsaaa BJOIb SKBUIIOTEHIUAIbHOW TOBEPXHOCTHU?
Kakum cooTHomIeHHEM CBsI3aHbl MEXIy COOOM  HalpsHDKEHHOCTh UM MOTEHIHAN
IEKTPUYECKOTO OIS ?

UYeTblpe OAMHAKOBBIX KOHJIEHCATOpa COEAMHSIOTCS OJWH pa3 NapauieldbHO, IPYyrod —
nocjeoBaTelbHO. B KakoM cityyae v BO CKOJIBKO pa3 eMKOCThb OJioka OyeT 6ospbiie?

Uro xapakTepu3yeT OTHOCUTENbHAs AUDIEKTPUUECKas IPOHULIAEMOCTh?

KakuM cooTHOIIEHHEM CBSA3aHHBI MEXAYy cO00# HanpsHKeHHOCTh 3JIEKTPHUUYECKOTO IO U
BEKTOP NEKTPUIECKON MHAYKIUH?

Urto Ha3bIBaeTCs CHIION TOKa?

UTto Ha3bIBaeTCs SJIEKTPOABIKYILEH CHIION UCTOYHUKA TOKA?

K nomntocam reneparopa npucoeAMHUIN BOJIbTMETP. [TokaxkeT 11 0H TOYHOE 3HaYEHHE 3.1.C.
reHeparopa?

Heckonbko »1eKTpoOHArpeBaTeNbHBIX NPUOOPOB, UMEIOIIUX pa3IMyHbIe CONPOTHBICHUS,
COEMHEHBl MEXJy COOOH M BKJIIOYEHBI B 3JIEKTPOCeTb. B KakoMm ciydae BBLIEITUTCS
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HauOoJbIlIee KOJIMYECTBO TEIJIOTHI: 1) B Cilydyae WX MOCIEI0BATEIbHOIO COSIUHEHUS; 2) B
Clly4ae napajuleIbHOTO COEAMHEHUS?

91. Yto Ha3bIBaeTCS MArHUTHBIM IOJIEM?

92. Kakyo ¢opMy M OPHEHTAIMIO UMEIOT JIMHUM MAarHUTHON MHIYKIMH TOJS, CO3aBaeéMOTr0
TOKOM B MPSIMOJIMHEHHOM MTPOBOJHUKE?

93. UYemy paBeH W Kak HarpaBjieH MArHUTHBI MOMEHT KpPyTrOBOTO TOKa?

94. Cdopmynupyiite 3aKk0H Amnepa.

95. W3 Kakux MarHUTHBIX MOMEHTOB COCTOUT MarHUTHBIA MOMEHT aToMa?

96. Yto xapakTepu3yeT OTHOCUTEIbHAsI MArHUTHAS IPOHULIAEMOCTb CpeJibl?

97. Kakum COOTHOIICHHEM CBSI3aHBI MEXy OO0 BEKTOP HANPSKEHHOCTH MarHUTHOTO TOJIS U
BEKTOP MarHUTHOW UHAYKIIUU?

98. Uro HaspiBaercs Toukoi Kropu?

99. B kakoM cnyyae MarHMTHOE IIOJi€ HE OTKJIOHSET JBIDKYIIYIOCS B HEM 3apsiKCHHYIO
YacTHUILy?

100. DnexTpoH ABUXKETCS B MarHUTHOM II0JI€ 1O OKpPY>KHOCTH. Kak 3aBHCHUT mepuoj BpalleHUs
AJIEKTPOHA OT €ro ckopocTu?

101. Kakas ¢u3udeckas BeIMurnHa BEIpaKkaeTcs B BeOepax?

102. KakoBa mepBONpHYMHA BO3HUKHOBEHHS 03.1.C. MHAYKIMH B 3aMKHYTOM IPOBOJSAIIEM
koHType? IlepeuncnuTe KOHKPETHBIE CIy4yaH, KOT/1a B TAKOM KOHTYPE UHIYLIUPYETCS TOK.

103. [IpoBosI0OYHOE KOJBLIO BPAIIAETCS B MAarHUTHOM IOJIE BOKPYT OCH, COBIIAJAIOIIEH C €ro
IMaMEeTpOM U TNapasuieIbHOW JMHUSAM WHAYKIMU TOJsA. Byner nu MHIynMpoBaThCs TOK B
KOJIbIIE?

104. Ot yero 3aBUCUT B3aUMHAasi MHAYKTUBHOCTH JIByX KOHTYpPOB?

105. HanpshKeHHOCTh MarHUTHOTO TOJISE BO3pOCiIa B 4eThipe pa3a. Kak m3aMeHWsIach mpu 3TOM
IJIOTHOCTD €r0 PHEPTUH?

106. [TpoBomsmmii KOHTYp PaBHOMEPHO BpamIaeTcs B OJHOPOJHOM MarHUTHOM mose. Kakoro
XapakTepa TOK BO3HUKAET B KOHTYype?

107. B xo/e KaKuX MpOIECCOB MPOUCXOIUT U3ITyUEHHE IIEKTPOMArHUTHBIX BOJIH?

108. Yto Takoe cet?

109. [Touemy m3mMydeHHE CBETAMIMXCS TN U Cpel He 0OHAPYKUBAET ACHMMETPUU OTHOCHTEIIBHO
ny4da?

110. Kakoe w3iy4deHHe Ha3bIBalOT KOrepeHTHhIM? UTO 00Iero BO BCeX METOJaX MOYYCHUS
KOT€pPEeHTHBIX BOJIH B ontuke? [IpuBenuTe npumepsl.

111.TTouemy mpu HabOmogeHHH B O€OM CBeTe MHTEP(PEPEHIIMM B TOHKUX IUIEHKAaX IJICHKA
J0JKHA OBITh TOHKOM?

112.Yt1o wHa3wbiBacTCA JIMHOW KorepeHTHocTH? UYemy paBHa JUIMHA KOTEPEHTHOCTH  JUIS
KBa3MMOHOXPOMATHYECKOTO U3JIy4YEHHUs, 3aHUMAIOIEr0 CHEeKTPalbHbIM MHTEpBad OA CO
CPeAHHUM 3HAYEHUEM JUTMHBI BOJIHBI A.?

113. Chopmymupyiitre npuniun [roiirenca—@penens. B deMm 3akimoyaercss €ro OTIMYUE OT
npuHuuna ['roirenca?

114. O0bscHuTe ¢ moMotbio cupanu Openens audpakuuto OpeHens Ha KPyIrioM OTBEPCTUH U
HEIPO3payHOM DKpaHE.

115. Ilpu kakux ycnoBusix npoucxonsaT nudpakuus Openens u qudppaxuus OpayHrodepa?

116.Yem otnmuarorcs audpaxkius OT NEPUOJUYECKOM CTPYKTYpbl M OT HEYNOPSIOYEHHOMH
CTPYKTYpHbI?

117.Yro takoe ronorpapusa? Kakumu npenmyiiecTBaMu 061aaeT rojgorpagus o CpaBHEHUIO C
00bIuHOM (oTorpadueii?

118. Kak npu oTpa’keHHHM €CTECTBEHHOTO CBETa MOJIYYHMTb IMOJIHOCTBHIO MOJSPU30BAaHHBIN CBET?
MO0>KHO 71 IOJTy4YHUTh MOJHOCTHIO MOJISIPU30BAHHBIN CBET MPH MPEITOMIIEHUN?

119.Kakoe sBnenne B mnpu3Me Huxonas mo3BOJIsET pa3fenuTb OOBIKHOBEHHBIH U
HEOOBIKHOBEHHBIHN JTy4H?
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120.B pe3ynbrare Kakux BO3JCHCTBHN MOXHO HAOJIOIATh SIBJICHUE ABOMHOTO MPEIOMJICHUS B
MIPO3pavHbIX M30TPOIHBIX cpenax? Kak 370 MOXHO 00BSICHUTE?

121. Kakoit (u3uueckuid CMBICT HMEIOT BEIIECTBEHHAss W MHHUMas YacTH KOMILJIEKCHOTO
[10Ka3aTeJsl peoMiIeHNs?

122. B kakux 00J1aCTAX 4aCTOT HAOJFOAAOTCS SBJICHUSI HOPMAIBbHOW U aHOMAaJIbHOM aucrepcuu’?

123. Kakast MoJiesib Cpefibl paCCMaTPHUBAETCS B KIIACCHUECKOW TEOPUU AUCIICPCUU?

124, Kakoii ¢pu3ndeckuii CMbICT UMEET IIa3MEeHHAs 4acToTa?

125. B yem 3akiogaercsi pu3nUecKas IpuIrHa MOTJIONICHHUS cBeTa?

126. Kakoit ¢pu3ndeckuii CMbICI UMEET TPYIIOBasi CKOPOCThH?

127.Tlouemy paccesiHHE cBeTa HE MPOUCXOAMUT B OJHOpOJHOU cpene? Kakue cpenbl Ha3bIBAIOT
MYTHBIMH?

128. Kak 00bsscHUTE TOTyOOH 1IBET HEOA?

129. Kak 3aBUCAT MHTEHCUBHOCTh U TOJSPHU3ALUS PACCESHHOTO CBETa OT HAIPaBJICHUS, €CIH
MAJArOIINA CBET: a) TUHEHHO MO PU30BaHHbBIN; 0) €CTeCTBEHHBIN?

130. B ueM oTnuyme TEIIOBOTO U3IYUYEHHS OT BCEX APYTUX BUAOB U3ITyUEHUs?

131.Y xakoro Tena JrydenoryiomaTesnbHas ClIoCOOHOCTh paBHA euHUIIE?

132. Chopmynupyiite 3akon Kupxroda.

133. Yro Ha3bIBaeTCS CIIEKTPAILHON TNIOTHOCTBIO SHEPTETUIECKON CBETUMOCTH Tea?

134.Kak 1 BO CKOJBKO pa3 U3MEHHUTCS MMOJIHAS JTy4eUCHyCKaTeJIbHasi CIOCOOHOCTh aOCOIMIOTHO
YEepHOT0 TeJla, €CIIM er0 TEPMOJINHAMHYECKAs TEMIIepaTypa BO3pacTeT BABOE?

135. Uemy paBHO OTHOIIEHHE KBAHTA YHEPTUU U3ITYUCHUS K YACTOTE ATOTO U3ITyUeHUs?

136. ChopmynupyiiTe ~ OCHOBHBIC  3aKOHBI ~ TEIUIOBOTO  u3dydeHus? Uro  Ha3Bam
«ynbTpadroeToBOM KatacTpodoii»?

137.Tlouemy npu BbIBOAE Gopmynbl [ImaHk ObLT BBIHYXKAEH NPUOETHYTH K KBAaHTOBAHHIO
sHepruun?

138. Kakumu CBOWCTBAMH XapakTepU3yeTcs BBIHYXKIACHHOE u3nydeHue? CpaBHUTE €ro co
CBOMCTBaMHM CIIOHTAHHOTO U3TyUYEHUSI.

139. Kak Ber moHMMaeTe KOPITyCKYIISIpHO-BOJIHOBOH Ayanu3Mm? B Kakux SIBICHUSX MPOSBISIOTCS
KBAaHTOBBIE CBOIiCTBa cBeTa?

140. Kakue sBIeHUS TIOATBEPIKIAOT CYyIIECTBOBaHNE Y (DOTOHA MMITyIIbCa?

141. Ha xakuX OCHOBHBIX UJESX OCHOBBIBAETCS PUHIIMI PaOOTHI Ja3epa?

142. Kakue cBOICTBAa — BOJHOBBIE WJIM KOPITYCKYJISIpHBIE — OOHApy)KMBaeT CBET B SBJICHUU
doroaddexra?

143. Chopmynupyiite Tpu 3akoHa hoTorddekra.

144.Yro Ttakoe kpacHas rpanuua ¢porodpdexra?

145.Yto Takoe BosHbI Ae bpoiinsa?

OTBeT Ha BOIPOCHI MPOTPAMMBI Kypca M Ha MPOBEPOYHBIE BOMPOCHI JOJDKEH COAEPKaTh
3anuch HE0OXOAUMBIX (hopMyl (ypaBHEHHMI), MOSCHEHHE MCIIONb3yeMbIX 0003HaueHu# u (mpu
HEOOXOJUMOCTH) HCIIOJIb3YEMON CHUCTEMBbl €AMHHUI, OObSICHEHHE (U3UYECKOTrO CMBbICa
HaMMCaHHBIX (opMyI (YpaBHEHHI) UM (€CiIM SIBHO YKa3aHO B BONpOce) OOBSICHEHUE CYITHOCTH
OTIMCBHIBAEMBIX UMHU (pr3ndecKux 3P(HEKTOB.
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MensnukoB Bragnen Bnagumuposuu, 1. ¢pus.-mMat. HayK, npodeccop, kadeapa oOmien u
AKCIIEPUMEHTAIBHON buzuku HannonansHoro HCCIIEA0BATEIBCKOTO Tomckoro
roCyJIJapCTBEHHOI'O YHUBEPCUTETA, podeccop.

Hazapos [IlaBen AmaronbeBuu, cTaplivii TmpenojaaBareib, Kadenpa oOwmed u
AKCIEPUMEHTAIbHON ¢buznku HanmonansHoro HCCIIEI0BATEIBCKOTO Tomckoro
roCyJJapCTBEHHOTO YHUBEPCUTETA.
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